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Summary

This study was designed to investigate the role of HLA-class | and class ||
antigens in the etiology of type | diabetes mellitus (TIDM), the cellular changes
of peripheral blood lymphocytes(PBL) including phenotyping of surface
antigens(CD markers), the functional activities of PBL determined by
measurement of proliferative percentage in response to Con-A and in response
to other vira antigens which proposed to be involved in the etiology of TIDM
like, coxsackie virus type B(CVB5), poliovirus and adenovirus and assessment
of other humoral mediators like cytokines, total immunoglobulins(lgs),
Complement components, glutamic acid decarboxylase autoantibodies (GADA)
and specific anti-viral 1gG antibodies for (CVBs, poliovirus and adenovirus) in
order to define if there was previous exposure of TIDM patients to these viral
infections.

Sixty TIDM patients who were newly onset of the disease (diagnosed less
than five months) were selected from the National Diabetes Center at Al-
Mustansiriya University. All the patients were treated with daily replacement
doses of insulin. Their age ranged from 3-17 years. They were divided into two
groups according to their ages as following: 36 patients equal or less than 10
years old and 24 patients more than 10 years old. Eighty apparently healthy
control subjects, matched with age (4-17) years, sex and ethnic backgrounds
(Iragi Arabs) underwent the HLA-typing examination. Finally 50 healthy
individuals were selected randomly to undergo the same examination and tests
of the study as TIDM patients. They were also divided into two groups
according to their ages, 21 individuals equal or less than 10 years and 29
individuals more than 10 years. Another 50 healthy siblings of TIDM patients
were available for investigation of HLA-typing, their ages range from 3 to 16

years.
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The findings of this study are summarized in the following:

* A remarkable increase of glycosylated hemoglobin HbA1:% with a
remarkable decrease of serum C-peptide levels in newly diagnosed
TIDM patients in comparison to healthy controls. The age of children
had no effect on the metabolic decomposition.

« At HLA-class | region, TIDM patients showed a significant increased
frequency of antigen A9 (40.0 vs. 18.75%) and B8 (28.33 vs. 8.75%) as
compared to control subjects, while at HLA-class Il region, DR3 and
DR4 were significantly increased in patients (53.33 vs. 26.25% and 50.0
vs. 12.5% respectively) as compared to controls and they might played
an important role in the etiology of the disease. In addition to that, TIDM
was significantly associated with DQ2 (33.33 vs. 15%) and DQ3 (40.0
vs. 20%) antigens as compared to controls, suggesting that these
haplotypes had a role in disease susceptibility, while the frequency of
DR2 and DQ1 antigens were significantly lowered in patients compared
to controls ( 6.66 vs. 25% and 6.66 vs. 22.5% respectively). These
molecules might had protective effect. In siblings a significant increase
frequency of DR4 antigen (34.0 vs. 12.5%) was observed in comparison
to controls, suggesting that it might be much useful for predicting TIDM
in affected families.

« TIDM patients showed a remarkable lowering in CD3", CD," , CDg",
CD.sRA™, and CDss" cells but the decrease in CD," cells percentage was
not significant in patients in comparison to healthy controls. In contrast,
a significant elevation of activation markers includes (CD4sRO", CDsg"
and HLA-DR" cells were observed in TIDM patients in addition to a
significant increase of CD,q" cell percentage and CD,":CDg’ ratio in the
patients.

 No significant differences were shown in the PBL proliferative
percentage in response to Con-A and tested viruses (CVBs and
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adenovirus) between TIDM and healthy controls, but PBL proliferative
percentage of TIDM patients showed a significant decline in response to
poliovaccine. Strong T-cell proliferation in response to the tested viral
antigens were observed to be related to HLA-DR4 and HLA-DQ3
antigens.

By using ELISA technique, serum levels of a Th; cell cytokine,
interferon gamma (IFN-y), and Th, cell cytokines, interlukin-10(IL-10)
and inflammatory cytokine (IL-6) were significantly higher in TIDM
patients compared to healthy controls.

e Significant increase in total serum IgM, 1gG and IgA levels were
observed in patients with TIDM compared to healthy controls while the
complement component C; and C, mean serum levels showed a
significant decreasein TIDM patients.

o Anti-GAD autoantibodies were present in 50% of TIDM children
especially in older ages and in females more than males. High proportion
of GADA was found in the patients carrying HLA-DR3/DR4
heterozygous.

» High proportion of anti-CVBs 1gG and anti-polio 1gG were found in
diabetic children compared to controls, while anti-adeno 1gG were
detected in diabetic patients only.
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| ntroduction

1.1 Introduction

For at least 20 years, diabetes rates in the wuaake been increasing
substantially. According to WHO, in 2000 there wab®ut 668000 diabetics in
Iraq alone. It is estimated that by the year 2089 humber will become 2.09
million, while over 18 million Americans have diabs (WHO, 2005).

Type 1 diabetes mellitus (TIDM) is a chronic diseaghere insulin-
producing beta cells in pancreatic langerhans @letgradually destroyed. The
process which finally leads to complete beta cedisl and onset of clinical
disease starts years before any clinical sympttnmsconsidered to result from
a multifactorial process involving host genes, antoune responses and
cytokines as well as environmental factors. As dication of an ongoing
autoimmune process at a preclinical stage, betaao&bantibodies to various
islet antigens, insulin glutamic acid decarboxylaB® (GADss), tyrosin
phosphatase (IA2/IAR) and heat shock protein 60#ppear in the circulation
precede the onset of the disease both in humannamonobese diabetic mice
and they have predictive value in the clinical dse (Briket al., 1996; Winter
et al., 2002).

The genetic factors that influence disease riskehlawen subjected to
more intensive study. The first diabetes suscdiiyilgenes to be identified were
the human leucocyte antigen (HLA) genes locatedlonmosome 6 referred as
IDDML1 locus. This locus is the major determinantitdfease risk accounting for
42% of the familial inheritance of TIDM (Kellgt al., 2003). The relatively low
concordance rate among identical twins (25-53%) gests that the
susceptibility genes have low pentrance that is albtindividuals who are
genetically "at risk" of TIDM will develop the diase (Kumaret al., 1993).

Discordance between identical twins may indicateimportant non-genetic
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(environmental) input to disease susceptibilityleo 1998). Migration studies
represent another line of evidence that suggesikedor environmental factors
in the development of TIDM. For example, it has rbetown that children
living in South Asia have a low incidence of TIDRIt migrants from there to
the UK have similar rates to the indigenous popattatFeltboweret al., 2002).

Further support for the environmental factors iaefloes on the disease
drives from the marked geographical variationsliDM incidence. The highest
incidence of TIDM is seen in countries in the nerth hemisphere, with the
lowest incidence found in Asia, followed by Ocearfrustralia and New
Zeland), South and North America and the highdstiraEurope (Karvonest
al., 2000). Taken together these epidemiological gedetic studies are
consistent with a model in which a common environtakefactor, or set of
related factors, operate on a genetically susdeppibol of individuals to give
rise to the disease.

Viruses have been traditionally considered primelaates to trigger and
/ or accelerate TIDM. Rubella virus, mumps, cytoalegirus, rota virus and
enteroviruses (EVs) (Dahlquist997; Honeyman et al., 2000; Varela-Calvino
and Peakman, 2003), have all been suggested asommental factors
contributing to TIDM. Several case report studiasenshown that EV infections
detected as an increase in the antivirus antibeshgl |(Both IgM and 1gG)
precede the appearance of signs of autoimmunitiectetl either by the
synthesis of several autoantibodies or the devetmpnof clinical disease
(Lonnrotet al., 1998). There were also indications that mateE\alinfections
during pregnancy will increase the risk of TIDMthre offspring (Viskaret al.,
2002). Other studies have shown a higher frequeh®&V RNA in the sera of
patients with diabetes compared to healthy subjdetsionstrating either a
recent or a persistent infection in the subjectettgving TIDM (Craiget al.,
2003).



Chapter One Introduction

1.2 Aims and obj ectives

In Iraq the diabetes prevalence is increasing coeagpaith the rest of the
world. Hence in order to gain more understandingualthe role of genes, viral
infection and immune system response with initratd TIDM, this study was
conducted to evaluate immunogenetics, viral intetticellular and humoral
immune responses of diabetic patients through:

1. HLA class | and class Il polymorphism.

2. Peripheral blood lymphocytes surface antigens (CBrkers)

(CDs", CDy,", CDs", CD4sRA", CD4sRO', HLA-DR*,CD38+, CR¢,
CDy' cells subsets).

3. Invitro T-cell proliferation in response to mitogen (Con-a¥d in
response to different viral antigens using purifi€tVBs,
poliovaccine (oral sabin) and adenovirus.

The possible role of IFN; IL-10 and IL-6 in diabetic patients.
Total immunoglobulins and complement componentart@ G.
GAD-65 autoantibody.

Circulating anti-viral 1gG specific to CVE poliovirus and

N o o A

adenovirus.
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Literature Review

2.1 1det Cdl Structure

The islets of Langerhans are collections of callttered throughout the
pancreas; make up about 2% of the volume of the gland which anatomically and
functionally separate from pancreatic exocrineutsghat primarily secrets
pancreatic enzymes into ducts and drains into thedehum (Seelegt al.,
1992). Normal subjects have about 1-2 million sheith a total weight 1-2 g
and constitute less than 2% of the mass of pandiaseja and Maclarien,
2002).The cells in the islet can be divided intarfdistinct types: A cells make
up 20% of the total, secrete glucagon; B cells which are the most common and
account for 6025% of the islets that secrete insulin; D cells secrete somatostatin
and F cells secrete pancreatic polypeptides (Gari&8y).

Insulin is a polypeptide hormone consgstod two chains A and B linked
by disulfide bridges; the A and B chains have 21 and 30 amino acids
respectively (Granner, 1996). Insulin is synthedizs preproinsulin in the
ribosomes of rough endoplasmic reticulum, whichléaved later to proinsulin.
The peptide segment connecting the A and B chthesgonnecting peptide (C-
peptide) consist of 30-35 amino acids (Hoekstral., 1982). The proinsulin
undergoes a series of site-specific cleavage byptwteases in the granular sacs
of Golgi apparatus before secretion (Granner, 1986)ymally 90-97% of the
product is insulin with equimolar amount of C-pépti(Kukreja and Maclarien,
2002).

Insulin secretion fronf-cells is principally regulated by plasma glucose
levels. Increased uptake of glucose by pancrghtells leads to increase in
metabolism. This increase is leading to an elemaito the ATP/ADP ratio,
which in turn leads to an inhibition of ATP-sengitiK' channels. Net result is a
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depolarization of the cell leading to Tmnflux and insulin secretion (King,
2005).

2.2 Diabetes M édllitus (DM)

Diabetes Mellitus is a group of metabolic diseasbaracterized by
hyperglycemia resulting from defects in insulinretion, insulin action or both
(Sherwin, 2000). Deficient insulin action resulteorh inadequate insulin
secretion and / or diminished tissue responsessidin at one or more point in
the complex pathway of hormone action (The experhRittee, 2002).

Symptoms of marked hyperglycemia include polyup@lydispia, weight
loss, sometimes with polyphagia. Impairment of gtownd susceptibility to
certain infections may also accompany chronic hglgeemia (Granner, 1996).
Lack of insulin affects the metabolism of carbolatds, proteins and fat causing
a significant disturbance of water and electrolyfeser et al., 1999). Chronic
hyperglycemia causes damage to the eye; kidnewesgetheart and blood
vessels while death may occur during acute metabl@compensation (Chapel
et al.,, 1999). Its etiology and pathogenesis are hetgregus resulting in
different strategies for prevention, diagnosticesaing and treatment (The
Expert Committee, 2002).

2.2.1 Classification of DM

Two major types of DM are recognized; type | (imsutlependent
diabetes mellitus IDDM) and type Il (non insulinpd@dent diabetes mellitus
NIDDM). Other known types of diabetes comprise m#ition diabetes, which
Is common in the developing countries, and secgndiabetes brought about by
pancreatic disease, drug toxicity, endocrine disdand genetic diseases (Frier
etal., 1999).

The world health Organization (WHO) expert comnaiten diabetes in
1980 proposed a system of classification basedhat df National Diabetes
Data Group (NDDG) including epidemiologic, clinicammunologic, genetic

5
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and other factors along with research finding foe fast 18 years and was
proposing changes to the NDDG / WHO classificasoheme as listed in table
2-1 (The Expert Committee, 2003).

The practical approach is to distinguish betwegmetyl which is an
immune-mediated disease and type Il which is notume-mediated (Chapet
al., 1999). Some individuals develop a milder form tgpe | diabetes,
characterized by presence of autoantibodies but whhical classification of
type Il. This type is classified as the uncommamiosometimes called type 1.5
diabetes (Boic, 2004). Ketoacidosis is a major uieatof untreated type |
diabetes and circulating collapse can result frewes acidosis (pH 7.0 or less)
(Sherwin, 2000).

Type Il diabetes referred to adult-onset diabetesaiterm used for
individuals who have insulin resistance and usubhflye relative (rather than
absolute) insulin deficiency (Friet al., 1999). It is principally a disease of the
middle aged and elderly and is often associatedch vgtrong genetic
predisposition (The Expert Committee, 2002).

Other specific types of diabetes such as MODY (MatWnset Diabetes
in the Young), characterized by onset of hyperglyiee at an early age
(generally up to 25 years) and constitutes less 8% of all cases of type Il
diabetes (Frieet al., 1999). They are due to genetic defecpdicell function.
The most common form (MODY3) is associated with atioh on chromosome
12 in a hepatic transcription factor (HNF<) (Byrne et al., 1996). The
MODY?2 is associated with mutation in glucokinasengg@n chromosome 7p
(Lowe, 1998), while the third one (MODY1) is assded with mutation in the
HNF-4 o on chromosome 20 q (The Expert Committee, 2003).

Gestational diabetes applies to women who develaipetes for the first

time during pregnancy; particularly in the 3" trimester (Frieet al., 1999).
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Table 2-1: Etiologic classification of diabetes hhas$.

I. Type 1 diabetegfcell destruction, usually leading to absolute limsdeficiency)
A- Immune mediated
B- Idiopathic
Il.  Type 2 diabetes (may range from predominantly ing@sistance with relative insulin deficiency tpr@dominantly
secretory defect with insulin resistance).
Ill. Other specific types
A. Genetic defects d¥-cell function
Chromosome 12, HNFel(MODY 3)
Chromosome 7, glucokinase (MODY2)
Chromosome 20, HNFed(MODY1)
Mitochondrial DNA
Others
B. Genetic defects in insulin action
Type A insulin resistance
Leprechaunism
Rabson-Mendenhall syndrome
Lipoatrophic diabetes
Others
C. Disease of the exocrine pancreas
Pancreatitis
Trauma/pancreatectomy
Neoplasia
Cystic fibrosis
Hemochromatosis
Fibrocalculous pancreatopathy
Others
D. Endocrinopathies
Acromegaly
Cushing’s syndrome
Glucagonoma
Pheochromocytoma
Hyperthyroidism
Somatostatinoma
Aldosteronoma
Others
E. Drug- or chemical-induced
Vacor
Pentamidine
Nicotinic acid
Glucocorticoids
Thyroid hormone
Diazoxide
B-adrenergic agonists
Thiazides
Dilantin
a-Interferon
Others
F. Infections
Congenital rubella
Cytomegalovirus
Others
G. Uncommon forms of immune-mediated diabetes
“Stiff-man” syndrome
Anti-insulin receptor antibodies
Others
H. Other genetic syndromes sometimes associated vaitiets
Down’s syndrome
Klinefelter's syndrome
Turner’s syndrome
Wolfram’s syndrome
Friedreich’s ataxia
Huntington’s chorea
Laurence-Moon-Biedl syndrome
Porphyria
Prader-Willi syndrome
0. Others
V. Gestational diabetes mellitus (GDM)

ghwNPE

ghrwnPE

NoogkwdpR

ONoarLONE

WN - PPRPOO~NOODWNE

wh e

BOONoOOR~WNE



Chapter Two Literature Review

2.3Typel Diabetes Mellitus (TIDM)

Although there are clinical differences betweeretyand type Il diabetes

mellitus which was reported first more than a cgntgo, it was not until the
mid-1960’s that convincing evidence about involveimef immune system in

the pathogenesis of TIDM was reported (Gepts, 1965)

2.3.1 Epidemiology of TIDM

I. Disease I ncidence

No country has escape TIDM although the diseas@ance varies
considerably from one country to another (Karvoeeal., 2000). The highest
incidence in the world in children <15 years of a@®/100,000 per year have
been reported from Finland; Sardinia, Sweden, NgywRortugal, UK and
Canada, while the lowest <1/100,000 per year framm&; Africa and South
America (Karvonergt al., 2000; Gale, 2001; 2002). An increase in the incidence
of TIDM has been observed in a number of countrigs, highest of all in
Europe. Sardinia emerging as the Mediterranean spot” with an incidence
rate of 36/100,000 for the period from 1989-1998n@ni et al., 1993). Finland
also had an incidence rate of 35/100,000 from #m@od of 1989-2000 (Gale,
2001), but another data point to a figure as higli% in Finland and Sweden
(Notkins and Lernmark, 2001). Its incidence seemnset increasing in countries
around the world and is predicted to be about 4@$tdn in 2010 than in 1997
(Onkamoet al., 1999). High incidence rate are now reported feomumber of
non-Europid population. Kuwait has the seventh ésghrate in the world
(Karvonenet al., 2000), suggesting that genetic susceptibilityy mat vary as

widely among ethnic groups as was previously beblev

ii. Ageand Sex Distribution

The age distribution of newly diagnosed cases délichod diabetes has
been studied extensively (Karvonenal., 1993). This generally shows a peak
for clinical onset between 10-14 years of age wiharp drop in the late teens

8



Chapter Two Literature Review

(Karvonenet al., 2000). It may be that children susceptible te thsease are
exposed to the predisposing factor (s) during thest 14 years of life and that
either exposure subsequently decreases or a lapperpon of the susceptible
individuals has already developed the disease déyitiie they reach 20 years of
age (Gale, 2002). Step rises in the age group ungears have been recorded
recently (EURODIAB ACE study group, 2000; Gale, 2001). The pubertal peak

in onset of TIDM occurs early in girls than boysi(@ziute-Lyckaet al., 2002),
since the hormonal changes of puberty differ betvibe sexes. Genes regulated
by sex hormones could play an important role indifilerent patterns of disease
presentation (Pottratt al., 1994). The gene for IL-6 is a possible candicate
its promoter is regulated by Prestradiol (k) (Gillespieet al., 2005). A slight
male predominance (male : female >1) which has beported in many
countries is most pronounced after puberty (Bralaat Geevarghese, 1990;
Sridhar, 1996; Karvonen et al., 2000). Raiset al., (1996) demonstrated that
TIDM seems to be more common in the females as acedpwith the males

(2.5:1) with an earlier age of onset in females.

lii. Seasonality of Diagnosis

Many reports have pointed to increased incidenc&@IbM during the
cold months in both hemispheres, although this been observed to be less
consistent in children up to 5 years of age (Kimgkim 2002). Many reports
revealed a significant seasonal variation in clhipresentation even in the
youngest age group across all European populatiaties, with a winter peak
that seems to be particularly characteristic of nSoevian regions (Levy-
Marchalet al., 1995), while in Sardinia it shows a declinehe summer (July)
and a peak in the autumn (October) (Muntehial., 1995).The seasonal
incidence of both CVB infection and TIDM peaks imetlate summer and
autumn (Clemengt al., 1995). Thus the seasonal variation in the inmwdeof

TIDM could be due to viral infection which seemso® a predisposing factor to
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TIDM, whereas a lack of seasonal variation haanb®oted in Madras (India)
(Ramachandrad al., 1996).

2.3.2 Natural Courseof TIDM

In 1965, Gepts suggested that the process of lefitdestruction is slow
and that it may take years to destroy enough belia to result a clinical
symptoms. This is confirmed with observation thetiabcells-dysfunction can be
demonstrated up to 6-7 years before appearancgngitems (Mernaet al.,
1999). Subsequently, it was observed that TIDM aeclimore frequently in
patients with autoimmune disease whom often hacmspecific antibodies
(Ten and Maclaren, 2004). The identification oéistell autoantibodies (ICA)
in combination with the observation with an asstarabetween the disease and
specific alleles of the human leukocyte antigen AlHkystem (Gillespiest al.,
2002; Graham et al., 2002) and infiltration of the islets by lymphoey and
macrophages (Kukreja and Maclaren, 1999), givengtsupport to the view that
TIDM is an autoimmune disease.

The hypothesis of Gepts regarding a chronic ratiem an acute process
was strengthened by the finding that circulatingpantibodies could be present
long before clinical onset of the disease in resiof patients with TIDM
(Winter et al., 2002). These finding implies that TIDM is an @aotmune
disease caused by multiple interaction between tggenenvironmental and
immunological factors (Lernmark, 1999). Once ind@cthe process is insidious
and a considerable time may elapse before clim@hifestation (The Expert
Committee, 2003).

In the model of beta-cell destruction, the procglssws two phases of
preclinical diabetes preceding a third phase oficdl diabetes (Ten and
Maclaren, 2004) (Figure 2-1). In phase-1, thereasevidence of beta-cell
destruction and only genetic predisposition is @neégKukreja and Maclaren,
1999). Due to unknown factors, possibly environrakmir other reasons, a
selective attack on the beta cells starts (Sattadlz, 2000). The duration of this

10
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second phase is unknown; range from months to yekasome individuals this
process may come to a half, or regeneration ob#ta cell may occur, but in
others the destruction process that leads to aelirsgmptoms would continue
(Schatz and Maclaren, 1995).

Inductive events
Environmental trigge

)

Humoral autoantibodies
ICA; I1AA; _
GADG65A; 1A- Cell mediated response

Genetic 2A;1L-12; to islet antigens

predisposition INF-y .
HLA-DR/DQ (insulitis, p-cell Metabolic derangements

2A B, C injury) IVGTT: Diabetes onset ®
VNTR-INS

Impaired
CTLA-4 O%TT l Honeymoon
Others
Elevated phase

Fasting glucose
(Pre TIDM) TIDM

<« 9month- 5« months to yeatS———»<«——month:
3vears

Figure 2-1: The natural history of type 1 diabetes (Cited fr8chatzet al.,
2000 and Ten and Maclaren, 2004)

The pathogenic process can be identified by theectieh of
autoantibodies to islet cell antigens often longquks of time before the disease
become clinically manifested (Schat¢z al., 2000). The presence of ICAs,
autoantibodies to glutamic acid decarboxylase (@RADnsulin autoantibodies
(IAAs) and autoantibodies directed to a transmembrgrrosine phosphatase
(IA-2A) may occur individually or in combination (Kpimaki et al., 2000;

Krischeret al., 2003). By the time, around 70-80% of the betés deave been
11
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lost. Glucose intolerance (OGTT); “Silent” diabetasd symptoms follow this
(phase-3) (Kukreja and Maclaren, 1999).

After the initiation of exogenous insulin-therapgnees a phase called
honeymoon period, characterized by physiologicalignificant endogenous
insulin secretion initiated; this period is of miied duration (Ten and Maclaren,
2004).

The remission phase in most children is partial fbayy be complete in
some adult patients who remain normoglycemic withexogenous insulin
(Kaaret al., 1984).

2.3.3 Aetopathogenesis

The aetiology and pathogenesis of TIDM are not detefy understood
(Lernmark, 1999). The dramatic increase in thedieece of the disease in many
parts of the world (Karvoneet al., 2000) is unlikely to be explained by increase
in the genetic trait in the back ground pajish (Lowe, 1998); but rather points
to the introduction of novel non-genetic factors ar increase in existing

exogenous diabetogenic factors (Lernmark, 1999).

I. Genetic Susceptibility of TIDM
a. Major Histocompatibility Complex (MHC) Genes

TIDM is known to be polygenic disease that appé&ans the interaction
of mutations in multiple genes (American Diabetasdciation, 2002). TIDM is
strongly and genetically linked and associated WitbA on chromosome 6
(designated IDDM1) (Dormast al., 2000). The IDDML1 is located within the
MHC. The MHC spans a 3.5 mega base region on the ahm of chromosome
6 that consists of over 200 genes (Goldsbwl., 2000), arranged into three
subregions encoding three classes of moleculgsiig2-2).

12
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The Human Major Histocompatibility

Complex
LMPT
N DOA1
DPAL | * DREL
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Figure 2-2: A simplified map of the HLA region on the short arof
Chromosome 6(6p21) showing the major genes of dldsand Il (adapted
from Eisenbarth, 2004).

1.Class | genes: encode glycoproteindudneg a heavyd) peptide chain
associated with a smaller chain calfgemicroglobulin (Figure 2-3). These are
expressed on the surface of nearly all nucleatd aed platelets (Goldsbst
al., 2000). The HLA class | molecule bind to peptfdegments derived from
endogenous antigens and present them for recogrisyothe T-cell receptor
(TCR) of CD8 T-lymphocytes (Roitt, et al. 1998). Class | genmegude the
three classical genes; HLA-(28 alleles); HLA-B (59 alleles) and HLA-C (10
alleles) loci; and the non-classical MHC-1b gené\HE; F and G (Williams,
2001), (Table 2-2). They do not display the extemgpolymorphism of the
classical genes (A, B and C) and appear to have moited functions in the

immune system.

13
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Figure 2-3: Class | MHC molecule (adapted from Pickup and \AfHj 1997)

2.Class Il (HLA-D) genes: encode glycopnoseexpressed on a few cell
types includes B lymphocytes, activated T cellscrmphages, dendritic cells,
inflamed vascular endothelium, and some epithelals. The MHC class Il
molecules present processed antigenic peptide®# T-lymphocytes (Chapel
et al., 1999). The class Il genes containing A and Begeancodes for theand
B chains respectively, (Figure 2-4). There aredhgene clusters within the
class Il, designated the HLA-DR (24 alleles), HL&RD9 alleles), and HLA-DP
(6 alleles) (Table 2-2) (Dorman and Bunker, 200he class | and class Il
genes are both members of the immunoglobulin ganelyf (Goldsbyet al.,
2000).

NH, NH,

s
anl
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b

-~ - | Plasma mem brane|

| L] |

Cytoplasm

CCoOH cOoH

Figure 2-4. Class Il MHC molecule (adapted from Pickup and M, 1997)
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3.Class lll genes: their proteins are ntgvant to antigen presentation, and
generally encode various secreted proteins thate haymune functions,
including TNFe andf; components of the complement factorgXCC4B ; C,
and BF) and heat shock protein (HSP70) (Kellgl., 2003) (Figure 2-2).

The role of HLA alleles in TIDM was firstdicated by an association with
HLA-BS8, B15 and B18 (Singal and Blajchman, 1973).dnen with HLA-DR3
and DR4 encoded in the DRB1 locus ( Gillespiel., 2002).

Table 2-2: Listing of all recognized serological and cellukitA specificities.
Adapted from HLA informatics group, Anthony Nolams$earch Institute (2004)

A B C D DR DQ DP
Al B5 Cwl Dw1 DR1 DQ1 | DPwl
A2 B7 Cw2 Dw?2 DR103 | DQ2 | DPw2
A203 B703 Cw3 Dw3 DR2 DQ3 | DPw3
A210 B8 Cw4 Dw4 DR3 DQ4 | DPw4
A3 B12 Cw5 Dw5 DR4 DQ5(1)] DPw5
A9 B13 Cw6 Dw6 DR5 DQ6(1)] DPw6
A10 B14 Cw7 Dw7 DR6 DQ(3)

A1l B15 Cw8 Dw8 DR7 DQS(3)

A19 B16 Cw9(w3) | Dw9 DR8 DQ9(3)
A23(9) | B17 Cw10(w3) Dw10 DR9

A24(9) | B18 Dw1l DR10

A2403 | B21 Dw12 DR11(5)

A25(10) | B22 Dw13 DR12(5)

A26(10) | B27 Dw14 DR13(6)

A28 B2708 Dw15 DR14(6)

A29(19) | B35 Dw16 DR1403

A30(19) | B37 Dw17(w7) DR140415

A31(19) | B38(16) Dw18(w6) DR15(2)

A32(19) | B39(19) Dw19(w6) DR16(2)

A33(19) | B3901 Dw20 DR17(3)

A34(19) | B3902 Dw21 DR18(3)

A36 B40 Dw22

A43 B4005 Dw23 DR51

A66(10) | B41 Dw24 DR52

A68(19) | B42 Dw25 DR53

AG9(28) | B44(12) Dw26

A74(19) | B45(12)
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A80

B46

B47

B48

B49(12)

B50(21)

B51(5)

B5102

B5103

B52(5)

B53

B54(22)

B55(22)

B56(22)

B57(17)

B58(17)

B59

B60(40)

B61(40)

B62(15)

B63(15)

B64(14)

B65(14)

B67

B70

B71(70)

B72(70)

B73

B75(15)

B76(15)

B77(15)

B78

B81

B

Bw4

Bwo6
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Subsequently the DQB1 and DQA1 genes were shoviae tmore closely
associated with TIDM (Dorman and Bunker, 2000). ldeer the phenotype of
TIDM does not exhibit a typical mendelian inheritarthat can be attributed to a
single locus, and it is therefore an example ofoamex genetic disease
(Kawasakiet al., 1998), with a multigenic pattern of inheritarered a strong
influence of environmental factors which act as olating (accelerating or
delaying) its clinical manifestation (Lernmark, 299

In Caucasians, disease susceptibility is associaittdtwo combinations
of DQAL and DQB1 alleles namely: DQA1* 0201. DQB2t1/ DQA1*0301.
DQB1*0302 haplotypes, which encodes the HLA.DQ2 aHdA.DQS8
respectively (Dorman and Bunker, 2000). Other hrggk DQ haplotypes
include: DQA1*0301. DQB1*0201 among African Amenisa (Dorman and
Bunker, 2000); DQA1*0301.DQB1*0303 in the Japanese and DQA1*0301.
DQB1*0401 in Chinese (Awata, 1995; Kawabata et al., 2002). A study
conducted by Zalloudt al., (2002) on Lebanese patients reported that 7086 an
40% of TIDM patients were positive for DQB1*0201 darDQB1*0302
respectively.

