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Autoimmune Hepatitis: An Update on Current Animal Models
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Abstract: Autoimmune hepatitis (AIH) is a chronic liver disease of unknown origin characterized serologically by the
presence of hyperglobulinemia and high-titre autoantibodies and histologically by interface hepatitis leading to cirrhosis.
The immunopathogenesis of AIH is not well understood. Hepatocyte destruction in AlH is likely to originate from an
autoimmune attack but what it is responsible for the loss of immunological tolerance to disease-related autoantigens is un-
known. In this review, we critically evaluate the current experimental AIH models and discuss their advantages and dis-

advantages in relation to the human disease.
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INTRODUCTION

Autoimmune hepatitis (AIH) is a chronic progressive
liver disease of unknown cause which is characterized by an
immune-mediated destruction of hepatocytes leading to cir-
rhosis and subsequent liver failure [1, 2]. The disease has a
female predominance, occurs in children and adults of all
ages and affects different ethnic groups [1]. The prevalence
of AlIH is ~20 cases per million persons in Northern Europe
and an estimated 100,000 to 200,000 persons are currently
affected with this disease in USA [3, 4]. The clinical spec-
trum of AlIH varies and affected cases can present as asymp-
tomatic, with symptoms indistinguishable from those of an
acute viral hepatitis or with fulminant hepatic failure [1].
Extrahepatic immune-mediated diseases such as autoimmune
thyroiditis, rheumatoid arthritis, ulcerative colitis and type 1
diabetes mellitus are relatively common at presentation and
may develop at any time during the course of AlH [1, 2, 5].
AIH responds well to conventional immunosuppressive
treatment consisting of prednisone (or prednisolone) alone or
in combination with azathioprine and remission is achieved
in approximately 90% AIH cases [1, 2, 5]. When AIH pre-
sents as acute liver failure and does not respond to immuno-
suppression it may require transplantation [5]. The histologi-
cal picture of AlIH is that of interface hepatitis characterized
by mononuclear cells, lymphocytes, plasma cells and macro-
phages invading the limiting plate and progressing to lobular
hepatitis (Fig. 1) [1]. The serological hallmark of the disease
is the presence of elevated serum aminotransferase levels,
hypergammaglobulinemia and high-titre autoantibodies [1].

Based on distinct autoantibody profiles, AIH is subdi-
vided to type 1 (AIH-1) characterized by seropositivity for
anti-nuclear antibody (ANA) and/or smooth muscle antibody
(SMA) and type 2 (AlH-2) with seropositivity for anti-liver
kidney microsomal type 1 (anti-LKM1) antibodies [1, 2, 6].
No single AIH-1-specific nuclear antigen has been identified
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so far and AlH-related ANA can recognize centromere, his-
tones, double stranded DNA, chromatin, and ribonucleopro-
tein complexes [7]. SMA in AlIH-1 are directed against po-
lymerized filamentous actin and non-actin components [7,
8]. Anti-LKM1 antibodies recognize the microsomal cyto-
chrome P45011D6 (CYP2D6) enzyme. Anti-CYP2D6 anti-
bodies are specifically present in approximately 85% AIH-2
patients and in a minor proportion (up to 5%) of unselected
chronic hepatitis C virus infected patients. Asialoglycopro-
tein receptor (ASGP-R), soluble liver antigen (SLA) and
formiminotransferase cyclodeaminase (FTCD) have also
been identified as target antigens of autoimmune responses
in patients with AIH [7].
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Fig. (1). Histological picture details of normal (left) and pathologi-
cal (a patient with autoimmune hepatitis) liver (right).

Susceptibility to AIH-1 is conferred by the possession of
HLA DR3 and DR4 as more than 80% of AIH-1 cases from
USA or northern Europe have HLA DR3, DR4, or DR3 and
DRA4. AlIH-2 is mainly associated with possession of DR7 [2,
9].
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PATHOGENESIS OF AUTOIMMUNE HEPATITIS

Histological examination of the liver tissue of patients
with AIH reveals a large number of mononuclear cells,
macrophages, plasma cells and lymphocytes infiltrating the
portal tract and the adjacent parenchyma (Fig. 1). T lympho-
cytes expressing the a/p T cell receptor predominate and the
majority of these cells are positive for the CD4 helper/indu-
cer phenotype and/or the CD8 cytotoxic/suppressor pheno-
type [1, 10]. A substantial number of natural killer (NK)
cells, natural killer T cells (NKT), macrophages, and B cells
can also be found [11].

