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Abstract Autoimmune hepatitis (AIH), primary biliary

cirrhosis, and primary sclerosing cholangitis are the three

major autoimmune diseases affecting the liver, and of these

three, AIH is the most typical autoimmune disease being

characterized by a T-cell-rich infiltrate, raised circulating

c-globulins, autoantibodies, HLA associations, and links

with other autoimmune diseases. It is the only one, of the

three diseases, that responds well to immunosuppressive

therapy. AIH is caused by dysregulation of immunoregu-

latory networks and the consequent emergence of autore-

active T cells that orchestrate a progressive destruction of

hepatocytes leading untreated to liver failure. T cells play a

major role in the immunopathogenesis, and both CD4? and

CD8? T cells are involved together with effector responses

mediated by NK cells, cd T cells, and macrophages. A

number of triggering factors have been proposed including

viruses, xenobiotics, and drugs, but none have been con-

clusively shown to be involved in pathogenesis.
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Presentation

The clinical presentation of autoimmune hepatitis (AIH) is

protean and the clinical course may be characterized by

fluctuating periods of increased and decreased activity. As

with most autoimmune diseases, AIH is more common in

females (70%) and it affects all ages [1] and ethnic groups

[2], although with different incidences. The prevalence in

developed countries is 1:5,000–1:10,000. It can occur at

any age, although type 2 AIH is much more common in

childhood. More than 20% of adults with AIH develop

disease after the age of 60 years [1, 3]. At one extreme,

patients may present with fulminant hepatitis and liver

failure [4], whereas other patients, particularly the elderly,

may be asymptomatic with an indolent form of the disease.

Patients with acute hepatitis have symptoms of jaundice,

arthralgia, anorexia, and fatigue that are indistinguishable

from those seen with acute viral hepatitis. In such patients,

liver biopsy may show features of an acute hepatitis

without evidence of significant fibrosis or cirrhosis. In

other patients who present with clinical features suggesting

acute hepatitis, liver biopsy shows changes of underlying

chronic liver disease including bridging fibrosis or cirrhosis

[5, 6]. The disease may also have an indolent course,

presenting only when the patient develops symptoms of

decompensated cirrhosis, with the diagnosis being made

for the first time at the end of the disease process. This

pattern of presentation is more frequently seen in older

patients [1]. Increasingly, patients are being picked up with

abnormal liver biochemistry on routine testing for other

symptoms or conditions.

AIH is frequently associated with other autoimmune

diseases, commonly thyroiditis, ulcerative colitis, type 1

diabetes, rheumatoid arthritis, or celiac disease. Physical

examination may be normal or reveal hepatomegaly,
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splenomegaly, jaundice, and signs of chronic liver disease.

AIH may first become evident during pregnancy or in the

early postpartum period [7–9]. Furthermore, postpartum

exacerbations may occur in patients whose condition

improved during pregnancy as a consequence of the natural

pregnancy-associated immunosuppressed state [10, 11].

Laboratory abnormalities

AIH is characterized by elevated serum transaminase levels

reflecting hepatocyte damage with typically modest ele-

vations in alkaline phosphatase levels. Patients with acute

presentation may have jaundice, but otherwise this is a

manifestation of severe exacerbations or a feature of end-

stage disease. Immunology testing reveals hypergamma-

globulinemia and high-titre circulating autoantibodies

indicating immune activation. AIH has been subdivided

into three main categories according to the autoantibodies

detected:

Type 1 AIH, characterized by the presence of anti-

smooth muscle antibodies (SMA) and/or anti-nuclear

antibodies (ANA). This is the most common form.

Type 2 AIH, characterized by anti-liver kidney micro-

somal antibodies. This form is rare in adults.

Type 3 AIH, characterized by antibodies to soluble liver

or liver-pancreas antigens.

Antibodies against cyclic citrullinated peptides (anti-

CCPs) have been validated as specific diagnostic and

prognostic markers of rheumatoid arthritis. Anti-CCPs

have been found in 9% of patients with AIH [12]. These

patients have been reported to have a higher frequency of

histological cirrhosis at presentation and to be at greater

risk of dying from liver failure [13]. Other autoantibodies

that may be found include autoantibodies to asialoglyco-

protein receptor and anti-neutrophil cytoplasmic antibodies

(ANCA). Approximately 20% of patients will not have any

of these autoantibodies, and they often have high immu-

noglobulin (IgG) and sometimes develop autoantibodies at

a later stage.

Histological findings

Patients presenting with chronic AIH typically have a

plasma cell-rich mononuclear infiltrate mainly involving

portal and periportal regions (Fig. 1a). Plasma cells are not

invariably present and a paucity of plasma cells does

not therefore exclude a diagnosis of AIH. Interface hepa-

titis is also a key diagnostic feature of AIH and is typically

associated with ballooning and rosetting of peripor-

tal hepatocytes (Fig. 1b). These changes lead to the

development of periportal fibrosis, initially as delicate

strands of immature collagen enveloping small clusters of

entrapped hepatocytes. Subsequently, there is formation of

Fig. 1 Histological features of autoimmune hepatitis. a A dense

plasma cell-rich portal mononuclear inflammatory infiltrate is asso-

ciated with moderate interface hepatitis. b Interface hepatitis with

ballooning and rosetting of entrapped periportal hepatocytes. c A

plasma cell-rich centrilobular mononuclear inflammatory infiltrate is

associated with confluent and bridging hepatocyte necrosis
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broader fibrous septa associated with bridging and nodule

formation. Progression to cirrhosis occurs in 40–80% of

cases. Inflammatory activity often subsides when cirrhosis

has developed, making it difficult to distinguish end-stage

AIH from other causes of cirrhosis.

Varying degrees of lobular necroinflammatory activity

are also commonly seen in AIH. These range from mild

spotty inflammation with acidophil body formation to more

severe lesions associated with confluent or bridging

necrosis (Fig. 1c). Giant cell transformation of hepatocytes

is also quite common—this usually occurs to a minor

degree, but in some cases is sufficiently extensive to war-

rant the term ‘‘giant cell hepatitis’’ [14, 15]. Lobular

necroinflammatory changes tend to be more prominent in

patients with an acute presentation. In patients presenting

with fulminant hepatic failure, there are typically large

areas of panacinar necrosis. Many patients with an appar-

ently acute presentation of AIH have histological features

of an underlying chronic hepatitis, including evidence of

bridging fibrosis or cirrhosis [5, 6].

