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APC Antigen presentig cells

ATP Adenosine triphosphate

CTLA-4 Cytotoxic T-lymphocyte associated protein $

GAD Glutamic decarboxylase

GDM Gestational diabetes mellitus

HLA Human leukocyte antigen

IA-2 Protein tyrosine phophatase

TIAA Insulin autoantibodies

ICA Islet cells autoantibodies

IDDM Insulin dependent diabetes mellitus

IL Interleukin

TNF Tumor necrosis factor

INS Insulin gene

INS-VNTR Insulin gene — variable number of tandem repeats

LADA Latent autoimmune diabetes in adults
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MIC-4 MHC class I chain - related protein A
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NFKBIA Nuclear factor of kappa light chain gene enhancer in B — cells
inhibitor, alpha

NIDDM Noninsulin-dependent diabetes mellitus

NK cell Natural killer cell

NKG2D C - type lectin like NK receptor
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1. INTRODUCTION TO DIABETES MELLITUS

11 Diagnosis, Classification and Definition of Diabetes

Mellitus

Diabetes mellitus associates a group of metabolic diseases characterized by
hyperglycemia resulting from defects in insulin secretion, insulin action, or both.

Several pathogenic processes are causing the development of diabetes. These
range from autoimmune destruction of the f-cells of the pancreas with consequent
insulin deficiency to abnormalities that result in resistance to insulin action. The
basis of the changes in carbohydrate, fat, and protein metabolism in diabetes is
d‘éﬁcient action of insulin on target tissues.

The majority of diabetes cases fall into two etiopathogenetic categories
(discussed in greater detail below). Type 1 diabetes is caused by an absolute
deficiency of insulin secretion. The cause of type 2 diabetes is a combination of
resistance to insulin action and an inadequate compensatory insulin secretory

response (see Fig 1). The etiologic classifications follow this section (Table 1, 2)

Table' 1 Classification of diabetes mellitus

Classification of diabetes mellitus

WHO -1985* WHO -2002%* ADA -2002%%*
IDDM T1DM T1D
{1 NIDDM T2DM T2D
I MRDM Not specified Not specified
Not specified GDM GDM
Not specified , OSTDM OSTDM

* World Health Organization: Diabetes Mellitus. Geneva, WHO, Technical

WHO, 2002

Care 2004: 27, S5-S10

** World Health Organization: Laboratory Diagnosis and Monitoring of Diabetes Mellitus. Geneva

***American Diabetes Asocciation : Diagnosis and Classification of Diabetes Mellitus, Diabetes
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medicine? Risk prediction and gene therapy are often mentioned. However, risk
prediction without prevention is of little benefit to the patient and may do more harm

than good [3].

Fig. 1 - Disorders of glycemia: etiologic types and stages.
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Gestational Diabetes **

e *Even after presenting in ketoacidosis, these patients can briefly return to normoglycemia
without requiring continuous therapy (i.e., “honeymoon” remission);

e ** in rare instances, patients in. these categories (e.g., Vacor toxicity, type 1 diabetes
presenting in pregnancy) may require insulin for survival.

A. Immune-mediated diabetes. This group of diabetics accounts for only 5-10% of
those with diabetes, previously described with the terms insulin dependent
diabetes, type I diabetes, or juvenile- onset diabetes, results from a cellular-
mediated autoimmune destruction of the S-cells of the pancreas [4]. Specific
markers of the immune destruction of the B-cell include islet cell autoantibodies,
autoantibodies to insulin, autoantibodies to glutamic acid decarboxylase
(GADG65), and autoantibodies to the tyrosine phosphatases IA-2 and IA-2a.
Usually one of these autoantibodies is present in 85-90% of individuals when
fasting hyperglycemia is initially detected [5].

The disease has strong HLA associations, with linkage to the DQA
and DQB genes, and it is influenced by the DRB genes. These HLA-DR/DQ
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A. Immune-mediated diabetes. This group of diabetics accounts for only 5—10% of
those with diabetes, previously described with the terms insulin dependent
diabetes, type I diabetes, or juvenile- onset diabetes, results from a cellular-
mediated autoimmune destruction of the S-cells of the pancreas [4]. Specific
markers of the immune destruction of the f-cell include islet cell autoantibodiesi
autoantibodies to insulin, autoantibodies to glutamic acid decarboxylase
(GAD65), and autoantibodies to the tyrosine phosphatases [A-2 and I[A-2a.
Usually one of these autoantibodies is present in 85-90% of individuals when
fasting hyperglycemia is initially detected [5].

The disease has strong HLA associations, with linkage to the DQA
and DQB genes, and it is influenced by the DRB genes. These HLA-DR/DQ
alleles can be either predisposing or protective. The S-cell destruction is quite
variable in this case of T1D, being rapid in some individuals (mainly infants
and children) and slow in others (mainly adults). Immune T1D commonly
occurs in childhood and adolescence, but was described also at any age, even
in the 8th and 9th decades of life. The destruction of S-cells has mulﬁple
genetic causes and is also related to environmental factors that are still
unsufficiently defined. Children and adolescents may present with
ketoacidosis as the first sign of the disease. Others may present modest
fasting hyperglycemia that can rapidly change to hyperglycemia and/or
ketoacidosis in the presence of infection or other stress. Still others may
retain residual f-cell function sufficient to prevent ketoacidosis for several
years; such individuals eventually become dependent on insulin for survival
and are at risk. Later there is little or no insulin secretion, as manifested by

low or undetectable levels of plasma C-peptide in T1D patients.

B. Idiopathic diabetes. This category encopasses forms of type 1 diabetes with
unknown etiologies. These patients may have permanent insulinopenia and
are prone to ketoacidosis, but have no evidence of autoimmunity. Only a
minority of patients with type 1 diabetes fall into this category, of those who
do, most are of African or Asian ancestry. Individuals with this form of
diabetes suffer from episodic ketoacidosis and exhibit varying degrees of

insulin deficiency between episodes.
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This form of diabetes is strongly inherited, lacks immunologicai
evidence for B- cell autoimmunity, and is not HLA associated. An absolute

requirement for insulin replacement therapy in affected patients may come

and go [6-8].

1.1:2. Type 2 diabetes (T2D)

T2D accounts for 90-95% of those with diabetes, previously referred to as
non-insulin — dependent diabetes, type II diabetes, or adult-onset diabetes, matching
individuals who have insulin resistance and usually have relative (rather than
absolute) insulin deficiency. Patients do not need insulin treatment to survive usually.
Autoimmune destruction of S-cells does not occur, and patients do not have any of
the other causes of diabetes listed in the part of T1D.

Obesity itself causes some degree of insulin resistance that is why the most
patients with T2D are obese or may have an increased percentage of body fat
distributed predominantly in the abdominal region. Ketoacidosis seldom occurs
spontaneously in this T2D; usually it arises only in association with the stress of
another illness such as infection. T2D frequently goes undiagnosed for many years
because the hyperglycemia develops gradually. Patients are because of this at
increased risk of developing macrovascular and microvascular complications.

T2D patients may have insulin levels appearing normal or elevated, the
higher blood glucose levels in these diabetic patients would be expected to result in
even higher insulin values if their S-cell function been normal. Insulin secretion is
oftendefective in these patients and insufficient to compensate for insulin resistance.
Weight reduction and/or pharmacological treatment of hyperglycemia can rapidly
improve the insulin sensitivity but the blood glucose level is seldom restored to
normal. The risk of developing T2D increases with age, obesity, and lack of physical
activity.

Women with prior Gestational Diabetes Mellitus (GDM) are more affected
as well as individuals with hypertension or dyslipidemia, and its frequency varies in
different racial ethnic subgroups. The association with a strong genetic predisposition
is bigger than is for the autoimmune form of T1D. However, the genetics of this form

of diabetes are complex and not clearly defined[9-11].
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Fig 3 Causes of Hyperglycemia in Type 2 Diabetes: an imbalance between the insulin production
capacity of the islet 8- cell and the requirement for insulin action in insulin target tissues such a liver,
adipose tissue and skeletal muscles [12].
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Table 2 — Etiologic classification of diabetes mellitus
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Table 2 — Etiologic classification of diabetes mellitus

L. Type 1 diabetes (f-cell destruction, usually leading to absolute insulin deficiency)

A. Immune mediated

B. Idiopathic #

II. Type 2 diabetes (may range from predominantly insulin resistance with relative insulin
deficiency to a predominantly secretory defect with insulin resistance)

III. Other specific types

A. Genetic defects of p-cell function

1. Chromosome 12, HNF-10 (MODY?3)

2. Chromosome 7, glucokinase (MODY?2)

3. Chromosome 20, HNF-40 (MODY1)

4. Chromosome 13, insulin promeoter factor-1 (IPF-1; MODY4)

5. Chromosome 17, HNF-14- (MODYY5)

6. Chromosome 2, NeuroD! (MODY6)

7. Mitochondrial DNA

8. Others

B. Genetic defects in insulin action

1. Type A insulin resistance

2. Leprechaunism

3. Rabson-Mendenhall syndrome

4. Lipoatrophic diabetes

5. Others

C. Diseases of the exocrine pancreas

1. Pancreatitis

2. Trauma/pancreatectomy

3. Neoplasia

4. Cystic fibrosis

5. Hemochromatosis

6. Fibrocalculous pancreatopathy

7. Others

D, Endocrinopathies

1. Acromegaly

2. Cushing’s syndrome

3. Glucagonoma

4. Pheochromocytoma

5. Hyperthyroidism

6. Somatostatinoma

7. Aldosteronoma

8. Others

E. Drug- or chemical-induced

1. Vacor

2. Pentamidine

3. Nicotinic acid

4. Glucocorticoids

5. Thyroid hormone

6. Diazoxide
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7. B-adrenergic agonists

8. Thiazides

9. Dilantin

10. o -Interferon

11. Others

F. Infections

1. Congenital rubella

2. Cytomegalovirus

3. Others

G. Uncommon forms of immune-mediated diabetes

1. “Stiff-man” syndrome

2. Anti-insulin receptor antibodies

3. Others

H. Other genetic syndromes sometimes associated with diabetes

1. Down’s syndrome

2. Klinefelter’s syndrome

3. Turner’s syndrome

4. Wolfram’s syndrome

5. Friedreich’s ataxia

6. Huntington’s chorea

7. Laurence-Moon-Biedl syndrome

8. Myotonic dystrophy

9. Porphyria

10. Prader-Willi syndrome

11. Others

IV. Gestational diabetes mellitus (GDM)

* Patients with any form of diabetes may require insulin treatment at some stage of their disease. Such
use of insulin does not, of itself, classify the patient.
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- 1.1.3. Other specific types of Diabetes Mellitus

A. Genetic defects of B-cell function

Some forms of diabetes are connected to the impaired function of in S-cell
function due to monogenetic defect. It is typical for these cases that the onset of
hyperglycemia is observed at an early age (generally before age 25 years).

They referee to maturity onset diabetes of the young (MODY) and are

characterized by impaired insulin secretion with minimal or no defects in insulin
action and an autosomal dominant inheritance pattern. Mutations at six genetic loci
on different chromosomes have been identified to date. The most common form is
associated with mutations on chromosome 12 referred to as hepatocyte nuclear factor
(HNF)-1a. A second form is associated with mutations in the glucokinase gene on
chromosome 7p. Glucokinase converts glucose to glucose-6-phosphate, the
metabolism of which, in turn, stimulates insulin secretion by the fS-cell. Thus,
glucokinase serves as the “glucose sensor” for the f-cell. Because of defects in the
glucokinase gene, increased plasma levels of glucose are necessary to elicit normal
levels of insulin secretion. The less common forms result from mutations in other
transcription factors, including HNF-4a, HNF-1f , insulin promoter factor (IPF)-1,
and NeuroD]1.

Point mutations in mitochondrial DNA have been found to be associated

with diabetes mellitus and deafness. The most common mutation occurs at position
3243 in the tRNA leucine gene, leading to an A-to-G transition. An identical lesion
occurs in the MELAS syndrome (mitochondrial myopathy, encephalopathy, lactic

acidosis, and stroke-like syndrome); however, diabetes is not part of this syndrome,
suggesting different phenotypic expressions of this genetic lesion.

B Genetic abnormalities that result in the inability to convert proinsulin to
insulin have been identified in a few families with an autosomal dominant pattern,
too. Similarly, the production of mutant insulin molecules with resultant impaired
receptor binding has also been identified with an autosomal inheritance in a few

families with a mildly glucose elevation or even normal glucose metabolism [13-15].
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B.Genetic defects in insulin action

Mutations of the insulin receptor may cause abnormalities in glucose
‘matabolism ranging from hyperinsulinemia and modest hyperglycemia to severe
diabetes. A group of these patients with these mutations may have acanthosis
nigricans. Women may be virilized and have enlarged, cystic ovaries. This syndrome
was termed previously as type A insulin resistance.

Leprechaunism and the Rabson-Mendenhall syndrome are two pediatric
syndromes that have mutations in the insulin receptor gene with subsequent
alterations in insulin receptor function and extreme insulin resistance.

Alterations in the structure and function of the insulin receptor cannot be
demonstrated in patients with insulin resistant lipoatrophic diabetes. It is assumed
that the lesion(s) must reside in the postreceptor signal transduction pathways[16-
18].

C. Diseases of the exocrine pancreas

Pancreatiﬁs, trauma, infection, pancreatectomy, and pancreatic carcinoma,
may cause damage to the pancreas due to the extensivity of the damage diabetes
occur. If extensive enough, cystic fibrosis and hemochromatosis will also destroy /-
cells and impair insulin secretion.. Pancreatic fibrosis and calcium stones in the

exocrine ducts have been found at autopsy of diabetic patients[19-21].

D. Endocrinopathies

Hormones (e.g., growth hormone, cortisol, glucagon, and epinephrine)
could antagonize insulin action. Excess amounts of these hormones (typical for e.g.,
acromegaly, Cushing’s syndrome, glucagonoma, pheochromocytoma, respectively)
can cause diabetes in individuals with preexisting defects in insulin secretion.
Hyperglycemia disappears when the hormone excess is resolved. Somatostatinoma-
and aldosteronoma -induced hypokalemia can cause diabetes, at least in part, by
inhibiting insulin secretion. Hyperglycemia generally resolves after successful

removal of the tumor [22].

E. Drug or chemical induced

The sequence or relative importance of S-cell dysfunction and insulin

resistance in this type of diabetes is unknown. Certain toxins such as Vacor (a rat

10
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poison) and intravenous pentamidine can permanently destroy pancreatic f-cells.
There are also many drugs that can impair insulin action. Examples include nicotinic
acid and glucocorticoids (o-interferon) The list shown in Table 2 is not all-inclusive,
but reflects the more commonly recognized drug-, hormone-, or toxin-induced forms

of diabetes [23]. »;

F. Infections

Diabetes may occur following congenital rubella and other viral infections,
although most of these patients have HLA and immune markers characteristic of
T1D. In addition, coxsackievirus B, cytomegalovirus, adenovirus, and mumps have

been implicated in inducing certain cases of the disease as f-cell destruction [24-26].

G. Uncommon forms of immune —mediated diabetes

The Stiff-man syndrome is an autoimmune disorder of the central nervous
system. Patients have high titers of the GAD autoantibodies, and approximately one-
third will develop diabetes.

Anti-insulin receptor antibodies can cause diabetes by binding to the
insulin receptor, thereby blocking the binding of insulin to its receptor in target
tissues. In some cases, these antibodies can act as an insulin agonist after binding to
the receptor and can thereby cause hypoglycemia.

Anti—insulin receptor antibodies are occasionally found in patients with
systemic lupus erythematosus and other autoimmune diseases. As in other states of
extreme insulin resistance, patients with anti—insulin receptor antibodies often have
acanthosis nigricans. In the past, this syndrome was termed type B insulin resistance
[27].

H. Other genetic syndromes sometimes associated with

diabetes

Many genetic syndromes are accompanied by an increased incidence of
diabetes mellitus. These include the chromosomal abnormalities of Down’s

syndrome, Klinefelter’s syndrome, and Tumner’s syndrome.

Wolfram’s syndrome is an autosomal recessive disorder characterized by

insulin-deficient diabetes and the absence of S-cells at autopsy. Additional

11
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manifestations include diabetes insipidus, hypogonadism, optic atrophy, and neurai

deafness. Other syndromes are listed in Table 2 [28].

I. Gestational diabetes mellitus

GDM is defined as any degree of glucose intolerance with onset or the
first recognition during pregnancy. It does not exclude the possibility that
unrecognized glucose intolerance may have antedated or begun concomitantly with
the pregnancy. The prevalence may range from 1 to 14% of pregnancies, depending
on the population studied. GDM represents nearly 90% of all pregnancies
éomplicated by diabetes, occurs normally during pregnancy, particularly in the 3™

trimester [29,30].

12
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1.2. Immunology of Type 1 Diabetes Mellitus

It is believed that T1D develops as genetically encoded susceptibility to T
cell mediated autoimmunity.The cellular autoimmunity in T1D responsible for the
destruction of pancreatic f- cells is mediated by T cells. B cells produce
autoantibodies to S-cell antigens, and in turn present these self-antigens to T cells,
but f-cells and autoantibodies are not strictly required in this autoimmune process
[31].

‘ In most cases a preclinical period marked by the presence of autoantibodies

to pancreatic f-cell antigens precedes the onset of hyperglycemia by a few years.
This long pre-clinical period provides an opportunity for prevention. Known
autoantigens include insulin, glutamic acid decarboxylase (GAD), and antibodies
against the islet cell antigen 512 phosphatase (IA-2), of which only insulin is cell
specific (see Table 3).

Insulin autoantibodies occur more in DR4 haplotype patients and are useful if
measured prior to administering exogenous insulin. Glutamic acid decarboxylase
antibodies persist the longest time following diagnosis and are useful in confirming
autoimmune etiology in long-standing cases. The presence of more than one type of
antibody is highly predictive of disease, and occurs years before clinical
manifestations [32]. '

Specific class II and class I histocompatibility alleles determine peptides
that are more or less likely to be the target of autoimmunity when tolerance
mechanisms fail. Targeting of islet specific peptides by CD4 and CD8 T cells leads
to specific islet f-cell destruction for both human and rodent models. Anti-islet
autoantibodies are excellent predictors of T1D, but most likély have only a small but
potentially importantv role in pathogenesis. The specific target organ, the insulin-
producing f—cell of the islet can be manipulated to profoundly alter diabetes
propensity, but it is likely that these manipulations (e.g. co stimulatory molecules
such as B7.1 expression in the islets, insulin gene knockouts) produce their effects by

indirect influence on immune targeting [33]

13



Immunogenetic studies on autoimmune diabetes

Table 3 Autoantigens in type 1 diabetes mellitus

Autoantigens in type 1 diabetes mellitus [34-36]

Major autoantigens Glutamic acid decaorboxylase (GAD 65)
Protein thyrosine phosphatase (ICA512/IA-2)
Insulin (IAA)
Minor autoantigens ICA 12 (SOX13)
N ICA 69
Carboxypeptidase H
Gangliosides (GM-1)
Sulfatides
Shared autoantigens Tissue transglutaminase (TTG)
21 - hydroxylase (21- OH)
Other antigens

The trigger that leads to the pathogenesis of type 1 diabetes is currently
unknown. It is well established that the pathophysiology of the disease is biphasic. In
the first stage, leukocytes infiltrate the pancreatic islets in response that does not
cause damage. In the second phase, which occurs only in diabetes — prone
individuals and strains, autoreactive T cells aquire aggressive potential and destroy
the majority of the pancreatic islets [37].

- Rodents and humans exhibit a physiological ripple of apoptic - cells death
shortly after birth, which induces an adaptive autoimmune response towards islet-
antigens, both in diabetes/prone non-obese diabetic mice (NOD) and in mice that do
not developed diabetes. It was proposed that early T-cell mediated autoimmune
response towards islet-antigens is physiological, purposeful anci beneficial [38].

Numerous immunostimulatory protocols prevent the development of
diabetes, including the treatment with the non-specific immunostimulatory agents,
complete Freud’s adjuvants or bacillus Calmette —Guerin vaccine or with autoantigen
specific vaccine (see Table 4). It is demonstrated that the ability of these
immunostimulatory agents to inhibit diabetes development in NOD mice is
dependent not on Thl or Th2 cytokine shift but on the presence of the Thl cytokine
[FNy. Minor islets damage in young mice stimulates a protective autoimmune
response, which results in prevention diabetes. Similarly, in line with observations
that active immunisation with self-antigens that are associated with damage to a

specific tissue promotes the recovery of this tissue from injury.

14
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Table 4 Immunostimulatory treatments that prevent diabetes

Immunostimulatory treatments that prevent diabetes

Autoantigen non-specific Ref Autoantigen - specific Ref

Virus infection [39] Immunization with STZ-treated | [40]
islets

Schistocoma mansoni infection [41] DC vaccination with insulin B | (55)
chain

Mycobacterium avium or Mycobacterium | [42] DC vaccination with GAD65 [43]

bovis infection

BCG vaccination [44] Immunisation with insulin or | 57
GAD65 in incomplete Fruend’s
adjuvant

CFA vaccination [45] Vaccination with insulin or pro- | [46]
insulin derived peptides

Empty plastid DNA or CpG | [47] Passive transfer of GADGS5- | [48]

oligonucleotide vaccination reactive T cells

CD3 antibody [49]

Vitamin D3 [50]

Heat shock protein 60 (P277) peptide | [51,52]

vaccination

15
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1.3. Genetics of Type 1 Diabetes Mellitus

The main goal for understanding the genetics of T1D is a completi:
understanding of disease pathophysiology, necessary for the development of more
conf}entional interventions to prevent f-cell distruction. The T-cell mediated
autoimmune process that destroys pancreatic S-cells in T1D is a complex phenotype
influenced by multiple genetic and environmental factors. Human leukocyte antigen
(HLA) accounts for about half of the genetic susceptibility, through a large variety of
protective and predisposing haplotypes. Other important loci associated with T1D,
with much smaller effects than HLA, include the insulin variable number of tandem
repeats (INS-VNTR), PTPN22, and CTLA-4 etc.

Type 1 diabetes is becoming one of the best-studied genetically complex
autoimmune disorders. Most of the genes involved in T1D susceptibility, however,
remain unknown. To date, all known genetic associations have been detected on the
basis of the candidate gene approach. The alternative is the positional approach, in
which the gene is identified without prior functional knowledge, on the basis of its
location in the genome. This location is identified on the basis of coinheritance of the
corresponding chromosomal segment with the disease phenotype: pairs of diabetic
siblings are genotyped at arbitrary polymorphic markers, equally spaced throughout
the genome, to identify regions shared by them at a frequency higher than the
expected 50%. This positional approach, so successful with monogenic or Mendelian
disorders, has resulted in the naming of eighteen loci ( IDDMI1-IDDM18 )[53], of
which almost all have turned out to be statistical artifacts due to underestimates of
the sample size required for meaningful statistical power [54].

The identification of additional loci and functional analysis of known ones,
no matter how small each individual effect is, will provide: (1) pathophysiological
insights necessary for the development of preventive interventions; (2) risk
g%ediction to identify individuals that can benefit from them, and (3) potentially,
identification of distinct subgenotypes, with different immune dysregulation
pathways leading to the common disease phenotype that may respond to different

preventive interventions.

16
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1.3.1. HLA clas Il - IDDM1 locus

The first candidate locus studied and found to be strongly associated witi;
T1D was the human leukocyte antigen (HLA) region on chromosome 6p21.3
[55,56]. This cluster of homologous cell-surface proteins is divided into class I (A, B,
C) and class IT (DP, DQ, DR). These proteins are unique in that they are more than
an order of magnitude, more polymorphic than any other protein in the human
genome. This diversity is driven by the positive selection of new alleles that confer
the advantage of heterozygosity. This increases the ability to optimally bind a
broader range of epitopes and remain current with the evolution of pathogens. The
single-chain class I molecules are ubiquitously expressed and present intracellular
antigen to CD8+ cells. Class II molecules are composed of o and /- chains and are
responsible for presenting extracellular antigen to CD4+ cells, via specialized
antigen-presenting cells. Genetically, the class II region has been found to contribute
strongly to T1D susceptibility, attributable mostly to the DR and DQ genes. Linkage
diaequilibrium refers to the strong correlation between alleles at neighboring single
nucleotide polymorphisms (SNPs) that are inherited as a block [57]. The association
is, therefore, mapped to whole clusters of adjacent alleles (i.e., haplotypes) which
encompass more than one gene, rather than to individual alleles.

Alleles are designated with a number that follows an asterisk. Most T1D-
relevant polymorphisms are amino acid changes in exon 2 of the a-chain of DR and
both a and f- chains of DQ. Thus, the most common T1D-predisposing haplotypes in
Caucasians are  DRBI*0301-DQAI1*0501-DQB1*0201 and DRBI*0401-
DQAI1*0301-DOBI*0302. These are abbreviated as DR3-DQ2 and DR4-DQS.
Interestingly, heterozygosity for DQ2/DQ8 (which, because of linkage
disequilibrium almost always implies DR3/DR4 heterozygosity) confers the highest
T1D risk in Caucasians.

The risk is higher than homozygosity for either haplotype, indicating qualitative
rather than merely quantitative interactions between alleles. This genotype is found
in 3% of the general population, but in 30% of T1D patients, conferring a 15-fold
relative risk and an earlier onset of disease. Most of the remaining Caucasians with

T1D have at least one of these two haplotypes.

17
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Fig. 4. Gene map of the human leukocyte antigen (HLA) region. The HLA region spans 4 x 106
nucleotides on chromosome 6p21.1 to p21.3, with class II, class IIT and class I genes located from the
centromeric (Cen) to the telomeric (Tel) end. HLA class I molecules restrict CD8" cytotoxic T
lymphocyte function and mediate immune responses against ‘endogenous’ antigens and virally
infected targets, whereas HLA class II molecules are involved in the presentation of ‘exogenous’
antigens to T helper cells. The HLA class III region contains many genes encoding proteins that are
unrelated to cell-mediated immunity but that nevertheless modulate or regulate immune responses in
some way, including tumour necrosis factor (TNF), heat shock proteins (Hsps) and complement
proteins (C2, C4)

Conversely, the HLA-DQ6 haplotype, DRBI*1501-DQAI*0102-
DOBI*0602, has a protective association with T1D. It is found in <1% of diabetic
children and 20% of the general population [93] . If it is in combination with a
predisposing haplotype, the individual remains at low risk [94].

At a molecular level, risk alleles differ structurally from protective alleles.
Most characteristic is the absence of an aspartic acid molecule at position 57 of the f-
chain of the DQ molecule. This reverses the electric charge of the peptide-binding
groove of the HLA-DQ8 molecule, thereby possibly altering the binding of insulin
epitopes [95].

The role of HLA in T1D was further studied in animal models. The
equivalent to HLA in mice is the mice major histocompatibility complex - the H-2
system. Work on autoimmune-prone nonobese diabetic (NOD) mice expressing a

diabetogenic human HLA class II gene in the presence of a mouse diabetes-resistant
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MHC class II genotype failed to develop diabetes [96-99]. In fact, in NOD mice with
a transgene expressing higher levels of its own diabetogenic MHC class IT molecules,
there was a decrease in diabetes frequency [100]. This indicates that MHC alleles
predispose to diabetes through loss of desirable function, rather than gain of
undesirable function. It is therefore speculated that weak binding of some crucial
T1D-related autoepitope(s) by predisposing class II alleles fails to generate sufficient
tolerance, either thymic or peripheral. This could result in the targeting of the
autoepitope in the periphery, under conditions of aberrant immune function, as
created by other genetic loci or environmental inputs.

| At present it is possible to identify at birth individuals at risk by HLA
typing, with a risk of approximately one in fifteen for DQ2/DQS8 heterozygotes in the
general population, and, a risk of one in two for DQ2/DQ8 heterozygotes among first
degree relatives [101,102]. Identifying populations with high risk might be of benefit
to studies addressing the implication of environmental influences, and environmental
or genetic-based preventive therapies. In addition, individuals with T1D, depending
upon HLA alleles, are also at high risk for celiac disease (one in three of DQ2
homozygous type 1 patients have anti-transglutaminase autoantibodies) [103],
Addison’s disease [104,105], or other autoimmune conditions. Thus, understanding
the genetics of type 1 diabetes will certainly contribute to our knowledge of
autoimmunity in general. [106]

Approximately 50% of the familial aggregation of the juvenile type 1
diabetes is determined by the major histocompatibility locus, and in particular class
IT or immune response alleles. There is hierarchy of risk associated with specific
class II haplotypes and genotypes (for HLA nomenclature see Immunology of T1D

book Teaching Slides at www.barbaradaviscenter.org). The relative risk provided by

such genotypes is remarkably similar across populations [107]. While 2.4% of the
general population of Colorado is DQ2/DQ8 heterozygotes, 50% of young children
developing the disease (age <5) are heterozygotes as well as 30-40% of older
children. In addition to DQ alleles, DR4 subtypes influence risk (detailed on Table
6). The crystal structure of DQ8 with an insulin peptide B: 9—23 has been published
and it is thought that these class II alleles primarily influence diabetes risk by the
pgptides they bind and present to T lymphocytes [108]. Of note DQS introduced to a
fﬁéuse model increases diabetes risk. A subset of HLA alleles provides dominant

protection against diabetes, the most common of which (DQA!*0102, DOBI1*0602)
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is associated with DR2 (DRBI1*1501). Another dramatically protective allele is
DRB1*1401, associated with DQAI*0101, DQB1*0503. Though the protection is
dramatic, with less than 1% of children with T1D having DOBI*0602 compared to
20% of the general population, it is not absolute, particularly in individuals who
develop diabetes at older ages among whom 5% have DQBI*0602. 1t appears that
both DQ and DR alleles can provide dominant protection, as evidenced by relatively
'ré're" haplotypes where alternative DR and DQ alleles are present in families of
patients with T1D.

In animal models dominant protection may be determined by deletion of
épecific autoreactive T lymphocytes by multiple non-diabetogenic class II alleles.
Other genes within the major histocompatibility complex may also influence age of
onset of diabetes. Class I HLA alleles, such as 424 have been reported to be
associated with a younger age of onset of T1D. In a small series, the HLA-A2 allele
was present in 75% of children developing anti-islet autoimmunity before age 3
[101]. In addition there is an extended HL.A haplotype, which is conserved over a
very long distance, with HLA DQ2, DR3, MIC-A5.1, B8, and A1, which is associated
with T1D, myasthenia gravis, Addison’s disease, and other autoimmune disorders.
The extensive linkage disequilibrium for this haplotype makes it difficult to pinpoint

specific nucleotides that contribute to diabetes susceptibility.

Table 6 Class IT HLA haplotypes associated with susceptibility for or protection against type 1
diabetes

DRB1 DQA1 DQB1 Diabetes association
*0301 DR3 *0501 *0201 DQ2 Strongly positive
*0401 DR4 *0301 *0302 DQS8 Strongly positive
*0405 DR4 *0301 *0302 DQ8 Strongly positive
*0801 DRS *0401 *0402 DQ4 : Positive
*1601 DR2 *0102 *0502 DQ5 Positive
*0101 DR1 | *0101 *0501 DQ5 Positive

" *0403 DR4 *0301 *0302 DQ8 Neutral or weakly negative
%0701 DR7 %0201 *0201 DQ2 negative
*1501 DR2 *0102 *0602 DQ6 Strongly negative
*1401 DR6 *0101 *0503 DQS5 Strongly negative
*0701 DR7 *0201 *0303 DQ9 Strongly negative
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1.3.2. NON- HLA class Il — other IDDM Igci

The HLA haplotypes of highest risk are found commonly in the general
| population, but only a fraction of these carriers develop T1D. This low penetrance
indicates that HLA cannot account for all of the genetic susceptibility to T1D. One
quarter of all siblings of T1D patients share no HLA haplotype with their affected
sibling, yet these individuals have a T1D risk 7-fold higher than the general
population. On this basis it was calculated that HLA accounts for about 40-50% of
the genetic risk [109]. Linkage studies have clearly shown that there is no other T1D
iocus of amplitude of effect approaching this. Discovering the numerous other loci
responsible for the rest of the genetic susceptibility, no matter how small the
individual effects may be, is important in understanding the disease (see Table 7 and

Fig 4). We describe shortly only IDDM2 and IDDM12.

Table 7 List of IDDM loci
Locus Chromosome | Gene
IDDM 1 6p21 HLA
IDDM 2 11p21 INS
IDDM 3 15q
IDDM 4 11q13 ZFM1 (Zinc finger protein 162)
IDDM 5 6925 SOD?2 (superoxid dismutase)
IDDM 6 18q DCC associated gene
ZNF236
bcl-2
IDDM 7 231 NEUROD1
IGPR (islet specific glucose 6 — phosphatase)
IL-1 gene cluster, HOXD8, GAD1, GALNT3
IDDM 8 6927
IDDM 9 3q21-925
IDDM 10 10p11.2-ql1.2 GAD2
IDDM 11 14924.3-g31 ENSA (alpha-endosulphine)
IDDM 12 2q33 CTLA-4 :
CD28
ICOS
IDDM 13 2q34
IDDM 14
IDDM 15 6q21 Transient neonatal diabetes
IDDM 16 Ig heavy chain
IDDM 17 10925
IDDM 18 5q31.1-33.1 ILB12

22



Immunogenetic studies on autoimmune diabetes

Fig. 5 IDDM loci associated with diabetes mellitus - chromosome localisation

IR~

IDDM 2 locus

The second confirmed locus contributing to T1D risk is the insulin gene locus (INS).
In human, there is a VNTR (Variable Nucleotide Tandem Repeat) of the insulin gene
.The longer VNTR is associated with “minor” protection from TI1D and with
increased insulin mRNA in the thymus [110].

In the NOD mouse model linkage studies have not implicated either the
insulin 1 or 2 (mice have two insulin genes, humans one insulin gene) loci in
diabetes risk, but recent studies of insulin gene knockouts suggest that loss of either

gene can dramatically alter the development of diabetes [111,112].
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Fig 6. Insulin VNTR minisatellite repeats. The INS -VNTR is located 365 bp upstream from the insulin
gene (INS) promoter. It is also 5 kb upstream from a second potential target for regulation, insulin-like
growth factor II (IGF2) and 10 kb downstream of the tyrosine hydroxylase gene (7H ). Class I and
class IIT alleles differ by the number of tandem repeats of the VNTR consensus sequence. Class I
alleles predispose to and class ITI alleles protect from type 1 diabetes. Adapted from [113] .

