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Abstract

The pathogenesis of autoimmune hepatitis (AIH) is
complex. However, it is believed that a susceptible
individual, owing to his genetic background, sex and
age, can develop the disease following exposure to
an environmental trigger. Autoimmune hepatitis does
not follow a Mendelian pattern of inheritance; hence
no single causative genetic locus has been identified.
However, several genes, inside and outside the HLA
locus, have been linked to an increased susceptibil-
ity to AIH. Epidemiological evidence also suggests
that the sex and age of the patient plays a role in AIH
pathogenesis as the disease onset occurs mainly in
the two first decades of life and a higher disease inci-
dence is observed in females. No environmental trigger
has been identified, but several have been proposed,
mainly viruses and xenobiotics. This article aims at
reviewing the current knowledge on susceptibility fac-
tors leading to AIH and putative triggers, emphasizing
fundamental mechanisms responsible for the break of
liver immunological tolerance.
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INTRODUCTION

Autoimmune hepatitis (AIH) was described more than
50 years ago by Jan Gésta Waldenstrém and Henry
George Kunkel" and patients were referred to as
“Kunkel-Waldenstrém girls”. In 1959, following the
observation by Ian Mackay of lupus erythematosus
(LE) cells in AIH patients, the disease was referred to
as “lupoid hepatitis” as it was believed to be a form of
lupus erythematosus'. As knowledge of symptoms,
natural course of disease, pathogenesis and treatment
progressed, the name “chronic active hepatitis” was
chosen and finally “autoimmune hepatitis” was adopted
at the first meeting of the International Autoimmune
Hepatitis Group.

It is now believed that this autoimmune disease
results from the progressive destruction of the hepatic
parenchyma through a loss of immune tolerance towards
hepatocytes. While the origin of the immune system
dysregulation is still unknown, recent fundamental and
clinical research have shed some light on predisposing
factors and immune mechanisms involved. The current
hypothesis for AIH pathogenesis is that this immune
dysregulation is a consequence of an environmental
triggering event in a genetically predisposed individual of
a particular sex and age (Figure 1).

AUTOIMMUNE HEPATITIS: AN
OVERVIEW

Autoimmune hepatitis is a disease with a chronic, but
fluctuating course. Although primarily a female pediatric
disease, autoimmune hepatitis is not limited to patients
of a particular sex, age or ethnic group. Epidemiologic
studies estimate the prevalence of AIH to be between
50 to 200 cases per million in Caucasian populations of
Europe and North-America™. Tt is characterized by
hypergammaglobulinemia, circulating autoantibodies,
low levels of complement factor 4a (C4A) and a high
prevalence of a HLA B8, DR3 and DR4 haplotypem.
AIH clinical presentation can vary, from an acute to
chronic hepatitis. Nonspecific symptoms include fatigue,
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Figure 1 Pathogenesis of autoimmune
hepatitis (molecular mimicry hypothesis).
AlH can occur in an individual of a particular
sex and age with a genetic background of
susceptibility. To develop AlH, this individual
must encounter an environmental trigger such
as an infection or exposure to a xenobiotic.
This will induce an immune response and
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anorexia and weight loss. Most AIH patients respond
well to immunosuppressive treatments. The diagnosis of
AIH is made according to a scoring system established
by the International Autoimmune Hepatitis Group!™”
which encompasses several clinical parameters and
predisposing factors.

Liver histology in autoimmune hepatitis patients is
usually characterized by portal and periportal inflamma-
tion (interface hepatitis) and lobular hepatitis. Approxi-
mately 50% of biopsies show some degree of bridging
necrosis’. Infiltrates are mainly composed of a mono-
nuclear cells with an abundance of plasma cells. Ten to
twenty percents of liver biopsies also show multinucle-
ated giant hepatocytes''. At diagnosis, portal fibrosis can
be present ranging from an enlargement of the portal
tract to cirrhosis.

