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Autoimmune hepatitis is a chronic liver disease of unknown aetiology characterized by interface hepatitis,
hypergammaglobulinaemia and circulating autoantibodies. In the last decade a number of advancements
have been made in the field of clinical and basic research: the simplified diagnostic criteria, the complete
response defined as normalization of transaminase levels, the molecular identification of the antigenic
targets of anti-liver cytosol antibody type 1 and anti-soluble liver antigen, the detection of anti-actin anti-
bodies, the description of de novo autoimmune hepatitis after liver transplantation for non-autoimmune
1939–2010).
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liver diseases, the characterization of autoimmune hepatitis with overlapping features of primary biliary
cirrhosis or primary sclerosing cholangitis, the preliminary experience with novel treatment strategies
based on cyclosporine, mycophenolate mofetil and budesonide, the role played by “impaired” regulatory
T cells and the development of novel animal models of autoimmune hepatitis.
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. Introduction

Autoimmune hepatitis (AIH) is a chronic liver disease of
nknown aetiology which can affect patients of all ages, sex,
nd race, characterized by interface hepatitis, hypergammaglobu-
inaemia – mostly of the IgG class – and circulating autoantibodies
1]. In the last decade a number of aspects of the disease have been
larified, especially in diagnosis, serological markers, pathogene-
is, and treatment. The aim of this review is to highlight the areas
f clinical and basic research where most of the progress has been
ade at the dawn of the new millennium.

. Diagnostic criteria

AIH is mainly a clinical diagnosis, but the need to compare
atients in different series led to the definition of a set of clinical,
iochemical, immunological and histological criteria, first issued

n 1993 [2], and revised in 1999 [3]. Only in 2008 a simplified
coring system has been devised for wider applicability in routine
linical practice [4]. This simplified scoring system includes just

our criteria: autoantibody detection, IgG levels, liver histology, and
xclusion of viral hepatitis (Table 1). Liver histology is an absolute
rerequisite for making the diagnosis. So far, the simplified scoring
ystem has been validated only retrospectively: the median overall
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sensitivity for “probable AIH” (6 points) was 91% and the median
overall specificity was 94%; for “definite AIH” (7 or more points),
the median overall sensitivity was 75.5% and the median overall
specificity was 100% [5–8]. In the future, prospective studies are
needed to validate this simplified scoring system. In addition, in
everyday practice the response to immunosuppressive treatment
is considered the post hoc clinical hallmark of AIH, therefore it has
been suggested that treatment response might be considered as a
further criterion [7].

3. Definition of treatment response

Clinical and biochemical response to immunosuppressive drugs
is a key feature of AIH, and the trials performed in the early 1970s
demonstrated the life-saving properties of steroids for patients
with AIH. The definition of “response” has long been considered the
acheivement of normal aminotransferases (or less than twice the
upper normal limit) [9]. According to this definition of treatment
response, nearly 80% of the AIH patients achieve remission within
3 years. However, this definition has been questioned [10] on the
basis of several recent studies demonstrating that patients treated
to only near-normal transaminases do have an increased risk of
relapse [11,12], whereas persistent normalization greatly improves

the long-term prognosis [13,14]. The suggestion to re-define remis-
sion as normalization of transaminases [15,16] has been formalized
in the new AASLD guidelines on AIH [17], where normal transam-
inase levels are required to fulfill the definition of remission. With
the application of these stricter and more severe criteria, the gen-
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Table 1
Simplified criteria for the diagnosis of autoimmune hepatitis (modified from Hennes
et al. [4]).

Variable Cutoff Points

ANA or SMA ≥1:40 1
ANA or SMA ≥1:80 2
Anti-LKM1 ≥1:40 2
Anti-SLA Positive 2
IgG >UNL 1
IgG >1.1 times UNL 2
Liver histology Compatible with AIH 1
Liver histology Typical of AIH 2
Absence of viral hepatitis Yes 2

Maximum of points achievable with autoantibodies: 2.
UNL: upper normal limit.
Typical AIH histology: 1. interface hepatitis (lymphocytic/lymphoplasmocytic infil-
trates in portal tracts and extending into the lobule); 2. emperipolesis (active
penetration by one cell into and through a larger cell); 3. hepatic rosette forma-
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ion. To be considered typical, each of the three features must be present.
ompatible AIH histology: a picture of chronic hepatitis with lymphocytic infiltra-
ion without all the features considered typical.
umulative score = 6: probable AIH; ≥7: definite AIH.

ral figures of treatment response are likely to be greatly modified
in our own experience from 73% using the 2002 AASLD criteria, to
6% with the new AASLD guidelines [14]).