IDDM12

Cytotoxic T-lymphocyte associated protein 4 (CTLA-4) and CD28 on
chromosome 2q33 are likely candidate genes for T1D and other autoimmune
diseases because of their important role in the T-cell proliferative response. The
CTLA-4 gene encodes a receptor expressed by activated T-cells. CTLA-4 binds B7
molecules, and limits the proliferative response of activated T-cells, some of which
could be autoreactive. Mutations or polymorphism leading to altered activity of
CTLA-4 are believed to play an important role in risk of developing autoimmunity.
Nistico et al. [114] reported linkage and association evidence suggesting a
susceptibility locus (designated as IDDM12) in the CTLA4/CD28 region. In T1D, the
effect of IDDM12 seems to be independent of HLA alleles or the VNTR risk
genotype [115]. Polymorphism A/G in the first exon of CTLA-4 results in amino acid
change (Thr/Ala). The presence of alanine at codon 17 of CTLA-4 has been
associated with susceptibility to T1D. Strong effect of IDDM12 on T1D risk has
been observed in three Mediterranean —European populations (Italian, Spanish,
French), in the Mexican-American population and the population of Korea and a

weak transmission deviation
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It is likely that polymorphisms of the CTLA-4 gene have a measurable
influence, but it has been very difficult to confirm loci or to pinpoint specific genes
[116]. This is aPPARent even when large families with multiple affected (e.g.
IDDM17 on chromosome 10) individuals give strong evidence of linkage (e.g.
IDDM17 on chromosome 10). Whether T1D is oligogenic with susceptibility alleles
at different loci segregating in different families or polygenic, multiple approaches
and large family resources are likely to be required to identify specific susceptibility

genes. [117]

I S UTR CTLA-4 ]
Promoter

n
¢ (AT) repeat AAUAA-(A)

vidy 149 ac + + ‘ +5230 A/G

CD28 CTLA-4
_________ ) S
Transcription aleternative splicing/
polyadenylation

Fig 7. CTLA-4 on chromosome 2q33. CTLA-4 and its flanking 5'UTR and 3" UTR regions lay within
type 1 diabetes (T1D)-associated LD block. CD28 and ICOS , two other candidate genes important in
immune function, lie outsidethe haplotype block. The 46230G single nucleotide polymorphism (SNP)
in the 3'UTR flanking region of CTLA-4 exhibits a strong association with Graves’ disease and T1D,
through an unknown mechanism. Effects from the 5'UTR end of the region also cannot be ruled out,
with either a promoter polymorphism or an amino acid substitution in the signal peptide. Various
SNPs and their potential mechanism of action are noted. Adapted from [118] .

Although the NOD mouse has been extensively studied as a diabetes
model, none of the genes responsible, with the exception of the MHC, have been yet
identified. This may be due to extensive heterogeneity of gene assortment required
for the disease [119]. Of note, subphenotypes such as expression of insulin
antibodies and insulitis can be separated genetically from progression to diabetes
[120]. Recently embryonic stem cells carrying NOD genome have been developed
[121]. This will facilitate the analysis of targeted gene mutations without the need of
backcrossing. Thus the animal models provide compelling evidence of MHC

restriction plus non-MHC genes that influence immune function. This combination,
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together with the knowledge that bone marrow transplants transfer susceptibility and
resistance depending on the donor, is a common theme towards the comprehension
of the disease [122].
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| 1.3.3. Non IDDM loci

Multiple other loci have been implicated in risk for T1D, especially with¢
the analysis of hundreds of sibling pairs with disease [123]

1.3.3.1. MIC-A

Major histocompatibility complex (MHC) class I chain —related gene A
(MIC-A) is also among the many other loci that have been associated with
susceptibility to T1D. The MIC-A is located within the MHC class I region of the
chromosome 6. It contains the long open reading frame encoding three distinct
extracellular domains (a1, a2 and a3) a transmembrane segment, and a cytoplasmatic
tail. It has been reported that MIC-4 may be recognized by a subpopulation of
intestinal y8 T cells [124] and may play a role in the activation of a subpopulation of
NK cells that express the NKG2D receptor [125].

Sequence analysis of the exon 5 encoding the transmembrane segment has
showed a trinucleotide repeat (GCT) microsatellite polymorphism within this region
[126,127]. So far, six alleles of the exon 5 of the MIC-A gene, which differ in
number of GCT repetitions at position 296, have been identified. These alleles
contain 4, 5, 6, 9, 10 repetitions of GCT with an additional nucleotide insertion
GGCT.'The MIC-A alleles have been accordingly named 44, A5, A6, A9, A10 and
A5.1 respectively [128,129]. Due to the proximity of the MIC-4 locus to HLA-B and
HLA-C, MIC-A polymorphisms have been investigated for associations with a
variety of HLA-associated diseases. Some of these studies have shown a positive
association of MIC-A with the diseases. It was thoughtthese observations are
probably due to the linkage disequilibrium between MIC-4 and HLA-B. However,
most disease associations have been aimed to the MIC-4 transmembrane region and
the six identified variants. Several recent studies of the MIC-A4 transmembrane
polymorphism have shown an association of the 45 allele with the susceptibility to
young onset T1D [130,131] but this allele has not been found to be a risk for adult-
onset T1D [132]
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1.3.3.2. NFKBI and NFKBIA

; Cytokine-induced f-cell death is an important factor in the pathogenesis of
T1D. Since the nuclear factor kappa-f (NFkB) plays an important role in cytokine-
induced gene activation, it is a possible candidate gene for T1D predisposition. NF-
kappa is a transcription factor responsible for modulating the expression of many
g‘énés involved in cell proliferation, differentiation, apoptosis and metastasis. NFxB

interacts with kappa inhibitory proteins (IkB) to regulate gene expression [133].

The transcription factor nuclear factor-kB (NF-xB) (8,9) has an important
role in cytokine induced S-cell apoptosis, since apoptosis is prevented in human and
rat primary fS-cells, and in insulin-producing cell lines, by inhibition of NF-xB
activation [134,135]. NF-xB blocking by an IxBa (S/A)2 super repressor also
prevents rat fS-cell apoptosis induced by IFN-y + dsRNA (a byproduct of viral
infection) [136]. Furthermore, conditional and specific NF-xB blockade in vivo
protects pancreatic f-cells against toxic/immuno-mediated diabetes following

multiple low doses of streptozotocin [137]. Paradoxically, NF-kB-regulated genes

.....

development of diabetes has been also correlated with elevated levels of
proinflammatory cytokines and enhanced antigen presentation function in DC of
NOD mice [143]. That is why it is noteworthy to look into the polymorphisms of
genes connected to NF«B signaling pathway. |

NF-«B is formed by homo or heterodimers of five NF-xB family members
[144]. These dimers are usually present in an inactive form in the cytoplasm, where
they remain bound to a group of related inhibitory kB (IxB) proteins [145,146].
Stimulation by pro-inflammatory cytokines, such as IL-18- and TNF-a, results in
NF-«xB activation thrbugh the classical pathway [147], leading to degradation of the
kB proteins, and consequent translocation of NF-«kB to the nucleus [148,149]. The
different isoforms of IkB play distinct and complementary roles in the regulation of
specific NF-xB dimers (15,16,22,26), resulting in 4 both quantitative and qualitative
changes in gene expression [150,151]. These characteristics are specific for different
cell types, and might vary in a particular cell type exposed to different stimuli

[152,153]. Since no information is available regarding these parameters in f- cells, it
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remains to be determined whether NF-xB activation in these cells has specific
activation characteristics that make it to exert a pro-apoptotic effect, while it exerts
an antiapoptotic effect in most other cell types.

The investigation of common variants within the genes coding for NFxB
and IkB, NFKBI [4q24] and NFKBIA [14ql3], for involvement in autoimmune
diabetes and T2D complications was performed in previous studies. A polymorphic
(CA) dinucleotide repeats microsatellite has been identified near the NFKBI gene.
NFKBIA genotypes (A/G in 3'UTR) have been determined as wild-type 424 bp;
variant 306 and 118 bp; and heterozygote 424, 306 and 118 bp after restriction
digestion [154].

Signals

Cytoplasm inactive

Fig. 7: Molecular mechanisms of NFkB signaling — regulation of gene expression via p50-p65
complex

1.3.3.3. Interleukin-18

The interleukin -18 (7L-18) belongs to the group of Thl cytokines and is a
member of IL-1 superfamily, located on chromosome 11q22.2.-q22.3. Beside other
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biological activities it is initiating and promoting host defense and inflammation.
This pleiotropic cytokine is produced predominantly by activated
monocytes/macrophages involved in the regulation of innate and acquired immune
response and plays a key role in autoimmune inflammatory and infection diseases
[155,156]. IL-18 interacts with IL-12 inducting together the interferon — y (IFN- ¥),
modulating aktivity of natural killer cells, increasing tumor necrosis factor — o (TNF-
o ) and IL-1 production by macorphages, up regulating the expression of adhesion

molecules, and inducing nitric oxide production in the area of chronic inflammation.

1.4. Epidemiology of Type 1 Diabetes Mellitus

Type 1 diabetes risk varies dramatically between populations with

incidence rates in Asia approaching 1/100,000 versus more than 40/100,000 in
Finland [157].There has been a general trend of increasing incidence with an
approximate doubling over the past two decades in Scandinavia. This provides the
best evidence that environmental factors influence the development of diabetes at a
population level, either decreasing or increasing diabetes risk.
i Studies of monozygotic and dizygotic twins provide risk estimates for
monozygotic twins ranging from 20 to 50%. Despite the wide range in the risk
obtained from different studies, the estimates of heritability of diabetes susceptibility,
defined as the proportion of the variation in susceptibility attributed to genetic factors
and obtained by comparing risks in monozygous twins and dizygous twins, were
very similar (0.73 and 0.72) in two large population-based studies [158,159]. With
long-term follow up the risk is at least 50% based on analyses of combined cohorts
of initially discordant monozygotic twins followed up to 50 years from the onset of
diabetes in the first twin. Increasing risk for diabetes WithA longer follow-up has also
been reported for noh—twin siblings and offspring of affected patients [160].

More important it is likely that groups of monozygotic twins differ in
c'(;)‘x;lcordance depending on genetic etiology of their T1D. It has been observed that if
the first twin of a monozygotic twin pair develops diabetes prior to age 5, the risk for
the second twin to develop diabetes within 20 years of follow up is 50%, while if the
first twin develops diabetes after age 20, the risk for the co-twin is less than 5%
[161]. HLA class II alleles probably influence risk as does insulin gene
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polymorphisms. In contrast to monozygotic twins, the risk for developing diabetes or
anti-islet autoantibodies does not appear to differ between dizygotic twins and
siblings of patients with T1D. Early reports of increased prevalence of anti-islet
autoantibodies in dizygotic twins have been retracted [162], and a combined series
indicates a relatively low prevalence of autoantibody-positivity in dizygotic twins.
For monozygotic twins, expression of any of the “biochemical” anti-islet
autoantibodies (GAD65, ICA512 (IA-2) or insulin autoantibodies) is associated with
a very high risk of progression to T1D [163]. Based on decades of follow up, the
development of diabetes in autoantibody-positive monozygotic twins is preceded by

progressive loss of insulin secretion [164].

1.5. Environmental risk factors of Type 1 Diabetes Mellitus

Viruses and nutritional factors (mostly cow’s milk protein) have been
ificriminated [165-167], but definitive proof in the form of multiple confirmations is
lacking for any of them. Once these factors are identified, their interaction with the
other components of genetic susceptibility will lead to a full understanding of disease
etiology.

Currently, the only proven, but rare, infectious cause of T1D is congenital
rubella infection. While universal rubella infection has perhaps eliminated a few
cases of T1D, there are currently no trials attempting to prevent T1D through
modification of other candidate infectious factors.

Both autoimmunity and T1D may be associated with enteroviral (EV)
infections. People with T1D or autoimmunity may have a stronger humoral response
tou_'infection due to their particular genotypes or they can be in a nonspecific hyper-
1mmune state marked by elevation of antibody levels to a variety of antigens.
Rotavirus and herpes viruses have been also associated with £ cell autoimmunity and
T1D [168]. It is plausible that early infection with a non-diabetogenic strain of a
virus can induce immunity to antigenetically similar diabetogenic strains and protects
from T1D. These hypotheses are based on extensive studies in animal models, but
have been extremely difficult to test in humans.

Non-specific infections in a susceptible host can induce transient

autoimmunity that may or may not lead to cumulative f cell damage over time [169].
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Increased incidence of diabetes has been reported in susceptible animal delivered by
c-section or kept in a sterile environment postnatal. On the other hand exposure of
- NOD mice or BB rats to specific rodent viruses reduces the risk of diabetes. These
data may suggest that improvement in personal hygiene leading to reduction in
exposure to microbial agents in early childhood may promote T1D in genetically
susceptible children similar to childhood asthma [170,171].

A' Recent studies have not proven any association between childhood
immunization and f-cell autoimmunity or clinical diabetes, but proposed protective
effect of breast feeding on the incidence of T1D has attracted enormous interest.
C_ohort studies failed to find an association between infant diet exposures and S cell

autoimmunity.
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2. Aims of the study and Methodology

» To characterize the genetic background of patients with different types of

diabetes mellitus (T1D in children, T1D in adults, LADA, T2D, MODY)

» To test the gene expression of diabetes associated HLA-DRBI*04 and
NFKBI genes in Antigen Presenting Cells of T1D patients.
Patients were divided into the tested subgroups in relation to the HLA class II,
NFKBI, and NFKBIA genotypes and disease type (T1DM in children, T1DM

in adults, and LADA)

Methodology to tested polymorphisms in following genes:

HLA-DRBI - (human leukocyte antigen — gene DRB1) : PCR-SSP
HLA-DQBI - (human leukocyte antigen — gene DQB1): PCR-SSP

NFKBI - nuclear factor kappa —B, subunit 1: PCR — Fragment analysis

IkB (NFKBIA) — nuclear factor of kappa light chain gene enhancer in B — cells
inhibitor, alpha — PCR-RFLP

MIC-A — major histocompatibility complex class one chain — related protein A:
PCR — Fragment analysis

IL-18 - interleukiﬁ 18: PCR-RFLP

PPARy — peroxisome proliferator activated receptor — gamma: PCR-RFLP
GCK- glucokinase : PCR-sequencing

mRNA expression testing was performed by qRT-PCR relative quantification

(applying saCt method)
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autoimmune diseases] Cas Lek Cesk. 2002 Dec 6;141(24):755-62. Review. Slovak
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The published papers listed above give an overview of the diabetes gene
associations in Czech population and introduce to the problems of expression studies
for the T1D associated polymorphisms.

TID is a polygenous disease and one of the predisposing factors is tﬁe
genotype background, ascribed mainly to HLA genes, which was studied in our
Papers No. 1-4, and No. 10 and 11 (review in Slovak language). According to our
published studies we can conclude that HLA-associations have shown strong age-
dependence. Patients with autoimmune diabetes manifested after 35 years of age can
be divided into two different groups having different HLA class II associations: type
1 diabtes mellitus (T1D) in adults with DQB1*0302 and DRB1*04 risk alleles and
latent autoimmune diabetes in adults (LADA) with DRB1*03 risk allele (HLA-
DRBI*03 was associated with the group of LADA patients two times stronger than
with the group of children diabetics).

HLA-DRB1*04 gene frequency was significantly increased in T1D groups
compared to controls and the power of association was comparable between the
children and adult T1D groups. The occurance of HLA — DQB1 predisposition
alleles in T1D adults has been less evident than in children (the relative risk values
for HLA-DQB1*0302 were almost three times higher in children with diabetes than
in. T1D adults, but whre its allele frequency was still more frequent than in patients
with T2D and healthy controls). These data probably reflex increasing significance
of environmental factors and decreasing significance of genetic factors in relation to
age of disease onset.

We can confirm the difference in HLA allele frequencies between GADab
positive/negative groups and CP negative/positive groups in autoimmune diabetes

patients after 35 years of age. The DRBI1*04 and DQB1*0302 alleles are associated
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with decrease of CP levels while DRBI*03 is a significant marker of autoantibody
(GADab) development.

Papers No. 1 and No. 7 report the investigation of common variants within
the genes coding for NF«B and IxB, NFKB! [4q24] and NFKBIA [14q13“i
respectively, for involvement in autoimmune diabetes and T2D complications. No
T1DM association with any allele of the NFKBI microsatellite polymorphism could
however be demonstrated in Danish T1D families as reported previously [172,173].
The differences in allele frequencies of NFKBI in Czech patients, compared with
healthy controls, were observed only in the group of patients with adult onset of
T1D. The frequency of A7 allele (size 132 bp, 20 repeats) was significantly increased
in comparison with the control groups.

There is also evidence that the heterozygous genotype of NFKBIA is
protective for diabetes onset in adulthood, according to the results in LADA patients
(nonsignificantly) and T1D adults (significantly). In the mentioned groups the
frequency of the heterozygotes is lowered and the frequency of the homozygotes is
inicreased. A significant difference was observed for AA genotype in LADA group.

The results of the HLA-DRB1*04 mRNA and NFKBI gene expression testing
are also discussed in the Paper No. 1, partly in the Paper No. 2. The mRNA
transcript levels of HLA-DRBI*04 in circulating APC differ in diabetic patients with
different onset. The mRNA of HLA-DRBI1*04 is significantly elevated in APC of
diabetic patients with diabetes onset in adult comparing to the results in patients with
onset in childhood. There was no difference in expression of NFKBI gene in APC in
the above mentioned groups. We hypothesized that the increased HLA-DR
expression is an age dependent factor probably due to accumulation of environmental

stress. The newly published results have shown [174] that there could be an other
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regulation factor as miRNA e.g. causing that the expression of the HLA-predisposing
alleles is increased on the dendritic cells and B-céll lymphocytes and the expression
- of the HLA-protecting alleles is decreased. This disbalance could cause an
autoimmune reaction in pancreatic S-cells. The prevention of T1D could be in that
ca%e based on an enhanced expression of HLA protective alleles on APCs.

Paper No. 5 is discussing the impact of IL-/8 gene polymorphism on the
TlD. The It has been reported by Nicoletti et al. that /L-18 serum levels are increased
during the subclinical stage of T1D [175]. The importance of /L-18 is underscored by
the observation that the murine 7Z-/8 maps to an interval on chromosome 9 close to
the diabetes susceptibility gene IDDM2 of the NOD mouse [176]. Several
polymorphims in the promoter region of human /L-/8 have been identified. [177].
Recently, Kretowski and co-workers have reported the role of IL-18 gene
ﬁgiymorphisms at positions -607 and -137 in the predisposition to T1D in Polish
population [178]. The conclusion of our genotype testing says that the IL-/8 gene
polymorphisms at positions -607 and -137 are associated with genetic susceptibility
to none of both types (T1D and LADA) of adult-onset diabetes mellitus in Czech
population.

In Paper No. 6 the MIC-A microsatellite polymorphism within the
transmembrane region was tested. The MIC-A5.1 alleie was found to be associated
with genetic susceptibility to T1D in adults whereas no association has been proofed
with LADA in Czech population.

Paper No. 8 describes genetic analyses in the groups of patients with
diabetes mellitus and its complications. We have found out, that the freqeuncy of
Prol2Ala polymorphism in PPARy2 differes between controls and patients with

T2D. The frequency of the Ala variant in the PPARy2 gene is higher in the control
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group than in the group of T2D patients. This can be explained like a decreased risk

ofT2D for the Ala 12 cariers. Numerous clinical characteristics have been tested in

connection to the Pro12Ala polymorphism, but no signiﬁcant association to BMI and
lipid levels was demonstrated in our patient samples so far. ?

Monogenetic studies have been done on glukokinase (GCK) gene in the

group of MODY susceptible patients (see Paper No. 9-10). Within the directly

~sequence testing, six novel mutations in the GCK gene has been found in MODY

patients and in 50% of children and adoslescents with asymptomatic hyperglycaemia.
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4. Original papers
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Paper 1: Kolostova K, Pinterova D, Novota P, Romzova M, Cejkova P, Pruhova S, Lebl J,
Treslova L, Andel M, Cerna M: HLA, NFKB1 and NFKBIA Gene Polymorphism
Profile in Autoimmune Diabetes Mellitus Patients. Exp Clin Endocrinol Diabetes
115:124-129, 2007 #
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Abstract

v

Type 1 diabetes mellitus (T1DM) is one of the
long-time studied autoimmune disorders. The
triggering of the autoimmune process has been
ascribed to various genes active in the regula-
tion of the cytokine gene transcription including
the Rel/NF-xB gene family. In our study the gene

" polymorphism of HLA class I, NFKB1 (nuclear

factor of kappa light polypeptide gene enhancer
in B-cells 1) and NFKBIA (inhibitor of nuclear fac-
tor kappa B) was tested. Patients were divided
into the subgroups in relation to the disease
type: TIDM in children, TIDM in adults, and
Latent Autoimmune Diabetes in Adults (LADA).
HLA-DRB1°04 and HLA-DQB1'0302 have been
detected as risk factors for TIDM in adults and
particularly in children (P<0.0001, OR=22.9
and 46.5 respectively). HLA-DRB1°03 has been
found as a single risk factor for LADA (P<0.0001,
OR=4.9). We detected 15 alleles for the NFKBI

gene polymorphism (CA-repeats) in the Czech
population. The alleles were ranging in size from
114-142bp corresponding to 10-25 CA repeats.
Frequency of the A7 allele of NFKB1 gene has
been significantly increased in T1DM adults
(P<0.01). There was no difference in A and a G
allele frequency of NFKBIA gene between the
control group and patients, but the association of
the AA genotype of NFKBIA gene has been found
for LADA (P<0.05). Summarizing our results
we concluded that there is a high probability of
association of gene polymorphism from Rel/NF-
B family with an autoimmune diabetes course.
Due to the results obtained in the epidemiologi-
cal study we have been looking also for the func-
tion significance of the genetic predisposition.
No significant changes have been observed by
real time PCR testing of HLA-DRB1'04 gene and
NFKB1 gene expression between T1DM diabetic
group with different HLA, NFKB1, NFKBIA genetic
background.

Abbreviations

Y

LADA Latent autoimmune diabetes in
adults

NFiB Nuclear factor kappa B

NFKB1  Nuclear factor of kappa light
polypeptide gene enhancer in B-
cells 1 gene

NFKBIA  Inhibitor of nuclear factor kappa B
gene

T1DM Type 1 diabetes mellitus

introduction

v

Type 1 diabetes mellitus {T1DM) is a chronic
autoimmune disease characterized by a loss of
tolerance towards own antigenic structures of
beta-pancreatic cells. The destruction of beta
cells subsequently leads to the loss of insulin
production. TIDM is not a homogeneous disease,
since several of its clinical features are different
in children up to 6 years of age as compared to
older patients (Csorba & Lyon, 2005). There are
more factors, which trigger the autoimmune
response in susceptible individuals; however,
they are only partially known so far.

One of the predisposing factors is the genotype
background, ascribed mainly to genes of the HLA.
Out of extensive genetic and epidemiological
studies, the Caucasoid population is known to
have a significant association of insulin-depend-
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Table1 Characteristics of the tested groups

U Group1

cm$4 .

!Features R ' " Grotip2 . Group3 -

oo " TIDM children TIDM adults LADA | " Control
80 n=179 n=75 n=31 n=153
Fernale 60% "52% 44% )

Age at disease onset (years) - 7.7(1-16) 22.1(20-45) 47.0 (25-64)
Duration of DM (years) 49(1-16) 17.0(1-50) 15.0(3~-32)

- Insulin therapy yes yes yes no
Fasting C peptide (pmol/L) ' * 478.0(4.4-1522) '
Anti-GAD (ng/ml) ‘ 3920 (5-2800)

*data not available.

ent diabetes mellitus with the increased frequencies of haplo-
types HLA-DRB1'04-DQA1°0301-DQB1°0302 and DRB1°0301-
DQA1°0501-DQB1°0201. The strength of associations is ethnically
variable. The HLA genotype DRB1°03-DQB1°0201/DRB1'04-
DQB1'0302 confers a 25-fold increase in the risk of TIDM. (Jaini
et al,, 2002; Rewers et al,, 2003; Shawkatova et al., 2000).

It is well known that TIDM results from the breakdown of
peripheral tolerance. (Wheat et al, 2004) that is ended with
cytokine-induced beta-cell death. Since the nuclear factor
kappa-B (NFiB) plays an important role in cytokine-induced
gene activation, it is a very attractive candidate for T1DM predis-
position. NF«B is a transcription factor which interacts with
kappa inhibitory proteins (IxB) to regulate gene expression (Cur-
ran et al.,, 2002) of a variety of processes including innate and
adaptive immune responses, cell growth, apoptosis, tissue dif-
ferentiation and inflammation. (Baldwin, 2001). The NF«B tran-
scription factor complex has two alternative DNA binding
subunits, NFKB1 and NFKB2. NFKB1 encodes two isoforms, the
cytoplasmatic non-DNA-binding p105, and the 50kDa DNA-
binding p50 (Heron et al., 1995). To exert its effect, p50 binds to
p65 {encoded by NFKB2) to form biologically active heterodim-
ers, which activate transcription in promoter sequences of
inflammatory genes (e.g. IL-12, TNF-z, IFN-y), but alternatively
p50 able to form homodimers that block gene transcription by
binding to NFxB response sites in nuclues. Recent studies have
investigated role of NFxB in the pathogenesis of various human
diseases including immune deficiency, carcinogenesis and
atherogenesis. Lately the possible link between NF«B and the
development of insulin resistance, type 2 diabetes (Arkan et al.,
2005; Cai et al,, 2005; Chen, 2005; Evans et al.,, 2002) and in
diabetic polyneuropathies (Haslbeck et al., 2005) has also been
suggested.

This study investigated common variants within the genes cod-
ing for NF«B and IxBa, NFKB1 [4q24] and NFKBIA [14q13] to test
the probable genetic predisposition to autoimmune diabetes.
The NF«B complex is inhibited by 1«B proteins (NFKBIA or NFK-
BIB), which inactivate NFxB by trapping it in the cytoplasm,
Phosphorylation of serine residues on the 1«B proteins by kinases
(IKBKA or IKBKB) marks them for destruction via the ubiquitina-
tion pathway, thereby allowing activation of the NFxB complex.
NFKBIA is encoding for IkBe, which binds preferentially to p65.
After degradation of 1kBe, p65 tranlocates to the nucleus where
it can form heterodimers with p50, released from p105 and fol-
lowing NFxB heterodimer complex binds to decameric DNA
sequences and activates transcription of NFxB regulated target
genes (Barnes & Karin, 1997; Bierhaus et al., 2001; Hayden &
Ghosh, 2004).

A polymorphic dinucleotide CA microsatellite repeat, with 18
described alleles, has been identified close to the coding region

of the human NFKB1 gene. NFKBIA genotypes (A/G in 3'UTR)
have been determined in previous studies as wild-type 424 bp;
variant 306 and 118bp; and heterozygote 424, 306 and 118bp
after restriction digestion (Curran et al., 2002).

Following the results obtained in our epidemiological studies
we have also focused on the probable functional significance of
the tested gene polymorphisms. It has been demonstrated that
variations of the density of HLA class Il molecules on APCs influ-
ence the intensity and the nature of T cell response (Lechler et
al., 1985). Due to the fact that NFKB participates even if indi-
rectly on the regulation of HLA transcription we have finally
decided to compare the mRNA level of the HLA-DRB1°04 allele
and NFKB1 gene on APCs of peripheral blood leucocytes in dia-
betic patients in connection to the genotype background tested
previously.

Methods

v

Subjects

The 267 individuals with a previous diabetes mellitus diagnosis,
159 ethnically matched controls for NFKBIA analysis and 58 con-
trols for NFKB1 genotyping were involved into the study. Criteria
of the current WHO definitions for diagnosing diabetes were
applied (World Health Organization Definition, 1999), consider-
ing patients' clinical features and laboratory data, including the
presence of anti-islet autoantibodies (autoantibodies to glutamic
acid decarboxylase - GAD65 ) and serum C-peptide (CP) level. All
of the patients had insulin therapy. LADA was defined by a mini-
mum 6 months long phase after diagnosis without insulin ther-
apy. All subjects were informed and consented to participate
before the study. The following parameters were recorded for
each patient at the time of study: sex, age, disease duration,
complications and family history (see Table 1), Both affected and
contro!l populations were recruited from individuals residing in
the same geographical location in the Czech region and were
from Caucasian descent.

Genotyping

DNA was extracted from peripheral blood leukocytes using of
DNA blood mini isolation method (Qiagen, Hilden, Gemany).
Genotyping. of the NFKB1 dinucleotide repeat with use of fluo-
rescently labeled primers was previously described by Ota et al.
(Ota et al., 1999). Polymerase chain reaction (PCR) amplification
was performed in a reaction mixture containing 25-50ng
genomic DNA, 0.5 mM each primer, 0.2 mM dNTPs, 1xPCR buffer,
2.5mM MgCl, and DNA polymerase. PCR conditions were 4min
at 94°C; 30 cycles of 30s at 94°C, 30s at 52°C and 30 at 72°C; fol-
jowed by 5min at 72°C. NFKBI alleles were then detected by
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Table2 The relative risk values and more additive statistics for T1DM associated HLA - alleles in the tested groups
l Groups * ... TLADA : o TIDM &iﬂtiréﬁ_ T T TiDMadults Controls
" Aellefrequencies n27% Tnei88% n=62% n=90% *

HLA-DRB1*03 29.6 25.0 21.0 10.1
P 0.0001 0.0001 n.s
Relative risk 3.25(1.69-6.23) 1.51(1.25-1.81) -

~ Odds ratio 4.94(1.83-13,49) 3.30(1.78-6.17) -
HLA-DRB1'04 18.5 438 346 65
P . n.s. 0.0001 0.0001
Relative risk - 3.12(2.35-4.15) 3.42(2.32-5.04)
Odds ratio - 22.87(10.89-48.87) 10.47 (4.53-24.65)
HLA-DQB1°0201 25.0 217 21.8 26.3
P ns. n.s. n.s.
Relative risk - - -
Odds ratio - - -
HLA-DQB1 0302 14.3 30.8 29,0 5.1
P n.s. 0.0001 0.0001
Relative risk - 8.98 (4.76-16.93) 3.02(2.12-4.30) -
Odds ratio - 46.48 (16.15-140.23) 9.49 (3.91-23.59) -

fragment analysis on the ALF express Il detection system (Amer-
sham Pharmacia Biotech, Uppsala, Sweden).

NFKBIA amplification was performed in a 20 4 final volume con-
taining genomic DNA, 1xPCR buffer, 3.75mM MgCl,, 0.2mM
dNTPs, 0.5mM each primer and DNA polymerase. PCR condi-
tions were initial denaturation at 94°C for 5min, followed by 30
cycles of 94°C for 305, 52°C for 30s and 72°C for 30s, with a final
extension of 2 min at 72°C. Following amplification, 10 ul of prod-
uct was digested with Haelll at 37'C overnight. Samples were
then loaded into an ethidium bromide stained 2% agarose gel for
genotype determination. Genotypes of 268 patients and 159
matched controls were determined as type (AA), 424 bp; variant
(GG), 306 and 118 bp; and heterozygote (AG), 424, 306 and 118 bp
(Curran et al., 2002).

HLA class Il typing was performed according to the standard pro-
tocol of Genovision (SSP-PCR) (Genovision, Oslo, Norway). PCR
conditions were initial denaturation at 94°C for 5min, followed
by 30 cycles of 94°C for 305, 52°C for 305, 72°C for 30s, with a
final extension of 10min at 72°C.

Gene expression testing

According to the genotyping study the independent sets of chil-
dren and adults TIDM patients and sex- and age-matched
healthy controls were chosen for the expression studies. 28
T1DM patients included in this study were adults, and 55 TIDM
patients were children. The adult control set of patients was cre-
ated in cooperation with blood transfusion stationary. The age of
adults was 36,4+11,5 (mean+SD). The children - age matched
control set was obtained from a phenylketonuria study. The age
of children control set was 11, 418,2. (meanzSD). The control
sets were matched by HLA-DRB1'04 appearance.

Real time RT-PCR analysis

Peripheral blood with EDTA was collected by venipuncture, and
APCs were immediately separated by immunomagnetic separa-
tion by Dynabeads (Dynal HLA-class 11, 210.04, Dynal, Oslo, Nor-
way). Total RNA was extracted using the RNA blood mini kit
(Qiagen, Hilden, Germany). RNA was reverse transcribed by Tag-
man® real time PCR reagents. The quantitative real time RT-PCR
was performed in duplicates using the Tagman® PCR Kit in 96-
well microtiter plates on the ABI PRISM 7000 Sequence Detector
Systems, according to the manufacturer’s instructions (Applied

Biosystems, Foster City, CA, USA). The cDNA was amplified using
specific primers for HLA-DRB1'04 designed by Primer express®
as well as of Tagman®MGB (HLA-DRB1°04 gene forward primer
5°ACACCCGACCACGTITCTTG 3°, HLA-DRB1'04 gene forward
primer  5TCCGTCCCGTTGAAGAAATG 3, HLA-DRB1'04
Tagman®MGB probe 6-FAM-CACTCATGTTTAACCTGCT). Testing
of NFKBI expression was done with assay on demand set of
primers and probes. As an internal control the human beta actin
was used (Applied Biosystems, Foster City, CA, USA). The 2-AA™
[2-delta delta C;] method was applied for relative quantification
(Livak & Schmittgen, 2001).

Statistical analysis

Allele and genotype frequencies, phenotype frequencies, and
the frequency of an allele in the chromosomal pool of popula-
tion were determined by direct counting for all groups of patients
and controls. The genotype frequencies were tested for confir-
mation to Hardy-Weinberg equilibrium. For statistical establish-
ment of significant differences genotype and allele distributions
were compared between two populations using »? analysis, fol-
lowed by Bonferroni correction for multiply comparisons. The
strength of the observed associations was estimated by calculat-
ing odds ratios {relative risk (RR)] using the method by Woolf.
The results from real time PCR were compared between the
groups by one-way ANOVA testing and also by nonparametric
Kruskall-Wallis statistics. The observed groups were also com-
pared by Dunn'’s multiple comparison tests. P-value <0.05 was
considered significant.

Results

v

The HLA association study

The HLA association study was performed to compare the risk
values between the tested groups. HLA-associations have shown
strong age-dependence (see Table 2). The relative risk values for
HLA-DQB1'0302 were almost three times higher in the group of
children with diabetes than the relative risk values in T1DM of
adults. On the other side HLA-DRB1'03 was associated with the
group of LADA patients two times stronger than with the group
of children diabetics. HLA-DRBI 04 was significantly increased
in both T1DM groups compared to controls and the power of
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Table 3 Frequencies of detected NFKB1 allele polymorphism in the tested groups

! NFKBY denght - “ControlCzech . .. ControlAustralia® .. -LADA ~TIDMdhildren  -TiDMadults
ST L e “{Curran etal., 2002) : -
"gene T (bp) " ne=58% n=109% n=34% n=55% n=87%
A01 114 X 29 1.5 X X
AO2 116 X 2.9 15 X X
AO3 118 X X 29 Cox X
Al 120 X b3 X 0.9 X
A2 122 X X X X 1.5
A3 124 23.2 235 20.6 19.1 23.1
A4 126 10.3 X 29 10.0 6.0
A5 128 43 b3 29 1.9 2.2
A6 130 7.8 14.7 14.7 4.5 11.2
A7 132 1.7 29 2.9 0.9 13.4°
A8 134 8.6 : 14.7 14.7 10.9 127
A9 . 136 353 28 27.9 384 24.6
A10 138 26 2.9 4.4 45 25
All 140 26 5.9 44 8.1 0.7
A12 142 1.7 X X X X
"significant P value (P<0.05)

association was comparable between these two groups. The
results of the study just confirm the previous results from the
HLA typing studies, but were needed in the relation to the fur-
ther NFKB1 and NFKBIA polymorphism testing.