Liver biopsy plays an important role in establishing a

diagnosis of AIH. This is based both on the presence of

typical features supporting a diagnosis of AIH and on the

absence of atypical features (e.g., biliary abnormalities or

steatosis) that might point to an alternative diagnosis. Liver

biopsy should be performed to confirm the diagnosis unless

there is a good reason or contraindication. Liver biopsy

also provides valuable information about disease severity,

which has implications for instigating and monitoring

responses to immunosuppressive therapy [16]. The pattern

and severity of inflammatory activity at the time of pre-

sentation are predictive for subsequent progression to

fibrosis and cirrhosis [17]. Interface hepatitis generally

responds well to immunosuppression, whereas bridging

necrosis more frequently progresses to fibrosis or cirrhosis.

The presence of cirrhosis at the time of presentation has

also been associated with an adverse prognosis [18].

However, such patients frequently have ongoing

inflammatory activity and still benefit from immunosup-

pression. Suppression of inflammatory activity is associ-

ated with reduction in fibrosis including some cases in

which there appears to be reversal of an established diag-

nosis of cirrhosis [19, 20]. Conversely, worsening of

inflammatory activity during corticosteroid therapy is

associated with progression of fibrosis [21].

Diagnosis of AIH

There is no single diagnostic test for AIH. Instead, the

diagnosis is based on a combination of clinical, biochem-

ical, immunological, and histological findings, which are

summarized in Table 1. In an attempt to develop uniform

diagnostic criteria, a working classification for the diag-

nosis of AIH was devised by the International Autoimmune

Hepatitis Working Group, which generated a scoring sys-

tem based on a combination of clinical, serological, and

histological criteria. The original scoring system in 1993

[22] was revised in 1999 [23]. According to the revised

system, a definite diagnosis can be made when the aggre-

gate score is more than 15 before treatment and more than

17 after treatment; scores of 10–15 before treatment and

12–17 after treatment imply probable AIH [23]. Points in

favor of the diagnosis are female gender, elevated trans-

aminase levels, elevated IgG, non-organ-specific antibodies

(ANA or SMA or LKM-1 antibodies), and a family history

of autoimmune disease. Supportive features on liver his-

tology include interface hepatitis, lymphoplasmacytic

infiltrate, hepatocyte rosetting, and absence of biliary

changes, Mallory’s hyaline, or steatosis. Points against the

Table 1 Diagnostic criteria for

AIH
Parameters Diagnosis of autoimmune hepatitis

Clinical Female gender

Associated with other autoimmune diseases

Autoantibodies ANA or SMA [1:40 (type 1)

LKM [1:40 (type 2)

SLA? (type 3)

Immunoglobulin IgG [ upper normal limit

Biochemistry Hepatitic picture (raised AST/ALT levels)

Histology Plasma cell-rich mononuclear infiltrate

Interface hepatitis with ballooning and rosetting of periportal

hepatocyte; ?/- periportal fibrosis

Lobular necroinflammatory activity

No bile duct loss or chronic cholestasis

Radiology and ERCP Normal

Exclusion of other etiology Exclude viral hepatitis, metabolic, drug, and alcoholic etiology

Response to steroid Good
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diagnosis are male gender, cholestatic enzymes, recent

medications, alcohol consumption of more than 60 g/day,

anti-mitochondrial antibodies, or viral hepatitis markers.

This scoring system is useful for defining patients in

research studies but is not practical for day-to-day clinical

use. The system was further revised in 2008 with the view

to provide a simple scoring system that could be used in

clinical practice. The simplified scoring system incorpo-

rates results of autoantibody testing (ANA, SMA, and

LKM), IgG levels, histology, and the absence of viral eti-

ologies. [24]. Each of these four features is scored on a

scale of 0–2, and a total score of 7 or more is defined as

definite AIH [24]. Although it has good sensitivities and

specificities for diagnosing AIH, it does not perform well in

patients with concomitant fatty liver disease, biliary dis-

eases, or fulminant hepatitis, just the situations where

diagnosis can be most challenging [25–27]. The criteria to

diagnose AIH in clinical practice are shown in Table 1.

Types of AIH

Attempts have been made to divide AIH into subtypes,

depending primarily on the pattern of autoantibodies.

Although useful for research purposes, these distinctions

are not ideal. Some clinical differences are seen between

the subtypes, particularly in response to treatment and

outcome between type 1 and type 2 AIH, but it must be

appreciated that these are not distinct disease entities. Type

1 AIH is most common. It can present at any age, is

characterized by ANA, SMA [23], and in some cases

perinuclear antineutrophil cytoplasmic antibodies (pAN-

CA) [28, 29]; treatment failure is rare. ANA and SMA

titers of more than 1:80 are generally accepted as positive,

although positive autoantibodies of uncertain clinical sig-

nificance are more frequently detected in the elderly [23].

Type 2, which occurs in a younger age group, is associated

with positive anti-liver kidney microsomal antibodies and

is a more aggressive disease [30, 31]. Treatment failure is

more frequent and relapse after drug withdrawal is almost

inevitable; most of these patients need lifelong immuno-

suppressive therapy [1]. The putative type 3 autoimmune

hepatitis (AIH type 3) is characterized by autoantibodies

against SLA/LP (with or without ANA or SMA) and has

been associated with more frequent relapse [32, 33].

Natural history

The seminal trials of immunosuppression in AIH were

published more than 25 years ago. They revealed that

untreated AIH has a poor prognosis with 5- and 10-year

survival rates of 50 and 10%, respectively, whereas

treatment with prednisolone is associated with excellent

short- and long-term survival [34, 35]. Up to 30% of adult

patients have histological features of cirrhosis at diagnosis

[18, 36] and progression of fibrosis can occur in patients

with inflammatory activity despite steroid therapy [18].

The presence of cirrhosis at baseline significantly increases

the risk of subsequent death or liver transplantation [18,

37]. The risk of hepatocellular carcinoma (HCC) in auto-

immune liver disease is associated with the development of

cirrhosis and is no greater than in other non-viral causes of

cirrhosis [38]. The 10-year overall survival of patients with

AIH ranges between 80 and 93% [18]. The increasing

diagnosis of AIH on routine blood testing, particularly in

the elderly, has uncovered a group of patients with

asymptomatic AIH who appear to have a very indolent

course. These patients are often elderly, and it is not clear

what their long-term outcome is or whether they always

require immunosuppressive therapy.

Overlap syndromes with other autoimmune liver

diseases

Overlap syndromes are classified as autoimmune liver dis-

eases that are difficult to classify within a single diagnostic

category, such as primary biliary cirrhosis (PBC), primary

sclerosing cholangitis (PSC), or AIH, because they have

biochemical, immunological, clinical, or histological fea-

tures suggestive of more than 1 disease process [39–42]. The

common forms seen are PBC with features of AIH and bil-

iary features suggestive of PSC in AIH. They usually occur

at the same time (true overlap syndromes), but in some cases,

patients present with features of one disease and subse-

quently develop features of the other, sometimes after

intervals of several years (sequential overlap syndromes).

