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Abstract
Juvenile autoimmune hepatitis (JAIH) is a progressive inflammatory liver disease, affecting mainly young girls, from infancy to late adolescence, characterized by active liver damage, as shown by high serum activity of aminotransferases, by elevated immunoglobulin G levels, high titers of serum non organ-specific and organ-specific autoantibodies, and by interface hepatitis on liver biopsy. It is a multifactorial disease of unknown etiology in which environmental factors act as a trigger in genetically predisposed individuals. Two types of JAIH are identified according to the autoantibody panel detected at diagnosis: AIH-1, characterized by the presence of anti-smooth muscle antibody and/or antinuclear antibody and AIH-2, by anti-liver-kidney microsomal antibody type 1 and/or by the presence of anti-liver cytosol type 1 antibody. Epidemiological distribution, genetic markers, clinical presentation and pattern of serum cytokines differentiate the two types of AIH suggesting possible pathogenetic mechanisms. The most effective therapy for AIH is pharmacological suppression of the immune response. Treatment should be started as soon as the diagnosis is made to avoid severe liver damage and progression of fibrosis. The aim of this review is to outline the most significant and peculiar features of JAIH, based largely on our own personal database and on a review of current literature. 
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INTRODUCTION
Autoimmune hepatitis (AIH) results from an autoimmune attack of the liver parenchyma. The term “autoimmune hepatitis” was first employed by Mackay et al[1] in 1965 to describe “a persistent liver disease, with highly elevated levels of serum transaminase, sometimes over 1000 units, elevated serum gamma globulins, up to 6.0 g per 100 mL, piecemeal necrosis on liver biopsy with diffuse lymphoid infiltration and fibrosis, progressing to cirrhosis, various autoantibodies reactions in the serum, improving with immunosuppressive drugs”. The pattern of the serum autoantibodies that characterize patients with AIH led to a classification of this disease[2,3]. 

In children, after anecdotal reports of cases of chronic hepatitis and hypergammaglobulinaemia in the sixties[4], it was clearly shown that about half of the children with the histological features of chronic active hepatitis had hypergammaglobulinemia and high titers of serum autoantibodies[5] and that these patients responded in most cases to prednisone and azathioprine treatment, therefore suggesting an autoimmune mechanism[6,7]. In the same period a peculiar form of autoimmune hepatitis, now called AIH-2 was described as a distinct entity in children[8] and later confirmed in adults[9].

The aim of this review is to outline the most significant and peculiar features of juvenile AIH (JAIH), based largely from our own personal database; additionally we searched PubMed with the term of “juvenile autoimmune hepatitis”, “autoimmune hepatitis”, “epidemiology”, “pathogenesis” and “treatment”, filtered for age “birth-18 years”.

DEFINITION

AIH is a liver disease of unknown origin, pathogenetically characterized by an inflammatory liver disease, as shown by high serum activity of aminotransferases, by elevated immunoglobulin G levels, high titers of serum non organ-specific and organ-specific autoantibodies, and by interface hepatitis on liver biopsy[10]. It affects mainly young girls and spontaneously progresses to severe liver damage. Immunosuppressive therapy, which should be started as soon as diagnosis is made, induces clinical and biochemical remission in most treated patients. If untreated, cirrhosis and terminal liver failure may rapidly occur[6].

EPIDEMIOLOGY

AIH can be diagnosed at any age in both sexes. Mean annual prevalence in European adults ranges from 11.6 per 100 individuals to 17 per 100[11,12] with point prevalence in homogeneous populations, such as Alaskan natives, of 42.9 per 100 individuals[13]. Epidemiological data on JAIH are largely incomplete. There is only one recent report on the incidence and prevalence of JAIH, which was conducted in Utah, United States. In this study, the incidence and prevalence of JAIH was reported to be 0.4 and 3.0 cases per 100000 children, respectively[14]. AIH-1 is the more common type of AIH, which also affects adults and often presents at puberty, while AIH-2 is typical of pediatric age, presenting at a younger age, and even during infancy[8,15].