Future clinical studies should also evaluate the potential role
f transient elastography (FibroScan), a new non-invasive tool for
easuring liver stiffness correlated to the histological stage of liver

brosis, in order to assess the therapeutic response and to evaluate
he prognosis of the disease during follow-up. To date FibroScan
as been mostly validated in chronic hepatitis C [18] and B [19],
hereas only scarce data are available in non-viral chronic liver
isorders [20,21], therefore great caution is recommended in the

nterpretation of FibroScan results particularly in the setting of AIH
22], and larger studies are required before firm conclusions can be
rawn.

. Additional serological markers of AIH

Anti-nuclear antibodies (ANA), anti-smooth muscle antibodies
SMA) and liver/kidney microsomal antibody type 1 (anti-LKM1)
re the classical serological markers of AIH [23–25]. Anti-liver
ytosol antibody type 1 (anti-LC1) and anti-soluble liver antigen
anti-SLA) are additional markers originally described in the 1980s
26,27], but characterized in detail only in recent years. In addition,
nti-actin antibodies can be detected using new immunofluores-
ence substrates.

.1. Anti-LC1

The anti-LC1 staining pattern has been first recognized and
escribed by indirect immunofluorescence on rat liver sections:
nti-LC1 homogeneously stains the cytoplasmic compartment of
eriportal, but not perivenous, hepatocytes (Fig. 1), and is mainly
etected in children or in young patients with AIH [14,26]. Anti-LC1
nd anti-LKM1 are very often coexistent, and in such an occa-
ion, the distinctive immunofluorescence of anti-LC1 is obscured
y the reaction pattern of anti-LKM1, therefore other tech-
iques such as immunodiffusion, counterimmunoelectrophoresis,
r immunoblotting are required to detect anti-LC1 [28]. It is note-
orthy that isolated anti-LC1, especially in the paediatric setting,

ften represents the only detectable autoantibody supporting the

iagnosis of AIH and the need for early immunosuppressive ther-
py [29,30]. At variance with other autoantibodies in AIH, anti-LC1
eems to correlate with disease activity and may be useful as a
arker of residual hepatocellular inflammation [29]. The molecu-

ar identity of the cytosolic target of anti-LC1 has been identified
Fig. 1. Anti-liver cytosol type 1 (anti-LC1) pattern by indirect immunofluorescence
on rat liver. The cytoplasmic staining of the hepatocytes is unevenly distributed
throughout the liver lobule, and the perivenular layers are spared. Immunofluores-
cence is negative on rat kidney and stomach (not shown).

as formiminotransferase cyclodeaminase (FTCD) [31]. FTCD is a
mammalian metabolic enzyme involved in the conversion of his-
tidine to glutamic acid, and it is most highly expressed in the
liver. It is bifunctional and is composed of distinct formimino-
transferase (FT) and cyclodeaminase (CD) domains connected by
a short linker. The FT domain transfers a formimino group from
N-formimino-l-glutamic acid to tetrahydrofolate to generate glu-
tamic acid and 5-formiminotetrahydrofolate, and the CD domain
then converts the 5-formiminotetrahydrofolate to 5,10-methenyl
tetrahydrofolate and ammonia. Native FTCD is an octamer with
eight identical subunits arranged in a planar ring. In patients with
AIH multiple regions of FTCD trigger a polyclonal anti-LC1 autoim-
mune response, which is mainly directed to conformation-sensitive
epitopes located in the FT domain of FTCD [32]. Linear epitopes are
located exclusively in the C-terminal 146 amino acids, in particu-
lar two specific linear epitopes are recognized at positions 428–434
(NTPEEKD) and 440–447 (LQEGLRRA) of human FTCD [33]. The sug-
gestion that anti-LC1 reactivity may have pathogenic implications
[29] has been recently supported by a murine model of AIH gener-
ated by DNA immunization against FTCD [34]. Using very sensitive
assays such as immunoblotting and immunoprecipitation, anti-LC1
has been detected by a single group also in a large proportion of
patients with hepatitis C [35].

