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Abbreviations:
Abbreviations term

Meaning

Ad-2D6 Adenovirus-vector expressing humanCYP2D6
AlH Autoimmune hepatitis
AILD Autoimmune liver disease
ALT Alanine transaminase
AMA Antimitochondrial antibodies
ANA Antinuclear antibodies
APC Antigen presenting cells
ASC Autoimmune sclerosing cholangiti
ASMA Anti smooth muscle antibody
AST aspartate aminotransferase
Cl Confidence interval
CTLA-4 Cytotoxic T lymphocyte antigen-4 gene
CYP2D6 Cytochrome P450 2D6
DEPC Diethylpirocarbonate
DILI Drug induce liver injury
FTCD Formimino transferase cyclodeaminase
HBV Hepatitis B virus
HCV Hepatitis C virus
HLA Human leukocyte antigen
IAIHG International Autoimmune Hepatitis Group
IFN Interferon
INR International normalised ratio
LKM Liver-kidney-microsomal antibody
MHC Major histocompatibility complex
OR Odds ratio
p-ANCA Perinuclear anti-neutrophylic cytoplasm antibodies
PBC Primary biliary cirrhosis
PSC Primary sclerosing cholangitis
SD Standard deviation
SLA Anti-soluble liver antigen
SLE Systemic lupus erythematosis
SMA Smooth muscle antibodies
T1DM Type 1 diabetes mellitus
[ TNF | Tumor necrosis factor




Summary

Autoimmune hepatitis (AIH) is a chronic, immunologically
mediated inflammatory liver disorder of unknown etiology. AlIH is so
far thought to be an auto-immune disease. This disease has revealed
characteristics regarding predisposing factors and auto-antibodies
profile.

One of the genetic predisposing factors is thought to be HLA-DR3
and DR4 genes. In addition, there is an overlapping in auto-antibodies
production during the course of disease.

The present study aimed to investigate the frequencies of HLA-DR3,
DR4 and HLA-B27 genes and evolution of (Anti-nuclear antibody
(ANA), Soluble liver antigen (SLA), Anti mitochondria antibody
(AMA) and Liver cytosolic (LC1)) in a group of 60 Iraqi patients (19
males and 41 females) who have been already diagnosed with AIH in
the GIT Center of Al-Diwaniyah Teaching Hospital, Gastrointestinal
tract (GIT) center in Al-Hussain hospital / Karbala, and
Gasteroentestinal and Hepatology Teaching Hospital/Baghdad
compared to a group of apparently healthy (control group N= 50)
individuals (16 males and 34 females).

The Real-time PCR was used for the HLA-genes and ELISA was
also used to estimate the auto antibodies quantitatively in all subjects of
this study. The age of the patients were ranged from 7-69 years in AIH
group and from 10-67 years in healthy controls group. The median
value concentration of ANA (U/ml) were; 20.9 and 4.8 among AIH
patients and healthy group respectively, with significant difference (P<
0.001). An interesting receiver operating characteristic values (ROC)



(0.804) found for this auto-antibody as moderate diagnostic test in this
aspect.

The anti-Soluble liver antigen (SLA) auto-antibody occurred in
median concentration of 8.3U/ml and 5.2 U/ml among AlIH patients and
healthy group respectively. It was significantly differed in the two
groups when compared to each other; with high significant difference
(P = 0.005) in the differentiation of the AIH patients group from healthy
controls group with ROC (0.655).

For anti-Liver kidney microsomal auto-antibody, the median
concentration of 7.5 U/ml and 3.6 U/ml among AIH patients and
healthy group, respectively, statistically significant difference when
compared among the two studied groups, both classes had provided
ROC (0.644).

On the context of genotyping of HLA- genes, DR3, DR4, and B27
were found to be different in their frequencies significantly among AIH
patients that created high etiological fraction of 0.504, 0.583, and 0.129
respectively compared to healthy controls, with odd ratio (OR) 7.35 for
DR3, high OR 8.0 for DR4 and 2.23 for B27.

The frequencies of these genes in AIH patients are highly
significant, which are different between patient group, for DR3
compared to healthy group which 58.3% and 16% respectively, and
very high significantly differed between patient group for DR4
compared to healthy group which 66.7% and 20% respectively, while
no significant differed between patient group compared to healthy
group for B27 which 23.3% and 12% respectively.

Moreover, we have studied the validity topic of auto-antibodies
parameters represented by sensitivity, specificity and accuracy. The

clinical relevant of auto-antibodies parameters have also been estimated



using positive predictive values (PPV) and negative predictive values
(NPV). The highest validity parameters of Anti-nuclear antibody
(ANA), Soluble liver antigen (SLA) and Liver kidney microsomal
(LKM) autoantibody occurred at cut-off values of 9.20 U/ml, 7.85 U/ml
and 4.70 U/ml, respectively, where used to predict AIH, whereas, the
total serum bilirubin, direct serum bilirubin, SGPT, SGOT and Alkaline
phosohatase cut off were 1.15, 0.65, 35.5, 33.5 and 92.5(U/ml) for
detection of the diseases in this study.

Also this study showed significant difference of association between
HLA-DR3 and other autoantibodies (AMA and SLA) with p value
(0.006 and 0.001), respectively, while there are no significant
differences association between the HLA-DR3 and other
autoantibodies.

From the result of this study, it was concluded that the strong
evidence that HLA-DR3 and DR4 genes are common predisposing
factor and play a major role in the pathogenesis for AIH disease, and
the ANA, SLA, and LKM auto-antibodies profile AIH also are common

predisposing factor.
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1.1. Introduction

Autoimmune liver disease (AILD) consists of autoimmune
hepatitis (AIH), primary biliary cirrhosis (PBC) and primary sclerosing
cholangitis (PSC). It is characterised by the immune mediated injury to
the hepatocytes and bile ducts, hepatocyte injury is the predominant
features in autoimmune hepatitis and biliary injury (Wang, and Zheng,
2013).