HLA-DQ genes that are in linkage disequilibriumhwHLA-DR show the
closest association with the disease (Sheehl, 1989). There is strong linkage
disequilibrium between the various loci in the HIltégion, so that DR4 for
example usually present together with DQ3, and Bigether with DQ2 (Klein
and Sato, 2000). Up to 90% of patients with diabetary one or both of these
haplotypes and the highest risk of the disease osfecred by the
DR3.DQ2/DR4.DQ8 hetrozygous genotype (Kamulaigeal., 1999; Tanaka et
al., 2002).A Study conducted by Mezal, (1988) showed Al, B8, and DRS3
were the high risk antigens, while Al-Samarria, Q2D found that
A24,B8,B15,DR3,DR4,DQ2, and DQ3 were highly asdeciawith TIDM
among Iragi patients.

Strong natural protection against TIDM is also eordd by the DR2.DQ6
haplotypes (Moghaddarmt al., 1998), which occurs in approximately 20% of
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the healthy white population but it is rarely fousmhong patients with diabetes.
These molecule can prevent progression of dialestess after the onset of islet
autoimmunity, suggesting that it may have an immoodulatory role
(Kimpimaki et al., 2001; Zalloua et al.,2002). However, its influence is not
absolute because patients with diabetes who wesiivafor DQ6 have been
reported (Puglieset al., 1999). DR2; DQ1;DQ4 and B35 were found among the
protective alleles in lraqi patients (Méza988; AL-Samarrai, 2001). It is of
interest that HLA-B35 and Cw4 antigens were fouodoé protective against
type | and type Il diabetes mellitus in Iraqi pats&AL-Samarrai, 2001). The
association of DQ alleles with diabetes is reldatethe absence of amino acid
asparatate at position 57 grchain and the presence of arginine at position 52
on a chain (Khalil et al., 1990).DPB1 genes were shown to influence
susceptibility to TIDM (Noblest al., 2000).

The mechanism of HLA-conferred disease suscepyibaind protection
has remained open, although various hypothesesli®mreproposed:

1. Antigen binding in the periphery: It has been pmgmb that
susceptibility to TIDM and protection form may Hdetected from
individual affinities in the interaction betweeraldletogenic peptide
and various class Il molecules (Nepom, 1990).

2. Molecular stability and thymic deletion of autorgan T-cells: this
model suggests that the HLA effect may depend enfadiiure of
the immune system to maintain tolerance to pancrémta cells
(Sheehy, 1992).

3. Influence on T-cell phenotype: The immuno-modubatoypothesis
perform that the HLA molecule may interact diffeitgrwith the
TCRs of autoreactive T-cells, affecting the phepetyf T-cells
(Proinflammatory versus regulatory) or their adiiva status
(Proliferative versus anergised) (Keéiyal., 2003).
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Methods for Studying Genetic Association

Population testing has been utilized to study ssmwaation between HLA
markers and the disease based on screening iniganaihd screening in the
general population (Dorman, 2000).

In general population studies, it is iigeged whether one or more of the
HLA antigens occur in different frequencies in pats compared to the
corresponding frequencies in healthy unrelated rotmatched for sex, age
and region (Ad’hiah, 1990). Difference in frequenbgtween patients and
controls is expressed in terms of a relative riRIR)Y (Svejgaard and Ryder,
1994).

The RR value indicates how many timesraguently the disease occurs
in individuals carrying the antigen relative to $ko having lack of it.
Accordingly, a risk above 1 means increased frequesi the antigen in the
patients (positive association); whereas the dser&aquency gives a risk value
below 1 (negative association) (Cruse and LewisQ0O20 The statistical
significance in both cases is normally evaluatedhsy chi-square test and for
smaller numbers Fisher’s exact probability is used.

Further estimates were etiological (EF) and praven{PF) fractions
(Kockum, 1995). The EF value indicates the roleliskase associated factor in
evoking the disease state and it may show somematmon about the degree of
linkage disequilibrium between HLA genes and a llgptical disease
predisposing gene. The EF can only be used fotipesissociation (RR is more
than 1). However, when RR is less than 1 (negatss®ciation), an estimation
of the PF value can be used. Both the EF and Riesaan vary between 0 (no
association) and 1 (maximum association) (SvejgaaddRyder, 1994).

Another approach to study genetic associationratjh screening for the
high risk alleles in affected individuals and th&mily members (Dorman,

2000). The family study includes investigation dfeated family with a
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possibility of determining whether observed disition of the haplotypes
sharing differs from the expected one (SvejgaaciRyder, 1994).

Although most intervention trials are based ort fisgree relatives, about
90% of those who develop the disease have a nedaimily history (Dorman,
2000).

b. Other Susceptibility Genes

Approximately other twenty genes loci-large streschof DNA are
suspected of contributing to the development of MIJbut few specific genes
have been pointed (American Diabetes Associati@®2p, among these the
polymorphism within the insulin gene region on chosome 11 (Awatat al.,
1998; Metcalf et al., 2001). Insulin gene contains the second majscegutibility
locus for TIDM (IDDM2) (Dorman, 2000). Upstream tife insulin gene are
variable numbers of tandem repeats (VNTR) regidme@& classes of VNTR
alleles have been identified, segregated accortintpe number of repeats of
14-15 bp sequence, (Kelt al., 2003); class I alleles (26-63 repeats); class II
alleles (64-139 repeats) and class Il alleles {230 repeats). Class | is
generally associated with susceptibility to TIDMthvithe highest risk while
class Ill alleles are associated with dominant guodon (Boic, 2004). The
mechanism by which the insulin VNTR polymorphismé#uence the risk of
TIDM is unclear (Dorman, 2000). The protective effef class Il alleles may
be explained by higher concentrations of proinsuhRNA in the thymus,
perhaps to enhance immune tolerance to prepromsalikey autoantigen in
TIDM pathogenesis (Lernmark, 1999). However, tlisus has been shown to
regulate the expression of two downstream genesrthg be relevant to disease
pathogenesis, namely; the insulin gene and thelimakske growth factor 2
(IGF2) gene (Kellyet al., 2003). Insulin and its precursor are potentatét
autoantigens for beta cells destruction, (Boic, 200

The cytotoxic T-lymphocyte antigen gene (CTLA-4) dwwomosome 2 is
also involved in the susceptibility of TIDM (Awa&h al., 1998). The linkage of
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TIDM to the CTLA+4 is not understood; however it has speculated that a gene
polymorphism involving a AT repeat at the C ternsirun the "3 end of the gene
may affect the mRNA stability of the CTLA-4 mRNA €tnmark, 1999). The
longer the repeat, the less stable CTLA-4 mRNA.CY4.A-4 is critical to T-
cell apoptosis, it has been speculated that longepkat might lead to T-cell

survival because the CTLA-4 protein is not fornjeernmark, 1999).

il. Environmental Factors

Only minority of genetically susceptible individesadevelops clinical
disease (Rewerst al., 1996). Based on data from the American Diabetes
Autoimmune Study in the Young (DAISY), it was estited that at least 30% of
the general population have some degree of inadegeseetic risk of TIDM, but
only about 0.5% develop the disease. The lack d¥%dCconcordance in
monozygotic twins suggests that the environmeiatztbfs also make significant
contributions to the pathogenesis of the diseassvél. 1998). Environmental
triggers of TIDM are postulated to include virafanotions; dietary factors;
environmental toxins; psychological stress and aead the year (American
Diabetes Association, 2002). However, no singlgger has been conclusively
identified.

a. Viral Infections

A causal relationship has been shown between TID¥hagh frequency
of infectious disease (Blonet al., 1991); although an inverse association
between the exposure to infections during the fiesir of life and subsequent
TIDM has been reported (Gibb@hal., 1997). The timing and diabetogenity of
the infective agent may be crucial for the inibatiof the pathogenetic process
(Davidkinet al., 1998).

The evidence that viral infection might cause TID#M derived from
studies where virus particles known to cause cytop@r autoimmune damage
to beta cells have been isolated from the panc(¥a®n et al., 1979).
Several viruses have been implicated includingeanbn with mumps;
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coxsackie B virus, retroviruses, rubella (in uterxgtomegalovirus, and epistien-
bar virus (Hasletét al., 1999).

Congenital rubella has been observed to be assdciatith an
approximately 12-20% absolute risk of TIDM in iniiuals express HLA-A8
(Menser, 1974; Rubinstein et al., 1982) and in diabetic patients express the
HLA-class Il DR3 or DR4 haplotypes with ICAs (ScHepet al., 1982). The
virus acts by forming rubella-specific immune coaxas which can and do act
on the pancreas (Coyétal., 1982).

Case reports anoh vitro studies with human islet cell cultures suggest
that mumps might also be involved (Priretal., 1978; Jenson et al., 1980). The
childhood diabetes study (Di Me) in Finland showecrease anti-mump IgG
class antibody titer in children with newly diagadsTIDM (Hyotyet al., 1993).
Large epidemiological studies demonstrate paralleles between outbreaks of
mumps and new cases of TIDM (with a lag of 2-3 geébtrattoret al., 1993).

MMR (measles; mumps; rubella) vaccine especiadlynump and rubella
components has been implicated in the causatioildM (Coulter, 1997).
Another study conducted by Davidkiee al., (1998) confirm that measles or
rubella-like illness in MMR vaccinated children ar@used by other viruses like
parvovirus, enterovirus, and adenovirus. In cottrabildren with previous
exposure to rubella had higher levels of ICAs, ancevidence was found that
MMR vaccination during adolescence might be trigggioimmunity (Lindberg
etal., 1999).

The human cytomegalovirus (hCMV) may also play & ron the
development of TIDM (Hasle#t al., 1999). A Finnish study found comparable
levels of hCMV IgG and IgM antibodies in childrenthv newly diagnosed
TIDM (Hiltunen et al., 1995). An Iraqi study conducted by Wahbi, (1988%
demonstrated anti-rubella IgM and anti-hCMV IgM n5% and 5%
respectively of newly diagnosed TIDM patients. Hstraet al., (2001) showed
that hCMV-derived epitope can be naturally processg dendritic cells and
recognized by GAR reactive T-cells, thus involved in the loss of Tice
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tolerance to autoantigen GAD In contrast, Hiltuneret al., (1995) found no
differences of hCMV IgG and IgM levels between gavhset TIDM patients
and control group. Itoh and his team (1995) alskedato detect hCMV and
Epstein-Bar virus genome in pancreatic biopsy oémn¢ onset TIDM.

Rotaviruses are the major cause of human infardgdestroenteritis
worldwide (Haslettet al., 1999). Sever rotavirus gastroenteritis have been
associated with pancreatitis in two children, whsrgpancreatic ICAs were
detected in acute-phase but not convalescent-pdersen (Nigro, 1991). An
Australian study noticed that Rotavirus of VP7 $gve 1 and 3 contain peptide
sequences highly similar to T-cell epitope in tletiautoantigen GAD and |A-2,
and the levels of anti-rotal IgA and IgG increagmificantly with the increase
levels of 1A-2 and GAD antibodies in the serum angtically susceptible
children (Honeymasmt al., 2000). Coulsest al., (2002) have shown that rhesus
rotavirus was replicated in the pancreatic isleN&D mice, suggesting that
infection of pancreams vivo by rotavirus might be possible.

Enteroviruses (EVs) have also been indicated tadseciated with the
onset of TIDM in both epidemiological, serologiea well as by the studies of
the viral antigen (Dahlquist, 1997). Ylipaastb al., (2004) demonstrated a
definite islet-cell tropism of EVs in the human pegas.

The EVs comprise a large genus belonging to tberpaviridae (Brooks
et al., 2001).They are small, non enveloped, singlendtiRNA, ranging in size
from 7.2-8.4 kb (Nesteet al., 2004). EVs of human origin include: Coxsackie
viruses of group A (CVA), type 24 (there is no type 23); Coxsackie viruses of
group B (CVB), type 16; Polioviruses, type 1-3; Echoviruses, type 1-33 (no
type 10, 22; 23 or 28) and Enteroviruses, type (68-71), (Minor et al., 1986;
Brookset al., 2001). EVs are transient inhabitants of the huadanentary tract
and may be isolated from the throat or lower imes(Nestert al., 2004). EVs
infection in humans may result in a wide rangeafta symptoms involving the

cardiac and skeletal muscles; central nervous sygiancreas; skin and mucous
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membranes (Meinlick, 1996; Muir et al., 1998), and have been associated with
such chronic disease as TIDM (Yoon, 1990).

Epidemiological studies point to an increased iecik of TIDM after EV
epidemics (Gamble and Taylar, 1969). Results fraan8inavian prospective
studies suggest that EV exposure in childhood amah én utero may increase
the risk of TIDM and initiate beta cell autoimmunigDahlquistet al., 1995;
Hyoty et al., 1995; Viskari et al., 2002). EV infections were detected during a
six month observation period preceding the firstemgance of diabetes
associated autoantibodies almost twice as oft@ntoantibody positive children
than the matched antibody negative controls (Ldretet., 2000a).

Many investigators reported a frequent occurrefid@oOmRNA in serum
samples taken from children at the time of diagh@Siementt al., 1995; Yin
et al., 2002; Craig et al., 2003; Bourlet et al., 2003; Paananen €t al., 2003);
whereas no excess of acute EV infection was foundhildren with newly
diagnosed TIDM (HyOtyt al., 1995; Lonnert et al., 2000b).

A longitudinal study conducted by Buschard and Nbads (1984) found
that CVB4 antibody titer fell from the diagnosisdaihe 5 months to the 2 years
study in TIDM patients, and the average titer wis® dower than in healthy
control individuals. A Turkish study conducted bjmé&kdaszt al., (1992) found
no significant differences of neutralizing antibothvels of CVB serotypes
1,2,3,4,5 and 6 in sera obtained from TIDM patietd from control group. In
contrast, Juheld al., (2000) and Yiret al., (2002) demonstrated high levels of
specific IgM antibodies to CVB in most newly diaged TIDM children.

In Finland another study found that non of the dreih vaccinated against
poliomyelitis had antibodies to the diabetes asdedi epitope to tyrosine
phosphatase 1A2, but the same diabetic childrenhingtd levels of specific IgM
antibodies to poliovirus derived VP1 peptide atetred TIDM (Harkoneret al.,
2003).

24



Chapter Two Literature Review

Davidkin et al. (1998) demonstrated that 4% of children (less thyears old)
vaccinated with MMR had IgM and IgG specific antes to adenovirus in
their sera.
Adenoviruses are medium-sized 80-110 in diameted aon-enveloped,
containing a linear genome of double-stranded DBI&:38 kbp) (Brookst al.,
2001). Adenoviruses are divided into six groupsH)Acontaining 41 serotypes.
They commonly infect human causing acute illnesainty of the respiratory
(the common cause of colds with fever) and intastiract (Neslegt al., 2004).

Pierceet al., (2003) reported that autoimmune TIDM could Qabited in
NOD mice transgenically expressing adenovirus eegtjion 3 antiapoptotic
genes through inhibiting Fas or tumor necrosis ofac{TNF)-u-induced
apoptosis and TNE-induced NF-kB activation.

Hypothetically, a virus may trigger or accelerateaaitoimmune process

in the beta cells through various mechanisms. Thesade:

1. Molecular Mimicry:

A number of viruses have been shown to possesgeanti determinants
that are identical or similar to normal host (g@ibtein) which leads to
activation of T-cell population against the viraltigen and the development of
autoimmune disease (Goldshst al., 2000). The major peptide determinant of
islet cells autoantigen (GAd), recognized by patients with diabetes has a
significant sequence similarity to a 15 amino asefjuence within the P2-C
protein of CVB (Varela-Calvinet al., 2000). In addition to P2-C, the viral coat
proteins VP2, VP3 and VP1 represent major targeétaela-Calvino, 2002).
Antibodies to the P2-C protein cross react with GA&hd vice versa, leading to
up regulation of antigen presentation and could teadirect perforin-mediated
killing of beta cells (Leech, 1998).

2. Virus-Induced Cytolysis (Killing of Beta Cells)
Some viruses may have direct cytotoxic effects eta lzells by infecting

and damaging these cells in experimental animalen@Vet al., 2000).
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Roivainenet al., (2000) found that CVB causes functional impamimend beta-
cells death to human islet culture characterizedumlear pyknosis, in addition
to many other EV serotypes like poliovirus; paraches 1 and CVA13
(Roivainenet al., 2002). Horwitzet al., (2004) demonstrated on their research
on mice that CVB4 infection of beta cells doesdiotctly cause beta-cell death,
instead the beta cells are phagocytes by macroph&g®wing infection,
suggesting that macrophages are the initiatinggg@hic cells during virus-

mediated autoimmune diabetes.

3. Formation of a novel Antigen:

Retroviral expression of superantigen (Sags) mayalble to activate
clonal expansion of autoreactive T-cell clones.Tigmphocyte stimulated
antigen of the retroviral sags expressed by bdta-dateract with the
development T-helper cells of both Thl and Th2 stgog mice (Kukreja and
Maclaren, 2002). Furthermore, incubation of perrphblood mononuclear cells
from TIDM patients with CVB-infected lysate induceadselective expansion of
T-cells with TCR VB7 chains (Varela-Calvino and Rean, 2003), which may
cause a slowly progressing inflammation and tissamage (Horwitzet al.,
2002).

4. Induction of MHC:

Through release of autoimmune mediators like plamimatory
cytokines IL4B; TNF-a; IL-2 and IFNe (Horwitz et al., 1998; Chehadeh et al.,
2000), these immune mediators can induce cellsrtbanally do not express
class Il HLA antigen to do so. Thus destructionurscas cytokine-mediated
death (Seewaldit al., 2000). Carollcet al., (1992) reported that infection with
measles and mumps viruses induced the releasetokimy by the human

insulinoma cell line and led to the expressionlass | and Il HLA antigen.
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b. Dietary Factors

Breast feeding; nicotinamide; zinc and vitaminsBCand E have been
reported as possibly protecting against TIDM, whsrB-nitrosom compounds;
cow milk; increased linear growth and obesity magreéase the risk (Virtanen
and Knip, 2003).

An inverse relationship between duration of brefesiding and the
development of TIDM was reported for the first timel984 by Borch-Johnsen
et al., (1984). A greater decrease in risk of TIDM wasrsamong children who
had been breast-feeding more than or equal to I#hadMayeret al., 1988).
Gerstein, (1994) found that a short duration obbtdeeding may be associated
with a weak risk of TIDM in a meta analysis of Erospective studies. Breast
feeding has a protective effect against infectiores maternally transferred
immunoglobulins (Howieet al., 1990) and may thus provide protection from
other potential triggers of beta-cell autoimmunity.

A series of studies have suspected the earlydattmon of cow's milk
protein as possible risk factor. Saukkormeml., (1998) has reported increased
levels of bovine serum albumin (BSA) IgA antibodassd B-lactoglobulin IgA
antibodies in newly diagnosed TIDM children. Intstnegly BSA share an
amino acid sequence (ABBOS) with an islet prote@® Rnd the antibodies
against this BSA have been shown to cross-reatt R@9 (Karjalaineret al.,
1992). Oral exposure to cow's milk induced bovingulin-binding antibodies
that cross-react with human insulin (Vaaraial., 2000), so that dietary bovine
insulin appears to be an environmental triggerroh@ary immune response to a
beta-cell specific antigen in healthy children ¢&iren and Knip, 2003).
Kimpimaki, (2002) reported that a long durationegtlusive breast feeding and
late introduction of cow's milk may protect genaliyg susceptible children form
progressive beta-cell destruction during the fresdrs of life.

It has been known from the animal studies thabs#tmine compounds
are toxic to beta cells probably by reducing theicotinamide adenine

dinucleotide (NAD) content, which is preventable Ipyetreatment with

27



Chapter Two Literature Review

nicotinamide (Helgason, 1982). The results of aupmmn study found a
relationship between the risk of TIDM and food keaor water rich in nitrites
that are partly converted into nitrosamines indhastrointestinal tract (Virtanen
etal., 1994).

c. Un Specific Infectionsand Stress

The results of both case-control study and extensiwvey showed a
relationship between the total numbers of infectierperienced during the year
preceding the clinical onset of diabetes and & (Cardwellet al., 2003).
Atobelli et al., (2003) found that multiple exposure of infectimnght increase
the risk of diabetes as a potential acceleratiotpfdor clinical manifestation of
TIDM. Infection could promote beta-cells destruntiby increasing cytokine
activity (Nerupet al., 1988).

Therlundet al., (1995) has shown that psychological stressfeldivents
during the year prior to the onset of their diseassae significantly more
common in individuals with TIDM than in matched tats. This association
could be due to an increased insulin requirememt tduexcess cortisol and

catecholamines release by psychological stresdldiah 1997).

2.3.4 M echanisms of Beta Cell Destruction

I. Cdlular Autoimmunity

TIDM is characterized by infiltration of mononucteaells into and
around the pancreatic islets with specific betéscdestruction (Notkins and
Lernmark, 2001). Local lymphocyte infiltration ofe islet, termednsulitis
implies an important role for abnormal lymphocytregulation in the
pathogenesis of this autoimmune disease (Goldskgl., 2000). It has been
suggested that the autoimmune processes may bedchwysinitial beta-cell
damage, leading to islet antigen release and tleluption of cytotoxic

cytokines by helper (Th) lymphocytes (Bach, 1988he target of the
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autoimmune process may be islet cell proteins stischutoantigens (Ellerman
and Like, 1999).

After possible environmental exposure, an antigeorésented to a T-cell
receptor by APCs in association with HLA class Ilbletule (Horwitzet al.,
2002), that is considered to be the first steph@ initiation of the disease
processes (Boic, 2004). Activated T-cells exprepssire HLA-DR antigen or
other markers of activation can be detected ineia®ed levels during the
prediabetic period (Faustmahal., 1989). The formation of a complex between
the MHC molecule which attached autoantigen and T€lts in the activation
of CD,"-Th lymphocyte, Figure(2-5).

IL-4
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Figure 2-5: A schematic description of the roles of varioubsgis of T cells
and their cytokines in Beta cell destruction legdin diabetes (adapted from
Kukreja and Macleren, 1999)
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The function of T-cells is mainly mediated via dyittes. Macrophages
secrete IL-12, stimulating CDT-cells (Boic, 2004). Activated CPD Th1 cells
are known to release predominantly proinflammatytpkines such as IL-2and
IFN-y. IFN-y stimulates other resting macrophages to releastrm other
cytokines such as IlLB; TNF-a; nitric oxide and other oxygen radicals are
toxic to pancreatic beta cells (Kraine and Tisc@99). The CRQ" Th2 cells
release IL4; IL-5; IL-10 and IL-13 and provide help for antibody product
(Liblau et al., 1995). During this process, cytokines induces itmgration of
beta cell autoantigen specific g@Dcytotoxic (Tc) cells (Boic, 2004). On
recognizing specific autoantigen on beta cellsssoaiation with MHC class |
molecule, these CP Tc cells cause beta-cells damage by releasing niedad
granzyme (Kasserm al., 2000) and by Fas-mediated apoptosis of the ¢mdia-
(Mauricio and Mandrup-Poulsen, 1998).

Both direct and indirect killing are thought to accby apoptosis
following activation of caspases (Mandrup-Pouls@001), or via reactive
oxidative stress, but necrosis also might play soohes (Notkins, 2002). Thl
cells which are associated with cellular immunitaympromote the disease,
whereas the role of Th2 cells which are mainly lagd in humoral immunity is
contraversal (Liblawet al., 1995). It has proposed that Thl-type and Th2-typ
cytokines may interact to induce or suppress thetrdctive process of
pancreatic beta-cells (Kolb, 1997).

The APCs include: Dendritic cells (DCs); B-lymphtey and
macrophages. All of this subpopulation has beewshto play roles in the
progression of insulitis (Horwitet al., 2004).

Takahashet al., (1998) reported that DCs are both phenotypicadlyvell
as functionally impaired in humans at risk for TIDMlternatively B-
lymphocytes secrete autoantibodies that bind teneatic beta-cell antigens and
may subsequently trigger autoreactive T-cells thhoan antibody-dependent
cell mediated cyotoxicity response (Serrezal., 1998). A study conducted by
Wonget al., (2004) in NOD mice shows that the antigen prisgrfunction of
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B-lymphocytes that was critical in the developmeit TIDM presenting
sequestered antigens to £0-cells.
a. Lymphocytes

It was observed in 1984 that activated T-cellspmesent in the peripheral
blood of patients with newly diagnosed TIDM (Alviggt al., 1984), with
significant abnormalities of lymphocyte subpopuas including: reduced
percentage of CP cells (helper / inducer) (Michalkowt al., 2000), or normal
percentage (Faustmast al., 1989) or predominant activation of ¢Dcells
(cytotoxic / suppressor) (Drell and Notkins, 198&xpressing activation
markers such as HLA-DR (Hehmkeal., 1995). Moreover, abnormal elevated
levels of HLA-DR, CR® T-cells demonstrated in the peripheral blood of
monozygotic twins patients in prospective studvesereas twins that remained
normoglycemic had lower levels of activated £O-cells (Peakmaret al.,
1996).

In contrast Michalkovaet al., (2000) reported unbalanced activation of
CD,"and CI" T-cells with a sharp decrease of £Iymphocytes percentage in
newly diagnosed TIDM children, but the percentage wlevated significantly
after 1 month and 7 months of diagnosis in parallél decreased percentage of
CD," lymphocytes (Buscharet al., 1990). Lymphocytes possessing HLA-class
Il molecules and receptors for IL-2 have been detem peripheral blood at the
time of diagnosis (Pozzilkt al., 1983; Hayward and Hexberg, 1984). An Iraqi
study conducted by Al-Samarrai (2001) reported pmrcentage of peripheral
blood CD,, CD,, CDs and MCH class Il molecules with a decreased CODg
ratio in early onset and long term TIDM patients.

T-lymphocytes has been seen to be aetivatostly in the prediabetic
state and to fade with increasing destruction ¢d loells (Faustmaet al., 1989),
suggesting that a combination of cellular and h@ahanmune changes with
their tendency to persist may be highly predictofeprogression to clinical
TIDM (Durinovic-Bello et al., 1996). Kretowsket al., (2000) found significant
increasing of gamma and delta TCRCD;" T-cells in the peripheral blood of
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patients with TIDM, treated with insulin for 3-6 mihs, believing that it may
play a role of regulatory T-cells and could be iceld by delivery of exogenous
insulin,
Some Characteristic Markers of Lymphocytesin DM Patients

—CDsg is a single chain type Il transmembrane glycapnoexpressed on
the surface of monocytes, platelets, NK-cells, @ & lymphocytes, myeloid
cells, vascular endothelium and many tissues, asea phenotypic markers of
differentiation and activation of hematopoieticls€{soldsbyet al., 2000). CDg
(ADP-ribosyl cyclase / cyclic ADP ribose hydrolase)surface and cytosolic
enzyme that catalyzes the conversion of NAddd cyclic ADP-ribose (Mehtt
al., 1996). In pancreatic beta-cells, this proteipesgrs to play a role in glucose-
induced insulin release (Antoneldt al., 2001), through a mechanism that
involves its cyclase activity leading to increas#oplasmic C¥ concentration
(Pupilli et al., 1999), and insulin release. It was detected #nai-CDsg
autoantibodies were found in 9.7% of type |l diabettients and in 13.1% of
TIDM patients vs. 1.3% in control group (Pupdtial., 1999). Marchettet al.,
(2002) found that prolonged exposure of human pEatir islets to sera

containing CRgantibodies impairs their function and viability.

Natural Killer (NK) Cells: make up to 10-15% of the recirculating
lymphocyte population (Chapel al., 1999), express neither TCR nor BCR-Ag
receptor. Most surface antigens detectable on NIs-bg mAbs are shared with
T-cells (CD) or macrophages (GE) (Goldsbyet al., 2000). Because NK-cells
produce number of immunologically important cytasrike IFNy, IL-4, IL-13
they can also play important roles in immune ragjoh (Roittet al., 1998).

Michalkova et al., (2000) reported a decreased number of NK-cells i
TIDM children at onset, while Kukrejet al., (2002) showed that both before
and after clinical onset of TIDM, the level of Nklts in peripheral blood
reduced. In other hand some investigators demdadtithaat the level of NK-

cells in peripheral blood of TIDM patients remaiormal (Faustmaret al.,
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1989; Hehmke et al., 1995). The data of T-cell reactivity to variodsbetes
associated autoantigens in diabetic patients anddrabetic controls have
remained inconsistent. Tust al., (1994) reported an increased proportion of
activated T-lymphocytes in the peripheral circadatwhich is associated with
the presence of IAAs . Increased T-cells responsediabetes associated
autoantigens were detected in newly diagnosed mgatigith TIDM and in
antibody positive first degree relatives as comghavath healthy controls
(Durinovic-Bello et al., 1996). In contrast Schlo@t al., (1997a) found no
differences in T-cell responses to insulin betwewmwly diagnosed TIDM
patients and first degree relatives or normal imhligls. Furthermore, a highly
frequency of T-cell responses to diabetes assakciatgoantigens had been
described in healthy persons. Thus it been regasbefar as an unreliable
indicator of the risk of TIDM.

T-cell responses to CVB antigen have been repdatde lower in newly
diagnosed TIDM in comparison with longterm diabetluldren and healthy
controls (Juhelat al., 2000; Varela-Calvinoet al., 2002).

b. Cytokines

Cytokines are important for coordinating the immuesponses and a
disturbance in the balance between autoreactintlytalerance that can result in
autoimmunity (Azaet al., 1999).

Cytokines are chemical messengers, protein molecpfeduced by a
variety of activated cells that act as regulatonsl anediators of immune
responses (Chapet al., 1999). The term cytokines was first used by Btan
Cohen in 1974. It's action includes the ability to induce growth; differentiation;
cytolytic activity; apoptosis and chemotaxis (Paul, 1999).

Recently, cytokines have been classified into sdvdifferent groups
(Rabinovitch, 1998; Kukreja and Maclaren, 1999; Goldsby et al., 2000). There

are as follows:
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1.Type 1 cytokines (T-helper 1) such rasdukin-2(IL-2); Interferone
gamma( IFNy); TNF-.

2.Type 2 cytokines (T-helper 2) suchlbas4; IL-5; IL-6; IL-10 and 1L-13.

3.Type 3 cytokines (T-helper 3) such &mansforming growth factor
(TGFP).

The dominance of Thl and proinflammataytokines have been
implicated in TIDM by promoting cell destruction autoimmune diabetes in
animal models (Amranet al., 2000), and in human islets (Heitmegrtral.,
2001).