What promotes the massive inflammatory cell infiltration
in patients with AlH is largely unknown [10]. Regardless of
the initial trigger(s), it is likely that the high number of acti-
vated inflammatory cells seen in the periphery or in the liver
may have the potential to cause damage in susceptible indi-
viduals [10].

Although it would be attractive to explain the pathogene-
sis of AIH by a single mechanism, it is now clear that several
different mechanisms and pathological processes could break
tolerance, thus terminating a previously unresponsive state to
liver-related autoantigens. More than one defect may be pre-
sent in AIH, and the defects may vary between type-1 and
type-2 AlH and among individuals affected by the same type
of the disease. This approach may well explain several im-
portant principles of relevance to AlIH and in particular its
multi-factorial nature involving diverse immunological, ge-
netic and environmental factors and the tendency of the dis-
ease to remit and relapse despite drug-induced immunosup-
pression, indicating that control mechanisms may recover
and at least temporarily restore tolerance. Long periods of
subclinical disease are often seen and many patients with
acute presentation have histological evidence of chronic dis-
ease further suggesting that control mechanisms may con-
tinue to work up to a point.

Tolerance to liver-related antigens may be disrupted by
several mechanisms [10, 12]. The thesis that regulatory T-
cells that can limit the function of autoreactive T-cells are
impaired in patients with AIH and may lead to the mainte-
nance of disease-specific autoaggressive responses is quite
attractive. In fact, early studies investigating immune regula-
tion in patients with AIH have clearly demonstrated that the
suppressor cell function is impaired in newly-diagnosed AlIH
patients [13-16]. These studies have also shown that corti-
costeroid treatment can properly restore immune regulation
to liver-specific antigens [17]. Recent experimental evidence
suggests that patients with AIH are characterized by a nu-
merical and functional impairment of CD4+ CD25+ regula-
tory cells; such a defect relates to the histological stage of
liver disease and is more evident at disease presentation than
during treatment induced remission, where a partial restora-
tion is observed [18, 19].

More recent studies have linked impaired apoptotic death
to liver autoimmunity [20-22]. Thus, peripheral CD4 and
CD8 T-cells expressing CD95 (Fas/APO-1) appear to be
more prevalent in patients with AIH compared to pathologi-
cal controls [20]. Over-expression of bcl-2 in peripheral and
liver-infiltrating interferon-y CD4 T-cells has also been de-
scribed in patients with AIH compared to controls [21]. Bcl-
2 expressing CD4 T-cells infiltrate the portal area of the liver
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and their numbers correlate with elevation of ALT levels at
the time of disease relapse [22].

Others have failed to obtain evidence in support of a sig-
nificant role for apoptosis in the pathogenesis of AIH. An
immunohistochemical study by De Biasio et al. [23], for
example, has reported that Fas-L and Bak apoptotic markers
are uniformly distributed through the portal and periportal
areas in liver biopsy specimens from patients with AIH-1
and chronic hepatitis C virus infected patients.

A role for viruses as triggers of AIH has been proposed
but never proven because the infections responsible for the
induction of the disease are likely to occur years before the
onset of AIH [10, 24-26]. Moreover, the virus responsible
for the breakdown of tolerance can be cleared by the host’s
immune system and may cannot be traced when the autoim-
mune process is initiated [26]. The exact mechanism by
which viruses may participate in the immunopathogenesis of
AlH is unclear [10, 26, 27].