Women are affected more frequently than men with a sex ratio of
around 4:1(van Gerven et al., 2014). In women a bimodal age pattern is
usually seen, one in the late teens and one around the menopause but it
should be stressed that disease can develop in all age groups and both
genders (Gronbaek et al., 2014).

Autoimmune hepatitis (AlIH) is a serious autoimmune liver disease
that is characterized by a progressive destruction of the liver
parenchyma and the development of chronic fibrosis (Czaja, 2015). An
estimated 100,000 to 200,000 persons are currently affected by AlH in
the USA (Czaja, 2006) and, according to the World Health
Organisation, AIH has an annual incidence of approximately 2 in
100,000 individuals and a prevalence 15 cases per 100,000 persons
worldwide (World Health Organization, 2016).

Thus, the prevalence and incidence of AlH is similar as for the two
other major autoimmune liver diseases, primary biliary cholangitis
(PBC) and primary sclerosing cholangitis (PSC). As in most
autoimmune diseases, AIH has a female predominance (sex ratio,
3.6:1). It occurs in children and adults of all ages and affects several
ethnic groups (Manns et al., 2010).



It is also associated with other autoimmune conditions such as
hypothyroidism, ulcerative colitis, type 1 diabetes mellitus, rheumatoid
arthritis, celiac disease or skin disorders such as vitiligo. Therefore,
obtaining a detailed history especially family history of autoimmune
conditions is important in the assessment of patients with potential AIH
diagnosis (Zachou et al., 2013).

Blood tests can show signs of hepatitis with raised alanine
transaminase (ALT, U/L) (usually less than 500 UJ/L), aspartate
transaminase (AST, U/L) and occasionally bilirubin (mmol/L). Typical
immunology profile in AIH patients are raised 1gG with positive
antinuclear antibody (ANA), anti-smooth muscle antibody ASMA (in
type 1 AlH) and anti- Liver-kidney-microsomal LKM (in type 2 AlH).
Patients with acute presentation of AIH should be monitored for
synthetic function such as international normalised ratio (INR) and
albumin.

Liver biopsy is recommended at the time of presentation to
establish the diagnosis as well as to guide the treatment, however in
patients presenting with acute hepatitis who has suspicious diagnosis of
AlH, the treatment should not be delayed (Manns et al., 2010).

As regards the immunogenetic background of AIH, HLA-DR3
(recently split into DR17 and DR18) and HLA-DR4 are associated with
type 1 AlH. In Japan, HLA-DRA4 is frequently found in AIH patients, as
has been shown in European or North American Caucasoid patients.
However, HLA-DR3-positive AlIH is quite rare, because the prevalence
of DR3 is extremely rare in the normal Japanese population. In a report
on North American patients, the clinical features of HLA-DR4—positive
AlH differed from those of HLA-DR4-negative patients. In addition,
the clinical features of AIH in elderly patients differed from those of



younger patients (Miyake et al., 2007). Recently, a lower frequency of
HLA-DR4 and a higher frequency of histologically acute hepatitis were
reported in adolescent and early adulthood AIH (Furumoto et al., 2015).

1.1.1. Aim and objectives

In Iraq, the autoimmune hepatitis is highly increasing compared
with the last two decades. Shedding light on the prevalence of certain
HLAs and the validation some auto-antibodies among Iraqi patients
with autoimmune hepatitis was the aim of this study.

Our objectives were:

1- The evaluation of the risk of having AIH by three selected
HLA; HLA-DR3,-DR4,-B27 using real time PCR.

2- The validation of some routinely —used, selected serological
markers (ANA, AMA, SLA, LC1, and LKM) among AIH
patient.

3- The diagnostic value and the strength of the linear correlation
between studied parameters.

4- Assessment of HLA genotype impact on autoimmune profile
of patients with AIH.



1.2. Literatures review

1.2.1. Autoimmune Diseases

Autoimmune diseases are a broad range of related diseases as a
clinical syndrome caused by the activation of T-cells, or B-cells, or
both, in the absence of a continuing infection or other discernible cause,
in which a person¢s immune system produces an inappropriate response
against its own cells, tissues, and/or organs, resulting in inflammation
and damage (World Health Organization, 2007). The development of
autoimmune diseases depends on a combination of genetic factors and
environmental factors. There are over 80 different autoimmune
diseases, and these ranges from common to very rare diseases. Most
autoimmune diseases are thought to be polygenic, involving more than
one gene. Autoimmune diseases appear to be either systemic (e.g. case
of systemic lupus erythematosis, SLE) or organ-specific as in the case
of type 1 diabetes mellitus (T1DM), (Hantoosh, 2015; Khlebos, 2013).
1.2.2. Autoimmune Hepatitis

Autoimmune liver disease (AILD) is an umbrella term for diseases
caused by immune mediated reaction to either hepatocytes or bile ducts.
Regulatory T cells (T-reg) play an important and essential role in the
maintenance of homeostasis and prevention of autoimmune responses.
Autoimmune hepatitis (AIH) is caused by an immune mediated injury
of the hepatocytes and characterized by presence of lobular and
interface  hepatitis on liver histology, presence of hyper
gammaglobulinaemia and high titer of antinuclear antibodies (ANA)
and other antibodies such as (ASMA, LKM, and SLA) in the serum
with elvated transferase level on liver biochemistry (Wang and Zheng,
2013).