Distribution of NFKB1 polymorphism in Czech
population

15 alleles for the NFKB1 gene polymorphism (CA-repeats) in the
Czech population were detected so far. The alleles were ranging
_ in size from 114-142bp corresponding to 10-25 CA repeats. The
complete results can be seen in Table 3. The most frequent allele
size in the patients and the control group was 136bp (35.3%)
corresponding to 22 CA repeats. The differences in allele fre-
quencies, compared to healthy controls, were observed only in
the group of T1DM adult patients. The frequency of A7 allele
(size 132bp, 20 repeats) was significantly increased in compari-
son with the control groups with a relative risk value of 1.88
(OR=10.69, P<0.01, CI=95%),

Distribution of 3° UTR NFKBIA polymorphism in Czech
population

The genotype frequencies of the NFKBIA gene polymorphism in
the control and patient groups are presented in Table 4. There
was no difference in A and G allele frequency between the con-
trol group and patients, the difference was observed in distribu-
tion of genotypes between the patient groups. There is an
evidence that the heterozygous genotype of NFKBIA is protective
for diabetes onset in adulthood, according to the results in LADA
group (nonsignificantly) and T1DM adults (RR=0.56, OR=0.44,
P<0.01, CI=95%). In the mentioned groups the frequency of the
heterozygotes is lowered and the frequency of the homozygous
genotypes rises. A significant difference was observed for AA
genotype in LADA group, with a relative risk value of 2.23
(OR=2.68, P<0.001, C1=95%) The AA and GG genotype frequen-
cies in TIDM adults were increased, but with the border signifi-
cance.

Expression studies of HLA-DRB1'04 and NFKB1
The results obtained in mRNA gquantification studies can be seen
in Table 5 for HLA-DRB1'04 and in Table 6 for NFKB1 gene.

HLA-DRB1°04. gene expression was tested first among different
groups of patients. The significant difference was found only in
mRNA expression levels of HLA-DRB1°04 between the group of
T1DM children and the group of TIDM adults (P=0.034). The
expression of HLA-DRB1°04 was significantly higher in TIDM
adult patients. The comparison was done with two specific con-
trol groups (positive for HLA-DRB1'04). Since there was no dif-
ference between the control groups with different age, we
compared the control groups as one control set. No difference in
the expression of HLA-DRB1°04 has been observed after analysis
among different HLA clas II, NFKBIA and NFKB1 genotypes.

No difference in the expression of NFKB1 gene has been observed
among different types of diabetic patient groups and even
after analysis based on the found HLA clas II, NFKBIA and NFKB1

genotypes.

Discussion

v

Development of type 1 diabetes requires coordinated expression
of genes responsible for initiation and progression of the dis-
ease, what is regulated by small number of transcription factors
including the Rel/NF-kB family. In our study we have compared
different groups of patients with autoimmune diabetes melli-
tus: 1) TIDM children 2) TIDM adults 3) LADA.

Based on the HLA - typing studies, we have concluded that HLA
- DR3 is significantly associated only with LADA (RR=3.25) and
children diabetes (RR=1.51). HLA - DQB1'0302 has three times
stronger relative risk for diabetes in childhood (RR=8.98) than
for diabetes in adults (RR=3.02). The results are in concordance
with previous testing in Czech population (Cerna et al., 2003;
Cinek et al., 2001; Novota et al., 2004). Surprisingly, there was
only a border significance of HLA-DQB1'0201 gene association in
our TIDM children group. This is a difference from the results
published in Czech population study by Cinek (Cinek et al.,
2001). Generally, the found difference could be explained by dif-
ferent number of patients involved into the study what could
change significance level.

Based on NFKBI and NFKBIA polymorphism studies, we have
found out that A7 (132bp) allele of NFKBI gene presents a risk
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Table 4 Frequencies of NFKBIA genotypes in the tested groups

NFKBIA genotype Control Czech LADA
’ n=150% n=31%
GG (00) 27.0 226
AG (10) 55.6 452
AA(11) 16.9 32.3*
“significant P value (P<0.05)

T1DM children TIDM adults
n=173% n=64%

318 35.9

555 35.97

127 28.0 #

Table5 Statistical analysis of the data from relative mRNA quantification of
the HLA-DRB1°04 gene E

| Group BG BT BRI B
!'DRB1*04 "’ TiDMchildren ~~TiDMadults ~ Confrols -
" Numberof 55° 2 10
values
Minimum 0,390 0,230 0,600
Maximum 2,510 4,390 1,410
Mean 1,132 1,845 1,050
Std. Error 0,070 0,221 0,105

“significant Pvalue (PRequals;0.034)

for our group of TIDM adults (RR=1.88). In previous studies no
association with NFKB1 A7 allele was affirmed. Several reports
on the association study about NFKB1 and NFKBIA with T1DM,
T2DM, celiac disease, rheumatoid arthritis, systemic lupus ery-
thematosus, breast cancer in a variety of ethnic groups (United
Kingdom, Denmark, Spain, Australia) exist (Curran et al., 2002;
Gylvin et al., 2002; Karban et al., 2004; Rueda et al,, 2004; Smyth
et al., 2006). No T1DM association with any allele of the NFKB1
microsatellite marker could however be demonstrated in Danish
T1DM families as reported previously (Gylvin et al,, 2002; Kar-
ban et al., 2004). In contrast, the frequency of the A10 (138bp)
allele was significantly increased in patients with T1DM (0.17)
compared with the normal controls (0.02) (Hegazy et al., 2001).
However, the discrepancies in the frequencies of NFKB1 alleles
in control sets of populations with different genetic origin show
that it is not possible to compare the frequency of the risk alleles
among various ethnics. The exact mechanism underlying the
NFKB1 related disease susceptibility remains unknown. (Borm
et al,, 2005).

It is known that 3"UTR is a regulatory region essential for the
appropriate gene expression of many genes. Any variation in
3°UTR of NFKBIA gene could alter the function of I«B. A long-
lasting sustained activation of NFkB in the absence of decreased
IkB in mononuclear cells from patients with type 1 diabetes has
been reported (Bierhaus et al., 2001). The significant association
in NFKBIA polymorphism testing was found only for the AA
homozygous genotype in 3'UTR in the LADA group. Similarly the
heterozygous NFKBIA conformation seems to have significant
advantage for TIDM adults; otherwise it would be such fre-
quent.

So far there is no evidence in literature about functional signifi-
cance of our tested NFKB1 and NFKBIA polymorphisms. This was
a reason why we decided to test NFKBI and HLA-DRB1°04-gene
expression on the mRNA level. There was not, however, any dif-
ference in the HLA-DRB1°04 and NFKBI gene transcription
between groups with different NFKBIA and NFKB1 genotypes.
The mRNA transcript levels of HLA-DRB1'04 in circulating
peripheral blood mononuclear cells differ significantly only in
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Table 6 Statistical analysis of the data from relative mRNA quantification of
the NFKB1 gene

1

1. s s

i 5 " JiDMchildren . TiDMadults . Gontrols -

. Numberof 24 © 20 R
values

- Minimum 0458 0,150 0,400
Maximum 2,460 3,370 3,000
Mean 1,120 0,991 1,335
Std. Error 0,127 0,274 0,155

diabetic patients with different diabetes onset. We hypothesize
that the increased HLA-DRB1'04 mRNA expression could be a
protecting factor in a group of TIDM adults.

Summarizing our resuits we conclude that there is a high prob-
ability of association Rel/NF-xB family genes with an autoim-
mune diabetes course, but the function of the genetic variations
needs to be examined further.
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ABSTRACT: Type 1 diabetes with manifestation after 35 years of age
is defined by CP <200 pmol/L and insulin therapy within 6 months
after diagnosis, in comparison to latent autoimmune diabetes mellitus
in adults (LADA) manifesting after 35 years of age, that is defined by
minimum 6 months after diagnosis without insulin therapy, CP >200
pmol/L and antiGAD > 50 ng/mL. We aimed to find a possible genetic Q2
discrimination among different types of antoimmune diabetes. To ac-
complish this goal, we analyzed DNA samples from 31 LADA patients,
75 patients with adult onset of type 1 diabetes mellitus, 188 type 1 dia-
betic children, and 153 healthy adult individuals. We studied five genetic
loci on chromosomes 6, 11,4, and 14: HLA DRB1 and DQBI1 alleles, ma-
jor histocompatibility complex (MHC) class I-related gene-A (MIC-A)
microsatellite polymorphism, interleukin (IL)-18 single nucleotide poly-
morphism, the microsatellite polymorphism of nuclear factor kappa B
gene (NF-kB1) and the single nucleotide polymorphism of a gene for its
inhibitor (NF-kxBIA). HLA-DR3 was detected as the predisposition al-
lele for LADA (OR = 4.94, P < 0.0001). Further we found a statistically
significant increase of NF-k BIA AA genotype (OR = 2.68, P < 0.01).
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On the other hand, DRB1" 04, which is linked with DQB1" 0302, was ob-
served as a risk factor in patients withtype 1 diabetes mellitus (T1DM)
onset after 35 years of age (OR = 10.47, P < 0.0001 and OR =9.49, P <
0.0001, respectively). There was also an association with MIC-AS5.1 (OR
= 2.14, P < 0.01). Statistically significant difference was found inthe dis-
tribution of IL-18 promoter —607 (C/A) polymorphism between LADA
and T1DM in adults (P < 0.01). We summarize that all subgroups of au-
toimmune diabetes have partly different immunogenetic predisposition.

Keyworps: T1DM; LADA; IDDM; HLA; autoantibodies

INTRODUCTION

Autoimmune diabetes mellitus, also called type 1 diabetes mellitus (T1DM),
is usually caused by autoimmune destruction of islet B-cells in the pancreas.’
The destruction of islet B-cells causes insulin deficiency and thereby a dysreg-
ulation in anabolism and catabolism, T1DM has features characteristic of most
of the autoimmune diseases: (1) It is associated with specific human leukocyte
antigens (HLA) class I haplotypes (particularly HLA DRB1*04-DQB170302,
but also HLA DRB1*03-DQB1*0201). (2) Autoantibodies against autoanti-
gens of B-cells circulating in the body are found (GAD65, IA-2,ICA,IAA).(3)
Mononuclear infiltration of the pancreatic islet can be detected histologically.

There are indications that -cell damage may be induced at any age and that
the timing of the clinical presentation is highly variable, with the youngest pa-
tients diagnosed in infancy and the oldest at a later age.? Epidemiological data
suggest that 30-50% of cases may develop clinical signs of T1DM after the age
of 20 years. Such patients have many features of classic TIDM, but previous
studies indicate that subjects presenting with the disease in adulthood are char-
acterized by a longer symptomatic period before diagnosis, better preserved
B-cell function, and a reduced frequency of insulin autoantibodies (IAA). Ge-
netic predisposition to TIDM is less marked (decreased prevalence of HLA
class II susceptibility alleles), and there is probably also a possible contribution
of protective genes toward B-cell destruction.® Some studies have suggested
that later disease onset is characterized by a higher frequency of DRB1*03.4
Other studies found DRB1*04 associated with later onset of TIDM.? It was
observed that the prevalence of the HLA- DQB1*0201/0302 (DR3/DR4) geno-
type reflects the age at onset of diabetes, and the 0302 genotype is associated
with insulin dependency.

Aims of the Study
The aims of this study are to analyze the genetic predisposition for au-

toimmune diabetes mellitus with onset after 35 years of age: (a) if it is a
heterogeneous group of disease, in which we can further identify subtypes of
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diabetes, (b) or diabetes with adult onset, which has different immunogenetic
predisposition compared to T1DM with childhood onset.

PATIENTS

Two hundred eighty-one patients suffering from diabetes mellitus with man-
ifestation after 35 years of age were divided into three groups:

1. TIDM CP <200 insulin <6 m. (N = 64)
Latent autoimmune diabetes in adults (LADA) CP >200 GADA > 50
insulin >6 m. (N = 31)

3. T2DM CP >200 pmol/L GADA < 50 ng/mL (N = 131)

LADA is considered to be a subtype of TIDM. Other tested groups were
188 children withTIDM and 159 healthy adult individuals.

METHODS
We have analyzed five genetic loci localized on chromosomes 4, 6, 11,

and 14 in patients with childhood- and adult-onset autoimmune diabetes, and
compared to healthy control subjects:¢!!

Genes Alleles

M HLA class II DRBI and DQB1

M MIC-A (MHC class I-related gene-A) A microsatellite polymorphism GCT in exon 5

M NF-«kBI (nuclear factor-k B) CA repeating polymorphism in regulation region
B NF-«BIA (inhibitor I-kB) A single nucleotide polymorphism A/G in 3’UTR
Ml IL-18 (interleukin-18) A promoter polymorphism ~137 G/C, -607 C/A

PREDISPOSITION GENES AND THEIR PRODUCTS
HLA Class I1 Alleles

An association between HLA and autoimmune diabetes mellitus has been
recognized for more than 20 years. Many studies have verified that DQBI1*0302
is a strong susceptibility gene and that the heterozygous combination of
DQA1*0301-DQB1*0302 on the HLA-DR4 haplotype and DQA1*0501-
DQB1*0201 on the HLA-DR3 haplotype results in a synergistically increased
risk of TIDM. DQA1*0301-DQB1*0302 is the most prevalent risk confer-
ring haplotype in Caucasians detected in 74% of T1DM patients followed by
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DQA1*0501-DQB1*0201 detected in 52% of Caucasian patients.!? Also, there
is agreement that DQB1*0602 allele, linked with DR2, is a strong protective
gene.!? The protective effect of DQB1*0602 is dominant to the susceptibility
effects of DQB1*0302-DQA1*0301 and DQB1*0201-DQA1*0501.' A single
copy of this DQB1*0602 allele is adequate to confer significant negative asso-
ciation. HLA-DQ genes are of primary importance but HLA-DR genes modify
the risk conferred by HLA-DQ.!’ The risk associated with an HLA genotype
is defined by the particular combination of susceptible and protective alleles.
The frequencies of predisposition alleles, DQB1*0302 and DQB1*0201, are
usually increased, while frequency of protective DQB1*0602 allele is usually
decreased.'s-!”

Major Histocompatibility Complex (MHC) Class I
Chain-Related Gene A (MIC-4)

A number of observations indicate that class II genes cannot explain all
of the MHC associations with TIDM. A role for MHC complex genes other
than class II genes has been suggested. Several studies have supported a role
for both MHC HLA class III and class I genes in T1DM predisposition. The
most studied class III genes are tumor necrosis factor and lymphotoxin (TNF-
« and TNF-B). The strongest evidence for susceptibility genes in the class -
1 region comes from recent systematic assessment of microsatellite markers
spanning this region. Among them, one is MHC MIC-A. The MIC-A is located
within the MHC class I region of the chromosome 6. It contains long open
reading frames encoding three distinct extracellular domains (a1, &2, and a3),
a transmembrane segment, and a cytoplasmatic tail. It has been reported that
MIC-A may be recognized by a subpopulation of intestinal y3 T cells,'® and
may play a role in the activation of a subpopulation of NK cells that express
the NKG2D receptor.'’

Sequence analysis of the exon 5 encoding the transmembrane segment
showed a trinucleotide repeat (GCT) microsatellite polymorphism within this
region.2? So far, six alleles of the exon 5 of the MIC-A gene, which differ
in number of (GCT) repetitions at position 296, have been identified. These
alleles contain 4, 5, 6, 9, 10 repetitions of GCT, and five repetitions of GCT
with an additional nucleotide insertion (GGCT). The MIC-A alleles have been
accordingly named A4, A5, A6, A9, Al0, and AS.1, respectively.z' Due to
the proximity of the MIC-A locus to HLA-B and HLA-C, MIC-A polymor-
phisms have been investigated for associations with a variety of HLA class I-
associated diseases. Some of these studies show a positive association between
MIC-A and the disease in question, but this may be due to its linkage dise-
quilibrium with HLA-B. However, most disease association studies have only
concentrated on the MIC-A transmembrane region, focusing on the six variants
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so far identified. Recent studies of MIC-A transmembrane polymorphism fo-
cused on the investigation of its relationship to autoimmune diabetes mellitus
showed an association of the AS allele with the susceptibility to young-onset
T1DM.?2:2 Conversely, this allele does not confer increased risk for adult-
onset TIDM.24

NF-x B and Its Inhibitor

The gene encoding NF-kB, NF-kBI, on chromosome 4 with a microsatel-
lite polymorphism (CA) inregulation region (18 alleles), and the gene encod-
ing inhibitor of NF-kB, NF-kBIA, on chromosome 14 with single nucleotide
polymorphism (A/G) in 3'UTR, are other candidates of genetic predisposi-
tion to diabetes mellitus for the reason of their relationship to inflammatory
processes.2*-%¢ NF-kB is a transcription factor, which is implicated in the reg-
ulation of many genes that encode mediators of immune response, embryo and
cell lineage development, cell apoptosis, inflammation, cell cycle progression,
oncogenesis, viral replication, and various autoimmune diseases. The activa-
tion of NF-«B is thought to be part of a stress response as it is activated by a
variety of stimuli, including reactive oxygen species (ROS) and AGEs, which
are toxic products of nonenzymatic glycation due to long-term hyperglycemia
and oxidative stress. At the cellular level NF-«B is activated through phospho-
rylation of inhibitor of NF-xB (IkB), what triggers subsequent translocation
of NF-kB molecules into the nucleus, where they are bound with a consensus
sequence (5'GGGACTTTCC-3') of various genes, activating their transcrip-
tion.

Interleukin (IL)-18

On chromosome 11 is located the gene encoding IL-18, with two single
nucleotide polymorphisms inpromoter region at position 607 and —137. The
cytokine IL-18, the Thl cytokine, and a member of the IL-1 superfamily,
elicit several biological activities that initiate and promote host defense and
inflammation following infection or injury.?’-?® It is a pleiotropic cytokine
predominantly secreted by activated monocytes/macrophages involved in the
regulation of innate and acquired immune response, playing a key role in
autoimmune, inflammatory, and infectious diseases. IL-18 acts as a proin-
flammatory factor and, in synergy with IL-12, promotes development of Thl
lymphocyte response by induction of interferon-y (IFN-vy) production, mod-
ulates activity of natural killer cells, increases TNF-a and IL-1 production by
macrophages, upregulates the expression of adhesion molecules, and induces
nitric oxide production in the area of chronic inflammation.?’ It was reported
by Nicoletti ef al.*® that IL-18 serum levels are increased in the subclinical
stage of TIDM in first-degree relatives of TIDM patients. The importance
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of IL-18 for the occurrence of TIDM is underscored by the observation that
the murine IL-18 gene maps to an interval on chromosome 9 in the vicinity
of the diabetes susceptibility gene from the nonobese diabetic (NOD) mouse,
idd2.3! Several polymorphisms in the promoter region of human IL-18 gene,
located at chromosome 11¢22.2-q22.3, have been identified.3 Kretowski e
al.® reported the role of IL-18 gene polymorphism at positions 607 and —137
in the predisposition to T1DM in Polish population.

RESULTS

The most significant risk factor is on chromosome 6, human leukocyte anti-
gens class Il alleles, HLA DRBI and DQB1. Odds ratio for single predisposition
HLA alleles has been significantly different in different groups of patients. For
DRB1*03 allele, it has been the highest in LADA patients (OR = 4.94 with
CI 95% between 1.83 and 13.49), for DRB1*04 and DQB1*0302 alleles, it
has been the highest in diabetic children (OR = 22.87 with CI 95% between
10.89 and 48.87, and OR = 46.48 with CI 95% between 16.15 and 140.23,
respectively). In the case of TIDM with adult onset, predisposition alleles
have been similar as in children, but odds ratio has been lower and proved
stronger influence of DR alleles than DQ alleles (OR = 10.47 with CI 95%
between 4.53 and 24.65, and OR = 9.49 with CI 95% between 3.91 and 23.59,
respectively).

Analysis of gene expression of HLA-DRB1*04 in antigen-presenting cells
of peripheral blood has described significantly increased quantity of mRNA
of this allele in TIDM with adult onset in comparison to TIDM in children
and to control groups of adults and children (FiG. 1). One HLA hypothesis
points to a possible role of HLA-DR molecules as a protective factor, which in
comparison to HLA-DQ molecules suppresses autoimmune reactions. Higher
quantity of DR molecules in adult patients may suggest breaking autoimmune
process.

On chromosome 6 is also located MHC MIC-A. Its exon 5, coding trans-
membrane region, has been tested for a microsatellite polymorphism (GCT)
with six alleles. The results in this study suggest that MIC-AS.1 allele is as-
sociated with genetic susceptibility to adult-onset of TIDM (corrected P =
0.009; OR = 2.14 with CI 95% 1.29-3.55), whereas it is increased, but not
significantly in LADA. Different allele, MIC-A5, is associated with TIDM in
children. :

Since NF-kB is a transcription factor which is implicated in the regulation
of many genes involving in inflammatory processes, a microsatellite poly-
morphism (CA) inregulation region of NF- kB1 gene and a single nucleotide
polymorphism (A/G) in 3'UTR of NF-kBIA gene are other candidates of ge-
netic predisposition to autoimmune diabetes mellitus. A statistically significant Q4
difference in allele frequencies of the NF-kB1 gene has been observed only in
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FIGURE 1. Relative quantification data from quantitative analysis of HLA-DRB1*04
mRNA levels in the tested groups of patients and controls. The expression of HLA-DRB1*04
was found significantly higher in TIDM adult patients. The comparison was done with
two specific control groups (adult and children controls with HLA-DRB1*04 allele). The
relative RNA amount for tested groups of type 1 diabetes (T1DM) with adult onset and
in childhood was significantly different, P-value 0.034 (comparison by Kruskall-Wallis
test, Dunn’s multiple comparison test). The difference between patient groups and control
groups was not significant by this type of testing.

T1DM with adult onset. The frequency of A7 allele (size 132 bp, 20 repeats)
has been significantly increased in comparison to a control healthy group (P
< 0.01; OR = 10.0 with CI 95% 1.25-215.6).

There was no difference in A and G allele frequencies of the NF-k BIA gene
between the control group and patients, the difference has been observed in dis-
tribution of genotypes. There is an evidence that the heterozygous genotype, in
comparison to a contro} healthy group, is protective for autoimmune diabetes
with onset in adulthood: 55.6% in controls, 45.2% in LADA (nonsignificant
decrease), and 35.9% in T1DM with adult onset (P < 0.01; OR = 0.4 with
CI 95% 0.24-0.86). A statistically significant increase of the AA genotype
frequency of NF-kBIA gene has been detected in autoimmune diabetes type
LADA (32.3%, P < 0.01; OR = 2.7 with CI 95% 1.06-6.75) and in type 2
diabetes (42.3%, P < 0.001; OR = 2.6 with CI 95% 1.52—4.41) in comparison
to a control healthy group (16.9%). In T1DM with adult onset, the genotype
frequency has been also increased, but it has not reached a statistical signifi-
cance. On the other hand, the values for diabetes in children are not different
from control ones. The fact that polymorphism of NF-« B system is associated
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TABLE 1. Overview of predisposition genes in autoimmune diabetes with different onset

Gene LADA TiDM T1DM
After 35 years of age After 35 years of age In children
HLA . DRBI*03 DRBI1*04 DQB1*0302
DQB1*0302
(OR =5) (OR =10) (OR = 46)
MIC-A Allele A5.17 Allele AS.1 Allele AS
NF-xBIA  Homozygote AA Homozygote AA " -
NF-«kB1 - allele A7 -
IL-18 Homozygote —607 CC ¢ Homozygote —607 CC | Allele —137C
(increased frequency) (decreased frequency)

"QObservation was not statistically significant,

not only with autoimmunity, but also with metabolic disease, documents its
central role in cell signaling.

Promoter polymorphism of IL-18 gene is not associated with any group
of diabetes, but a statistical significant difference has been found between
antoimmune diabetes type LADA and adult-onset TIDM.

CONCLUSIONS

We can summarize our observations in these findings:The main and unique
HLA predisposition allele in autoimmune diabetes type LADA has been de-
tected HLA-DR3 (OR = 5.0, P < 0.0001). Other HLA alleles have not-been
found having a significant association with the disease. Furthermore, the sta-
tistically significant increase of the AA genotype frequency of NF-kBIA gene
(OR = 2.7, P < 0.01) has been present in comparison to a control healthy
group. Contrary to this, the genetic risk factor in adult-onset TIDM has been
detected DRB1*04 allele (OR = 10.0, P < 0.0001) that is in linkage disequi-
librium with other predisposition allele DQB1*0302 (OR = 10.0, P < 0.0001).
This group is also associated with microsatellite polymorphisms of MIC-A and
NF-«kB1 genes (MIC-AS5.1 allele: OR = 2.14, P < 0.01; NF-kB1-A7 allele:
OR = 10.0, P < 0.01). '

The statistically significant difference has been observed inthe distribution
of the promoter polymorphism at position —607 (C/A) of IL-18 gene between
both groups of patients (P < 0.01), what supports our conclusions about partly
different etiopathogenesis of these two groups of adult patients (TABLE 1).

Taken together, these observations suggest a general accepted conclusion
that the presence of predisposing genes in autoimmune diabetes decreases with
the age, probably due to increasing influence of environmental factors. Autoim-
mune diabetes with manifestation in adults (after 35 years ) may have partly dif-
ferent immunogenetic etiopathogenesis than autoimmune diabetes with man-
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ifestation in childhood. Allele polymorphism of NF-kB system presents a
genetic risk factor only in autoimmune diabetes with adult onset, but not in
diabetes of childhood. Qs

Furthermore, we can hypothesize that TIDM in children or aduits might
have different predisposition genes than LADA. Compared to fast-progressing
adult-onset T1DM, slowly progressing adult-onset TIDM (LADA) can in-
volve protective genes leading to a slow progressive B-cells destruction and
insulin deficiency. The different mechanisms reflect different HLA associa-
tion in these diseases. Allele polymorphism of HLA system is associated with
autoimmune diabetes in both categories, but for each group of patients the
specific association has been described. The most significant association is
with DQBI alleles in T1DM, but with DRB1 alleles in LADA.
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HLA in Czech adult patients with autoimmune diabetes mellitus:
comparison with Czech children with type 1 diabetes and patients

with type 2 diabetes

M. Cerna,* P. Novota,* K. Kolostova,* P. Cejkova,* E. Zdarsky,* D. Novakova,T P. Kucera,t

J. Novaki & M. Andelt

Summary

Tvpe 1 diabetes results from an auwroimmune insulitis,
associated with HLA class [T alleles. The evidence abour
HLA allele association is not clear in patients diagnosed
after 35 vears of age. In this study we have analvzed HLA
alleles of DQB1 and DRB1 genes by sequence specific
primer {5SP3-PCR rechnique in adult patients with disease
onset after 35 years of age. Two hundred and eighty-one
patients were divided into three groups according to
the insulin therapy, the level of C peptide (CP), and GAD
antibodies (anti-GAD). Group 1 (type 1 diabetes in adults}
was characterized by CP less than 200 pmol/L. and anti-
GAD more or less than 50 ng/mL (# = 803, Alf of them had
insudin therapy within 6 months after diagnosis. Group 2
latent autoimmune diabetes mellitus in adults {LADA)
was defined by a minimum é-month-long phase after
diagnosis without insulin therapy, and was characterized
by CP maore than 200 pmwl/L and anti-GAD more than
50 ng/mL (1 = 70). Group 3 (type 2 diabetes) was charac-
terized by CP more than 200 pmol/L and anti-GAD less
than $0 ng/mL (7 = 131). None ever had insudin therapy.
It group 1, there was mcreased frequency of DRB1#04
{45.0% vs. controls 14.1%, OR = 5.0, P < 0.0003) and
DQB1#0302 alleles {(43.3% vs.controls 11.1%, OR = 6.1,
P < 0.00005). There was increased frequency of
DRB1*03 and DQB1*0201, and decreased frequency of
DQB1*0602 (3.3% vs. controls 20.2%), but it was not
significant. In group 2, there was a significantly increased
frequency of DRB1*03 only {30.0% vs. controls 21.2%,
OR = 3.7, P < 0.03). Compared with children with type 1
diabetes and adults with type 2 diabetes (group 3}, we
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conclude that the presence uf predisposing DQBR1 alleles
in adults with type 1 diabetes decreases with the age,
probably due to environmensal factors. Only the
DRB1*03, but not the DQB1 gene, becomes the main
predisposing allele in LADA patients. These findings
suggest that the presence of HLA-DQB1*0302 identifies
patients at high risk of requiring insulin treatment. Type 1
diabetes mellitus (DM) in children or adules may have
partly different immunogenetic etiopathogenesis than LADA.

Introduction

Auroimmune diseases form a complex group of appro-
ximately 40 diseases affecting 5-7% of the general
population. Type | diaberes mellitus (DM) is one of the
most frequent and potentially severe with a prevalence of
approximately 0.5% (Sinha et 4l., 1990},

Tvpe 1 diabetes mellitus develops as a result of selective
autoimmune destruction of pancreatic f~cells, a process
called insulitis, The presence of antibodies against isler-
cells (ICA), insulin {IAA), glutamic acid decarboxylase
{GAD-Ab) and tvrosine-phosphatase {IA2-Abj), and
infiliration of pancreatic islands by B and T lymphocytes
are all evidence of organ specificautoimmunity.

The exact cause of insulitis is not completely underscood.
The edology is multifactorial and includes both generic
and environmental factors. Many papers have shown that
HLA genes, the human main histocompatibility locus on
the chromosome 6, are key genetic factors {Thomson
et al., 1988). The studies have proved that type | diabetes
is associated with certain HLA class I alleles, namely
DRB1#0301, DRB1*0401, DRB1*0405, DQB1*0201,
DQB120302, DQAL*0301. Some alleles are also protec-
tive, namely DQB1*0602, DQB1*0603, DQB1*0301.

The HLA frequencies in Czech population are similar
as those of the other Caucasian populations (Cerna et al.,
1992; Drabek ¢t al., 1998; Loudova et af., 1999). Sero-
logical typing of the HLA system in young patients with
type 1 diabetes in the Czech population has also proved
HLA predisposition antigens similar w other Caucasians
{Dvorakova & Majskv, 1979, Vondra et ol., 1996},

The association of HLA alleles with type 1 diabetes
changes with age of onset. Generally, the younger the

@ 2003 Blackwell Publishing Ltd, European Journal of immuunoganetics 30, 401-407 401
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patients the more significant is the HLA association (Tait
ot al., 1995; Lohmann ef al., 1997; Graham et al., 1999).

The evidence about HLA allele association is not clear,
however. Some studies have suggested thar later disease
onset is characterized by a higher frequency of DRB1%03
{Lohmann et gl., 1997; Zevaco-Mattei et af,, 1999;
Gambelunghe et al., 2000). Other studies found DRB1*04
associated with lacer onset of type 1 diabetes mellitus (Taic
et al., 1993; Toomi ¢ al., 1999). Analyses in non-diabetic
offspring of probands with latent autoimmune diabetes
mellitus in adules {LADA) concluded that LADA is a
familial disease involving gene defects leading to a sfow
progressive B-cells destruction and insulin deficiency
{Vauhkonen ¢t al., 2000).

The aims of our study were to analyze the frequency
distribution of HLA DRB1 and DQB1 alleles in the adult
onset diabetes in a Czech population and compare this
data with those from controls, diabetic chikiren and the
healthy Czech population.

Patients and methods

Patients

We investigated 281 patients {172 women) with diagnosis
of diabetes after 35 years of age. Their average age at
disease onset was 33 vears (range 35-81). The patients
care consecutively for consultation to our diabetes centre
and collaborating diabetes clinics. All parients had fasting
C peptide, GAD and IA2 antibodies measured ar the
time of investigation. Body mass index {BMI} was
calculated from weighe and height. The therapy was
recorded {Table 1.

We divided our patients into three groups: type 1
diabetes in adults, LADA, and type 2 diabetes. Patients
with autoimmune diabetes {(group 1 and 2} were negative
for T peptide or positive for autoantibodies. All of them
had insulin therapy. LADA (group 2} was defined by a
minimum 6-month-fong phase after diagnosis without

insulin therapy. Patients with type 2 diabetes {group 3}
wete positive for C peptide and negative for autoantibodies.
None ever had insulin therapy.

Group 1, type 1 diabetes in adults, comprised 80 pati-
ents {56 women) with an average BMI of 27 {8D = 4.6}
and average duration of diabetes 16 years (SD = 14.2).
All patients had fasting C peptide secretion less than
200 pmol/L. Anti-GAD more than 50 ng/mL was preserst
in 50% of patients, anti-JA2 more than 0.9 W/mlL was
present in 15% of patients. Ten per cent of patients
were pusitive for both antbodies, bur 45% of patients
were without these two antibodies.

Group 2, LADA, comprised 70 patients (40 women)
with an average BMI of 32 {SD = 4.8} and average
duration of diabetes 14 years {SD = 7.0}, All patients had
fasting C peptide secretion more than 200 pmol/L.
Anti-GAD miore than 50 ag/mL was present in 100% of
patients and anti-JA2 more than 0.9 U/l was present in
11% of patients.

Tvpe 2 diabetic patients {group 3} comprised 131 persons
{76 women) with an average BMI of 31 {SD = 5.5)
and average duration of diabetes 13 vears (8D = 6.6},
with fasting C peptide secretion more than 200 pmol/L
and anti-GAD less than 50 ng/mL. None ever had insulin
therapy.

For comparison we used the results of HLA class 1L
analysis of Czech diabetic children with type 1 diabetes
mellitus (Cinek ot ad., 2001). HLA typing performed in
children was done by the same technique as in this study
{SSP-PCR supplied by Genovision, Oslo, Norway).

We have compared the patient data with the data of the
healthy Czech popufation, which was published eartier
{Cerna et al., 1992}, The controls were genotvped in
a previous study by oligonucleoride hybridizadion. We
tested several control samples by the sequence specific
primer {§SP})-PCR method used in this study to prove that
we get the same results by both rechniques. The study was
approved by the ethical committee of Third Medical
Faculty of Charles University at Prague. All patients gave

Table 1. Clinizal features in 281 Czech adult

Group 1 Group 2 Group 3 patients with diabetes

Faaturas in=80} {n="70} n=131
Female 61% 57% 58%
Age at disease onset iyears)® 43 (36-586} 52 (35-71) 53 {35-81)
Duration of DIV {years)? 18 {4-27) 14 {4-29) 13 {1-22)
BMI (kg/m % 27 (22-37) 32 (27-48) 31{18-50)
Insulin therapy Yes Yes No

inumbar) 80/80 70/70 0A131
Fasting C peptide® = + +

tprnolfLy 83 {4-197} 609 {51-2800} 772 {1-50)
Artl.GAD® i + -

Ingfml¥* 1932 (3-3000) 379 {210-1753} 8 {202-3370)

Avarags value with ranges in parentheses:
¥ + pasitive value 2 200 pmol/L, - negative valug < 200 pmol/L;
° + positive value = 50 rg/mL, - negative value < 50 ng/mlL;

Group 1 itype 1 diabetes in adults): C peptide < 200 prnol/L, anti-GAD » of < 50 ng/mL;
Group 2 {LADA): € peptide > 200 pmol/L, antkGAD = 50 ngfm, » & manths without insulin:

Group 3 {type 2 _diabetes]: C peptide > 200 prrol/L, anti-GAD < B0 ng/mL.

@ 2003 Blackwell Publishing Ltd, Europesn Journal of immunogenerics 30, 401-407
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informed consent 1o the use of their blood samples in
this study.

Fasting C peptide

We used an immunoradiometric method {Immunotech,
Prague, Czech Republic). The serum samples from 49
healthy individuals were analyzed and the results are as
follows: average value 486 pmol/1, median 449 pmol/L,
standard deviation 170 pmol/L, and minimal-maximal
value 206-934 pmol/L. The level less than 200 pmol/L
has been taken as decreased C peptide secretion.