Autoimmune hepatitis has been classified into two
types according to circulating autoantibodies present in
patients’ sera. Type 1 AIH is characterized by the pres-
ence of anti-nuclear antibodies (ANA) and/or anti-
smooth muscle antibodies (SMA) and/or anti-soluble
liver antigen (SLA) o1, Type 2 AIH patients are defined by
the presence of circulating anti-liver-kidney microsome
antibodies (LKMT1) and/or ant-liver cytosol 1 antibod-
ies (LCD™. Anti-LKM1 antibodies recognize the cyto-
chrome P4502D6 (CYP2D6)"" and anti-L.C1 antibodies

to treatment' . In addition, associated extrahepatic auto-
immune diseases are different in type 1 and 2 AIH. For
example, type 1 AIH is more frequently associated with
inflammatory bowel diseases and sclerosing cholangitis,
diseases that are never observed in type 2 ATH*'"”.

GENETIC SUSCEPTIBILITY

Autoimmune hepatitis does not follow a Mendelian
pattern of inheritance and no single genetic locus has
been identified as responsible for the disease. It is
generally believed that one or more genes, acting alone
ot in concert, reduce or increase susceptibility to AIH.

The strongest association between genes and
autoimmune hepatitis has been found at the human
leukocyte antigen (HLA) locus on chromosome 6.
Susceptibility alleles have been identified in several
populations (Table 2). In North America and Europe,
HLA-A1-B8, HLA-DRB1*0301 and HLA-DRB1*0401
(DR3 & DR4) have been associated with a susceptibility
to ATH"™"”, Through a linkage disequilibrium study
in families of AIH patients, HLA-DRB1*03 (DR3)
and DRB1*1301 (DR13) as well as HLA-DQB1*0201
were found to be preferentially transmitted to patients
compared to unaffected siblings in type 1 and type 2
ATH, respectivelym. Another genetic study proposed
that HLA-DR13 could be a risk factor in the absence of
HLA-DR3 or HLA-DR4"". However, the size of the
population studied did not allow reaching statistically
significant conclusions. Hence this association needs
confirmation.

Other HLA alleles have also been described as risk
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Genes Population Type of AIH Linkage disequilibrium  References

MHC genes
HLA-A1-B8 North-America, Europe 1 Yes (14,351
HLA-DRB1*0301 North-America, UK, Spain, Argentina 1and 2 Yes B
HLA-DRB1*0401 North-America, Europe ND (PR
HLA-DRB1*0404 Mexico 1 ND el
HLA-DRB1*0405 Argentina, Japan 1 = (£
HLA-DRB1*1301 North-America, Europe, Brazil, Argentina 1 Yes o2y
HLA-DRB1-07 Germany, Brazil, UK 2 Yes =)
HLA-DRB3*01 Brazil 2l
HLA-DQB1*0201 North-America, Europe 2 Yes (el
HLA-DQB1*0603 North-America, Europe 2 Yes 1

Non-MHC genes
IgA Europe 1 =)
C4A Europe, North-America 1and 2 Yes o.31)
CTLA4 North-America, Europe 1 Yes 185,36]
Fas Japan, North-America 1 ND B
Vitamin D receptor ~ Germany 1and 2 ND B
TNFa*2 North-America, UK 1 Yes B

ND: Non-determined.

factors for autoimmune hepatitis in other populations
(Table 2). Among Mestizo Mexicans, HLA-DRB1*0404
is predominant in adult ATH patients''”. In Japan and
Argentina, HLA-DRB1*0405 has been associated
with AIH""*" while in Brazil, HLA-DRB1*1301 and
DRB3*01 are associated with the disease!"”*"*. In
type 2 autoimmune hepatitis, HLA-DRB1*07 has
been associated in German, Brazilian and British
populations while HLA-DRB1*03 was found as a risk
factor in Spanish patientsmfzs]. These differences in
susceptibility alleles among various ethnic groups could
be explained by the shared motif hypothesis which
proposes that multiple alleles can encode for similar
motifs within HLA class II. In 94% of type 1 AIH
patients, susceptibility alleles encode the LLEQKR or
LLEQRR motifs at position 67-72 of class I HLA"*,
In contrast, HLA-DB1*1501, which is associated with
a reduced risk to develop type 1 AIH, encodes for the
ILEQAR motif!™*. Substitution of a lysine or arginine
to alanine at position 71, which changes both polarity
and charge, possibly modifying peptide binding and
orientation in the MHC, could influence autoantigen
presentation to T cell receptors (TCR).