It has been demonstrated in the past that molecular mim-
icry between pathogen and host structures may be involved
in the induction, acceleration and prevention of autoimmune
processes [28-33]. Along these lines, molecular mimicry
involving viral and self structures has been suggested as a
mechanism responsible for the loss of immunological toler-
ance in AIH but definite proof of this mechanism has been
elusive in humans [26, 34-39]. Nevertheless, a considerable
amount of data has been obtained suggesting that infection
with viruses such as hepatitis C, cytomegalovirus and herpes
simplex virus may indeed initiate cross-reactive immune
responses at B-cell and/or T-cell (CD4 and CD8) level in-
volving mimicking autoepitopic regions on members of the
cytochrome P450 including CYP2D6, the molecular target of
AlH-2 specific LKM-1 autoantibodies [34-36, 38]. Such cross-
reactivities have specifically been found in patients with AIH
or LKM-1 positive patients with chronic hepatitis C. Their
pathogenic relevance is still unclear as immunological cross-
reactivity has been studied at the time of overt disease and
therefore may just represent a ‘footprint’ of an ongoing
process that took place several years before the onset of the
full-blown clinical picture. Hence, the possibility that the
observed viral/self cross-reactive responses seen in patients
with AlIH are secondary to the immunological breakdown of
the disease cannot be neglected. Definite proof for the role of
molecular mimicry as an initiator or perpetuator of autoim-
munity will remain difficult to obtain in humans. These ob-
stacles have led to increasing interest in animal models of
AlIH. Systematic studies of these models may provide new
insights into the etiological factors and the pathogenetic
mechanism of AIH. This review updates on current animal
models for acute and chronic autoimmune-mediated hepatitis
and their relevance to human AlH.

ANIMAL MODELS FOR HUMAN AUTOIMMUNE
HEPATITIS

Unfortunately, there is no primate model for human auto-
immune hepatitis available to date. Below, we discuss mod-
els of autoimmune injury of the hepatic parenchyma with
some similarities with the clinical, serological and histologi-
cal features of human AlH. With the exception of the models
focusing on breaking tolerance to CYP2D6, the target anti-
gen of AIH-2, these models do not pay attention to a certain
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AIH subtype. The vast majority of models use wildtype or
transgenic mice, in which liver damage is induced by various
means of inflammatory insults, such as virus infection or
injection of unspecific activators of the immune system. Of-
ten hepatitis was reported to be only transient and most mod-
els for autoimmune liver disease depend on a rather complex
disease-induction protocol. Here, we will reflect on past
models for AIH and introduce some of the newer model sys-
tems that have been developed over the last few years.
Whereas for some autoimmune diseases, such as type 1 dia-
betes, suitable spontaneous models exist, such as the non-
obese diabetic (NOD) mouse [40], there has only been one
study to date that focused on the occurrence of spontaneous
autoimmune liver damage in mice [41]. The male F1 hybrid
mice resulting from mating NZW x BXSB with W/BF1 mice
showed spontaneous cellular infiltration of the portal tracts
and the liver parenchyma with 20 weeks of age, developed
anti-dsDNA antibodies and circulating immune complexes
and had elevated serum aminotransferase levels [41]. Further
studies using these mice have not been reported.

Most animal models for AIH that have been developed in
the past two decades make use of transgenic mice, which
express target antigens under the control of liver-specific
promoters. Such a liver-specific expression ensures the ini-
tiation of an autoaggressive immune response specifically
targeting the liver. However, even before the widespread use
of transgenic technology, several models for AIH have been
developed that used fractions of liver homogenates com-
bined with polyclonal activators, such as complete Freund’s
adjuvant (cFA). Although the target antigens of human AIH
were not entirely characterized at that time, some of those
rather simple strategies resulted in persistent liver damage,
an important feature, which (disturbingly) is lacking in many
of the newer, more complex experimental models of AlH. In
the 70’s, it was demonstrated that repetitive immunization of
rabbits with unidentified human liver-specific lipoprotein
resulted in persistent hepatitis [2]. One of the earliest mouse
models was termed ‘experimental autoimmune hepatitis’ or
‘EAH’ [42] in analogy to experimental autoimmune en-
cephalomyelitis (EAE), which was at that time already
widely used as a model for human multiple sclerosis (MS)
[43]. Lohse et al. induced EAH by immunization of
C57BL/6 mice with a crude 100,000 g supernatant of synge-
neic liver homogenate (S-100) emulsified in complete Fre-
und’s adjuvant (cFA) [44]. They demonstrated a long lasting
(at least 6 months) liver damage characterized by perivascu-
lar inflammatory infiltrates and hepatocyte necrosis and fur-
ther identified S-100 protein-specific T-cells [44]. This
model is still in use, and a recent study based on this model
demonstrated that the mitogen-activated protein kinase
(MAPK) p38 signaling pathway is up-regulated in EAH.
Inhibition of p38 MAPK reduced hepatic inflammation and
injury possibly by decreasing NF-«xB activation and Th1l cy-
tokine expression and Thl cytokines (IFN-y, IL-12, IL-1B
and TNF-a) known to promote hepatic injury in AIH [45].