GAD antibodies

The presence of IgG antibodies against GAD has been
detected by the ELISA method (Roche Molecular
Biochemicals, Mannheim, Germany). The test has 98% of
specificity and 69% of sensitivity (Verge of al., 1998}. A level
less than 32 ng/mL is considered as negative. To increase
the precision, in our study, a level less than 50 ng/mL has
been taken as normal. A level more than 50 ng/mL has
been considered as a reliable sign of autoimmune insulitits.

1A2 antibadies

The presence of IgG antibodies against IA2 has been
detected by the ELISA method {Roche Molecular Bio-
chemicals). A level less than 0.9 UinL is considered as
negative,

Genomic DNA preparation

A salting out method (Miller ef al., 1988} was used w
prepare genomic DNA from peripheral blood leukocytes.
The QIAamp spin columns (QIAGEN GmbH, Hilden,
Germany) were used for rapid purification.

HLA in Czech patients with diabetes mellitus 403

Analysis of HLA DRB1 and DQB1 alleles

HLA DRB1 and DQB1 genes were typed using PCR with
sequence specific primers {SSP-PCR} ({Zetterquist &
Olerup, 1992; Olerup et al., 1993) supplied by Genovision.

Statistics

Allele, gene, and haplotype frequencies were calculated
wsing standard methods. The significance of the differ-
ences in allefe frequencies were evaluated by with Yates®
correction and P-values were cakeulated. When a hypothesis
that had not been tested was analyzed, the P-values were
corrected by multiplying by the number of alleles tested.
The strength of the observed associations was estimated
by calculating odds rados {relative risk {RR}] using che
method by Woolf. When one of the RR values is 0 or close
10 0, RR can be calculated by using Woolf's method with
Haldane’s correction.

Results

Analysis of HLA DRB1 alleles

DRB1#04 was significantly increased in group 1
compared with controls {OR = 5.0, P < 0.0005) as was
DRB1#03, but not significantly,. DRB1%03 was signifi-
candy associated with group 2 compared with controls
{OR = 3.7, P < 0.05}. No differences in HLA DRB1 fre-
quencies from the healthy population were observed in
the patients with type 2 diabetes — group 3 (Table 2).

Analysis of HLA DQB1 alleles

DQB1*0302 was significantly increased in group 1
compared with controls {OR = 6.1, P < 0.00003}, as was
DQB1*0201, but not significantly. In the same group,

Table 2. Frequency (%) of DRB1 alleles in

DRB1 Children Group 1 Group 2 Group 3 Contral Czech patients with diabstes
alleles in=2610 in =80 tn =70 =131} n =99
o1 NT 11.7 16.7 16.7 222

03 NT 40.0 50.0%3.7) 133 212
04 NT 45,0**(5.0) 233 211 141

o7 NT 18.7 13.3 26.7 364

08 NT 5.0 13.3 7.8 5.1

09 NT 0 33 33 1.0

10 NT 5.0 Q 3.3 2.0

1 NT nz7 30.0 266 32

12 NT 1.7 v} 2.2 131

13 NT 1.7 13.3 158 222

14 NT 1.7 33 13.3 5.1

16 NT 1.7 200 200 23.2

18 NT 33 33 44 5.1

Data frorn children with diabetes obtained from Cinek of al. with permission for comparison.
Data frorn healthy control obtained from Cerna ef &/, are compared with patient groups.
Group 1 {type 1 diabates in adults): C peptide < 200 pmolfL., anti-GAD > or < 50 ng/mL.
Group 2 {LADAY: C peptide » 200 pmolfL, ant-GAD == 50 ng/ml, > 6 months without insulif.
Group 3 {type 2 diabetesi: © peptide > 200 pmol/L, anti-GAD < 50 ng/mL.

NT, not tested, * P« 0.05, ** P < 0.0005, OR valuss are in brackets.

® 2003 Blackwell Publishing Lid, Europsan Journal of immunogenstics 30, 401-407
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Table 3. Frequency i%1 of DOB1 allelss in

DQB1 Children Group 1 Group 2 Group 3 Control Czech patients with diabetes
alleles in=264 {n=180) {n=70 {n=131) in=129

0201 61.0%°%3.4) 4.7 429 24.4 303

0202 NP 6.7 143 18.1 19.2 #
0301 5.0*5(0.08) 18.3 286 213 384

0302 £5.0*"59.0} 43.3**6.1) 143 127 1.1

0302 NP 5.0 143 3.8 &1

0304 NP 0 0 2.3 ¢

0401 NP 3.3 0 0 0

0402 NP 1.7 36 5.3 4.0

0601 WP 33.3 214 23.7 23.2

0502 NP 32 386 8.1 5.1

0B03 1.0%0.13} 1.7 0 69 5.1

0504 NP 0 0 15 0

0601 NP 1.7 0 2.3 3.

0602 1.0*%0.02) 33 10.7 16.8 20.2

0502 4 0*0.20) 8.7 o 15 13.1

NE0d NP 8.3 741 6.9 5.1

Daty from children with disbetes used from Cingk f &i. with permission for comparison.
Data from healthy control used from Cema et al. are cornpared with patient groups.

Group 1 {type 1 diabates in adults): C peptide « 200 pmal/L, anti-GAD > or < 80 ng/ml.
Group 2 (LADAS C peptide > 200 prol/L, anti-GAD > 50 ng/mL, > 6 moriths without insulin,
Group 8 ityps 2 diabetes): C peptide > 200 prmolfL, anti-GAD < 50 ng/mL.

NP not publishied, * £ < 0.005, ** P < 0.00005, ** P< 103, *° P< 107°, ** P 107,

OR values ars in brackets.

Table 4. Frequency (%) of DQB1 and DRB1

Children Group 1 Group 2 Group 3 Control genotypes associated with type 1 diabates
in=261} {n=080) in=70 in=131 in =99

DRB1 genstype

03104 NP 17.0**8.3) 6.7 0 2.0

DAB1 genotype

0201/0302 36.0%%(22.00 15.0*(7.4} 3.6 0.8 2.0

0201/0301 1.0%*(0.1) 0 3.8 &1 81

Data from children with diabstes ussd from Cinek ot al. with permission for comparison.
Data from healthy control used from Cema ef al. are comparad with patierit groups.

Group 1 {type 1 diabetes in aduhts): C peptide < 200 pmol/L, anti-GAD = or < 50 ng/mlL.
Group 2 {LADAY C peptide > 200 pmol/L, antiGAD » 50 ng/mL, > 6 months without insulin.
Group 3 {type 2 diabates): © paptide > 200 pmol/L, arti-GAD < 50 ng/mb.

NP not published, * P < 0.05, ** < 0.01, *'® P« 10", OR values are in brackets.

DQB1*0602 was decreased compared with controls, but
not significantdv. In group 2, DQB1*0201 was increased
compared with controls, but not significantly. DQB1*0602
was non-significantly decreased compared with controls
up to 10.7 vs. 20.2%; all carriers had the second DQB1

population, we have not found any association of
DRB1*04 subtypes with disease phenotypes.

Heterozygosity for DRBT or DQB1 genotypes

aflele 0201 {30% of all 0602) or 0302 (70% of all 0602)
{Table 3).

HLA DR4 subtyping

In patients with diabetes, we have distinguished three
DRB1*04 alleles: DRB170401 {50% of all DR4},
DRB1*0403 {25% of all DR4) and DRB1*0404 {25% of
all DR4). For comparison, in controls, we distinguished
five DRB1*04 alieles: DRB1*0401 {50% of all DR4},
DRB1*0402 (7% of all DR4), DRB1%0404 (21% of all
DR4}, DRB1%0405 (14% of all DR4} and DRB1*0408
{7% of all DR4). Comparing the patients with the healthy

We have observed a statistically significant increa-
sed prevalence of high risk DRB1*03/DRB1*0)4 and
DQB1*0201/DQB1* 0302 heterozygotes among patients
in group 1 compared with controls {OR = 8.3, P< 0.01
and OR = 7.4, P < 0.05). This risk became more signifi-
cant when we divided this group into anti-GAD-positive
and anti-GAD-negative patients, because predisposing
heterozygotes were particularly associated with the
anti-GAD-positive subgroup (23%, OR = 124, P < 0.003
both}, The protective DQBL*0201/DQB1*0301 geno-
type has not been found in group 1 of patients with type |
diabetes mellitus. Other DQB1 genotypes have not been
significantly associated with the disease {Table 4).

& 2003 Blackwell Fublishing Ltd, European Journal of Immunoganetics 30, 401-407
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Table 5. Frequency (%) of DOB1* 020170302

DQEB1 genotype Children Group 1 Control heterozygotes in dependancs on the age of
type 1 disbetes manifestation
0-4 years 5-8 years 10-14 years
in= g3 (n=98} {n=81 in=80) in=99
020170302 45.0 38.0 27.0 18.0%{7.4} 20

Data from diabatic children used from Cinek &t &, with permission for cormparison.

Data fror healthy controls used from Cerna et af.

Group 1 {type 1 diabetes in adults): C peptide < 200 pmol/L, ant-GAD > or < 50 ng/mL.

Data from each group are compared with each othet.
* P < 0.05, OR values are in brackets.

The HLA class I association and age of onset

Comparing our patients with type 1 diabetes with
children with type 1, diabetes {Cinek et al,, 2001), we
found decreasing significance of predisposing alleles with
increasing age of onset. The frequency of DQB1*0302
allele in children was 65%, in adult patients of group 1
43.3%, and in healthy controls 11.1% {Table 3}. The
frequency of DQB1*0201 allele in children was 61%, in
adult patients of group 1 41.7%, and in healthy controls
30.3% {Table 3j. A decreasing prevalence of genetic
factors with increasing age of onset was not only found
for predisposing single alleles, buc also for DQB1* 0201/
0302 heterozygotes (Table 5). While the prevalence of
020170302 heterozygotes among children diagnosed
at the age of 0—4, 5-9, and 10-14 years was 45, 36 and
27 %, respectively, the prevalence of 0201/0302 heterozy-
gotes among adults diagnosed after the age of 35 vears
was 15% in the patients of group 1.

Discussion

The classification of diabetes mellitus discriminate type 1,
type 2, other specific types and gestational diabetes
{Report, 2001). It has been reported thar these types of
diabetes involve separate genetic factors, suggesting that,
in addition to the perceived differences in clinical mani-
festations and course, their etiologic mechanisms are
distinct. The presence of islet cell autoantibodies in adult
diabetic subjects who do 1ot require insulin treatment for
atleast 6 months after the initial clinical diagnosis identifies
the so-called latent autoimmune diabetes in the adult
{LADA}. Glutamic acid decarboxylase autoantibodies
(GADG3AD) are the best immune marker to identify
LADA patients. The main goal of our study was to
analyze HLA class 1T antigens in adult patients with auto-
immune diabetes mellitus, to prove, if the basic data
known from children are valid also in type 1 adult
patients, and to compare these results with those from
LADA patients. In view of the long and accurate follow-
up in our study, we were able to further subdivide diabetic
patients diagnosed after 35 years of age into three groups
that differ-in the presence of fasting C peptide and GAD
antibodies; and insulin therapy, respectively.

The assuciaton of DQB1#0302 and DRB1704 that
was observed with the group of adult patients with type 1

diabetes with negative C peptide {group 1} suggests that
these alleles represent a marker or risk factor for requiring
insulin treatment, as was reported {Horton ef al., 1999).
The highest risk in this group was for DQB1*0302,
The odds ratio for DQB1*0302 was 6.1 {ratio 2.6-14.9). The
odds ratio for DRB1*04 was lower, 5.0 (ratio 2.2~11.4}.
The frequencies of DQB170201 and DRB1*03 were in-
creased, but not significant. The frequency of DQB1*0201/
DQEB1%0302 and DRB1*03/DRB1*04 genotvpes in the
C-pepride-negative group was statistically different from
controls {OR = 7.4, ratio 1.7-33.2 and OR = 8.3, ratio
1.9-36.4}, but lower than in children with diabetes. The
pattern of predisposing alleles in adults with type 1
diabetes is similar with that in children with type 1
diabetes, but the prevalence seems to be age related.
Whether these age-dependent differences reflect different
environmental influences remains to be proven. QOur
observations correspond with results in Sweden, where
the prevalence of the HLA-DQB1*0201/0302 (DRY/
DR4) genotvpe reflects the age at onset of diabetes, and
the 0302 genotype is associated with insulin dependency
(Twomi ef al., 1999;,

The association of DRB1*03 only was found with the
group of LADA patients with normal C peptide {group 2}.
The odds ratio for DRB1*03 was 3.7 {ratic 1.§-8.0%
What was amazing, but very logical, was the exact match
of the presence of C peptide with non-insulin-requirement.
Previous studies proved that for early onset of type 1
diabetes, DQB1 alleles are a better marker of genetic
predisposition than DRB1 alleles {Todd ef af., 1987). Our
findings support the observations of some investigators
that DRBI1 alleles are the main marker for late onset
{Lohmann et af., 1997}, Certain research groups have
described DRB1*04 and DQB1*0302 as the main marker
for LADA (Hosszufalusi et af., 2003). Why different
predisposing DR alleles are detected in different ethnic
groups is not clear. The hypothesis been suggested that
HLA-DRB1 does not predispose to autoinunune disease
per se, but rather fails to provide efficient protection
{Zanelli et al., 2000). According to these facts we can
hypothesize that type 1 diabetes mellitus in children or
adules may have partly different immunogenetic etio-
pathogenesis than LADA. The different mechanism reflects
different HLA association in these diseases. The most
significant association is with DQB1 alleles in type 1
diabetes, but with DRB1 alleles in LADA.

& 2003 Blackwell Publishing Ltd, Ecropean Journal of immuncgenstics 30, 401-407

65



Immunogenetic studies on autoimmune diabetes

406 M. Cema stal

Patients with type2 diabetes without signs of auto-
immune insulitis {fasting CP normal, GAD and IA2
antibodies negative, without insulin therapy) did not
differ in HLA frequencies from healthy Czech controls.

The type of autoantibodies to islet cell antigens dis-
tinguish between acute-onset type 1 diabetes and LADA
because GAD antibodies and ICA indicate slow disease
progression, whereas the presence of IA2 antibodies is
associated with an acute-onset clinical phenotype {Seissler
et al., 1998}, That is probably why 30% of parients with
type 1 diabetes in adults are negative for anti-GAD. These
patients could be positive for other non-tested antibodies
ot their antibody production has burnt-out over the course
of vears. Additional testing for 1A2 antibodies revealed
that 15% of patients in group 1 {20% in anti-GAD+ and
10% in anti-GAD-} and 11% of patients in group 2 are
positive for this autoantibody.

We conclude that Czech patients with autoimmune
diabetes manifested after 35 years of age can be divided
into two groups having different HLA class IT associations:
type 1 diabetes in adults with DQB1*0302 and DRB1704
risk alleles, and LADA with DRB1*03 risk allele. The
occurrence of HLA-DQB1*0302 {0201) and DRB1*04
{03} alleles in adults with type 1 diabetes was less frequent
than in children, but more frequent than in patients with
tvpe 2 diabetes and healthy controls.

Acknowledgements

This study was tinancially supported by the Research
Programme of Ministry of Education, Youth, and Sports
of Czech Republic, VZ: J13/98: 111200001: The initial
stages of diabetes, metabolic, endocrine and environmental
damages of the organism (2001). We thank Anezka
Koubova and Jana Potockova for excellent vechnical
assistance.

References

Cerna, M., Fernandez-Vina, M., Ivaskova, E. & Stastay, P. ($992}
Comparison of HLA class 1 alleles in gypsy and Czech
populations by DNA typing with oligonucleotide probes,

Tissere Amtigens, 39, 111,

Cinek, 0., Kolouskova, $,, Snajderova, M., Sumnik, Z.,
Sedlakova, P, Drevinek, B, Vavrines, |. & Ronningen, K.8. {2001}
HLA class 1T genetic association of type 1 diabetes mellitus in
Czech children. Pediatric Diabetas, 2, 98,

Drabek, [., Vranova, K., Ambruzava, Z., Perrek, M., Bartova, A
8 Weigl, E. {199%) Class [ typing by PCR-S8? in Olemeus,
Bane Marvore Transplant, 22, 523,

Drvarakova, L. & Majsky, A. (1979) HLA antigens in offspring of
both diabetic parents. Casopis Lekarn Ceskych, 118, 1294,

Expert Committee on the Diagnosis and Classiication of Diabetes
Mellicus. Report. (20013 Déabetes Care, 24, 85,

Gambelunghe, ., Forini, E, Laureti, $.. Murdolo, G., Toraldo, G.,
Santeusanio, F, Brunett, P, Sanjeevi, C.B. & Faloeai, A, (2000}
Increased risk for endocrine autoimmunity in Iealian type 2
diabetic patients with GAD63 autoantibodies. Clirical
Endocrinolegical {Oxford), §2, 563.

Graham, ., Kockum, 1., Sanjeevi, C.B., Landin-Olsson, M.,
Nystrom, L., Sandkvist, G. ef af. (1999) Negative association

between type 1 diabetes and HLA DQB1*0602-DQA170102 is
attennated with age at onset. Swedish Childhood Diabetes
Study Growup. Exropeart Journal of Inmunogenetics,

26, 117,

Horton, V., Stratton, 1., Bottazzo, G.E, Shattock, M., Mackay, L.
Zimmet, P, Manley, S, Holman, R, & Terner, R. {1999) Genetic
heterogeneity of autoi diabetes: age of presentation in
adults is influenced by HLA DRBI and DQB1 genotypes
{UKPDS 43). UK Prospective Diahetes Study (UKPDS) Group.
Diabetologia, 42, 608,

Hosszufalusi, N, Vatay, A., Rajezy, K., Prohaszka, Z., Pozsonyi, E.,
Horvath, L. ef ai. (2003) Similar genetic features and different
isler cell autoantibody patrern of latent autoimmune diabetes in
adults (LADA) compared with adule-onset type 1 diabetes with
rapid progression, Dinberes Care, 26, 452,

Lohmans, T, Seissler, L., Verdohren, L], Schroder, 5., Rotger, 1.,
Dahn, K., Murgenthaler, N. & Scherbaum, WA, (1997)
Distinct genetic and immunological features in patients
with onset of [DDM before and after age 40. Diabetes Care, 20,
524,

Loudova, M., Sramkova, L, Cokrova, V., Sieglova, Z. & Brdicka, R.
{1999} Frequencies of HLA-DRB1-DQBE and -DPB1 alleles in
Crech population. Folia Biclogica (Prabaj, 45,27,

Miller, 5.A., Dykes, D.D. & Polesky, H.E (1988 A simple salting
out procedure for extracting DNA from human nucleared
cefls. Nucleic Acids Research, 16, 1213,

Olernp, O, Aldener, A. & Fogdell, A, (1993} HLA-DQBI1
and -DQAT typiag by PCR amplificacion with sequence-
specific primers (PCR-35P} in 2 hours. Tissue Antigens,

41,119,

Seisster, ., de Sonnaville, ].J.. Morgenthaler, N.G., Steinbrenner, H.,
Glawe, D., Khoo-Morgenthaler, ULY., Lan, M.S., Notkins, AL,
Heine, R.J. & Scherbaum, WA, (1998) Immunological
heterogeneity in type [ diabetes: presence of distiner autoantibody
patterns in patients with acute onset and stowly progressive
disease, Diabetologia, 41, 891.

Sinha, A A, Lopez, M.T. & McDevite, H.O. (19903
Autoimmune diseases: the failure of self tolerance. Science,

248, 1380,

Fair, B.D., Harrison, L.C., Drummond, B.D, Stewart, V,,

Varney, M.D. & Honeyman, M.C. (1995} HLA antigens and age
at diagnosis of insulin-dependent diabetes metlites. Huwman
Inmunclogy, 42, 116,

Fhomson, G.. Robinson, WD & Kuhner, M.K. (1988} Generic
heterogeneity, modes of inheritance, and risk estimates for a joine
study of Caucasians with insulin-dependent diaberes mellitus.
American Journal of Huntan Genetics, 43, 799.

TFodd, 1A, Bell, J1. & McbDevitt, H.O. {1987) HLA-DOQf gene
contribures to suscepribility and resistance to insulin-dependent
diahetes mellitas. Nature, 329, 599,

TFuomi, T., Carlsson, A., Li, H., Isomaa, B., Mietrinen, A,

Nilsson, A. et af. (1999} Clinical and genetic characeeristics of
type 2 diabetes with and without GAD antibodies. Diiabetes,
48, 150,

Vauhkonen, 1., Niskanen, L., Knip, M., Hlonen, J., Vanninen, E.,
Kainufainen, S., Uusitapa, M. & Laakso, M. (2000)

Impaired insulin secretion in non-diabetic offspring of probands
with latent autoimmune diabetes mellituy in adules.
Diabetologia, 43, 69,

Verge, C.F, Stenger, D, Bonifacio, E., Colman, RG., Pilcher, .,
Bingley, B]. & Eisenbarth, G.8. (1998} Combined use of
autcantibodies (IA-2 autoantibody, GAD autoantibody, insulin
autoantibedy, cytophasmic islet cell antibodies) in type 1 diaberes:
Combinatorial Islet Autoantibody Workshop. Diaberes,

47, 1857,

Vondra, K., Vrbikova, |., lvaskoval, E., Pobisova, Z., Porsova-
Drutoie, 1., Skibova, ]., Stolba, B, Voborska, M. & Stewzl, L
{1996) Thyroglobulin and miccosome autoantibodies and

@ 2003 Blackwell Publishing Ltd, Furcpean Journal of immunogenstics 30, 401-407

66



Immunogenetic studies on autoimmune diabetes

HLA in Czech patients with diabetes mellitus 407

their clinical significance in adult type [ diabetics. Vaitrni amplification with sequence-specific primers (PCR-S5P) in 2
Lekarstii, 42,767, hours. Hyman fmmnenology, 34, 64.
Zaneb., E., Breedveld, EC. & de Vries, R.R. (2000) HLA association Zevaco-Martei, C., Reviron, 1., Atlan-Gepner, €., Botii, G,
with autoimmune disease: a failure to protect? Rhenmatcdogy, 10, Simonin, G., Lassmann-Vague, V., Vague, B, Mercier, I &
1068, Vialettes, B. (1999} Relationship between HLA-DQ and -DR &
Zetterquist, H. & Olerup, Q. (1992} Identification of the genotypes and clinical characteristics in 3 French population of
HLA-DRB1*04-DRB1%07, and -DRB1*09 alleles by PCR type 1 diabetic patients. Digbetic Medicine, 16, 201,

67



Immunogenetic studies on autoimmune diabetes

Paper 4: Novota P, Cerna M, Kolostova K, Cejkova P, Zdarsky E, Novakova D, Kucera P,
Novak J, Andel M: Diabetes mellitus in adults: association of HLA DRB1 and DQBI1
diabetes risk alleles with GADab presence and C-peptide secretion. Immunol Lett 95:229-
232, 2004 1

#

68



Immunogenetic studies on autoimmune diabetes

Available online at www.sciencedirect.coin

sCIENCE @mnga‘r*
unology
etters
Imnwnology Lewers 93 (2004) 220-232 ;
www glseviercomAocate! ¥

Diabetes mellitus in adults: association of HLA DRBI
and DQBI1 diabetes risk alleles with GADab presence
and C-peptide secretion

Peter Novota®*, Marie Cerna®, Katarina Kolostova®, Pavlina Cejkova®, Emanuel Zdarsky?,
Dana Novakova®, Petr Kucera®, Jan Novak®, Michal Andel®
* Department of Coll and Molecular Biolegy, The 3ed Fucnlty of Madicing, Charles University at Prague, Cooch Republic

b Deparoant of Cell and Molecular Inmunology, The 3rd Foculty of Medicing, Charles University at Prague, Crech Republic
< Diabates Conter and Deptiviment of huternal Medicine I, The 3rd Faculry of Medicing, Charies University af Prague, Crech Ropublic

Received 20 June 2004; received in revised form 21 July 2004; accepted 2¢ July 2004
Avnilable online 23 August 2004

Abstract

In our study, we investigated the relstionship of HLA class II alleles 1o antibody production sgainst glutamic acid decatboxylase {GADzb)
and to C-peptide secretion (CP) in diabetic patients, A group of 334 patients (190 women) diagnosed after 35 vears of age and 99 control
subjects were studied. Parents were divided int four groups according to concentrations of CP and GADab, respectively (CP highilow,
GADab positive/negative). HLA DQBI and DRB1 alleles were genotyped by SSP-PCR. The siguificance of DQB1 snd DRBI risk alleles
was evaluated by examination of their odds ratios computed by testing 2 » 2 tables considenng Bonferonis’ corrected P < 0.05 as sig-
aificant. We found strong association between the HLA DRB1*03 nigk allele and presence of GADab, and close relationship of the HLA
DRBI1*04 and HLA DQBI¥0302 risk alleles with decreased CP level. Taken together we conclude that the DRBL*04 and DQB1%0302
alleles are associated with progressive decrease of CP level, while DRBI*03 is & significant genettc matker of autoantibody {GADab)
development.
£ 2004 Elsevier B.V. All rights reserved.

Keowords: HLA/DQDR, Glutamic acid decarboxylase (GADY, C-peptide (CF); Diabetes mellitus (DM)

1. Introduction diagnosed as patients with type 2 diabetes manifest autoim-

mune wmarkers of B-cell destruction. These subjects have a

Diabetes mellitus with onset after the age of 35 years [1]
is a heterogensous group sepresenting at least two major
groups of diseases: insulin deficient {type | diabetes mel-
litus, TIDM) and insulin reststant diabetes mellitus (type 2
diabetes mellitus, T2DM) [2,3]. The etiology of the former
15 an avteinunune disorder and the eticlogy of the latter is a
metabolic disorder. However, about 10% of patients initially

* Corresponding author. Present address: Department of Cell and
Molecolar Bislogy, Department of Imunogenetics (24), DNA labosatory,
Insvimte for Clindcal and Experimental Medicioe, Videfiskd 1958/, 14021
Prague 4, Czech Republic. Tel.: +420 261 362 350; faw +420 241 721 603,

Eanati address: petecnovorafmedicon ¢z (P Novota).

G165-2478/5 ~ see front matter © 2004 Elsevier B.V. All rights reserved.
dod: 10.10164.imiet 200407 016
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slowly progressive form of atoimunmne diabetes mellitus and
are considered having latent autoinunune diabetes mellitus in
adults (LADA) [4-7].

The most important gene loci defining risk to T1DM are
located within the HLA gene region, HLA DQ miolecules are
of primary inporfance but HLA DR gene products modify
the risk conferred by HLA DQ. The risk associated with an
HLA genotype is defined by the particular combination of
susceptible and protective alleles. The complicated nnalvsis
of HLA genotypes is simplified by strong linkage disequilib-
rinm between HLA DRB1. DQA1 and DQB1 locy. Childhood
T1DM 15 characterized by an abrupt onset and ketosis and 15
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associated with HLA DRBI*04-DQATX0301-DQB %0302,
and a high frequency of insulin and thyrosin-phosphatase au-
toantibodies {7.8].

The texm latent autoimmune diabetes in adults was intro-
duced to define adult diabetic patients initiafly non-insulin-
requiring but with immune markers of type 1 diabetes
that, in a number of cases, progress {0 insulin dependency
[6]. It is characterized by the presence of glutamic acid de-
carboxylase 45 autoantibodies {GADab) andior islet cell
antibodies (ICA), and is associated with HLA DRB1%03.
DQA1*0501-DQB1#0201 andlor with HLA DRB1%04-
DQA1%0301-DQB 140302 haplotype [5,9].

In patients diagnosed after 35 vears of age, the relation
of HLA risk aflales and GADab andior C-peptide secretion
{CP), generally used as a marker of insulin production, is
not completedy clear. In this study, we investigated the rela-
tionship between the presence of diabetes risk HLA alleles,
and the presence of GADab andior CP in diabetic patients
diagnosed after 35 vears of age.

2. Patients and methods
2.1, C-peptide igvel

Levels of CP were measured on an empty stomach (fast-
g C-peptide). For detection, we used an immunoradio-
metric method (Immunotech, Prague, Czech Republic). The
serm samples from 99 healthy individuals provided con-
trol values: average value 486 pmoll; median 449 pmotl;
standard deviation 170 pmo¥/l; and minimal-meximal value
206~9234 pmo¥l. According by values Jower than 200 pmol/l
were taken as decyeased C-peptide secretion (marked as low
CP, CP negative, or CP~).

2.2. GAD antibodies

The presence of IgG antibodies against GAD was de-
tected by the ELISA method (Roche Molecular Biochemi-
cals, Manoheim, Germany). The fest had 98% of specificity
and 69% of sensitivity, The cut-off point of the test was

32 ng/ml. Levels Jower than this cut-off point wers considered
negative (narked as GADab negative, or GADab—), levels
higher than 32ng/mi were considered positive {marked as
GADab positive, or GADgb+) [10].

2.3. Genomic DNA preparation

The QlAamp spin columns (QIAGEN GmbH, Hilden,
Germany) were used for extraction and purification of ge-
nomic DNA from peripheral blood leukocyies.

2.4. Analysis of HLA DRB1 and DQBI allgles

HLA DRB1and DQBI alleles were genotyped using PCR
with sequence specific primers (SSP-PCR) supplied by Gen-
ovision (Oslo, Norway) [11,12].

2.5, Sratistics

Allele and gene frequencies were caleulated using stan-
dard methods. The significance of the differences in allele
frequencies were evaluated by x° and P values were calcu-
lated with Bonferoni correction. The strength of the observed
associations was estimated by caleulating odds ratios (OR)
using the method by Woolf.

2.6, Group of patients

We mvestigated 334 patients (190 womern) with diabetes
metitus with disease onset after 35 vears of age. All of them
were Caucasians and residents of the Middle region of Czech
Republic. Diagnosis of diabetes was established according to
the current WHO definitions and criteria for diagnosing di-
abetes {13]. The T1DM (49), LADA (48), and T2DM (237)
patients were included. Patients with autoinunune diabetes
(T1DM and LADA) were negative for C-peptide ancor pos-
itive for autoantibodies. All of them had insulin therapy.
LADA was defined by a mimnunn 6 months long pliase after
diagnosis without insulin therapy. Patients with T2DM wers
positive for C-peptide. None ever had insulin therapy. The
age at disease onset and duration of DM were recorded, For
detailed characterization of patient groups see Table 1.

Table 1
Clinical characteristics of investigated patient groups
CP+ {200 puoll) TP {200 proly GADab+ {32 nginl} GADab~ (<32 ag/ml)
Number of patients 285 44 97 237
Number of female 153 32 38 136
Body mass index (BMI) 313222509 280224, 367 3LI224,455 ILL222: 508
Age of onset of DM (years) 30358 44 {38, 563 2657 33580
Droration of D?!d {years) 1235031 1446 {129 13.27¢1, 31 12480331
Diagnosis
TIDM, ¥=49 0.0% (07285} 100.0% (49449 50.5% (4997 0.0% {07237
LADA N=48 16.8% (48/285) 0.0% (049 40.5% (4807 0.0% {07237)
TIDM, N=237 83.2% (237728%) 0.0% {048 0.0% (007 106.0% (237237

Values of BMI age of onset of disease, and duration of DM are caleulated a5 average. In beackets are mimnw! and maximal values.
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Tale 2
BLADQBI frequencies in investigated patient groups (GADab+, GADab-, TP+, z0d CP-) 7

GADab+ (W= 45) GADb~ (V= 146} CP+ (¥ =133) (P (W=138) Controls (V=99
DQBL*204 0.467 0.267 G288 0.447 0303
DOBI*202 0133 0.185 0,180 B.165 0.192
DOBL*0301 0.267 Q.315 0333 0.184 0384
DOBEYR {.289 0.205 ¢.170 (.447 (648 0111
DOBLFO303 0111 0.048 G065 0053 0081
DOB1*0304 0.022 0.021 0020 $.026 {.000
DQRI*O42 0.067 0,048 039 0026 0,040
DB 0.178 0.281 0248 0316 9232
DRBI*0502 0.022 0.068 0.03¢ 0053 0051
DOBLe0s03 {.000 0.062 0050 (.06 0051
DOBI*H304 0.000 0.014 0013 4.000 NT
DOBI*HE0L 402 0.621 0.020 0.026 D030
DOBI*D602 0.067 0.164 0.170 4.026 0.202
DEBI*0603 0022 0419 4098 4053 131
DOB1*a604 D11 0.062 G065 0.078 4851

Statistically significant difference in frequency of allele DQB1*0302 fa group (P- in comparison with healthy control. Data from healthy control used from

Cema etal {14].
* P, < 0.001; OR values in brackess.

3. Results

We investigated the distribution of HLA DRB1 and DQB1
alleles and the odds ratios of risk and protective alleles in the
four patient groups (Table 1). Subsequently, we explored the
relationship between HLA risk or protective alleles, and pos-
itivity (negativity) for GADab and values of CP, respectively.

In the GADab+ gronp, we found only one predisposing
allele (DRB1*03, P¢ = 0.0002). In the GADab— group, we
did not find any association with HLA alleles. In the CP—
group, we detected two risk alleles, DRB1#04 (P, = 0.0001)
and DQB1%0302 (P, = 0.0002). In the TP+ group, we did
not detected any HLA association. None protective alleles
were ascertained in all these groups (see Tables 2 and 3).
Odds ratios of the predisposing alleles were following:
the GADab+ group, OR = 4.90 {C195% = 2.21; 10.94) was
calculated for allele DRB1*#03; in the CP—group, OR = 35.80
{C195% = 2.36; 14.39) was calculated for allele DRB1%04;
and OR = 6.48 (C195% = 2.43; 17.54) for allele DQB1#0302.

4, Discussion

We analyzed the frequencies of HLA class I alleles in
patients with diabetes mellitus manifested after 35 yeass of
age. We found two risk HLA alleles in the CP~ group and
one in the GADab+ group of patients. The frequencies of
flie DRB1%04 and DQB1#0302 alleles wers significantly in-
creased in the CP— group (Pe < 0.001 for both alieles). The
odds ratio was higher for DQB1*0302 (OR = 6 48} than for
DRB1%04 (OR = 5.80), what suggests DQB1#0302 as mamn
risk allele in the CP—group. The frequency of DRB1%03 al-
lele was significantly higher in the GADab+ group (&, <
00601). Its odds ratio was the lowest in the study {OR =4.90),
Our results are similar to data published by Caillat-Zucman
et al. [7] or Krokowski et al. {8]. The only difference is in
the frequency of the known risk allele DQB1#0201. The fre-
quency of this allele was increased in our GADab+ group,
but it did not reach statistically significant difference when
compared with coudrols.

Table 3
HLA DRBI frequencies in investigated patient groups (GADab+, GADab--, CP+, and CP-3
GADab+ (V= 51) GADab— (= 111} CP= (N=120) CP (V= 43) Controls (¥=99)

DRB1*6! 0.157 0.198 0.164 0,233 0.2
DRB1%63 0.369 (4,907 0.162 0.221 0463 0112
DRBI*04 0314 0.270 0230 0.488 (5.50y* 0.141
DRBI*07 0.118 252 0230 0.163 0.363
DRB1%08 0.098 0.081 0.090 0.070 0.030
DRB1*G9 0.020 0.027 0.033 0.000 0.019
DRB1%10 0.000 D045 0033 0.047 0620
DRBI*11 0,255 0225 0.362 0.140 0.232
DRBI*12 £.000 0.018 0016 0.000 0.161
DRBI*13 0.137 0.435 0.136 0.093 0222
DRBi*14 . 0020 0.108 0107 B.OCO 0.050
DRB1*15 0176 0.471 0,197 0.003 0232
DRB1*16 0,020 0.054 0.041 0.047 0,059

Sratigtically significant difference in frequeacy of allele DRB1%03 in group GADab+ and allete DRB1*04 ia group (P~ in comparison with healthy conrol.