HILA alleles have also been found to influence the
autoantigenic humoral response. In a recent study,
HLA-DQB1*0201 was described as the main allele
in association with susceptibility to type 2 ATH",
DQ?2 is in linkage disequilibrium with DR3 or DR7,
both associated with type 2 AIH. Interestingly, HLA-
DRB1*03 was found associated with type 2 AIH patients
which show both LKM1 and LC1 antibodies in their
sera, while HLA-DRB1*07 was predominant amongst
type 2 AIH }{atients, whose sole serological marker was
anti-LKM1”". In addition, children carrying the HLA-
DRB1*07 allele developed a more restricted repertoire
of anti-LKM1 epitopes compared to those carrying the
HLA-DRB1*03 allele””.

Other genes located at the HLA locus ate linked with
AIH susceptibility, such as the IgA and complement

factor 4A genes"”. IgA deficiency is common in ATH
patients. This deficiency is genetically linked to the
MHC locus, especially with HLA susceptibility alleles
such as HLA-DR1 and HLA-DR7%*. Also, low levels
of C4a are found in 69% of children with ATH"".
Complement factor 4a (C4a) has also been linked with
AIH pathogenesis since deletions in the C4A gene were
found in patients who develop ATH at a younger age"".

Genes outside the HLLA locus have also been linked
with AIH using single nucleotide polymorphism (SNP)
screening techniques. These genes encode proteins
which influence either the innate or adaptive immune
system. As in Graves’ disease””, multiple sclerosis®™
and coeliac disease™, cytotoxic T-lymphocytes antigen
4 (CTLA-4) gene polymorphisms have been found in
adult and children with type 1 ATH™. A linkage dis-
equilibrium was also found in affected children com-
pared to non-affected sib]jngsmj. A FAS gene promoter
polymorphism (position -670) was found to influence
susceptibility to ATH®" and its progtession, leading to
a more ag ressive disease with an eatly development of
cirrhosis™. Recently, polymorphisms in the vitamin D
receptor was shown to contribute to development of
autoimmune liver diseases” . This receptor was found to
have immunomodulatory functions such as macrophage
and monocyte activation, inhibition of Thl functions
and prevention of dendritic cells differentiation*"*.
Therefore, polymorphisms in the vitamin D receptor
could influence the immune response towards autoan-
tigens. Polymorphisms in the tumor necrosis factor-o
(INF-a) gene (TNFA*2) confers a susceptibility to AIH
and influences the natural course of the disease. A G to
A substitution at position -308 is believed to influence
gene transcription and result in higher induced or con-
stitutive levels of circulating TNF-o/**. AIH patients
who possess this polymorphism are prone to early dis-
ease development, are less likely to enter into remission
and more prone to develop liver cirrhosis'™.

Mutations in the autoimmune regulator gene (AIRE)
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responsible for the development of Autoimmune
Polyendocrinopathy-Candidiasis-Ectodermal Dystrophy
(APECED) in patients can also lead to AIH in 10% to
20% of cases™. The AIRE gene encodes for a transcrip-
tion factor involved in the thymic negative selection of
lymphocytes. Thus, mutations that impair this function
could cause multiple autoimmune manifestations. How-
ever, studies on known AIRE mutations in patients with
autoimmune liver diseases showed that the AIRE gene
does not play a major role in their pathogenesism’%].

Genetic background influence on the development
of an AIH has also been observed in an animal model
of type 2 ATH"". Xenoimmunisation with plasmid DNA
coding for type 2 human autoantigens was performed in
three mouse strains which differ in their MHC and/or
non-MHC genes[48]. C57BL/6 mice developed a severe
AIH while 129/Sv mice, who share the same MHC al-
leles as with C57BL/6, but on a different non-MHC ge-
netic background, had a mild ATH. In contrast, BALB/c
mice, which differ in both MHC and non-MHC genetic
background, did not develop AIH. These results high-
light the importance of both MHC and non-MHC genes
in the initiation and progression of an autoimmune re-
sponse towards the liver after an environmental trigger-
ing event, xenoimmunisation in this case, occurs'™”.