A widely used method to induce acute liver inflammation
is the injection of Concanavalin A (ConA) [46], which ac-
cumulates in the liver [47] and causes liver damage by acti-
vating T-cells and NKT cells that subsequently destroy hepa-
tocytes in a FasL and perforin-dependent manner [9, 48].
However, ConA-induced hepatitis is a model for acute he-
patic injury characterized by a massive elevation of serum
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aminotransferase levels within hours of ConA administra-
tion, caused by the sheer magnitude of hepatocyte death by
cell lysis and apoptosis. Although ConA hepatitis is not a
true model for chronic autoimmune-mediated liver damage
as seen in human AlH, it serves as an excellent and simple
model to investigate acute T-cell and NKT activation and
their associated inflammatory factors. Very recently, for ex-
ample, Halder et al. demonstrated that activation of type Il
NKT cells and plasmacytoid DCs recruit type | NKT (iNKT)
cells into the liver in a IL-12- and MIP-2-dependent manner
[49]. Such recruited iNKT cells were anergic and prevented
ConA-induced hepatitis [49].

Transgenic Models

The advantage of using transgenic mice lays in the pres-
ence of a clearly-defined antigen as a target for the aggres-
sive immune response. In addition, tissue-specific expression
of the target antigen allows directing the autoimmune-
mediated damage to the tissue/organ of choice. However, the
presence of the transgenic target antigen in most cases in-
duces an inherent tolerance of the host. Thus, in order to
break this tolerance several approaches have been chosen. A
first possibility is to induce a massive activation of the im-
mune system by administration of adjuvant or stimulators of
the innate response, such as LPS. Second, the inherent toler-
ance mechanism can be circumvented by transferring target
antigen-specific T-cells (mostly of TcR-transgenic origin).
Lastly, virus-infection targeting the liver can cause a local
“fertile field” [50] resulting in enhanced attraction of poten-
tial aggressive cells of the immune system.

In the early 1990s, Frank Chisari’s group generated
transgenic mice expressing specifically in hepatocytes the
hepatitis B virus surface antigen (HBsAg) under the control
of the mouse albumin promotor. In this model, an adoptive
transfer of activated T-cells from an HBsAg-primed donor
mouse was necessary to induce disease [51, 52]. It was found
that the HBsAg-specific immune response was dominated by
HBsAg-specific cytotoxic T-lymphocytes (CTL) that trig-
gered apoptosis of hepatocytes expressing HBsAg and re-
leased IFNy upon antigen encounter [51]. As a consequence,
intrahepatic macrophages became activated and subsequently
induced a delayed-type hypersensitivity reaction [51]. How-
ever, only a transient form of hepatic injury was observed
which lasted less than 3 weeks following the transfer of acti-
vated HBsAg-specific cells [51].

In a subsequent model, the MHC class | molecule H-2K"
was expressed directly in the liver of TcR-transgenic mice
carrying for H-2KP-specific T-cells that display peripheral
tolerance to H-2K" [53]. In that system, tolerance could only
be broken after additional transfer of cells expressing the H-
2K" target antigen and IL-2, or alternatively when mice were
infected with a liver-specific pathogen, indicating that by-
stander activation within the liver microenvironment is nec-
essary to cause autoimmune tissue damage [53]. In a follow
up paper by the same authors it was demonstrated that injec-
tion of immunostimulatory CpG-rich oligodeoxynucleotides
(CpG-ODN) in H-2KP/TcR-doubletransgenic mice is suffi-
cient to activate H-2K"-specific CD8 T-cells, which then
subsequently attack H-2KP-expressing hepatocytes [54].
However, in order to maintain hepatic damage over a longer
period of time (> 8 weeks) CpG-ODN had to be repeatedly
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Table 1. Mouse Models for Human Autoimmune Hepatitis
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Spontaneous Models