Autoimmune hepatitis (AlIH) is an immune mediated, chronic
inflammatory disease of unknown aetiology, mainly affecting the
hepatocytes. It was first defined in 1950 by Waldenstrom when he
described a chronic hepatitis in young woman which eventually lead to
liver cirrhosis (Strassburg and Manns 2011). It is characterized by the
morphological changes of interface hepatitis on liver biopsy,
hypergammaglobulinaemia and the presence of high circulating ANA in
the serum. It is more common in women (around 75%) and can affect at
any age from young to elderly (Zachou et al., 2013; Aizawa and Hokari
2017).

Autoimmune hepatitis (AIH) was first described in 1951
(Waldenstrom, 1952) as a chronic hepatitis of young women with
hypergamma- globulinemia in the absence of cirrhosis, which responds
well to adrenocorticotrophic therapy (ACTH). In 1956 the association
with anti-nuclear antibodies (ANA) was discovered and the term
“‘lupoid hepatitis’> was created (Mackay et al., 1965). Autoimmune
hepatitis (AIH) is the third most common inflammatory chronic liver
disease in man preceded by HBV infection and HCV infection (Czaja,
2005a).

Autoimmune hepatitis (AIH) is a relatively uncommon disorder,
which can lead to a potentially fatal liver dysfunction. Although AIH
shows prominent predilection towards young women, it can affect
males and females in all ages. The median age of diagnosis is 39 year in
man and 49 years in women (Al-Chalabi et al., 2008). In the majority of
cases the disease follows an insidious, fluctuating course, and presents
with non-specific clinical symptoms such as malaise, anorexia, jaundice

and arthralgias. Especially in older patients, well established liver



cirrhosis is often present at the time of diagnosis. In smaller group of
cases the initial presentation is dominated by symptoms of acute or
fulminate hepatitis (Strassburg and Manns, 2006).

Autoimmune hepatitis is an inflammatory liver disease primarily
affecting women and is characterized by elevated transaminase levels,
the presence of specific auto antibodies, raised IgG, and interface
hepatitis on histology. Although the aetiopathogenesis of AIH is
unclear, several autoimmune pathways have been proposed which are
largely based on auto reactive CD4+ T lymphocytes recognizing a liver-
specific auto-antigen (Manns et al., 2010).

Autoimmune hepatitis may present acutely in approximately 40%
of cases and may resemble acute viral hepatitis (Manns et al., 2010). It
Is a non-resolving chronic liver disease that affects mainly women and
is characterized by hyper gammaglobulinaemia even in the absence of
cirrhosis, circulating autoantibodies, association with human leukocyte
antigens (HLA) DR3 or DR4, interface hepatitis on liver histology, and
a favorable response to immunosuppression. The disease, if untreated,
often leads to cirrhosis, liver failure and death (Zachou et al., 2013 and
Manns et al., 2015a).

Autoimmune hepatitis is a chronic, progressive, and sometimes
fluctuating necroinflammatory liver disorder of unknown origin
(Unnithan et al.,, 2004). It is characterized by immunologic and
autoimmune features, including the presence of circulating
autoantibodies and elevated serum globulin levels, a heterogenous
clinical picture, and a response to therapeutic immunosuppression. In
addition, there is a significant predisposition of the female sex and a
significant association with the presence of HLA DR3 and DR4 alleles
among affected patients (AL- Obeidy et al., 2008).



The main circulating autoantibodies, are anti-nuclear antibodies
(ANA), anti-smooth muscle antibodies (ASMA), anti-liver kidney
microsome antibodies (anti-LKM) and anti liver cytosol antibody (anti-
LC). (Manns, et al., 2010). The detection of non organ and liver related
auto antibodies remains the hallmark for the diagnosis of the disease in
the absence of viral, of chronic hepatitis or hepatic injury (AL-
Mammori et al., 2012).

Table (1-1): A summary of the phenotypic markers of autoimmune
liver disease (Andrew, 2014).

Parameter Autoimmune hepatitis PSA PBC

Age

All age group

>45 years

Usually >40

Gender

Female:Male Typel
4:1 Type 2. 9:1

Female:Male
9:1

Female:Male
3:7

ANA

1:40 titre in 70-80%
Disease specific

Disease
specific ANA
in 30-50%

Non-specific
ANA in 70-80%

Anti-LKM 1

3-4% (categorises as
type 2 AlH)

Not present

Not present

Panca

90%

Not present

26-94%

Interface hepatitis

Characteristic

Occasionally
present

Occasionally
present

Response to
immunosuppression

Yes

No

No

PSA: Primary sclerosing cholangitis, PBC: Primary biliary cirrhosis

Anti mitochondrial antibody characterize classical , type 1
Autoimmune hepatitis, ASMA are also frequently detected in type 1 as
well as p-ANCA in some cases , Although AMAs are specific and
sensitive diagnostic markers for primary biliary cirrhoses (PBC) also

can be detected in about 15% of AlIH patients in association with type 1,



and type 3 with specific liver proteins. Liver Kidney Microsome (LKM)
Is more specific, can be subdivided into two subtypes (2a, and 2b (if the
patients have HCV antibody)) (AL—Mammori et al., 2012) table (1-1).
1.2.3. Clinical presentations of AIH

Most patients present with nonspecific symptoms such as fatigue,
arthralgia and anorexia at the time of presentation. About 25% of
patients present asymptomatically (Liberal et al., 2014) and the
majorities of patients present late with symptoms of portal hypertension
and decompensate cirrhosis. Recent systematic review mentioned that
around 25 % of elderly patients (age 60 to 65) were more likely to
present asymptomatically (Chen et al., 2014).