INFLUENCE OF SEX AND AGE ON
AUTOIMMUNITY

Most autoimmune diseases show a striking sex
difference in their incidence, women being affected more
frequently than men'*”. Differences in incidence between
women and men range from 20:1 in Sjogren’s syndrome
to 3:2 in multiple sclerosis™. Less frequently, the female
to male ratio approaches 1:1, as in ulcerative colitis and
diabetes”.

In AIH, the female to male ratio ranges from 3:1,
in type 1, to 9:1, in type 2 ATH"". Sex differences in
the immune response are also observed in other liver
diseases. For example, men are more likely to become
chronic carriers of hepatitis B than women"". In
addition, several studies have investigated the effect
of donor:recipient sex matching in the outcome of
orthotopic liver transplantation (OLT) and have found
that male to female grafts have the most, and female to
male the least favourable, outcome, both in terms of
patient and graft survival®'.

This gender discrepancy could be the result of
existing differences in basic immune responses between
females and males. In fact, higher levels of antibodies
and stronger T' cell activation are observed in women
after vaccination””. Women have higher absolute
numbers of CD4" T-cells and produce higher levels
of Th1 cytokines than men"”. Interestingly, in vitro
oestrogen increases Thl cytokine production by T
lymphocytes, while a decrease is observed in presence of
androgen”.

Age also influences the incidence of several
autoimmune diseases suggesting the role of hormones
in the pathogenesis of these diseases. AIH is primarily

a pediatric disease; 40% of type 1 and 80% of tYPC
2 AIH cases are diagnosed before the age of 1811,
A second peak of incidence of AIH has also been
reported in women after menopauselssj. The hormonal
status of patients could be related to these prepubertal
and post-menopausal peaks of incidence. In fact, sexual
hormones are known to directly modulate immune
responses and, by doing so, alter the development of
autoimmune diseases. 17f-estradiol has been shown
to suppress 1L-2 secretion by T cells and inhibit 1L-2
receptor expression in activated peripheral blood T
cells™. Tn vivo, 17B-estradiol (E2) protects C57BL/6
mice from experimental autoimmune encephalomyelitis
(EAE)"". However, 17B-estradiol was also shown to
enhance susceptibility to experimental myasthenia
gravislsgj, experimental autoimmune uveoretinitis™” and
lupus'®. Therefore, the effects mediated by estradiol on
autoimmunity are diverse and not fully understood. Male
sex hormones also affect immune responses. Testoste-
rone can directly affect CD4" T cells »ia androgen re-
ceptors and induce increased secretion of 1L-10, an anti-
inflammatory cytokinem. Testosterone was also found
to protect female SJI. mice from developing EAE”,

Hormonal status of AIH patients during pregnancy
can also impact the disease course, with both impro-
vement and exacerbations reported[(ﬁ’w. Patients who
experience a remission of their disease during pregnancy
generally have a disease flare-up after deliver§f[64J. In
some cases, AIH is diagnosed in the first few months of
pregnancy or post—partum[ﬁs].

Currently, no pathological mechanism and/or
direct hormonal effect can explain these observations.
Although epidemiological studies show the impact of
sex and age on AIH, more research will be needed to
understand the interaction of sex, age and autoimmunity.

ENVIRONMENTAL FACTORS

Environmental factors are thought to be the trigger-
ering event for the development of an AIH in geneti-
cally predisposed individuals of a particular sex and age.
These environmental factors could be drugs, chemicals
or viruses. They are believed to initiate the autoimmune
response through several means: (1) non-specific activa-
tion of resting T cells; (2) modification or release of se-
questered proteins; (3) cross-reactivity between virus and
self-protein (molecular mimicry); and (4) modulation of
gene expression.

Non-specific activation of resting T cells
Non-specific activation of resting T cells has been
reported after various virus infections, e.g. Epstein-
Barr virus (EBV). It could be speculated that resting
autoimmune T cells become activated and proliferate
leading to an AIH development. EBV infection
preceding the onset of AIH has been reported in some
patients[(’("w]. While this mechanism could be involved in
AIH development, more evidence is needed to confirm
its role in AIH pathogenesis.