Sequential syndromes involving PBC and AIH typically

present with features of PBC first, whereas in those involving

PSC and AIH, features of AIH usually occur first [43].

In the context of PBC, the ‘‘overlap syndrome’’ probably

represents one end of a spectrum of immune-mediated

injury in which damage to hepatocytes is more prominent

and takes the form of interface hepatitis. Even in a biliary

disease such as PBC, a degree of parenchymal inflamma-

tion is seen in the form of interface or lobular hepatitis.

This could reflect antigen-specific T-cell destruction of

hepatocytes, but as both the antigen and the cellular target

in PBC are so well characterized, this seems unlikely.

Hepatic inflammation may therefore be mediated by

bystander mechanisms that cause collateral damage to

hepatocytes [44, 45]. Collateral hepatocyte damage can

result in the release of intracellular antigens and the

development of autoantibodies. This categorization is of

more than academic importance because it has implications
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for outcome and treatment. There is now good evidence

that patients with PBC associated with florid interface

hepatitis respond to immunosuppressive therapy whereas

those in whom the biliary features predominate do not and

should be treated with ursodeoxycholic acid alone [42, 46,

47]. Why hepatitis should be more steroid sensitive than

biliary inflammation is not clear. One possibility is that

biliary epithelial cells maintain effector cell survival by

providing anti-apoptotic signals through cell-surface inte-

grin ligands such as VCAM-1 and by secreting cytokines

(E. Humphreys, D. H. Adams, S. C. Afford, B. Eksteen,

unpublished data).

Both AIH and PSC can be associated with inflammatory

bowel disease (IBD) [40, 48], and there is evidence that

they can occur sequentially in patients who present with

typical AIH subsequently developing PSC [43, 49–51].

Evidence from our laboratory suggests that the liver dis-

ease is driven by the recruitment of effector lymphocytes

that were activated in the gut [52]. When lymphocytes are

activated in gut-associated lymphoid tissues, they are not

only programmed to respond to antigen but are also

imprinted with a homing phenotype that directs their sub-

sequent trafficking back to the gut [53]. After antigen

clearance, long-lived memory cells remain that retain gut

tropism and thereby provide immune surveillance against

the same pathogen entering the gut in the future. The

molecular basis of this tissue-specific homing has recently

been elucidated and involves interactions with tissue-spe-

cific adhesion molecules and chemokines on the endothe-

lium lining the vessels in the target tissue, which are

recognized by lymphocytes with appropriate receptors.

Endothelium in the gut expresses a unique adhesion mol-

ecule called mucosal addressin cell adhesion molecule-1

(MADCAM-1), which is absent from other vascular beds,

and a unique chemokine CCL25, which is restricted to the

small bowel. Activation of lymphocytes in the gut imprints

them with the receptors for these gut-specific molecules:

the integrin a4b7 and the chemokine receptor CCR9,

respectively. Twenty percent of the T cells infiltrating the

liver in AIH/PSC complicating IBD are a4b7?CCR9? and

thus of gut origin, whereas these cells are found at very low

frequencies in other liver diseases [54]. Furthermore, these

memory/effector T cells secrete IFN-c, suggesting that they

are effector cells capable of promoting liver inflammation.

Both MADCAM-1 and CCL25, which are absent from

normal liver, are present on hepatic endothelium in liver

diseases associated with IBD, providing a mechanism for

recruiting these cells. Thus, some mucosal lymphocytes

can bind liver endothelium, allowing them to recirculate

between the liver and the gut to provide immune surveil-

lance across both sites. If these cells are activated by cross-

reactive liver antigens or gut antigens that have entered

through the portal circulation, this can lead to their local

expansion and the establishment of chronic inflammation

in the form of AIH or PSC [44].

The link between AIH and PSC is further supported by

the observations that they can occur together, or sequen-

tially, particularly in children. The King’s liver unit

reported the presence of histological and/or radiological

biliary features compatible with PSC in 50% of children

who otherwise fulfilled criteria for AIH [55]. Czaja and

Carpenter [56] reported that 20 of 84 adult patients with

AIH had biliary changes on liver biopsy in the absence of

anti-mitochondrial autoantibodies. In other respects, they

behaved like AIH and responded to immunosuppressive

therapy [56]. Current evidence suggests that PSC may be

preceded in some patients by AIH, particularly in children

and adolescents. The pediatric patients usually respond

to corticosteroids, unlike patients with classical PSC,

although as the biliary features progress, response to

immunosuppression may be lost [55]. The reasons for the

relative treatment resistance of AIH with biliary features

may involve the same mechanisms discussed earlier under

PBC. All this evidence suggests that in some patients,

particularly those with IBD, autoimmune sclerosing cho-

langitis and AIH may be part of the same disease process,

with AIH progressing to a biliary syndrome resembling

PSC. The implications from these findings are that AIH/

PSC overlap is more common than previously suspected

and biliary features should be sought carefully in patients

with AIH both histologically and, if indicated, MR cholan-

giography. This is particularly true if an elevated alkaline

phosphatase level is noted [57]. Addition of ursodeoxycholic

acid rather than an increase in immunosuppression may

improve biochemistry in such patients. Interestingly, patients

with overt AIH who test positive for anti-mitochondrial

antibodies (AMAs) at initial presentation and are treated with

corticosteroid therapy have shown no clinical or histological

evidence of PBC despite the continued detection of AMAs

over a long-term follow-up [58].

Genetic susceptibility

AIH is a polygenic disorder and although the heritable

component is relatively small, there is good evidence that

several genes can affect the risk of developing the disease.

The strongest genetic association is with the major histo-

compatibility complex (MHC). Because T-cell-dependent

immune responses are MHC restricted, this implicates

T-cell-mediated mechanisms in the etiology of AIH. Molec-

ular mimicry between foreign and self-antigens may

explain the loss of self-tolerance and the autoimmunity in

anatomically distant organs.

However, such associations are complicated by differ-

ences in susceptibility between racial and geographical
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groups. In whites, AIH susceptibility is associated with

HLA-DRB1*0301 and HLA-DRB1*0401 alleles, with

other susceptibility alleles sharing a similar motif in

DRb71 and the CTLA4*G allele. HLA DRB1*0301 and

DRB1*0401 alleles encode a 6-amino acid sequence at

positions 67–72 in the DRb polypeptide chain of MHC

class II. A lysine at position DRb71 is the key determinant

and disease severity is associated with the number of

alleles encoding lysine at DRb71 [59, 60]. Elderly patients

have a higher frequency of HLA DRB1*04 than young

adults [1]. In children, type 1 AIH is commonly associated

with the HLA-DRB1*03 and HLA-DRB1*13 alleles [61].