PATHOGENESIS

AIH is a multifactorial disease of unknown etiology. Environmental factors act as a trigger with self-perpetuating liver inflammation in predisposed individuals who carry a complex genetic background. Moreover, a defective immunoregulatory function, possibly genetically related, fails to control autoreactive clones and let the disease become clinically evident. The histological picture of interface hepatitis, in which a mononuclear and plasma cell infiltrate, which originates in the portal tracts, and disrupts the parenchymal limiting plate, morphologically illustrates this process. Among the inflammatory cells, activated T lymphocytes, positive for the CD4+ helper/inducer phenotype, predominate. These cells are believed to recognize self-antigens on the hepatocyte surface and to trigger the autoimmune liver damage[16].

Genetics 
Main susceptibility HLA alleles for AIH-1 in Europe and North America were found to be DRB1*0401 and DRB1*0301. The presence of these alleles confers an increased risk of developing AIH-1 and influences some features of the disease[17]. Geographic variation of the genetic predisposition to AIH-1 exists: in some countries such as Japan, Mexico and Argentina, DR3 haplotype is poorly represented in the general population, and the principal susceptibility alleles for AIH-1 are DRB1*0404 and DRB1*0405[18-20]. European children display the typical pattern for AIH-1 of Caucasian patients with a significant prevalence of DRB1*0301 and DRB3*0101[21]. 

Knowledge of the genetic background of AIH-2 is limited. In Europe, DRB1*03 and DQB1*02 alleles may have an important role, whereas other studies reported an increased frequency of DRB1*07, DRB4*01 and DQB1*06. In a pediatric population from Brazil, a significant increase of DRB1*07, DRB4 and DQB1*02 was observed. Moreover, HLA-DRB1*07 allele was found significantly associated with the presence of anti-liver-kidney microsomal antibody type 1 (LKM-1) alone and HLA-DRB1*03 allele with anti-liver cytosol type 1 antibody (LC-1)[22-24].

A partial deficiency of HLA class Ⅲ complement component C4, genetically determined, has been associated with JAIH[25].

Environmental factors
A number of drugs may cause unpredictable, dose-independent, immune-mediated liver damage. Autoimmune hepatitis related to halothane, tienilic acid, dihydralazine and minocycline are typically associated with LKM autoantibodies even though the molecular targets are different from AIH-2 (i.e., CYP2E1 for halothane and CYP2C9 for tienilic acid)[26].

Several viruses have been proposed as triggering factors for AIH such as HAV, measles, EBV or HSV, based on clinical or epidemiological criteria[27]. CYP2D6, the specific target of LKM-1 antibodies, shows epitopes that cross-react with homologous region of HCV, CMV and HSV[28]. Although definite evidence supporting this mechanism is lacking, it is conceivable that, infections with otherwise common viruses might lead, within a permissive genetic background, to break tolerance to self-antigens like CYP2D6, which could also be expressed, under particular conditions, on the hepatocyte surface[29].

Autoimmune reaction as a defect of regulatory function
A defect in a subpopulation of T lymphocytes regulating the immune response to liver- antigens expressed on the hepatocyte membrane has been reported in patients with AIH-1[30]. This T-cell subpopulation, bearing the interleukin 2 receptor a-chain (CD25+) and known as functional regulatory T-cells (T-regs), has been extensively studied as the putative main subset of regulatory cells for immune tolerance maintenance. In AIH patients, T-regs lymphocytes were found to be defective in number[16]. Moreover, functional studies have suggested that these cells are defective in promoting secretion of regulatory cytokines by their targets and in regulating CD4+ and CD8+ T-cell proliferation and interferon-gamma production and that they are unable to restrain monocyte activation and function[16]. However, using different markers, such as FOXP3, to identify T-regs lymphocytes, their role, in AIH, as the main immunoregulatory cells was recently challenged[31,32].

In AIH-2, the principal autoantigen (CYP2D6) is known, and the dominant epitopes target of the B and T-cell immune responses are also well characterized. On this basis, generation and expansion of HLA-restricted specific T-reg lymphocytes has been attempted and their immunomodulatory properties have been described in vitro[33]. Targeted immunotherapy with autologous infusion of ex-vivo expanded T-regs was demonstrated to induce remission of experimental AIH of mice[34].