Xenobiotics could also be a non-specific activator
of lymphocytes, as observed in a murine model of
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immune-mediated hepatic injury induced by injections
of Concanavalin A (ConA)[m. Concanavalin A is a
leptin that stimulates the release of various cytokines by
lymphocytes, mainly INF-y and TNF-a". It can also
directly stimulate T cells by binding the of MHC and
induction of their proliferation[m. This massive non-
specific T cell activation results in hepatitis through a
bystander effect mediated by INF-y and TNF-¢""".
Although this murine model does not rely on an
autoimmune reaction against the liver per se, it has
allowed a better understanding of how xenobiotics could
lead to a T cell dependent autoimmune disease.

Modification or release of sequestered protein

An ever growing list of drugs and chemicals has been
linked with AIH development in humans. Among
these, minocycline, a drug used to treat acne, has been
frequently associated with liver autoimmunity'” ",
Interestingly, when minocycline treatment is stopped,
the AIH-like syndrome disappears. Herbal agents such
as black cohosh!™ a herbal medicine used to treat
menopausal symptoms, and dai-saiko-to'"”! a herbal
medicine used in Japan, have also been proposed as
causative agents for AIH. Recently, a case report of 3
adults and meta-analysis of previous case reports has
associated atorvastatin and simvastatin with ATH". This
report is significant since statins are amongst the most
widely prescribed drugs. However, these patients were
also genetically predisposed for AIH, being HLLA-DR3,
DR4 or DR7"™. No mechanisms have been proposed
to explain the autoimmune effects of these drugs and
chemicals. Explanations may lie in the hepatotoxic effect
of these chemicals, which could release autoantigens, up-
regulate proteins expression (P450s, immunoregulatory
proteins) or act as a hapten by modifying the hepatic
protein, making them immunogenic.

In experimental models, potential mechanisms for
xenobiotics resulting in an immune-mediated liver dis-
ease have been described. A model of primary biliary
cirrhosis (PBC) in guinea pigs was developed by the
injection of 6-bromohexoanate to mimic the lipoate
moiety of PDC-E2, the main epitope recognized by
anti-mitochondrial antibodies from sera of patients
with PBC™. In this model, the disease becomes evident
18 mo after being exposed to 6-bromohexoanate. This
may suggest that exposition to a xenobiotic and induc-
tion of a clinically apparent disease could be a long-term
process, and should be taken into consideration in future
cause-effect studies on xenobiotic exposition and AIH
development.

Another mechanism which could explain the devel-
opment of an AIH is that a hepatotropic viral infection
could result in a release of sequestered autoantigens
from hepatocytes within a pro-inflammatory environ-
ment. This would lead to an autoimmune reactivity
towards hepatic antigens. Also, since hepatocytes can
express the MHC class II molecule during the course
of a clinical hepatitis[g')l, a function normally reserved to
antigen presenting cells (APC), they acquire the ability to
specifically activate CD4" T' cells and induce an immune

response[sm. This hypothetic mechanism implies that
hepatotropic viruses may trigger an autoimmune reactiv-
ity in a non-specific manner by giving activated immune
cells access to autoantigens in a pro-inflammatory envi-
ronment.

However, the liver is involved in the development

B and

of immunological tolerance towards oral antigens
thus, has a tolerogenic immune environment resulting in
poor immune cell activation and response. Experimental
evidence shows that CD4" T cells activated by hepato-
cytes are more likely to become CD4 " Th2 cells and im-
pair the CDS8" T cell response[sz]. Some studies suggest
that efficient immune responses are difficult to elaborate
in the liver compared to lymph nodes™. Furthermore,
work from Bowen ¢z al*" showed that specific T cells di-
rected against a liver antigen are not propetly activated if
this antigen is uniquely expressed in the liver. A break of
tolerance towards liver antigens could only be observed
when the liver antigen was also expressed in the petiph-
ery ™ In light of these results, both hepatotropic
and non-hepatotropic viruses should be considered as
potential triggering events leading to the development
of an AIH, through release of autoantigens in a pro-in-
flammatory environment and/or by molecular mimicry
between viruses and autoantigens.