Autoimmune hepatitis can also present during pregnancy or
postpartum period. Physical examination can either be normal, or show
hepatomegaly, splenomegaly or signs of chronic liver disease. In some
patients, AIH present as acute severe hepatitis and rarely, they progress
to fulminant form and require liver transplantation (Strassburg and
Manns, 2011).

1.2.4. Types of autoimmune hepatitis
There are two classical types of AIH and probably a type 111 AIH:
e Type | autoimmune hepatitis: is characterized by the presence
of smooth muscle antibody (SMA) and/or ANA in the serum.
Type | disease occurs at any age but very often has a bimodal
distribution. 78% of patients are women (female-to-male ratio,
3.6:1), and 41% have concurrent extra-hepatic immunologic
diseases, including autoimmune thyroiditis (12%), Graves
disease (6%), ulcerative colitis (6%) rheumatoid arthritis,

pernicious anaemia, systemic sclerosis, Coombs’ positive



haemolytic anaemia, idiopathic thrombo-cytopaenic purpura,
leukocytoclastic vasculitis, nephritis, erythema nodosum, and
fibrosing alveolitis (1% each). The occasional presence of
ulcerative colitis compels cholangiography to exclude PSC
(Muratori et al., 2009).

Forty percent of patients with severe type | disease has an acute
onset of symptoms, and the disease may present in a fulminant fashion.
Typically, patients with an acute presentation often have clinical signs
of cirrhosis with ascites, oesophageal varices, with thrombocytopaenia,
hypoalbuminemia, hypergammaglobulinaemia and histological changes
of cirrhosis that indicate chronic liver disease. This acute presentation
with changes reflecting chronic liver disease reflects a pre-existent
subclinical disease that is unmasked by disease progression or a
spontaneous exacerbation. 8% of patients have no features of chronicity
and are initially indistinguishable from an acute viral or toxic hepatitis
(Buchel, 2007).

e Type Il Autoimmune hepatitis: is characterized by the
presence of anti-LKM 1 in the serum and is far less
prevalent than type I. Type Il AIH afflicts mainly children
between 2 and 14 years old and only 20% of patients are
adults. Type Il has clinical, laboratory, genetic and
prognostic differences from type | (Muratori et al., 2009).

e Type Il autoimmune hepatitis: is characterized by the
presence of an anti-soluble liver antigen/ liver/pancreas
(anti-SLA/LP). Patients with type 111 AIH usually lack ANA
and anti-LKM1, but commonly have SMA (35%),



mitochondrial antibodies (22%), rheumatoid factor (22%)

and antibodies to liver-membrane antigen (26%).

Three types of anti-liver-kidney microsomal (anti-LKM)
antibodies have been described in inflammatory liver diseases. The anti-
LKM-1 antibody is a serologic marker of Type Il AIH. The target of the
anti-LKM-1 antibodies is the cytochrome 450 2D6 oxidase (CYP2D6),
which can be localized to hepatocytes and to proximal renal tubular
cells. Due to their similar staining patterns, anti-LKM antibodies can be
occasionally confused with anti-mitochondrial antibodies (AMA) on
indirect immunoflourescence stains. However, the anti-LKM-1 pattern
lacks reactivity to distal renal tubules and to stomach parietal cells.
Anti-LKM-3 antibodies are directed against the microsomal
glucuronosyl- transferase (UGT1A), and can be only seen in 10% of
Type 2 AlH patients (Vitozzi et al., 2004).

The ANA distribution pattern and antigens detected in AIH are
different from those seen in primary biliary cirrhosis (PBC), but can
overlap with drug induced, alcoholic, or HCV hepatitis. Although non-
specific, ANA represent an important diagnostic criterion of AlH,
which is also incorporated into the AIH scoring system. Neither the
ANA patterns nor the ANA titers however, have been shown to
correlate with disease progression, therapeutic response or need for
transplantation (Vitozzi et al., 2004).

Anti-soluble liver antigen (anti-SLA) antibodies can be detected in
10-50% of Type 1 AIH patients. Anti-SLA antibodies (table 1-2) are
directed against the UGA repressor serine t-RNA cytoplasmic antigen
(Vitozzi et al., 2004). While in adults anti-SLA is specific for Type 1
AlH, in children it could be associated with either Type 1 or Type 2



disease. High anti-SLA antibody titers are seen in severe AlH (Manns
and Vogel, 2006). Whether the elevated anti-SLA levels actively
contribute to hepatocyte death, or they are simply induced by the
release of more intracellular antigens, still needs to be determined. In
cases when serology for anti-SMA, ANA, and anti-LKM is negative,
anti-SLA can help to establish the diagnosis. Some consider positive
anti-SLA serology the hallmark of Type 3 AlIH, but this category is not
recognized by the official classification systems (Manns and Vogel
2006).

Table (1-2): Prevalence of commonly detected autoantibodies

in autoimmune hepatitis (Invernizzi et al., 2007).

Antibody Antigen AlH Overlap with other diseases

ANA Multiple nuclear AIH-1(70-80%) | Drug, alcohol, hepatitis

targets

Anti-SMA | Various cytoskeletal | AIH-1(80%) HCV, PBC

components

Anti-LKM | Cyp2D6 AIH-2(100%) | HCV

Anti-SLA | UGA repressor t-RNA | AlH-1, AlIH-2 HCV, autoimmune
associated protein in cholangitis
pediatric,(AIH3

?)