Animal models

Advances in understanding the pathogenesis of AIH has been limited by the lack of accurate animal models. Murine models have been generated through DNA immunization with a chimeric fusion protein containing human CYP2D6 and human forminotransferase cyclodeaminase, the two self antigens of type 2 AIH, together with the extracellular region of mouse, cytotoxic T-lymphocyte antigen 4, as an immunological modulator[34,35]. Another model for AIH-2 uses CYP2D6 transgenic mice and tolerance mechanisms are overrun with the use of an adenovirus-CYP2D6 vector[36]. Immunized or infected mice developed chronic histological changes in the liver close to interface hepatitis, resembling those of AIH, with the development of a specific immune response with the production of anti-LKM1 and anti-LC-1 antibodies. A third animal model was created without the use of active immunization against xenopeptides, but using a transgenic mouse expressing chicken ovalbumin on the hepatocyte surface[37].

CLINICAL FEATURES

A specific autoantibody panel identifies two types of AIH: the presence of anti-smooth muscle antibody (SMA) and/or antinuclear antibody (ANA), in AIH-1[21,38], and LKM-1 and/or LC-1, in AIH-2[8,39]. Epidemiological distribution, genetic markers, clinical presentation and pattern of serum cytokines differentiate the two types of AIH suggesting possible pathogenetic mechanisms[40]. AIH-1 presents at any age, from infancy to the elderly, and in both sexes, while AIH-2 presents almost exclusively in childhood, with a very high incidence in females[8,39]. Patients with AIH-2 present at younger age that AIH-1, and are at higher risk to develop an acute liver failure[41]. Hypergammaglobulinemia is common in AIH-1, but it can be absent in AIH-2[8,38]. Moreover, AIH-2 is almost never associated with evidence of bile duct lesions while bile duct lesion is commonly observed in AIH-1[38]. Extra hepatic diseases of autoimmune mechanism are frequently observed in patients with both types of AIH. Autoimmune thyroid diseases (Grave’s and Hashimoto diseases) and autoimmune skin diseases such as vitiligo or alopecia are more frequently observed in AIH-2[8,38].

Three patterns of clinical onset characterize JAIH: (1) Acute onset with anorexia, nausea, vomiting and abdominal pain followed by jaundice, eventually suggesting an acute viral hepatitis, is the most frequent. In particular, patients, with AIH-2, are at higher risk than AIH-1 to develop acute liver failure with encephalopathy; (2) Insidious onset with progressive fatigue, anorexia, and intermittent jaundice lasting for several months/years before diagnosis, can be observed in about a third of patients. All these patients have clinical evidence of chronic liver disease and/or of cirrhosis at diagnosis; and (3) About 10% of patients may be asymptomatic when the liver disease is serendipitously discovered by the finding of clinical signs of chronic liver disease or by an increase of aminotransferase activity.

In a few patients, JAIH may reveal itself with symptomatic portal hypertension or with symptoms related to an extrahepatic autoimmune disease such as autoimmune thrombocytopenia, autoimmune haemolytic anemia, diabetes type 1, autoimmune thyroiditis, vitiligo, cutaneous vasculitis, uveitis, glomerulonephritis, juvenile chronic arthritis, systemic lupus erythematosus, Sjögren’s syndrome, celiac disease and inflammatory bowel disease[8,15,38]. 

LABORATORY FEATURES

At diagnosis, the “activity” of the liver disease can be documented by the presence of an almost constant increase of liver enzyme, in particular of serum transaminase activity that may increase up to 50 times or more the upper normal limit, while gamma glutamyltransferase (GGT) activity may be normal or only slightly elevated. An increase of GGT should suggest bile duct damage as in the case of autoimmune hepatitis/cholangitis overlap syndrome. Serum gamma globulins and immunoglobulins G are usually elevated, sometimes markedly, up to 6-8 g/L. Serum albumin may be normal in absence of liver function impairment and ascites. Serum immunoglobulin A deficiency and/or genetically determined low levels of C4 can be observed in AIH-2[8,25]. Prolonged prothrombin time suggests severe liver function impairment. 