IFNy  which was originally secreted by Thl;cytotoxic Tc and NK cells
plays a central role in many immunoregulatory psses, including the
regulation of mononuclear phagocytes; B-cell switghto certain IgG classes,
and the support or inhibition of the developmenTb2-cell subsets (Goldsley
al., 2000). IFNy plus IL-1 enhance the expression of nitric oxigatlsase
(INOS), which impairs the oxidative metabolism efet cells that leading to
beta cells necrosis (Thomasal., 2002). Karlseret al., (2000) demonstrated
that IFN+y induces the expression of cystine protease Lebnverting enzyme
(ICE) in human, rat and mouse islets which is a geyapoptotic caspases.
Moreover, Suket al., (2001) indicated that a combination of IFNwnd TNFe
induced caspases dependent apoptosis through SIFAT tégulatory factor 1
pathwayin vivo as well asin vitro. Hussain and Colleagues, (1996) reported
elevated levels of cytokines namely: IL-2, IFNTNF-o and IL-1o in recently
diagnosed patients with TIDM, but no differencehe levels of IL-4 and IL-10
was recorded. They reported in another study (Huoistal., 1998), increased
levels of TNFe, IL-2 and IL-1 in non-diabetic family members atikeir
affected relatives. IL-1 receptor appears to begmeon beta cells (Eizirgt al.,
1991). Hostengt al., (1999) reported elevated proinsulin levels iadmbetic
individuals in company with high levels of ILBJlus IFN4.
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Based on many studies, it was concluded that Thikmes IL-4 and IL-
10 protect from TIDM in NOD mice either by reverSecell unresponsiveness
(Rappoportet al., 1993) or via decreased Thl cytokines KM Th2 cytokine
IL-4 ratio within T-cell infiltrated pancreatic it (Serrezet al., 2001). Marselli
et al., (2001) reported that treatment of isolated humbat with Th2 cytokines
IL-4 and IL-10 partially protected the islet ceft'rm cytostatic and cytotoxic
action of proinflammatory and Thl cytokines by reidg the production of
nitrous oxide (NO).

Other reports pointed against the anti-inflammatagtion of Th2
cytokines. It was demonstrated that local prodwuctid IL-10 but not IL-4
accelerated autoimmune destructiorpafells (Pakalaet al., 1997). In addition
NOD mice were protected from development of diabétea neutralizing anti-
IL-10 monoclonal antibodies (mAbs) but not anti4dLmAbs, which were
described to be ineffective in altering the cowk&h2 autoimmune destruction
of pancreatic beta islet cells (Pakata al., 1997). Interestingly, IL-10 is
characterized as a potditell activator and enhances MHC class Il expressio
on B-cells which in turn accelerates the diseasegness (Gianani and
Sarvetnick, 1996). In contrast another study cotetliby Balasat al., (1998);
found that IL-10 was essential for an early phasdiabetes in NOD mice via
CDg" T-cell pathway with out the participation of B-eellin any event, Th2
cytokines can no longer be viewed as "ProtectnfeTIDM (Almawi et al.,
1999).

The inflammatory cytokines IL-6 originallgecreted by macrophage,
monocytes and Th2 cells (Goldsklyal., 2000) was a powerful inducer of the
hepatic acute-phase protein (Yudlgnal., 2000). Serum levels of IL-6 have
been found to be higher (Myrugbal., 1996) or normal (Kulseng al., 1999) in
TIDM patients compared with those of healthy colstroAnother study
conducted by Targheet al.,, (2001) found that serum levels of IL-6 were
elevated markedly in young TIDM patients withoutnidal evidence of

microvascular and macrovascular complication veh&adthy controls.A further
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study demonstrated that blood levels of IL-6 weighér in hyperketonemic
diabetic patients than in normoketonemic patiemis laealthy controls. These
results confirmed in the same study by reportinghhlevels of IL-6 in
monocytic cell culture in a ketonic media (J&nal., 2003).In vitro studies
indicating an additive effect of several cytokin@xludes: IL-6, TNF,
lymphotoxin and IFNy acting alone or in synergetic operating (Sandteal.,
1990).

Macrophages are among the first immune cells tdobed in the islet
(Bach, 1988), it can function as APCs and exernytataoxic effect by releasing
cytokine (IL-12) that attract other immune cellsdaaccelerate autoimmune
diabetes (Trembleaat al., 2003).

Cytokinesand Viral Infections

The activation of antiviral IFNrand it's relation with CVB infection have
been analyzed in TIDM patients (Chehadsthal., 2000b). Chehade#&t al.,
(2000a) demonstrated elevated levels of tEM-the plasma of TIDM patients,
which in turn induced T-cells to secrete IFNKadowakiet al., 2000). In this
way type 1-IFN bridges the innate to the adaptmmune system.

It was demonstrated that dsRNA was formed duringl vieplication,
activates the antiviral responses in infected isé#s through direct interaction
with IFN-y to stimulate beta-cells nitric oxide synthase (ByOCexpression,
leading to beta-cells dysfunction, (Heitmese@l., 1999; 2001), or induction of
islet cell apoptosis through the dsRNA-dependeotsmn kinase (PKR) (Scarim
et al., 2001), or might be via both chemokine (IL-15)p®ession and nuclear
factor (NF-kB) dependent apoptosis (lsual., 2002). Seewaldtt al., (2000)
infected islet cells isolated from mice by lymphtecychoriomeningitis virus
(LCMV), and found that the perforin-mediated kidinof beta-cells by
autoreactive Tc-lymphocytes is not sufficient tadeto diabetes but requires a
direct effect of IFNy.
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i. Abnormalities of Humoral lmmunity
a. Abnormalities of Autoantibodies

Although antibodies have turned out to be excelldmtgnostic and
predictive markers for TIDM, it is generally knowimat they play only a minor
role in the pathogenesis of the disease (Notkid@22 Four autoantibodies have
emerged as the most useful autoimmune markers DMTIICAS, IAAs,
GADAs, and Insulinoma Associated protein-2 Antilex{i IA-2As) while the
latter include ICA;, and IA-2C autoantibodies (Wintetral., 2002).

1. Islet Cell Autoantibodies (ICAS)

ICAs are mainly polyclonal autoantibodies of immglabulin G (IgG)
type, that react with all cells of the islet sudwap, y, 6 and pp cells (Gorus,
1996). ICAs were classified as a first identificatin association with TIDM in
1974, when they were detected in adult patients autoimmune polyendocrine
disease (Botazzet al., 1974). Subsequently they were found in childaex
adults with newly diagnosed TIDM (Botazza al., 1980). ICAs may be
detected in the peripheral circulation for seveedrs before the diagnosis of
TIDM (Gorsuchet al., 1981). At onset of TIDM around 73-88% of patgent
tested positive for ICAs (Binglegt al., 1997) but their frequency declines
following diagnosis and no more than 5-10% of TIQpdtients remain ICA-
positive after 10 years (Wintet al., 2002). In respect to Iragi TIDM patients,
62.5% of the patients showed ICAs timeir sera (Wahbi, 1998).

The prevalence of ICAs in first degree relativegatients with TIDM varies
from 2.6-6.9% (Krischeet al., 2003), while in non diabetic persons varying
from 0.24-4.1% (Kulmalaet al., 2001). Positivity for ICAs have been
observed to be associated with HLA-DQB1*028@3 (Kimpimakiet al.,
2002; Kupila et al., 2002), HLA-DRB1*03.DQA1*0501.DQB1*02 hetrozygous
(Gillespieet al., 2002) and DQ8 (Grahaet al., 2002). Savolat al., (2001)
observed in siblings of children with TIDM thidnere were high titers of
ICAs associated with HLA DR DR, heterozygosity.
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2. Insulin Autoantibodies (IAAS)

The first islet autoantigen and beta cell spea@fitoantigen reported was
insulin (Palmeet al., 1983).

At onset of TIDM, IAAs occur in 54% of children keghan 12 years
(Sabbaktet al., 1999). Komulainemt al., (1999) found that IAAs titer seems to
be the highest in children <2 years of age comptredder children 2-15 years
of age. IAAs are usually the first autoantibodiesappear in children followed
the birth for development of TIDM (Zieglet al., 1999). They can appear in the
first 6 months of life (Ziegleret al., 1999). More than 90% of children
developing TIDM prior to age 5 have IAAs which appe earlier than ICAs,
GADAs or IA-2A (Kimpimaki, 2002), while less than0% of children
developing diabetes after age 12 have such aubmainis (Eisenbarth, 2004). In
a study on Iraqi patients, 40% of them showed IpAsitive (Wahbi, 1998).

The prevalence of IAAs was 1.4-7.2% among siblimgclmldren with
TIDM (Kimpimaki et al., 2000) and from 0.9-3% among children from the
background population (Kulmalet al., 2001). Prospective studies targeting
siblings showed that an increased prevalence ofsiAas closely associated
with the DR4 / and DQB1 (Kimpimalt al., 2001) and DR3 / DR4 phenotypes
(Savolaet al., 2001), thereas the highest frequencies of IAAgewseen in
children carrying HLA-DQB1*02 / *0302 genotype dragsed before 5 years of
age (Komulainemt al., 1999).

3. Glutamic Acid Decar boxylase autoantibodies (GADAYS)

GAD is neither beta-cell nor islet specific. GAD iexpressed
predominantly in the nervous system. Other tissbat express GAD include
testes, ovary, adrenal, pituitary, thyroid and kigiiWinteret al., 2002). GAD
which exists in two isoforms GAd and GAL; is expressed in the human
pancreatic cells an enzyme which catalyse the asiore of glutamic acid to

gamma amino butyric acid (GABA) (Baekkeskaial., 1990). The frequency of
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GADAs has been reported to vary from 0.5-3% amormgdeen from
background population (Kulmakt al., 2001), from 6.4-13% among siblings of
children with TIDM (Kulmalaet al., 1998; Kimpimaki et al., 2000) and from
62-84% among patients with newly diagnosed disedSabbalet al., 1999).
GADA has been reported to be associated with theA-BQA1*0501 /
DQB1*0201 (DQ2) alleles (Sabbah, 2000) and the DR#B1*02 haplotypes
(Kulmalaet al., 2000). Because GADA are more persistent tharnsi@iter the
diagnosis of TIDM (Winteret al., 2002), and may have preferred combing
GADAs and ICAs for screening strategy in a popolatiof non-diabetic
relatives of a proband with TIDM (Krischet al., 2003). GADAs may play a
significant role in the processing and presentatdii-cell epitope from the
human GAD-65 autoantigen to T-cells through increaghe efficiency of
antigen capture by APCs (Reijonetral., 2000). GADASs are also more frequent
in girls than in boys (Raiat al., 1996), and in individuals more than 10 years of
age (Sabbah, 2000).

4. Insulinoma Associated Protien-2 autoantibodies (I A-2As)

IA-2 is a member of the protein tyrosine ptitstase (PTP) family
and is expressed in pancreatic islets, in nervildsue, and the pituitary
(Winter et al., 2002). 1A-2As develop later than GADAs ardus may
serve as markers of beta-cell destruction #@s®ut with rapid progression
to TIDM (Genoveseet al., 1996) . The prevalence of IA-2As has been
observed to vary from 0.2-2% among children frone back ground
population (Kulmalat al., 2001), and from 1.5-5.3% in siblings ofildten
with TIDM (Kimpimaki et al., 2000; 2002), while in patients with newly
diagnosed disease they were 54-86% (Sabballh, 1999). Positivity for IA-2As
has been reported to be associated with the DRdleatind DR3 / 4
hetrozygosity (Kulmalaet al., 2000), and with DR4-DQB1*0302 (DQ8)
haplotype (Sabbat al., 1999; Graham €t al., 2002).
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5. Antibodiesto other antigens

In addition to insulin, GAD, IA-2, a number of aatdigens have been
identified as potential targets for an autoimmuttack on beta cells progressing
to TIDM. These include: carboxypeptidase H, betdh gkicose transporter
(GLUT-2) and insulin receptor (Wintet al., 2002).

2.4 Immunological M arker (s) assay

24.1HLA Tissue Typing
I. Serological HLA Typing (Microlymphocytotoxicity) Test

HLA typing is carried out at phenotyping level ugiantibodies to HLA
type | and HLA type Il (DQ and DR) molecules (Domm@000). Lymphocytes
are tested with a set of HLA specific antiseraaigholyclonal or monoclonal in
a complement-dependent lympholysis technique (®toekd Bernoco, 1979).
These antibodies are usually obtained from multipaiwomen, multitransfused
patients and patients who have rejected transmlaorgans (Thompson, 1978).
This method required living T and B lymphocytesaibéd from the peripheral
blood samples (Dorman, 2000).

ii. Cellular Detection of Class|l molecules:

Via mixed lymphocyte culture, used for typing HLA-&ntigens (Bach
and Van Rood, 1976) and Primed Lymphocyte TestiRgT] which was
introduced by Sheehst al., (1975) was used to type DP antigens (Johmson
al., 1996).
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lii. Molecular Typing Method

Various DNA hybridization techniques have replacegiology and
lymphocyte culture based methods used earlier. dddde typing based on
genomic DNA can be easily isolated from a variefy sources such as
lymphocytes, dried blood spots, buccal brushesr{iaor 2000).
Restriction FragmentL ength Polymorphism RFLP) was analyzed with long
radioactive cDNA probes which were originally uged genome based typing,
but then replaced biyolymeraseChain Reaction PCR) based methods (llonen
et al., 2002).

2.4.2 Phenotypic characteristics of Cell Surface Markers

It has been found that surface markers are asedciatith cell
development stages and have important biologicattfans for normal cell
physiology such as cell-cell interaction and ceditnix interaction (Goldsbt
al., 2000). These markers include: £I@D,, CDg, CDyg, CDsg, CDsg, CDssRA
(naive cells) and CRBRO (memory cells).
To enumerate and differentiate individual lymphecgtibsets, Immunofluores-
cence (IF) and Immunoperoxidase (IP) methods carsbd (Thompson, 1978).
In IF technique, fluorescent mAbs to specific aliface antigen can be used.
The most commonly used fluorescent dyes are flemesand rhodamine, but
other highly fluorescent substances such as phytoar (PE) and
phycobiliprotein have also been in use (Thomps@&yv,8L The dyes can be
conjugated to the Fc region of an antibody and hght under the fluorescein
microscopy. Fluorescent-antibody staining of ceflnmbrane molecules can be
done directly or indirectly (Goldslxst al., 2000).

The IP method, a modification of the technique Bfnlas chemically
linked the specific anti-tissue antibody to enzymech as horse radish
peroxidase thus no need for fluorescien micros@ cells can be viewed by

using ordinary microscope (Thompson, 1978).
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Flow cytometry, a version of which is callddACS (Fluorescence
Activated Cells Sorter), which has designed to automate the analysis
separation of cells according to their fluorescesme light scattering properties
using a laser beam and light detector to countlesimgact cells in suspension
(Chapelet al., 1999).

2.4.3 Assessment of Functional Activities of Lymphocytes

These methods are based on the evaluation ohtiéro responsiveness
of B and T-lymphocytes to a specific antigen. Thiests can be done by using
either whole blood or separated lymphocytes. Thstmarrently used technique
Is "Induced lymphocyte proliferation or blastogetigHickling, 1998).

This technique is based on the capability of thengdlgocytes for
responding to an antigen (specific response). Adawall resting lymphocytes
respond by changing into blast cells showing DNAtkgsis over a few days,
because of the lymphocyte capability to reactinditferent lectins or mitogens
that will be used as a proliferation control (Hagn&985). The proliferative
response is measured by colorimetric assay baseéetr@zolium salt MTT that
measures only living cells (Mosmann, 1983) or rkdhelled tritiated thymidine
(*H-Thy) incorporated into DNA (Hickling, 1998) or hifie expression of cell-
surface markers such as £EDCD,s, CDy; and HLA-DR found on activated cells
after a few hours (Chapet al., 1999).

Another approach is the measurement of the cyimtmtivity of CD;" T-
lymphocytes to ward target cells that was labeleth whromium 51. After
incubation together for few hours, the supernatzad measured using gamma

counter (Hiclking, 1998). All these tests neededue culture facilities.
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2.4.4 Cytokines Release

Many reports indicated that cytokines are reledselymphocyte subsets
(IFN-y, IL-10), and mononuclear cells IL-6 occur durithgg pathogenesis of
TIDM (Rabinovitch, 1998). Cytokine levels in bodlifls can be measured
directly or alternatively as populations of T-catn be stimulated and cultured
in vitro and the quantities of cytokines that are producaa be determined
(Goldsbyet al., 2000). In either situation, both bioassays amthiunoassays can
be used (Hickling, 1998). Cytokine can be measaitsd by the enzyme-linked
immunospot (ELISPOT) assay which is an adaptatibnhe ELISA, which
measures the local concentration of cytokinesdhateleased from an activated
T-cell (Hickling, 1998).

2.4.5 Estimation of Total Immunoglobulins(lgs) and complement.

I. Estimation of Total 1gs

Functional activities of Igs are well demonstrabednany aspects as in
host defense. Hence it is used as diagnostic moh$sessing the levels of
antimicrobial antibodies (Ganong, 1997).

Different techniques are used for detection of lgs, single radial
immunodiffusion (SRID) was originally described Bancin. A precipitating
antiserum specific for the heavy chain of the clakdg being measured, is
mixed with melted agar. The agar-antiserum mixtsiqgoured into a glass plate.
Holes are punched in the agar and filled with testontrol sera (Chapet al.,
1999). Other techniques include: Immunoprecipitati-, ELISA and Radial
Immune Assay (RIA) (Goldsbst al., 2000).

ii. Estimation of Complement Components

Immunochemical assay of C3 and C4 are the mostludeaiw levels of
C3 and C4 are more relevant clinically than higkels. As all complement
components can act as a cute-phase reactantstivbifates of synthesis rise in

any inflammatory conditions (Haeney, 1985). Manghteques are used for
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measuring total levels of individual complement tpnas including: RIA,
ELISA and SRID which use antibody specific for thpeotein under
investigation (Roitet al., 1998).

iii. Estimation of GADAS

Measurement of islet autoantibodies can assidtendtagnosis of TIDM
and the detection of these markers in non-diabtitviduals indicates a
significantly increased risk for the subsequentetigyment of TIDM (Wintelet
al., 2002).

Detection of circulating GADAs commonly involvesveeal methods:
Indirect IF, ELISA and Radioimmunoassay (Chagiell., 1999).

iv. Determination of Antibodiesto Viral Antigens

Also detection of antibodies to microorganisms haen used in the
diagnosis of infection. The presence of circulatargibody indicates that the
antigen has been met previously (Buschard and Matjsh984). Antibodies
(IgG) to CVB, Polio virus and Adeno virus are usyaletected by ELISA
(Chapelet al., 1999).

2.5 Hematological Assays
2.5.1 Estimation of Glycosylated Hemoglobin (HbA1c)

HbAlc has a glucose attached to the terminal vafireach beta chain of
polypeptide in the hemoglobin molecule, and itsmginain the blood increases
in poorly controlled diabetes mellitus (Ganong, 199

Different methods are used for measuring HbAlc dlgctrophoresis,

Immunoassays, and chromatography( Mayer and Fragedif83).
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2.5.2 Estimation of Serum C-peptide

The importance of C-peptide marker is to identifye tIDDM and
NIDDM. Decreasing of C-peptide level in blood isnaarker for decreasing
insulin level in blood. In addition C-peptide is racstable than insulin and its
level is more than insulin for 5-6 times, so itsasigrement is very helpful. It is
measured by RIA (Hoekstehal., 1982; Hamad et al., 1997).
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Materials and Methods

3.1 Subjects

This study was conducted on the following main gau

3.1.1 Patients Study Group

Sixty lraqgi type | diabetic patients (28 males aB@ females) were
subjected to this study. The patients were attenttifNational Diabetes Center
at Al-Mustansiriya University / College of Medicin€linical examination was
performed by a committee of physician and ophth&gist. Their ages range
from 3-17 years, and they were new onset of theadis (diagnosis was from
one week up to five months).

All the patients were treated with daily replacebdwses of insulin at the
time of blood sampling. This study was conductedrduthe period May 2004
to October 2005.

The patients were divided into two groapsording to their ages: 36 child

equal or less than 10 years and 24 child from @f.fo 16 years (Table 3-1).

Table 3-1: Numbers and percentage frequencies of TIDM pati@md controls
divided by sex and their mean ages.

T,DM patients Controls
Parameters Total No. = 60 Total No. =50
<10 years >10 years <10 years >10 years
No. = 36 No. =24 No. =21 No. =29
Mean| SE | Mean| SE | Mean| SE Mean| SE
Age range
6.74 | 1.12| 13.11 268 | 7.62| 1.66] 139 2.58
No % No % No. % No. %
Males
Sex 13 36.1 15 62.9 9 42.9 16 55]2
Females| 23 63.9 9 37.5 12 57.1 13 4418
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3.1.2 Healthy Control Group

For the purpose of comparisons, 80 healthy costbjects matched for
age (4-17 years old), sex and ethnic back grotnadji(Arabs) were selected
who have no history or clinical evidence of typa&lidbetes or any chronic
disease and obvious abnormalities were selectesl @mtrol group for HLA
typing. Out of these 80 controls, 50 healthy sulsjé25 males and 25 females)
were randomly selected for further investigatiomsol include: phenotypic and
functional characterization of peripheral blood pmocytes (PBLs), humoral
mediators, cytokine measurement in serum and di@atological tests( Table
3-1)
3.1.3 Siblings Group

Fifty healthy siblings of type | diabetic patientgere available for
investigation of HLA-typing including (25 males a2& females). Their ages
range form 3 to 16 years.

Patients as well as control group were subjectegligstionnaire shown
in appendix |, which include detailed history reldto DM, and through clinical
examination in conjugation with various relevanbdeatory investigations to

delinate the aetiological factors associated with disease.

3.2 Collection of Blood Samples

Ten to fifteen ml of venous blood was collectedhireach patient as well
as siblings and controls. The aspirated blood wasddiately transferred into
different test tubes. Two ml of blood was adde&DiTA tube (1.5 mg / ml) for
HbA1c estimation. Eight ml of blood was put in hepeed test tube (10 U/ml)
used for lymphocyte separation for the detectionHbfA polymorphism,
lymphocyte proliferation, and lymphocyte phenotypito detect CD markers.
Heparinised blood was processed as soon as possiien immediate

processing was not possible, samples were lefihggierin an incubator at room
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temperature (20-22°C), however the interval betwleeding and processing
never exceeded 18 hrs ( Biotest data sheet, 1989).

The remaining blood was collected intaipltest tubes, then the serum
was separated by centrifugation at 2500 rpm fomiQ divided into aliquot and
kept at-20°C for the evaluation of other paramédefsnstone and Thrope,

1987).

3.3 Materials

3.3.1 Instruments

Instrument

Company (Origin)

Cell-Dye-1700 with printer

Abbott diagnostics (USA)

Autoclave

AMSCO (USA)

Variant (Hemoglobin testing system)

Bio-RAD (Germpn

pH meter

Corning (Germany)

Tray viewer device, Magnetic stirrer, magne
bar

'tlg:lectronic (UK)

Printer for microculture plates

Epson (UK)

Incubator

Fisher Scientific (USA)

Improved Neubauer counting chamber

Haemocytom&emiany)

Hamilton multichannel syringe holding 5l
each and delivering (| at one time.

Hamilton microtiter syringe of 50l and 250ul
delivering 1ul and 5ul at each time respective

Hamilton (USA)
y

CO,-Incubator

Heraaus (UK)

Moisture chamber

Iraq

Horizantal or orbital shaker >280 rpm

Labcoo (Gema

Water bath, Oven

Memmert (Germany)
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Centrifuge-minor 35

MSE (Germany)

Light microscope, Fluorescent microscope

Olympagpa)

Automatic micropipette, precision adjusta

)
with different sizes Baimed

(Germany)

Laminar flow cabinate

San El, Seisakusha , Ltd

Refrigerated centrifuge

Sorvall (USA)

Vortex mixer

Stuart Scientific (UK)

Microculture plate washer, Microculture pla
reader with different filters.

lt‘?hermo-

electron (UK)

Gamma Counter

Wallac-Wizard (Germany)

Phase contrast inverted microscope

Zeiss (Germany)

3.3.2 Chemicals

Chemical

Company (Origin)

Ammonium chloride (NECI); Acetone; Acetic acid anals
(CH;COOH); Disodium hydrogen phosphate {NRO,);
Ethylene diaminetetra acetic acid (EDTA); Formalgbks

Al

solution analar 340% w/v; glycerol; isopropanol;
magnesium chloride (Mgé&t
phosphate (KEPQ,); potassium hydrogen carboni

Potassium dihydrogen

te BDH (England)

(KHCGO3); Potassium chloride (KCI); Sodium hydrogen

carbonate (NaHCE); Sodium chloride (NacCl); Sodiu
carbonate anhydrous (M20s); Tris-base (hydroxymethy
amino methane); Tris-sodium citrate; HCL3D,

m
1

Substrate Solution (tetramethyl benzidine TMB,0k)

Biomaghreb
(Tunisia)

Roswell park memorial institute-1640 medium (RPI
1640) with L-glutamine

Muroclone (UK)

Eosin stain; Trypan blue stain

Fluka chemical
(Switzerland)

Ficoll-lsopaque separation fluid-lymphoprop spexif

gravity 1.077; HEPES powdered; Liquid paraffin; specific
gravity 0.87-0.89

IFIow-Laboratories
(UK)

(MTT)1-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl

Sigma (Germany)

tetrazolium bromide
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3.3.3 Sera, Antisera and Biological Materials

Material

Company (Origin)

HLA-antisera and control sera reconstituted v
equivalent volume of diluent; Lyophilzed rab
complement reconstituted with diluent before

vith
DIt
Ise.

Biotest (Germany)

Human reference sera for immunoglobulin Ig
IgG, IgM and complement{and G; Endoplates

A,

(12 wells) for immunoglobulins and Complemént Biomaghreb (Tunisia)

(agarose gel containing monospecific antise
RID plates.

ra),

Common antibody diluent

BioGenex Laboratories
(California, USA)

Human AB Serum (Pooled)

Baghdad Blood-Transfusio
Center

n

Fetal Calf Serum (FCS)

Flow laboratorises (UK

~

» Lyophilized Adeno KBR-CF antigen type 3,
7, Vero;

Lyophilized Coxsackie type £ KBR-CF
antigen Vero;

Lyophilized human positive adenovirus sert
Lyophilized human negative adenovirus se
Lyophilized human positive coxsackie s-
serum

Lyophilized human negative coxsackies-

4,

'™ |nstitute Virion (France)

um

serum
serum albumin (BSA)

ine  Sigma (Germany)

Anti-human IgG f-chain specific) with hors
Mouse antihuman CJ) CD,, CDs, CDyg,

reddish peroxidase (HRP) conjugate; Bo
CD4sRA, CD4ssRO, CDy, CDsg HLA-class I

monoclonal antibodies (mcAbs). All the mcAbs
2in

were purified IgG conjugated to fluorescs
isothiocynate isomer-1 (FITC).

Serotec (UK)

Polioral Trivalent; Chiron, S.P.A.

WHO, Aventis
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3.3.4 Antibiotics

Antibiotic Dose Company (Origin)

Crystalline penicillin 1,000,000 1U

Pharma-intersprl (Belgica)

Streptomycin Sulfate 1gm

3.3.5 Kits Used
I. Human IFN-y ELISA Kit: (Immunotech-Beckman Coulter)
This kit was intended for the quantification of NHy in plasma, serum or

culture supernatants. The kit consists of:

* Microculture plate with 96 wells coated by hiFN-

* Lyophilized standard.

» Biotinylated monoclonal antibody.

» Streptavidin HRP conjugate.

» Diluent.

* Washing solution.

o Substrate; ( TMB / kD,)

ii. Human IL-10 ELISA Kit; (Mabtec)
hiL-10 kit was intended for quantitative determioat of native and
recombinant hIL}0 in serum; plasma and cell culture supernatant. It consists of:
* hIL-10 mcAb 9D7 concentration: 1 mg/ml.
» Biotinylated mcAb 12G8 concentration 1 mg/ml.
» Streptavidin-Alkaline phosphatase (strepavidin-ALP)
* Recombinant hIL-10 standard.

» Substrate p-nitrophenyl phosphate (PNPP) tablets.
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ii. Human IL- 6 ELISA Kit; (Mabtec)

hiL-6 kit was used for the quantitative determioatiof native and

recombinate hiL6 in serum; plasma and cell culture supernatent. It consist of

the following:

hiL-6 mcAb 13A5, concentration: 1mg /ml
Biotinylated mcAb 39C3, concentation: 1mg /ml
Streptavidin- ALP

Recmbinant hlL-6 standered

Substrate (PNPP) tablets

Iv. C-peptide IRMA Kit: (Immunotech. Beckman Coulter Company)

C-peptide kit is immunoradiometric assay for th&itro determination of

C-peptide in human serum, plasma and urine.Theokisists of:

Anti-C-peptide mcAb coated tubes.

129_labeled monoclonal anti-C-peptide antibody.

12 labeled immunoglobulin in buffer containing BSAd sodium
azide <0.1% and a dye.

C-peptide dilution buffer (Contains BSA and sodiande <0.1%).
Calibrators, six vials contain from 0 to 6400 PM ©fpeptide in
buffer.

Control sera: two vials contain C-pepetide lyoatl in BSA and
sodium azide.

Washing solution.

v. Anti-GAD IRMA Kit: (Immunotech. Beckman Coulter )

Anti-GAD kit is immunoradiometeric assay for the amitative

determination of anti-GAD autoantibodies in humarusn. The kit contains:

52



Chapter Three Materials and Methods

 Protein A suspension; lyophilized in buffer contagh BSA and
sodium azide.

« '™-labeled GAD; the vial contains 50 KB9 of radiolabeled
recombinant lyophilized GAD.

e Standards; seven vials contain from 0 to 300 U/ml of anti-GAD
antibodies in human serum and sodium azide <0.1%.

* Control samples: Two vials contain anti-GAD antilesdin human
serum and sodium azide.

» Assay buffers: contains buffer with BSA and sodiamide.

vi. Variant Hemoglobin Alc Testing System. (Bio-R® Diagnostic
Group. Hercules)
It was used to improve quantification of HRAIsing ion exchange high-
performance liquid chromatography (HPLC). It cotsiH:
o Sample vials (1.5 ml volume).
e Buffer 1: Sodium phosphate buffer pH: 5.9, conta#@®s1% sodium
azide as a preservative.
» Buffer 2: Sodium phosphate buffer pH: 5.6, conta#®s1% sodium
azid as a preservative.
* Whole blood primer: Ten vials of lyophilized humesd blood cells
hemolysat with gentamycin: tobramycin and EDTA eesprvative.
» Wash solution: Deionized distilled water with <05odium azide as
preservative, pH: 6.6.
* Hemolysis Reagent: Citrate solution; pH: 5.0 contains <0.05%, sodium
azide as a preservative.
 Hemoglobin Alc Calibrator / Diluent Set, it cong$t
¢ Six vials of lyophilized human red blood cell heysdte

containing gentamycin, tobramycin and EDTA as pneseve.
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¢ Diluent containing deionized distilled water plu®TA and

potassium cyanide as preservatives, pH: 7.2

3.3.6 Solution and Buffers
I. Physiological Saline (Nile company)

The solution was readily prepared, (Nile Company)

ii. Phosphate Buffer Saline (PBS) (Johnstone andhfope, 1987)
Phosphate buffer saline was prepared by dissolvimg following

materials in 1L distilled water.