Anti-LC1 | Fomiminotansferase | AIH-2(30-50%),

cyclodeaminase AlH-1

Unknown AlH-1(65-95%) | PSC, HCV

Type | AlIH is associated with the HLA- DR3 or the HLA- DR4
serotypes in northern European and North American patients. The



HLA-DR3 haplotype is associated with early-onset, severe AIH, while
HLA-DR4 associates with milder disease that has a better response to
corticosteroid therapy (Krawitt, 2006). HLA-DR3 occurs more
frequently in type I AIH in South America, and is associated with poor
response to therapy (Czaja et al., 2002). Susceptibility in Japanese
patients is linked to HLA-DR4 (Czaja, 2005a).

On the other hand, type 1l AIH has been associated with the HLA-
DQ alleles in Canadian and French paediatric patients, while HLA-OR
seems to be protective in northern European caucasians (Krawitt, 2006).

Antibodies to liver cytosol type 1 antigen (anti-LC1) are found in
over 30% of Type 2 AIH patients. These antibodies directed against the
58 kD formimino transferase cyclodeaminase (FTCD) protein. Anti-
LC1 shows significant correlation with disease activity and could be

used as a marker of residual inflammation (Manns and VVogel, 2006).

1.2.5. Etiology of autoimmune hepatitis

The etiology of autoimmune hepatitis is unknown, though both
genetic and environmental factors are likely to be involved. An immune
response targeting liver auto antigens is thought to initiate and
perpetuate the liver damage. Several genetic factors interact to influence
susceptibility to AIH, clinical manifestations, response to treatment and
overall prognosis. The strongest genetic associations are found within
genes of the human leukocyte antigen (HLA) region (the human major
histocompatibility complex, MHC) which located on the short arm of
chromosome 6, which are involved in the presentation of antigenic
peptides to T cells, and are therefore implicated in the initiation of an
adaptive immune response (Liberal et al., 2011).



The aetio- pathogenesis of AlIH is poorly understood, but there is
some evidence to suggest that a numerical and functional impairment of
T-regulatory cells may be involved, in addition, a variety of genetic and
environmental factors are involved in the development of the disease,
including viruses (Saadi, and Hula, 2015).

According to several observations, attention has been focused on
the possibility that genetic background could play a crucial role in the
susceptibility to AIH. The importance of participation genetic factors in
the disease is currently based on the increased risk of autoimmune
disease in first- degree relatives of patients with AIH however few
reports denoted that 15% of siblings and 10% of offspring were
observed (Vergani and Mieli-Vergani, 2008), while increased frequency
of specific genetic markers as certain human leukocyte antigen (HLA)
has been reported in patients group other than in general population.
Therefore; several studies in different areas were undertaken to test the
possibility of association between this disease and one or several of the
HLA, as suggested by Czaja and associates (Czaja, 2013b). Positive
association with the Ag (HLA-A1) was reported in Caucasian patients,
while another study reported other Ags (AL-Obeidy et al., 2009a).

There are particularly strong associations within the HLA-DR
locus (Donaldson, 2004), with the HLA-DR3 and -DR4 molecules
conferring susceptibility to AIH-1 in Europe and North America. The
associations with HLA -DR3 and -DR4 are considered strong enough to
contribute to the diagnosis of AIH according to the revised diagnostic
scoring system designed by the International Autoimmune Hepatitis
Group (IAIHG) (Alvarez et al., 1999). HLA-DR7 and -DR3 confer
susceptibility to AIH type-2. Patients positive for HLA- DR3 have a

more aggressive form of the disease with worse overall prognosis (Ma



et al., 2006). The HLA-DR3 haplotype is associated with early-onset,
severe AIH, while HLA-DR4 associates with milder disease that has a
better response to corticosteroid therapy (Lim et al 2001; Krawitt
2006).

HLA-DQB1has also been linked to the development of AIH-2,
although this allele is in linkage disequilibrium with DRB1, both
associated with AIH-2 (Djilali-Saiah et al., 2004; de Boer et al., 2014).
On the other hand, type Il AIH has been associated with the HLA-
DQBI alleles in Canadian and French pediatric patients, while HLA-
DR2 seems to be protective in northern European Caucasians (Krawitt,
2006).

HLA-DR is associated with type Il AIH in Brazil and Germany.
German patients furthermore had higher frequencies of HLA-DR and
HLADQ (Bittencourt et al., 2003; Teufel et al., 2006).

As the case with most other autoimmune diseases, AIH shows a
female preponderance of 4: 1 in Caucasoid populations. There is some
evidence suggesting that hormonal differences, gender specific
responses, exposure to drugs and toxins contribute to the higher
prevalence in women. Environmental agents, infections and pregnancy
could also play a role in triggering disease. Despite the definite female
preponderance, there seems to be no difference in the clinical

expression of AIH between sexes (Czaja, 2007; McFarlane, 2008).
1.2.6. Gender effects

The female predisposition for autoimmune hepatitis and
autoimmune disease in general is unexplained (McFarlane and

Heneghan, 2004). HLA DR4-positive women with type 1 autoimmune



hepatitis has a greater variety of HLA DR4 alleles associated with their
disease than HLA DR4-positive men (Czaja and Donaldson, 2002).
Women may thereby have a greater facility to be sensitized to self
or foreign antigens than men. They may also be exposed to unique
antigens, and/or they may respond to common antigens against, which
men do not react. Triggering factors unique to the female state may
include drugs, toxins, infections, and environmental antigens.
Pregnancy is a unique state of women and protracted exposures to fetal
cells or antigens in the maternal circulation may stimulate autoreactivity
through microchimerism. Estrogen levels do modulate immune
reactivity, and they may be contributory to the autoimmune propensity
in women. High estrogen levels favor a type 2 cytokine response which
drives activated immunocytes towards antibody production and an anti-
inflammatory effect. Normal or low estrogen levels promote a type 1
cytokine response which drives the clonal expansion of tissue
infiltrating cytotoxic T cells and causes liver damage. The female
propensity for autoimmune hepatitis is apparent among children and

among pre- and post-menopausal adults (Béland et al., 2009).
1.2.7. Epidemiology of AIH

Autoimmune hepatitis occurs in all races and in all geographical
areas and considered relatively rare, as its prevalence ranges from 16 to
18 cases per 100,000 inhabitants in Europe (Delgado et al., 2013; van
Gerven et al., 2014; Ngu et al., 2010). For instance, prevalence rates of
42.9 cases per 100,000 and 24.5 cases per 100,000 inhabitants have
been reported in Alaska natives (Hurlburt et al., 2002), and New
Zealand (Ngu et al., 2010).