Molecular mimicry

In many autoimmune disorders, molecular mimicry
between a virus and a self-protein has been hypothesized
to be the key event leading to the disease. Molecular
mimicry occurs when a virus protein sequence, structure
or motif is shared with a self-protein. The immune
system will mount a response against the virus but, in
the process, will cross-react with a homologous self-
protein. This immune cross-reactivity could evolve,
under certain circumstances, into an autoimmune
disease. This hypothesis has been proposed in several
autoimmune disorders such as multiple sclerosis where
homologies between several infectious agents and the
myelin basic protein were found™”.

In two animal models, molecular mimicry was
proven to be a possible triggering mechanism for AIH.
In the TTR-nucleoprotein (NP) transgenic mouse,
which expresses the lymphocytic choriomeningitis
virus (LCMV) NP under the control of a liver-specific
promoter, DNA vaccination with a plasmid coding
for the LCMV-NP led to a liver-specific immune
response and a progressive destruction of the hepatic
parenchyma[ssl. In this case, a molecular identity
between the self-protein and the injected antigen
was the triggering factor for AIH development. In a
model of type 2 AIH, DNA-vaccination of wild-type
C57BL/6 mice with a plasmid coding for human type 2
autoantigens, CYP2D6 and FTCD, led to a break of
immune tolerance towards the murine homologues
of these proteins (the CYP2D9 and murine FTCD).
While the initial immune response was directed against
the foreign human proteins (CYP2D6 and FTCD), a
molecular mimicry with murine homologous proteins led
to the development of an autoimmune response against
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level

the antigens. These mice developed anti-LKM1 and anti-
LC1 autoantibodies and an AIH which shows striking
similarities with human type 2 ATH"". This murine
model of type 2 AIH proved that exposure to a foreign
protein can break immunological tolerance against a
hepatic self-protein and this, without prior liver damage.
The fact that a hepatitis is not necessary to break the
immunological tolerance towards liver antigens argues in
favor of non-hepatotropic virus(es) being able to trigger
AIH in humans.

In patients, links between specific viruses and an
autoimmune disease are difficult to establish in part due
to the hit-and-run effect. The triggering viral infection
could have been cleared months or even years before
clinical signs of an autoimmune disorder become
apparent. The identification of a virus as a causative
agent for AIH must therefore rely on epidemiological
studies to establish links between a specific infection
and the autoimmune disease. A major obstacle in the
elaboration of these studies is the necessity of very
large cohorts of patients. Since AIH is a disease of very
low prevalence, these studies are very difficult, if not
impossible, to perform. Therefore, current candidate
viruses as putative causative agent for AIH result from
published case reports and homologies between liver
autoantigens and virus proteins (Table 3).

The hepatitis C virus (HCV) is probably the most
studied infection present in AIH patients. Five to 10%
of HCV infected patients show autoimmune features
that are generally associated with AIH such as anti-
LKMT1, anti-L.C1 and/or anti-SLA autoantibodies™ *”.
Purified anti-LKM1 antibodies from HCV-infected
patients cross-reacted with the NS3 and NS5a purified
proteins suggesting that CYP2D6 and those viral
proteins shared similar structures”. A molecular
mimicry at the B-cell level between a structural motif
of CYP2D6 and HCV proteins could explain the
production of anti-LKM1 antibodies in HCV-infected
patients”™”". Another link between P450 and HCV was
found at the T cell level by Kammer ¢ a/’”? who reported
T cell cross-reactivity between P450 and the HCV core
protein. Although HCV infection in some patients elicits
autoimmune hepatitis-like immune responses through
molecular mimicry mechanisms, HCV infection is not
the triggering event in AIH patients. In fact, a study

showed that very few patients with AIH had specific
antibodies against HCV suggesting that most of them
had never encountered this virus””.

Other hepatitis-causing viruses such as hepatitis
A and B viruses (HAV, HBV) have been proposed as
triggers for ATH"™. The Epstein-Barr virus (EBV),
has been associated with AIH in several case reports
and in a clinical follow-up of 13 patients[“’w]. These
associations occurred in type 1 AIH patients; therefore,
no molecular mimicry could be established since no
specific autoantigens in type 1 AIH were identified.
However, specific markers for these viral infections are
not found in the majority of AIH patients.