NaCl 8.0¢g
KCI 0.2g
NaHPO, 1.15¢
KH,PO, 0.2 g

pH was adjusted to be 7.2-7.4, then the solutios awdoclaved (121°C,
15 pound/IA for 20 minutes) stored in the refrigerator (4°C)used.

iii. Solutions and Stains for HLA Typing
a. Trypan Blue Stain Solution (2%)
Two grams of trypan blue stain powder was dissolwed50 ml
physiological saline, then the volume was complei@dlO0 ml. Stain was

filtered before use .

b. Eosin Stain Solution (5%) (Metcalfet al., 1986)
Five grams of eosin Y powder were dissolved intarB@f physiological
saline. Then the volume was completed to 100 mkethiwell and placed in
shaking water bath at 70°C for 30 min.. Later itswétered by filter paper,

dispensed into 5 ml volume and stored at 4°C.
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c. Washing Solution for Lymphocytes

Containing 5 ml of heat inactivated (560C 30 min) FCS and 95 ml of
RPMI culture medium.

Iv. Solutions Used for Lymphocyte Phenotyping

a. Fixative Solution for Direct IF Technique (Johnstore and Thrope,

1987)

Buffered Formal Acetone (BFA), prepared as follows:
PBS (3.2.6.2) 8 ml
Distilled Water 38 ml
Formalin 37-40% 33.2ml
Acetone 60 ml

The solution was stored in the refrigerator at dfilwse.

b. Common Antibody Diluent: (BioGenex Laboratory, USA)
Contains Tween-20 in PBS, pH: 7.4 and preserved4rBSA plus 0.1%
sodium azide-NaNsolution. Used for dilution of CD markers.

c. Mounting Media (v/v):
Glycerol 7: Phosphate buffer 3.

v. Culture Media and Solutions Used for LymphocyteProliferation
a. Preparation of Antibiotic Solutions (Hudson and Hay 1989)
It is prepared by dissolving the antibiotics (seat.3.4) in 100 ml of
sterile (DDW) then dispense into sterile 10 ml eamérs and stored refrigerated
at 2-8°C.

b. HEPES Buffer (N-2-hydroxyethyl piperazine-N-2 ethae-sulphonic
acid) (Hudson and Hay, 1989)
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It is a biological buffer effective in reducing gtctuation over the pH
range 7-8 and to keep minimal cytopathic effecttheuit effecting the normal
physiological osmolality range (250-325 mOsm / Kdghe optimal buffer
system is 25 mM to keep pH range 7.2-7.4 at 37°@hvivas prepared by
dissolving 0.6 g in 100 ml DDW and then added $sue culture as 1 / 100 ml

of tissue culture medium .

c. Preparation of RPMI-1640 Complete Culture Medium (Work and

Burdon, 1980)

It was prepared by measuring out 900 ml DDW at reemperature and
while gently stirring the water, 10.4 g RPMI-1640nmlered medium was added
with 2 g of analar sodium bicarbonate and stirretll wlissolved. The original
package was rinsed with small amount of water toonee all traces of powder
and was added to solution. Then a 10 ml of anibsxlution and 10 ml HEPES
buffer solution were added and the final volume wasught to 1 liter with
DDW then sterilized immediately by filtration usiagnembrane with a porosity
of 0.22um. Then 100 ml of filtered heat-inactivated huma® gerum (section
3.3.6.5.) was added. Sterilization was checkednbybation of whole medium
in incubator at 37°C for 24 hrs, then asepticallgpdnsed aliquots in sterile

containers and stored at -20°C until used.

d. Red Blood Cells Lysis Buffer (Johnstone and Thropel987)

KHCO; 10 mM
NH,CI 0.155 M
EDTA 0.1 mM

The gradients were mixed, autoclaved at 115°C @omin, stored in 4°C.

e. Concavalin-A (Con-A) Working Solution (10 mg/10ml)
Ten mg of Con-A was dissolved in 5 ml physiologisaline. The volume

was complete to 10 ml. Filtered by 0.45 milliporelatored at 4°C.
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f. MTT Working Solution (5 mg/ml)

MTT powder was dissolved in PBS and filtered byS0mniillipore to
sterilized and remove a small amounts of insolukkidue present in some
batches of MTT, then stored at 4°C.

(Note: the MTT solution is prepared just prior tdtare application).

g. Acidic Isopropanol
Acidic isopropanol was prepared by supplement aibsdsopropanol with
0.04 N HCI.

h. Human AB Serum (Schendelet al., 1997)

Human AB serum was obtained from blood bank andriéfeged at 4000
rpm for 20 min. Carefully the serum was removedmfithe upper layer without
disturbing the sediment. Then distributed intoikes0 ml conical flasks, and
incubated for 40 min in a 56°C water bath. The sulwere allowed to cool to
room temperature and store at -20°.

vi. Buffers Used for ELISA (Johnstone&Thrope, 1987)
a. Coating Buffer

Na,CO; 1.59 g
NAHCO; 2.93 g
D.W. 900 ml

Then complete the volume to 1L, pH was adjuste@l @o

b. Washing Buffer: pH: 7.4
1. PBS containing 0.1% (v/v) Tween-20.
2. PBS containing 0.05% (v/v) Tween-20.

c. Blocking Buffer
PBS containing 0.1% (w/v) BSA
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d. Incubation Buffer

A. PBS containing 0.1% (v/v) Tween-20 and 1% BSA.

B. PBS containing 0.05 % (v/v)Tween-20 and 0.1% BSA.
e. Substrate Buffer; Magnesium Tris Buffer (MTB)

Tris-OH 50 mM

pH adjusted to 8.6, store in refrigerator 4°C.

3.4 Methods:

3.4.1 Hematological Tests
3.4.1.i Determination of Glycosylated Hemoglobin HAlc
* Principle

The VARIANT HbAl1c program utilizes the principle$ mn-exchange
high-performance liquid chromatography (HPLC) foe automatic and accurate
separation of HbAlc. The separation of HbAlc isfqrened rapidly and
precisely without interference from labile Alc Ilpm or temperature
fluctuations.

The VARIANT’s two dual-piston pumps deliver a programmed buffer
gradient of increasing ionic strength to the systéhrepared samples are
automatically injected into the analytical flow patnd applied to the cation
exchange column, where the Hb is separated basadthp attraction of the Hb
to the column material. The separated Hb then passeugh the flow cell of
the filter photometer where changes in the absad#@h1l5 nm) are measured,
and back ground variations are corrected by artiaddi filter at 690 nm.

A chromatogram (graph) of the changes in the alasad is plotted

versus the retention time. Each chromatgram pringoaccompanied by a report
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identifying each peak detected, plus the relatieee@nt and retention times of

each peak.

* Procedure: "According to the manufacturing instructions”
A. Preparation of Reagents

1.Allow all reagents, except for the calibrator ditieto reach room
temperature (15-30°C) before performing the assay.

2.Reconstitute the lyophilized HbAlc calibrator wit®d ml of cold
calibrator diluent (section 3.3.5.6), allow stargdfar 5-10 minutes, swirl
gently to dissolve.

3.In each run, diabetic and non-diabetic control spens should be
included. Add 0.5 ml of DDW to reconstitute thepyulized controls, let
stand 2-3 min. and then diluted 1:200 prior to gsial

4.Use a fresh aliquot of whole blood primer at thgibeing of each run
by adding 1 ml of DDW to the vial, swirl gently aatlow to stand for
10 min at 15-30°C.

B. Sample Collection and Preparation

1.The whole blood specimens should be collectedvacum collection
tube containing EDTA, and should be thoroughly rdixe

2.Prepare two vials for HbAlc calibrator by addind o of reconstituted
calibrator in each one.

3.Use two vials for the Hb control.

4.Add 1 ml of Bio-rad hemolysis reagent to each awnaind patient
sample vials.

5.Remove 5ul of whole blood of the patient or reconstitutedntol.
Carefully wipe the pipette tip to remove excess@anbDispense it into
the bottom of the patient sample vial or contrall o make the dilution
1:200.
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6.Cap or parafilm, each sample and vortex to mixahghly.

7.Let samples stand at 18-28°C for at least 15 monbt allow samples
to stand for more than one hour.

8.Place the sample tray and cover into the samplg@adment.

9.Select the HbAlc program.

* Interpretation of the Result
The following HbAlc ranges might be used for intetption of results.
However, factors such as duration of diabetes, ratice to therapy and the age
of the patients should also be considered in asgptbe degree of blood

glucose control (Table 3-2).

Table (3-2): HbAlc ranges and the degree of bldodage control according to
American Diabetes Association (ADA), (2004)

HbAlc
%

Degree of glucose control

High risk of developing long-term complications Bu@s
>8 retinopathy, nephropathy...etc. Action suggested wndpeon
individual patient circumstances.

<7 Target ADA
<6 Non-diabetic level.

3.4.1.ii Determination of C-peptide in Human Serum
* Principle
The IRMA of C-peptide is a "sandwich" type assayoude mcAbs
directed against two different epitops of C-peptael hence not competing are
used. Serum samples, the controls and calibratersyaubated in tubes coated
with the first mcAb in the presence of the secomdnlabeled with iodine 125.

After incubation, the contents of the tubes arsathso as to remove unbound
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129_labeled antibody. The bound radioactivity is théetermined in a gamma

counter.

* Procedure "According to the manufacturing instruction"
A. Let all the reagents come to room temperature. Rttated the contents of
the six calibrator vials which contain from 0 toO®4 pm of C-peptide
(section 3.3.5.4) with the volume of distilled watedicated on the label,

also the two control sera, wait for 10 min and gently.

B. Assay procedure:
1. Step 1: Additions
To coated tubes, add %0 of calibrator, control or sample and 1pDof
tracer, mix.
Note: Add 150ul of tracer to 2 additional tubes to obtain tot&N.

2. Step 2: Incubation
Incubate 2 hours at room temperature (18-25°Ch whaking (>280

rpm).

3. Step 3: Counting
Aspirate carefully the contents of tubes (except2hubes "total CPM").
Wash twice with 2 ml of wash solution, and courthaty (CPM) for 1 min.

* Interpretation of the Result
Results are obtained from the standard curve lgypotation for standard
curve. Put the determined radioactivity (CPM stdMC$d0) value on vertical
axis and the C-peptide concentration of the cdldrsaon the horizontal axis
(PM) (Figure 3-1).

Note: To convert pmol/L into ng/ml, the results enultiplied by 0.003.
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Figure (3-1) Standard curve for serum C-peptide (pral/L)

3.4.2Serological Typing of HLA Antigen

This test was carried out in the tissue typing tabmry of the Al-Karama
Hospital in Baghdad.

Five ml of venous blood were drawn from each suljeatients, siblings
and controls). The collected blood was dispenstapfastic or glass universal
tubes containing heparin (10 1U/ml) as anticoagul@he test microcytotoxicity
was established by Terasaki and McClelland, (1964).
¢ Principles:

Microlymphocytotoxicity assay is a complement degent reaction
based on the reaction of HLA anti-sera which rewgrthe correspondent
membrane bound antigen on the viable human lymghkedn the presence of
rabbit's complement.

If the antigen under test is on the lymphocyteg tbrmed antigen-

antibody complexes will activate the added complameesults in death of the
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reacted cells which permit absorption of an indicatye (eosin) to score the
reaction and determine the HLA phenotypes. Staigegbhocytes = positive

reaction, unstained lymphocytes = negative reaction

¢ Setting up Typing Plates

These were prepared in advance in batches of 5000rplates. The
Terasaki plates (60 wells) were filled with neutadll (liquid paraffin) up to
brim. By using a 5aql of Hamilton multisyring, il of each HLA-antisera was
dispensed into each well. Then the plate was ldbatel stored at -70°C until
used. Positive and negative control sera were declun each plate. The wells
contained antisera specific for HLA-class | (A, BdaC) and class Il (DR and
DQ) antigens, which were available in the Histocatipity Laboratory at the

Al-Karama Hospital (Appendix-II).

¢ Isolation of Lymphocytes
The Ficoll-Isopaque technique originally descrilbdBoyum (1968) that
was reported in Schendet al. (1997) has been used for separation of
lymphocytes with greatest apparent success. Thatgegradient centrifugation
depends upon the specific gravity of a gradientdendy lymphoprep (a
commercially prepared mixture of sodium metrizoael Ficoll, density 1.077
g/L).
3.Five ml of heparinised blood were mixed with eqlevé volume of
serum free culture RPMI-1640 medium.
4.By using 10 ml centrifuge tube, 5 ml of diluted dbwere carefully
layered over 3 ml of lymphoprep taking care not dsturb the
interphase. Pipetting blood into or under the lyopmep solution can be
avoided by holding the tube at 45° angle and aklgwt to flow slowly
down the side of the tube.
5. The centrifuge tubes were capped tightly to asstarlity and carefully
balance them so that no shaking occurs during ibegtion.
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6.Centrifuged by using temperature controlled cemgef (18-20°C) for 20-
25 min to give relative centrifugal force (rcf) thie interphase of about
700 g (2100 rpm).

5. After centrifugation the lymphocytes were visilds a distinct cloudy
band between the serum components in the uppetioinaeand the
lymphoprep solution of the lower fraction. Red seland other

leucocytes are found in the pellet (Figure 3-2).

<4+— Plasmr

Rlood T—

Centrifugation

7009, 25 min, 20°C
g <+—— Mononuclear

cells
Lymphoprep : \ Erythrocytes
and

Granulocytes

Figure 3-2: Isolation of mononuclear cells on lympbprep adapted from
Schendelet al., (1997)

6.The band at the interface was collected by medre sterile Pasteur
pipette and transferred into 10 ml test tube caoimagi at least three times
the volume of washing medium (section 3.3.6.iiian)d suspended
evenly. Then lymphocyte suspension was centrifige® min at 2000

rpm. This step was repeated once again.
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7. The supernatant was discarded and the cells isuspend in washing
media. A third wash was also done but at lower ¢g&600 rpm) for 10
min. This step is very important; it helps to maintmost platelets in the
supernatant.

8. The cells were resuspended in 2 ml warm RPMB1&dpplemented

with 10% heat inactivated human type AB serum.

Note: Separating monocytes from lymphocytes is best dogfere gradient
centrifugation, using whole peripheral blood orkKecyte-rich plasma. The
method depends on the adherence of monocytesds glafaces (Slides, a flask
with flat bottom or petridishes) for 45-60 min &t°&, which yield lymphocytes
preparation of high purity 90% (Rowlandsal., 1994).

¢ Counting of Lymphocytes and Determining Their Viabiity
Tenupl of cell suspension was added to d®f trypan blue stain solution
(section 3.3.6.iii.a) in a small tube. After 3 maells were counted in improved
Neubauer counting chamber. Count the number of hguoptes in five large
squares (80 small sequares), for each sample enommof 100 cells).
The final lymphocyte concentration / ml = numbefiire large squares x 10
Live cells can exclude trypan blue dye; therefaednity was determined

according to the following equation (Johnstone &hobpe, 1987):

Numberof viablecells
Sun of viableancdeaccells

Lymphocyteviability (%) =

The viability accepted should be 95% and above. fitked lymphocyte

concentration was adjusted to 2-3%t@lls/ml.
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¢ Red Blood Cells (RBCs) Lysis

A few individuals have lymphocytes with altered gy that do not
separate normally on the density gradients. RBGs lfechnique was found
necessary because that RBCs are the major contamninwith isolated
lymphocytes. RBCs lysis buffer (section 3.3.6.vdas used for further
purification of lymphocytes although the lymphoe/teay be damaged to some
extent either by the lysis buffer or the massivecemtration of hemoglobin that
is released ( Johnston and Thrope, 1987).

1. The lymphocyte suspension was centrifuged at 3G0r g min., the
supernatant was discharded and the pellet resuspetdml of lysis
buffer and incubated at room temperature for 5. hien centrifuged at
300 g for 10 min.

2.The supernatants was discarded.

3.The cell pellet was washed twice by resuspensiowashing media
(section 3.3.6.iii.c) and centrifuged at 300 gSanin.

4.The procedure was repeated if the red cell contatioin is still too high
Note: Contamination by RBCs and granulocytes was noynbedls than
3% as confirmed by Ad'hiah,( 1990).

¢ Separation of Lymphocytes into B and T Cells

HLA DR and DQ antigens have a limited tissue dusition, being
expressed mainly on the surface of B lymphocytésisTB lymphocytes are the
best for the serological detection of HLA-DR and Rtigens, so there is a
requirement to have a cell suspension rich in Bsd#ylon wool is one of the
main methods that can be used to separate B amtlsTfrom one another due
to surface membrane properties of B-cells, by witiclould adhere to the nylon
wool fibers (positive selection) whereas T-cells & easily washed off. This
separation method allows B-cells enrichment to @®%8in the samples
prepared. The method is outlined in the followingps as described by
Danilouset al., 1990).
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Two ml disposable plastic syringe was loosely dillgith approximately

0.15 g nylon wool. The nylon wool was rinsed with rhl physiological saline

solution then with 10 ml of warmed (37°C) washingedium (section
3.2.6.iii.c).

1.

6.

Both ends of the syringe were sealed immediatetly parafilm and left

for 30 min in incubator at 37°C.

. Lymphocyte pellet were resuspended in 1 ml warm iomdand

immediately poured into prepared syringe and altbwebe absorbed
into the nylon wool completely. Both ends of theisge were sealed

with parafilm again and incubated for a furthem3 at 37°C.

. After incubation; non-adherent T-cells were wasbat of the syringe

with 10 ml of warm medium and collected in silicomated glass tube.
The nylon-wool adherent B-cells were isolated byliag a warm
washing medium (10 ml) to the syringe-barrel argl riiglon wool was
squeezed by the syringe piston. This step was tep&a8 times adding
2 ml of medium to the syringe each time.

B and T cells suspension were collected separatety centrifuged
twice at 1000 rpm for 10 and 5 min respectively.

Cells number was adjusted to 2-3%t@lls/ml.

T-cells can now be used in the phenotyping of Hildss | (A, B and C)

antigens and B-cells are used for phenotyping as<lll (DR and DQ)

antigens .

Microlymphocytotoxicity Assay

The same procedure was used for both HLA-clasdldass 1l typing

except a prolonged incubation period that was rsacgsfor class |l typing.

Before serological typing, two typing plates (ome €lass | and the other for

class Il antigens) were obtained from the freeznel left for thawing at room

temperature (25°C) for 15 min.
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1.0neul of lymphocyte suspension (20@B@00 cells) was dispensed in
each well using a 50l Hamilton syringe attached to repeating dispensbe
plates were incubated at 20-25°C for 30 min for HtlAss | and 60 min for
HLA calls Il antigens.

2.Rabbit complement was thawed rapidly, imhiaely before use, and held
on ice. Fiveul of complement were added to each well followedfosther
incubation at 20-25°C for 60 min and 120 min for Alklass | and class Il
antigens respectively.

3.Founul of eosin stain solution 5% (section 3.2.6.3.) evadded to each
well and left for 5 min.

4.The reaction was fixed by adding d®f formaldehyde solution. This is
prepared by adjusting the pH of the stock 37% smiuby shaking with sodium
bicarbonate powder until the pH is 7.2. A layernoheral oil was added to
prevent contact with air and help stabilize thegsthe solution. The Plate was
kept at 4°C, ready to be read within 1-24 hrs usmgerted phase contrast

microscope.

¢ Evaluation of the Reactions

Viable cells were light and shining (negative reatt while dead cells
appear dark and larger (positive reaction). Eadhwaes scored according to the
percentage of cell death (percentage of eosinestairlls). The score range was

as follows (Stocker and Bernoco, 1979):
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Score | Percentage of cell deat Interpretation
1 0-19% dead cells Negative reaction
2 20-29% dead cells Doubtful negative reactipn
4 30-49% dead cells Weakly positive reaction
6 50-79% dead cells Positive reaction
8 80-100% dead cells Strongly positive reactign
0 Not readable Invalid test

3.4.3Lymphocyte Subtyping for CD Markers
Phenotyping of surface antigens of PBL of bothgyds and controls was
done by direct IF technique using specific fluomsc labeled mcAbs

(conjugate). Phenotyping was accomplished by twm nypes:

A. Fixation of PBL

The fixation procedure dissolves and removes sdntieeolipids, so that
all of the cellular proteins are accessible to addatibodies. In addition,
fixation is critical for cell adhesion to IF-slidesd to be sticky apart from the

frequent washing steps later (Thompson, 1978).

B. Labeling of PBL Surface Antigens (CD Markers)

In the present study, numerous CD markers werestigaged including:
CDs (pan T-lymphocytes), CJXTh), CD; (Tc), CDisRA (Naive cells), CxRO
(Memory cells), Clx (B-lymphocytes), CE (NK-cells), DR-antigen and other
activated markers like Gig

The method of IF-labeling of fixed cells was done @escribed by
Wigzell and Anderson (1971).
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¢ Principle
The conjugated antibody (mcAb) is applied to the.RB the slide and
allowed to incubate, then the slides are washediw®uffered saline and after
being mounted in glycerol is viewed under the nscape with appropriate

illumination, as illustrated in figure (3-3).

Conjugated
antibody

~_ M Mixand

Tissue |—> | Tissue Tissue
incubate

Figure 3-3: lllustrates the principle of the dired IF technique( adapted
from Thompson, 1978).

¢ Preparation of Slides and Fixation
1.The isolated lymphocytes prepared in (section 3.4v2re adjusted to a
cell count of 1x10 cell / ml in RPMI-1640 medium, cells should be
>95% viable as determined by trypan blue dye exmtusihen 1Qul per
well on IF-slides was added. Samples were allowedly completely at
room temperature.
2.Slides were dipped into BFA fixative (section 3.R.&) for 1-3 min, left

to dry completely at room temperature.
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3.Slides then were checked with a microscope for espmead of cells,

then covered with aluminum foil and stored at -2@ifikssayed.

¢ Labeling for Direct IF Test

1.The IF-slides pre-coated with lymphocytes were nezdofrom freezer,
allowed to reach room temperature, unwrapped arsh@hwith PBS
prepared in (section 3.3.6.ii) by dipping into P#t&d jar with stirring
for 10 min.

2.Slides were lain flat section side up in humidibamber, then 10l of a
specific anti-CD marker antibody (FITC labeled mg¢Asdt 1:5 dilution
with common antibody diluent (section 3.3.6.iv.b¢rev added to each
well. The chamber was covered , and the slides Vefrendisturbed in
incubator at 37°C for 2 hrs (37°C increases sefsitivithout increasing
background staining) (Serotec Data Sheet, 1999).

3.Slides, then were transferred to staining jar dillwith PBS at room
temperature and PBS was replaced twice at 5 manvals.

4.0ne to two drops of mounting media (section 3.8.6)iwas added to
each well to enhance fluorescence, prevent dehgdratnd prevent
fading of mcAbs on exposure to UV-light. Then cowdips were
lowered into place slowly to avoid bubbles. Slidesre ready for
examination with IF-microscope at 490 nm immediatal up to 3 days
as a maximal duration.

5.Slides were viewed first by objective lense 40Xd ahe number of
lymphocytes was counted in this field, then swettho the UV light and
the number of the only stained cells was countdds Thaneuver was
repeated till 200 cells had been counted. Posdelks give green-apple
color.

Calculation:

Percentagef positivelystainedccells=| Numberof Iabeleobellslxloo
Total numberof cells
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Note: The natural decomposition that occurs with inadé¢gustorage and
formalin fixation does not only destroy the antigaut also causes antibodies

and similar complex proteins to adhere non-spelfichroughout the tissue.

3.4.4Lymphocyte Transformation Assessment by MTT Assay

¢ Principle

It is a rapid colorimetric assay for cellular gromand survivaln vitro.
The micorculture tetrazolium assay (MTT) was oradiyn developed by
Mosmann, (1983) to measure the conversion of seltH#,5-dimethylthiazol-
2-yl]-2,5-diphenyl tetrazolium bromide (MTT) into lalue or purple coloured
formazan precipitate by the mitochondrial enzymecswate-dehydrogenase
(Denizot and Lang, 1986). The assay detects livingt not dead cells.
Depending on this principle, the more active vialtells, the more
dehydrogenase enzyme is produced and the morezdkira formazan is
formed. This method can therefore be used to meathe cytotoxicity of
cytotoxic drugs on living cells which are exposedcytotoxic agents and can
also measure the proliferative activity of livinglls when exposed to mitogenic

substances (Mosmanl1983; Shimoyama et al., 1989).

¢ Objective of MTT Assay in this Study
1.To measure the cell mediated immune (CMI) activotyPBL of diabetic
patients in comparison with healthy controls whatubated with concavalin-
A (con-A) (an extract of the jack bean) as a mitegye
2.To study whether the different viral antigens irthg CVB5, poliovirus and
Adenovirus have any association with proposed C#ivation or not after
incubation with PBL of TIDM patients and healthyntmls.
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¢ Procedure
The test was done completely under sterile conustid\fter preparation
of PBL suspension (section 3.4.2) in complete RRBHO medium
supplemented with 10% heat inactivated human AB msefaection
3.3.6.v.h) which is suitable for cell culture, tHaal lymphocyte
concentration was adjusted to 1-2%t@lls / ml.
1.0ne hundredil of PBL suspension was added to each well of 86 fl
bottom microculture plates for each TIDM patiendamealthy control
and as following:
— Triplicate wells for control negative.
— Triplicate wells for Con-A.
— Triplicate wells for CVB5.
— Triplicate wells for poliovirus Trivalent vaccine.
— Triplicate wells for adenovirus.
2.Incubated for 24 hrs at 37°C in a humidified 5%.,@t@ubator.
3. After incubation, 10ul of each of the following mitogen and antigens
were added:
— Con-A (100ug/ml) per well prepared from the working solution
(section 3.3.6.v.e).
— CVBS5 antigen solution (1:5 dilution) per well.
— Poliovirus Trivalent Vaccine (1:5 dilution) per wel
— Adenovirus type 3,4,7 solution (1:10 dilution) pezll.
Note: The final concentration or dilution for the laktrde viral antigens was
achieved according to the result of MTT serial @ldn run of these antigens
which revealed that 1:5 dilution is the best for EB/and poliovirus trivalent
vaccine, while 1:10 dilution is the best for adeines to exert its antigenic

ability.
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4.Incubated for 3 days at 37°C in a humidified 5% ,Gubator with
once or twice addition of complete RPMI mediumhe tvells during the
period of incubation to avoid evaporation.

5.At the end of incubation period 20 of MTT working solution (section
3.3.6.v.f) was added to each culture well and tleuce were incubated
for 4 hrs at 37°C.

6.Finally the cultured medium was removed from eackll vand the
converted dye was solubilized by adding 100f acidic isopropanol
(section 3.3.6.v.g). The absorbency of each welk wiaeasured by
microculture plate reader using a test waveleong®70 nm (Mosmann,
1983) or 540 nm (Mizutanet al., 1994). Plates were normally read

within 1 hr of adding isopropanol.

Note: Isopropanol is preferred than ethanol because refdaced evaporation

rate.

¢ |Interpretation of Readings
The percent of proliferative response of lymphesytlue to exposure to

mitogens or antigens was calculated by the follgwormula:

Absorbancyf experimerdl wells
Absorbancyf controlwells

% Proliferaton :{ —1}&00
MTT assay can measure the viability of cells arel ¢istotoxicity of cytotoxic
agents on living cells (Mizutamt al., 1994).

The percent cytotoxicity was calculated by thedwiing formula:

% Cytotoxicity = {1_ Absorbancyf experimerl Wells}cLOO

Absorbancyof controlwells
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3.4.5 Serum Cytokines Assessment
3.3.5.i Detection of Serum IFNy by ELISA
¢ Principle (The same principle for hiL10 and hIL-6)

It is two immunological step sandwich type assayshe first step, the
IFN-y is captured by a monoclonal antibody bound towkeés of a microtiter
plate. In the second step a biotinylated antibodyd® to the solid phase
antibody-antigen complex and in turn binds the ggaje. After incubation, the
wells are washed and the antigen complex boundhéowell detected by
addition of a chromogenic substrate. The intensitgoloration is proportional

to the IFNy concentration in the sample or standard (Figu4g. 3-

v v |y y| = 1§ =100

Antibody- Add antigen Add enzyme- Add substrate
coated well to be measure conjugated and measur
secondary antiboc

Figure 3-4: lllustrates the principle of the Sandwch ELISA technique
which used for the determination of antigen qualitéively or quantitatively
(adapted from Goldsbyet al., 2000).

¢ Procedure "According to manufacturing instruction"

Let the component of the kit (section 3.3.5.i) ieqrate 30 min at room
temperature. Then reconstitute the lyophilized ddaa with 1 ml distilled water.
This will result in a 250 1U/ml IFN¢ solution, with appropriate diluant, prepare
a fresh dilution series of IFN-standard according to the instruction of
manufacturer (25, 6.25, 1.56, 0.39 and 0 U/ml).
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1.Add 50 ul of each diluted standard and sample to the cpomding
wells of micorculture plate coated by hiRNincubated 2 hrs at 18-25°C
while shaking.

2.Wash the wells three times with diluted washingusoh using a
microtiter plate washer.

3.Add 50 ul of biotinylated antibody and 100l of streptavidin-HRP
conjugate, incubate 30 min at 18-25°C while shaking

4.Wash the wells three times with diluted washingigoh.

5.Add 100 ul of substrate chromogen solution, incubated 20 atiri8-
25°C while shaking. Avoid exposing the substratditect sunlight.

6. The reaction was stopped by adding 8®f stopping solution in each
well and the absorbance was read at 450 nm, usiagpculture plate

reader.

¢ Interpretation of the Results

The sample results are calculated by interpolaftiom a standard curve
that is performed in the same assay as that ofdah#gle. The curve is drawn,
plotting on the horizontal axis the IFNeoncentration of the standard and on
the vertical axis the corresponding absorbance u(Eig3-5). Locate the
absorbance of each sample is located on the viedia and read off the

corresponding IFN-concentration on the horizontal axis.