Datm from heatihy control used from Cerna et al. {14].
* Pe < 0.001; OR values i brackets,
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Our study showed that there is a difference m HLA
class II-aflele frequencies betwsen GADab+ group and
CP—group. GADab positivity is strongly associated with
the HLA DRBI*03 allele and CP negativity is linked to the
DGQB1#0302 and HLA DRB1%04 alleles. These results are
supported by Gambelunghe et al. [9] who stated that GADab
is closely assordated with the presence of HLA DRB1#03-
DQB1#02 haplotype. Finally, we conclude that the DRB1#04
and DQB1*0302 alleles are associated with decrease of CP
levels while DRB1%03 is a significant genetic marker of au-
toantibody (GADab) development.
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Abstract™ |

Intertenkin-18 (1L-18) gene promoter polymorphism is known as a genetic risk factor for child type 1 diabetes meHitus development. To
test the role of IL-18 gene polymorphism in predisposition to adult rype 1 diabetes (T1DM) and latent antoimmmne diabetes in adults (LADA)Y,
we analysed SNPs at position ~607 (C/A) and —137 (G/CY in the promoter region of IL-18 gene by sequence-specific PCR in 49 T1DM, 66
LADA patients and 139 healthy controls. We fonad differences in allele. genotype or haplotype distribution in tested patients when compared
to frequencies found in conirol group but these differences did not reach statistical significance. However, there was a difference in —607
(C/A) allele and genotype distribution found in LADA and T1DMM patients that reached statistical significance. These results suggest that
the TL.-18 gene promoter polymorphisms are not associated with adult type 1 diabetes or LADA susceptibility, and accordiag to our findings
genes involved in onset and progression of LADA and T1DM are probably different.

€ 2004 Elsevier B.V. All rights reserved,

Kovwords: 1L-18; Diabetes mellitus; Czech population

1. Introduction

Autotmnmge diabetes in humans is believed {0 be a Tyl
lymphocyte-mediated disease, and both environmental and
genetic factors play a role in its pathogenesis [E-3]. Type
1 diabetes mellitus (T1DM) is characterized by an abrupt
onset and ketosis. It is associated with HLA DRBI%*04-
DQATY301-DQBI#0302, and a high frequency of insulin
{IAA) and thyrosin-phosphatase (IA-2) autoantibodies [4,5].
The term Iatent autoimmune diabetes in adulis (LADA) was

* Corresponding author, Present address: Departrentof Tnmunogenetics
{(Z4), Jastivate for Clinical and Experimental Medicine, Videnska 1958/,
140 21 Prague 4, Czach Republic. Tel.: +420 261 362 350,
fav: +430 241 721 603.

E-mud address: petesnovota@imedicon.cz (P Novota).

0165-247%/% — see frony matter © 2004 Elsevier B.V. All righs reserved.
d01:10.1016/.imlet. 2004 08.016
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infroduced tfo define adult digbetic patients initially non-
nsulin-requiring but with immune markers of type 1 diabetes
that, in most cases, progress {0 msulin dependency [6]. It is
characterized by the presence of glutamic acid decarboxy-
lase 65 autoantibodies (GADab) andior islet cell antibodies
(ICA), and is associated with HLA DRBI*03-DOA1*0501-
DQB1¥0201 andior with HLA DRB1#04-DQA1%0301-
DQB1*0302 haplotype [7,8].

It was recently reported by Nicoletti et al. [9] that inter-
leukin JL)-18 serum levels are increased in the sub clinieal
stage of type 1 dinbetes in first-degree relatives of type 1 di-
abetic patients. 1L-18, which is predominantly secyeted by
activated monocytes/macrophages, is a pleiotropic cytoline
involved in the regulation of innate and acquired immune
response, playing a key role in autoimmune, mflammatory,
and infectious diseases [10]. IL-18 acts as a proinflammatory
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Table 1 o . primers (5-GTTGCAGAAAGTGTAAAAATTATTAC-3 or
Clinical characteristics of ivestigated patient groups 5. GTTGCAGAAAGTGTAAAAATTATTAA-3Y, a control
TiDM LADA primer ($-CTTTGCTATCATTCCAGGAA-Y), and a com-
Nuenber of patients 4 66 mon reverse primer (§-TAACCTCATTCAGGACTTCC-37)
Number of fesmale 2 i 30 were used. For the position —137 two sequence-specific
g"“}‘m%’“m"xm’fg}w) ';g-fzg%“;ﬁ? ;;'(5;523;“3&8? primers (5-CCCCAACTTTTACGGAAGAAAAG-3 or §-
g¢ at disease onset (years| et ;
Duration of DM {years) 18.7(1-37) 134 (1-31) CCCCAACTTTTACGGAAGAAAAC-3'), a controf primer

Valoes of BMI, age of vaset, and dusation of diabetes are calculated as
average, In brackets are minimal snd saximal values.

factor and, in synergy with IL-12, promotes development of
Ty 1 lymphocyte response by induction of y-interferon {IFN-
~) production, modulates activity of NK cells, increases tu-
monr pecrosts factor-a and IL-1 production by macrophages,
up-reguiates the expression of adhesion molecules, and m-
duces nitric oxide production in the area of chronic iuflam-
wation [10,111

Single nucleotide polymorphisms ($NPs) at positions
607 and —137 in IL-18 gene promoter are associated with
child TIDM in some Caucasian populations [12]. The sim
of vur study was to evalnate the frequency of known poly-
morphisms in the IL-18 gene promoter in adulf patients with
TiDM and LADA ta Czech population and fo analyse the
impact of these polymorphisms for disease onset and pro-
gression.

1. Patients and methods
2.1, Patients

A total of 115 adult Czech unrelated patients with au-
toimmune diabetes mellitos were studied after giving their
inforraed consent. All of them were Cancasians and residents
of the Middle region of Czech Republic. The diagnosis oftype
1 diabetes mellitus and latent antotmmune diabetes in adults
was based on criteria of the current WHO definitions for
diagnosing diabetes [13], considering patients™ clinical fea-
tures and laboratosy data, including the presence of anti-islet
autoantibodies (avtoantibudies to GADSS, TA-2 and insulin}
and seyum C-peptide level. All of the patients had insulin
therapy. LADA was defined by a munimum 6 months long
phase after diagnosis without insulin therapy. For detailed
chasacteristics of investigated patients see Table 1.

2.2, IL-18 gene promuter polymorphisms

The single nuclectide polymorphisms at positions
—607 {A/CY and —137 (C/G) in the promoter re-
gion of the human IL-18 gene, located at chromo-
some 11q22.2-q22.3, were analysed by sequence-specific
PCR. Analysed genomic DNA was extracted from pe-
ripheral blood anticoagulated with EDTA using the QI
Aamp DNA Blood Kit (Qiagen GmbH, Hilden, Ger-
many). For the position ~607 two sequence-specific

75

(¥ -CCARTAGGACTGATTATTCCGCA-3), and 2 com-
mon reverse primer (3-AGGAGGGCAAAATGCACTGG-
3%} were used [14]. Control primers were used fo amplify
fragments covering the polvmorphic sites as an internal posi-
tive amplification control. The PCR was performedina 10l
volume and reaction condifions were different from those
used by Giedraitis et af [14]. The concentration of reagents
and eycling conditions were optimized as follows: 1 pM of
sequence-specific primer. 1 pM of control forward primer,
2 pM of common reverse primer, 2.5 mM MgCly, 200 pM
of each ANTPs, 1.0yl of 10x PCR buffer, 1 U of Tag poly-
muerase {MBI Fermentas, Germany) and approximately 50ng
of genomic DNA. The reaction started with an initial de-
naturation at 95 °C for 4min and followed in standard PCR
protocol with 30 cycles of denaturation at 95 °C for 155, an-
nealing at S8°C for 355, and extenston at 72°C for 505
A final extension at 72 °C for S rain completed the reaction.
All PCR products were sepatated by electrophoresis on 2%
agarose gel and visualized, stained with ethidiwm bromide.
We used different Mg?”, dNTPs and primer concenteation in
our S§P—PCR protocol in comparison with original protecol
used by Giedraitis et al [14], the tolal amount of Taq poly-
merase and cyeling conditions were also shightly changed.
These changes did not affect the sensttivity or specificity of
our PCR test.

2.3, Staristical emalysis

Allele, genotype or haplotype frequencies were caloulated
on patients and control subjects by direct counting. Statistical
analysis of the differences between groups was determined
by Chi-square fest, or Fisher’s exact probability test. The sta-
tistical difference of the allele, genotype or haplotype distri-
bution of the IL-18 gene was analysed by Chi-square test for
trend. Findings were considered statistically significant at a
Bonferoni corrected P value less than .05

3. Results

We investigated the distribution of —607 (4/C) and —137
{C1GY SNP polymorphisms in IL-18 gene promoter in se-
lected patient groups. We analysed allele, genotype and hap-
lotype frequencies. Subsequently, observed frequencies were
compared to those found in control group and P values were
caleulated,

The allele frequencies of ~607C and —137G were 43.9%
and 65.3%, respectively, i 49 patients with type 1 diabetes,
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Talde2 )
Freeponcy of allales of 11-18 zene promoter pelynwsphisis in contvol subjects and zdult patients with TIDM and LADA
Loci Alleles
Confrol subjests (W= 2784 TIOM V=083 P LADS (V=132 F
~137 G BETLAG 4 485.3%) b 99 (7500 @;%
. C 8o 88%) 3443475} ExTwikiion
w§OF C 160 (57685 41 {43.9%) b3 540 hos
& 118 (42.4%) 35 438.1%) 47 (33.6%;
Table3
Fraemency of memstypes of 115 gens prossoter polymorphisms in control sublacis aud adult pationts with TIDM and LADA
Loet Crenofypes
Control subjects (W= 1303 TIDM (V=a9 o4 LADAN=68) #
-157 GG 68 (455%) 22{44.9%; g 36 (34.5%) N
oo 62 {44.6%%) D (40.8%) 749
o 6.5 7459 348.3%)
~G57 v B 3099 2{184%) NS 22{313% o3
CA 74 {33.2% patathi Al 41 82.5%;
AA {138%) 15 (30.6%; I45%
Talied
Fraquency of haglotypes of 1118 gene promater polymerplisess in controd subjacds sud adudt patients with TIDM and LADA
Hapletypes Control alects (N=139) TIDM (=49 F LADA (N=66) F
- I3 AL 1O FRrEics] N§ 1{.5% NS
wI3FCCIB07AA 85.8%) Q4.3 Ng 20%) j S
- BHC-E7CC FRuze Y] LT A N§ 5005 W
- I3FCE/ - S0TAC 30{360%; 13263% ws 26 {39.4%) jo]
w ISFCGI-0TAA P8 7{14.3% i 1155 oz
- 3PCG/-SFCC 0% $ {0 3 8 (0059 wS
- A SPAL BOEES §HM4.5%) N§ M%) NS
IR TG E0TAA 3.2 Q0% Ng S 000 hiiS
~ 1S IGE 000 2206029 8{154%) Ng 22{83.3% HS

ot §4.4% and 73.0% in 66 patieats with LADA. Allels fre-
guencies found in LADA patients were similar to those ob-
served in 139 healthy contre! subjects. Allele frequencies in
T1DM patieats snd control group were different, but these
differences were not significant {Table 7). The distributicn of
genotypes at positioas —~807 and —137 was not significantly
different between patients with T1DM and bealthy conteols.
We also did not find any statistical difference when geno-
types at positions ~607 and — 137 were compared in LADA
patients and healthy controls {Table 3). Genotype frequenties
of these SNPs in healthy control subjects were statistically
consistent with Hardy-Weinberz equilibrivm. The haplotype
Frequencies in T1DM or LADA patients sad control subjects
were different, but these differences did not reach siatistical
significance (Table 4). Wealso found differences in allele and
genotype frequencies between LADA and T1DM patients.

The difference in distribution of —607 (A/C} afleles was near
the statistical sigaificance in TIDM and LADA patieats (P
< 0.05). Moveover, the distribution of ~607 genotypes dif.
fered in T1DM patients when compared with LADA patients.
This difference reached statistion! significance with P< 0,01

{Table 3.
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4, Discussion

In the presest study we demonstrate that the suscepti-
bility fo adult type 1 dinbetes mellitus 33 well as to fatent
antoimmune disbetes in adults is uot associated with SNP
polymorphisms at positions ~607 and - 137 in IL-18 gene
promoter. Authors Kretowski et ol [12], recently reposted
that SNP polymorphisms at positions ~607 aod ~137 are
associated with child type 1 disbetes mellitus in Polish pop-
wlation. The frequency of ~137C allele was increased when
compared to controls (P = 4.002) and the distribution of the
~567 and —137 genotypes was diffecent from controls (P
= 0001, 2 = 0.0013, respectively). Frequencies of haplo-
types werealso different in patients and contyols [121, Sinular
study of IL-13 gene promcder SNF polymorphisms was per-
formed in Japanese population by Ide ef af [15]. It showed
that distribution of 607 genotypes in type 1 diabatic pa-
tients differed from controls (P = 6.023). These fadings in.
dicate that I1.-18 promoter polymorphisme could play a pant
in the pathogenasis of TIDM. No studies investigating the
contiection between ~137/-807 SNP polvmorphisms in T~
18 geas promuoter and LADA were performed up to date.
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Table §

Loapavivon of ~SHHC/A) alleles and genotypes disteibution in sdulé pationts with TIDM and LADA

Locus AllelefGenciype TIDM LADA P

N 0% {50

-§67 Y 43 (43.9%) BB <08

: A 355619 F7 3365 ®

. [ (e s S84 283353% <331
A BGLEY #6215
Ad 15 36.6% 3(4.5%

?hemmdmmﬁmmmwuw foesd betwesn these two groups (72 0.05 and 2« 003, respectively).

The suset and progression of antoimmune diabetes mellitus
is affected by both eavitonmental and genetic factoss. In one
study we found differences in the allele, genotype or haplo-
type frequencies of the IL-18 gene polymarphisms between
adult TEDM patisats or LADA patisats and bealthy controly
but these differences did not reach statistical significance.
However, we found statistical significant difference in ~607
allele and genotype distribution between LADA and TIDM
patients. Effect of environmental or genetic factors on the
onset of sutcitnreune diabetes mellitus seems to be differ
ent in child TIDM, aduls T1DM snd LADA. It s already
frwown that different genetic rink factors cag affect the onset
and progression of LADA and T1DM. HLA class I alleles
affect both disenses. However, the DRBI*03.{DGB1*0201)
haplotype is associnted with susceptibility to LADA and the
DRB1*04.DQB1%0302 haplotype i3 associated with genetic
susceptibility to adult TIDM {16]. The alleles of microsatel-
lite polymorphism of MIC-A gene ate also associated with
the development of these diseases, the AJ allele with T1DM
and the allele AS.1 with LADA [17,18]. Genes affecting an-
toimmune disbetes are also the CTLA-4 and INS-VNTR gene
promoter. In this case the same alleles seem fo be associated
with the genstic susceptibitity to T1DM or LADA [19.20].

In conclusion, the results in this study suggest that (a}
HL.-18 gene promoter polymorphisms at positions —807 and
~137 are not associated with genetic susceptibility 1o adult
type | diabetes mellitus or latent autoiammuae disbetes melli.
tus in adulis and (b} according to onr findings we assume that
differences in onset and progression of LADA and T1DM can
be caused by different immunogenstic backgrovnd of these
two dizenses.
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Short Communication

= Association of MHC class | chain related gene-A microsatellite

. Czech adult patients

- polymorphism with the susceptibility to T1IDM and LADA in

P. Novota,*§ K. Kolostova,* D. Pinterova,* J. Novak,t P. Weber,t L. Treslova, T J. Kovar,* M. Andelt

& M. Cerna*

Summary

The results in chis study suggest that microsatellite poly-
morphism within the transmembrane region of MIC-A
gene is associated with genetic susceptibility to adule-
onset of type 1 diabetes mellius (TIDM}, MIC-AS.1
allele, corrected P = 0.001, whereas it is not associated with
latent autoimunune diabetes in adults {LADA) in Czech
population. According to our findings, we can hypothe-
size that adult-onset TIDM and LADA may have partly
different immunogenetic aetiopathogenesis.

The human major histocompatibility complex class 1
chain-related gene A {(MIC-A} is located within the MHC
class I region of the chromosome 6 satellite polymorphism
within this region (Fodil ¢t al., 1996; Ota et al., 1997}, So
far, six alleles of the exon 5 of the MIC-A gene, which
differ in number of (GCT) repetitions at position 296,
have been identified {Ota et al., 1997; Perez-Rodriguez
et al., 2000}, Several recent studies of MIC-A transmem-
brane polymorphism were focused on the investigation of
its relationship to autoimmune diabetes mellitus. It has
been suggested that the AS allele of exon § is associated
with the susceptibility to young-onset type 1 diabetes
mellitus (TIDM) (Gambelunghe ot af., 2000; Gupta et 4l.,
2003). Conversely, it does not confer increased risk for
adult-onser TIDM (Gambelunghe ef gf., 2001). In this
paper we investigated the association of MIC-A exon §
alleles with the adult-onset TIDM and latent autoimmune
diabetes in adules {LADA) in Czech population based on
case—control studv.
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A rotal of 115 adult Czech unrelated patients suffering
from autoimmune dizbetes mellitus onset after 35 years
of age were studied after giving their informed consent.
All of them were Caucasians and residents of the middle
region of the Czech Republic. The mean age was 50 vears
{35; 71} in LADA group and 46 years (35; 60} in TIDM
group. The LADA group comprised of 54% of males and
TI1DM group 45% of males. The age and sex character-
istics of controf group were similar to investigated
patient groups. The diagnoses of TIDM and LADA were
based on criteria of the current WHO definitions for
diagnosing diabetes {1999}, considering patients’ clinical
features and laboratory data, including the presence of
anti-islet autoantibodies, autoantibodies to GADES, IA-2
and insulin, and serum C-peptide level. All of the patients
had insufin therapy. LADA was defined by a minimum
of ¢-month-long phase after diagnosis without insulin
therapy.

Analysed DNA samples were extracted from peripheral
blood auticoagulated with EDTA using a QlAamp
DNA Blood Kit {Qiagen GmbH, Hilden, Germany). PCR
amplification of the polymorphic transmembrane region
encoded by exon § was carried out with forward primer
Cyv3-5-GCTGGTGCTTCAGAGTCATTGGC-3 labelled
at §” end with Cy-3 reagent and reverse primer 5-GGAC-
CCTCTGCAGCTGATGTTTTC-3  (Generi  Biotech,
Hradec Krifové, Czech Republic) {Novora et al., 2004),
Electrophoretic separation of PCR products was performed
in the ALFexpress I DNA analysis system [{Amersham
Biosciences, Vienna, Austria).

Searistical analysis of the differences between groups
was derermined by Chi-square test, or Fisher’s exact prob-
ability test. Findings were considered statistically significant
at corrected P-value less than 0.05. The P-values were
corrected for the number of alleles or genotypes observed
among healchy controls. The strength of the observed
associations was estimated by calcudating odds ratios (OR)
using the method by Woolf.

The most frequent allele in the adult-onset TIDM
group was the AS.1 allele and the less frequent was the AS
altele with prevalence of 87.8% and 8.2%, respectively.
Similarly, in the LADA group the most common allele was

© 2006 Blackwell Publishing Ltd, international Journal of immunogenetics 32, 273-275 273
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Table 1. Frequercies of alleles within the transmermbrane region of MIC gane Ain contral subjects and adult patients with T1DM and LADA,
Increased frequency of alleles AB.1in T1IDM with £, = 0.001 [OR = 491 CI{35%) = 1.94; 12.45]

Allele Control subjects N= 118 {238) TIDMN = 49 {98} £, LADA N =86 {132) A
Ad 25.4% (30} 20.4% {10} NS 15.2% (10} NS
A& 24.8% 1291 82% 4 NS 27.7% (18] NS
A5 59.3% (70} 87.8% {43} 0.001 {(OR = 4.91} B83.6% {42} NS
AB 32.2% (38} 28.5% {13} NS 24.2% {16} NS
A9 28.8% {34 24.5% {12} NS 42.4% (28) NS
WS, not significant

the AS5.1 allele, but the rarest one was the A4 allele with
frequencies of 63.6% and 15.2%, respectively. The frequency
of the AS.1 allele was significantly increased in the adult-
onset TIDM group when compared to controls. The
corrected P-value was 0.001 and the odds ratio evaluated
for this allele was OR = 4.91 with CI{95%) between 1.94
and 12.43 (Table 1).

The decreased incidence of the AS allele was found
among the adule-onser TIDM group when compared to
controls, but this difference did not reach statistical
significance. Increased frequencies of A5.1 and A9 alleles
in the LADA group were found in comiparison to controls,
However, these differences did not reach statistical signifi-
cance, Moreover, differences in allele frequencies among
the TIDM and LADA groups were found, but these also
did not reach statistical significance.

The frequencies of 15 MIC-A genotypes observed in
contrals and both disease groups were calculated and
compared with each other. Increased frequencies of A4/
AS5.1, A3.1/A6 and AS.1/A35.1 genotypes and lower pre-
valence of AS/AS.1, AS/A9, A6/AY9 and A4/A6 genotypes
were found in the adult-onset TIDM group when com-
pared to controls, but these differences did not reach
statistical significance. However, increased frequency of
A5.1/A9 genotype and decreased incidence of the A4/A6
allele was recorded in the LADA group when compared to
controls, but these differences also did not reach statistical
significance. When distributions of MIC-A genotypes
between TIDM and LADA padients were compared, no
statistical significant differences were found.

Our study shows that MIC-A microsatellite polymos-
phism is associated with the susceptibility to adulr-onset
TIDM. According to our resuits adult-onset TIDM
development seems to be associated with the AS.1 allele.
Conversely, we did not find association between micros-
atellite polymorphism in MIC-A gene and LADA.

Recent studies have confirmed that microsatellite alleles
of MIC-A gene is associated with Behcees disease
{Mizuki et of., 1999; Wallace et al., 1999; Mok et al., 2003},
seronegative spondylarthropathies (Tsuchiva ef al., 1998) and
inflammatory bowel disease {Orchard et of., 2001; Ahmad
et al., 2002}. Secondary association of the rransmembrane
MICA AS.1 aflele with coeliac disease has been also suggested
(Fernandez etal., 2002; Lopez-Vazquez et af.,, 2002abx
Rueda et al., 2003}, Our finding that the transmembrane
AS.1 allele is associated with the adult-onser TIDM is
supported by several studies focused on the investigation

of the relation between transmembrane MIC-A alleles and
autoimmune diabetes mellitus. These studies showed that the
microsatellite A5 allele is associated with the susceptibifity
to young-onset TIDM while the AS.1 allele is associared
with adult-onset TIDM {Gambelunghe et al., 2000,
2001; Gupta ¢f al., 2003). Findings that different allefes
of MIC-A gene are associated with voung-onset TIDM
and adult-onset TLDM support the hypothesis that these
two diseases could have different immunogenetic back-
ground. In conerast with several studies {Gambel-
unghe et al., 2001; Berzina et al., 2002}, we have not
proved that LADA development is associated with mic-
rosatelfite polvmorphism within the MIC-A gene.

Qur study shows now that the microsatellite polymor-
phism of the MIC-A gene indicates the risk for autoimmune
diabetes mellicus development, Until now, it has not been
stated that MIC-A protein is normally expressed on
pancreatic B-cells that’s the way the association with
autoimmmune diabetes might be the result of linkage dis-
equilibrium between the microsatellite polymorphism within
the transmembrane region of the MIC-A gene and 2 still
unidentified gene in the HLA region. Because the MIC-A gene
is expressed only on intestinal epithelium, it could play a
role in mucosal immunity and trigger autoimmune reactions.

In conclusion, the results in this study suggest that
microsatellite polymorphism within the transmembrane
region of MIC-A gene is associated with genetic suscepti-
bility to adult-onset TIDM whereas we did not prove its
associadion with LADA. According to our findings, we
can hypothesize that adult-onset TIDM and LADA may
have partly different immunogenetic aetiopathogenesis.
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NFkB and Its Inhibitor IkB in Relation to
Type 2 Diabetes and Its Microvascular and

Atherosclerotic Complications

Marianna Romzova, Daniela Hohenadel,

Katarina Kolostova, Daniela Pinterova,

Marketa Fojtikova, Sarka Ruzickova, Ctibor Dostal,
Vladimir Bosak, Ivan Rychlik, and Marie Cerna

ABSTRACT: Nuclear faccor x B (NFKB) is an important
ceanscriprion facror that togecher wich fts inhibicor (kB3
parricipates in the accivation of genes involved in immune
responses. We examined the CA repeat polymorphism of
the NFKB1 gene {enceding for NF«B) and A/G point
variation in the 3'UTR segion of the nuclear facvor kappa
B inhibitor alpha (NFKBIA) gene {encoding for 1B} in
Crech and German patients with cype 2 diabeces, The
sample consisced of 211 parients, boch with and without
kidney complications, and 159 concrols. Addicionally,
132 patients with syscemic lupus erythemarosus (SLE)
were genotyped for NFKBIA polymorphism. We ob-
served a sigaificant increase in the homozygous AA ge-
owtype of che NFKBIA gene when compared wich the
control group (the highese value was in diabetics without
diaberic nephropathy {p.* = 0.0013, vdds catio = 3.5973
No differences were seen between the SLE and control

ABBREVIATIONS

DN diaberic nephropathy

DNTPs  deasyribonucleotide triphosphaces
Hbale hemoglobin Al

kB inhibicor of nuclear factor k B
IKK-8  IxB kinase B

INTRODUCTION

Diaberic npephropachy (DN} is the major cause of
chronic renal failure in patients with diabetes mellirus.
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groups. With regard co the polymorphism of the NFKB1
gene, we did not observe any significant differences be-
tween che groups. Since the AA agmmtyp& of the NFKB1A
gene presents a risk for eype 2 dinbetes development bue
not for diabetic sephropathy alone, we believe chae the
NFKB gene polymorphism can influence the puthogenesis
of diabetes mellizus and affect its complications. Negarive
findings relative to ocher inflammarery autoimmune dis-
eases, such ns SLE, suggest a specific relationship berween
NFKB and wype 2 diaberes mellitus.  Human bomunology
67, 706713 (2006}, £ American Society for Histocom-
patibility and Immunogenetics, 2006, Published by
Elsevier Inc.

KEYWORDS: Nuclear factor K B; inhibiver of muclear
factor ® B; diabetic nephropachy; type 2 diaberes; sys-
temic tupus erythemarosus

INF-y  interferon ¥

NFxB  guclear factor ® B

NDRD  nondiabecic renal diseases

PCR  polymerase chain renction

SLE systemacic Jupus eeythematosus

Nearly 30% of both rype 1 and type 2 diabetic parients
develop DN independently of glycemic control. The
fact that DN manifests in only a subser of diabestics,
together with racial/ethnic differences in the prevalence
and family clustering, demonstrates its genetic inde-
pendence from diabetes mellitus {1). The risk factors
char have been identified for the developmenc of DN in
longitudinal and cross-sectional studies include: race,
genetic suscepuibility, hypertension, hyperglycemia,
hypesfilrration, smoking, advanced age, male sex, and a
high-protein dier {21,

Nuclear factor & B (NFxB) is a transcription factor
that has been shown to be involved in the cegulation of

U198-8Y45908 $see front matter
dois 0101 & bumimm. 2006.05.006
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NFKB Relation to Type 2 Diaberes and Its Complicacions

many genes that encode mediators of che immune
response, embryo and cell lineage development, cell
apoptosis, inflammation, cell cycle, oacogenesis, viral
replication, and a variety of autoimmune diseases. Be-
cause it is activated by a variety of stirouli, the activa-
tion of NExB is thought to be part of the stress
response. These activating stimuli include reaccive ox-
ygen species and advanced glycation end products,
which are roxic products of nonenzymaric glycacion
caused by long-term hyperglycemia and oxidacive
stress. Ar the cellular level, NE«B is activated through
phoespherylation of an inhibitor of NFkB (IkB). Phos-
phorylated kB is released from NFxB/AxB complex,
allowing the translocacion of NFkB molscules into the
nucleas. Once in cthe nucleus, they bind ro the consen-
sus sequence (3 -GGGACTTTCC-3") of various genes,
thereby activating their cransceiption [34). Recent
studies have investigared the role of NFxB in the
pathogenesis of various buman diseases including neu-
rologic disorders, immune deficiency, carcinogenesis,
and atherogenesis. In addivion, the possible link be-
rween NFxB and che development of insulin resistance
and type 2 diaberes has also been suggested {3,5~8].

The NErB cranscription factor complex has two
alternative DNA binding subunits, nuclear factor
kappa B p 105 subunic (NFKB1) and NFKB2. The
gene coding for NFKB1 is locared on chromosome
4q23-24 19]. A polymorphic dinucleotide CA repear,
with 18 described alleles, has been idencified close o
the coding region of the human NFKB1 gene [10].
This polymorphism has recently been investigated for
its role relative o increased susceptibilicy to type 1
diaberes mellitus (Kolostova et al., article in press)
{11}]. Encouraged by other studies chat also suggest
that an increased activation of NFB is associated with
the development of diabetic microvascular complica-
rions {12,13], we examined the CA repear polymor.
phism of rthe NFKB1 gene in relation to diabetic
nephropathy.

The gene coding for IkB (NFKBIA) has been
mapped o chromosome 14ql3, and A/G point vacia-
tion in the 3'UTR region of NFKBIA has been de-
tected. We also examined single nucleotide polymor-
phism of che IkB gene, looking for its involvement in
che induction or progression of diabetic microvascular
complications in the kidney.

In both apalyses, we compared the entire group of
diabetic patients (both those with and those without
reoa! complications) with healthy controls drawn from
Czech and German populations. :

{n addition, we also tested NFKBIA poly morphism in
a second disease, systemic lupus erythematosus (SLE), to
confirm or refute a specific association becween NFeB
and diabetic complications or diaberes irself.
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MATERIAL AND METHODS

Subjects

The scudy of polymorphisms in the NFKBIA and
NFKB1 genes involved 3935 persons consisting of 246
diabetic patients and 159 control subjeces. All subjects
were of Caucasian descent and lived ia either the Czech
Republic or Germany.

The group of diabetic parients, most of whom were type
2 diaberics (# = 211), were subdivided into three groups
based on their renal starus, The first group of patients
{# = 30} included persons with nondiabetic renal disease
(NDRD). Diseases in this group included atherosclerotic
remal disabilicy, glomerulonephritis, focal segmental glo-
merulosclerosis, vascular nephrosclerosis, a5 well as inflarn-
matory tubulointerstitial nephritis and chronic pyelone-
phritis. The second group of patients (# = 118) consisted
of persons with DN. The third group (# = 78) consisted of
patients who were excluded from groups 1 and 2 buc were
able to meet the following criteria: ducation diabetes 215
years, normeatbuminuria (albumin <20mg/day), and were
not using angiotensin-converting enzyme inhibivors, an-
giotensin 11 receptor antagonists, diuretics, or nonstecoidal
anti-inflammatory drugs. All subjects were chosen on
the basis of biochemical and clinical characrerizations
{Table 1),

For the genotyping of NFKBIA polymorphism in SLE
patients, samples were collected from a group of affecred
persons (# = 152 and a group of healthy concrols
{# = 138), Both groups were chosen from the Czech and
Slovak populations. The affected group was made up
mostly of women {909%), with an average age of 47 years
and an average SLE duracion 17.5 years, The conera group
consisted of healthy persons with an average age of 40
years, with both sexes being almost equally represented.

Patients were recruited from the nephrology ourpe-
tient clinic of the 2nd Invernal Medicine Deparrmenc of
the Paculty Hospital Kralovske Vinoheady in Prague, the
private diabetology outpatient’s clinic in Prague, the 5th
Medical Department of the Universicy Clinic in Mann-
heim, the Instituce of Rheumarology in Prague, and the
fostituce of Rheumatology in Piestany. The control
group came from blond donors recruited from the Blood
Transfusion Depuartment of the Faculey Hospiral
Kralovske Vinohrady in Prague. None of the healthy
control subjects were taking any anci-inflammatory or
immunosuppressive medication.

Written informed consents were obtained from all
participants.

Genotyping

DNA was excracted from collecced samples using a mod-
ificacion of the Qiagen DNA blood maxi iselation method.
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TABLE 1 Clinical and biochemical characterizations of Czech and German patients in tested groups

Czech padients German patients

NDRD With DN Ne DN Wids DN Ne DN
Woenen (%) 40 40 43 46 53
Average age () 73 (] 53 64 97
Durarion of DM (3} 15.9 £ 8.65 185 %£7.9 25 % 8.1 137293 W84
Hypertension (%) F 83 53 75 50
Meua systolic BP 144 £ 21.22 166 % 6.0 “ 142 £ 216 1348 £ 216
Mena diascolic BP 8% £ 127 93116 # 79 2109 79 %120
BP amplirude 59 = 15.74 73 % 208 » e B IRS! 66 % 1.51
Hiscoty of MI (%) 16 24 * 26 31
History of scroke (48 13 7 # 12 6
Dinberic retinopathy (%) 18 49 7.5 9l 44
ACEI therapy (%) 58 &1 17.5 57 31
Insulin checapy (%3 43 46 20 53 33
PAD (%) 33 50 S50 17 19
HbAL {gl “ a 5.6 1.9 74 %155 74 % LAY
Proteinuria (mg/L) 0.39 = 0.70 2,66 £ Q.82 875+ 35 346222
Serum creatinin (fumol/L) 169.5 & 64 171 = sud 1049 & 218 * @

Abbreviarions: DM = disberes mellitus; BP = blood pressuse; MI = myccacdial infaserion; ACED = angiotensinconverdng engyme inhibitors; PAD = per oral

aatidiabetics; HbAle = hemoglobin Ale.
* Unavailable daca.

NFKBIA

Genotyping of the NEKBIA poiat variation (A/G) poly-
morphism, was performed using the restriction fragment
length polymorphism (RFLP) method. Polymerase chain
reaction (PCR) vielded 20 pl that contained: 50-100 ng
genomic DNA, 1xPCR buffer, 2,5 mM MgCI2, 0.2 mM
QNTPs, 0.3 mM of each primer, and 53U/l Taq poly-
merase. Thermal conditions were: initial denacueation at
94°C for 5 minuces, followed by 30 cycles of 94°C for 30
seconds, 32°C for 30 seconds, and 72°C for 30 seconds,
with a final extension of 72°C for 2 minuces. Following
amplification, 10 ud of product was digested with Haelll
ar 37°C. For genotype derermination, samples were
loaded into the wells of an echidium bromide-srained
29 agarose gel.

We idencified the following genotypes: che wild-type
variant GG (aondigested) was characrerized by fragment
length 424 base pair {(bp); the variant AA {completely
digested} by 306bp and 118bp; and the heterozygore AG
{partially digested) by 424bp, 306bp and 118bp
fragments.