(NZW x BXSB) x W/BF1 mouse

Mouse line: Male F1 hybrid mice obtained from mating NZW x BXSB with W/BF1 mice
Features: Cellular infiltrations, anti-dSDNA antibodies, immune complexes, elevated ALT/AST [41]

Non-Transgenic Models

S-100 / cFA model (EAH)

vant

ConA model
Induction: Injection of Concanavalin A (ConA)

CYP2D6 / IL-12 DNA vaccination model

Induction: Immunization of C57BL/6 mice with a 100’000 g supernatant of a syngeneic liver homogenate (S-100) emulsified in complete Freund’s Adju-

Features: Long lasting hepatitis, perivascular infiltrates, hepatocyte necrosis, S-100-specific T-cells [42, 44]

Features: Acute hepatitis, massive ALT / AST elevation, activation of NKT and T cells [9,46-48]

Induction: DNA-vaccination of C57BL/6 mice with plasmids encoding for human CYP2D6 and IL-12
Features: Transient hepatitis, variable ALT elevation, cellular infiltrates, low titer LKM-1 abs [59]

Transgenic Models

Alb-HBsAg mouse

Alb-H-2K"/ TcR transgenic mouse

Alb-LCMV-GP3; mouse

infection with lymphocytic choriomeningitis virus (LCMV)
TTR-LCMV-NP mouse

NP and IL-12

TF-OVA / ASBT-OVA mouse

ferrin (TF-OVA) promoter

CYP2D6 humanized mouse (CYP2D6 model)

pressing human CYP2D6

Induction: Transfer of HBsAg-specific T-cells into mice expressing the Hepatitis B small antigen (HBsAg) under control of the mouse albumin promoter
Features: Transient hepatitis, anti-HBaAg CTLs, delayed type hypersensitivity reaction [52]

Induction: Transfer of cells expressing H-2K" and IL-2 into mice expressing H-2K" under control of the mouse albumin promoter and carry H-2K"-specific
TcR transgenic T-cells. In addition infection with a liver-specific pathogen or repetitive injection of CpG-ODN is required.

Features: Transient hepatitis, elevated ALT/AST, cellular infiltrates [53-55]

Induction: Transfer of LCMV-GPs3-specific TcR transgenic T-cells into mice expressing LCMV-GP3; under control of the mouse albumin promoter and

Features: Transient hepatitis, cellular infiltration of the liver by TcR tg T-cells, elevated ALT [56]

Induction: DNA-vaccination of mice expressing LCMV-NP under control of the mouse transtyretin (TTR) promoter with plasmids encoding for LCMV-

Features: Late onset hepatitis, minor cellular infiltrates, elevated ALT, anti-LCMV-NP antibodies and CTL response [58]

Induction: Transfer of ovalbumin (Ova)-specific TcR-transgenic CD8 (OT-1) or CD4 (OT-II) T cells into mice expressing OVA under control of the trans-

Features: Acute, transient hepatitis, transient infiltration, proliferation of OT-1 and OT-1I cells in the liver [60]

Induction: Infection of mice expressing the natural human autoantigen cytochrome P450 2D6 (CYP2D6) under its own promoter with an Adenovirus ex-

Features: Persistent hepatitis, massive cellular infiltrates, subcapsular fibrosis, anti-CYP2D6 abs (LKM-1-type) to the major human epitope [64]

administrated and termination of this inflammatory stimulus
resulted in abrogation of disease. These findings indicated
that additional factors are required for the self-perturbation
of autoimmunity [54]. In this context, Bertolini et al. re-
ported the appearance of adoptively transferred H-2K"-
specific T-cells in the liver of H-2K-transgenic mice as
early as 2 hours after injection [55].