3.4.5.1i EILSA for Quantitative Determination of hiL-10
¢ Procedure "According to the manufacturing instructions"
1. Coat the 96-well micorculture plate with hiL-10 mz&D7 (section
3.3.5.ii), diluted to 2ug/ml in PBS, pH 7.4 (section 3.3.6.ii) by adding
100 pl/well. Incubate overnight at 4-8°C.
2. Wash twice with PBS.
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Figure 3-5:hIFN-vy standard curve.

3.

Block plates by adding 20@l/well of blocking buffer (section
3.3.6.vi.c) to block the unspecific sites. Incub&be 1 hr at room
temperature.

Wash the wells five times with PBS containing 0.05%een (section
3.3.6.vi.b) using a microtiter plate washer.

Prepare hIL-10 standard by reconstituting contehtsal in 20ul of 5
mM Tris, pH 8.2 to a concentration of 0.1 mg/mllude in PBS with
0.1% BSA section (3.3.6.vi.c) to make up a stockitsmh of 10ug/ml.
for the test prepare dilutions of the stock usihg standard range
(1000, 100, 10, 1 and 0.1 pg/ml) in incubation buffsection
3.3.6.vi.d).

Add 100 pl/well of patient and control serum or standards dach
dilution and incubate for 2 hrs at room temperature

Wash as in step 4.

Add 100ul/well of biotinylated mcAb 12G8 at flg/ml in incubation
buffer. Incubate for 1 hr at room temperature.

Wash as in step 4.
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10. Add 100 pl/well of streptavidin-ALP diluted 1:1000 in incutian
buffer. Incubate for 1 hr at room temperature.

11. Wash as in step 4.

12. Add 100 pul/well of substrate solution (PNPP), which is preggh by
dissolving 1 tablet of (PNPP) in 5 ml of MTB sulagé& buffer, pH 8.6
(section 3.3.6.vi.e).

13. Measure the optical density (OD) at 405 nm for PNifRn ELISA

reader after suitable developing (usually withire dvour).

¢ Interpretation of the Results
As mentioned in detection of serum hlNsection 3.4.5.i.). Figure (3-6)
represents the standard curve of hiL-10.
According to the manufacturing instruction, stamdaange is 0.5-300

pg/ml and the limit of detection is 0.5 pg/ml.
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Figure 3-6: hlL-10 standard curve.
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3.4.5.1ii ELISA for Quantitative Determination of hi1L-6
¢ Procedure: "According to the manufacturing instructions”

1. Coat the 96 microtiter plate with hiL-6 mcAb 13A&e(tion 3.3.5.iii)
diluted to 2ug/ml in PBS pH 7.4 by adding 10@/well. Incubate
overnight at 4-8°C.

2. Wash twice with PBS (200l/well).

3. Block plates by adding 20@l/well of Incubation buffer (section
3.3.6.vi.d). Incubate for 1 hr at room temperature.

4. Wash the wells five times using washing buffer (®&c3.3.6.vi.b).

5. Prepare hlL-6 standard by reconstituting contehtsad in 50 ul acetic
acid (10 mM) to a concentration of 0.1 mg/ml. Déuin solution
(section 3.3.6.vi.d) to make up a stock solutiod@fig/ml. For the test,
prepare dilutions of the stock using the standardge (10000, 1000,
100, 10, 1 and 0.1 pg/ml) in incubation buffer.

The next steps were the same as mentioned in hlasE@ssment (section
3.3.7.ii.).

¢ Interpretation of the Results
As listed in assessment of IFN&ection 3.4.5.1), Figure (3-7) represents
the standard curve of hIL-6.
According to the manufacturing instructions, staddange is 13-1300

pg/ml and the limit of detection is 7 pg/ml.
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Figure 3-7: hilL-6 standard curve.

3.4.5Assessment of Specific Humoral Immune Response
3.4.6.i Estimation of Total Serum Immunoglobulins IgG, IgM and IgA)
¢ Principle
The concentrations of Igs were measured by sif@RID) method. The
procedure consists in an immunoprecipitation inreg@a between an antigen
(sample being assayed) and it's homologus antiljoahynospecific antisera).
The sample diffuses radialy through the gel anddinestance being assayed

from a precipitin ring with the monospecific antize

¢ Procedure "According to the manufacturing instruction”
1.Endoplate and references were removed from refigerequilibrated
reagents to room temperature, mixing reference, sevatrols and
patents sample in their own containers thoroughly.
2.Five ul of reference sera, control and patents sample \added each
into appropriate wells, then lid were firmly repdacand incubated at
room temperature (18-25°C) on a level surface &h#s incase of IgA,

IgG and for 72 hrs in case of IgM.
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3.Immuno-precipitin ring diameter was measured to rikarest 0.1 mm

using specific viewer device.

¢ Interpretation of the Result
The reference curve is constructed on graph pap@ndard Igs
concentration vs squares of the rings diameterg Gilwrve was prepared by
plotting the results of human reference sera ofhhigiedium and low
concentration as shown in figure (3-8). Unknown amotrations were

determined from the reference curve and expresseayadl.
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Figure 3-8: Standard curves of immunoglobulins (IgGIgM and IgA)

Reference values for serum immunoglobulins

Age IgA mg/dl IgG mg/dI IgM mg/dl
3-9 years 30-240 610-1380 20-134
9-15 years 60-300 630-1400 30-148
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3.4.6.iIAssessment of Complement components énd C,

Non-specific humoral immune response mediated byptement and
other acute phase proteins. Assessment of such nemmeisponse done by
estimation of each complement component conceotrati

SRID was used for quantitative determination of &8l C4 using RID-
Endoplate kits,and the reference curve is constduain graph paper (as
mentioned previously) (Figure 3-9).
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Figure 3-9: Standard curves of complement componest(C3 and C4).

3.4.6.1ii ELISA for Detection of Serum CVB;, Polio and Adeno Virus IgG
Antibodies

¢ Principle
Serum IgG against CViBpolio and adenovirus antigens can be detected
quantitatively with an indirect ELISA, Figure (3-10

Serum containing primary antibody (Abl) is addedatoantigen coated

microtiter well and allowed to react with the amtigattached to the well. Then

the enzyme-conjugated anti-human 1gG, the secondatipody (Ab2) was
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added which binds to the Abl. After incubation, thells are washed and a
substrate for the enzyme is added. The amountlofexb reaction product that

forms is measured by microtiter plate reader.

L
B B % w
wasl wasl

Antigen- Add specific Add enzyme- Add substrate (
coated well antibody to be conjugated and measure
measured secondary antiboc color

Figure 3-10: lllustrate the principle of indirect ELISA used for the
qualitative or quantitative determination of antigen( adapted from Goldsby
et al., 2000).

¢ Standardization Procedure for ELISA Test
Standardization was carried out for the followiragiables:
1.Viral antigens include: CVB oral poliovirus vaccine and adenovirus
type 3,4 and 7.
2.Antisera includes:
— Positive human CVBsera.
— Negative human CVBsera.
— Positive human adenovirus sera.
— Negative human adenovirus sera.
Positive human poliovirus sera obtained from vaatgd children.
Pooled positive antisera was obtained from 10 iddi@l samples of

vaccinated children (5 vicwith a period not less than 3-4 weeks from
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the last vaccine given to the child. The pool araswas then divided
into small amount and stored at -20°C.
— Negative human poliovirus sera obtained from oldspe (more
than 60 years old),(Adul-Karim, 2000).
3.Anti-human IgG conjugate.
Checker board test was done for the determinatidn optimal
concentration of antigens, optimal antisera diltiand optimal anti-human
conjugate dilution to be used in the ELISA (Abdwkn, 2000).

Procedure:
(This procedure is used for each virus antigerrivage)

1.Coating the microtiter plates was done by usingbiuolds serial
dilutions of coating buffer-diluted CVBantigen solution per column,
starting form 10Qug/ml to 12.5ug/ml. Added the coating buffer alone as
a negative antigen control in B wells (Blank).

2. The positive (P) control CViBsera were added as serial dilutions (1:2,
1:4, 1.8 and 1:16) and each dilution was appliedtwa successive
columns. The CVBnegative (N) control sera were applied on two
columns.

3. The third layer was the standardization of thguwgate anti-human IgG
which added in two serial dilutions 1:500 and 1A.00

4. The substrate chromogen was added and then re&dIBA reader to
select the best reading which is of moderate (Oid)jiesto avoid over-
reading or under-reading and specifying the ansgeerum and
conjugate concentrations and dilutions to be camdrd levels for later
on work on ELISA. The plan of ELISA standardizatwas illustrated in
figure (3-11).
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Serum serial
dilutions 1 2 3 4 5 6 7 8 9 10 11 12
[A P N P N P N P N
1:2
B B A+C| B | A+C B | A+tC B | A+C
— C P N P N P N P N
1:4
D B A+C| B | A+C B | A+C B | A+C
— E P N P N P N P N
1:8
- F B A+C B | A+C B | A+C B | A+C
-G P N P N P N P N
1:16
L H B A+C| B | A+C B | A+C B | A+C
¢ CVBsAg 100ug/ml ¢ ¢+ CVB Ag50ug/ml 4
Anti-human, /Nt Anti-human, /Nt
. human . human
conj- Conj Conj- Conj
1/500 1/1000 1/500 1/1000
Serum serial
dilutions 1 2 3 4 5 6 7 8 9 10 11 12
[A P N P N P N P N
1:2
B B A+C| B | A+C B | A+C B | A+C
— C P N P N P N P N
1:4
_ D B A+C| B | A+C B | A+C B | A+C
= P N P N P N P N
1:8
- F B A+C B | A+C B | A+C B | A+C
- G P N P N P N P N
1:16
L H B A+C| B | A+C B | A+C B | A+C
t+ CVBsAg 25ug/ml ¢ ¢+ CVBAg 12.5ug/ml 4
Anti-human . Anti-human hAm"
Coni- 1 A1t Coni- 1 Famer
on;
1/500 1/500 1/1000

Figure 3-11: The plan of ELISA standardization.B=Blank; Coating buffer
only, P=human positive control sera, N=human negate control sera,
A+C=antigen + conjugate only.
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The following concentrations and dilutions were afied by

standardization procedure:

Optimal concentration for CVBantigens = 5@g/ml.

For adenovirus 3, 4, 7 antigens = 1g¢gml.

For oral poliovirus vaccine concentration = 1:2.

Optimal serum dilution for CVB adenovirus and oral poliovirus vaccine
=1:2.

Optimal anti-human IgG conjugate dilution = 1/1000.

Procedure of ELISA: "As described by Davidkin et al. (1998) and
Harkonen et al. (2003)"

2.

The microtiter plates were coated by 3050 pg/ml) of CVBs antigen
solution in carbonate buffer pH 9.6 (section 3\3.8). The plates were

incubated overnight at 4°C.

3. Washed the plates twice with PBS supplemented @vitho Tween-20.
4. Blocked with 275ul of PBS containing 0.1% BSA to prevent non-

9.

specific binding. Incubated at room temperature3fdmin.

. Washed 3 times with PBS containing 0.1% Tween-20.
. Fifty pl (1:2 dilution) in incubation buffer (PBS supplemted with

0.1% Tween and 1% BSA (section 3.3.6.vi.d) of eaddM patient and
healthy control sera was added to each well. Integbat 37°C for 1 or
2 hrs.

. Washed as in step 4.
. Fifty ul of (1:1000) HRP-conjugated anti-human IgG waseatiib each

well. Incubated at 37°C for 1 or 2 hrs.
Washed as in step 4.

10 Fifty ul /well of the substrate-chromogen (TMB/B,) was added.

Incubated for 25 min at room temperature in dadce) then added 50

ul of 1M HCI as stopping agent.
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11 Finally the optical density (OD) was read by midet plate reader at

492 nm.
Note: For each run of ELISA test, we used both G\datibodies positive and
negative controls, each one of them was addedvwel&. They were used in
calculation of cutoff value, which was a limit teheld that below it any reading
must be considered as a negative and equal or abdwebe considered as
positive. They were all used in the estimationpEaficity and sensitivity of the

test.

¢ Interpretation of the Result
Cutoff value at each run was calculated by gettimg mean of OD
reading for the 8 wells that contains Cy&ntibodies control negative plus 2
standard deviation (SD).
Sample value lie below the cutoff value (mean niggat 2 SD) were
considered negative. Those who were equal or grédaém cutoff value were
considered positive (Volleat al., 1980).

Note: The same procedure was conducted for detectisaroin adenovirus and
poliovirus IgG antibodies, except for the later ot incubation buffer (section

3.3.6.vi.d) and stopping agent 12.5%856), were used.

3.4.6.iv Assessment of Serum Anti-GAD Autoantibodis
¢ Principle
IRMA of anti-GAD autoantibodies is a sandwich tygesay. Samples or
standards are incubated wifi-labeled human recombinant GAD by adding
of protein A to precipitate any?1-GAD/anti-GAD complex which has been

12 values are

formed after centrifugation the precipitates areinted for
calculated by interpolation from the standard cuiiee radioactivity is directly

proportional to the concentration of anti-GAD auttlodies in the sample.
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¢ Procedure "According to the manufacturing instruction”
A. Preparation of Protein A Suspension and Tracer:
The content of the protein A and the tracer viaksc{ion 3.3.5.v) were
reconstituted with 2.6 ml of assay buffer. Waited &t least 10 min. following

reconstitution and mixed gently to avoid foamindobe dispensing.

B. Assay Procedure
1. Step 1: Addition 1

Add to plastic tubes 20 pl of standard (7 tubes); controls (2 tubes) or
sample. Then add 5@ of tracer. Mix and incubate 2 hrs at room tempaea
(18-25°C).
Note: Add 50ul of tracer to 2 additional tubes to obtain tot&NT.

2. Step 2: Addition 2
Add 50 pl of protein A suspension, mix and incubate 1 hrr@am

temperature.

3. Step 3: Addition 3
Add 1 ml of ice cold assay buffer (2-8°C) and mix.

4. Step 4: Separation and Counting

Centrifuge 20 min at 1500 g at 2-8°C. Remove thpemuatants by
aspiration or decantation (except the 2 tubes I'ORM"). Then count bound
CPM (B) and total CPM (T) for 1 min.

¢ Interpretation of the Result
Results were obtained from the standard curve teypolation, using B/T
(%) or B/B max (%) on vertical axis and the anti-GADncentration of the

standards on the horizontal axis (U/ml). For eashge locateed the B/T (%) or
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B/B max (%) on the vertical axis and read of theregponding anti-GAD
autoantibody concentration on the horizontal axigiml.
Values below 1 U/ml were considered normal, wheneslues above 1

U/ml should be therefore considered as pathological

3.4.7 Statistical Analysis
3.4.7.1 Regarding of HLA and disease association the frequelistribution

for selected variables was done first. The stremjtlisease association with
particular HLA antigen was determined by calculgtihe relative risk (RR)
stated as the chance of individuals with diseaseaation HLA antigen has
developing the disease compared to individualsitgcht. A RR value can
ragne from less than one (negative associationnooe than one (positive
association) while RR value of 1 indicates no ddfees in disease
susceptibility. If the association is negative,ntlicates a protective effect,
therefore, the preventive fraction (PF) was cal@dawhile if it is positive, it
indicates increased susceptibility to that specifisease, therefore the
etiological fraction (EF) was calculated. The sfguaince of such association
was assessed by either Chi-Square test or Fiskact @robability. The latter
test was more preferred, because allows for theectoon of probability and not
affected by small numbers (less than 5). The madiieal formulas of such

parameters were as the following:
P'XC axd

RR =
{P‘xC*} of [bxc}

1—RR[a}
a+b

"] v
i atb| [a+Db

PF
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EF = [RR -1}([ a }
RR a+b

P" or a: number of patients possessing the diseaseiated HLA molecule.
P or b: number of patients lacking that particuldarmolecule.

C" or c: number of controls possessing that HLA maliec

C or d: number of controls lacking that particuldrAdmolecule.

3.4.7.ii Differences between Means
The tests which have been used for statisticalyarsalvere:
a- Quantitative (parametric) tests
1-Student t-test was used to measure the differedéesertain
variables between two means. The results were ss@tdeas means
+ standard error (SE).
2-Single Factor ANOVA (F-test) was used in this studyfind out
whether the difference among more than two grodmsamples is
significant or not.
b- Qualitative (Non Parametric) tests:
1-Chi Square Tests, were used for the measurementsrelation and
dependency among different variable observationginlyn two
groups.
2-Pearson Correlation (R), which measures to whajrese the two
variable observations are correlated to each otret,the type of

this correlation whether direct, inverse, or noretation at all.
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Results

4.1 Clinical Findings

Patients population consisted of 60 TIDM patientsp were early onset
of the disease (diagnosis less than five monthsg. Jatients were subdivided
according to their ages into two groups in orderctompare their immune
responses, 36 diabetic children were equal or tlegs 10 years. This group
consisted of 13 males and 23 females with mearob@er4 + 1.12 years. The
second group comprised 24 diabetic children wheevmeore than 10 years, and
consisted of 15 males and 9 females with mean 648.&@1 + 2.68 years .The
patients population were matched with 50 apparenhdglthy individuals as

control group for age and sex.

4.1.1 Biochemical and Hematological Characteristicof TIDM

Patients

As shown in table (4-1) the mean fasting plasma&aga (FPG) values
were 223.11 + 19.69 mg/dl and 221.6 + 22.16 mgidbatients<10 years and
>10 years old respectively comparing to nearly 9In#y/dl in control group.
The criteria for the diagnosis of DM as listed the report of the expert
committee on the diagnosis and classification abdtes mellitus (2003),
estimated that FPG126 mg/dl and 2 hours plasma glucose (P&O0 mg/dl
during OGTT confirms the diagnosis.

Glycosylated hemoglobin (HbA) is an indirect measurement of mean
blood glucose concentration. Each 1% change in dwvalue reflects a large
change in mean plasma glucose (25-35 mg/dl), (NatiDiabetes Data Group,
1984). So HbAlc range can be used for assessinddtyree of blood glucose
control. The level of HbA1c% can be classified into three categories; <6% in

normal (non-diabetic level); <7% which indicateodalycemic control and the

91



Chapter Four Results

third class >8% which means poor glycemic contrithwigh risk of developing
long-term complications of diabetes.

The mean HbA% in patient group<l0 years old was 9.70 £+ 0.36% vs
4.74 £ 0.12 % in healthy individuals. Out of 36ipats, one patient had HhA
<6% and another one <7%, while the other 34 patierdre within the >8%
category. The mean HQR&% in patient group >10 years old was (10.24 £+ 0.46%
vs 4.84 = 0.08 in control group. Out of 24 patiewisly one patient had HQRA
value <7%.

The mean fasting serum C-peptide value was 0.50% @g/ml and 2.08
+ 0.13 ng/ml in patients and controis10 years old respectively. In TIDM
patients >10 years old the mean serum C-peptideewaas 0.58 =+ 0.11 ng/ml in
comparison with 2.54 + 0.15 ng/ml in healthy indivals. The normal value of
fasting serum C-peptide is 0.071-4.37 ng/ml.

All these three parameters were apparently higliyifscant between the
patients and controls in both age groups.

The recent results indicate that age hasinmpact on the degree of
metabolic decomposition at the clinical presentatod TIDM . As shown in
table (4-1), there was no statistically significaifferences in mean values of
FPG (P2 = 0.86); HbA;c (P2=0.36) and fasting serum C-peptide (P2=0.70)

between patients10 years and those >10 years old.
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Table 4-1:t-test comparison between TIDM patients in bota ggpups and healthy controls regarding their nvedunes of

some biochemical and hematological characterisfi@dDM.

<10 years

>10 years

Parameters Groups | No.| Mean | SE | Min. | Max. | P; | Groups | No.| Mean| SE | Min. | Max. | P, &
Fasting | congrols| 21 | 91.32| 1.16 80| 99 Controls| 29 | 91.15| 4.41| 85| 97
Plasma ' ' 0.000 ' ' 0.000| 0.86
?#]JJ/%T)G TIDM | 36 | 223.11119.69| 66 | 500 | MS)| TiDM | 24| 221.422.16] 90 | 400 | PS) | (NS)
Controls| 21 | 4.74 | 0.12 420 5.9 ;,qg|Controls| 29 | 4.84| 0.08] 4.10 5.50, 450! 0.36
HbA 1c % (HS) (HS) | (NS)
TIDM | 36| 9.70 | 0.36) 5.1 16. TIDM 24 10.240.46 | 6.80| 15.80
Fasting | controls| 21 | 2.08 | 0.13] 1.09 3.00 Controls| 29 | 2.54| 0.15 1.06 3.60
Serum C- ' ' 1 “"T0.000 ' ' "1 “"70.000| 0.70
E’negp/tr'gg TIDM |36 | 0.54 | 005/ 001 1.41 HS) TDM 26 058 011 90178 (HS) | (NS)

P, : Patients vs. controls

P, : Patients<10 years vs. patients >10 years.

NS: not significant

HS: High significant
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4.2 HLA Antigen Association

This test was conducted on the following main gsoup

Sixty TIDM patients, eighty healthy controls anéyfisiblings of TIDM
patients.

The frequencies of HLA antigens (-A; -B; -C; -DRdanrDQ) were
compared between TIDM patients and controls, syslimnd controls and

between TIDM patients and siblings.

4.2.1 HLA Association with TIDM

The distribution of HLA-A; -B, -C, -DR and -DQ agens with their
frequencies in TIDM patients and controls are @nésd in table (4-2), while
antigens showing significant variations betweenends and controls are given
in table (4-3).

The results of comparing TIDM patients to contrglsowed several
antigen deviations in their frequencies.

At HLA-A locus, the antigen A9 showed significanewlhation.The
antigen A9 was significantly increased (P=0.004)tme patients and such
difference were associated with RR value of 2.88 BR value of 0.261. This
positive association remained significant afterection (Pc=0.032).

At HLA-B locus three antigens (B8, B12 and B15) gesignificantly
increased in the TIDM patients (P=0.002, 0.032 arfil8 respectively) in
comparison to controls. The frequencies of thesigams were (28.33 vs 8.75%
; 11.66 vs 2.50% and 11.66 vs 2.0% respectively) and such differences
associated with RR values of (4.122, 5.150 and drEbpectively) and EF
values of (0.214, 0.093 and 0.103 respectively)weieer, one positive
association remained significant after correctiBo=0.032) and this was with
B8 while both B12 and B15 return to non significari®c=0.512 and 0.288

respectively).
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Table 4-2: HLA antigen frequencies in control,,0M patients and sibling

groups.
HLA- Control TIDM patients Siblings
antigens (Number = 80) (Number =60) (Number = 50)
HILA'A No. % No. % No. %
OCUS
Al 15 18.75 12 20.00 5 10.0
A2 30 37.50 26 43.33 11 22.0
A3 7 8.75 5 8.33 2 4.00
A9 15 18.75 24 40.00 10 20.0
Al0 10 12.50 12 20.00 5 10.0
All 16 20.00 0 ND 0 ND
Al19 32 40.00 16 26.66 11 22.0
A28 8 10.00 7 11.66 3 6.00
HLA-B locus
B7 6 7.50 6 10.00 7 14.00
B8 \ 8.75 17 28.33 5 10.00
B12 Y 2.50 7 11.66 6 12.00
B13 Y 2.50 2 3.33 1 2.00
B14 ¢ 5.00 0 ND 0 ND
B15 ) 2.00 7 11.66 1 2.00
B16 Y 2.50 6 10.00 1 2.00
B17 ) 1.25 0 ND 1 2.00
B18 ¢ 5.00 2 3.33 5 10.00
B27 o 6.25 2 3.33 2 4.00
B35 V) 13.75 2 3.33 2 4.00
B37 ¢ 5.00 7 11.66 1 2.00
B40 Y 2.50 3 5.00 3 6.00
B41 8 10.00 5 8.33 2 4.00
B51 23 28.75 9 15.00 6 12.00
B73 2 2.50 2 3.33 4 8.00
HLA-C , locus
Cw2 3 ¥,vo ¥ o, ¥ Ty
Cw4 15 YA,Vo ¢ 1,11 A Y, e
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Cwb 2 Y,0. 2 3.33 0 ND
Cw7 13 16.25 19 31.66 10. 20.00
HLA- Control TIDM patients Siblings
antigens (Number = 80) (Number =60) (Number = 50)
HLA-DR No. % No. % No. %
locus
DR1 18 22.50 21 35.00 12 24.00
DR2 20 25.00 4 6.66 7 14.00
DR3 21 26.25 32 53.33 18 36.00
DR4 10 12.50 30 50.00 17.0 34.0D
DR5 1 11.25 2 3.33 1 2.00
DR6 3 3.75 6 10.00 3 6.00
DR7 12 15.00 14 23.33 10 20.00
DRS8 8 10.00 11 18.33 6 12.00
DR10 0 ND 4 6.66 6 12.00
HLA-DQ locu
DQ1 18 22.5 4 6.66 11 22.00
DQ2 12 15.00 20 33.33 11 22.00
DQ3 16 20.00 24 40.00 15 30.00
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Table 4-3: Antigens of HLA-class | and class Il regions shogvisignificant

variations between TIDM patients, siblings and oaolst

HLA TIDM vs control Siblings vs control T”.DM Vs
siblings

RR EF PF P PC RR EF PH P PE B PC
A2 — — — — — 0.47Q - 0.198| 0.047 NS| 0.014 Np
A9 2.88 | 0.261 0.004 0.032 — — — — — 0.019 NS
B8 |4.122|0.214| - 0.002 0.032 — — — — — 0.014 NS
B12 | 5.150) 0.093] - 0.032 NS | 5.318 0.097 — 0.036 NS — —
B15 | 9.113| 0.103] - 0.018 NS — — — — — — —
B35 ]0.216] - 0.107|] 0.031 NS — — — — — — —
B51 ]0.437| - 0.162| 0.041 NS | 0337 - 0.191| 0.019 NS — —
Cw4 | 0.309] - 0.128| 0.031 NS — — — — — — —
Cw7 ]2.388| 0.183] - 0.026 NS — — — — — — —
DR2 | 0.214] - 0.195| 0.003 0.027 — — — — — — .
DR3 | 3.210) 0.366] — 9.7x10° | 0.008 — — — — — 0.051 NPp
DR4 | 7.00| 0.42§ — 1x10° | 9x10° | 2.428] 0.176 — 0.003 0.02f 0.026| NS
DR5 — — — — — 0.16Q - 0.095| 0.049 NS — —
DQ1 | 0.246] - 0.168| 0.008 0.024 — — — — — 0.019 NS
DQ2 | 2.833| 0.215] - 0.009 0.027 — — — — — — .
DQ3 | 2.666| 0.249| - 0.008 0.024 — — — — — — .

RR: relative risk; EF: Etiological fraction; PF.e®entive fraction; P: Fisher exact probability;

PC: Corrected probability

In contrast, the B35 and B51 antigens significamiécreased in the

patients compared with controls (3.33 vs 13.75 Hn@ vs 28.75 respectively),

but such negative association also failed to renagia significant level after

correction (Pc=0.496 and 0.656 respectively).

At HLA-C locus, Cw7 antigen significantly increaksen the TIDM
patients (31.66 vs 16.25%, P=0.026, RR=2.388 andDBM3). Such positive
association was felt after correction (PC=0.104 pther hand, the Cw4 antigen

significantly decreased in the patients than intade (6.66 vs 18.75%,

P=0.031), but the negative association failed agm@iretain a significant level

after correction (PC=0.124).
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At HLA-class Il region (DR-loci), three antigens osted different
frequencies in patients and controls, these wer2,[DR3 and DR4. Increased
frequencies of DR3 (53.33 vs 26.25%) and of DR4.q56s 12.5%) were
observed in the patients. The positive associdgBrvalues were of 3.210 and
7.00 respectively and EF values of 0.366 and Oré2Bectively. Such positive
association was highly significant (P=9.7x¢l@nd 1x10 respectively) and
remained highly significant after correction (PG3@B and 9x10 respectively).
In contrast DR2 antigen significantly decreasethapatients (6.66 vs 25.0%).
Such negative association was significant (P=0.a6@8)remain significant after
correction (PC=0.027).

At HLA-DQ loci, two antigens DQ2 and DQ3 were siggantly
increased in the patients compared with contro&3@ vs 15.0%, P=0.009,
RR=2.833, EF=0.215) for DQ2 while (40.0 vs 20.0%0P08, RR=2.666 and
EF=0.249) for DQ3. This positive association reradinsignificant after
correction (PC=0.027 and 0.024 respectively). Thatigan DQ1l was
significantly decreased in TIDM patients (6.66%)(22.5%) in controls, such
negative association (P=0.008) remained signifiaétet correction (PC=0.024).

4.2.2 HLA Association with TIDM in Siblings

The distribution of HLA-A,; -B; -C; -DR and -DQ agens in siblings and
controls are given in table (4-2), while antigehswing significant variations
between siblings and controls are listed in tatht8)(

At HLA-A locus, the antigen A2 showed decreaseddiency in siblings
of TIDM patients. The antigen A2 had a frequency28f0% in the siblings,
while in the controls was 37.5%. This negative asgmn was significant
(P=0.047) before correction, and failed to reacpnificance level after
correction (PC=0.376).

At HLA-B locus, the antigen B12 showed significai=0.036),
increased frequency (12.0 vs 2.5%) with RR valu&.8fl8 and EF value of

98



Chapter Four Results

0.097. Correcting of probability of this antigeniléd to reach significancy

(PC=0.576). In contrast, the B51 antigen showedtmeg association with the
disease in the siblings. The antigen had a frequehd2.0% in the siblings,

while in the controls, the frequency was 28.75%h@éligh the association was
significant (P=0.019), the corrected probabilityildd again to attain a

significant level (PC=0.304).

At HLA-class Il region (DR loci), increased frequsgnof antigen DR4
(34.0 vs 12.5%, P=0.003) was observed in the gbliThe RR value of such
positive association was 2.428, and the EF valug @va76. This association
was significant (P=0.003) before correction, angratorrection (PC=0.027).
On the other hand DR5 antigen showed decreasedéiney in the siblings as
compared to controls (2.0 vs 11.25 respectivelythShegative association was
significant before correction (P=0.049) but noeaftPC=0.441).