NFKB1

Genotyping of CA repeat polymorphism in the NFKB1
gene involved the use of fluorescently labeled primers
previously described by Ota ¢ &/, {101 The PCR prod-
ucts were amplified uader the following conditions: 20
i+l of che reaccion mixcure concained 50-100 ng genomic
DNA, 1xPCR buffer, 2.5 mM MgCl2, 0.2 mM dNTPs,
0.5 mM of each primer, and 5U/ul Taq polymerase.
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Thermal conditions were set at: 94°C for 4 minuces,
followed by 30 cycles of 94°C for 30 seconds, 52°C for
30 seconds, and 72°C for 30 seconds, with a final exten~
sion of 72°C for 5 minutes. We used the fragment
analysis mechod, performed on ALFexpress fragment an-
alyzer (Amessham Pharmacia Biotech, Uppsala, Sweden)
with ALPwin software, for the decection of polymorphic
alleles in the NFKB1 gene.

Staristical Analysis

To determine significant differences in genorype and
allele frequencies of the NFKBIA and NFKB1 genes,
genotype and allele distributions were compured berween
affected and control populations using the X° test, fol-
lowed by the Bonferconi correction for mulciple compar-
isons (¢,). p values <0.05 were considered significanc.

RESULTS
inhibitor of NFKBIA

Our study used PCR-based genotyping ro investigate
single-nucleotide polymorphism (A=»G) in che 3. UTR
region of the NFKBIA gene in an attempt w0 access irs
possible role in the development or progression of DN in
diabetic patieats.

To determine whether this possible association is re-
lated to jusc nephropathy we compared diabetic pacients
with renal disease (v = 117) with chose diabetic parients
withour renal disease (# = 78). We found no significant
differences in allele or genotype frequencies (¢ = 2.75;
2. = 0.75).
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TABLE 2 Frequencies of NFKBIA alleles and genotypes in tested groups with marked sigaificant differences in

compatison to the contel group

Frequencies (%)
WNFKBIA alleles NFKBIA genorypes .
Studied groups fA) iLes) fAG) fAAY RGGH
Conzrols (¢ = 1593 3.0 53.0 380 17.4 270
DM withoue DN 45.0 53.0 44.9 42.3 128
{u = 78) {p = N§ = NS} {p = N§) 2 = 0.001% g = NS
{OR = 3.5%)
DM with DN 57.0 43.0 $5.2 30.6° 16.2
o= 111) o= NS @ = N$ @ = NS) 4 = D38 @ = NS)
(OR = 216
NDRD 52.5 47.5 8" 42.5% 375
(v = 48) (g = N8 {# = N$ P = 00005 £ = DO035° {p = NS}
(OR = 0.20) (OR = 351
TDM 58.0 42.0 47.4 24.6* 18.06
(=211 @ = NS = N§ ¢ = NS £, = 00007 = NS
(OR = 259

Abbrevintions: NFKBIA = nuclear factor kappa B inhibicor alphs; DM = diaberes mellivus; DN = dishuric aeplwopachy; g, = o value after Bonferrcni's

cowrection; N§ = ne significance; OR = odds ratio; TZDM = type 2 diabetas,

* Seavistical signifivange.

With regard to allele frequencies we observed no
differences between dinbetic patients withour DN and
the control group. There was an increase in the frequency
of the A allele in the diabetic NDRD group and the
diabetic DN group as compared with the control group
{Table 2), however, this increase wus not stacistically
significant.

A stacistically significant difference was observed in
the frequencies of che NFKBIA genotypes between the
diabetic group (Groups 1, 2, and 3) and che concrol
group (Table 2). We observed a significant increase in
the homozygous AA genotype in all tested groups;
however, it was mainly seen in diabetic parients with-
out DN (Geoups 1 and 3) (% = 0.0015, OR = 3.59).
The expected decrease in frequency of the homozygous
GG genotype did not prove to be significant when
compared with che control group. An increased preva-
lence of the AA genotype (p.* = (.0033; OR = 3.61)
was observed in the group of NDRD patieats, but chis
was coupled with a significantly decreased prevalence
of the AG genorype (. = 0.0003; OR = 0.20).

Since our results suggested che involvement of
NFKBIA polymorphism in the etiology of diaberes
mellicus, we compared the allele frequencies of the
controls with type 2 diabetic padients (# = 211} col-
lected in this study and observed thac the AA genotype
frequency was significantly increased {p_* = 0.00073;
OR = 2.59). There was also an increased frequency in
allele A, bur chis was not stacistically significant. To
establish specificity of our findings, we also tested the
NEKBIA polymorphism in SLE patients {(» = 152).

&7

We observed no differences in allele or genorype dis-
criburion between SLE patients and che control group.

NFKB1

In addition to testing single-nucleotide polymorphism
of the NFKBIA gene, we also sought an association
berween polymorphism in the NFKB1 gene and DN
and type 2 diabetes. We tested 245 diabetic patiencs
and 139 healthy controls for the polymorphism.

We identified 12 out of che previously described 18
alleles of the CA repeat in the regulatory region of che
NFEKBI1 gene [11], ranging in size from 114 o 142bp,
which corresponds to 12.26 CA repeats. The longest
alleles (144-134bp), identified among United King-
dom subjects, were not found in our populations. The
shortest ones (114-122bp) were found, but only in the
concrol group, We did not find any statistical differ-
ences between the frequencies of NFKB1 alleles in
diabetics with renal malfunction and those withour.
Compared with healchy controls, frequencies of ob-
served alleles in type 2 diabetics were similar (Table 3).
The most frequent alleles were A3 (23.2%) and A9
{33.3%).

We identified 43 genotypes in our samples of Czech
and German populations, and we found no significant
differences berween the genotype frequencies of the
diabetic groups compared with the control group. The
most common genotypes were AYAD (124, 136) and
AQ/AD (136, 136). Other frequent genotypes were:
ABIA9, A4/AD, and AB/AY,
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’1}‘\81'.;E 3 Disecibution and prevalence of the NFKB1 alleles among different populations (frequencies in %)

Crech Republic Germany Crech Republic United Kingdom Denmark Spain Austealia
NUKB1 Length € 12DM T2DM € TIDM lADA JDM < TIDM  TIDM C Ra SLE D = CED BRC
aletes  (bpd A= aTA ¢= 3T eT 6T T 4TI T IN A p T 2Y 4T A0 4= 197 57181 7 311 2= S 2= 102 g 102
A01 14 04 147 294
A2 116 147 294 0.43
A03 18 294 ] L
Al 120 09 043 0,98
A2 122 07 149 045 16 087 0.3 0.4 24% o
A3 124 227 2190 s ™ 2ay 2088 10at 115 044 076 026 0% %3 s 647
Ad 128 5.8 3.4 52 05 S9F 284 10 62 2271 288 1756%  19.27% 1990 044 1.98
A3 128 36 07 2 44 223 9% 14 45 524 9.64 8.23 g.04 27 44 8.3
Aé 130 86 103 131 7919 147 4.3 58 131 228 an 224 1.3 4.3 24 245
AT 132 4.3 2.7 A% 175 1343% 204 09 043 58 9.17 457 725 635 6.8 294 (X 137
AR 134 9 75 a6 88 1268 147 109 198° 6.2 459 s 87 1M 97 4T e 4
Ag 136 37 B2 H st s 38t w4t 99 149 1026 1es 102 108 121 2.94 34 1.96
Al0 138 36 5.5 (%] 26 247 441 45 27 178t 3BV 3290% 3628 467" 2860 o4 39 245
All HWe 29 27 2 26 074 441 &1 99 104 5003 508 35 4.27 5.8 588
A12 142 14 2.1 04 LIS 2.23 76 568 482 174 192 4.4
A3 144 11.26 53 0.4d 25 (%} 4 L3
Al4 146 28.38° 39 0.44
AlS 148 7.21 6.7
A6 150 5.41 16
A17 152 0.9 0.2%
Al% 154 0%

Atbrevistions: NFERL =.bp =

* geatistiond sigoificone found.
¥ Mot frequent alleles in paaicubi popolstive,

- = contvols, BIDM = type 2 disketes mellivas pacieness T1DM = rype 1 i
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s nallanus parienis: LALIA = latent aurciromnune disketes i adult patients: JIM = juvenile
diatwtes mellivos patients; RA = cheumaroid asthricis; SEE = spstematic lupus envhenacaus parienrs: T4 = celiac Jisease pariears; CiBC) = conteols for bieast cunter pativats; BC = bramt caar patients.
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DIsCUSSION

In this study we performed generic analyses of two genes
encoding NFKB1 and its inhibicor (NFKBIA) in pa-
tients with type 2 diabetes mellirus and SLE. The pa-
tients came from three cenpral-European Caucasian pop-
ulacions. More than 200 cype 2 diabetic patients, having
had diabetes for at least 15 years, were tested. The
diabetic patieats were divided inte a group of patients
without complications, a group of patients wich diabetic
microvascular (DN) complications, and a group wich
maceovascular  (NDRD) complications.  Additionally,
nearly 150 SLE patients were also tested. Because the
Czech and German diabetic patients showed a similar
distribution of NFKB1 and NFKBIA alleles, we pur
them cogether and compared them wich che conrrol
group. There is evidence that Czech and German genetic
backgrounds are similar, and ocher genetic studies have
joined chese two ethnic groups for increased validity
{14,151, Indeed, a study of NFKB1 gene polymorphism
in Denmark nsed published data from the United King-
dom as their vontcrol group [16]. (Table 3). The Slovak
and Czech patients, having originated from the same
central-BEuropean Caucasian population, ase considered o
have a homogeneous genetic basis {17-19). We also
collected samples from a group of SLE pacients and a
control group and tested them for NFKBIA polymor-
phism. Since no divergences in the allele distribution
between the two populacions were observed, we included
them in our study.

Although this study did not confirm any association
betwean single-nucleotide pelymorphism in the 3'UTR
region of the NFKBIA gene or the CA repeat polymor-
phism of the NFKB1 gene and DN alone, we did detect
an assaciation between NFKBIA polymorphism and type
2 diabetes mellitus. In more than 200 type 2 diabecic
patients we observed a significandy increased frequency
of the AA genotype (% = 0.00075; OR = 2.59). The
value with the most stacistical significance was observed
for the AA risk genotype in dinbetic parients wichour
DN {Groups 1 and 3} (p.* = 0.0033; OR = 3.61). We
suspect thar the AA genotype could represent a risk
genotype for type 2 diabeves mellirus. Additional testing
of 152 BLE pacients proved our suspicion; we found no
differences in allele or genotype frequencies, when com-
paring with the control group. The absence of an asso-
ciation berween NFKBIA polymorphism and other dis-
enses characterized by cluonic  inflammarory and
autcimmune processes {20}, where involvemenc of NFkB
was presumed, indicates its specific relation ro the patho-
genesis of type 2 diabetes,

The AG genotype was significancly decreased in the
NDRD group (p.* = 0.0003; OR = 0.20), and probably
renders protection against atherosclerosis. Our findiags

&9

71t

regarding the association between NFKBIA polytor-
phism and the NDRD group mirror the previous work of
others. I suggests a possible role of NFkB in the deg-
radarion of the glomerular basement membrane and %l-
teration of glomerular and rubular cell funcrions. The
mechanism involves signaling pathways thar trigger the
transcription of genes, leading to hypertension, endothe-
fial cell damage, and arherosclerotic changes under stress
conditions. There has been an additional role hypothe-
sized for NFxB in the etioparhogenesis of cardiovascular
diseases {24,211

It is known that 3" UTR is a regulatory region chat is
essential for the sppropriate expression of many genes,
specifically genss associated with the control of nuclenr
export, polyadenylarion status, subcetlular rargeting, and
raves of translation and degradation of mRNA {22}
These faces suggest a possible mechanism by which vari-
ation in the 3’ UTR region of the NFKBIA gene could
alter the funcrion and stracture of IkB. Aberrant IxB
may not bind to NF«B effectively, allowing for sustained
activity or preventing a reduction in activity. There is
evidence that free fatcy acids induce insulin accivation of
protein kinase C, which can cause insulin resistance in
human skeletal muscle chrough the IKKP/ IxBa/NFrB
pathway {5,23,24], NFxB-induced activation of several
cytokines, such as interleukin 1-8 and rumor necrosis
factor «, leads to changes in the insulin receptor sub-
strate, which contributes to the inhibidon of glucose
uptake by cells and thus causes insulin resistance
{25,263, This fact rogether with che proposed mechanism
could explain why our findings point to the invelvement
of IkB in the pachogenesis of type 2 diabetes mellims.

The IKKP/ IxBo/NFxB pathway could alse be in-
volved in the iniciation of rhe autoimmune process seen
in type 1 diabetes mellitus [11}. The mechanism, how-
ever, is different from type 2 diabetes. Several studies
have suggested a variety of factors, such as interfeukin
1-B. interferon +y or double-stranded viral RNA as wig-
gers of NFxB mediated B-cell destruction. This destruc-
tion is caused by the expression of 4 wide range of
proapoprotic genes, such as, inducible niceic oxide syn-
thase and mamor necrosis facror o [27] These observa-
tions could explain the previous findings of Kolostova o
4. (article in press) and che resules of Hegaay of &/ {113,
which showed thar CA repear polymorphism of the
NFKB1 gene is strongly associated with type 1 diabetes
mellitus. The face that this polymorphism is not a pre-
disposing faceor for type 2 diabetes mellicus i our scudy
supports the idea that different signaling pathways in-
volving IkB/ANFKB are implicated in the pathogenesis of
these cwo diseases.

Several reports on the association study abour the CA
repeat polymorphism of the NFKB1 gene exist. They
were performed in a variety of ethaic groups (United
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Kingdom, Denmark, Spain, and Auscaalia) and involved
a variery of diseases (type 1 and 2 diabetes mellitus,
celine disease, theumatoid archritis, SLE, and breast can-
cer). Surprisingly, different allele distriburions (Table 3)
were found in each echnic control group, In Czechs, the
most frequent alleles were A3 (124bp) and A9 (136bp)
{Kolostova ¢ «, article in press). The most common
alleles in che Unied Kingdom population were AS
{134bp) and Al4 (146bp) {11} In Spain, the most
frecuently repocted alleles were A4 (126bp) and ALO
{138bp) [28}. The most common alleles in the Austealian
population were A2 (122bp) and A8 (134dbp) [29]. Be-
vond this, each study devecred a different kind of generic
predisposition, specific only for a certain erhnic group.
This divergence among populacions may be explained by
the generic heterogeneity of the invelved populations.
Orher genes, for instance MIC-A, also showed variacions
i allele distriburions among concrol individuals {30,311,
An explanacion for the different discribution of the allele
frequencies among populations could be the difference in
the methods used in detecting polymorphic varianes of
NEKB! in these studies.

Although this study did oot confirm an associacion
between NMFKBIA polymorphism and DN, we assume
thar NExB is involved in the pathogenesis of both types
of diabetes mellivus and irs cardiovascular complications.
This assuraption is made on the basis of our current
findings, which show an association between type 2
diaberss mellicus and owr previous findings. Our previ-
ous findings showed NFKBIA polymorphism to be as-
sociated with awroimmune disbetes melling (Kolostova
et o, article in pressy. We suggest 2 dual mechanism for
NEKB participation in theic pachogenesis. Additional
functional studies are necessary for furcher investigation.
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The Frequency of Alleles of the Prol12Ala Polymorphism in
PPARY2 Is Different between Healthv Controls and Patients

with Type 2 Diabetes

{ PPARY2 / Pro12Ala polymorphism / type 2 diabetes / allele frequency / lipids )

D. PINTEROVA!, M. CERNA!L, K. KOLOSTOVA!, P NOVOTA!, M. CIMBUROVA!,
M. ROMZOVA!, A. KUBENA!3, M. ANDEL?

IDivision of Cell and Molecular Biology, 3% Faculty of Medicine, Charles University, Prague, Czech Republic
29nd Department of Internal Medicine, 3*d Faculty of Medicine, Charles University, Prague, Czech Republic
315t Faculty of Medicine, Charles University, Prague, Czech Republic

Abstract. The aim of this initial case-control study was
to determine the association between common
Prot2Ala polymorphism in the PPARY2 gene and type
2 diabetes in the Czech Republic. Furthermore, the
effect of this polymorphism on phenotypic characteris.
tics and on levels of lpids (total cholesterol, HDL-cho.
lesterol, LDL.cholesterol and triglycerides) was
studied. One humdred thirty.-three patieats with type 2
diabetes and 97 control subjects were investigated.
PCR and RFLP analysis weve used for identification of
individual genotypes. In the grovp of patients, three
sarples {2.26%) were identified as homozygous for the
Ala/Ala genotype and 99 samples (74.4d%) were
bomozygotes for the Pro/Pro genotype. Thirty-one
samples (23.31%) were identified a5 Prol2Ala het.
erozygous, In the control group, six samples (6.19%)
were homozygous for the Ala/Ala genotype and 61
samples (62.89%) were homozygotes for the Pro/Pro
genotype, Thirty samples (30.93%) were identified as
Prol12Aks heterozygous. The allele frequency for the
Ala allele was lower in the type 2 diabetic group than
in the control group (13.91% vs, 2143%, P = 0.022).
There was no difference {(at P < 0.05) between the phe.
potypic characteristics (BM1, sex) studied in the group
of patients according to the Prol2Ala genotype. There
was no sigoificant offect of the Prol2Ala polymor.
phism on lipid levels,

Received August 23, 2004, Accepted September 13, 2004

Funded by the 3¢ Faculty of Medicing, Charles University
Prague; Grant Number: J13/98: 111200001,

Cuorresponding author: Daniela Pintérovd, Division of Cell and
Molecular Biology, Third Faculty of Medicine, Charles
University, Ruskd 87, CZ-100 00 Prague 16, Czech Republic.
Tel: (4420) 267 102 666, Fax: (+420) 267 102 650, e-mail:
pinterod @seznamcz

Abbraviations: PCR — polymerase chain reaction, PPAR ~ per-
oxisome proliferator-activaled receptor. RFLP - restriction frag-
ment fength polymorphism.

Peroxisome proliferator-aclivated receptor (PPAR) y
is a transcription factor that has among others an impor-
tant role in adipocyie differentiation and expression of
the adipocyte-specific genes (Deeb et al., 1998; Zietz ot
al., 2002). PPARY is activated by natwally occurring
fatty acids and fatty acid derivates (Debril and Renpud,
20017 The biomolecular action of PPARy is well docu-
merted. This protein heterodimerizes with another intra-
celtular protein, the retinoid X receptor, and binds o
specific DNA sequences noted as PPERs {Debril and
Renaud, 2001). PPARy activation is linked to an
increased differentiation of preadipocytes to adipocytes.
There are three already known forms of PPARy
PPARYL, PPARYZ and PPARY3. These are products of an
alternative splicing (Sedmkovd et al., 2001). The
Prol12Ala polymorphism resides inside exon 2, which is
Jjust in the form called PPARY2 (Yen et al., 19971 The
protective impact of the Ala genotype is probably based
on less efficient stimulation of targel genes and lower
accumulation of adipose tssue and improved nsulin
sensitivity (Deeb ef al., 1998; Hara of al., 2000},

Recently reported data are very inconsistent about
the association of Prol2Ala polymorphisms in the
PPARYZ gene with type 2 diabetes. There are two large
studies suggesting a decreased risk of type 2 diabetes for
the Alal2 genotype in PPARY2Z (Deeb et al, 1998:
Alishuler et al., 2000). Several subsequent publications
fatled o confirm the association (Mori ef al., 1998
Mancini et al., 1999; Ringel et al,, 1999, Clement et al.,
2000, whereas others supported the data {(Hara ef al.,
2000; Jacob et al., 2000; Mori et al., 20011).

Material and Methods

Subjects

DNA samples were obtained from [33 unrelated
Czech patients with type 2 diabetes {characterization:

Folia Biologica (Praha) 50, 153-156 (2004)
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g 1. Eerophoresis of FCR products after restrieion on
2% agarose gel Line It negative controf Lines
2,34,5,7.89: bomozygotes Tor the ProfPro genotype. Line &
DNA marker. Line 10 bomosygotes for the AlvdAl geno-
type. Lines 11,12: heteroeygotes for the ProdAla genotype

age > 33 years, C-peptide > 200 pmol/t, antiGAD < 50
ng/mi). The level of C-peptide was determined by an
immunoradiometric method (mmunotech, Prague,
Czech Republic). The presence of IgG antibodies
agaiost GAD was detacted by ELISA {Roche Molecular
Binchemicals, Mannbeim, Germany). The levels of
lipids were determined using automatic avalyser
KONELAB 60 {Labsysterns CLD, Espoo, Finland) and
commercially available kits {BioVendor, Bmo, Crech
Republic). Ninety-seven healthy subjects were used as
acontrol. All of them were recruited from blood donors
and no clinical details were available for this group.
informed consent was obtained from all subjects.

Genetic analysis

Genomic DNA was isolated from peripheral blood
using a commercially available kit (QlAamp Blood Kit,
Qiagen, Hilden, Germany). The DNA samples were
stored at -20°C.

The part of exon 2 containing codon 12 was ampli-
fied by using forward primer {(Deeb ot al., 1998) 26-mer
F-GACAAAATATCAGTGTGAATTACAGE-Y and
reverse primer 25-mer SGTATCAGTGAAGGAAC-
CGCTTTCTG-3. The used PCR mix comtained: Ix
polymerase chain reaction (PCR}) bulfer for Tag poly-
merase, 200 uM dNTP (each), 1.5 mM MgCl,, 04 uM
primers, 2 U of Tagq polymerase and 30-100 ng of the
DNA sample. The PCR conditions were: denaturation
for 2 min at 94°C, followed by 30 cycles of denatura-
tion at 94°C for 25 s, annealing at 34°C for 30 s and
extension at 729C for 30 5, final extension at 72C for 5
min. The result of the PCR reaction was a 106-bp frag-
ment. This PCR product was visnalized by elec-
wophoresis on a 2% agarose gel in 1x TBE bodfer.

The Bsell restriction endonuclease was used for
digestion. We changed the sequence of DNA with the
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reverse primer and we prepared the digest site for this
inexpensive restriction enzyme. The digestion was done
at 35¢C for | h.

Then the final results were obtained from the second
electrophoresis on an agarose gel (Fig. 1 @

Statistical methods

The statistical difference in aliele frequencies
between the group of patients and the control group was
assessed by the binomial proportions test in the
Sugraphics Plus software. To confirm the difference
between groups of genotypes, the 2 test was used in the
Epilafo 2000 software. The influence of the genotype
on the clinical parameters was estimated by the
ANOVA test. The P vale < 0.03 was considered a3 sig-
nificant.

Results

Association of the Proi 2Ala variant in the
PPARY2 with tvpe 2 diabetes

Genotype distribution in the group of patients was:
2.3% homozygous for the Ala/Ala allele, 23.34%
AlafPro heterozygous, and 74.4% were ProfPro
homozygous. In the control group, 6.2% were homozy-
gous for the Al/Ala allele, 309% Ala'Pro heterozy-
gous, and 62.9% were Pro/Pro homozygous. There was
no significant difference in the proportions of the dif
ferent genotypes at codon 12 betwesn the group of
patients and the control group {see Table 1 below). The
Alg-allele frequency was 21 4% in the control group
and 13.9% in the patient group. The allele frequency for
the Ala allele was significantly lower in the type 2 dis-
betic group than in the control group {I3.01% vs.
21.A43%, P = 0.022). These duta suggest that the poly-
morphism Pro12Ala plays some role in type 2 disbetes
in the Czech population,

Table 1. Calculated P values for genotype frequencies

Nuo. of genolype
ProPro  Pro/Ala  AlafAla Total
Patients 99 3 3 i33
Controls 61 36 6 97
P value 0.06 419 013

The odds ratios are not mentioned in the table because
none of P values is significant.

Correlation between the PPARY2 genotype and
clinic parameters of the type 2 diabetic subjects
with and withow the Alal2 variant

Mo relation between the polvmorphism and BMI,
sex of levels of total cholesterol, HDL- and LDL-cho-
lesterol or triglycerides could be detected in the group
of the patients.
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Table 2. Clisdval characteristics of patients with the type 2 diabetes
Parameter Total Pro/Pro Pro/ala +AlafAla Pvalue
N (%) 133 (100) 99 (74.4) 3250
Age [years] 6534986 64.6 & 100 663+4940 ns. "
BMIT kgfm] 309463 312449 215458 ns.
Total ¢hotesterol fmmo¥l] 63&1.1 634 1.1 64409 né.
HDL [romoft] 15403 15403 1.6+ 03 s,
LDL {rnobd] 39x11 39+ 1.1 40409 ns.
_Triglycerides [mmoli] 27%12 31+ 17 24%18 5.

1.5, - not significant
Discussion

This study supports the hypothesis that the
Prol2Ala polymorphism of the PPARY2 gene plays a
significant role in type 2 diabetes of the Czech popula-
tion. Our results showed that the frequency of the Alal2
variant of the PPARY2 gene is higher in the control
group than in the group of patients. This can be
explained by the fact that the proline to alanine substi-
tution in the codon 12 in PPARY2 is associated with a
decreased risk of the type 2 diabetes. These data are
consistent with several previous siudies carried out on
German (Jacob et al., 2000), Fionish (Deeb et al.,
1998}, Japanese (Hara et al., 2000; Mod et al., 2001 or
Cavcasian (Alsholer o1 al, 20000 populations and
inconsistent with others (Mori et al., 1998; Mancini ¢
al., 1999; Ringel et al., 1999).

Some authors compared numerous clinical charac-
teristics and the Prol2Ala polymorphism between type
2 diabetic subjects and control subjects or type 2 dia-
betic subjects with and without the Alal2 variant. They
found many varions associations of the Prol2Ala poly-
morphismt with BMI (Deeb et al,, 1998), insulin sensi-
tivity {Deeb et al,, 1998; Koch et al., 1999; Hara et al.,
2000; Jacob et al., 2000, changed concentrations of
total cholesterol (Mori et al. 2001 ; Zietz et al. 2002) and
LDL~cholesterol (Zietz et al., 20023, But it is obvious
from our analysis of clinical characteristics that there is
no significam diference in the BMI or lipid levels. It
thus seems that for studying the role of the Prol2Ala
polymorphism of the PPARY2 gene in the genetic back-
grotnd of dyslipidaemia, much larger studies are needed.

In summary, we can conclude from our resules that
the Prol2Ala polymorphism of the PPARY2 gene is
assovited with reduced risk of type 2 diabetes. This
protective effect is evident among Alal2 variant cardi-
ers. We have further demonstrated that the polymor-
phism is not associated with BMI and changed lipid
levels.
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Letter to the Editor

Six novel mutations in the GCK gene in

MODY patients

To the Ediror:

Maturity-onset diabetes of the young (MODY;
MIM# 606391} is a genetically and clinically
heterogeneous form of diabetes mellitus, charac-
terized by an awtosomal dominant inheritance,
early-onset non-insulin-dependent diabetes mel-
litus and by a primary defect in the pancreatic
beta-cell function {1). Until now, six types of
MODY diabetes have begn identified, depending
on the gene causing the disease {2). Screening for
glucokinase (GCK) mutations in subjects with
clinical characteristics of MODY allows distin-
guishing between patients with a benign meta-
bolic condition {GCK mutation positive, clinical
diagnosis MODY2) and those with a higher risk
of progressive hyperglycemia associated with
more prevalent and severe diabetic compim&imm
{GCK mutation negative). The first mutation in
the GCK gene was reported in 1992 {3). Up to
now, 195 mutations in GCK have been described,
in 285 families {4). Diabetic complications are
rare in GCK~-MODY, thus GCK~-MODY pa-
tients only need 1o be followed by annual HbAlc
examination. Also, screesing of GCK for
heterozygous inactivating mutations allows to
determine the subtype of MODY diabetes and
to predict the lifelong prognosis.

All 12 exons {exons la, 1b, l¢ and 2-10), the
intron-exon boundaries and promotor region of
GUK (GenBank accession pumber, AF041012-
22) were screened; in 92 Czech probands fulfilling
classical MODY criteria, using denaturing high-
performance liquid chsomatogmphy as provi-
ously described (5). The nature of identified
mutations was established by direct nucleotide
sequencing using BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster
City, USA) auoacﬁmg to manufacture’s instruc-
tions. Mutations were confirmed using a second,

inde pendent amplification of the affected part of

GCK and re-sequenced the following day. The
probands were recruited from pediatricians and
endocrinologists from the entire Czech Republic.
Fifteen different missense mutations were iden-
tified in 27 patients. Of these, six were novel
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missense mutations R250C (exon 7, ¢. 48C>T),
L315H (exon 8, c.944T>A), Filev (excm
8, ¢c.946T>G, F419L {exon 10, ¢.12535T>(C,
[436N fexon 10, ¢ 1307T2-A) and A454E (exon
10, ¢.1361C: A) Some of the identified GCK
missense mutations are located near putative
functional domains: R250C was found in the
close vicinity of a putative glucose binding site,
while F419L was detected near a putative
MgATP binding site and could thus affect
binding kinetics {6). Five of these mutations
co-segregated with hyperglycemia in the family,
suggesting that the variants are new disease-
causing mutations. For the novel R250C variant,
family members were not available for co-
segregation studies. All codons, which are
changed by the six novel mutations, are con-
served in the human, mouse, rat and chimpanzee
genomes and we found none of these mutations
in 30 unrelated healthy Czech Caucasian sub-

jects, Therefore, we assume that the mutations

are probably novel disease-causing mutations.
We also compared the clinical characteristics of
patients with FCK mutations and those withowt
mutation in GCK {data not shown in details). In
short - the treatment of hyperglyeemia with diet
was more frequent (p < 0.001) in the group of
probands with mutations in GCK and they had
a significantly lower frequency of diabetic
complications (p = 0.02). None of the pat:ent%
with mutations in GCK was treated with insulin
{p < 0.001) Moreover, GCK mutation carriers
had a lower level of glycosylated hemoglobin
{p=10.02). The mean HbAlc{%}in ("J("‘K«pm;t]w
mob‘mds vs negative was 5.7 £ 0.2 v 6.5 £ 0.2,
In conclusion. we ideantified 29% of (}(,’K'
mutation carriers among Czech MODY pro-
bands, confirming that mutations in GCK are
a common cause of MODY in the Czech
population. The present high relative prevalence
of GCK-MODY, compared with some other
European studies, might reflect not only a specific
genetic background, but also the mode of
recruitment, because most of the probands in
the present investigation were recruited by
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pediatricians. The prevalence of known types of
MODY differs in reports from various European
populations, Mutations in GCK were deseribed
to be a common cause of MODY in France {7)
and. Italy (8) whereas mutations in TCF/]
QMO{’)Y}‘} pre&axmn&tedm the UK (9}, Denmark
(10) and Germany (11). Our findings again
highlight the concept that molecular diagamstac
methods in clinical practice may help to verify
a diagnosis of MODY.,
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Abstract  Introduction:  Randomly estimated fasting
hyperglycaemia in an asymptomatic individual may represent
the firstsign of pancreatic B-cell dysfunction. Objertive: We
aimed at specifying the genetic actiology of asymptomatic
hyperglycaemia in 2 cohort of children and adolescents.
Subjects and methods:  We aalysed the setiological diag-
nogis in 82 non-obese paediatric subjects (38 muales) aged 0.2-
18.5 vears (medinn: 13.1)who were refered for elucidation of
a randomly found blood glucose level above 5.3 mmol]. In
addition to Bsting glycaemia and circulating levels of insulin
and Cepeptide, the subjects were tested by an oral glucose
tolerance test and an ntmvenous ghacose tolerance test and
soreened for mutations in the genes encoding glucokinmse
(GUK), HNF-la (TCF1), Kirh.2 (KCNAH Y (i aged <2 years)
and HNF-4a {HNF44) (those with a positive family history of
disbetes). Results and discussion:  We identified 35 carriers
of GCK mutations causing MODY?2, two carriers of 7CF{
mutations causing MODY3, one cavierof a HNFIA mutation
cansing MODY1 and one carrier of a KCNJI! mutation
causing permanent peonatal diabetes mellitus. Of the
remaining patients, 1 progressed to type 1 dishetes mellites
(T1DM) and 9 had impaired glacose tolerance or disbetes
mellitus of unknown origin. n 23 subjects, an impairment of
blood glucose levels was not confirmed. We conclude that 39
of 82 paediatric patients (48%) with mndomly found fasting
hyperglycaemia suffered from single gene defect conditions,
MODY?2 being the most prevalent. An additional 11 patients
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{13%) progressed to overt TIDM. The activlogical disgnosis
masymptomatic byperglycaemic children and adolescents is a
clue 0 intoducing an early and effective hempy o, In
MODY?2, to preventing any future extensive re-investigations.

Kevwords Hyperglycaemia - Genetics - Children -
MODY - Type 1 diabetes mellitus - Permanent
neonatal diabetes mellitas

Abbreviations FPIR: Fiest-phase insulin release - GOK:
Glucokinase - GUK: Gene encoding glucokinase - HbA ¢
Glycosylated haemoglobin - HNF-1o: Hepatoeyte nuclear
factor-1o - HNF44: Gene encoding HNFd4o - HNFa:
Hepatocyte nuclear factor-4doc - HNF-1: Hepatocyie nuclear
factor-1 - IGT/DM: Impaired glucose tolerance/diabetes
mellitus - IPF-1: insulin promotor factor - IVGTT:
intravenous glucose wlerance test - KONJIT: Gene
encoting Kir6.2 - Kir6.2: Inwardly rectifying K™ chamel
subunit - MODY: Maturity-onset disbetes of the voung -
NGT: Normal glucose tolerance - OGTT, Oral glucose
tolerance test - PND: Permanent neonatal diabetes
mellitus - SDS: Standard deviation score - TIDM: Type |
dizbetes mellitus - TCFL: Gene encoding HNF-1o

htroduction

For decades, the diagnosis of paediatric disbetes mellitug
has being considered trivial. In the majority of patients,
suggestive symptoms of recent polyueia, polydipsia and
weight loss, in some cases associated with ketoavidosis,
clearly indicate the need for blood glucose measurement to
establish the diagnosis of type 1 disbetes mellitus (T1DOM).

However, an unexpected finding of elevated blood
glucose may arise from a random measurement in children
without typical symptoms of diabetes, while elaborating
varipus medical conditions; in others, a positive dipstick fest
for glycosuria may have led to a subsequent estimation of
hyperglycaemin. As these children may suffer from pre-
symptomatic progressive pancreatic f-cell dysfunction, a
rapid and effective diagnostic action is required.
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Maturity-onset diabetes of the young {(MODY) is a
family of monogenic forms of impaired B-cell function.
The clinical diagnosis of MODY is based on (1) young age
at onset (before 28 years of age), (2) familial occurrence
with awtosomal dominant inheritance and high penetrance
and €3} no need for insulin freatment for at least 2 years
following ‘diagnosis {20, 22]. So fur, six distinet MODY
subtypes (MODY 1-MODY®6) have been defined accord-
ing to the underlying genetic defect.

MODY?2 is caused by mutations of the gene encoding
glicokinase (GCK), an enzyme required for glucose
phosphorylation in the pancreatic f-cells and in the liver
cells (Fig. 1). The affected subjects exhibit mild hypergly-
caemia from birth up to old age and are usually free of
symptoms and severe organ damage. The age at diagnosis
depends on the first blood ghucose estimation.

The additional MODY subtypes (MODY! and 3-6)
result from defective -cell transcriptional regulation
{Fig. 1). The affected individuals usually manifest in late
puberty or early adulthood and suffer from progressively
impaired insulin secretion and impaired glucose regulation
and a high risk of late diabetes-associated complications.