Voehringer et al. demonstrated that breaking of T-cell
ignorance to a viral (transgene) antigen in the liver could
induce hepatitis [56]. They used transgenic mice that ex-
pressed the immunodominant CTL epitope GPs3 of the gly-
coprotein (GP) of the lymphocytic choriomeningitis virus
(LCMV) under the control of the albumin promotor exclu-
sively in the liver. Such Alb-LCMV mice did not show any
signs of hepatitis at that stage; even adoptive transfer of

TcR-transgenic, GPas3-specific T-cells was not sufficient to
induce disease. However, when these mice were infected
with LCMV after adoptive transfer of TcR-tg cells, a tran-
sient form of hepatitis developed [56]. This approach is simi-
lar to the RIP-LCMV mouse model for type 1 diabetes,
where GP is expressed under control of the rat insulin pro-
motor (RIP) specifically in the insulin-producing B-cells in
the pancreas [57]. However, in contrast to the Alb-LCMV
model, the classical RIP-LCMV model does not require
transfer of LCMV-specific T-cells [57].

Another model system, which used one of the well-
characterized LCMV proteins as targets, is the TTR-LCMV
mouse expressing LCMV-NP under the control of the tran-
styretin (TTR) promotor specifically in the liver [58]. Liver
injury characterized by cellular infiltration and elevated se-
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rum aminotransferase levels was induced by DNA-
vaccination with plasmids encoding the NP and IL-12 genes.
An NP-specific CTL response was detectable after 2 months
and persisted up to 5 months post-vaccination [58]. How-
ever, serum aminotransferase levels were not increased be-
fore month 5 and only minor cellular infiltrates were detect-
able in the liver [58].

In a subsequent study from Alvarez group, an attempt
was made to induce autoimmune liver damage by xenoim-
munization using a plasmid containing the antigenic region
of CYP2D6 [59]. However, only co-expression of the Thl-
type cytokine IL-12 together with CYP2D6 resulted in sig-
nificant inflammation in the liver. In addition, only minor
elevations in serum ALT and a transient generation of anti-
CYP2D6 antibodies with large inter-individual differences
were stated [59].

More recently, Derkow et al. generated transgenic TF-
OVA and ASBT-OVA mice, which express the model anti-
gen ovalbumin (OVA) under control of the transferring pro-
motor (TF) or the apical sodium-dependent bile transporter
promotor (ASBT) specifically in hepatocytes or cholangio-
cytes, respectively [60]. The authors adoptively transferred
TCR-transgenic CD8 T-cells (OT-I) or CD4 T-cells (OT-II)
and found that only OT-I T-cells migrated to the liver in TF-
OVA as well as ASBT-OVA mice, where they proliferated
and caused inflammation and acute liver injury [60]. How-
ever, the elevation of serum aminotransferases and cellular
infiltration lasted only for 1-2 weeks post-transfer [60].

The CYP2D6 Mouse Model

The models discussed above demonstrate that induction
of chronic autoimmunity targeting specifically the liver is a
difficult task. In most models, the liver injury is transient and
can only be achieved by rather complex intervention meth-
ods. Often, tolerance to the transgenic target antigen can only
be broken when antigen-specific T-cells are transferred and
additional inflammatory triggers are used, such as virus in-
fections or overexpression of pro-inflammatory cytokines.
There are several possibilities why most model systems re-
sult in acute hepatitis only. First, the liver appears somewhat
resistant to long-lasting autoimmune-mediated damage due
to local mechanism involving T cell deletion, inactivation
and apoptosis. Thus, an initial acute liver injury (i.e. by virus
infection) might not necessarily lead to autoimmunity. Sec-
ond, models that require both the presence of a transgenic
target antigen and the transfer of target antigen-specific TcR-
transgenic T cells might encounter the problem of T cell ex-
haustion. Therefore, a continuous transfer of TcR-transgenic
T cells might be required to maintain a chronic destruction
process. Third, models that require the additional expression
of pro-inflammatory cytokines might induce counteracting
mechanisms to balance out the pro-inflammatory milieu in
the liver. Last, most models do not use a natural human
autoantigen as a target for the autoimmune liver destruction
but rather an artificial model antigen which may not be suffi-
cient for inducing chronic disease.