In type 2 AIH, a putative molecular mimicry was
found between two B cell epitopes of FTCD, the target
of anti-L.C1 autoantibodies, and sequences of the 101K
antigenic virion protein and U50 protein from human
herpes virus type 6 (HHV-6)"". Several homologies
were also found between known epitopes of CYP2DO,
targeted by anti-LKMT1 antibodies, and proteins from
HHV-6"". HHV-6 hepatotropism and its association
with chronic and autoimmune hepatitis in children" """
makes this virus a plausible candidate for AIH onset.

A molecular mimicry has also been proposed
between the main antigenic site of anti-LKM1 on
CYP2D6 and herpes simplex virus (HSV-1) based
on similarities between proteins sequencesmzl. Cross-
reactivity has been found between CYP2D6 and a
HSV-1 protein using purified anti-LKM1 autoantibodies
from an ATH patient[m]. However, in this study, 4 out
20 patients had not encountered HSV-1 prior to the
development of autoimmunity as determined by an
antibody assay against HSV-1"". These data suggest that
HSV-1 could be a trigger\for the development of ATH
in some patients, although this remains to be confirmed.

Modulation of gene expression: the role of the innate
immune system in autoimmunity

Environmental factors could trigger an autoimmune
reaction by creating a pro-inflammatory immunological
micro-environment in which autoantigens could be
presented. Such a pro-inflammatory micro-environment
could result from toll-like receptor (TLR) engagement.
Members of the toll-like family of receptors are able to
bind pathogen-associated molecular patterns (PAMP)
present in most pathogens. By doing so, TLRs can
induce a quick and efficient response against those
pathogens through the up-regulation of key pro-
inflammatory genes, such as type 1 interferons. When
the liver undergoes an infection, TLR stimulation could
result in the presentation of autoantigens in a pro-
inflammatory environment which would result in an
efficient activation of specific autoreactive cells.

The role of TLRs in autoimmune liver disease
has been studied in PBC. It was shown that patients
with PBC have higher levels of TLR3, TLR4 and
TLRO receptors in the liver""". In vitro stimulation
of monocytes from PBC patients with several TLR-
binding molecules resulted in higher levels of cytokine
secretion”™. PBMCs from PBC patients, when cultivated
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with CpG, a TLRY stimulator, secreted more IgM
suggesting a role for TLRY stimulation in the hyper-IgM
observed in PBC patients[m(ﬂ. Altogether, these studies
suggest that TLRs could be involved in the pathogenesis
of this autoimmune liver disease.

A break of immune tolerance towards the liver in
a mouse model has been achieved by repeated CpG
injections into a double-transgenic mouse expressing
MHC class T molecule H-2K" exclusively on hepatocytes
and having T cells bearing specific TCR for MHC
H-2K""7, CpG injections were sufficient to break
immune tolerance and induce a transient ATH, which
faded when CpG injections were stopped. These
data suggest that TLRY stimulation is sufficient to
activate pre-existing autoreactive T cells and initiate an
autoimmune response, but is not sufficient to induce
a self-perpetuating autoimmune response. Recently,
Lang ez al"™ were able to induce a liver inflammation
by transferring liver-antigen specific CD8" T cells in
combination with TLR9 and TLR3 stimulation. These
results led to the speculation that the immunoprivileged
status of the liver could be controlled by TLR
signaling“og]. Altogether these data suggest that the innate
immune system could be involved in the development
of autoimmune processes in the liver possibly through
expression up-regulation of pro-inflammatory genes.

CONCLUSION

The pathogenesis of AIH is a complex process.
Development of this disease requires a series of events
(viral infection and/or chemical exposure) in a suitable
environment (genetic background of susceptibility,
female sex and young age) (Figure 1). Further research,
both clinical and fundamental, will be needed before
the pathogenesis of AIH is fully understood. A
better comprehension of the disease would allow the
development of specific immunotherapies with fewer
side effects.
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