The presence of DR3 is associated with a higher incidence

of treatment failure and a lower probability of going into

remission [62].

The peripheral T-cell repertoire is shaped by events in

the thymus when autoreactive T cells are deleted. Rare

mutations that affect thymic function can lead to AIH,

providing further evidence of a T-cell-mediated autoim-

mune etiology. Medullary thymic epithelial cells present

self-antigens on MHC molecules to thymocytes (develop-

ing T lymphocytes) and those that respond too strongly to

these self-antigens are deleted [62]. The effective presen-

tation of self-antigens by thymic epithelial cells is regu-

lated by the autoimmune regulator gene AIRE, and

functional mutations in this gene lead to autoimmune dis-

eases in both mice and humans [63, 64]. AIRE mutations

classically result in the autoimmune polyglandular syn-

drome type 1 (APS type 1), also known as autoimmune

polyendocrinopathy, candidosis, and ectodermal dystrophy,

and about 20% of these patients have AIH [65]. However,

sporadic cases of AIH both in children and in adults are not

associated with the common AIRE mutations, although

different defects in the AIRE gene may result in pheno-

typically distinct syndromes of autoimmunity [64–66].

Thymic selection cannot provide complete protection

against autoimmunity, particularly in individuals who

express HLA haplotypes that make them more likely

to recognize self-antigens despite adequate thymic selec-

tion; these include HLA-DR3 (A1-B8-DR3) and DR4,

which increase susceptibility to type 1 AIH [67] and DR7

associated with type 2 AIH [68], and the development

of immune responses against the hepatocyte enzyme,

CYP2D6 [69, 70].

Etiology and immunopathogenesis

Molecular mimicry

AIH is characterized by a loss of immune tolerance to

antigens on hepatocytes, leading to the destruction of

hepatic parenchyma by autoreactive T cells [23, 71].

T cells play a major role in the immunopathogenesis and

both CD4? and CD8? T cells are involved together with

effector responses mediated by NK cells and cdT cells [72].

A number of triggering factors have been proposed

including viruses, xenobiotics, and drugs, but none has

been shown to be involved in the pathogenesis and it is still

a disease of unknown cause and diverse clinical manifes-

tations [73]. Molecular mimicry involving cross-reactivity

between epitopes of viruses or xenobiotics and certain liver

antigens has been proposed. Mice infected with adenovirus

expressing human cytochrome P450 2D6, an autoantigen in

type II AIH, developed persistent autoimmune liver disease

progressing to fibrosis associated with autoantibodies rec-

ognizing P450 2D6. This demonstrates that, at least in

mice, viral infection can break tolerance, resulting in

autoimmune liver damage [74]. A critical factor in the

development of autoimmunity in viral infections may be a

permissive proinflammatory environment stimulated by the

virus that overwhelms regulatory networks resulting in the

generation of self-perpetuating autoimmune reactions [75].

Role of Th17

Th17 T cells, a recently described subset of T-helper cells

characterized by the production of IL-17, IL-22, TNF-a,

and CCL20, play a crucial role in autoimmunity in both

mice and humans [76–78]. They differentiate from naive T

cells in the presence of polarizing cytokine such as IL-1b,

IL-6, IL-23, and TGF-b, with IL-21 as an autocrine feed-

back loop [77–79]. These cytokines are secreted by innate

immune cells such as dendritic cells [80] and their presence

during T-cell activation induces expression of the tran-

scription factors RORct and RORa that are required to

drive the Th17 program [81, 82]. In addition, activation of

the aryl hydrocarbon receptor (AHR) is required for Th17

cell development and survival. AHR is a ligand-dependent

transcription factor best known for mediating the toxicity

of dioxin. Activation of AHR by a high-affinity ligand

during Th17 cell development markedly increases the

proportion of Th17 T cells and their production of cyto-

kines, suggesting that AHR ligands may be cofactors in the

development of autoimmunity. Endogenous ligands for

AHR [83, 84] include bilirubin [85], suggesting another

mechanism by which liver disease could support Th17

development. Th17 responses have been implicated in

several autoimmune models in mice including experi-

mental allergic encephalomyelitis (the murine equivalent

of multiple sclerosis) and collagen-induced arthritis (mur-

ine model of rheumatoid arthritis). In both diseases, the IL-

23 (p-19 subunit) and Th17 pathways have been implicated

[86].

Th17 immunity has also been implicated in human

autoimmune diseases including IBD, multiple sclerosis,
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rheumatoid arthritis, and psoriasis [87–90]. More recently,

Th17 cells have been described in human autoimmune liver

disease including primary biliary cirrhosis [91], and our

own unpublished studies show 5% of the T cell infiltrate in

AIH consists of IL-17 secreting CD4 T cells (classical

Th17 cells) and CD8 T cells (so-called Tc17 cells) (Y. H.

Oo, V. Banz, B. Eksteen, D. H. Adams, unpublished data).

The differentiation of different lymphocyte subsets and

their role in AIH is described in Fig. 2.

Regulatory T cells

The immune system discriminates between self and non-

self, establishing and maintaining unresponsiveness to self

(self-tolerance) to suppress harmful immune responses

against self-antigens, thereby preventing autoimmunity

[92]. Peripheral tolerance is maintained by a subset of CD4

T cells that express high levels of the IL-2 receptor CD25

and low levels of the Il-7 receptor (CD127) known as

regulatory T cells (Treg) [93–96]. They are characterized

by expression of the transcription factor FoxP3, which is

critical for their function [97]. Treg express several

costimulatory molecules including cytotoxic T-lymphocyte

antigen (CTLA4), an important negative regulator of the

immune response [98]. A polymorphism of this gene has

been linked to type 1 AIH, suggesting that a defect of Treg

might underlie the pathogenesis of AIH [99]. The fre-

quency and function of Treg are reduced in AIH [100–

102], suggesting that a defect of Treg could underlie the

pathogenesis of AIH. Thus, complex networks of effector

and regulatory lymphocytes maintain inflammatory

homeostasis in the liver and dysregulation of these net-

works results in a local environment that favors the

development of autoimmunity and hepatitis.

Autoantibodies in AIH pathogenesis

High titers of IgG are characteristic of AIH, which is also

associated with the generation of autoantibodies, some of

which are implicated directly in disease pathogenesis.

Thus, the levels of antibodies against the hepatocyte pro-

tein liver-specific protein correlate with disease severity

and liver injury. Type 1 AIH is characterized by the

presence of anti-SMA, and type 2 AIH is defined by the

presence of LKM-1 antibodies that recognize a hepatic

cytochrome P450, CYP2D6, expressed on the hepatocyte

membrane.