Autoantigens and autoantibodies

Recognition of pathogenetic autoantigens in AIH might be one of the key factors to develop an etiologic-based therapy. Unfortunately most of the antigens recognized by autoantibodies detected in AIH are either non organ-specific or intracellular molecules, unlikely involved in triggering autoimmune reaction. The most studied candidate autoantigens are the asialoglycoproteins receptor (ASGP-R) for type AIH-1 and the cytochrome P4502D6 (CYP2D6) for AIH-2.

The ASGP-R is an organ-specific antigen expressed in the hepatocyte membrane. Even if several experimental studies had been published, its role in pathogenesis of AIH is still controversial[42]. Both peripheral and infiltrating lymphocytes collected from adult and pediatric patients with AIH show a proliferative response to human ASGP-R[43], and a lack in T-suppressing function of CD4+ T-cells specific for ASGP-R and corrigible by immunosuppressive therapy, has been described both in patients and in their healthy relatives. 

Seven isoforms of cytochrome P450 are expressed in human liver and all of these isoforms are targets of LKM reactivity in different types of autoimmune, viral or drug induced liver disease. CYP2D6 is an intracellular enzyme active in detoxification of several drugs and is the molecular target of AIH-2[44]. By effect of some cytokines, CYP2D6 can be expressed on hepatocytes surface becoming a potential target for autoreactive T-cells[29].

Detection of serum non-organ-specific autoantibodies (ANA, SMA and LKM-1) known to be associated with autoimmune liver diseases is a critical component of diagnostic criteria developed by International Autoimmune Hepatitis Group[2,3]. Their assessment should preferably be performed by indirect immunofluorescence (IIF) on frozen section of rat liver, kidney and stomach, and the presence of ANA/SMA and LKM-1 is virtually mutually exclusive. Sera screened positive for ANA/SMA should be further examined to assess the pattern of nuclear staining by the use of HEp2 cell monolayers, or to define the target of the SMA reaction[45]. 

The autoantibody profile does not markedly vary in the course of AIH with the exception of ANA reactivity that can be detected “de novo” in both subgroups of AIH. Autoantibodies titers varies during the course of the disease usually reducing in titer in case of remission, but also independently[46,47].

Autoantibody titers are not predictive of biochemical or histological remission. High titers at onset do not suggest a more aggressive disease and their disappearance from serum is not predictive of a better disease control during treatment or of a sustained remission in case of discontinuation of treatment.
Antinuclear and anti smooth muscle antibody, the serological hallmark of AIH-1, are usually present at high (≥ 1:100) titer, but they are not specific of AIH. ANA and SMA can, in fact, be detected in other liver diseases (viral or drug induced hepatitis, steatohepatitis and hepatocellular carcinoma) and also in non-hepatic disorders, however at lower titers. 

Various patterns of ANA staining can be observed: homogeneous (60%) and speckled (15%-25%) are the most frequent, however they are not considered of clinical importance and they may vary in the same patient, during treatment. Several nuclear antigens have been identified, as a target of ANA reactivity: single and double-stranded DNA, histones, chromatin, ribonucleoprotein complexes, cyclin A and centromere, but no single AIH specific antigen has been detected so far. In AIH-1, ANA can be detected either alone or in conjunction with SMA. In children, ANA is considered positive when the titer is ≥ 1:40, however since ANA reactivity at low titer can be frequently found in children we suggest raising the positivity cut-off to at least to 1:100. Moreover, Anti dsDNA antibodies can be detected in 25% of ANA-reactive AIH-1 patients[46].

When using rat stomach as substrate for SMA: uniform IIF stain of the muscolaris mucosa, blood vessels walls (V) and parietal cell occurs. With rat kidney tissue, staining of the mesangial area of glomeruli (G) and of proximal renal tubular cells (T) also occurs. “VG” and “VGT” staining patterns are the most frequent IIF patterns encountered in AIH. SMA reactivity usually stains structural components of the cytoskeleton such as desmin and troponin. In AIH SMA reactivity is directed against filamentous (F) actin. Anti-F-actin can be detected using cultured human fibroblast or HEp2 cells. Anti-F-actin specificity is higher than SMA but anti-F-actin antibodies may be found also in viral infection, connective tissue disease and celiac disease. 