Neonatal disbetes mellitus {either transient or perma-
nent) is characlerised by hyperglycaemia revealed within
the first months of life requiring insulin treatment [7, 12}
Transient nconalal diabetes mellius resolves within a
median of 3 months {17]. On the contrary, patients with
permanent neonatal digbetes mellitus {(PND) remain insulin
dependent [171. A defect of KCNJII encoding the Kir6.2
subunit of the' f-cell ATP-sensitive K™ channel ltas recently
been established as a cause for PND in a substantial
popartion of affected children (Fig. 1) {7].

To make the spectrum of diabetic conditions among
children and adolescenis even more complex, type 2
diabetes meilitus is recently being reported among severely
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overweight young people from countries with an epidemic
of obesity [14].

Here, we studied mutations and the phenotypic expres-
sion in the genes TCF1, GCK, HNF44 and KCNJH in an-
unselected cohort of 82 children and adolescents, con-
secutively referred for investigation of asymptomatic
fasting hyperglycaemia,

Subjects and methods
Subjects

Between Jamuary 1998 and December 2004, 2 total of 82
children and adolescents (38 males, 44 fomales; aged
2 months~18.5 years, median: 13.1 years) were referred by
general paediatricians, pacdiatric endocrinologists or pae-
diatric departments of local hospitals to the Department of
Paediatics of the 3rd Medical Faculty in Prague for
elucidation of asymptomatic fasting hyperglycaemia. All
patients were of Caucasian origin. Their body mass index
{BMI) ranged between 13.7 and 25.0 kg/m® (median:
18.9). None of the subjects was severely overweight (BMI
>97th percentile of the age- and gender-matched reference
population} [3}.

Non-symptomatic clevated fasting blood glucose was
originally estimated either within the elaboration of an
acute condition (tonsillitis, gastroenteritis/vomiting, bron-
chitis, influenza, pyelonephritis, ofitis media, fatigue,
abdominal pain, head injury, vertigo, dyspnoea, collapse
or tachycardia) or following a positive glycosuria testing at
a routine preventive examination or ot urine examination
for various other wasons. None of the patients suffered
from polyuria/polydipsiaiveight loss or was ketotic at
initial evaluation,

Fig. 1 Main pathways regulating insulin secretion in f-cells (gff)
and the current toncept of B-cell tunscriptional regulation network
{(right). Glucose molecules enter B-cells via the GLUT2 membrane
fransporter. The cytoplasmic enzyme glucokinase {GCK) senses the
glucose concentration end initintes subsequent steps leading to
insulin release. Adenine nucleotides interact with dwe sulphonylurea-
binding component {SURY) of the inward rectifying potassium
channe! {Kir6.2). Potassium chasnel closure depolarises the cell
membrane, opening voltage-gated calcium channels. hcreased
intracellular caleium concentration promotes exocytosis of insulin

granules. Decreased GCK activity due to a beterozygous GCK gene
mutation (1) is associated with persistent mild hyperglycaemia from
birth up to old age (MODY2). Defects of Kir6.2 subunit of e
potassium channel due v a KCAJIT mutation (2) Jead to permanent
neonatal diabetes (PND). Failure of transcriptional regulation results
in gradual loss of insulin secretion. Affected individuals become
hyperglycaemic in late childhond, adolescence or young adult age as
seen in defects of HNF-doe (3) encoded by HAFIA (MODY D) or of
HNF-fa (4) encoded by 7UF! (MODY 33
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The age of patients at the first recognition of hypergly-
caemia was 2 weeks-16.1 years (median: 12.0 years) and
fasting plasma glucose level at the referring physician’s
office Tanged from 3.6 mmol (101 mg/dl) to 20.9 mmold
(376 mg/dly {median: 7.1 mmoll; 127 mg/dl). Those with
fasting plasma glucose <5.6 mmol/l (101 mg/dl) at initial
examination were excluded from the study cohort. At the
first examination following referral, levels of fasting
plasma glucose mnged from 4.0 mmol/l (71 mgidD) to
22.6 mmol/l (407 mg/dl) (median: 5.9 mmol/l; 106 mg/dl).

Study protocol
Baseline investigarions

The baseline evaluation included family history, fasting
glycaemia, fasting serum insulin and C-peptide, and
glycosylated haemoglobin (HbA,¢). Family history was
considered positive if at least one parent and/or one sibling
had diabetes mellitus,

All individuals were tested with an oral ghicose
tolerance test (OGTT) which was evahuted according 1o
the American Diabetes Association (ADA) criteria [1].
Children with results within nommal range (fasting plasma
ghicose <5.6 mmol/d and 2<h postload plasma glucose
<7.8 mmol/l; <140 mg/dl) were considered to have normal
glucose tolerance (NGT). Intravenous glucose tolerance
test {IVGTT) to assess pancreatic B-cell fumction by
estimating the first-phase serum insulin release (FPIR) was
performed in all children above 2 years of age. All subjects
were investigated for mutations in the genes encoding
GCK and HNF-1o. The KCNJI gene encoding the Kir6.2
subunit of the f-cell ATP-sensitive K channel was
analysed in all children younger than 2 years.

In addition patients with a positive fimily history of
diabetes mellitus in first-degree relatives but with negative
search for mutations in GCK, TCFI and KCNJII genes
were screened for mutations in the gene encoding HNFd .

Low.dose insulin therapy and home blood glucose
monitoring were initisted in patients who had abnormal
glucose tolemnce (a pathological result during an OGTT)
in association with decreased FPIR (lower than st
percentile). Although that is still not a standard therapeutic
option, we personally believe that it may prevent a rapid
pogression {o overt TIDM.

Clinical follow up

All study participants were followed prospectively. The
median  follow-up time was 3.9 years {range: 0.7-
69 years). Venous blood was sampled for HbA ¢ and
profiles of blood glucose levels over 24 h ({three to five
measurements before main meals and at bedtime) were
performed every 6 months.

In those on insulin therapy, the treatment was aimed at
maintaining near-normoglycaemia. The insulin require-

ments were recorded at regular outpatient visits every
3 months.

Ethics

Informed written consent was obtained from all subjects
and/or their parents before entering the study protocol. The
study was approved by the Bthical Committee of the 3rd
Faculty of Medicine, Charles University of Prague.

Testing procedures

Both OGTT and IVGTT [2] were performed according to
standard protocols. The subjects were on regular diet with
unrestricted carbohydrate intake at least 3 days preceding
the test. Excessive physical activity was not allowed 1 day
before testing. The test was not provided in cases of seule
illness and/or administration of drugs with potential effect
on blood glucose levels (including inhaled corticosteroidsy.
After an overnight fast for 10-12 h, testing was initiated
between 8 and 9 am,

For IVGTT, two contralateral antebrachial veins were
cannulated. Sampling was performed flom one cannula to
measure basal plasowa glucose and serum insulin and C-
peptide. Immediately thereafter, 0.5 g glucose per kg of
body weight (maximum: 35 g} as a 40% aqueous solution
was infused into the second cannula within 3 mins18 ¢
Serum insulin and C-peptide levels at ime points 1 and 3
min were used for caleulation of the first-phase insulin
response (FPIR). The results were evaluated according to
published standards {9, 18]

For OGTT, 1.75 ¢ glucose per kg of body weight
(maximum: 7% g) was given. Blood samples to measure
plasma glucose and serum insulin and C-peptide were
obtained at time points 0, 60 and 120 min. The results were
evaluated according to ADA criteria [11,

Routine laboratory assays

Plasma glucose

Plasma glucose concentration was measured by the
enzymatic hexokinase method using the automatic analyser
Konelab 60 (Thermo Clinical Labsystem Oy, Espoo,
Finland).

Cupeptide and insulin

C-peptide and insulin in serum were analysed by a
chemiluminescent immunometric technique using  the
commercial sets Immulite 2000 Cepeptide and Fvmulite
2000 Insulin (Diagnostic Products Corpomation, Los
Angeles, CA, USA).
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HbA o

Estimation of HbAjc was performed with the DS3
Analyser (Drew Scientific Lid., Barrow in Furness,
Cumbria, UK) using cation exchange chromatography in
conjunction with gradient elution. The assigned vatues of
HbA ¢ were calibrated to the International Federation of
Clinical Chemistry (IFCC) system (normal fevels: 2.0~
4.5%).

Genetic analyses
Preparation of genomic DNA

Genomic DNA was isolated from leukocytes in blood
samples anticoagulated with ethylenediaminetetraacetate

(EDTA).

Analyses of genes encoding HNF-1a, GCK
and HNF-4o

Denatured  high-performance  liquid  chromatography
(dHPLC) and direct sequencing were used for analysis of
all exons, the intron-exon boundaries and the promoter
regions of the TCFI and GCK genes [4]. Analysis of the
HNF44 gene and of its Pl promoter was performed by
direct sequencing using ABI PRISM Dye Primer Cycle
Sequencing Kit with AmpliTag DNA polymerase FS.

Analysis of the KCNJI gene

The published primers and previously described protocol
were used to carry out the polymerase chain reactions
(PCR) in addition to fragment 6 for which the ammealing
wemperature used was 70°C [8]. PCR were performed using
AmpliTag Gold and a Gene-Amp PCR system 9700
thermocyeler (Perkin Elmer, Foster City, CA, USA). After
PCR, the products were purified using an ExoSAP-IT
treatment (LUSB Corporation, Cleveland, OH, USA), and
all of them were sequenced in both directions using the
BigDye Terminator v3.1Cycle Sequencing Kit (Applied
Biosystems, Foster City. CA, USA). The sequencing was
performed on an ABI PRISM 3100-Genetic Analyser
(Applied Biosystems, Foster City, CA, USA).

Definition of diagnostic subgroups

Positive screening for mutations in the ANF44, GCK,
TCFI and KCNJI1 genes was considered diagnostic for
MODY!1, MODY2, MODY3 and PND, respectively.
Subjects with negative search for mutations in genes
mentioned above, but with persistent increased fasting
glycaemia and abnormaltly high plasima glucose response to
an OGTT were considered diabetic. Of these, individuals
with FPIR below the st percentile who required a daily
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insulin dose >0.5 IU/kg to maintain sear-normoglycaeniia
within the follow-up period were considered o manifest an
early (pre-manifest) phase of TIDM. Those with normal
FPIR (and no insulin treatment) or those with low FPIR but
daily insulin requirements <0.5 U/kg were assigned as
impaired glucose tolerance/diabetes mellitus (IGT/DM) of
undetermined origin. B3-Cell-specific autoantibodies wére
not included into the diagnostic work-up. Individuals
negative for mutations in the analysed genes who had
normal fasting plasma glucose and normal OGTT and
physiological FPIR at re-evatuation following referral were
considered as NGT.

Statistics

The values are expressed as meantS8EM if not given
otherwise. The data on diagnostic subgroups were
statistically evaluated if the entire subgroup included 9
individuals. The group differences in the clinical and
metabolic variables were assessed by the one-way analysis
of variance (ANOVA) and by Student’s f-test where
appropriate.

Results
Monogenic forms of hyperglycaemia

The genetic findings are summarised in Table 1. One
patient carried a heterozygous mutation in the ANF44 gene
causing MODY 1. In 33 subjects, we identificd 19 different
heterozygous mutations in the GCK gene (MODY2). In
two individuals, we determined heterozygous mutations in
the TCFI gene causing MODY3.

One patient carried a heferozygous mutation in the
KCNJii gene, an arginine-to-histidine substitution at
position 201 (R201H), causing PND. He was originally
investigated for prolonged cough at age 2.5 months. In
spite of a blood glucose level of 22.6 mmol (407 mg/dly at
referral, he was free of diabetic symptoms. We have not
previously reported this patient: however, the R201H
mutation is known to be the most prevalent PND-causing
variant within the entive KCNJIT gene [7].

Thus, in 39 of 82 patients (48%) the randomly found
hyperglycacmia led to the disclosure of a single gene defect
condition, MODY 2 being the most prevalent. The clinical
and biochemical phenotypes of affected individuals are
summarised in Table 2.

Type 1 diabetes mellitus (pre-manifest phase)

Eleven children who fesied negative for mutations in the
screcned genes (13% of the study group) had fasting
hyperglycaemia (9.1£1.2 mmold: 164422 mg/dl), abnor-
mally high plasma glucose response o an oral glucose load
and substantially decreased FPIR (13.7:3.0 miUM)
{Table 2). None of them was ketotic at diagnosis or within
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Table 1 Genetic findings: 39 heterozygous mutations identified
within the cohort of 82 unrelated children and adolescents with
mndomiy found hyperglycaemia

Gene I1dentified mutations

ValiZille
Arg36Tp {1 subject
(Gludllys (8 subjectsy
Glyddasp (2 subjects)
Pl 30Leu (1 subject)
Glul $7Lys {1 subject)
© Ala1887Thr {1 subject)
Cys220810p (4 subjects)
Val226Met (2 subjects)
Met251 Val (1 subject)
Glu2685¢top (1 subject)
Gly294Asp (1 subject)
Leu315His (2 subjects}
Phed {6Vl (1 subject)
Gly318Arg (3 subjects})
Ser3&3Len (1 subject)
Phed 19Leu (1 subject)
Cysd34Tyr (2 subjects)
He436Asn (1 subject)
Alad54Glu (1 subject)

HNF44 (1 subject)
GCK (35 subjects)

TCFT (2 subjects) P379fsdelCT
Arg2295top
KCNJH (1 subject) Arg201 His

Identification of mutations in the ANFYA, GCK and FCFT genes in
individua) patients have been given in our previously published
reponts {15, Pinterova, submitted for publication]

the follow-up period of 3.840.4 years. The reason for the
initial plasma glucose estimation was an  intercuwrrent
infection in five, fatigue in three and head injwry in one
subject. In two subjects, glycosuria was detected in a
random urine sample at a preventive examination.

In all of the subjects, low-dose insulin therapy wass
initiated 1o prevent the development of overt clinical
symptoms of diabetes and the daily insulin requirements to
maintain near-nomoglycaemia exceeded 0.5 1Udkg during
the follow-up. Thus, these subjects were considered to
suffer from TIDM that was randomly detected within the
presymptomatic phase.

Impaired glucose tolerance/diabetes mellitus
{IGT/DM) of undetermined origin

Nine patients {11%) who tested negative al mutation
screening had an abnornwal plasma glucose response 1 an
oral glucose load (OGTT) and a borderline fasting plasma
glucose level (6.120.5 mmol/; 11029 mg/dD). Their FPIR
ranged from low normal to moderately decreased values
{54.4219.5 mil/D) {Table 2). The reason for the initial
examination was glucosuria at a preventive examination
(4), intercurrent infections (3} or fatigue (2). According to
standard procedures, insulin therapy was initiated i those
with FPIR below the st percentile. However, the daily
insulin requirements to maimtain near-normoglycacmia
remained <0.3 Wikg.

Members of this subgroup were not obese (BMI-SDS
ranging from ~0.6] t0+0.63), making a diagnosis of type 2
diabetes mellitus improbable. However, eight of nine
reported @ history of diabetes in one parent (three cases

Table 2 Clinical and metabolic characteristics of diagnostic subgroups of children with randomly found asymptomatic liyperglycaemia

TiDM MODY1 MODY2 MODY3  PND IGT/DM NGT
Number (%) 1t (13 t{h 35 40 2( 1y 2 (1Y) 23 (283
Age at first detection of hyperglycaemia 9. kel2 14.0 112207 159208 02 112215 96210
{vedrs) ‘
Sex (FM) a7 10 19716 240 w1 64 121
BML (8D8) 0.25:0.30 092 ~0.1340.13  ~0.06 018 ~004:025 0124020

4101

Fasting p-glucose (mmolfl) 9.051.4% 854 6.440.2% 5.9 226 6.140.5% 4801
Fasting s-irsulin {(mlUM) 7316 NA 10.0:1.3 &2 NA b8x1.t 6.740.7
Fasting 5-C-peptide (pmol/ly 479292 342 S61251 5122258 NA (645483 308469
QGTT: 1-b postioad p-glucose (mmold) 12.688.1% 10.6 10,7406 NA NA  H.Ge12%  60a0.5%
O 2-h postioad p-glacose (mmoll) H420.6* 101 9.3:20.5¢ 11.5° NA  HLBeLTE 35z03*
FPIR (mIUdy 13.743.0%% NA 130.2 94.0* NA 344 11382201

£33 3 ilﬁ"(yﬂt &.@’i(}’ﬁ** % &
HbA;¢ (%) 6.650.7%% NA 4.840.3%% 34209 54 61204%% 43z .4%*
Number of affected parents (/10 073/8 170 272845 0720 L B ¥318

Values are shown as mean & SEM (single values for the one member groups). BMTwas expressed as $D$ accornding to recent local standards
{31 T1DM type one disbetes mellitas, PND permanent neonatal disbetes wellitus, /DA impaired glucose tolerance/diabetes mellitug,
NGT normal glocose tolevance, SDS standard deviation score, FPIR first-phuse of insulin release during an WGTT, p plasma, s serum, ¥4

not available

*p<0.0001 (T1DM, MODY2, IGT/DM and NGT; ANOVA); **p<0.005 (T1DM, MODYZ, IGT/DM and NGT; ANOVA) ***p<0.01

{TIDM vs. NGT; #test) “In a single patient only
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were classified as gestational diabetes and five cases as
type 2 diabetes).

Normal glucose tolerance

In 23 subjects (28% of the study cohort), we did not
confirm the hyperglycaemia originally reporied by the
referring physician. These patients had normal fasting
plasma ghlocose, OGTT and FPIR. The screening for
mutations in the selected genes was negative. Furthermore,
HbA,¢ and profiles of blood glucose levels remained
nomal during follow-up,

The initial examination of plasma glucose was provided
when elaborating an intercurrent infection (11), fatigue (7)
or abdominal pain ().

Summary of clinical laboratory data in diagnostic
subgroups

The clinical and laboratory data on subgroups of patients
with asymypdomatic hyperglycacmia are summarised in
Table 2. Individuals with the four most prevalent condi-
tions {T1DM, MODY2, IGT/DM, NGT} were of similar
age at first examination for hyperglycaemia, had similar
age- and gender-matched body mass index (BMI) and
similar fasting serum levels of insulin and C-peptide.

On the contrary, fasting plasma glucose, FPIR and
HbA, differed significantly among the subgroups,
distinguishing children with premanifest TIDM by
fower FPIR and higher fasting plasma glucose in associ-
ation with increased HbA .

Discussion

Within the cohort of 82 children and adolescents with
asymptomatic hyperglycaemia, we identified 35 mutation
carriers in the glucokinase gene (MODY2) and 3 patients
with mutations in genes encoding transeription factors: one
case of MODY L, two cases of MODY 3 and one infant with
a KCNJI1 mutation causing PND. Thus, in 39 patients
A8% of the study cohort) the randomly found hypergly-
caeniia led to the discloswre of a smgle gene defect
condition, MODY2 being the most common. Among the
mutation-negative subjects, 11 {13%) developed TIDM. 9
{11%) had IGT/DM of unknown cause and 23 {28%) were
glucose tolerant,

These findings have important clinical implications: 35
of 59 subjects who were confirmed to be hyperglycaemic
by re-investigation suffered in fact from MODY2, a benign
and non-progressive form of impaired glucose regulation,
No diet or drug therapy is required in most of these patients
{131 and an amual follow-up with HbA,¢ measurement
would suffice. The risk of diabetes-associsted complica-
tions is low [6]. However, affected women may require
insulin therapy during pregnancy to prevent foetal macro-
somia {3]. Also exact genetic diagnosis is important in

454

order to prevent redundant periodic metabolic examina-
tions of affected individuals.

The clinical diagnosis of MODY2 may be supported by
a positive autosomal dominant family history of mild
hyperglycaemia. If maternally transmitted, affected women
may have a history of gestational diabetes mellitus in all
pregnancies. If pansmitied by the father, the diagnosis is
not necessarily known. A simple estimation of parental
fasting plasma glucose levels may be helpful, The affected
grandparent may be known to have “mild type 2 diabetes
mellitus™ and being recommended o follow a “diabetic
diet™.

On the contrary, the additional MODY subtypes tend to
manifest in later childhood, adolescence or young adult-
hood [21] and graduatly develop to a symptomatic stage.
These forms of diabetes are characterised by progressive
decrease in f3-cell function and high risk of microvascular
complications. Therapy with insulin or oral hypoglycaemic
drugs is required to maintain near-nommoglycaemia 221 A
positive autosomal dominant family history of a clinically
overt diabetes mellitus may help in establishing the clinical
diagnosis of MODY.

Among infants, asymptomatic hyperglycacmia may be
the first sign of PND. This condition is known to result
from defects of the KCNJIY gene in a substantial
proportion of cases {7]. Our patient carrying the R201H
mutation within the KCNJ#! gene was randomly detected
to be hyperglycaemic at 2.5 months of age. His daily
insulin requirements did not exceed 0.4 1Ukg and the
metabolic regulation was excellent within the follow-up
period of 3.3 years,

Currently, studies are ongoing 1o test the therapeutic
potential of sulphonylurea derivates instead of insulin in
children affected by mutations in the KCAJI1 gene. Thus,
genetic dingnosis may open new fulure treatment options in
these children {161

In 11 patients (13 %), random hyperglycacmia was
apparently the first sign of TIDM. Barly recognition of
T1DM makes it posgible to initiate insulin treatment before
the clinical onset of the discase and to reduce the visk of
unrecognised diabetic ketoacidosis upon manifestation of
TIDM. The cardy stages of the disease process may be
detected by decrcased FPIR and by B-cellspecific
awtoantibodies. However, in young children the levels of
autoantibodies may vary, introducing difficulties in the
interpretation of the results {10, 11]. Temporary positive
titres of an awloantibody against moleculwly defined
antigens (anti GADG3, anti-IA2 or anti-lAA) might also
reflect the population variability [19]. Therefore, we
performed the study irrespectively of autvimmaune markers.

The IGT/DM group in which the molecular pathogenesis
was not understood included nine {11%) of the examined
subjects. They were all asymptomatic, had mmpaired
glucose tolerance or diabetes mellitus according to diag-
nostic criteria and their FPIR was low nonnal or mildly
devreased, making the diagnosis of TIDM unlikely.
Howoever, cight of then had a first-degree relative affected
with diabetes mellitus indicating that undetected or
unknown MODY gene variants may be involved in the
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aetiology. Low-dose insalin therapy was in some of the
sublects noevessary to achieve acar-nomoglycaemia,

It the remsiming subgroup of 23 sabjects (28%) with
NEIT, a detailed clinicad and metabolic examination did not
revend soy metabolic disorder. The randomby found fagting
hypergivenernia might have been due to an isolated stress
hyperghycaemia, postprandial blood sampling or errors in
sample handling.

In conclagion, the underlying cause of 4 randomiy found
asympromatic hyperglycaenis was Tully clacidated I a
congiderable number of affected individoals in oar stady.
For muny of them, the final dingnosis bears a positive
message on the benign natare of the condition; however,
cases of prewumifest type 1 disbetes mellus and of
MDY and MODY3 require 8 rapid and adeguate
tedtment to prevent an wnfavoursble short-term and
fong-term outcome, In different populations, the wesuls
miight differ largely, Cases of type 2 disbetes mellin
would probably be recognised among hyperglycaemic
youngsters in countries with epidemic childhood obesity.
However, the spectrum of newly established monogenic
conditions s worthy of inclusion in the diagnostic work-up
anyway.
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PREHLEDNY CGLANEK

HYPOTEZY ASOCIACIE HLA MOLEKUL § OCHORENIAMI  *
AUTOIMUNITNEHO CHARAKTERU

Kolostové K., Cernd M., 'Andél M.
Oddéleni bunééné a molekuldrni biologie 3. LF UK, Praha
711, intern klinika 3. LF UK, Praha

SOUHRN

Pritinou autoimunitnych ochoreni je imunitnd reakcia namierend proti roznym autoantigénom. Medzi molekuly
zahmuté do procesu prezentdcie antigénov imunitnému sysiému patria aj HLA molekuly, v ktorych sa dokdzala
asocidcia s jednotlivymi nozologickymi jednotkami. Jednou z najsilnejiich v literatdre popisanych asocidcif je
asocidcia HLA-B27 s ankylozujiicou spondylitidou. Obdobne je tomu i pri asocidcideh s HLA molekulami triedy I
pri jednom z najéastejéfch autoimunitnych ochoreni — diabetes mellitus 1. typu. Diabetes 1. typu je orgdnovo
Epecifické autoimunitné ochorenie charakterizované destrukciou B-buniek Langerhansovych ostrovéekov pankreasu.
Pritina kpecifického detruk&ného procesu prebiehajiiceho v pankrease nie je zndma, ale predpokladom inicidcie
tohto procesu je existencia vlastného antigénneho peptidu, ktory je opakovane p yvany imunitné) ystému.
Nasledujiici prehladny &ldnok poukazuje na najzaujfmavejsie a najpravdepodobnejsie riefenia doposial nezodpove-
danych otdzok o mechanizme HLA asocidcie. :

Klitové slova: HLA, autoimunita, HLA-asocidcia, hypotéza, ankylozujica spondylitida, HLA-B27, diabetes
mellitus 1. typu, glutamétdekarboxyldza (h\GAD65), enterovirusy (HERVs), reguldcia expresie.

SUMMARY

Kolostovd K., Cernd M., Andél M.: The HLA Molecules and their A with A Disease

The etiology of autoimmunity diseases includes an immunological reaction against various autoantigens. The HLA
molecules play an important role in the antigen presentation process to the immune system. The HLA genes were
found as the most significant genetic predisposition factor. The strongest association described in the literature is
the association of HLA-B27 with ankylosing spondylitis. Associations were since usually observed with HLA-DR
and DQ genes. We are also focused on Diabetes mellitus 1. type. Diabetes is an organ specific autoimmune disease
characterised by destruction of beta-cells of Langerhansen pancreatic islets. The cause of the destruction process is
not known yet, but it seems to be triggered by repeated presentation of self-antigen hGAD6S5 to the immune system.
Thisreview p s the most in ing solutions and hypotheses of the unanswered question about HLA association
mechanism.

Key words: HLA, association, autoimmunity, hypothesis, ankylosing spondylitis, HLA-B27, diabetes mellitus,
glutamic acid decarboxylase (h\GAD6S), enteroviruses (HERVs), regulation of gene expression

Ko.
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socidcia antoimunitnych ochorenf s HLA molekulami trie-

dy I a I bola potvrdend u Tudf aj u my3{. AvEak jednotlivé
autoimunitné ochorenia su natoIko §pecifické svojimi priznak-
mi, Ze sa doposial nepodarilo vytvorit vieobecne platny model
zahffiajiici vysvetlenie HLA asocidcif, i ked' zndmych je hned
niekolko mechanizmov objasfiujicich autoimunitné procesy
v spojenf s HLA molekulami. Medzi najsilnejsie HLA asocio-
vané ochorenia patri ankylozujiica spondylitida (AS) zo skupi-
ny séronegativnych spondylartritid a diabetes mellitus 1. typu
(DMIT). AS je asociovand s génom triedy I — HLA-B27
a DMIT s HLA-DR/DQ génmi. Pre bliZSie objasnenie HLA
asocidcif sme vybrali prave spomenuté ochorenia.

HLAVNY HISTOKOMPATABILNY KOMPLEX

Geneticky lokus zahrnuty do rejekénej imunitnej odpovede
tvorf oblast MHC - hlavny histokompatibilny komplex (Major
Histocompatibility Complex), u Tudi zndmy pod pojmom -
huménny leukocytdrny antigénovy systém — HLA. HLA mole-
kuly s k6dované v rémeci MHC tvoriaceho komplex génov na
krdtkom ramene 6. chromozému. Segment DNA je dlhy prib-
lizne 3,6 Mb a predpokladd sa pritomnost 224 génov. HLA
antigény si &lenom imunoglobulinovej superrodiny, pricom

pribliZne 39,8 % génov exprimovanych v rdmei MHC lokusu
je nepostrédatefnych pre funkciu imunitného syst€mu. HLA
gény kéduji niekolko izotypov, najdoleZitejiie s HLA mole-
kuly triedy I (HLA-A, HLA-B, HLA-C) a HLA molekuly trie-
dy II (HLA-DR, HLA-DQ, HLA-DP). Jednd sa o transmem-
brédnové antigény, ktoré viaZu a prezentujii antigenické pepti-
dické fragmenty, ktoré sii rozpoznévané imunitnym systémom.
Samotné HLA antigény si antigénmi len v pripade, ak si
exponované cudziemu imunitnému systému, k éomu dochddza
pri nehistokompatibilnych transplantdcidch a pravdepodobne
autoimuntnych poruchdch. Okrem HLA gépov triedy I a I sd
tymto 16kusom kédované molekuldrne chaperény (heat-shock
proteiny Hsp 70, HLA-DM), cytokiny (tumnour necrosis factor-o,
lymfotoxin), zlozky komplementu (C2, C4, faktor B), ktoré si
oznadované ako HLA molekuly triedy III.

HLA antigény triedy I s exprimované na va¢§ine jadrovych
buniek organizmu s vynimkou neurénov a sif zahrnuté do pro-
cesu cytotoxickej odpovede proti virusom infikovanym a rako-
vinovym bunk4m. Cudskd HLA antigénov4 oblasf triedy I je
kédovand tromi lokusmi HLA-A, HLA-B, HLA-C. Dalgia ana-
Iyza HLA oblasti potvrdila i pritomnost 16kusov HLA-E,
HLA-F a HLA-G. HLA-G antigény boli detekované na
extraviléznom cytotrofoblaste, kde chrania bunky plodu pred
NK-bunkami (natural killers). Molekula HLA antigénu triedy I
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Je heterodimérom, ktory zahfiia glykozylovany tazky peptido-
vy refazec (45kDa) ~ alfa (o) refazec, nekovalentne asociova-
ny s B2-mikroglobulinom (12kDa) (obr. 1). Domény al a a2
tvoria platformu 8 antiparalelnych P-listov a 2 o-helixov
(vzdialené priblizne 10-18 A®), ktoré ohraniduji Zliabok.
Krystalickd §truknira antigénov potvrdila pritomnost difiiznej
hustoty préve v mieste Zliabku, na &om sa zaklad4 tvrdenie
o pritomnom vizbovom mieste pre procesované antigény.
Toto tvrdenie je podmienené i pozorovanim najvégieho postu
polymorfnych miest préve v oblasti Zliabku. Z&émena aminoky-
selfn v tychto polymorfnych miestach vedie k dramatickej
zmene tvaru celého Zliabku a navézujiiceho sa peptidu. Zlia-
bok nie je hladkou §truktirou, pretoe postranné refazce ami-
nokyselin navzdjom interagujii a mé%v tvorit ,vreck4“ (po-
ckets). Zdmeny aminokyselin v tychto pozicisch tief znaéne
ovplyviiujii afinitu k procesovanému peptidu. HLA antigény
triedy I prezentujii peptidy endogénneho pévodu, vritane vi-
rdlnych produktov a tumorovych antigénov. Krétko potom, &o
sa prvy krédt popfsala funkcia T-lymfocytov sa zistilo, e
T-lymfocyty lyzuji len tie cielové bunky, ktoré zdielajii ten
isty povrchovy HLA antigény triedy I T4to vlastnost bola
pomenovand MHC reétrikciou (1979) (1). Za objav MHC re§-
trikcie ziskali jej autori Zinkernagel a Doherty v roku 1996
Nobelovu cenu. Sprévne rozpozndvanie self a nonself-antigé-
nov HLA molekulami je podmienené edukdciou lymfocytov
v tymuse. Koreceptorom HLA molekil triedy I je molekula
CD8 pritomn4 na povrchu T-cytotoxickych lymfocytov, ktord
véizbou s TCR komplexom a HLA molekulou triedy I indukuje
imunitnd odpoved (obr. 2).

HLA antigény triedy II s1f exprimované na antigén-prezentu-
Jucich bunkdch (APC) - ako sii dendritické bunky, makrofégy,
monocyty, B-lymfocyty, aktivované T-lymfocyty. Produkty
HLA génov triedy II su heterodiméry HLA-DR, HLA-DQ,

%, ~jdisulfidové
72, mostiky
////.V

%7 % Stépenie papainom

par

plazmaticka membrana

cytoplazma

Obr. 1. Struktira HLA molekuly triedy I

Molekula HLA antigénu triedy I (HLA-A, B, C) je heterodimérom,
ktory zahfiia glykozylovany tazky refazec ~ o (45 kDa), nekovalen-
tne asociovany s B2-mikroglobulinom (12 kDa). Molekula sa delf
na tri &asti: cytoplazmatickil, transmembrdnovil a extraceluldrnu,
Domény a.} a 02 tvoria Zliabok, v ktorom je Jokalizovand peptid-
viaZiica oblast (PBR). HLA molekula triedy I viase CD8-receptor
na Tc-lymfocytoch.

HLA-DP pozostévajtice z fazkého (o) a I'ahkého (B) glykopro-
tefnového refazca (obr. 3). Molekulovd hmotnost o-refazca je
30-34 kDa, B-refazca je 26-29 kDa, &o sa menf s jednotlivymi
lokusmi. Pogetné d6kazy sved&ia o podobnosti, respektivne
zhode o a B-refazcov po strdnke Strukturdlnej, rozdiel v mole-
kulovej hmotnosti medzi & a B-retazcom je d8sledkom rozdiel-
nej glykozyldcie. Koreceptorom HLA antigénov triedy II je
molekula CD4. Stidie zaoberajiice sa mutagenézou HLA-
-DR1 molekuly potvrdili, Z¢ sa tato viaZe k CD4 B2-doménou.
Nésledn4 asocidcia CD4 s TCR komplexom sa povaZuje za
iniciujicu bunkovi aktivdciu T-helper buniek (vizbou
dochddza k naviazanin p56 k cytoplazmatickej dasti CD4)

2. APC prezentuje Ag
v asociécii s HLA molekulami
triedy Il CD4+ T-lymfocytu.

//y,////é’ & bl
7 1. Stimulaéna bunka
7 / tr;TaQ ] exprimujlica molekuly
%/ / //I HLA triedy | prezentuje
///’////// / Agpre CTL.
(X
o 3. CD4+ T-lymfocyt

produkuje cytokiny.

4. Pre-CTL
sa diferencuje
na zrely CTL.

cielbvit bunku

s HLA molekulou triedy |.

5. CDB+ CTL rozpoznava

6. Cielova bunka
je lyzovana.

Obr. 2. Indukcia Te-lymfocytov pri prezentacii antigénu HLA molekulami triedy I
Stimulaén4 bunka exprimujiica HLA molekulu triedy I prezentuje endogénny peptid ako antigén (Ag) pre-cytolymfotoxickému lymfocytu I (pre-CTL),
ktory vplyvom interlenkinov a interferénu dozrieva na diferencovany CD8+ lymfocyt. CTL-bunka ndsledne lyzuje cielovii bunku prezentujicu
stimulaénd antigén. Interleukiny a interferdn st produkované Th-lymfocytmi po signdle 2 APC-bunky (antigén prezentujiica bunka) exprimujiice;j

HLA molekuly triedy II v komplexe s Ag.
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cytoplazma

COOH COOH

Obr. 3. Struktira HLA molekuly triedy IT
Produkty HLA génov triedy II: (HLA-DR, DO, DP) 51§ heterodiméry
pozostivajiice z (aZkéhorefazca—0.(30-34 kDa) a z lahkého refazca
- B (26-29 kDa). Po strénke trukturdinej sii oba refazce zhodné,
rozdie] je len na trovni glykozyldcie. Molekula sa sklad4 z troch
Castf: cytoplazmatickd, transmembranov, extraceluldrna. Peptid
viaZiicu oblast tvoria domény .l aBl. Doména B2 sa viaze k CD4
receptoru (koreceptor HLA-molekuly triedy IT) na Th-lymfocytoch.