The high levels of IgG seen in AIH may be a conse-

quence of sustained B-cell activation in the liver as ele-

vated intrahepatic levels of CD154, a critical activation

signal for B cells, are detected in the liver of patients with

Fig. 2 Immunopathogenesis of AIH. A specific autoantigenic peptide

is presented to an uncommitted naive T lymphocyte within the HLA

class II molecule of dendritic cells/antigen-presenting cell (APC).

Naive T cells will differentiate into different T-cell lineages, Th1,

Th2, or Th17, depending on cytokine milieu (IL-12 for Th1, IL-4 for

Th2, and IL-1b, IL-6, and IL-23, and TGF-b for Th17) and these cells

recruit T-cytotoxic (Tc) cells and B cells to initiate a series of immune

reactions. Regulatory T cells (Treg) control these effector T cells to

prevent excessive damage and they differentiate from naive T cells by

TGF-b. Th1 cells secrete TNF-a and IFN-c, which stimulate Tc

lymphocytes. Th2 cells secrete IL-4, IL-5, IL-10, and IL-13 and direct

autoantibody production by B lymphocytes. Th17 cells secrete

IL17A&F, IL-22, TNF-a, IFN-c, and CCL20. Regulatory T cells

suppress these effector cells to maintain immune homeostasis. If

regulatory T cells do not intervene, a variety of effector mechanisms

are triggered and hepatocytes destruction/autoimmune hepatitis occur.

Th17 cells, which play a major role in murine models of autoimmune

disease, may also be involved in autoimmune liver diseases. In some

cases, this leads to uncontrolled inflammation and fulminant hepatic

failure. Treg could also transform to Th17 cells in inflamed hepatic

microenvironment under the influence of inflammatory cytokines
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AIH [103]. Expanded portal tracts take on a tertiary lym-

phoid structure as portal-associated lymphoid tissue and

such structures include B cells [104]. It is possible that

these intrahepatic B cells are responsible for local auto-

antibody secretion, although it is unknown whether they

have any significant role in disease pathogenesis or pro-

gression. Several studies implicate B cells in fibrogenesis

[105], but it is likely that they mediate this effect either by

cytokine secretion or by direct effects on other intrahepatic

cells including T cells and stellate cells rather than being

mediated by antibody.

Therapy

Standard therapy is based on 2 phases, induction of

remission using high doses of corticosteroids and then

maintenance of control using low-dose corticosteroids and

azathioprine with subsequent reduction of prednisolone to

a minimum maintenance dose. AIH usually responds to

immunosuppression and was the first chronic liver disease

in which a significant improvement in patient survival was

noted following drug treatment [73]. Most patients require

long-term treatment with corticosteroids and/or azathio-

prine. The absence of symptoms at presentation may

identify some patients who do not require treatment, but

therapeutic decisions must be based on disease activity and

not symptoms, especially since 26–70% of asymptomatic

patients become symptomatic and may progress to cirrho-

sis [106]. Elderly patients have more advanced disease at

presentation, but they respond well to treatment [1].

Inducing and maintaining remission

Corticosteroids are the drug of choice for remission

induction, and azathioprine is the drug of choice for

maintenance. Bone marrow toxicity must be actively

checked after starting azathioprine. It is appropriate in

young individuals to start with high doses of prednisolone

at 1 mg/kg or 60 mg of total dose, and once the transam-

inase levels have begun to fall, reduce it by 10-mg steps

weekly to 20 mg/day with a slower subsequent reduction to

10 mg/day. Further reduction should be delayed until the

liver function tests show normal results. Some people

advocate delaying the introduction of azathioprine for 2–

3 weeks because (1) it allows the diagnosis to be confirmed

by demonstrating steroid responsiveness before adding in a

second immunosuppressive agent and (2) liver toxicity due

to azathioprine can be confused with nonresponsiveness if

azathioprine is started immediately. However, in older

patients or those who have comorbidities such as hyper-

tension, osteoporosis, or diabetes in whom prednisolone

dosage should be kept to a minimum, it is possible to start

with a lower dose of 20–30 mg/day together with azathi-

oprine at 1–2 mg/kg. Maintenance therapy usually involves

azathioprine alone or together with low-dose prednisolone.

For patients who develop decompensated liver disease

despite therapy, orthotopic liver transplantation (OLT) is

the treatment of choice. The rare patients who present with

fulminant AIH often fail to respond to immunosuppression

and require liver transplantation. Although it is worth

starting immunosuppressive therapy, it is also important

not to delay referral to a transplant center if there is evi-

dence of liver failure as demonstrated by the development

of encephalopathy, coagulopathy, or renal failure.

Complications of long-term immunosuppressive drug

therapy should be foreseen and treated appropriately, such

as blood pressure monitoring, urine examination for glu-

cose, and monitoring of whole blood cell counts in patients

on azathioprine to detect bone marrow suppression. All

patients on prednisolone at more than 7.5 mg/day should

be advised to take calcium and vitamin D supplements or

bisphosphonate to prevent osteoporosis.

Remission, relapse and when to stop therapy

Remission is defined as a lack of symptoms with normal

serum aminotransferase levels, a normal level of IgG, and

inactive liver histology. Remission will be achieved in

more than 80% of patients on prednisolone and azathio-

prine [107]. There is a high risk of relapse following

discontinuation of therapy, particularly in type 2 LKM-

positive disease in which relapse is almost universal. Most

relapses occur within 12 weeks of stopping treatment;

however, some may take months or even years to develop

and patients must be closely monitored for at least a year

after stopping therapy. Steroid withdrawal should not be

attempted before 12 months of treatment and maximizing

the azathioprine dose to 2 mg/kg per day reduces risk of

reactivation. In some series, even patients with histological

proven remission have relapse rates of 80% after with-

drawal of therapy. Following symptomatic relapse, full-

dose treatment needs to be reintroduced and although

induction of a second remission is the norm, not all patients

can be brought back under control. A common cause of

relapse in adolescent patients is a lack of adherence with

therapy and evidence of nonadherence or psychosocial

problems should always be sought in young patients who

unexpectedly relapse.

When to repeat liver biopsy?

Normalization of liver biochemistry during corticosteroid

therapy does not necessarily indicate suppression of his-

tological inflammatory activity—confirmation of histolog-

ical remission (defined by the absence of interface
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hepatitis) is therefore recommended before immunosup-

pressive therapy is withdrawn [16, 108–110]. Mild portal

inflammatory changes frequently persist and do not appear

to be associated with an adverse outcome. However, the

presence of portal plasma cells may be associated with an

increased risk of relapse after drug withdrawal [37, 109].