4.2.3 TIDM Patients vs Siblings

As listed in table (4-3), both the TIDM patientsdaiheir siblings shared
the HLA-A2 and DQL1 as protective antigens, while B8, DR3 and DR4 were
susceptible one. No other antigen in the presetystvas found to be common
between the patients and their siblings. Such &ssmt was significant before
correction but not after (PC=0.112, 0.152, 0.224159, 0.228 and 0.057

respectively).
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4.3 Phenotypic Characteristic of Peripheral Blood T
Lymphocytes
PBL phenotyping can give an idea of the immunolalgstatus in patients
with TIDM and it can be considered as a mirror imafthe immunity.

The isolated PBL were tested for some surface msig using mcAbs

and counted from yielding fluorescent cells withiatense yellow-green color.

4.3.1 Total T-Cells (CR"), T-helper Cells (CD,") and T-cytotoxic/

suppressor Cells (CR")

As shown in table (4-4) (Figure 4-1) TIDM patieats0 years old have
shown CRY' cells percentage (66.03%) which was significatdlyer than the
control group (73.76%) (R0.0001). On other hand, the same result was
obtained among patients group >10 years old in i@®;" cells percentage
decreased significantly (64.75%) in comparison vatmtrol group (75.31%)
(P,=0.0001).

Decreased percentage means of,'CEells were observed in patients
(40.39%) as compared to controls (42.67%) in thee goup<10 years old and
the same decreased percentage means were obskwend patients (37.88%)
than controls (41.17%) in age group >10 years. &hdiferences were not
significant (R=0.12; 0.098 respectively).

There was a highly significant decrease in meangmeage of CE cells
in patients compared to controls (23.5 vs 28.438peetively, = 0.000) in age
group <10 years old, and the same significant decrease shhaen among
patients >10 years old 23.92% than controls 29.6284).0001 (Table 4-4).

No statistically differences was shown in the meancentage of CP
(P,=0.44); CD," (P>= 0.2) and CR" (P,= 0.71) between patients in both age

groups.
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Table 4-4: The differences in the mean percentage of pe@h@bd;’, CD," and CR}" lymphocytes between control and

TIDM patients groups.

Parameters <10 years >10 years P
Groups | No.| Mean | SE | Min. | Max. P, | Groups |No.| Mean| SE | Min. | Max. P 2
| Controls| 21 | 73.76| 0.95 60| 79| ; ooo| Controls| 29 | 75.31) 1.17 | 63 | 89 | 000l 0.4a
CD, (HS) (HS) | (NS)
TIDM | 36 | 66.03] 1.13 49| 80 TIDM| 24 64.751.44| 49| 78
D, Controls| 21 | 42.67| 0.78 33 48 0.12 Controls| 29 | 41.17| 1.24 29 56 0.098 0.2
4
TiDM | 36 | 4039| 1.19] 20| 51| NS)| TiDM| 24 37ds151] 27| a9 | (NS)|(NS)
| Controls| 21 | 28.43| 0.79 21| 35| ; oo0| Controls| 29 | 29.62] 0.87 | 20 | 37 | 500l 071
CDs (HS) (HS) | (NS)
TIDM | 36 | 2350| 067] 17| 31 TDM 24 2392087 17| 35

P, : Patients vs. controls

P, : Patient<10 years vs. patients >10 years.

NS: Not significant

HS: High significant
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80 fof° 75.31 '
" OControl
04./5 B Patients
OControl
OPatients

Percentage of the means

CD3 CD4 CD8 CD3 CDh4 CD8
<10 years >10 years

Figure 4-1: Bar chart of the mean percentage of CP, CD," and CDs" cell
populations for the healthy controls and TIDM patients

4.3.2 CD,'/CDg" Ratio

CD,'/CDg ratio is important because it represents an intakrefers to
immunological balance between T-helper cells andytbtoxic cells in the
immune system in that the higher €ICDs" ratio, the nearer balance point
would be to T-helper cells, which means lower aytat activity and higher
other forms of CMI and humoral immunity. The £ICDg" ratio was
significantly higher among patients¥10 years old group than controls (1.78 vs
1.52, R= 0.015), table (4-5). In other hand, a significdrfference was also
found between patients and controls in >10 yeadsgobup concerning the
CD,’/CDg" ratio (1.64 vs 1.42) respectively ;£ 0.034) (Figure 4-2). No
significant differences were shown in €BCDg" ratio between the patients in
both age groups (P 0.30).
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Table 4-5: The difference in mean peripheral £0 CDs" lymphocyte ratio

between control and diabetic patients.

CD4/CDS8 ratio

Age Groups No. Mean | SE Mean | SE P; P,
o % Controls 21 1.52 0.05 1.08 2.14 0.015
vl © (S)
>
TIDM 36 1.78 0.9 1.1 2.83 0.30
(NS)
o % Controls 29 1.42 0.07 1.05 2.55% 0.034
N g (S)
> TIDM 24 1.64 0.10 1.11 2.76

P, : Patients vs. controls
P, : Patients<10 years vs. patients >10 years.

NS: Not significant

X (]
18 . Control

1.52 — B Patients
16 142
) O Control

1.4 .
12 O Patients

0.8
0.6
0.4
0.2

CD4:CDS8 Ratio

CD4:CD8 CD4:CD8

<10 years >10 years

Figure 4-2: Bar chart of the CD,":CDg" ratio of healthy control and TIDM

patients.
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4.3.3 COy’and CDg" Cell Populations was the main Determinant of

CD,’/CDg" Ratio in TIDM Patients

CD,'/CDg" ratio is governed by two cell population namely ,CPells
and CIR' cells. So it is important to know which one ofgshaleterminants is the
master key for the determination of €ITDg" ratio in TIDM patients. By
applying the pearson correlation and linear regmassquation it found that
both CD" cell population and CP cells population were correlated with
CD,'/CDg" ratio and dynamically do control the ratio. In D patients CQ
cell subsets showed a significant direct positivealation with CQ'/CDs" ratio
(r= 0.83, P=0.001) (Figure 4-3), on the other h@M}" cells showed a highly
significant negative correlation with GId CDg" ratio (r= -0.79, P=0.0001),
(Figure 4-4).

60
r=0.838

50

40

30

CD,’ cells subset percentage

0 T T T T T
0 0.5 1 15 2 2.5 3

CD,":CDg" ratio

Figure 4-3: Direct linear regression and correlatio between CD" cells and
CD,": CDg’ ratio in TIDM patients.
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r=-0.79
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Figure 4-4: Inverse linear regression and correlabn between CR" and
CD,": CDg’ ratio in TIDM patients.

4.3.4 CDOsRA" and CD,sRO™ Cells

Table (4-6) and figure (4-5) showed that there \Wwaghly significant
decrease in mean percentage of A" (naive, unprimed) lymphocytes in
patient group<l10 years old (64.33 % compared to control group&@) (R=
0.001). This highly statistical decrease was shalsa in patients >10 years old
than controls (53.08 vs 61.14% respectively, @.001).

The CDsRO" (memory, primed) cells were statistically high amo
diabetic patients in comparison with healthy induals (34.75 vs 25.05%
respectively, 2= 0.0001) in age grouglO years old. This statistical increase
was also demonstrated among patients in age grdOpygars than controls
(46.75 vs 38.14% respectively,7#0.0001) (table 4-6).

The results indicated highly significant incread¢he mean percentage
of activation CRQsRO" cell subset among patients >10 years old (46.75%)
patients<10 years old (34.75%) {2 0.0001) and this significant level reflected
on the mean percentage of ERA" cells in patients10 years old 64.33% vs
53.08% in >10 years old patientf®.0001).
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Table 4-6: The differences in mean peripheral GRA" and CRsRO" lymphocyte % between control and TIDM patients

groups.
Parameters <10 years >10 years p
Groups | No.| Mean | SE | Min. | Max. P Groups | No.| Mean| SE | Min. | Max. P 2
. | Controls| 21 | 72.67| 0.95| 65.00| 80.0 | 0.001 | Controls| 29 | 61.14] 1.11| 51.0| 71.0 | 0.001 | 0.0001
CD4RA
TIDM | 36 | 64.33|1.38) 52.0| 77.0] (HS) | TIDM| 24| 53.081.35| 42.0) 64.0| (HS) | (HS)
. | Controls| 21 | 25.05]1.32| 17.0| 35.0| 0.0001| Controls| 29 | 38.14 1.04| 30.0| 48.0 | 0.0001] 0.0001
CD4RO -
TIDM | 36 | 34.75/1.39| 22.0| 47.0 (HS) | TIDM| 24| 46.751.29| 37.0| 57.0| (HS) | (HS)

P, : TIDM Patients vs. controls;;P TIDM

Patients<10 years vs. patients >10 years; HS: High significant

Percentaae of the mea

80

70 4
60 1
50 A
40 1
30 A
20 1
10 -1

o

2267

X
16433

61.14

canon

Jo.VO

46.75

34.75

38.14

25.0

CDA45RA

CD45R0O

<10 years

CD45RA

CD45R0O

>10 years

OControl
B Patients
O Control
OPatients

Figure 4-5: Bar chart of mean percentage of CRBRA™ and CD,sRO" cell populations for the healthy control and
TIDM patients.
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4.3.5 Correlation of CD;" (Pan Cells) with the Naive CRxRA™ and
Memory CD,sRO" Cell Subsets

There was negative correlation between the pergentdé CQ* and
CD.sRA™ cells subsets in patients (r= -0.57, P=0.00019hasvn in figure (4-6)
whereas significant direct positive correlation whBsnonstrated between the
percentage of CP and CRsRO" cells subsets (r= 0.57, P=0.0001) figure (4-7).

70
g r=-0.57

60 °
8 .
g 50 o’
e
3
[0}
2 30
8
’E# 20
8 10

0 T T T T T
(0] 5 10 15 20 25 30
CD;" cells subset percentage

Figure 4-6: Inverse linear regression and correlabn between percentage of
CDs+ and CD,sRA™ cell subsets.
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Figure 4-7: Direct linear regression and correlatio between percentage of
CD;" and CD,sRO" cell subsets.
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4.3.6 CDyg” Lymphocytes

Increased percentage of activation marker{Pells were observed in
TIDM patients (24.72%, 23.83%) as compared withdbntrol group (16.86%,
15.97%) in the age grouglO years and >10 years old respectively. These
differences were highly significant {£0.0001) between the patients and healthy
individuals, but failed to reach a significant le{f,= 0.44) between the patients

in both age groups (table 4-7), figure (4-8).

Table 4-7: The differences in mean peripheral £Dlymphocyte % between
control and TIDM patients groups.

CDgsg" lymphocyte % P1
Age | Groups No. Mean SE | Min. | Max. P2
» | Controls 21 16.86 0.76 13.00 23.0D
a 8 0.0001
> TiD™m 36 | 2472 | 081 | 1500| 3800 S |
0.63 (NS)
» | Controls 29 15.97 12.00| 23.00
% 8 0.0001
>| TiDM 24 | 2383 | 082 1500| 31.00] (HS
P, : TIDM Patients vs. controls
P,: TIDM Patients<10 years vs. patients >10 years.
% OControl
30 atients
GE) 25 241‘72 23*83 ;zotntrotl
g OPatients
] 20-
“6 15.97
o 15
(@)
8 10
[
3 .
(O]
o o :
CD38 CD38
<10 years >10 years

Figure 4-8: Bar chart of mean percentage of CR" cell populations for the

healthy control and TIDM patients.
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There was strongly direct positive correlation bstw the mean
percentage of CRy" cells and C' cells (r= 0.808) (Figure 4-9) GB cells (r=

0.602) (Figure 4-10) .
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Figure 4-9: Positive linear regression and correladbn between CQg  and

CD," cell subsets percentage.
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4.3.7 HLA-DR" Lymphocytes

TIDM patients<10 years old and >10 years showed increased pagent
means of HLA-DR cells (32.09% and 31.38% respectively) as comptrdhe
control groups (28.47% and 28.08% respectively)thBdifferences were
significant (R value = 0.005 and 0.038 respectively). But théed#inces were
not significant (P = 0.75) between the patients in both age groupbl€r4-8),
(Figure 4-11).There was direct positive correlat@tween the mean percentage
of CD38 Cells and HLA-DR+ cells population (r=0.581
Table 4-8: The differences in mean peripheral HLA-DRymphocyte %
between control and TIDM patient groups.

HLA-DR *
Age | Groups | No. Mean| SE | Min. | Max. P1 P2
» | Controls 21 28.47| 0.86 20.00 37.(¢
S § ®.005
>| Tom | 36 | 3200 o089 2500 39.008) | g
NS)
» | Controls 29 28.08] 1.17 20.00 38.( (
o £ ®.038
N g (S)
TIDM 24 31.38) 1.01 23.00 40.00
P1: TIDM patients vs. control
P,: TIDM patients<10 years vs. patients >10 years old.
OControl
g 3 3500 BPatients
€ 32 31.-)58 OControl
é 31 OPatients
T 30
¢ ol 2847
g 28.08
c 28
a
¢ 27
a
a 26 T
HLA-DR HLA-DR
<10 years >10 years

Figure 4-11: Bar chart of the mean percentage of HA-DR™ cell population

in healthy control and TIDM patients.
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4.3.8 CDs" Lymphocytes

Significant decreased percentage means of;Ci2lls were observed in
patients<10 years old as compared with controls (8.17 v679%. respectively,
P, = 0.001), whereas a highly significant decreasadgntage means of G
cells were observed among patients >10 years ch @ontrols (9.21 vs
13.07%, respectively,;P= 0.001). This deviation was not significant betwe
patients in both age groups;{®.13), (Table 4-9).

Table 4-9: The differences in mean peripheral &Dcells (NK) % between
control and TMD patient group.

CDs¢ cells (NK) %
Age | Groups | No. Mean | SE | Min. | Max. P1 P2
wn
o § Controls | 21 | 10.67| 0.55 7.00| 17.00( o1
VISl TIDM 36 | 8.17 | 047 4.00 13.00 (S) 0.13
cn (NS)
o & Controls | 29 | 13.07| 052 7.00, 19.004 oo
A3 (HS)
TIDM 24 | 921 | 0.48 5.00 14.00

P.: TIDM patients vs. control
P,: TIDM patients<10 years vs. patients >10 years old.

4.3.9 Peripheral Blood B-Lymphocytes (CE")

B-lymphocytes were tested and counted as in T-houples. As
demonstrated in table (4-10) (Figure 4-12), inceegsercentage means of GD
cells were observed in patiert$0 years old (20.28%) and in patients >10 years
old (20.88%) as compared to controls (14.95% and2P4 respectively). Both
differences were significant {Ralue =0.003 and 0.0001 respectively), but the
difference failed to reach a significant level @ 0.681) between patients in

both age groups.
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Table 4-10: The differences in mean peripheral £0ymphocyte % between

control and TIDM patients group.

CDyg'
Age | Groups | No. Mean| SE | Min. | Max. Py P2
o 0 Controls | 21 | 14.95| 1.03| 6.00] 25.00 4 o3
Vi | TiDM 36 | 20.28/ 0.90| 11.00 29.00 (S) 0.68
S 0 Controls | 29 | 14.72] 0.61| 800 20.40, oo | (N)
N2 TIDM 24 | 20.88| 1.14| 12.00 29.0 (HS)

P1: TIDM patients vs. control
P,: TIDM patients<10 years vs. patients >10 years old.

O Control
25 X X B Patients
20.88
B OControl
20 OPati
14.95 atients

14.72

Percentage of the means

CD19 CD19
<10 years >10 years

Figure 4-12: Bar chart of the mean percentage of C[3" cell population in
the healthy control and TIDM patients groups.

4.3.10 Correlation of CDy Cells and HLA-DR™ Cells

The statistical analysis revealed that there wa$r@ng direct positive
correlation between CI9 cells and HLA-DR activation marker cells subsets (r
=0.92, P =0.0001) (Figure 4-12).
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Figure 4-13: Direct linear regression and correlaton between CQy and

HLA-DR * cell subsets in TIDM patients.

4.3.11 Correlation of CDg Cells with CD4;RA* Cells and

CD45RO+ Cells

CDy' cell population were found to be correlated negdyi and
significantly with the C:RA" cell subset in TIDM patients (r = -0.62, P=

0.0001) (Figure 4-14).
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* \’:\:\*: .
10 15 20 25 30 35
CD,sRA" cell subset percentage

Figure 4-14: Inverse linear regression and correlaon between CQy" and

CD4sRA™ cell subsets in TIDM patients.
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Moreover the present finding also revealed sigaificdirect positive
correlation between CIF cells and activated CERO" cells subset in TIDM
patient (r = 0.63, P = 0.0001), (Figure 4-15) anithvactivated CR;" cell
subsets (r = 0.602).

50
45 . 3 -
N . SUNAE /r 0.62
35 - L
30 $ o2 :
25 - . /
20 ’

15 A
10

CD,4 cells subet percentage

0 5 10 15 20 25 30 35

CD,:RO" cells subset percentage

Figure 4-15: Direct linear regression and correlatbon between CQy and
CD4sRO" cell subsets in TIDM patients.

4.4 Functional Activity of PBL
-Lymphocyte Proliferation by Using MTT Assay

The objective of using MTT assay was the evaluatbrCMI level in
TIDM patients and healthy control groups by theemtial of PBL to be
stimulated by mitogen and by using specific vinatigens (CVB, Poliovaccine
and Adenovirus) as biological materials that coemthance the immunological
state. The best index to be used for the evaluasfo@MI activity in MTT

stimuli-based mitogenesis is to use the prolifgeafiercentage.

Controlpositive(Con- A)
ControlNegative(-ve)

Proliferatve % = { } -1x100
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So the higher the proliferative percentage, thadrdevel of CMI activity
would be definitely expected and vice versa.

The results of mean proliferative percentage ipeoase to Con-A were
represented in table (4-11), Figure (4-16).

A similar mean lymphocyte proliferation percentageesponse to Con-A
mitogen was seen among patients and control graupsnhewly diagnosed
TIDM patients tended to have a lower non signiiicaroliferative percentage
than control subjects10 years old (83.33 vs 85.93% respectively0R82) and
in >10 years old group (86.04 vs 92.7% respectjvély 0.62).

Table 4-11: t-test between controls and TIDM patient groupgarding
comparison of MTT proliferation percentage in rasp®to Con-

A.
. <10 years >10 years
Mitogen Groups | No.| Mean| SE P, | Groups | No.Mean| SE| P, P
Con-A Controls | 21 | 85.93| 10.60] 0.82| Controls | 29 | 92.70] 10.2] 0.62| 0.57
TIDM 36 | 83.33 5.60 | (NS)| TIDM 24 | 86.04) 8.27| (NS)| (NS)

P1: TIDM patients vs. control
P,: TIDM patients<10 years vs. patients >10 years old.

8, @Control
94 .
g ik B Patients
g 92 O Control
& 90 OPatients
)
2 %17 w50 86.04
T 86
7]
= 83.33
§ 84
o g2
o
o 80
78
<10 years >10 years

Figure 4-16: Bar chart of the mean MTT proliferative percentage in

response to Con-A in healthy controls and TIDM patnts.
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4.4.1 Role of Viral Antigens in Functional Activaton of PBL

Considering the response to different viral antjgan lower mean
proliferative percentage was seen among patieh@syears old in response to
CVBs compared to controls (36.67 vs 49.16% respectiivaatyl among patients
>10 years old than controls (38.87 vs 51.20% raspyg). This differences
failed to reach significant levels in both age greu(R=0.061, k= 0.14
respectively), table (4-12), Figure (4-17).

Significant decline of proliferative response aghipoliovaccine was
seen in TIDM patients (34.44%) than controls (4%38P,= 0.045) in<10
years old group and (28.30 vs 40.86% respectigty,0.004 in >10 years old
group (Table 4-12), figure (4-17).

Table 4-12: Comparison of mean proliferation percentage of Ri#tween
controls and TIDM patients in response to GVPBoliovaccine

and adenovirus.

Viral <10 years >10 years

antigens| Groups | No.|Mean| SE| P, | Groups | No.|Mean| SE| P P

Controls | 21 | 49.16| 5.88| 4 54| Controls | 29 | 51.20/5.97| 4141 g 57

CVB; (NS) (NS) | (NS)
TIDM | 36 | 36.67] 3.08 TIDM | 24 | 38.87|5.08

Polio Controls | 21 | 47.38 5.83) ; 545/ Controls | 29 | 40.86| 3.28| 4 594/ 0. 14

vaccine| oy | 36 | 34.44/2.79] ©) | Tipm | 24 | 28.30 3.28] () | (NS)

Adeno- | €ontrols | 21| 20.67) 2.24| g, | Controls | 29 | 28.61) 3.73
(NS)

0.2310.35
TiDM | 24 | 23.02| 3.27] (NS) | (NS)

virus | tipm | 36 | 19.97| 1.61

P1: TIDM patients vs. control
P,: TIDM patients<10 years vs. patients >10 years old.
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O Control
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50 4438 [ 138877086 O Control
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Figure 4-17: Bar chart of the mean MTT proliferative percentage in
response to specific viral antigens (CVB poliovaccine and Adenovirus) in
the healthy control and TIDM patients. X

A non significant proliferative percentage declime response to
adenovirus was observed in patients (19.97%) anttas (20.67%) (= 0.82)
in <10 years old group and also in patients >10 yedds (83.02%) in
comparison with controls (28.61%),69.23).

No statistical differences appeared in the mearphauoyte proliferative
percentage between patients in both age groupssig@Vvl (P,=0.57),
polivaccine (P=0.14) and Adenovirus ¢R0.57).

4.4.2 Mitogenic Properties of Tested Viral Antigensn Vitro

To confirm the immunostimulatory effect of CY¥,Bolio and adenovirus,
we compared them with Con-A, mitogen as a contrositive for PBL
mitogenesis and with control negative (Table 4-1RXpatistical analysis, had
shown that CVB had a mitogenic potential in vitro. By comparimg tmean of
MTT OD value of CVB (0.369) with control negative (0.270) in patienbgp
<10 years old, it was found that control negativesignificantly lower than
CVBs mean of MTT reading (B 0.045). The same statistical difference was

seen among patients >10 years old between OD \a&lu@VBs and control
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negative (0.368 vs 0.265,#9.037). This indicates that CVB5 may have a role
in inducing the disease in those patients. The nM&h reading of CVB was
significantly lower than Con-A mean MTT reading patients<10 years old
(0.369 vs 0.495 respectively;#9.045) and (0.368 vs 0.493 respectivehs P
0.045) in patients >10 years old. This means thaB4{has a good mitogenic
potential, but does not reach the high level of-@Gon

Table 4-13: Paired t-test among C\{Bpolio vaccine, adenovirus, Con-A and
control negative MTT reading means for the compariamong
TIDM patients (OD) reading.

<10 years (n= 36) P >10 years (n= 24) P
0365|0270 | O e [ oze| 00
005|005 | O [ ea [ oaea| OO
ba6s | 0210 | °%* ) [ osag | oes] 07 M)
0365 | o495 | %S oz [ odez| OO
0528|0210 | O [ Gas T oses| 03 NS
0524|0485 | 0% S) [~G56 | adez| 007

Concerning the poliovaccine and adenovirus, it voasd that control
negative mean of MTT OD value (0.270) was lowemntpaliovaccine (0.369)
and adenovirus (0.324) mean of MTT readings ingodsi group<10 years old.
These means were weakly significant among polianac(P= 0.054) and not
statistically different among adenovirus. On theeothand,the same results were
demonstrated among patients >10 years old, (0.266.340, = 0.074) for
poliovaccine and (0.265 vs 0.326=F0.17) for adenovirus. This indicates that
poliovaccine and adenovirus do not have a valualdiiegenic potentialn vitro
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compared with that of CVB although poliovaccine had a weak mitogenic
potential in patients group<l0 years old and might have weakly
iImmunostimulatory activityn vivo (Table 4-13).

Lymphocyte proliferation percent against both pediccine and
adenovirus showed significant positive correlatiothh lymphocyte proliferative
percent in response to CYB(r =0.38, r = 0.25 respectively, P<0.05),
nevertheless a positive correlation between potiove and adenovirus (r =
0.45, P<0.05).

4.5 Serum Levels of Cytokines

4.5.1 Serum Level of hIFNy

This humoral mediator has been measured by usihigSA_technique.
Similar means of serum levels of IFNwere observed in the investigated
patients<10 years and >10 years old who showed higher mé&ms60 and
70.78 pg/ml respectively) than controls (42.66 d0d39 pg/ml respectively).
Out of 29 healthy controls in the age group >10ye&édd, only one of them had
serum IFNy less than standard level (0.095 pg/ml). The giedils analysis
revealed a significant difference between patiamd controls (B 0.005 and
0.006 respectively), while between patients norsdteal difference appears
(P,= 0.73) table (4-14), figure (4-18).

4.5.2 Serum Level of hIL-10

Table (4-15) figure (4-18), demonstrated the meanrm levels of IL-10
in the studied groups. The mean value of serumQOlfet patients group:l0
years old was significantly higher than control994B2 vs 57.01 pg/ml
respectively, = 0.003). Patients >10 years old showed also sogmt
elevation in IL-10 serum levels (84.22 pg/ml) comgmhwith controls (59.50
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pg/ml) (P=0.037). A statistically difference of mean IL-1@ncentration
appears between patients in both age groussQP4).

4.5.3 Serum Level of hiL-6

The estimated levels of IL-6 in sera of the pasewere higher than
control group (147.6 vs 80.4 pg/ml respectivelys P.036) in<10 years old
group table (4-16), figure (4-18). Out of 36 patgert patients had serum levels
of IL-6 out of standard level; three were less (0.097, 0.098 and 0.098 pg/ml),
while the fourth one was high (2224.29 pg/ml) tithe standard. In the same
age group, out of 21 controls, 2 individuals haduselL-6 levels less than
standard (0.082 pg/ml).

The mean levels of serum IL-6 were also signifisaelevated in the
patients >10 years old compared to controls (1¥%.81.6 pg/ml respectively,
P:= 0.04). Out of 24 patients, 2 patients had serit toncentration less than
standard (0.082 and 0.092 pg/ml) and another 2Zemistihad high levels
(1410.86 and 1654.20 pg/ml) than standard. Conagrtie healthy controls, 12
individuals had serum IL-6 level less than the g&ad levels. No significant
difference appear in the serum IL-6 concentratietwieen the two age groups of
patients (P=0.70).

~ OControl
%200 o B Patients
3180 — |0 Control
o 100 4;6 O Patient
‘© 140 : atients
X —
2 120 104.52 " "™
£ 100 = [AYALEe] oL b [
3 g0 75.6 80.4 _ i
(T.) — Y.
» 60 A 40-39 —
% 40 $2.6 a
2 201 -
0 4 T T T
IFN-gamma IL-10 IL-6 IFN-gamma IL-10 IL-6
<10 years >10 years

Figure 4-18: Bar chart of mean serum levels of hiIFN, IL-10 and IL-6 in

the healthy controls and TIDM patients.
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Table 4-14:Mean concentration of serum hIBNRn healthy subjects and TIDM patients groups.
Parameters <10 years >10 years p
Groups | No.| Mean | SE | Min. | Max. P Groups | No.| Mean| SE | Min. | Max. P 2
hIFN-y | Controls| 21 | 42.66], 3.9%12.67] 81.33| 0.005| Controls | 28 | 40.39] 1.1910.83] 90.37| 0.006, 0.73
(pg/ml) TIDM 36 | 75.60| 10.3 30.1| 345.5 (s) TIDM 24 | 70.78) 9.78 30.94]| 203.93] (S) | (NS)
P1: TIDM patients vs. control
P,: TIDM patients<10 years vs. patients >10 years old.
Table 4-15:Mean concentration of serum hIL-10 in control dihBM patients group.
Parameters <10 years >10 years P
Groups | No.| Mean | SE | Min. | Max. P, Groups | No.| Mean| SE | Min. | Max. P, 2
hlL-10 Controls | 21| 57.01| 9.9220.97, 97.62| 0.003| Controls | 29 | 59.50| 12.4 20.43| 81.37 | 0.037| 0.04
(pg/ml) TIDM 36 | 104.92 8.81| 57.63| 360.0| (s) TIDM 24 | 84.22) 4.6761.86) 141.36| (S) (S)
P1: TIDM patients vs. control
P,: TIDM patients<10 years vs. patients >10 years old.
Table 4-16: Mean concentration of serum hIL-6 in cotrol and TIDM patients groups.
Parameters <10 years >10 years P
Groups | No.| Mean | SE | Min. | Max. P Groups | No.| Mean| SE | Min. | Max. P 2
hiL-6 Controls | 19| 80.4 | 56.4 0.1 | 524.10| 0.036| Controls| 17| 81.6 | 69.0 0.1 | 499.61 0.04 | 0.70
(pg/ml) TIDM 32| 147.6] 45.0 0.1 | 1018.7Q (s) TIDM 20| 171.8/ 80.2| 0.1 | 981.30 (S) | (NS)
P1: TIDM patients vs. control
P,: TIDM patients<10 years vs. patients >10 years old.
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4.5.4 Correlation between Lymphocyte Proliferationby MTT and

Serum Cytokines Levels in TIDM Patients

It has been found that CMI level presented by fedtive percentage in
response to CVBwas directly positively correlated with the serilfiN-y level
(r =0.332, P<0.05) figure (4-19) and inversely etated with the serum IL-6
levels (r = -0.326, P<0.05) figure (4-20, while aak inversely correlation has
been gotten with IL-10 level (r = -0.18). Concethe proliferative percentage
in response to poliovaccine, it has been found tikate was a direct positive
correlation with the serum IFN-and IL-10 levels (r =0.332 figure (4-21), r =
0.619 figure (4-22) respectively, P<0.05), whilavaak inversely correlation
was found with the IL-6 serum level (r = -0.134h€elproliferative percentage in
response to adenovirus was also found in direcitipescorrelation with the
serum IFNy level (r = 0.54, P<0.05) and with IL-10 level (r G:25) and
inversely correlated with the IL-6 levels (r = -0)2
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r=0.33
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PBL proliferative percentage in response to CVB

Figure 4-19: Direct linear regression and correlatn between proliferative

percentage of PBL in response to CVBand serum level of IFNy.
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Figure 4-20: Inverse linear regression and correlabn between PBL

proliferative percentage in response to CVBand serum level of IL-6.
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Figure 4-21: Direct positive linear regression andorrelation between PBL

proliferative percentage in response to Poliovaccen and serum level of

IFN-y.
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Figure 4-22: Direct linear regression and correlabn between PBL

proliferativ percentage in response to poliovaccineand serum level of

IL-10.
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4.5.5 Correlation between PBL CD Markers and SerunCytokine

Levels in TIDM Patients
By using Pearson correlation test to detect argtioel between PBL CD
markers and serum cytokines, it was found thatrselevel of IFNy was
positively correlated with activation markers onLPiBcluding HLA-DR' cells
(r = 0.21), CRRO" cells (r = 0.20), (P<0.05) while no correlationsadetected
between IFNy level and C" cells.
Serum IL-10 levels was positively correlated withADR" cells (r =
0.27), CDsRO" cells (r = 0.23) and with Cfg cell subsets (r = 0.22), (P<0.05).
An inversely linear correlation was found betweerum IL-6 level and
HLA-DR™ cells (r = -0.34), CRRO" cells (r = -0.25), CR" cells (r = -0.22) as

well as CR¢' cell subsets (r = -0.43).