Anti-LKM-1 serum reactivity defines the AIH-2, the most common type of JAIH occurring in infancy and childhood[8]. LKM-1 are present in 30%-70% of sera of patients with AIH-2 with anti-LC-1 antibody. Occasional patients with both ANA and LKM-1 have been defined as AIH-2.

LKM-1 stains hepatocytes and the proximal renal tubular cells (P3 portion) of liver and kidney sections in mice. Occasional staining of the distal renal tubules usually generates confusion with anti-mitochondrial autoantibody (AMA). AMA positivity in children is rare and Primary Biliary Cirrhosis is exceptional in pediatric age. 

Anti-LC-1 is an organ-specific antibody, which homogeneously stains, in IIF, the cytoplasm of the hepatocytes, sparing the perilobular layer of central veins and without staining of the proximal renal tubules[48]. LC-1 can also be detected with both immunodiffusion and immunoblotting. LC-1 antibody reacts with forminotransferase cyclodeaminase, a 58-62 Kd liver specific antigen[49] and together with LKM-1, characterizes AIH-2. In fact LC1 reactivity can be found associated with LKM-1 in about 50% of AIH-2, but LC-1 may characterize on its own, as a sole autoantibody children with AIH-2[39]. 

The simultaneous presence of LKM-1 may obscure LC-1 IIF reactivity. In these cases it is necessary to use another method to detect the presence of LC-1 such as immunodiffusion, ELISA, Western blot or dot blot.

Anti-SLA is a non organ-specific antibody which target antigen is likely to be a 50 Kd protein identified as O-phosphoseryl-tRNA: selenocysteinyl-tRNA synthase. Anti-SLA is considered a specific marker for AIH-1 being present in 6% to 58% of adults and children with AIH-1, alone or in combination with SMA and/or ANA[50]. Its detection could be particularly useful in patients who are negative for conventional markers of the disease (ANA, SMA), but its diagnostic role in JAIH is not relevant.

Anti-human ASGPR is a species-specific, liver-specific autoantibody that can be detected in sera of patients with various inflammatory liver diseases, but predominantly in AIH. The absence of a commercialized assay restricts its use to few laboratories.

Anti-neutrophil cytoplasmic antibodies (ANCA) constitute a heterogeneous group of autoantibodies directed against various subcellular components of neutrophils or myeloid cells and their presence has been proven to be a reliable diagnostic tool in systemic vasculitis. They are routinely detected by IIF on ethanol fixed human neutrophils and commonly classified in cytoplasmic (cANCA), perinuclear (pANCA) and atypical (pANNA). Atypical pANCA are characterized by non-homogeneous labeling of the nuclear periphery together with multiple intranuclear fluorescent staining and have been reported in patients with autoimmune liver disease including sclerosing cholangitis associated with inflammatory colitis and in AIH-1. 

LIVER HISTOLOGY

The International Autoimmune Hepatitis Group has affirmed the role of liver biopsy for the diagnosis of AIH[2,3]; liver biopsy is thus recommended in all patients suspected AIH unless there is a significant contraindication[51]. The histological hallmark of AIH is “interface hepatitis” (formerly called piecemeal necrosis) (Figure 1). A considerable amount of eosinophilic granulocytes can be observed within the portal infiltrate, especially in such cases associated to celiac disease[52].

In patients with AIH presenting as an acute liver disease, liver histology allows for differentiation between spontaneous exacerbation of a chronic liver disease (“acute-on-chronic”) and a newly developed disease. In the latter case, centrilobular zone 3 necrosis is the most typical pattern[53]. Subsequent transition to the classic features of “interface hepatitis” usually occurs. Other possible liver biopsy findings in AIH include the presence of giant multinucleated hepatocytes[54]. Moreover, diffuse giant cell transformation characterizes a distinct form of AIH in infants, associated with autoimmune hemolytic anemia[55] (Figure 2).

Massive liver cell necrosis may be present in AIH with acute severe/fulminant onset and may be associated with bridging necrosis and/or with multilobular or panlobular necrosis. These histological findings support but do not constitute firm evidence for the diagnosis of AIH.