Follow-up biopsies should be considered because there

is 5% per year progression to cirrhosis and this is much

higher in patients with continuing inflammation. Twenty-

five percent of patients with normal transaminase levels

have inflammatory lesions on biopsy. Conversely normal

IgG and transaminase levels are associated with minimal

histological inflammation in 90% of patients. The other

scenario in which repeat biopsy is invaluable is confirma-

tion of remission prior to a trial of treatment withdrawal

because patients in remission with minimal inflammatory

activity on biopsy have a higher chance of successful

treatment withdrawal. Figure 3 is an algorithm that outlines

the strategy to follow in deciding the level of immuno-

suppression in AIH.

Treatment failure and alternative therapies for AIH

As mentioned previously, remission is achieved in more

than 80% of patients receiving prednisolone and azathio-

prine [107, 111]. During the first 3–6 months, clinical and

biochemical normalization usually occurs, although histo-

logical improvement may lag behind. Alternative therapy

may be required because of failure to achieve remission or

because of adverse effects. However, before deciding that

treatment has failed, it is important to review the diagnosis,

make sure that immunosuppression is not suboptimal, and,

particularly in young people, ensure that they are compliant

with therapy. Some patients require high doses of corti-

costeroids to maintain remission or a second cycle of

induction therapy. Intolerance of adverse effects is a

common reason for considering alternative therapy. Long-

term use of glucocorticoids is complicated by many

adverse effects, including diabetes, osteoporosis, and

hypertension, and younger patients in particular may find

the cosmetic adverse effects unacceptable. A small number

of patients cannot tolerate azathioprine because of symp-

tomatic adverse effects, including nausea, rash, abdominal

discomfort, or severe and potentially life-threatening

complications such as pancreatitis, cholestatic hepatotox-

icity, and bone marrow suppression. Routine screening for

thiopurine methyltransferase activity before starting aza-

thioprine therapy has not reduced the frequency of adverse

effects [112]. Several alternative treatments have been

attempted but the quality of evidence is poor, based on a

small, noncontrolled series, and there have been few pro-

spective studies [113].

Alternative agents used in the treatment of AIH

Some agents proposed as alternatives to standard treatment

are listed in the following:

IgG and transaminase

Minimal
activity 

Mild
activity 

Moderate 
to severe 

Moderate 
to severe 

Minimal /Mild 
activity 

Try treatment withdrawal 
unless type 2 (LKM+) 

Normal Increased

Maintain
treatment 

Increase 
treatment 

Maintain
treatment 

Increase 
treatment 

Persistent elevation 

Continue treatment 
2-4 years 

Biopsy 

Increase treatment 

Biopsy

Fig. 3 Algorithm for adjusting

therapy in patients with

autoimmune hepatitis
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• Budesonide: This is a second-generation glucocorticoid

with high (90%) first-pass clearance by the liver. A

potential advantage over prednisolone is the theoretical

ability to achieve high local tissue levels without

systemic adverse effects. Budesonide is effective in

both inducing and maintaining remission [114],

although there is currently no good evidence that

budesonide provides a benefit over prednisolone and

care must be taken when using it in patients with

cirrhosis in whom shunting may reduce hepatic first

pass metabolism [115, 116].

• Deflazacort is an oxazoline derivative of prednisolone

with both anti-inflammatory and immunosuppressive

activities and a lower incidence of corticosteroid

complications. Again, there is little evidence for its

efficacy in AIH [117].

• Cyclosporine [118, 119] and tacrolimus [120] are

chemically distinct calcineurin inhibitors (CNIs) that

have been successfully used as both induction and

rescue therapy in AIH. Adverse effects include neuro-

toxicity, hypertension, and hyperlipidemia, but the

major drawback with both these agents is the high risk

of nephrotoxicity. If they are used at the AIH drug

level, renal function must be closely monitored and the

minimal effective dose should be used. It is probably

safest if the use of CNIs is confined to transplant units

in which there is extensive experience in their use.

• Cyclophosphamide is a cytotoxic agent commonly used

to treat vasculitis. Experience in AIH is limited to small

uncontrolled series, suggesting that patients may

respond well. Remission can be induced with 1–

1.5 mg/kg of cyclophosphamide in combination with

a tapering dose of corticosteroids, initiated at 1 mg/kg

after which patients are maintained with low doses of

corticosteroids (2.5–10 g/day), together with 50 mg/

day of cyclophosphamide (A. W. Lohse, personal

communication) [121]. The ability of this drug to

inhibit antibody production is of theoretical benefit but

the risk of toxicity means its use should be restricted to

units with extensive experience of immunosuppressive

therapy.

• D-Penicillamine [122, 123] is a modified amino acid

with anti-inflammatory activity and metal-chelating

properties. Toxicity includes mucocutaneous, gastroin-

testinal, renal, hematological, pulmonary, and autoim-

mune complications. There is no notable evidence of

efficacy in AIH.

• Methotrexate is effective in the normalization of liver

enzymes, improved liver histology, and steroid sparing

during maintenance of therapy. However, it is terato-

genic in women of childbearing age and has been

associated with liver fibrosis when used to treat

psoriasis [124].

• Ursodeoxycholic acid (UDCA) may improve liver

biochemistry, but its use does not permit a reduction

in the dose of steroids, nor does it affect clinical

outcome or histological activity so that it cannot be

routinely recommended [125]. There may be a role for

UDCA in patients with AIH and biliary features, but

this has not been analyzed systematically.

• Mycophenolate mofetil (MMF) is an ester prodrug of

mycophenolic acid (MPA) and is converted into MPA

after oral absorption. MPA is a noncompetitive inhib-

itor of inosine monophosphate dehydrogenase, which

blocks the rate-limiting enzymatic steps in de novo

purine nucleotide synthesis, thereby arresting DNA

replication in T and B lymphocytes. MMF is well

tolerated, with leucopenia and diarrhea as the main

adverse effects. It is teratogenic in animals, which must

be taken into account when considering it for treatment

of women of childbearing age. Studies have shown that

MMF is an alternative therapy for those patients who

are intolerant of or refractory to azathioprine [126,

127]. A recent study demonstrated that MMF is an

effective rescue therapy for children with AIH but not

for those with autoimmune sclerosing cholangitis

[128]. The experience of MMF in a joint study from

Birmingham and Hamburg was disappointing. It was

beneficial in only around 50% of patients who were

switched from azathioprine because of adverse effects

and even less effective for azathioprine nonresponders.