4.6 Immunoglobulins (Igs) and Complement Profile

4.6.1 Total Serum Igs

In this study, the total serum levels of Igs (Maf A) were evaluated to
determine their differences between TIDM patiemtd healthy controls.

The results of total serum Igs were determinedabiet (4-17) figure (4-
23). They showed significant differences in botle agudied groups, between
the patients and healthy controls. The mean taalms IgM in patients<10
years and >10 years (106.16 and 107.53 mg/dl raspg was both
significantly higher than controls (82.25 and 81194/dl respectively) (B
0.005, 0.005).

Mean serum IgG levels for the patients were sigairitly higher than
controls (1081.2 vs 910.3 mg/dl respectivelys B.013) in<10 years old group
and (1246.0 vs 1021.3 mg/dl respectivelys B.04) in >10 years old group.
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Table 4-17:Differences of mean values (mg/dL) of tatal IgsaAmen control and TIDM patients
Parameters <10 years >10 years P
Groups | No.| Mean | SE | Min. | Max. P Groups | No.| Mean | SE | Min. | Max. P 2
laM Controls | 21 | 82.25| 6.6625.90 150.30| 0.005 | Controls| 29 | 81.94| 5.28 20.70153.80] 0.005| 0.970
g TIDM 36 | 106.16 6.13|47.20 231.6| (s) TIDM | 24| 107.53 6.68 | 35.20 171.60, (S) | (NS)
1aG Controls | 21 | 910.3| 50.$649.0 1407.9] 0.013 | Controls| 29 | 1021.3 40.7 | 692.9 1679.7| 0.040| 0.187
g TIDM 36 | 1081.2 42.7| 672.2| 2109.1} (S) TIDM | 24 | 1246.0 103.0] 224 | 2938| (S) | (NS)
laA Controls| 21 | 116.43 9.3 | 57.4| 197.600.0001| Controls) 29 | 145.7) 10.4 72.6 278.90.0001|0.436
9 TIDM 36 | 354.6| 22.%130.8| 644.0| (HS) TIDM | 24| 355.4, 39.2 97.4 647,0(HS) | (NS)
5 OcControl
g 1400 13‘46 B Patients
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Figure 4-23: Bar chart of mean serum total Igs leMs in healthy controls and TIDM patients.
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The mean total serum IgA level was (354.6 mg/di)datients<10 years
old which was significantly higher than controlsl§143 mg/dl) (k= 0.0001).
The same significant elevation was observed in nm&smim IgA level for
patients group >10 years old compared with cont(8&5.4 vs 145.7 mg/dl
respectively, = 0.0001).

No statistical differences were observed for taatum Igs between

patients in two age groups.

4.6.2 Serum Complement Components (&and C,) Levels

The results of mean serum levels gfddd G are illustrated in table (4-
18), figure (4-24).

The serum levels of Owvere significantly lowered in patientd 0 years
old compared to controls (98.53 vs 114. 48 mg/dpeetively, P= 0.037) and
(106.87 vs 125.11 mg/dl respectively P=0.041) i yéars old group.

The level of serum £in patients >10 years old slightly increased but
failed to reach statistically significance when @amred with the serumsQevel
of patients<10 years old (= 0.218).

Statistical analysis of serum j,devels results revealed significant
differences in both age groups; mean values p&&um level decreased in
patients (23.21 mg/dl) compared to controls (2988dl), B= 0.003 in age
group<10 years, and the same decline was demonstratedgapadients >10
years old (26.50 mg/dl) in comparison to contr@%.04 mg/dl) k= 0.037.

The results rendered were not significant betwblerpatients in both age
groups (RP=0.12).
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Table 4-18: Differences of mean values (mg/dL) obmplement G and C, between control and TIDM patient groups.

Results

Parameters <10 years >10 years p
Groups | No.| Mean | SE | Min. | Max. P Groups | No.| Mean | SE | Min. | Max. P 2
C Controls| 21 | 114.48 5.30) 33.5| 162.5 0.037|Controls| 29 | 125.11 5.3 | 64.00 195.30 0.041}0.218
3 TIDM 36 | 98.53| 4.0339.70| 168.90 (s) TIDM 24 | 106.87 6.87|37.50] 181.90| (S) | (NS)
C Controls| 21 | 29.38| 1.3820.50] 41.60| 0.003| Controls| 29| 31.04] 1.1 16.00] 42.30| 0.037| 0.12
4 TIDM 36| 23.21| 1.376.20 | 46.20| (S) TIDM 24 | 26.50) 1.77111.10] 43.10| (S) | (NS)
Lo 75T oo
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Figure 4-24. Bar chart of mean serum complement coponent C; and C; levels in healthy controls and TIMD
patients.
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4.6.3 GAD Autoantibodies

GADA were detected in 30 of Iraqi children with rgwliagnosed TIDM
(50%). A higher significant proportion of the gilested positive for GADA
(5/9; 55.6%) were observed in age group >10 years old than of girls<10 years
old (11/23; 47.8%), (P= 0.049); while the proportion of boys tested positive for
GADA was higher in age groupl 0 years old than >10 years old (7/13; 53.8%
vs 7/15; 46.7%), but this difference fails to be significant (P,= 0.804), table (4-
19). No statistical differences were observed betwaales and females in each
age group (= 0.729 and 0.673 respectively). The proportionnalex cases
positive for the both age groups in comparison veidmtrols were shown in
table (4-20). A higher significant proportion ofetlpatients was positive to
GADA in both age groups (18/36, 50% and 12/24, S5(¥gpectively) as
compared to control groups (1/21; 4.76% and 2/29; 6.9% respectively). This
differences were highly significan{+0.0001.

Table 4-19:Differences of sero positive / negative of GADAWween control
and TIDM males and females patients.

<10 years (n=36) >10 years (n=24)
Parameter| GADA+ | GADA- P GADA+ | GADA- P P
No.| % |No.| % ! INo.| % |[No.| % ! 2
Chi
Males 7 | 538 6 |46.1 Chi 7 |46.7) 8 |53.3 Chi %\?g)él
0.729 0.673 Chi
(NS) (NS)
Females | 11 | 47.8 12 | 52.2 5 |556] 4 |44.4 0.049
(S)
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Table 4-20: Differences of sero positive / negative of GADA\keen control

and TIDM patient groups.

Sero positive | Sero negative

Age | Groups No. No. % No. % Py P,

o ¢ | Controls | 21 1 476| 20 | 9524 Chi

= O 0.0001 .

(&)

VISl TIDM 36 18 | 50.00 18 | 50.00| g Chi
; 1.00

o ¢ | Controls | 29 2 6.90 27 | 93.1¢ Chi NS

< 3 0.0001] (NS

NSl TIDM 24 12 | 50.00 12 | 50.00] s

4.6.4 Serological Finding for Anti-Viral IgG

Viruses have been indicated to be associated wélohset of TIDM in
many epidemiological and serological studies (Daislg 1997).Many viruses
espically enteroviruses including (CVB and Poliogly and Adenovirus have
been implicated. So TIDM children were serologigatudied for the presence
of anti-CVBs; anti-polio and anti-adeno IgG in Iragi childremdacompared the

results with the control group.

4.6.4.1 Anti-CVBs IgG in TIDM Patients

Serum IgG of CVB have been measured by using ELISA technique
which measures the optical density (OD) of patiamis controls sera. The value
which is equal or higher than cutoff OD value (3B) considered as sero
positive.

Only 12 patients out of 60 were sero-positive (2086mpared to 4
healthy individuals out of 50 (8%) who were seraifige for anti-CVE 1gG.
These differences were statistically significant@@48) (table 4-21).
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Table 4-21: Prevalence of sero positive / negatigG against CVBs in

control and TIDM patient groups.

Sero positive | Sero negative
No. % No. %

Controls | 50 4 8.0 46 92.0| 0.048
TIDM 60 12 20.0 48 80.| (S)

Virus | Groups No. P,

CVBs

Chi= 2.994

4.6.4.ii Anti-Polio IgG

As shown in table (4-22), out of 60 patients 19.63%) were sero-
positive for anti-polio-lgG compared to 13 (26%)aliby controls, so no
difference appeared between both groups (P = 0.64#@) value which is equal

or more than cutoff OD value (0.178) is consideasdero positive.

Table 4-22: Prevalence of sero positive / negativgG against poliovirus in
control and TIDM patient groups

Sero positive | Sero negative
No. % No. %

Controls| 50 13 26.0 37 74.00 0.649

TIDM 60 19 | 31.67| 41 | 68.33] (NS)
Chi =0.207

Virus | Groups | No. P,

Polio

4.6.4.iii Anti-Adeno IgG

As shown in table (4-23), only 4 patients were gmErsitive for anti-adeno
IgG (6.67%) compared with the control group who evall sero-negative. The
values which were equal or higher than 0.2 cutofd) value are considered as
sero-positive. This differences were highly sigrafit between the two groups
(P=0.000).
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Table 4-23: Prevalence of sero positive / negatigG against Adenovirus in

control and TIDM patients groups

Sero positive| Sero negative
No. % No. %

Controls, 50 0 0 50 100.00 0.000
TIDM 60 4 6.67 56 93.33| (HS)

Virus | Groups | No. P,

Adeno

4.7 Relation between Mean Lymphocyte Proliferation

Percentage and Anti-Viral IgG in TIDM Patients

CMI level, checked by MTT viral antigens-basednstiation of PBL, is
tested for relation with the presence of anti-vilgls in the sera of TIDM
patients to detect any relation that can clarifishé PBL was primed previously
by the same viral antigen.

Results represented in table (4-24) showed a signif increase of mean
proliferative percentage in response to GVB the patients who were sero-
positive for anti-CVB-1gG compared with the sero-negative patients @05
22.99%) (P=0.048).

The mean proliferative percentage for sero-positivel sero negative
anti-polio-lgG patients were illustrated in tabk-25). It was found that the
patients who were sero-positive for anti-polio Id@d higher proliferative
percentage reading in response to polio-vaccine484) than those patients
who were sero-negative (20.61%) and these diff@®megere significant at the
level (P=0.039).

The study also demonstrated increased mean padiliferpercentage of
PBL in response to adenovirus in sero-positive -adéno IgG patients in
comparison to sero-negative anti-adeno IgG pati€d@slO vs 14.16%) and
again these differences reach the significant I69e0.042) table (4-26).
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Table 4-24: Relation of mean PBL proliferative perentage in response to
CVB;5 with the anti- CVBsIgG.

CVB-s No. Proliferation SE P
percentage
Anti-CVB | +ve 12 50.58 10.09 | 0.048
fo[€ -ve 48 22.99 3.27 (S)
t=2.62

Table 4-25: Relation of mean PBL proliferative perentage in response to

poliovaccine with the anti-polio IgG.

Poliovaccin No. Proliferation SE P
percentage
Anti-Polio +ve 19 31.48 5.83 |0.039
fo[€ -ve 41 20.61 2.92 (S)
t=3.85

Table 4-26: Relation of mean PBL proliferative perentage in response to

adenovirus with the anti-adeno IgG.

Adenovirus No. Proliferation SE P
percentage
Anti- +ve 4 30.10 6.45 ]0.042
Adeno IgG | -ve 56 14.16 2.22 (S)
t=2.66

Moreover, the present findings also revealed a ifsiggmt positive
correlation between the PBL proliferative perceptagresponse to C\iBand
anti-CVBs-IgG (r =0.412). Strong negative correlation wasoaldetected
between proliferative percent in response to adea®wand anti-adeno-IgG (r =-
0.635) while the correlation found with the antiipedgG was weakly positive
(r=0.101).
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4.8 Relation of HLA Class Il Alleles with the PBL

Proliferation Percentage in TIDM Patients

To find out any relation between the HLA-classifiky alleles (genetic
factors) and proliferative percentage of MTT (CMNhél), ANOVA test was
applied to compare the proliferative percentagpatents with HLA-DR risky
alleles (DR3; DR4 and DR3/DR4) with those patients who had other alleles.
Results represented in table (4-27) showed thatntban PBL proliferative
percentage in response to different tested viragjans were significantly higher
in the patients with DR4, DR3 and DR3/DR4 serotypempared with the
children carrying other alleles. The significantdes scored (P= 0.021) in
response to CVE (P=0.031) in response to poliovaccine, and (F41. in
response to adenovirus. Moreover, the mean pratifer percentage were
significantly higher in patients carrying DR4 aflghan those in patients with
DR3 alleles in response to CYB62.67 vs 43.32%, P=0.038), to poliovaccine
(59.86 vs 38.40%, P=0.031) and to adenovirus (46s022.48%, P= 0.046).

Concerning the HLA-DQ risky alleles DQ2, DQ3, DQ®IB), our results
represented in table (4-28) showed a significartreiase of proliferative
percentage in patients carrying different HLA-D®Qksi alleles compared with
the patients who lack these alleles. The resutiresicas significant levels of (P=
0.032) in response to C\{B(P= 0.038) in response to poliovaccine, and (P=
0.042) in response to adenovirus.

As detected in table (4-28), the proliferative p@tages were
significantly higher in patients with DQ3 allelelsan in patients with DQ2

alleles in response to all tested viral antigens.
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Table 4-27: Relation of mean lymphocyte proliferatbn percentage in
response to different viral antigens with the HLA-[R risky

alleles in TIDM patients.

Viruses | DR3/DR4[ DR3 DR4 [ Others [ANOVA |
(n=25) (n=7) (n=5) (n=23) F-test

CVBs 40.37 43.32 62.27 29.73 8.585 Ogl

Polio 34.42 38.4 59.86 25.27 7.689 0:031

vaccine (S)

. 0.041

Adenovirus| 29.44 22 48 46.02 26.14 5.704 S)

Table 4-28: Relation of mean lymphocyte proliferatbn percentage in
response to different viral antigens with the HLA-DQ risky

alleles in TIDM patients.

. DQ2/DQ3] DO3 | DQ2 | Others | ANOVA
Viruses 1 h-9) | (n=15) | (n=11) | (n=25) | F-test | "
CVBs 4284 | 6090 | 2641| 3363  7.97% 0@32
Polio 3931 | 4809 | 2321| 2720 6.6059038
vaccine (S)
. 0.042
Adenovirus| 2226 | 37.41| 3137| 2674 5684 o

4.9 Relation of HLA-DR, -DQ Risky Alleles with SerePositive

GADA in TIDM Patients

Table (4-29) represented the distribution of saysHve GADA in patients
with HLA-DR risky alleles, and in those with othdifferent alleles.

The proportion of sero-positive GADA in patientstiwiHLA-DR risky
alleles were significantly higher (P= 0.001) th&wge who had other alleles.
The DR3/DR4 combination seemed to have the higlvgbeace (53.33%)
compared to DR4 (10.0%) and DR3 (6.67%).
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Table 4-29: Distribution of sero-positive GADA in TIDM patients and
relation with HLA-DR risky alleles.

Parameter| No DR3/DR4 DR3 DR4 Others P
‘| No. (%) | No. (%) | No. (%) | No. (%)
GADA .001
tve 30| 16(53.33) 2(6.67) 3(10.0) 9 (30.05)(8)
Chi = 16.523

The results represented in table (4-30) indicatbigh proportion of
GADA" in patients carrying DQ3 risky allele (43.33%) quised to DQ2/DQ3
(23.33%) and D@ (10%). By using chi-square test, the statisticahlygsis
showed a significant differences of sero-positivR&DA in patients with DQ

risky alleles than those carrying other alleles QF34.6).

Table 4-30: Distribution of sero-positive GADA in TIDM patients and
relation with HLA-DQ risky alleles.

DQ2/DQ3| DQ3 DQ2 | Others
Parameter| NO- | "\ "(05) | No. (%) | No. (%) | No. (%) | "
GADA 0.016
e | 30| 7(23:39) 13(43.33) 3 (10.00Y (2333) g,
Chi =5.059
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Discussions

The identification of genetic factors, environméntgggers, the timing of
initial events, the progressiveness and persistefdeeta cell autoimmunity
once initiated, and the role of factors promotinigpoeventing progression to
clinical disease are some of the open issues, deroto develop specific
therapies to prevent or delay the onset of TIDM.

5.1 Biochemical and Hematological Characteristics
5.1.1 HbA1;

Since the level of glycosylated hemoglobin has b&®wn to provide an
index of glycemic control during the previous 2-®mths period, it has been
used increasingly in the clinical management obelias (National Diabetes
Data Group, 1984). The results indicated that ageno impact on the degree of
metabolic decomposition at the clinical presentatd TIDM.

5.1.2 Serum C-Peptide

Determination of serum C-peptide is useful in diab@atients. It can
distinguish insulin secreted endogenously from linsuadministrated
exogenously and can quantify the former when anstifin antibodies preclude
the direct measurement of insulin (Granner, 1996¢& level of serum C-peptide
is correlated with the level of insulin secreted thg pancreas, so mean C-
peptide values seem to be lower in TIDM patients tlhua decline in insulin
release by the pancreas after beta-cells destnydhocaddition to the negative
feed back of exogenous insulin (Ganong, 1997). rElselts showed that there
was no statistically difference on beta-cells stalin TIDM patients among the
two age groups. However other reports indicated #ige was an established

factor affecting endogenous insulin secretion inldcén with recent-onset
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diabetes, with lower serum C-peptide concentratienorded in younger
children than in older one (Schiffrat al., 1988).

5.2 HLA Association Alleles

Type | diabetes mellitus can be considered as aganespecific
autoimmune disease. It is known that TIDM has béemsferred from
prediabetic subjects to an HLA identical sibling asconsequence of bone
marrow transplantation (Lampetetral., 1993). The present study detected that
Immunogenetic predisposition may be considerechamportant factor for the
development of TIDM in association with the HLA @&ns in which markers
of human HLA showed different distributions in @atis, siblings and controls.
These markers are HLA class | and class Il loccbromosome 6, in which a
highly polymorphic status is recognized (Goldgbgl., 2000).

At HLA class | region, significant increased fremeies of antigen A9
and B8 were observed in the patients (about onel tfor each). Such
observation scored RR values of 2.88 and 4.12 céispl/. Other HLA TIDM
association studies carried out in other world pajan revealed an association
with other HLA-class | antigens B15 in Canadian yagon (Singal and
Blajchman, 1973), B8 and B15 in Finnish populat{dlerupet al., 1974), in
addition to Al, A2, B56, B62, Cw3 and Cw7 (TuomiietWolf et al., 1989),
A24 in Japanese (Tanakhal., 2002). Such differences can be explained in the
ground of racial differences, especially if we ddes that HLA antigens show
different frequencies in different populations umiihg Iragis. Mezal (1988)
found HLA-A1 and B8 to be associated with TIDM imadah population while
Al-Samarrai (2001) found a very high significans@siation of HLA-A24, B8
and B15 with TIDM in her study conducted in BaghdAd suggested by the
statisticians the RR indicates the frequency akaase in persons with the HLA
marker as compared with persons without the markepositive association

(when the HLA marker which is more frequent in p&is with the disease than
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in those without it) is indicates by the RR of mdten 1.0, a negative
association by a RR less than 1.0, and no assatiby a RR 1.0 (Klein and

Sato, 2000). The EF value can range from O (nocasson) to 1 (maximum

association). That means a value of 1 for an amtigeinterpreted that this
antigen is fully responsible for the developmentha disease other wise if the
value is in between 0 and 1, it indicates that thasker is partially involved in

the disease development (Ad'hiah, 1990), and dtnetors like environment

factors can be involved. The EF value of A9 (0.2&1g B8(0.214) support the
previous hypothesis and so other factors in assogiavith these antigens are
contributed the rest percentage required in thesldpment of TIDM. Other

positive association were observed in the test&Mrpatients (B12, B15 and

Cw7) but the significance was lost when the prolitghivas corrected for the

number of antigens tested at each locus and suwatlstsal application is

important to exclude a chance occurrence of ancagsin due to many

comparisons that were made (Ad'hiah, 1990).

At HLA-class Il region, further antigens had posttiassociations with
TIDM. These were DR3 (RR= 3.210, EF= 0.366), DRRHR.0, EF= 0.428),
DQ2 (RR= 2.833, EF= 0.215) and DQ3 (RR= 2.666, HF249). The
polymorphism of HLA-class Il loci has gained muakerest in the HLA disease
association studies, because bethand f chains are highly polymorphic
especially at HLA-DR and DQ (Chapstlal., 1999). However, multiple studies
have reported association between HLA-DR and Dnhptypes and TIDM.
DQ2.DR3 and DQ3.DR4 haplotypes reported as high aileles in Caucasians
(Kawasakiet al., 1998), DR4, DQ4 but not DR3 were found to be ohamt in
Japanese (Kawabaghal., 2002), while DR3,DR4, DR9 and DQ2 were found
the only alleles positively associated with TIDMKoreans (Parlet al., 1998).
In Finland, DQ2/DQ3 genotype was found to be asdedi with genetic
susceptibility and was more frequent in childreagtiosed <5 years of age

(Komulainenet al., 1999), and in diabetes-associated autoantib@hesged in

YA



Chapter Five Discussions

children with predisposing HLA-DQ alleles after ®mths of age (Kupilat al.,
2002). In Lebanese 77% and 40% of TIDM patientsewmrsitive for DQ2 and
DQ3 respectively (Zallouat al., 2002). Al-Samarrai (2001) reported high
significant association of HLA-DR3, DR4, DQ2 and B@ith TIDM in Iraqi
patients. Studies of HLA genes at the molecularlevwshowed that this
association with HLA-DR is secondary to a stronges with certain HLA-DQ
variants.

The critical factor is the amino acid at positiohib the HLA-DQB chain.
Genetic variants of DQB which encode the amino asjgartate at this position
seem to confer protection against TIDM, whereagawés encoding other amino
acids increase the risk. Hence the HLA-DR3 and B&8bciation arises because
these DR-alleles are linked to DQB alleles which it encode aspartate
(Chapelet al., 1999). It is worthy to note that amino acid 8 HLA-DQB lies
in the "antigen binding groove". It was reportedttitlass | HLA-24 gene
promotes pancreatip-cells destruction in an additive manner in theigrds
with TIDM-susceptible HLA-class Il genes (Nakanishal., 1993).

Antigens B35, B51, Cw4, DR2 and DQ1 showed a negaissociation
with the disease, but after correction only the D@2 DQ1 antigens remain
significant. These antigens may have protectivectféspecially if we consider
PF values to be 0.195 for DR2 and 0.163 for DQigans.

In siblings, a significant increased frequencymtigen B12 and DR4 was
observed in comparison with control subjects. Bus tpositive association
remains significant only for DR4 antigen after emtron with RR value of
2.428 and EF value of 0.176. Concerning other wpddulation studies, HLA-
DR4 was found to be associated with the presend€MAf(7%) in siblings of
TIDM Mexican-American patients (Zeidlet al., 2001). This locus is known to
be associated with TIDM risk particularly with iype 1 diabetes families
(Kukreja and Maclaren, 1999). Thus it may be mudtenuseful for predicting
TIDM in affected families than in population. Shgedt al. (1989) detected a
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highly diabetogenic subset of DR4 haplotypes amoéligM patient's sibling
and he suggested that DR typing is 6-10 times pesgerful as predictor of
TIDM in the population than among patients siblings

Clearly, the structural differences seen between phedisposing and
protective HLA molecules will affect their abilityo bind or interact with
diabetogenic antigens and the TCRs of autoreatoadl specific T-cells (Kelly
et al., 2003). Several mechanisms have been proposagltain how this might
influence the risk of developing autoimmune TIDM:

1. Predisopsing HLA molecules may bind well to thebeimgenic antigens
in the periphery and hence activate an autoimmuseellTresponse,
whereas protective HLA-molecules may not. Altevally, the protective
moleuceles may bind to the autoantigens with a drighffinity, thus
competing with the predisposing molecules. So kineshold of binding
required for T-cell activation, restricted by theegisposing molecules,
may not be reached (Nepom and Kowk, 1998).

2. Protective HLA molecules may form stable complexgs self antigens
in the thymus, leading to efficient deletion of @atially autoreactive T
cells (negative selection). In contrast, the l¢able complexes formed by
the predisposing HLA-molecules may result in in@ént T-cell removal
and the release of autoreactive T cells into thigopery (Lowe, 1998).

3. Predisposing and protective HLA molecules may adedifferently with
the TCRs of autoreactive T cells, affecting theratgpe of the T cells
(proinflammatory versus regulatory) (Kellgt al., 2003) or their
activation status (Proliferative versus anergis@&Brrezeet al., 2004).
This immunomodulatory hypothesis is supported l&ydbservation that
DQ1 can protect against the development of diabetemn after the onset

of B-cell autoimmunity (Pugliest al., 1995).
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The association of the HLA-Class Il with TIDM hasnited diagnostic
utility, but it provides insight into the patholagl basis of the disease
(Williams, 2001).

5.3 Phenotypic Characteristics of PBL

5.3.1CDs", CD,", CDg" Cell Subsets, CD,'/ CDg" Ratio

This study provides evidence that abnormalitie3-gklls regulation are
detectable in patients with TIDM. Thus, in newhagihosed patients, the main
alteration found was decrease in the pan T-c€l3;{), Cytotoxic/suppressor
T-cells (Cy") accompanied by non significant decrease of hétmkrcer T-
cells (CD") subsets. CP/ CDg" ratio is considered as an index of immune
activation or suppression. In TIDM patients £IDCDs" ratio was higher than
normal controls, although the patients had a lo@Bs" cell population than
controls. This did not mean that TIDM patients laagbbod immune activity, but
the reverse, their high G CD;s' ratio was due to a lower extent of £Dells
and also to low CP cell population. Thus, in general GICDs" was mainly
determined by both CP T-cells and Clg T-cells which was statistically
confirmed in this study by revealing a clear diriér relationship with CH
cells (r = 0.83) and inverse linear relationshipr@Ds" cells (r = 0.79). These
results come in agreement with the study conduisyedl-Samarrai, (2001) on
TIDM Iraqi patients and also with other reporteddings (Buschardt al.,
1983; Galluzzo et al., 1984; Quiniou-Debrie et al., 1985; Michalkova et al.,
2000). The reduction in the amount of suppressgtdtoxic cells and inducer /
helper could theoretically be due to the metabadiarrangement of the patients
at the diagnosis of TIDM and the examination wasedonder insulin treatment
which affect circulating PBL leading to normaligithe T-cell defect (Roidest
al., 1984). This hypothesis is confirmed by Buschamd his team (1990) who
found a low percentage of GDcells at the diagnosis of TIDM, followed by
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normalization in the remission period, and mayeefldecreased pathogenetic
activity as indicated by constant level of C-peetid

The most pronounced outcome of the present stuiiheiseduction of the
cytotoxic / suppressor phenotype £Rells at the onset of the disease. This
agrees with the classical theory of pathogenessutdimmune disease as the
depressed immunological suppressive functions drigthe autoaggressive
processes (Roitt al., 1998). This result is in disagreement with otbierdies
which reported increase in GDcells percentage and lowering £€Rell subsets
(llonenet al., 1984), or lowering CP cells and elevating CP cell subsets in
TIDM patients (Scheiniet al., 1988; Faustman et al., 1989).

5.3.2 CD4RAT and CD4RO™ Cell subsets

In the present study, a significant decrease insRR" cells percentage
(naive/resting) and increase the percentage of,sR& cell subset
(memory/activated) were found among TIDM patiefB,s family represents a
family of surface protein tyrosin phosphatase, Wwhis present in all human
leukocytes. CRRRA antigen present in approximately 50% of L£Bells, 78%
of CDg" cells and essentially on all B-lymphocytes and Ké&ls (Protein
reviews on the Web, 2003). A selective loss of 482" has been seen in
autoimmune disease and viral disease (Malavas andrb, 1999).

CD,sRO" activated marker is present on about 40% of Piluding
CD," and CRR" T-cells population. It is present early in T-oslhturation cycle,
but upon activation by mitogen or alloantigensyaar-cells loss the CIgRA"
and reciprocally acquire the GIRO" antigen (Goldsbyet al., 2000). The
reduction in the amount of (naive/resting) SRA" cells and increase the
proportion of (memory/activated) GERO" cell subsets in TIDM patients may
be due to vigorously responds of these cells talreantigens. A statistical
analysis in this study confirmed an inverse linedationship of CQsRA" cells
with CD," cells subset (r = -0.601) and direct linear relaghip of CQsRO" cell
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with the C}" (r = 0.621), while a very weak correlation wasetsd with the
CDg" T-cells (r = -0.163). The results in other repartsfirmed these finding
(Pozzilli et al., 1983; Michalkova et al., 2000). Persistent elevation in cells of
suppressor network (GDCD,sRA™) and depression in cells of helper network
CD," were found among siblings in prediabetic periodugtmanret al., 1989),
but render to have normal percentage with elevaifa®dD,sRO" cells subsets in
early onset of the disease. This suggests thatradahmumbers of suppressor
cells may represent the primary disease processthe@nprediabetic individuals
may be susceptible to some process like viral trdachat would, then, cause

beta-cell destruction.

5.3.3 CD4 Cell Subsets

The results detected a very high significant ekedapercentage of
activation CRQg" antigen in PBL of TIDM patients. GRis (ADP/ ribosyl
cyclase/ ADP ribose hydrolase) an integral membrglyeoprotein. Human
CDsg is highly expressed on early T-cell precursorsratigg to the thymus and
on CD,” CDs" double positive thymocytes. During the processnefjative
selection, CIs" expression is decreased and mature single posthicells
express low levels of Cfp (Mehta and Malavas, 2000). It is present on
approximately all pre-B-lymphocytes, in 18% of Tmdasome Tc cells
(Malavasi and Ferro, 1999), and in tissues suclhuaean pancreatic islets
(Fernandezt al., 1998). In pancreatic beta-cells, this enzymesappto play a
role in glucose induce insulin release via a memannvolves its cyclase
activity which leading to increase cytoplasmic€eoncentration and insulin
release (Pupillet al., 1999). Mature T-cells isolated from peripherilda can
acquire CRg' cell surface expression during antigen activatibtetfta and
Malavas, 2000).