(obr. 4). Zliabok HLA antigénov triedy 1I je viac otvoreny, éfm
umoZiiuje véizbu dlhifm protefnom a tieZ umoZiiuje vézbu po-
strannych protefnovych retazcov vo vreckdch.

Antigénové fragmenty prezentované HLA molekulami trie-
dy I s generované v cytosole a aktfvne transportované pomo-
cou chaperénov do endoplazmatického retikula. Vstup endo-
génnych peptidov do endoplazmatického retikula umoZiiuji
membrénové transportéry. K intraceluldrnych chaperénom
patria tapasin, calretikulin, calnexin, ERp57. Chaperény su
zodpovedné aj za disulfidové vymeny na drovni HLA molekul.
Peptidy (vétSinou nonaméry) sii v endoplazmatickom retikule
asociované s nascentnymi HLLA molekulami triedy I, kde indu-
kujii konforma&né zmeny v taZkom retazci, €o posilni celkovii

1. prezentacia Ag
Th-lymiocytu

cytokinovy

receptor imunoglobulinovy

receptor

4. Cytokiny st viazané
cytokinovym receptorem
a CDA40 ligand receptorem
CD40.

MHCH [ >

stabilitn komplexu. Ak sa peptid naviaZe na HLA-molekulu,
tapasin a calnexin disociuji (2). Po asocidcii domény a3
s B2-mikroglobulinom je HLA molekula exprimované na po-
vrehy, kde méZe interagovat s receptormi Specifickych T-lym-
focytov. Obdobnym procesom prechédzajii pri prezentdcii an-
tigénu exogénneho pbvodu aj HLA molekuly triedy II (obr. 5).
Gener4cia samotnych peptidovych fragmentov pre prezentéciu
HLA molekulami triedy I je z4visld na aktivite vel'kého multi-
katalytického protedzového komplexu v cytosole, ktory je znd-
my ako proteazém (3). Tento enzymovy komplex je aktivny na
protefnoch oznatenych ubiquitinom. Po pripojen;i niekolkych
ubiquitinovych refazcov je protein rozbaleny a transportovany
do centra proteazému, kde podlieha ATP-z4vislej katalytickej
degradécii. Ludské LMP2 a LMP7 gény, ktoré lefia v MHC
oblasti triedy II (telomericky k HLLA-DP), ako aj tret{ non-
-HLA gén, kéduju neesencidlnu B-podjednotku 208 proteazd-
mu, ktord méZe byt indukovand interferénom-y. Této podjed-
notka moéZe nahradif 3 z konStitutivnych podjednotiek, ktoré
su interferénom-y suprimované (4). Toto mbZe menit proteino-
vé gtiepenie v proteazéme. Gény kédujiice uZ spominané
membranové peptidové transportéry (transportéry asociované
s processingom peptidov TAP1 a 2) sa nachddzaji v HLA ob-
lasti I, su élenmi rodiny ATP-zdvislych membrdnovych trans-
portérov. Mutanti s deletovanymi iisekmi TAP1 a 2 neexpri-
muji HLA molekuly, alebo ich exprimujii len v obmedzenych
mnoZstvdch. Této porucha sa méZe &iastoéne vylepsit prida-
nim sekundédrnych peptidov k inkubovanym bunkam, ktoré sa
viaZu na tazky refazec HLA molekuil a stabilizujui ho. U potka-
nov polymorfizmus v TAP génoch ovplyviiuje charakter pro-
tefnov vchédzajicich do ER (5). U Tudi je zatial' polymorfiz-
mus TAP len minimélny a jeho iloha v ovplyviiovani expresie
HLA molekuil je tieZ limitovand (6). V Maroku sa identifiko-
vala rodina s nefunkénym TAP2 génom, éoho ndsledkom bola
non-expresia HLA molekiil triedy I, ktord spésobuje rekurent-
né bakteridlne infekcie (7). Bunkové linie derivované z malo-

B7 CD28

2. expresia B7
3. Aktivovany Th

lymfocyt exprimuje
CD40 ligand
a sekrefuje cytokiny.
ligand
CD40

5. Aktivovany B lymfocyt proliferuje
a sekretuje protilatky

B7 CD28

Obr. 4. Aktivdcia B-lymfocytov
Antigén (Ag) transportovany do B-lymfocytu je v komplexe s HLA molekulou prezentovany Th-lymfocytu. Spojenie buniek je navodené kontaktom
molekil B7 a CD28. Aktivovany Th-lymfocyt exprimuje CD40 ligand a sekretuje cytokiny, ktoré si viazané B-lymfocytom a vedd k proliferacii

B-lymfocytov a ndsledne k produkcii protilétok.
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%, vezikulom a uvofiiuje li-refazec Antigénny peptid
od alfa a beta retazca. je procesovany
v lyzozéme.
Syntéza
HLA-molekuly triedy Il

3 ref'azce: alfa, beta, Il.

Bl
endoplazmatické retikulum

: Obr. 5. Processing antigénov
Globuldmy antigénny protefn sa endocytézou dostéva do bunky, kde je lyzovany v lyzozéme, alebo fiizuje v endozéme s exocytickym vezikulom
Golgiho aparétu. V exocytickom vezikule Golgiho apardtu sa nachddza alfa a beta refazec HLA molekuly viazany invariabilnym refazcom (li). Po
fizii endozému s vezikulom invariabilny refazec (Ii) disocivje a uvoliiuje priestor pre naviazanie antigénneho peptidu na refazec o, a B. Endozém
fiizuje s plazmatickou membrdnou a komplex HLA-Ag je prezentovany Th-lymfocytu.

bunkového pliicneho karcinému s defektnym TAPI1 génom
neexprimuji HLA molekuly triedy I, &o by mohlo byt poten-
cidlnym vysvetlenim obchddzania imunologického dohl'adu ra-
kovinovymi bunkami (8). Pri ankylozujicej spondylitide (AS) sa
2dé byt polymorfizmus v LMP a TAP génoch irelevantny (9),
hoci existujii tvrdenia, Ze iritfda aj periférna artritida si spoje-
né préve s polymorfizmom LMP génu a TAP génu (10, 11).

ANKYLOZUJUCA SPONDYLITIDA
(AS) A HLA-B27

Asocidcia AS a HLA-B27 je doposial najsilnej$ou popfsa-
nou v literatiire (OR = 87-92) (33, 35). Co sa tyka molekul4r-
nej Strukniry HLA-B27 molekuly vieme velmi vela, jej iloha
v patogenéze viak ostdva predmetom diskusii. Vieobecne sa
hovori o piatich tedridch moZnej HLA-B27 tlohy pri AS. Pos-
ledné dbkazy viak potvrdzuji priamu wlohu HLA-B27 antigé-
nu v patogenéze.

Tedria tio-reaktivnej hypotézy

V usti B-vrecka HLA-B27 molekuly sa na pozicii 67 nach4d-
za cystein oproti lyzinu, ktory je na pozicii 70. Zmenend
oxiddcia reaktivnej tio-skupiny na cysteine méZe spdsobil
zmeny ako pri rozpoznédvanf a prezentdcii peptidu, tak i pri
samotnom rozpoznani vlastnej HLA-B27 molekuly (12). Ro-
bili sa pokusy i s bunkami ofetrenymi homocystefnom (posil-
nenie homodimerizagnej dlohy cys 67), ktoré boli lyzované

§pecifickymi CTL bunkami izolovanymi z pacientov trpiacich
spondylartropatiami, ale neboli lyzované specifickymi CTL bun-
kami izolovanymi zo zdravych jedincov (14). Iné studie tvrdia, Ze
B27 pozitivne bunky vystavené voInym radikdlom naviazanym na
monoklondlnej protilitke nevykazovali Ziadne zmeny (13).

Tedria promiskuitného peptidu

HLA-B27 fragmenty a fragmenty inych HLA moleku] triedy I
sa nafli i medzi peptidmi prezentovanymi HLA molekulami
triedy II, o by mohlo byt impulzom k tvrdeniu, Ze HLA-B27
je prezentovand imunitnému systému spiitajic autoimunitni
odpoved (15). Tym by sa vysvetlil vyskyt prevaine CD4-lym-
focytov v mieste zdpalu pri spondyloartropatidch. Nezistend
silnd asocidcia s HLA molekulami triedy II len reflektuje na
promiskuitné viazanie peptidov molekulami triedy II (16).
Mysie a zvieracie modely spondylartropatii podporuji tito
tedriu. U mysi, transgénnych pre HLA-B27 ale s knockouto-
vanym B2m, sa B27 vyskytuje len vo velmi malych mnoz-
stvdch na bunkovom povrchu (19). Tieto my$i maji nizku
hladinu CD8-lymfocytov, a B27 fragmenty si prezentované
HLA molekulami triedy II a sp6sobuji artritidu. V transgén-
nych potkanoch je rozvoj artritidy zdvisly od poctu képif HLA-
B27 transgénu (17). U Tudi sa viak HLA-B27 spréva dominan-
tne a nevyskytuje sa Ziadny efekt ddvky (18).

Tedria molekulového mimikry
Molekulové mimikry medzi HLLA-B27 a bakteridlnymi anti-
génmi boli objavené ako vysledok pozorovania humordlnych
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.krf#ovych reakcif medzi HLA-B27 a baktériami (20). Druhou

moznostou je kriZové reakcia medzi baktériami a B27-prezen-
tovanymi endogénnymi peptidmi. Existuji potencidlne ciele
pre molekulové mimikry, dékazom sii pogetné homolégie me-
dzi bakteridlnymi sekvenciami a HLA-B27 (21). Najprebida-
nejéim je usek z nitrogendzy Klebsiella pneumoniae — hexa-
peptid QTRDRE, ktory je homologicky s usekom HLA-
-B*2705 préve v hypervariabilnej oblasti, kde je na mieste 77
kys. aspardgovd, ktord sa u subtypov B*2702 a B¥2704 nevy-
skytuje (tie nie si s chorobou asociované). Nie je to viak
sekvencia rozhodujiica pre naviazanie peptidu, preto nemdZe
byt ani cielom kriZovej reakcie pri rozpoznanf T-lymfocytom.
U pacientov s AS boli opakovane zistené zvySené protildtky
proti Klebsielle (22), ale nie je jasné, £i sii naozaj pricinou AS.
Na druhej strane existuji dokazy potvrdzujice, Ze s Klebsiel-
lou kriZovo-reagujiice T-bunky pacientov s AS s\ odstrafiova-
né z periférneho krvného rietita a sii deponované v kibovych
stuktirdch (23). V centre pozornosti je i d'al§f homologicky
sisek kédovany plazmidom Shigella v jeho artritogénnej for-
me. Medzi HKA-B27 a HLA-B27 doch4dza tieZ ku krfZovym
reakcidm, &o podporuje mode] molekulového mimikry pre AS.
pretoZe aj alela HLA-B*2708 je serologicky typizovand ako
HLA-B7 (24).

Tedria viazaného génu

Je akceptované, Ze sa HLA-B27 podiel'a na patogenéze AS.
Je véak moZné, Ze je len markerom génu, ktory je s AS primdr-
ne asociovany. Je mo#né, Ze takisto len niektoré HI.A-B27
haplotypy mé#u ovplyviiovat penetraciu alebo expresiu choro-
by, ¢o sa §tuduje pozorovanim TAP, LMP, a DR génov, 90 %
pacientov s AS v kaukazoidnych populdcidch s B27+ a ak zo
siboru vyhi¢ime pacientov s kontraindikéciu IBD (Intestinal
Bowel Disease) je podiel pozitivnych 98 %, €o dokazuje pri-
tomnost silne asociovaného génu, ale pétranie po fiom bolo
doposial nedspesné i napriek pouZitym najmodernejiim DNA-
-technikdm (25). Podielanie sa inych HLA i non-HLA génov
na AS je pravdepodobné (26).

Tedria artritogénneho peptidu

Této hypotéza vychddza z toho, Ze kriZové reakcie si invo-
kované artritogénnym peptidom, ktory perzistuje v synoviu
a kfbovych struktirach. Tieto reakcie sa odohrdvaji na drovni
riadenej T-lymfocytmi a prezentdciou antigénu pomocou
HLA-B27. Artritogénne peptidy m6Zu byt endogénneho alebo
exogénneho povodu. Slabsie asocidcie s AS boli ndjdené
i medzi génmi HLA triedy I: HLA-DR1, DR2, DR7 a DR&.
Etnické rozdiely v haplotypovej vizbe s HLA-B27 viak tieto
maélo preukazné ndlezy vyvracajd.

Doposial neuvédzanou teériou je TAPASIN-BLOK teria.
Této tedria je sumarizdcion vysledkov, ktoré dokazuju priamu
\lohu HLA-B27 génu pri rozvoji AS. Podkladom pre jej vznik
boli zévery z pric prezentovanych na druhom medzindrodnom
kongrese Spondylartropatif v Gente (oktdber 2000). Infekcia
predchédzajica vznik AS je vo vitSine pripadov spojend
s baktériami &elade Enterobacteriacae (rod Salmonella typhi,
Schigella sp., Campylobacter sp. ap.). Baktérie tejto elade si
typické vmitrobunkovou paraziticiou a ich elimindcia je
v bunkdch HLA-B27+ zniZend oproti bunkdm s HLA-A2. Ex-
presiou génov virulencie baktérif (u Salmonella fyphi, si to:
groEL, sipB, spiC a mtgC — (27)) dochddza k zablokovaniu
niektorych chaperonov (napr. tapasinu) v monocytickych bun-
kéch. Nasledkom tohto procesu je vznik homodimérov HLA-
-B27, ktoré sii nadexprimované najmi v bunkéch tapasin-defi-
cientnych (28). Vznik HLA-B27 homodimérov potvrdili via-

ceré pracoviskd. Primérnym predpokladom vzniku dimérov je
nespéreny aminokyselinovy zvyfok cys 67 (29, 30). Homodi- .
méry HLA-B27 sif 2adrZiavané nesprdvne zbalené v endoplaz-
matickom retikule podstatne dlhiie neZ normdlny komplex
(5 hodin). Nesprdvne zbalovanie protefnu moZe vyvolat stre-
sovy signél a ndsledne intraceluldmu signalizéciu pre vznik
choroby (31). U transgénnych zvierat sa potvrdil i podpdrny
mechanizmus vzniku HLA-B27 homodimérov, ak sa vyskytu-
je blok pre B2 — mikroglobulin. Poukazuje sa i na fakt, Ze
$pecifické CD8+T-lymfocyty si asociovane s AS po restrikcii
cez HLA-B27 molekulu a na fiu naviazany ,artritogénny pep-
tid* (32). Cytotoxicitu CD8 T-lyfmocytov ovplyviiuje aj &pe-
cifické expresia NK-receptorov na bunkovom povrchu CD8 in-
trasynovidlnych T-lymfocytov. Monocyt nestici HLA-B27 ho-
modimér s ,artritogénnym peptidom* je schopny aktivovat
CD4+ T-lymfocyty a vyvolat tak aktivéciu NK-buniek, makro-
fagov a granulocytov ako i neSpecifickych Te-lymfocytov.

DIABETES MELLITUS 1. TYPU (DM1T)
A HLA TRIEDA II

Diabetes mellitus 1. typu (DMIT) - je autoimunitné ochore-
nie, ktoré vykazuje orgdnovii Specificitu pritomnosti jednotli-
vych autoprotildtok a je charakterizované imunitne sprostred-
kovanou deftrukciou B-buniek pankreatickych Langerhanso-
vych ostrovéekov. Deftrukcia je iniciovand interakciou medzi
jednotlivymi genetickymi a enviromentdlnych faktormi. Spe-
cificky zamerany deftrukény proces je vysledkom existencie
vlastného antigénneho proteinu, derivovaného zo samotnych
B-buniek, ktory je potom rozpozndvany T-lymfocytmi.

Rozsiahle analyzy identifikovali v sérach pacientov niekol-
ko protildtok potencidlne namierenych proti kandidé4tnym pro-
tefnom. Izoforma Tudskej glutam4tdekarboxylizy hGADGS5 je
exprimovand v pankreatickych bunkdch v pomerne vysokom
mnoZstve a protilétky proti tomuto enzymu sy preukdzatelné
u 70 % novodiagnostikovanych pripadov diabetes 1. typu.
Tieto protildtky si pritomné v sérach pacientov niekolko ro-
kov pred rozvojom klinickych prejavov samotného diabetes
a predstavujii teda vyuZitelny predikény marker pred ndstu-
pom ochorenia. Sigasné analyzy potvrdili, Ze supresion expre-
sie GAD-proteinu v pripade neobéznych NOD-mys3{ sa zabréd-
ni rozvoju autoimunitného diabetes, &o by poukazovalo na
priamu tlohu tohoto proteinu pri progresii ochorenia. Studie
zaoberajice sa reaktivitou T-lymfocytov s autoantigénmi
u diabetikov potvrdili, Ze u pacientov dochddza k imunitnej
odpovedi proti hGAD65 sprostredkovane CD4+ a CD8+ lym-
focytmi, o poukazuje na superantigénne vlastnosti spomenu-
tého peptidu. Priblizne 70 % detskych diabetikov kaukazoid-
nej populdcie exprimuje alely HLA-DRB1*0401, *0402,
*0405. Tieto alely si vo vézbovej nerovnovébe s génom
HLA-DQ*0302, ktory je povaZovany za priamy predikény
marker vysoko asociovany s juvenilnym diabetes 1. typu.
Reakeie T-lymfocytov vogi hGAD65 st pritomné najmd u pa-
cientov mesiicich v genéme préve uvedené haplotypy HLA.
Tieto HLA-molekuly sa ziigastiiujil procesu redtrikcie, ktord je
predpokladom imunitnej odpovede voti hGAD65. Nie je viak
vylugené, Ze prave uvedené HLA alely su schopné hGADG65-
-peptid alterovat do takej miery, Ze sa stane suprantigénom
priamo aktivujicim T-lymfocyty (36).

S diabetes si asociované Specifické alely génov HLA-DR
a HLA-DQ. Alely HLA-DQB1%0201 a HLA-DQB1*0302 sii
asociované najsilnejiie a sii vo vézbovej nerovnovihe s alela-
mi HLA-DR4 a HLA-DR3. Nagjvic§ie riziko nesie jedinec

(759)

113



Immunogenetic studies on autoimmune diabetes

CASOPIS LEKARU CESKYCH, 141, 2002, ¢. 24

s haplotypom DR4/DR3. Transgénna my§ s haplotypom

1.A-DR3/HLA-DQB1*0302 spontdnne stratila schopnost to-
lerancie k peptidu GAD65. Hoci mySi trpeli spontdnnou inzu-
litidou, diabetes sa u nich nerozvinul. My$i exprimujice HLA-
-DR3 alebo HLA-DQB1*0302 vykazovali $pecifickd infiltrs-
ciu pankreatickych ostrovéekov T-lymfocytami, ktord sa vy-
tratila, ak boli tieto antigény HLA koexprimované s HLA-DR2
a HLA-DQS6, ktoré s povaZované za alely neutrdlne k diabe-
tes. Tento my${ model dokazuje, Ze k rozvoju autoimunity je
potrebné kombindcia HLA-DR a HLA-DQ alel (37). Predpo-
klad4 sa, Ze uZ samotnd Struktiira HLA molekuly determinova-
nd prislusnou sekvenciou méZe spdsobit rozvoj diabetes. Je
moZné, ze niektoré HLA-DQ alfa a beta refazce vytvérajice
heterodiméry vykazujii znfZend stabilitu, o naznaCuje moz-
nost vzniku homodimérov HLAD-DQ, ktoré méZu iniciovat
imunitni reakciu (47).

Vyznam HLA molekiil v procese indukcie ochorenia je vi€s{
u pacientov s diabetes diagnostikovanym pred 20. rokom
veku pacienta. Tento fakt jasne dokumentuje, Ze s vekom ras-
tie iloha vonkaj§ich faktorov a klesd vyznam faktorov genetic-
kych. TaktieZ viak navodzuje otdzku, &i existuje rozdiel
v spektre HLA molekiil prezentujiicich antigény v detstve
a v dospelom veku. Ak sa expresia jednotlivych antigén-pre-
zentujicich HLA molekiil mbZe s vekom menit, je pravdepo-
dobné, Ze jednotlivé podla veku rozdelené skupiny pacientov
budd vykazovat asocidcie s rozdielnymi HLA-DR/DQ anti-
génmi (38).

Pri skiiman{ priameho prepojenia HLA molekiil s patologic-
kym procesom pri diabetes 1. typu je potrebné zamerat sa na
mechanizmus prezentdcie jednotlivych antigénnych peptidov
bunk4m imunitného systému HLA molekulami. Sprdvna funk-
cia HLLA molekul pri prezentdcii jednotlivych antigénov je
popisand na obrdzku 2 a4. Antigénovo Specifické B-lymfocy-
ty moZu procesovat antigén a exprimovat Ag-HLA komplex
uZ hodinu po vystavenf sa antigénu, ale aZ 34 dni si vyZaduje
proces aktivécie a produkcie populdcie Ag Specifickych efek-
torov — CD4+ lymfocytov. Momentélne nie je jasné, ako
B-lymfocyty predlZuji produkciu komplexu HLA-Ag, ktory je
lokalizovany na ich bunkovom povrchu, aZ do doby, ked' sa
T-lymfocyty stani aktfvnymi. Skiimala sa teda funkcia BCR-
-receptorov B-lymfocytov vo vztahu k prezentdcii antigé-
nov zistujic, &i tieto bunky disponuji mechanizmom predlZu-
jiicim expresiu komplexu Ag-HLA na ich bunkovom povrchu.
Antigén navézujici sa na BCR-receptor B-lymfocytu prichdd-
za do tzv. skorého endozému, odkial je presunuty do non-ter-
mindlneho neskorého endozému. Ukézalo sa, Ze prve v ne-
skorom endozéme sa komplex vyskytuje dlh3iu dobu, zatial€o
antigény prichddzajiice do bunky ,,via fluid“, su lokalizované
priamo do termindlneho lyzozému a degradované. Ag-BCR
komplexy v rdmci vyskytu v nontermindinom endozéme preu-
kazuji kolokalizdciu so chaperénom HLA molekiil triedy II —
HLA-DM/H2. Této kolokalizdcia je vys§ia neZ kolokalizdcia
spomenutého chaperénu s jeho reguldtorom HLA-DO/H2.
V koneénom désledku B-lymfocyty s pritomnymi Ag-BCR
komplexami méZu Ag-HLA komplex prezentovat na bunkovej
membréne dlh$ie. Ak teda existuje v rdmci B-lymfocytov me-
chanizmus predlZujici prezentdciu jednotlivych antigénnych
komplexov, je moZné, Ze préve tento mechanizmus je zodpo-
vedny za opakované prezentécie antigénnych komplexov pri
autoimunitnych ochoreniach (39). Funkcia samotnych HLA-
-DM a HLA-DO molekail sa zistila len neddvno. HLA moleku-
ly triedy II spolu s naviazanym peptidom sa pred samotnou
prezentéciu na bunkovom povrchu lokalizuji do neskorych
endozomdlno-lyzozomélnych kompartmentov — MIXC. HLA-

-DM a HLA-DO su tzv. modulaénymi molekulami lokalizo-
vanymi tiez do MIIC. Zistilo sa, e HLA-DM/DO komplexy sa
pravidelne recykluji medzi plazmatickou membrédnu a MIIC.
Obdobne ako pri HLAD-DM-beta retazci a invariantnom re-
tazci HLA molekuly triedy II je aj cytoplazmatickd doména
HLA-DO-beta refazca vybavend cielovymi sekvenciami pre
lyzozomélne membrény MIIC organely. Tieto sekvencie nie su
esencidlne pre internaliziciu HLA-DM/DO komplexov do
MIIC, ale ako sa ukézalo, sii podstatné pri lokaliz4cii komple-
xu HLA-DM/DO komplexov v rdmci multivezikuldrneho
MIIC. HLA-DO uréuje lokalizdciu HLA do internej (menej
pripadov) alebo vonkajsej membrany MIIC. Sprévna distribi-
cia HLA molekil v MIIC je esencidlna pre zvy$enie efektivity
naviazania prezentovaného peptidu s HLA molekulou triedy
II. HLA-DM/DO komplex predstavuje teda novy Specificky
sposob reguldcie prezenticie antigénov (41).

Dalsim moznym vysvetlenim pre priame zahrnutie HLA mo-
lekiil do etiolégie autoimunitnych ochoreni je fakt, Ze sa
v rémci druhého intrénu génu HLA-DRB1*0401 nafla mikro-
satelitové oblast (GT)22(GA)15 - pomenovand A9, viaiiica
regulaény protein CTCF. CTCF je transpkriptnym faktorom
pozostdvajicim z 11 zinkovych prstov s viacerymi Specifitami
pri rozpozndvani DNA sekvencii. CTCF reguluje expresiu
viacerych génov, ako napr. ludsky onkogén ¢-myc alebo kura-
cf lyzozym. CTCF viaZe mikrosatelitovi oblast v intréne
HLA-DRB1*0401 silnejsie, ne? je tomu.pri c-myc a lyzozy-
me, éo dokdzala mnohondsobne zniZend expresia sledovaného
reportérového génu. Spomenuty pripad riadenia génovej ex-
presie pomocou mikrosatelitove;j oblasti je vobec prvym znd-
mym, preto je snad priskoro poukazovat na moZnosti blokova-
nia transkripcie exénu HLA-DRB1*0401, a teda ndslednd
zmenu funkcie HLA molekuly pri prezentdcii antigénov (42).

Molekuldrno-genetické $nidie identifikovali v HLA oblasti
na 6. chromozdme viac neZ 200 génov. V rdmci tejto oblasti
(jednej z najvi&son hustotou génov) boli identifikované i roz-
ptylené opakovania, ako s SINEs a LINE:s a takisto sekvencie
Tludskych endogénnych retrovirusov (HERVs). Pritomnost
retroelementov v HLA oblasti je priamym d6kazom plasti-
city gendmu v rdmci evolicie ovplyviiovanej prdve
retrosekvenciami. Stiasne boli identifikované HERVs pro-
dukujiice superantigény, ktorych gény sa stali kandiddtnymi
génmi pre rizikové faktory pri diabetes 1. typu a sclerosis
multiplex. Aktivne amplifikdcie jednotlivych typov retro-
elementov moéZu viest k delécii jednotlivych oblast{ v rdmci
-HLA génov. Reguldcia génovej expresie zdvisld na HERV-
-LTR bola dokézan4 uz pri niekolkych Iudskych génoch. Sek-
vencia ERV9, ktori je siéastou LTR sekvencie identifikovanej
v HLA-DR oblasti, je tieZ sekvenciou viaZucou niekolko
transkripénych faktorov a je povaZovand za evoluéne konzer-
vovanii iniciaéni sekvenciu. Zaujimavostou je, Ze aj interferén
gama — responzfvny element (IFN-Y-IRE) bol identifikovany
v rdmci ERV9 sekvencie. Ako vieme, INF-y je jedinym zn4-
mym induktorom HLA expresie. Preto sa poukazuje na moz-
nost, Ze ERV9 pésobi ako enhancer génovej expresie pre HLA
gény a je od neho zdvisld aj samotnd promécia génovej expre-
sie. Jeho pritomnost vSak v ramci jednotlivych genotypov
(napr. u HLA-DR1) dokdzand nebola. Prive jeho pritomnost,
resp. nepritomnos{ by mohla byt rozhodujicou pri riadenf
expresie HLA molekil na bunkovom povrehu. Existuji Stidie
zaoberajiice sa silou expresie HLA molekil prédve v sivislosti
s dostatoénou intenzitou imunitnej odpovede zdvislej na trans-
kripénych induktoroch. Endogénne retrovirusy boli lokalizo-
vané aj do druhého intrénu DRB7 pseudogénu v haplotype
HLA-DR53. Tieto HERVs patria do rodiny HERV-K, ktorej
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&lenom je aj gén HERV-K(C4) pritomny v HLA oblasti III.
Dal&im &lenom tejto rodiny je novozisteny IDDMK 22, ktory

bol izolovany v skupine diabetikov. Ukazuje sa, Ze tento.

HERV-K virus kéduje superantigén, ktory aktivuje v komple-
xe s HLA molekulami triedy II T-lymfocyty, o vedie ku klo-
nélnej expanzii T-lymfocytov, a teda k potencidlnemu rozvoju
autoimunitného ochorenia. Pre toto tvrdenie viak neexistovali
dékazy. Aviak po identifikdcii LTR sekvencii v HLA-DQ ob-
lasti, ktoré-vykazovali priame spojenie s HERV-K proteinmi
typu IDDMK 22, sa o spomenutych HERV-K protefnoch uva-
#uje ako o faktoroch podporujicich rozvoj autoimunitnych
ochoreni svojou rozdielnou integrdciou do jednotlivych HLA
génov, najmi v oblasti HLA-DR. Takisto treba spomemif
i moZné rekombinatné procesy v rdmci HLA oblasti indikova-
né homolégiou retro- a Alu- sekvencii vedice k strukturdlnym
zmendm jednotlivych HLA molekd) (40). Podobné vysledky
zaznamenala aj vyskumn4 skupina Pascaula (43), ktord skiima-
la na 5-koniec -prvého exénu HLA-DQBI alely u pacientov
s reumatoidnou artritidou (RA). Asocidcia s RA bola potvrde-
né v pripade pritomnosti LTR3, LTRS - sekvencie. Pre pripad-
né potvrdenie asocidcie LTR13 s diabetes 1. typu si potrebné
dalsie vyskumy. V rémci Indského genému bolo identifikova-
nych 6201 alternativnych splicingovych produktov. Takmer
42 % z nich sa vyskytuje v génoch, ktoré zabezpecuju funkciu
imunitného a nervového systému. Aj mald zmena v rdmci sek-
vencie, &i uZ je spOsobend integrdciou retroelementu alebo
naviazanim sa virusového proteinu, méZe viest k zmene spli-
cingového miesta v HLA molekule, a tym menif jej funkciu

Skratky
AS ~ ankylozujiica spondylitida
BCR - receptor B-lymfocytu
DMIT — diabetes mellitus 1. typu
CTCF ~ transkripény fakior typu Zn-prstov -
CTL - cytotoxicky T-lymfocyt
ER — endoplazmatické retikulum
GA ~ Golgiho aparit
GAD - glutamétdekarboxyldza
HERVs ~ Tudské endogénne retrovirusy
hGADG65 - glu dekarboxyldza (Mr = 65, huménna)
HLA — Tudsky lenkocytdrny antigén
ICA — protildtky proti bunkdm pankreatickych ostrovéekov
IDDM22 - superantigén rodiny HERV-K zaprigifinje klondinu
expanziu T-lymfocytov pri autoimunitnych ochoreniach
IFN-y ~ interfer6n ¥
IFN-1JRE - interferén-y-responzivny element
LINEs —  dihé rozptylené opakovania
LPM ~ gény kédujiice aparét proteazému
LTR ~ dlhé termindlne opakovanie
MIIC — neskory lyzozomédlny kompartment
NK ~ natural killers-bunky
PCR ~ polymerdzové retazov4 reakcia
SINEs — krétke rozptylené opakovania
TAP — transporléry asociované s processingom peptidov

a vlastnosti pri rozpozndvani self-antigénov (44). 2

V siivislosti s endogénnymi virusmi a ich prepojenim s auto- g
imunitnymi ochoreniami dokumentuju sti¢asn€ Stidie zvy¥ené
enterovirusove infekcie u prediabetickych deti indikujiic, Ze 4
tieto infekcie méZu iniciovat a akcelerovat proces deftrukcie 5
beta-buniek niekolko rokov pred klinickou manifestéciou dia-
betes 1. typu. Pomocou RT-PCR sa sledovala pritomnost
RNA enterovirusov v sibore prediabetickych detf a detf zdra- 6
vych. Pritomnost virusovej RNA bola asociovand so zvySenou
hladinou protilstok proti bunkdm ostrovéekov (ICA) a proti 4
GAD. Oproti prediabetickym defom, v skupine novodiagnos-
tifikovanych diabetikov pritomnost virusovej RNA zistend ne-
bola. Enterovirusové infekcie mbZeme teda radit k rizikovym 8
faktorom vzniku diabetes, pripadne inych autoimunitnych
ochoreni. Ak uvéZime, Ze protildtky proti GAD sii pritomné 9.
u diabetikov v rozdielnych mnoZstvich v zdvislosti od ich
HLA haplotypov, je moZné predpokladat, Ze existujii homold-
gie medzi protefnmi enterovirusov a bunkovymi protefinmi. g
Primdrna enterovirusov4 infekcia moéZe teda viest k namiere-
nju imunitnej odpovede vodi self-peptidom — autoantigénom
(45). Uloha enterovirusov v etiolégii diabetes 1. typusaspo- ;
mina tieZ v siivislosti s homolégiou k GAD. Zndmy je najméi
nedtrukturdlny protein 2C virusu Coxackie 4 (CBV4), voti
ktorému bola pozorovand zvy$end odpoved T-lymfocytov 12
v skupine pacientov s novodiagnostifikovanym diabetes (46). 13
Skupina pacientov s diabetes 1. typu s protildtkami proti bun-
k4m Langerhansovych ostrovéekov, ktoré si u nich preukdza- 14
telné viac ako tri roky, vykazuje aj zvySend pritomnost tyroi-
do-gastrickych autoprotildtok. To dokazuje, Ze diabetes 5
1. typu nie je len orgdnovo Specifickym ochorenim, ale
zahifa cely imunitny komplex.

Pri rozliten{ tajomstva autoimuritnych HLA asociovanych 16
ochoreni bude zo strany vyskumnych timov preto potrebnd 17
eSte znadnd ddvka fantdzie.
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6. Conclusions

e HLA-BRB1*04 and HLA-DQB1*0302 have been detected as risk factors in
T1D in adults and particularly in children ( P< 0.001 OR = 22.9 and 46.5
respectively)

e HLA-DRBI1*03 has been found as a single risk factor for LADA ( P< 0.001
OR =4,9)

e The 15 alleles for NFKB1 gene polymorphism were detected in Czech
population, the frequency of A7 allele (132bp, 20 repeats) was significantly
increased in T1D adults

e There was no difference in A and G allele frequency of NFKBIA gene, but
the association with AA genotype has been found for LADA patients
(P<0.001 OR=2.68)

e Analysis of the HLA-DRB1*04 expression in APCs of peripheral blood has
described singnificantly increased quantity of mRNA in T1D adults in
comparison with T1D children, but there was not any difference in HLA-
DRB1*04 and NFKB1 gene expression testing between different HLA,
NFKB1, NFKBIA genetic background of T1D diabetic group

e MIC-A5.1 allele is associated with genetic susceptibility to T1D adult-onset
(P<0.009 OR = 2.14)

e IL-18 SNPs at position -607(C/A) and -137 (C/G) are not associated with
T1D or LADA susceptibility

e According to our findings we can conclude that the progression of the three
types of autoimune diabtes (T1D in adults, T1D in children and LADA) is
strongly influenced by different immunogenetic background and by impact of

environmental factors modifying the ethiopathogenesis of diabetes
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