Our strategy was therefore to use a natural human
autoantigen as a target. We used human CYP2D6, which
constitutes the major target autoantigen in human type-2
AIH [61, 62]. In humanized CYP2D6 mice, the human
CYP2D6 is transgenically expressed under control of its own
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promotor predominantly in the liver [63]. Natural tolerance
to this autoantigen was broken by infection of CYP2D6 mice
with an Adenovirus-vector expressing human CYP2D6 (Ad-
2D6). We observed long lasting hepatic damage, character-
ized by massive subcapsular liver fibrosis, extensive subcap-
sular and peri-vascular infiltration by B-cells, CD4 and CD8
T-cells, macrophages and dendritic cells, and transiently
elevated serum aminotransferase levels [64]. Importantly,
Ad-2D6-infected CYP2D6 mice develop high titers of anti-
CYP2D6 antibodies and recognize the same immunodomi-
nant epitope which is recognized by AIH-2 patients [64]. An
overview of the liver damage seen overtime in CYP2D6
mice after infection with Ad-2D6 or Ad-GFP is displayed
schematically in Fig. (2). Furthermore, infection of CYP2D6
mice with Ad-CYP2D6 causes an activation of hepatic stel-
late cells (HSC) and subsequently persistent fibrosis, which
is localized predominantly in the subcapsular area (Hinter-
mann and Christen, unpublished observation). The CYP2D6-
mouse may therefore represent a valid model system to in-
vestigate mechanisms involved in the immunopathogenesis
of autoimmune mediated chronic hepatic injury as seen in
human AIH and to evaluate possible ways of therapeutic
interference.

Liver damage in the CYP2D6 mouse model
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Fig. (2). Summary of the main immunopathological characteristics
of the humanized cytochrome P450 2D6 (CYP2D6) mouse model.
Biochemical evidence of liver damage (elevation of serum
aminotransferases), overall morphological damage, fibrosis, cellular
infiltration and the generation of anti-CYP2D6 antibodies are dis-
played over time after infection of CYP2D6 mice with either Ade-
novirus-CYP2D6 or the control Adenovirus expressing GFP (High-
est effects are displayed in black, lowest effects in white). Note that
an acute (anti-viral) response occurs after infection with either
Adenovirus-CYP2D6 or GFP, whereas only Adenovirus-CYP2D6-
infection resulted in a persistent (autoimmune) phase.

As it has mentioned earlier, human AIH is a chronic
autoimmune liver disease resulting in the progressive de-
struction of the liver parenchyma. Thus, it is important to
distinguish animal models associated with acute liver injury
from those developing chronic active hepatitis. Each model
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has certain limitations and can only help us to appreciate
certain aspects of the complex immunopathology of AlH.
None of the models presented above cover all the aspects of
human AIH. Thus, one has to consider all the characteristics
of the model of choice in order to make a reliable extrapola-
tion to the human disease. Models of acute liver-induced
immune-mediated injury, such as ConA-induced hepatitis
cover aspects of immediate inflammation and initial activa-
tion of the innate immune system and thus are well suited for
identifying critical inflammatory factors such as cytokines
and chemokines. Blockade of such factors might offer an
opportunity for preventing the initial activation of autoag-
gression resulting in hepatocyte destruction. On the other
hand, chronic models can advance our knowledge of long-
lasting mechanisms leading to liver pathology. They can
help us to identify the initial pathogenic insult and to under-
stand the hierarchy of immunological events. The humanized
CYP2D6 model of AIH, for example, can help us to criti-
cally analyze disease-specific B- and T-cell immune re-
sponses against a liver autoantigen and the relation of immu-
nity to the development of liver fibrosis [64,65]. In this con-
text, the CYP2D6 mouse model is superior to others as it
combines an acute hepatitis phase caused by the Adenovirus-
infection per se with a chronic immune-mediated hepatitis as
a result of the progressive autoimmune-mediated liver injury.
Thus, the CYP2D6 model may offer a unique opportunity to
study all mechanisms of virus-induced autoimmunity rang-
ing from the initial activation of the innate immune system to
the autoimmune-mediated destruction of the liver.

ABBREVIATIONS
AlH

Autoimmune hepatitis

LKM-1 = Liver kidney microsomal type 1

CYP2D6 = Cytochrome P450 2D6

Ad-2D6 = Adenovirus-vector expressing human
CYP2D6
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