The reported prevalence of AIH ranges from 10 to 17 per 100 000
in Europe and appears to be similar to that of primary biliary cirrhosis
(Werner et al., 2008). AIH has been described in many ethnic groups
and seems to be a worldwide disease (Verma et al., 2007). Women are
affected 3-4 times more frequently than men. Although initially thought
to be particularly prevalent in young women, the disease appears to
affect all age groups and, in the UK, may actually be more common in
older than in younger patients (Al-Chalabi et al., 2006).

Autoimmune hepatitis is described as a disease of young women,
the patient group in which the disease was initially reported. A female
predilection has been confirmed in almost all studies with a female to
male ratio of around 3:1 across the world. The age of manifestation of
AlH varies greatly from as early as the first year of life up until the
eighties (Lohse and Mieli-Vergani, 2011).

The relationship between drug induce liver injury (DILI) and AIH
is complex and not fully understood (Weiler-Normann, and Schramm,
2011; Castiella et al., 2014).

1.2.8. Associated autoimmune conditions

Autoimmune hepatitis is associated with the presence of a wide
variety of other autoimmune or immune-mediated diseases. Actually,
concurrent autoimmune diseases are common in patients with AIH and
mirror the full range of known autoimmune diseases. Therefore, an
extended diagnostic screening for other autoimmune diseases,
especially autoimmune thyroiditis, seems reasonable in patients with
AlH, both at diagnosis and at regular intervals during follow-up (Teufel
et al., 2010). In addition to the patient being affected by immune-

mediated diseases, their occurrence is also more frequent in first-degree



relatives of AIH patients, and therefore a careful family history should
be undertaken (Panetta et al., 2012;Gronbaek et al., 2014).

Concomitant extrahepatic autoimmune disorders are found in
approximately 13% of the AIH cases. These are most prevalent in the
pediatric and in elderly patient groups (Strassburg and Manns, 2006).
The list of rheumatic conditions frequently observed in AIH includes
rheumatoid arthritis, Sjogren's syndrome, autoimmune pericarditis,
mononeuritis multiplex and systemic lupus erythematosus. Felty's
syndrome, defined by the classical triad of neutropenia, splenomegaly,
and rheumatoid arthritis can also is associated with AIH (Czaja, 2007).

Autoimmune hepatitis is detected in 10-20% of patients with the
Autoimmune-Endocrinopathy-Candidiasis-Ectodermal Dystrophy
(APECED) syndrome (Vogel et al., 2002).

1.2.9. Occurrence and ethnic variability

Autoimmune hepatitis has a global occurrence, and it has been
described in African Americans, native Alaskans, Arabs, Asians,
Europeans, Iranians, South Americans, and subcontinental Indians. Its
incidence among white northern Europeans is 1.9 cases per 100,000
persons per year, and its point prevalence is 16.9 cases per 100,000
persons per year (Boberg, 2002).

In the United States, autoimmune hepatitis affects 100,000 to
200,000 persons, and it accounts for 5.9% of the liver transplantations
in this country and 2.6% of the liver transplantations in Europe
(Strassburg, 2013). The frequency of autoimmune hepatitis among
patients with chronic liver disease in North America is between 11%
and 23%. Its prevalence among Alaskan natives is 43 per 100,000



population and higher than that reported elsewhere (Hurlburt et al.,
2002).

Race may affect disease severity as well as occurrence. Cirrhosis is
present at accession more commonly in black North American patients
with autoimmune hepatitis than in white North American patients (85%
versus 38%), and hepatic synthetic function is decreased more
frequently (Lim et al., 2001). Alaskan natives have a higher frequency
of acute icteric disease, asymptomatic illness, and advanced fibrosis at
presentation than non-native counterparts (Hurlburt et al., 2002).
Japanese patients typically have mild, late onset disease that can
respond to non-steroidal medication such as ursodeoxycholic acid
(Nakamura et al., 1998).

South American patients are younger than white North American
counterparts, and they have more severe laboratory abnormalities
(Czaja et al., 2002). African, Asian and Arab patients have early age
onset disease, and they have a higher frequency of laboratory findings,
greater occurrence of biliary changes on histological examination, and
poorer initial response to standard therapy than other ethnic groups
(Zolfino et al., 2002). These findings suggest that geographical location
and ancestry affect occurrence and behavior of the disease. Interwoven
into the natural history of the disease in each racial group and
geographical region are cultural and socioeconomic factors that remain
unsorted. Differences in the consequences of the liver disease must be
correlated with delays in diagnosis or difficulties in accessing medical

care that are region-specific (Czaja et al., 2005).
1.2.9. Pathogenic mechanisms

The etiology of AIH remains unknown and fundamental questions

regarding disease pathogenesis remain to be resolved. It is generally



believed that AIH occurs in a genetically susceptible host as the
consequence of an exaggerated immune reaction towards hepatic tissue.
Such a response can occur when effectors lymphocyte responses are
abundant and inappropriate leading to tissue damage, or, alternatively,
when there is a numerical and/or functional defect in regulatory T cells
(Treg) controlling such responses. This defect is more obvious at
disease presentation than during treatment induced remission, where a
partial recovery is observed (van Gerven et al., 2016).