We evaluated data of 36 patients with AIH who

received MMF as second-line therapy. One patient did

not tolerate MMF and had to stop treatment. Median

duration of MMF treatment was 16 months (range 1–

92 months). Eleven of 36 patients (31%) experienced

adverse effects with MMF. Four patients had to stop

treatment because of these adverse effects after less

than 3 months; their response was considered as

treatment failure. Adverse effects included nausea and

vomiting (n = 4), abdominal pain (n = 6), and diarrhea

(n = 1). Of 36 patients, 14 patients (39%) experienced

remission, being defined as aspartate aminotransferase

levels of less than twice the upper normal limit after at

least 4 months of MMF therapy. Twenty-two patients

(61%) did not respond to MMF. The response rate was

dependent on the reason for stopping azathioprine. Of 8

patients with prior nonresponse to azathioprine, 6 (75%)

did not respond to MMF and only 2 (25%) reached a

biochemical remission. Of 28 patients with azathioprine

intolerance, only 12 patients (43%) went into remission on

MMF. During follow-up, 4 patients underwent liver

transplantation. One of these patients responded well to

MMF, as defined by normalization of liver biochemistry

but despite this still progressed to end-stage cirrhosis, the

other 3 failed to respond. Most patients tolerated MMF
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well [129]. Treatment strategy for patients with AIH is

summarized in Table 2.

Biological agents in AIH

In theory, immunomodulating biologic agents should be

effective in AIH. Anti-B cell therapy with the anti-CD20

antibody, rituximab, has been tried in other autoimmune

diseases and is theoretically attractive because of the ability

to inhibit autoantibody production. It has been used in

patients with AIH and other autoimmune complications,

including ITP and hemolytic anemia, and individual case

reports are promising [105, 130]. The most experience in

hepatology has been to treat mixed cryoglobulinemia in the

context of HCV infection [131, 132] and mixed cryo-

globulinemia in patients with renal transplant [133, 134]. It

probably works by inducing immune reconstitution rather

than a simple effect on autoantibody production. Although

largely well tolerated and safe, there are potential long-

term adverse effects related to dysregulated immune

reconstitution and opportunistic infections, and if given

inadvertently to patients with hepatitis B, it can lead to

reactivation of infection [135, 136]. Our own limited

experience in 3 cases is that it is safe and effective in

patients who are resistant to conventional immunosup-

pressive therapy, but a controlled clinical trial is required to

evaluate these promising anecdotal reports.

There is increasing clinical experience with anticytokine

therapies, particularly anti-TNFa therapy in rheumatoid

arthritis and IBD. T-cell-mediated mechanisms induce liver

injury in AIH and injection of concanavalin A (Con A) into

mice causes a T-cell-mediated hepatitis driven by TNF-a.

All this evidence suggests that anti-TNF-a therapy might

be effective in AIH [137]. However, recent experience

cautions against this because infliximab therapy has been

associated with the induction of severe de novo AIH in

some patients treated for other diseases [138–141]. The

explanation for these observations is unclear but might be

related to the ability of TNF-a to promote liver regenera-

tion, although the fact that some patients respond to

etanercept suggest a direct toxicity related to infliximab

[142–144].

Biologic agents aimed at other cytokines have been

developed and are being assessed in human disease, usually

rheumatoid arthritis. These include anti-IL-1b and IL-6

[145–151]. Two humanized monoclonal antibodies target-

ing IL-17A showed positive results in patients with rheu-

matoid arthritis [152, 153]. All these biologic agents are at

various stages of clinical evaluation and may have a role to

play in AIH.

FTY720 (Fingolimod), a new class of immunomodula-

tor, inhibits lymphocyte egress from secondary lymphoid

tissues and thymus by agonistic activity at sphingosine 1-

phosphate receptors [154–161]. In vivo studies suggest that

both FTY720 and another more recently developed S1P

agonist, KRP203, promote lymphocyte sequestration in

secondary lymph nodes and significantly reduce the num-

ber of CD4 T cells infiltrating the liver in the Con A

hepatitis model [162]. These agents may be of potential

interest in treating AIH in the future, especially if they are

proven safe and effective in current clinical trials in

transplantation.

Because a defect in regulatory T-cell function appears to

contribute to the breakdown in self-tolerance, in AIH

manipulation of regulatory T cells might be another ther-

apeutic option [163]. The ability to generate antigen-spe-

cific Tregs in type 2 AIH suggests that this may be a good

clinical model for developing Treg therapy. However, such

therapy is expensive and there is a risk that adoptively

Table 2 Treatment strategy for

AIH
Standard therapy Alternative therapy (relapse or failure

of standard therapy or intolerant

of steroid or azathioprine)

Induction Induction

Prednisolone 1 mg/kg per day weekly reduction

(by 10-mg steps) to 20 mg/day over 6 weeks

and then add azathioprine when AST level

decreases to 2–3 times the normal range

Calcineurin inhibitors

(cyclosporine/tacrolimus)

Cyclophosphamide

Budesonide
or

Prednisolone 20 mg/day and azathioprine 1 mg/kg per day

Maintenance of remission Maintenance of remission

Aim: normal transaminases, normal IgG

Increase azathioprine to 1.5 mg/kg per day Cyclosporine or tacrolimus

Mycophenolate mofetil

Steroid reduction below 10 mg/day

once biochemical remission is achieved

Cyclophosphamide

Methotrexate
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transferred Tregs may either cease to function or even

differentiate into IL-17 secreting cells in the chronically

inflamed environment so that such studies must be devel-

oped with caution [164–166] (Fig. 2).

AIH in special circumstances

AIH and pregnancy

Rarely, AIH may present during pregnancy or more com-

monly after delivery. AIH affects young women, and it is

common to be faced with a patient with established AIH

who either wants to become pregnant or has already done

so. Most patients with AIH can expect a good outcome,

whereas higher rates of maternal and fetal problems are

reported particularly in patients with type 2 or 3 AIH [9].

Unexplained adverse pregnancy outcomes were associated

with antibodies to SLA/LP and Ro/SSA in the affected

mothers [9]. In addition, the disease may flare after deliv-

ery, as the pregnancy-associated immunosuppressive state

is lost [167, 168]. However, there is no reason to counsel

against pregnancy, provided the disease is well controlled

at the time of conception. Patients with cirrhosis need

careful monitoring to make sure that complications of

portal hypertension do not develop during late pregnancy

[10]. It used to be claimed that fertility was greatly reduced

in women with cirrhosis, but this is not the case, at least for

compensated cirrhosis, and patients should be advised

about contraception. The immunosuppression of pregnancy

may promote remission of autoimmune diseases; however,

this does not mean that immunosuppressive therapy can be

omitted and particular care is required postdelivery when

the effect is rapidly lost. Both azathioprine and cortico-

steroids are relatively safe, although MMF is teratogenic in

animals and wherever possible should be avoided [130,

169]. Patients on MMF who plan to get pregnant should be

switched to another immunosuppressant or be covered by

higher dose of steroids during pregnancy [10].