A strong positive linear relationship is found beem CRQg cells and
CD," cells (r = 0.808), with CR" cells (r = 0.602) and with HLA-DRcell
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population (r = 0.581). Ci" act as positive and negative regulator of cell
activation and proliferation depending on cellidarvironment. Thus, mature B-
cells proliferate wheras the opposite occurs in ature B-cells in the bone
marrow. The CB; signaling pathway in this environment blocks B-
lymophopoiesis, mostly by inducing apoptosis (Forea@l., 1997). In mature T
and B cells, CB signaling depends on cross talk with the Ag-remegignaling
complexes and rely on the cytoplasmic effector ulks associated with those
receptors to transduce Gfsignal (Morraet al., 1998). No effect of CE
ligation has been observed on cytotoxi T-lymphosytghile binding of anti-
CD3g mcAb to human NK cells induce killing (Sconocchktal., 1997).

IFN-y is a strong up modulators of gfpexpression in activated B-cells
from either healthy individuals or patients withcBronic lymphocytic leukemia
(Bauvoiset al., 1999).

CDsg involved in adhesion between human lymphocytes eamabthelial
cells. CQg ligation by specific mcAb reduced the IFNdependent enhancement
of monocyte dynamic adhesion to endothelial laydiugsa et al., 2001).
Presence of autoantibodies with anti- £Bpecifity in patients with type | and
type Il diabetes has been reported to down reg@Bg expression in lymphoid
cells (Pupilliet al., 1999).

5.3.4HLA-DR" Cdlls

High significant elevation of mean percentage ofAHDR" activation
marker was demonstrated in our patients. It has Baggested that one of the
important immunoregulatory abnormalities in TIDM rielated to HLA-DR
cells and activation of lymphocytes by differentngtli increases their
expression of surface markers (Goldsbg., 2000). This fact is confirmed in
our finding that there were strong positive linearrelation between HLA-DR
and CDy cells (r = 0.90), CY cells (r = 0.78) and inverse negative correlation
with CDg" cells (r =- 0.39). Many studies confirm these sg@rell and Notkins,
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1987; Hehmke et al., 1995). Turet al. (1994) found elevation of activated T-
cells, HLA-DR' in prediabetic twins. Buschaed al. (1990) also found higher
percentage of HLA-DRcells in TIDM patients at diagnosis and after one
month, but their percentage decline after 7 monlthscontrast, Al-Samarrai
(2001) estimated a decline of HLA-DRells percentage in type | and type I
Iraqi diabetic patients diagnosed within two yeafrenset.

5.3.5 CDss Cell Subsets

Other lineage of cell subsets is NK cells. Mosfateg antigen detectable
on NK cells by mcAbs are shared with T-cells bear{@Dss) or macrophage
(CDye) (Goldshbyet al., 2000). In the present study the percentageeasdltells
bearing CRs antigen significantly decreased in TIDM patiemfthough NK
cells have powerful antitumor effects, mediatingiticytotoxicity by an NK-
like effector mechanism that is IL-12 dependenkéltaet al., 1996). They also
serve as regulators for the speed of immune resgdmg secreting IL-4, IL-13
and pro-Th factor that inhibit Th mediated cytotoxic T-lymphocyte (CTL)
responses (Symth and Godfrey, 2000). However, thduiced percentage could
lead to the genesis of autoimmunity through a deficy in Th cell function
(Kukreja and Maclaren, 1999). This finding was greement with other studies
(Hehmkeet al., 1995; Michalkova et al., 2000; Kukreja et al., 2002).

5.3.6 CD;g' Cell subsets

The present finding reported a significant elevatid CD," cell subsets
in the patients. TIDM involves the interaction oifferent subsets of
lymphocytes and APCs, (presented by B-cells, mdages and dendritic cells).
We found a strong positive linear correlation iarfd between CR" cells and
cells bearing activated markers, HLA-DR = 0.9) CQg" (r = 0.602) and
CD.sRO" cell subsets (r = 0.60).

Véo



Chapter Five Discussions

The question of whether antigen presentation ordyeton of
autoantibodies by B-cells is important in diabetievelopment. One of the
important aspects of the function of B-cells as ARCthe ability to concentrate
the soluble antigen many folds by the virtue of éidigen specificity of the B-
cell receptor (BCR) (Lanzavecchia, 1990). This wilow antigen-specific T-
cells to expand, if appropriately stimulated bevant B-cell populations. This
finding was strengthened by other study conductetVbnget al. (2004) who
confirmed that the expression of membrane Ig transgncreased insulitis in
NOD mice, and the ability of B-cells to produceibatlies is not necessary for
B-cells to have some effect on the developmentiabates. Many potential
human studies focus on treatment or prevent eaalyetes via depletion of B-
cells with anti-CQy treatment (Fong, 2002; NIDDK-American diabetes
association Clinical trails, 2006). We presume thath therapy has a much
greater effect on B-cells as antigen presentatimer than it does on antibody
levels.

According to these results and the results of otheestigators listed
earlier, in our opinion, the reasons of the varalelsults could be due to the age
of the patients, years of autoimmunity, differenttime between the day of
diagnosis and examination between days and ona:ydw insulin treatment,
potential effect of hyperglycemia, acid-base distinces and stress associated

with diabetes mellitus on lymphoid subsets.

5.4 Functional Activity of PBL

The use of lymphocyte proliferation is one of there frequently usedri
vitro" techniques for the study of the specific and speeific stimulation
capability of lymphocytes. The technique is basedtlve capability of the
lymphocytes for responding to an antigen (specdgponse) which has induced
memory lymphocyte, either by vaccination or by maltuinfection. These

lymphocytes, when they are repeatedly contactedh waihtigens, have a
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blastogenic transformation. This lymphoplastogepican also be induced in a
non-specific way, due to the lymphocyte-capability reacting to different
mitogens (Chapedt al., 1999).

MTT has been used in the measurement of prolifergiercentage of PBL
which has been found lower in TIDM patients thanh@althy controls in
response to Con-A. Considering the responses & &imtigens, proliferative
responses against CYBnd adenovirus were tended to have a lower pegent
in TIDM patients than controls, but these valueseamot statistically different,
while the proliferative responses against poliovaeevas significantly lower in
patients especially in >10 years old group thanroteén The low proliferative
responses against CYERntigen at disease onset is in agreement withr othe
studies showing reduced T-cell proliferation agail@¥B, (Varela-Calvinoet
al., 2002), while the same investigators found kevpyus study, no differences
in T-cell proliferation against CVRinfected lysate between diabetic patients
and healthy-non diabetic individuals (Varela-Catviet al., 2000). Another
report conducted by Juhedtal., (2000) found that PBL of the children at onset
of TIDM had significant weaker responses to padfiCVB, and non-
significant decrease in response to poliovirus tyaad 3 than healthy children,
while the responses to adenoviruse did not difegwben patients and controls.
Temporary decline in T-cell responsiveness at deshenset has also described
in GAD peptide that contains the homology regionttie CVB, 2C protein
(Schlootet al., 1997Db).

These studies with the present study results gven oto several
interpretations. One explanation is that, decreassponses of PBL are due to
redistribution of virus-specific T-cells, with viseresponder cells presumed to
have homed to the pancreas and therefore unawaiiabtietection in peripheral
blood (Varela-Calvino and Peakman, 2003), and sellTresponses to various
viral antigens may be suppressed at the onseedadlifease. On the other hand,

Varela-Calvinoet al. (2002) in his study indicates abundance of catng
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primed CVB, specific responder T-cells that secretes {FMN-TIDM patients
with relative lack of proliferation. These findingave been related to two
broadly defined phenotypes of memory T-cells charamed by Sallusto and
Lanzavecchia (2001). Primed (memory) T-cells with tapacity to proliferate
termed as "central memory" TCM cells. These cdlsklimmediate effector
function and predominantly produce IL-2, the majecell growth factor to
support proliferation and express CLR chemokine receptor, that direct
homing to lymph nodes. In contrast the primed memeell subsets that
produces the proinflammatory cytokines IFNduring an immune response
termed "effector memory" subset TEM, those cellsad@xpress CCRpresent
in the circulation at sites of infection or tissuglammation and release

cytokines.

5.5 Cytokines Profile

Cytokines are important to the outcome of an auaine disease, TIDM
is the result of T-cell mediated destruction of graaticp-cell. There are three
major mechanisms by whighcell destruction may occur (Almawi al., 1999):

1. Perforin and granzymes released from the grandilegtotoxic T-cell.
2. Cell death receptors, such as&gBnd TNF R1.
3. Inlfammatory cytokines including IL-1, IFM-and TNFe.

5.5.1 FN-y

The present data demonstrated that serumylEblacentration were higher
in patients with TIDM compared to its concentrationthe healthy controls.
These data were in common with  other studies whsthted that
proinflammatory cytokines IFN-may play an important role in the pathogensis
of TIDM, and its concentration was higher in TIDMtgents (Varela-Calvinet
al., 2002; Ozer €t al., 2003; Al-Zaidi, 2005). Many studies largely support the

concept thaB-cell destructive insulitis is associated with e&@sed expression of
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proinflammatory cytokines (IL-1, TNEk-and IFNe) (Hussianet al., 1996) and
Th; cytokines (IFNy, TNF, IL-2) and IL-12 (Kukreja and Maclaren, 1999).

Mechanically, proinflammatory and Thytokines including IFN¢+induced
and accelerate@-cell destruction through direct and indirect meuhans,
directly by:

1. Thy cytokines including IFN¢ exerted their effects primarily at the level
of macrophages, enhancing infiltration of thesdscel the islet, thus
accelerating-cells destruction through the release of perforhedovo
synthesized cytotixc mediators (nitric oxide, oxygeadicals ... etc.)
(Karlsenet al., 2000; Thomas et al., 2002). These radicals can inactivate
mitochondrial and cystolic enzymes, leading to dased ATP levels and
impaired insulin secretion.

2. Induced T-cells infiltrate the islets (MHC classektricted CIR" T-cells)
because IFN-and TNF-up regulate expression of MHC class |,civhn
conjugation with autoreactive T-cells could bringpat extensive tissue
damage on rodents and humpdeells (Kukreja and Maclaren, 1999;
Seewaldgt al., 2000; Boic, 2004).

3. IFN-y may renderp-cells susceptible to T-cell mediated killing via
induction of Fas (CBR) receptor on their surface. Ligation of Fas
receptors orp-cells by Fas ligand (CfsL) on CD," and/or CR" T-cells
has been postulated to be a mechanisifi-céll death by apoptosis in
TIDM patients (De-Blasi@t al., 1999; Amrani et al., 2000).

Indirectly by several mechanisms as a result eir ttepacity to inhibit the
production of Th cytokines and Thcell activity:

1. Induced activation and expansion of bystander aatdive T-cell,
resulting in an increase in their overall propart{tehmanret al., 1993).

2. Inhibited the production of soluble cytokines amtaigts including the IL-

1 receptor antagonist, which resulted in stimulabé IL-1 production by

the macrophages, and in conjugation with contin@doantigenic
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stimulation, significant augmentation in the exgres of IFNy and other
Th; cytokines (Faustt al., 1996).

A direct linear correlation was found between lf-ldnd PBL proliferative
percentage in response to CV®& = 0.33), poliovaccine (r = 0.33) and
adenovirus (r = 0.54). This might indicate a pregi@xposure of lymphocytes
to tested viruses and might enhance the releatieNof by effector memory
subsets in response to viruses. Heitreeal. (2001) proposed a model for the
effects of dsRNA (the viral replicative intermediplus IFNy induced beta-
cell damage (Figure 5-1). In the course of virdeation, dsRNA, the active
component that activates the antiviral responsmusdtes IL-B expression by
beta-cells and IL-d and IL-13 expression by macrophages. Ig-tequires
proteolytic processing for activation, an eventt tappears to be mediated by
IFN-y induced ICE (IL-B-converting enzyme) activation in beta-cell. Active
ICE cleaves inactive pro-ILfLto the active mature cytokine resulting in the
release of IL-f§ by beta-cells followed by autocrine or paracritimslation of
adjacent beta-cells to express iINOS (nitros oxiygmthase) and produce nitric
oxide (NO). The local release of IL-1 by residenacmophages has also
contributed to the IFN-induced INOS expression by the islet results in a
potential inhibition of insulin secretion and isi#generation. However, in the
presence of inflammatory T-cells capable of prodgciFN-+y, viral infection
would be predicted to induce islet cell necrosigdidition to apoptosis, and the
necrotic events may elicit two responses: 1- irggaalet inflammation because
the necrosis of B-cells and 2- release of beta-@eligens and induction of

autoimmunity directed against remaining beta-dq8tsarimet al., 2001).
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Vlral infection + | FN- y

M acrophage >
activation Cytokinerelease
dsRNA

Islet of Langerhans

Figure 5-1: Schematic model of viral infection + |FN-y induced beta-cell
damage (Heitmeier et al., 2001).

5.5.21L-10

TIDM is associated with altered humoral and cellulimmunity
exemplified by altered production and response tcrophage and T-cell
derived cytokines and T-helper cell differentiati@lukreja and Maclaren,
1999).

The results of this study indicated a high leseserum IL-10 in TIDM
patients compared to healthy controls. This reads encountered to many
reports which found that TIDM could be preventediguction of Th cells or
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by treatment with Thcytokines which in turn blocked the productionTdf,
cytokines (Kirstenet al., 1998). In contrast, other reports pointed adatins
anti-inflammatory action of Thcytokines. Th cytokines (IL-10 but not IL-4)
were shown to be involved in TIDM pathogenesis tigio facilitation of
pancreatic mononuclear cells infiltration (Tiah al., 1997) and producing
intense and generalized pancreatitits and insudiisociated with islet cell
necrosis in NOD mice (Pakakt al., 1997). Another report by Schloet al.
(2002) conducted on NOD mice, found that serumléeotlIFN-y were initially
low but increasingly reaching the highest leveldiabetes onset. In contrast an
early peak of serum IL-10 level was observed ilytjidout continued loss of IL-
10 until progression toward diabetes was observafirming the fact that IL-
10 was essential for an early phase of diabetes. @iomoted the conclusion
that TIDM is a Th and Th mediated autoimmune disease.

Functionally, Th cytokines exert their effects through direct odiiact
mechanisms:

1. Th, cytokines, in particular IL-10, may promote necsoshrough
occlusion of the microvasculature, thereby resgltin hypoxia and
reducing the viability of the larger islets (Almagtial., 1999).

2. IL-10 is a potent B-cell activator, enhances MH@&ssl Il expression on
B-cells, thus promoting peri-insulitis and insuditi(Gianani and
Sarvetnick, 1996) or by altering the expressionenélothelium-bound
addressin, thereby stimulating accumulation of mlcages and B-cells
(Wogenseret al., 1994).

3. Due to its role as cytotoxic T-cell stimulatory faG IL-10 may stimulate
activated T-cells (Balasat al., 1998) and its essential for an early phase
of diabetes.

In any event, Thcytokines can no longer be viewed as "protectofelIDM.

VoY
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5.53IL-6

The inflammatory cytokine IL-6, originally secrdtérom T-cells, B-cells
and several non-lymphoid cells including macroplsaddroblast endothelial
cells and bone-marrow stromal cells (Goldsbsl., 2000).

The present results indicated an elevated leveseum IL-6 in TIDM
patients as compared to controls that added tewtience that the disease is an
immunoinflammatory disorder. This result is incommuwith other reports
(Myrup et al., 1996; Targher et al., 2001).

IL-6 is a powerful inducer of hepatic acute phasetein (C-reactive
protein) which is known to increase inflammationdatie development of
vascular disease and atherosclerosis (Memtlall, 1997). Elevated C-reactive
protein level detected in infants and young chitdbefore the onset of TIDM
(Chasest al., 2004) may provide an additional marker for rdkprogression to
TIDM. IL-6 is a "co-stimulatory signal” for T-cekctivation made by certain
APCs, IL-6 previously known as B-cell differentmti factor. It acts on most
cells, but is particularly important in inducing d@lls to differentiate from
antibody-forming cells (Roitét al., 1998). A positive significant correlation is
found between serum IL-6 level and GDcell subsets (r = 0.391).

IL-6 production is stimulated by pro-inflammatocytokines IL-1 and
TNF-a in human fibroblast (Zhangt al., 1988). The same observation was
found in murine islet culture producing IL-6 insponses to a combination of
IFN-y and TNFe (Campbellet al., 1989).

Mechanically, IL-6 may exert its effect by indugira condition with
increased energy expenditure in the islet, thralghated glucose oxidation and
oxygen uptake accompanied by a partial inhibitiérth@ glucose stimulated
insulin release and lowering the islet cellular Aténtents (Sandleet al.,
1990).

Viruses can also interact with and modulate thelage responses to IL-6.

A possible link between virus infection and eledate-6 was postulated by
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Kishimoto (1992). A nuclear factor controlling ILgene expression (NF-IL-6)
was also involved in the transcriptional regulatdivarious acute-phase protein
genes. The NF-IL-6 was shown to recognize the erdracore sequence of
several viruses, suggesting a possible relationshiarus infection and IL-6
expression and possible autoimmune clinical outcome

For all that mentioned before, soluble cytokinesasured in the periphery
are therefore promising surrogate markers of desbedevelopment and

monitoring disease activity.

5.6 Immunoglobulins and Complement Profile

5.6.1 Total Immunoglobulins (1gs)

Igs are circulating antibodies that protect thenst by binding to and
neutralizing some protein toxins, blocking the etraent of some viruses to
cells, opsonizing bacteria, activating complementl activating NK cells
(Ganong, 1997). They are soluble forms of B-lymptecantigen receptor
(Goldsbyet al., 2000). Our data demonstrated elevated levepsfimh TIDM
patients which act as simple indicator to the fesopy of infection in these
patients. The increased serum levels of total Ig)®, and IgA in patients have
also been demonstrated by Rayfieldl. (1982). On the other hand, the results
of the present study are in disagreement with otherkers who reported
hypoimmunoglobin-G in TIDM patients accompaniedhaketonuria (Shariff,
1982), while others found a non-significant elesatof serum Igs levls between
diabetic patients and healthy controls (Hulniskgl., 1990; Al-Hajaj, 2005).

5.6.2 Complement C3; and C, Components

The complement system is a part of innate immurstesy composed of
about 30 glycoproteins synthesized in the liver g et al., 1999). The
complement test may be ordered to help diagnosec#use of recurrent

microbial infection, and it may be used to helpgti@sis and monitor the
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activity of acute or chronic autoimmune diseassdfbach, 1999). This study
reported significant decreased levels of seryrard G in patients with TIDM
than in healthy controls.

The decreased levels of seruga@d G have also been reported by several
investigators (Hulinskyt al., 1990; Al-Hajaj, 2005). It appears likely that, the
explanation of finding of low serum complementhie tiyperglycemia, in which
the blood sugar binds with the several sites oh b@&ndf chains of Gand G
(non-enzymatic glycosylation), and elevate the géytated part of complement
which can not be detected by conventional methBdakKet al., 1989). Binding
of glucose to the active sites ok ay prevent the adhesion o @n the
microbial surface and hence impaired opsonizatibrchvin turn increased the
infection in those patients (Hostellet al., 1990). It was known that many
autoimmune antibodies present in the serum of timpatients, which binds to

the complement and may in turn reduce its levéhénserum (Roitét al., 1998).

5.6.3 Anti-GAD Autoantibodies

GAD autoantigen is neither beta-cell nor isletcsiie and is expressed
predominantly in the nervous system and other éissincluding the testes,
ovary, adrenal, pituitary, thyroid and kidney (\Wingt al., 2002).

The present results indicated that older childreme more often tested
positive than younger ones in females. This difieee seems to be not
significant between males in both age groups (t418).

This result is in disagreement with Sabbah's (200@ in agreement with
Grahamet al., (2002) which indicated that GADA was less aféecby age at
clinical onset in patients than other autoantibsdierker. Islet cells reactivity
as judged by the presence of antibodies to the GABAvere observed in 50%
of the patients studied in both age groups (td28), (55.6%) in >10 years old

group were females. Our observation is in consistath other studies and
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supports the notion that autoimmunity is more commmong females more
than 10 years old (Raigkal., 1996; Sabbah, 2000; Graham €t al., 2002).

The functional role of GADA in the pathogenesisTobM comes from
their relationship to T-cell reactivity to GAD-6%it@antigen. Presentation of an
immunodominant T-cell epitope from the human GAD-8Gtoantigen is
enhanced by GAD-65 autoantibodies through incrgaghre efficiency of
antigen capture by APCs including Fc receptor (FEBitive
monocytes/macrophages (Reijonenal., 2000). Since the human GAD-65
sequence contain a region duplicated in th€ Protein of Coxsackie virus
(Varela-Calvinoet al., 2000), it has been speculated that a cellugpaese to
the homologus viral sequence could induce T-celttigity to GAD-65 and as a
consequence produce diabetes.

5.6.4 Anti-Viral 1gG

Viral involvement has long been suggested in tiedagy of TIDM.

The present results described finding of IgG amtiés against CVBto be
more frequent (20%) in TIDM patients than in cotgr(8%). A low prevalence
of specific CVB-IgG may be due to use only one C¥8otype (CVB) and
there may be another CVB serotype in the sera DMT patients which is not
detected. The frequency of IgG antibodies againfibyirus (Oral sabin) was
more (31.67%) in diabetic patients than in cont(@6%). Also IgG antibodies
against adenovirus were detected in only four dialmhildren (6.67%).

The presence of CVB5, poliovirus and adenovirusifigelgG antibodies
are evidence of previous infection in TIDM childrérhis fact was confirmed
by measuring the PBL proliferative percentage irogmsitive 1gG diabetic
childrenin vitro in response to CVBS5, poliovirus and adenovirusl, the results
indicated a high significant mean proliferative qeartage for all tested viruses

in those patients as compared to the sero-neg@f@vadiabetic children, Table
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(4-24), (4-25), (4-26). This means that PBL of spositive IgG patients were
boosted earlier either by natural infection or wiaaton.

The low prevalence of anti-polio-IgG determinedhigalthy children may
indicate a failure of poliovaccine to enhance thewune system, although these
children presumely had taken many boosted dosesabpoliovaccine.

Several studies have found CVB-specific IgM antibsdo be more common in
newly diagnosed children compared to healthy irtligis (Frisket al., 1985;
Juhelaet al., 2000; Yin et al., 2002). Others detected an increase of anti-
enterovirus antibody levels (both IgM and IgG) m@iag the appearance of
signs of autoimmunity reflected either by synthediseveral autoantibodies or
the development of clinical disease (Lonnebtal., 1998). However, not all
studies seeking association between the enterowifastions (determined by
increase in anti-EV antibodies) have reported pasitesults. Tuvemat al.
(1989) and Emekdast al. (1992) found no evidence of increased antibody
frequencies against CVB1-6 serotypes at the onsethiddhood diabetes.
Buschard and Madsbad (1984) demonstrated a lowgoody titer against
CVB3-5 serotypes and adenovirus -7 in newly diagdoEDM children than in
healthy controls.

These discrepancies could be due to the fact thatl ithese studies, the
determination of viral infection was carried outdirectly through the
determination of anti-viral antibodies and it istewgorthy that studies used
multiple approaches to identify these viruses (sgng PCR, Faeces analysis)
appear more likely to report an association witDNil or islet autoimmunity,
suggesting that the sensitivity of viral detecti’ian important factor.

Enteroviurses could be involved in the pathogene$iTIDM by several
different mechanisms:

1. During infection, viruses may reach the pancreadlet and destroy
insulin-producing beta-cells by virus-induced cys (Roivaineret al.,
2000).
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2. Alternatively, beta-cell damage might result fromrus-induced
inflammatory reactions through producing inflammmgteytokines (IL-
1B, IFN-a... etc.) (Chehadeé al., 2000).

3. In addition beta-cell destruction might be basednaylecular mimicry,
because immunological cross-reactions between anteses and beta
cell autoantigens (GAD-65, Tyrosin phosphatease/lARcan take place
at leastin vitro (Harkoneret al., 2003).

5.7 Relation of Lymphocyte Proliferation with HLA

The present results indicated that stronger Tpreliferation in response
to CVB5, poliovaccine and adenovirus were relatecdHLA-DR, allele and
HLA-DQ3 allele; whereas the HLA-DR3 and HLA-DQZ2 were associated with
weak responsiveness to the same antigens, tal2é)(@-28). These results are
in agreement with a report by Bruserud and Colleag(1985) who found that
DR4, which is in linkage disequilibrium with the AEDQB1*0302 allele,
associates with strong T-cell responses; wherea8-BIR3 associated with
HLA-DQB*02 allele associates with weak T-cell responsesenterovirus
antigens. Juhelet al. (2000) reported the same observation in T-cslhoases

to enterovirus antigens in TIDM patients.

5.8 Relation of GADA with HLA

The results in table (4-29) indicated that GADA éound at the highest
levels in index cases carrying DR3/DR4 heterozygollss indicates that
GADA expression is regulated genetically. It is Wwmothat there is an over-
representation of DR3/DR4 heterozygous subjectsngnyoung children with
newly diagnosed TIDM as compared with adolescentk adults with recent-
onset disease (Karjalainehal., 1989). These observations support the concept

that a strong genetic susceptibility is associatgth aggressive rapidly
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progressing beta-cell destruction as reflected bhyked GADA responses and
clinical manifestation of TIDM at young age, whila weaker genetic
predisposition results in a slower destructive psscand disease presentation in
adults. In this study a low frequency of GADA issebved in the patients who
were homozygous for DR3. In contrast, Hagopéhral. (1995) and Sabbah
(2000) reported that increased GADA concentratiaas wwhe charactistic of
DR3/DQ2 haplotypes. Another study conducted by Eh@i. (1997) reported
that only T-cell reactive with GAD-derived peptides the context of DR-
heterodimers could be isolated form the periphéry/IDM patients, indicating
that HLA-DR rather than DQ seems to be the primcigistriction element used
by T-cells present at the onset of the disease.
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Conclusions and Recommendations

6.1 Conclusions

1.

Significant increase of the HbA1: percentage in most newly diagnosed
patients, and no impact of the age of children on the metabolic
decomposition.

Significant decrease of serum levels of C-peptide in diabetic patients
compared to healthy controls, but no significant differences appear
between both age groups.

The HLA-class | (A9 and B8) and class Il (-DR3, DR4, DQ2 and DQ3)
antigens were significantly increased in TIDM patients and they played an
important role in the etiology of the disease, while DR2 and DQ1 antigens
were significantly decreased in the patients.

In siblings a significant increase was observed in HLA-DR4 antigen
compared to control group.

Defining of PBL phenotypes by means of CD markers showed no
significant differences in the percentage of CD," cell subsets in the
patients in comparison to controls, while a significant decrease of CD5’,
CDg", CD,RA™ and CDs;"™ cells percentage with significant elevation of
CD,": CDg" ratio were observed.

A significant elevation of activation markers CD,sRO", CD3s" and HLA-
DR" cells percentage with the CD.o" cell subset were detected in the
patients.

Although the PBL proliferation percentage showed no significant
differences between patients and controls in response to CVBS5,
adenovirus except poliovaccine; proliferative percentage was significantly

higher in patients who were sero-positive for CVBS; Poliovirus and
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Adenovirus specific 1IgG compared to sero-negative 1gG patients for the
tested viruses.

8. Strong T-cell proliferation in response to CVB5, poliovaccine, and
adenovirus were related to the HLA-DR4 and HLA-DQS3 risky alleles,
whereas the HLA-DR3 and HLA-DQ2 alleles were associated with week
responsiveness to the same antigens.

9. Cytokines are important to the outcome of autoimmune diabetes, which
were indicated by a significant elevation of serum levels of IFN-y, IL-10
and IL-6 in the patients.

10.Significant increase in mean serum levels of total 1gs has been reported in
TIDM patients compared to controls.

11.Significant decrease in mean serum levels of C; and C, complement
componentsin TIDM patients.

12.GADA were present in 50% of diabetic children. Older children were
tested positive for GADA more than younger ones, especially females.

13.High proportion of GADA was found in the TIDM patients carrying
HLA-DR3/DR4 heterozygous.

14.A high proportion of anti-CVB5 IgG and anti-polio 1gG were found in
diabetic patients compared to controls, while anti-adeno 1gG were
detected in diabetic patients only.
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6-2 Recommendations

1. It is potentially valuable to predict TIDM in siblings by screening for
HLA risky allelesin correlation with autoantibodies such as GADA, ICA,
IAA, and also C- reactive protein because early treatment of TIDM with
tight glycemic control preserves beta-cell function, prevents the
development of diabetic ketoacidosis and provides an opportunity for
entrance into trails to prevent TIDM.

2. Further studies of the induction of Fas (CDgs) receptor on beta-cells and
ligation with (CDgsL) on the surface of CD," or CDg" cells as possible role
of autoimmune beta-cell death are recommended.

3. Measuring other mediators like nitrous oxide (NO) which may reflect the
disease severity.

4. Using molecular techniques (PCR) to identify the viral infection in
addition to serological methods which appear more likely to report an
association with TIDM.
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Appendix —1: Basicinformation sheet for children and adolescent patients

Name

Date of
birth

Sex

Diabetes
since

Associated
diseases

Celiac

Thyriod

Obesity

Others

Age of onset

Family
history

TIDM

Father

M other

Brother

Sister

Others

TIIDM

Feeding
history

Breast /
months

Cow milk

Mixed

Psychosocial
history

I nfectious
diseases

Vacciation

Occupation

| Social state |

Previous
hospital
admissions
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Appendix I1: HLA- antisera which are used in the present study.

HLA- A HLA-B HLA- | HLA- DR |HLA-
C DQ
Al B4 Cl DR1 DQ1
A2 B5 DR2 DQ2
C2
A3 B6 C3 DR3 DQ3
A9 B7 C4 DR4
Al10 B8 C5 DR5+8
All B12 C6 DR6+7+12
A23 B13 C7 DR7
A24 B14 DR7+9
A25 B15 DR7+12
A26 B16 DRS8
A28 B17 DR8+12
A29 B18 DR10
A30 B27 DR11
A3l B35+53 DR14
A32 B37 DRw52
A33 B38 DRw53
A34 B39+67
A2+28 B40
A25+32 B41
A28+33 B44
A28+32+31+10+29 B45
B49
B49+50
B51+52+53+5
B55
B62
B63
B65
B73
B73+27
B73+7
B60+12+21+70
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