Autoimmune hepatitis carries all features of an autoimmune
disease: genetic predisposition, association with other autoimmune
diseases, spontaneous disease fluctuations, autoantibodies, and auto-
reactive T-cells, inflammatory infiltrate, and a good response to
immuno- suppression. As in other autoimmune diseases, the etiology is
not understood, nor the factors that may trigger a flare, and those that
may lead to spontaneous remissions in some patients. The exact
aetiopathogenesis of AlIH is still unknown. It is a complex process that
interlinking environmental and genetic factors in a susceptible host. The
most common environmental trigger thought to cause AIH is viral
infection (Makol et al., 2011).

The most popular hypotheses evoke a constellation of interactive
factors that include a triggering agent, a genetic predisposition, and
various determinants of autoantigen display, immunocyte activation,
and effectors cell expansion (Czaja, 2001; Vergani et al., 2002).

Autoimmune Hepatitis is a disease of the liver that occurs when
the body's immune system attacks cells of the liver. Anomalous
presentation of human leukocyte antigen (HLA) class Il on the surface
of hepatocytes, possibly due to genetic predisposition or acute liver

infection, causes a cell-mediated immune response against the body's



own liver, resulting in autoimmune hepatitis. This abnormal immune
response results in inflammation of the liver, which can lead to further
complications including cirrhosis (Liberal et al., 2015).

Histological examination of the liver tissue of patients with AlIH
reveals a large number of mononuclear cells, macrophages, plasma cells
and lymphocytes infiltrating the portal tract and the adjacent
parenchyma. T lymphocytes expressing the alph/ B T cell receptor
predominate and the majority of these cells are positive for the CD4
helper/inducer phenotype and/or the CD8 cytotoxic/suppressor
phenotype. A substantial number of natural killer (NK) cells,
macrophages, and B cells can also be found (Bogdanos and Christen,
2008). Both T cells and B cells play an important role in the adaptive
immune response to both self and non-self-antigen (Hubscher and
dams, 2010).

Regulatory T cells (Treg) play an essential role in the homeostasis
and prevention of autoimmune conditions (Wang and Zheng, 2013). In
AlH, the number of Tregs is normal but their function is impaired
(Hubscher and dams, 2010).

Autoimmune hepatitis (AIH) is initiated by the presence of auto
antigen peptide onto antigen presenting cells (APC) which activates T
helper cells (ThO) due to interleukins (IL 2 and 4). Upon activation of
ThO, it can differentiate into Th1 and Th2 cellular pathway (figure 1-1).
Th1 produces IL2 and Interferon gamma (IFN-r) which subsequently
activates CD8 lymphocytes (Vergani et al., 2002).

Most patients present with nonspecific symptoms such as fatigue,
arthralgia and anorexia at the time of presentation. About 25% of
patient presents asymptomatically (Liberal et al., 2014).



1.2.9.1. Natural killer T (NKT)

NK T-cells are produced in the bone marrow rather than the thymus,
lack antigen-specific receptors, and produce interferon (IFN-y) and
tumor necrosis factor (TNF-a). They are inhibited by cells with normal
expression of the major histocompatibility complex (MHC) and by
inhibitory receptors activated by glycolipid. Conversely, they target cells
with aberrant MHC expression, defend against cells altered by viruses or
cancer, and seem to promote hepatic regeneration. The
immunoregulatory cytokines orchestrate immunocyte differentiation
through cross-regulatory actions and result in cellular and humoral

mechanisms of liver cell injury (Washington and Manns 2012).

Liver

L ]
N

\ cell -
A HlAclassIl (A t' ™~

\ A
Sl

X A ™~
peptide | — g
/ % \.\\
\ LS HLA class | . b
\ .

' f

Figure (1-1): Pathogenesis of Autoimmune hepatitis (Corrigan et al., 2014).



1.2.9.2. Immune mechanisms

The liver is regarded as a lymphoid organ with unique
immunological properties. Because of its location and function, the
liver is continuously exposed to a large antigenic load that includes
pathogens, toxins, tumor cells, dietary, and self-antigens. The liver
contains large numbers of phagocytic cells, antigen presenting cells
(APC) and lymphocytes and is a site for the abundant production of
cytokines, complement components and acute phase proteins. The
intrinsic lymphocyte population mainly resides in the portal tracts but is
also scattered throughout the parenchyma, consisting of both cells of
the innate (natural killer T cells, killer cells, and macrophages) and the
adaptive (T and B cells) arms of the immune system. The blood
entering the liver from the gut is rich in bacterial and dietary antigens
that intermingle with lymphocytes (Manns et al., 2015b).

Immunoregulatory mechanisms are required to determine whether
an antigen encounter will result in immunological unresponsiveness
(tolerance) or reactivity. Liver autoimmunity implies loss of self
tolerance. Programmed cell death - apoptosis - which is responsible for
the normal turnover of hepatocytes and the elimination of liver cells and
unwanted lymphocytes in inflammatory pathologies is also relevant to
the breakdown and/or maintenance of liver tolerance. First, death by
apoptosis allows for non-inflammatory elimination of cell components
in contrast to necrosis, which is pro-inflammatory and potentially
autoantigenic. Second, apoptosis is the mechanism whereby the
immune system is “cleansed” of autoreactive T and B lymphocytes as
illustrated by the process of “activation induced cell death”.