4.2. Anti-SLA

Anti-SLA antibodies are detectable by radioimmunoassay and
enzyme linked immunosorbent assays (ELISA), but cannot be
revealed by immunofluorescence. SLA is not organ- or species-
specific, however, the corresponding antigens are found in the
100,000 × g supernatant of a human liver homogenate [27]. The
target antigen of anti-SLA is a 422-amino acid protein identified
as UGA serine tRNA–protein complex [36–38]. Ironically, Gelpi et
al. had described this autoantigen in the early 1990s; however, at
that time it was not correlated to anti-SLA reactivity [39]. Epitope
mapping identified a dominant immune reactivity directed to pep-
tide p395–414 and a less prominent immune response to 2 other
epitopes adjacent to the dominant epitope [40]. Anti-SLA has been
originally proposed as the marker of a specific form of AIH, however,
since ANA/SMA and anti-SLA positive patients share most biochem-

ical, histological, and prognostic features, such a distinction is not
clinically useful [41]. On the other hand, testing for anti-SLA may
help in diagnosing AIH in rare patients without classical autoanti-
bodies such as ANA, SMA and anti-LKM1. Recent studies with more
sensitive serological tests revealed that anti-SLA are also detectable
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Fig. 3. Atypical anti-liver/kidney microsomal antibody (anti-LKM) pattern by indi-
rect immunofluorescence on rat liver (panel a) and kidney (panel b). Liver staining
ig. 2. Anti-actin antibodies pattern by indirect immunofluorescence on cultured
broblasts. Microfilaments, which are extremely rich in polymerized actin (stress
bres) are easily recognized.

n children with autoimmune cholangitis [42] and in patients with
CV infection [43]. From the clinical standpoint, it is noteworthy

hat anti-SLA reactivity against conformational epitopes identifies
atients with a worse prognosis [42].

.3. Anti-actin antibodies

The staining of arterial vessels (V), glomerular mesangium (G)
nd peritubular structures (T) of rat kidney tissue detected by
ndirect immunofluorescence is the immunomorphological aspect
f SMA, which are highly specific for AIH [24]. Attempts to
haracterize the antigen of SMA have provided circumstantial evi-
ence which identify polymerized filamentous actin (F-actin) as
uch target antigen [44]. The availability of commercial ELISAs
ased on purified F-actin as antigenic source offered the oppor-
unity to compare the diagnostic performance of the classical
mmunofluorescence assay (detection of the SMA pattern) with

ore standardized ELISAs for the detection of anti-F-actin antibod-
es. Even if sensitivity is the same, anti-F-actin antibodies are also
ound in nearly 20% of the controls. Using a higher cut-off, which
mproves the specificity of the test, the ELISA’s sensitivity drops
elow that of SMA [45]. Actin is the main component of microfila-
ents and a very strict correlation between the SMA pattern and
icrofilament staining in various cell lines has been proven. Anti-

ctin antibodies are therefore easily and accurately detected using
ultured human fibroblasts, HEp-2 cells, or vascular smooth muscle
ell lines [46], as shown in Fig. 2.

. De novo autoimmune hepatitis

In 1998 it has been reported for the first time that AIH can arise
e novo after liver transplantation [47]. In contrast to the recurrence
f disease in patients transplanted for AIH, this newly recognized
ondition affects patients transplanted for disorders other than
IH, usually of non-autoimmune nature. Features of this condi-

ion are identical to those of classical AIH, such as high IgG and
erum autoantibodies including ANA, SMA, and typical or atypical
nti-LKM antibodies (Fig. 3). The histological findings are those of
nterface hepatitis with an abundance of plasma cells, perivenular
ell necrosis, bridging fibrosis and collapse characteristic of AIH,
nd different from features of acute rejection that are character-

zed by a lymphomononuclear cell infiltrate confined to the portal
ract, venous endothelitis, and bile duct damage. De novo AIH after
iver transplantation does not respond to antirejection treatment,
hat is, bolus infusions of high-dose steroids and increased dose
f calcineurin inhibitors, but only to the conventional treatment
is cytoplasmic and is mostly located in the hepatocytes around the central vein; a
perimembrane reinforce is also appreciated in hepatocytes within the liver lobule
(a). Kidney tubules are homogeneously stained, whereas vessels and glomeruli are
negative (b).