AIH in the elderly

Of adult patients with AIH, more than 20% develop the

disease after the age of 60 years [1, 3] and some studies

have shown a greater degree of hepatic fibrosis and cir-

rhosis at presentation in elderly patients [2, 3, 170]. Elderly

patients treated with steroids have similar outcomes com-

pared with AIH patients younger than 60 years [170] and

they have a higher frequency of HLA DRB1*04 than young

adults [1]. Increasingly, elderly patients in particular are

being diagnosed by routine screening tests. Many of these

patients are asymptomatic with minimal biochemical liver

abnormalities, and it is unclear what the prognosis is for

such patients and whether it is affected by immunosup-

pressive therapy.

AIH and liver transplantation

Liver transplantation is the only life-saving option in

approximately 10% of AIH patients who reach end-stage

cirrhosis despite therapy. Liver transplantation may also be

indicated in cases of severe acute AIH presenting as ful-

minant hepatic failure [171, 172]. The survival rate among

patients and grafts 5 years after liver transplantation is

approximately 80–90% [171, 173]. The overall success rate

of liver transplantation is high, but a proportion of patients,

up to 25% in some series [173–177], are at risk of devel-

oping recurrent disease despite maintenance immunosup-

pression to prevent graft rejection. Recurrent AIH is

characterized by the persistence of autoantibodies, elevated

IgG levels, and typical features on liver biopsy [173, 178].

The diagnostic utility of autoantibody testing in the liver

allograft is uncertain. Autoantibodies have been found in

some patients transplanted for conditions other than AIH

(discussed further later), whereas others have histological

features compatible with AIH in the absence of demon-

strable autoantibodies [179]. In some cases, histological

features suggestive of recurrent AIH can precede recur-

rence of clinical and biochemical symptoms by several

years [176].

It is interesting that an autoimmune disease can recur in

the context of allogeneic HLA after transplantation. This

has led to the concept that this is in fact a form of graft

rejection rather than autoimmunity. However, autoantigens

can be presented by allogeneic HLA providing a mecha-

nism for true autoimmune disease to recur. The long-term

use of low-dose steroids posttransplant has been claimed to

reduce the incidence of recurrent disease [180].

De novo AIH

The term ‘‘de novo AIH’’ has been used to describe new

type of graft dysfunction affecting patients transplanted for

diseases other than AIH, who subsequently develop clas-

sical biochemical, serological, and histological features of

AIH [180–185]. A higher prevalence has been reported in

children (5–10%) than in adults (1–2%), possibly reflecting

immunosuppressive drugs interfering with normal T-cell

maturation. Most patients respond to increased immuno-

suppression, although rare cases have progressed to cir-

rhosis and graft failure.

Several studies have identified areas of overlap between

de novo AIH and late cellular rejection, and it has been

postulated that an immune response directed against graft

antigens rather than self-antigens might be a form of

alloimmune injury rather than true autoimmune disease. In
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support of this suggestion, autoantibodies have been

described transiently in association with episodes of acute

and chronic rejection [187–190], previous episodes of

acute rejection have been reported as having predictive

value for the subsequent development of de novo AIH

[183, 184, 186] and de novo AIH may arise in the setting of

suboptimal immunosuppression [191] or as a consequence

of non-specific stimulation of the immune system by

interferon therapy for HCV infection [192–194]. Perhaps,

the most convincing evidence for an alloimmune response

is the observation that the development of de novo AIH

was closely associated with antibodies to glutathione-S-

transferase T1 (GSTT1) developing in a GSST1-negative

recipient of a GSTT1-positive graft [195–198]. As the

GSST1 enzyme is expressed by hepatocytes in the liver

allograft, this could represent a form of alloimmune injury

(i.e., rejection) directed against hepatocytes. However, the

association between de novo AIH and a donor/recipient

GSST1 mismatch has not been confirmed in other studies

[199, 200]. Autoantibodies are frequently present in chil-

dren without biochemical signs of graft dysfunction [187,

190, 201], and liver biopsy is required to establish an

accurate diagnosis.

Ten percent to 50% of late posttransplant biopsies have

unexplained predominantly portal-based inflammatory

changes that have been referred to as ‘‘idiopathic’’

chronic hepatitis [202] or ‘‘interface hepatitis’’ [203]. A

higher prevalence has been documented in children, many

of whom also have autoantibodies but lack the bio-

chemical changes required to make a diagnosis of de

novo AIH [204]. Recognition of this entity is important,

as it may lead to bridging fibrosis or cirrhosis in 50–70%

of children 10 years posttransplant [203, 204]. Autoanti-

bodies have also been identified in adults with ‘‘idio-

pathic’’ chronic hepatitis, which has been associated with

the development of progressive fibrosis [205]. Given the

areas of overlap alluded to above, it seems likely that de

novo AIH and ‘‘idiopathic’’ chronic hepatitis’’ are part of

a spectrum of alloimmune damage in the liver allograft

(late rejection with ‘‘hepatitic features’’) [205, 206]. In

support of this suggestion, a number of studies have

suggested that late acute rejection may have features that

more closely resemble chronic hepatitis than early acute

rejection [200].

Conclusions

AIH occurs as a consequence of a breakdown in self-toler-

ance. Naturally occurring CD4?CD25highCD127lowFoxP3?

regulatory T cells (Treg) actively engage in the

maintenance of immune homeostasis, and defects in both

the number and function of Treg are associated with AIH.

Recent evidence suggests that Th17 immune response also

plays a major role in autoimmune diseases including AIH.

It is now firmly established that regulatory T cells consti-

tute an indispensable component of the immune homeo-

stasis and further elucidation of the molecular and cellular

bases of Treg function or development may provide ways

to control autoimmune diseases including AIH. Diagnosis

of AIH is made by a combination of clinical, biochemical,

serological, and histological criteria and exclusion of other

etiology. Most patients with AIH are well controlled with

corticosteroids and azathioprine. However, some patients

require alternative therapy because of drug intolerance,

development of significant adverse effects, or failure to

control disease activity. Elderly patients have an indolent

but often aggressive disease that responds well to cortico-

steroid therapy. Adverse outcomes in pregnancy are asso-

ciated with antibodies to soluble liver antigen/liver

pancreas and Ro/SSA. Liver transplantation is the treat-

ment of choice for AIH patients who had end-stage

decompensated liver diseases or HCC. Recurrence of AIH

is common in the graft after liver transplantation, and these

patients normally require low-dose steroids.
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