Various mechanisms have been proposed to account for the onset

of an autoimmune liver response with no single initiating event being



able to explain all instances of autoimmunity. Two general conditions,
however, should prevail: self reactive B and T lymphocytes must exist
in the immunological repertoire and autoantigens must be presented in
conjunction with MHC class 1l molecules by APC (Yeoman et al.,
2009).
1.2.9.3. Cellular autoimmunity

The histological picture of interface hepatitis with its striking
infiltrate of lymphocytes, plasma cells, and macrophages was the first to
suggest an autoaggressive cellular immune attack in the pathogenesis of
AIH. Whatever is the initial trigger, this massive recruitment of
activated inflammatory cells is likely to cause damage.
Immunohistochemical studies have identified a predominance of T
lymphocytes mounting the o/ T cell receptor. Amongst the T cells, a
majority are positive for the CD4 helper/ inducer phenotype, and a
sizeable minority for the CD8 cytotoxic phenotype. Lymphocytes of
non-T cell lineage are fewer and include (in decreasing order of
frequency) natural killer cells (CD16/CD56 positive), macrophages, B
cells, and plasma cells. The involvement of natural Kkiller T cells is the
focus of ongoing studies. There are different possible pathways that an
immune attack can follow to inflict damage on hepatocytes (Diego et
al., 2008).
1.2.10. HLA Associations

AlIH is a “complex trait” disease, i.e. a condition not inherited in a
Mendelian autosomal dominant, autosomal recessive, or sex-linked
fashion. The mode of inheritance of a complex trait disorder is
unknown and involves one or more genes, operating alone or in concert,

to increase or reduce the risk of the trait, and interacting with



environmental factors. Susceptibility to AIH is imparted by genes
within the major histocompatibility complex (MHC) - the human
leukocyte antigen (HLA) region - on the short arm of chromosome 6,
(figure 1-2), especially genes encoding HLA DRBL1 alleles. Since the
role of class Il MHC molecules is to present peptide antigens to CD4 T
cells, HLA class Il antigen presentation with ensuing T cell activation is
likely to be involved in the pathogenesis of AIH (Vergani and Mieli-
Vergani, 2008).
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Figure (1-2): a simplified map of the HLA region on human chromosome
6. Showing the major gene of classl, 11, and 11l (adapted from Jonna et al.,
2011).

Genetic factors affect the occurrence, clinical expression and
treatment outcome of type 1 autoimmune hepatitis. HLA DR3 is the
main susceptibility factor in white northern European and North

American patients, and HLA DR4 is a secondary but independent risk
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factor. Eighty-five percent of white patients from these regions have
HLA DR3, DR4 or DR3-DR4. Different geographical regions and
ethnic groups have different susceptibility factors. HLA DR3 occurs
rarely in the Japanese population, and HLA DR4 is the principal risk
factor for autoimmune hepatitis in this ethnic group. HLA DR4 is also
the principal susceptibility factor for autoimmune hepatitis in mainland
China (Qiu and Ma 2003).

1.2.11. Genetic of AIH

Genetic autoimmune promoters inside and outside the MHC may
also affect the occurrence of autoimmune hepatitis either in synergy
with the principal susceptibility alleles (epistasis) or in lieu of them
(Czaja and Donaldson, 2002).

Polymorphisms of the tumor necrosis factor-a gene (TNFA- a),
and the cytotoxic T lymphocyte antigen-4 gene (CTLA-4) have been
associated with increased immune reactivity and disease severity in
type 1 autoimmune hepatitis in white North American and northern
European patients (Djilali-Saiah et al., 2004). These promoters are host-
related and not disease-specific. Constellations of them in varying
combinations may affect the occurrence, clinical phenotype, and
outcome of autoimmune hepatitis. Their occurrence and impact may
also vary by geographical region and ethnic group (Bittencourt et al.,
2003).

Other genetic promoters that have been implicated in the
pathogenesis of autoimmune hepatitis include polymorphisms of the
vitamin D receptor (VDR) gene, point mutation of the tyrosine
phosphatase CD45 gene (Vogel et al., 2002). Polymorphisms of the
Fas gene (tumor necrosis factor receptor super family-6 or TNFRSF6)
and polymorphisms of the MHC class | chain gene. Cytokine



imbalances perhaps related to genetic polymorphisms that control
cytokine production and receptor function are undoubtedly important in
affecting the cascade of immune-mediated interactions resulting in
hepatocyte injury. Transforming growth factor-f (TGF-f) has been
implicated as an important protective mechanism against autoimmune
hepatitis by suppressing infiltration of the liver with autoreactive T cells
(Schramm et al., 2003).

1.2.12. The role of autoantibodies in AIH

Antinuclear antibody (ANA), SMA, and anti-LKM1 constitute the
standard repertoire of autoantibodies that are assessed in autoimmune
hepatitis. Antibodies to soluble liver antigen/liver pancreas (anti-
SLAJ/LP), perinuclear anti- neutrophil cytoplasm antibodies (pPANCA),
endomysium, and tissue transglutaminase are ancillary markers that are
useful in evaluating patients who are seronegative for the standard
battery (Czaja and Norman, 2003).

Other autoantibodies that have been described in autoimmune
hepatitis, which are either not generally available, investigational in
nature, or of limited clinical value are antibodies to Asialoglycoprotein
receptor (anti-ASGPR), actin, chromatin, liver cytosol type 1, double-
stranded DNA, histones, Saccharomyces cerevisiae, and lactoferrin
(Czaja et al., 2005), table (1-3).

Antibodies to SLA/LP are present in 26% of patients with
autoimmune hepatitis who are otherwise seronegative, and they are
useful in reclassifying cryptogenic chronic hepatitis