for AIH, initially prednisolone at the dose of 2 mg/kg/day (maxi-
mum 60 mg/day) and azathioprine at a dose of 2 mg/kg/day, with
tapering of the prednisolone dose until remission. After the orig-
inal description, other cases of de novo AIH have been reported
by several other groups both in the paediatric and in the adult
setting [48–52]. The use of the term “autoimmune” to define hep-
atitis affecting an allogeneic organ has been debated, leading to
alternative labels including “posttransplant immune hepatitis” or
“graft dysfunction mimicking AIH” [49,50]. However, the concept
of recurrence of AIH after LT in patients transplanted because of
AIH has never been questioned, despite the fact that also in this
condition the target organ is allogeneic. The antigenic targets for
liver-specific autoimmunity are species-specific, therefore shared
by both recipient and donor livers, and the graft is repopulated by
dendritic cells of recipient origin. The term de novo AIH, with its
clinical and therapeutic implications, therefore, remains the best
until the pathogenesis of the condition is clarified.

The identification of glutathione S-transferase T1 (GSTT1) as tar-
get antigen of the atypical anti-LKM reactivity observed in the de
novo AIH [53] suggests the presence of an alloimmune reaction due
to a GSTT1 genetic incompatibility between donor and recipient as
triggering factor of both anti-GSTT1 reactivity and the de novo liver
disease [54,55]. However, clinically evident disease is not observed

in all patients with anti-GSTT1 antibodies, and the risk of develop-
ing the disease is increased by male donor gender, non-alcoholic
aetiology of original liver disease, and a high anti-GSTT1 titre [56].
In addition, in a retrospective series of 97 patients who received
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Table 2
Diagnostic criteria for the AIH/PBC overlap syndrome (modified from Chazouilleres
et al. [63]).

PBC criteria
1. ALP > 2× UNL, or gammaGT > 5× UNL
2. Anti-mitochondrial antibodies ≥ 1:40
3. Liver biopsy showing florid bile duct lesions

AIH criteria
1. ALT > 5× UNL
2. IgG > 2× UNL or a positive test for anti-smooth muscle
antibodies
3. Liver biopsy showing moderate or severe periportal or
periseptal lymphocytic piecemeal necrosis
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LP: alkaline phosphatase; gammaGT: gamma-glutalmyltranspeptidase; UNL:
pper normal limit; ALT: alanine aminotransferase.
t least 2 of 3 criteria for both PBC and AIH should be fulfilled.

iver transplantation for non-autoimmune end-stage liver disease,
(10%) developed de novo AIH; of these, 7 became positive for

typical LKM, and the remaining 2 for anti-dsDNA [57].

. Overlap syndromes

Patients with AIH may have overlapping features with concur-
ent primary sclerosing cholangitis (PSC) [58–61] or primary biliary
irrhosis (PBC) [60,62–65]. Overlap syndromes lack codified clini-
al or pathological definitions, and they do not have a particular
etiological agent or distinctive pathogenic mechanisms. The des-
gnations are arbitrary and imprecise, and the clinical phenotypes of
atients with the same overlap designation may often be different.
owever, the recently issued EASL Clinical Practice Guidelines on
holestatic liver diseases [66] endorsed the strictest criteria for the
iagnosis of AIH/primary bilary cirrhosis overlap syndrome pro-
osed by Chazouilleres et al. [63] and reported in Table 2. From
he diagnostic standpoint, the concomitant seropositivity for anti-

itochondrial antibodies and anti-double stranded DNA appears to
e the peculiar immunoserological profile of the AIH/PBC overlap
yndrome, as it has been reported in 47% of such patients, with a
pecificity of 98% [67,68].

Twenty percent of patients with AIH have antimitochondrial
ntibodies [69–72]; some of them (10%) may have histological
eatures of mild bile duct injury, more pronounced biochemical
holestasis, but respond to immunosuppressive treatment simi-
arly to classical AIH [73]. Any or all of these features suggest an
verlap syndrome with PBC. Similarly, 16% of patients with AIH
ave concurrent inflammatory bowel disease [74]; 10% (adults) to
0% (children) have biliary changes reminiscent of PSC by mag-
etic resonance imaging or retrograde endoscopic cholangiography
75,76] and 13% failed to respond to corticosteroids [77]. Any or
ll of these features suggest an overlap syndrome with PSC. The
verlap syndrome with PSC may be associated with intrahepatic
ile duct changes (small duct PSC) [78,79] or extrahepatic bile duct
hanges with or without intrahepatic findings (classical PSC).

Management of the overlap syndromes is empirical and based
n the predominant manifestations of the disease. According to
he EASL guidelines [66], combined therapy with ursodeoxycholic
cid (UDCA) and steroids is the recommended therapeutic option in
atients with PBC–AIH overlap syndrome. An alternative approach

s to start with UDCA only and to add corticosteroids if UDCA
herapy has not induced an adequate biochemical response in an
ppropriate time span (3 months). Steroid sparing agents should be
onsidered in patients requiring long-term immunosuppression.
. Novel drug therapies

In most cases, patients with AIH can be treated successfully with
redniso(lo)ne, with or without azathioprine, however, a consid-
r Disease 42 (2010) 757–764

erable number of patients tolerate azathioprine poorly, or do not
respond completely to treatment [80]. Several other drugs such
as cyclophosphamide [81], methotrexate [82], rapamycin [83], rit-
uximab [84], intravenous immunoglobulin [85], deflazacort [86],
ursodeoxycholic acid [87,88] and 6-thioguanines [89,90] have been
proposed in AIH, but their use has been limited to single reports or
small series of patients.

Cyclosporine, mycophenolate mofetil (MMF) and budesonide
are the novel treatments for which more experience is available,
and will be discussed more in detail.

7.1. Cyclosporine

Cyclosporine A, a lipophilic cyclic peptide of 11 residues act-
ing on calcium-dependent signalling, appeared to be effective in
a group of adult patients who were corticosteroid-resistant [91].
The principal difficulty in advocating widespread use of this drug
as first-line therapy relates to its toxicity profile, particularly with
long-term use (increased risk of hypertension, renal insufficiency,
hyperlipidaemia, hirsutism, infection, and malignancy). A regimen
of cyclosporine for 6 months followed by the administration of
prednisone and azathioprine was reported as successful in inducing
remission in children [92,93]. Encouraging data on long-term safety
of the cyclosporine regimen have been reported, albeit on quite a
small number of paediatric patients [94]. However, whether this
mode of induction has any advantage over the standard treatment
remains to be evaluated in controlled studies on a large number of
patients stratified for disease severity.

7.2. Mycophenolate mofetil

MMF has demonstrated encouraging results in a few studies on
small cohorts of patients with AIH. MMF hampers purine synthesis
by acting as inhibitor of inosine monophosphate dehydrogenase.
MMF treatment has been established successfully in many other
conditions, such as rheumatoid arthritis or Crohn’s disease. In addi-
tion, the drug has become routinely used in immunosuppressant
regimens in patients who have undergone solid organ transplanta-
tion [95]. Richardson et al. [96] have reported on successful MMF
treatment of seven AIH patients. Five of these patients had normal
transaminases after 3 months of treatment, as well as a significant
reduction in steroid dose and hepatic activity index. These find-
ings were further supported by a series of five Canadian patients
who also achieved transaminase normalization, a steroid sparing
effect and histological remission [97]. Lately, Inductivo-Yu et al.
[98] and Chatur et al. [99] have reported on additional 31 patients
with AIH being successfully treated with MMF. In addition to the
benefits observed in the earlier case report series, Inductivo-Yu et
al. have also documented that the inflammatory scores and Ishak
fibrosis scores were decreased. In 2008, Hennes et al. [100] reported
the largest cohort to date of 36 AIH patients treated with MMF. In
contrast to earlier studies, they observed a much lower frequency
of response to MMF treatment, as only 14 patients (39%) experi-
enced remission, which was still defined as aspartate transferase
(AST) less than twice the upper normal limits. Twenty-two patients
(61%) did not respond sufficiently to MMF. In a subset analysis, they
further demonstrated that the response rate to MMF was depen-
dent on the cause of treatment cessation of azathioprine. Hlivko
et al. [101] performed a retrospective longitudinal analysis of 29
AIH patients: MMF was associated with a high rate of intolerance
(34%), but most of those who could tolerate it entered remission

(84%), defined as AST less than twice the upper limit of normal.
Wolf et al. report their retrospective experience on 16 patients with
AIH [102]: 5 of 16 patients (31%) achieved biochemical remission,
defined as a reduction in ALT to less than twice normal. Seven addi-
tional patients (44%) were maintained in biochemical remission.
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wo patients had an incomplete response to MMF and two patients
xperienced treatment failure. Only one patient discontinued MMF
ecause of paresthesias.

In the paediatric setting MMF appears to be an effective and
ell-tolerated rescue therapy for children with AIH who are resis-

ant to or intolerant of standard immunosuppression [103].
MMF certainly provides a valuable therapeutic option in

atients with AIH, even if only a proportion of them may benefit
rom it.

.3. Budesonide

Budesonide is a corticosteroid with the highest affinity for the
lucocorticoid receptor when compared with other steroids. The
rug has a high first pass metabolism, which results in a low

ncidence of systemic glucocorticoid-related adverse effects [104].
udesonide can induce remission of Crohn’s disease [105], even if

t is less effective than conventional steroids, but also with fewer
dverse events and lower adrenal suppression [106]. Over the past
ecade, several small studies have tested the efficacy of budesonide

n inducing remission of AIH, with contrasting results [107–109].
ide effects and treatment failure were more often observed in cir-
hotic patients [110,111]. Budesonide appears to be recommended
or patients with AIH who are either intolerant to conventional
teroids plus azathioprine, or steroid-dependent [112].

Recently, Manns et al. have compared combined budesonide and
zathioprine to standard prednisolone treatment in 203 patients
ith AIH [113]. The primary end point of the study was complete

iochemical remission (i.e., normal transaminase levels) without
he typical steroid side effects (moonface, acne, buffalo hump,
irsutism, striae, diabetes, glaucoma or increased intraocular pres-
ure). Budesonide was initiated at 3 mg thrice daily and was
educed to 3 mg twice daily upon remission. Prednisolone was ini-
iated at 40 mg daily and tapered to 10 mg daily after 8 weeks.
zathioprine was given to both groups at a dose of 1–2 mg/kg/day.
he primary endpoint (biochemical remission without steroid-
elated side effects) was significantly more often reached by
atients in the budesonide group (47% vs. 18.4%). In the open label
omponent of the study (for a further 6 months), 173 patients
eceived budesonide. Again, complete biochemical remission was
ore frequently observed in the cohort originally randomized to

udesonide (68.2% vs. 50.6%) [114]. However, for the long-term
esults (normalization of bilirubin and IgG over a 6-month period),
udesonide was not superior to prednisolone. The main advantage
f budesonide seems to be the lower incidence of side effects. How-
ver, long-term results of budesonide treatment are still unknown.
pecial attention needs to be given to the question of a compa-
able prednisolone dosage in the conventionally treated patients.
oreover, as patients with cirrhosis or a fulminant presentation
ere excluded from this study, the applicability of these findings

s limited to non-cirrhotic patients without severe liver failure.

. Impairment of T regulatory cells

An impairment of immunoregulatory mechanisms has been
epeatedly postulated in the setting of both human and exper-
mental autoimmunity [115,116]. Recent experimental evidence
onfirms an impairment of the immunoregulatory function in
IH. Thus, among recently defined T cell subsets with potential

mmunosuppressive function, CD4+ T cells constitutively express-

ng the interleukin 2 receptor alfa chain (CD25) (T regulatory cells,
-regs) have emerged as the dominant immunoregulatory lympho-
ytes [116]. These T-regs, which in health represent nearly 5% of
he total population of peripheral CD4+ T cells, control the innate
nd the adaptive immune responses by preventing the prolifera-
r Disease 42 (2010) 757–764 761

tion and effector function of autoreactive T cells. Their mechanism
of action involves mainly a direct contact with the target cells, and
to a lesser extent the release of immunoregulatory cytokines, such
as interleukin 10 and transforming growth factor beta 1 (TGF-beta
1). In addition to CD25, which is also present on T cells undergoing
activation, T-regs express a number of additional markers such as
the glucocorticoid induced tumour necrosis factor receptor, CD62L,
the cytotoxic T lymphocyte associated protein-4 (CTLA-4) and the
forkhead/winged helix transcription factor FOXP3, the expression
of which is closely associated with the acquisition of regulatory
properties [117,118].

In patients with AIH, T-regs are defective both in number and
in function compared to normal controls and these abnormalities
relate to the stage of disease, being more evident at diagnosis than
during drug-induced remission [119–121]. If loss of immunoregu-
lation was central to the pathogenesis of autoimmune liver disease,
treatment should concentrate on restoring T-regs’ ability to expand,
with consequent increase in their number and function. This is at
least partially achieved by standard immunosuppression, since T-
reg numbers do increase during remission [119–121]. In addition,
functional T-regs can be expanded ex vivo and generated ex novo
in patients with AIH [122], a fundamental step in reconstituting
impaired immune regulation and restoring peripheral tolerance.
However, the defect in immunoregulation in AIH is multifaceted
and is not confined to classical CD4+CD25hi T-cells, which also
involve other cells with immunoregulatory properties such as nat-
ural killer T cells and gamma-delta T cells [123].

9. New animal models of AIH

In recent years new animal models have provided important
information about the pathogenesis of the disease [124,125]. One
such model has been developed by immunization of female mice
with cytomegalovirus vectors that express the antigenic region of
human CYP2D6 and human FTCD [34]: immunized mice devel-
oped the peak serum aminotransferase abnormalities 4–7 months
after the injection, showed periportal, portal and lobular inflam-
matory infiltrates, produced anti-LKM1 and anti-LC1 antibodies,
and had liver-infiltrating CD4+, CD8+ and B lymphocytes, includ-
ing cytotoxic-specific T cells. Genetic background is an important
component of this animal model of AIH, as mouse strains with
different genes within and outside the major histocompatibility
complex (MHC) exhibited different susceptibilities for the disease
[126]. In this murine model, peripheral tolerance and development
of regulatory T cells, and not sexual hormone nor central toler-
ance, were the main factors for susceptibility to AIH in females
[127].

The most recent model uses an adenovirus expressing human
CYP2D6 to infect mice, and is based on the premise that viral
infections initiate autoimmunity by inducing a strong inflam-
matory response within the liver; the inflammatory response in
turn attracts aggressive lymphocytes; molecular mimicry ensues
between the viral antigens and self-antigens; and a chronic liver
disease emerges as a consequence of antigen-sensitized, promis-
cuous T cells infiltrating the liver [128]. In this model, the viral
infection produces a transient liver injury that is followed within
2 weeks by a severe hepatitis that can persist for more than 3
months [129]. The chronic hepatitis is triggered only by aden-
ovirus expressing CYP2D6, and is characterized by histological
features of AIH, high titres of anti-LKM1 antibodies recognizing the

immunodominant epitope WDPAQPPRD of cytochrome P450 2D6
(CYP2D6), hepatic infiltration with CD4+ lymphocytes, and exten-
sive hepatic fibrosis [129]. In the future, these animal models will
possibly provide a tool to dissect the fine mechanisms involved
in the immunopathogenesis of the autoimmune-mediated chronic
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epatic injury as seen in human AIH, and to develop innovative
ethods of therapeutic interference [130].

0. Conclusion and future perspectives

In conclusion, AIH still represents a diagnostic and therapeutic
hallenge in the new millennium, however the availability of sim-
lified diagnostic criteria, clear definitions of treatment response,
eliable and standardized serological markers with prognostic
mplications, and novel treatment strategies will greatly help the
linical hepatologist to promptly recognize AIH and to treat it most
ffectively; on the other hand, the development of novel animal
odels of AIH and the understanding of the key role played by the
cell-network with regulatory properties will offer exciting new

aths of investigation in the pathogenesis of the disease.
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