Biliary ducts are usually not affected in AIH and the presence of lymphocytic cholangitis, or that of a mixed inflammatory infiltrate surrounding and infiltrating the bile ducts, has received a negative diagnostic rating on the IAIHG diagnostic score[3]. However, the incidental presence of bile duct inflammatory changes has been recognized in patients with AIH responding to immunosuppressive treatment[56]. In children, bile duct inflammatory changes are common in AIH-1, but are very rare or absent in AIH-2.

Liver biopsy also provides information on prognosis, identifying the presence of cirrhosis. Cirrhosis may be present at diagnosis or rapidly develop in JAIH[57]. Cirrhosis is more frequent at diagnosis in AIH-1 than in AIH-2[58], however, concerning the diagnosis of cirrhosis, “blind” percutaneous liver biopsy has been demonstrated to be of low diagnostic sensitivity, since up to 50% of patients may not be correctly diagnosed[57].

DIAGNOSIS

JAIH has variable clinical manifestations and should be considered in the diagnostic work-up of any patient with a cryptogenic liver disease. Diagnosis of JAIH basically relies on the exclusion of other possible known causes of the hepatic disease, such as chronic viral infections and Wilson’s disease and by clinical biochemical and histological “positive” criteria. Diagnosis is not challenging when all the major clinical and biochemical elements of the disease are present, such as the occurrence of an autoimmune disease in the same patient, a biochemically “active” liver disease, an elevation of serum gamma globulins, presence in serum of autoantibodies known to characterize JAIH, and compatible histopathological features on liver biopsy. However, sometimes the diagnosis may become difficult and for this reason, in 1993, an international board of physicians published a set of criteria to identify patients as having either “definite” or “probable” autoimmune hepatitis[2]. Once used primarily for scientific and research purposes, this scoring system is now widely used in clinical practice after being reviewed in 1999[3]. 

A simplified scoring system has since been proposed based solely on four parameters (autoantibodies, IgG levels, liver histology and exclusion of viral hepatitis), and has been validated in adults with 88% sensitivity and 97% specificity[59]. When comparing both scoring system in adults, we see that the revised original scoring system has shown greater sensitivity for the diagnosis than the simplified scoring system (100% vs 95%), while the simplified score had greater specificity (90% vs 73%) and predictability (92% vs 82%) for AIH than the revised original system[60]. The original scoring system was assessed in children using the GGT/aminotransferase ratio instead of the alkaline phosphatase/aminotransferase ratio to improve its specificity[61]. When tested in children the simplified scoring system was not proved to be effective mainly because of its low sensitivity[62]. In conclusion, no validated scoring system for the diagnosis exists for JAIH[63]. In challenging cases, once Wilson’s disease is excluded, and in absence of liver function failure, an immunosuppressive treatment should be attempted for at least 6 wk. A positive response to this treatment would suggest AIH. Moreover, relapse after immunosuppressive drug withdrawal is positively weighted in the IAIHG diagnostic criteria[2,3]. 

MANAGEMENT

The most effective therapy for JAIH is pharmacological suppression of the immune response. Treatment should be started as soon as the diagnosis is made to avoid severe liver damage and progression of fibrosis. Standard therapy includes a combination of prednisone and azathioprine[6] or occasionally prednisone as a monotherapy[6,7,21]. Prednisone or prednisolone is used at a higher dose that used in adults (2 mg/kg per day, up to a maximal daily dose of 60 mg/d in the adolescent) and azathioprine is administered starting from 1 mg/kg per day up to a maximum of 2.5 mg/kg per day. First line combination therapy including prednisone and azathioprine can be more effective than prednisone alone[64]. Moreover, the “steroid-sparing” effect of the azathioprine allows reducing more rapidly the steroid dose, thus tapering side effects related to the prolonged use of steroids at high dose.

The goal of the treatment is to obtain clinical and biochemical remission of the liver disease clinical signs with normalization of the “activity” of the disease (transaminase, gamma globulins) and of the liver function (prothrombin activity; INR). The definition of treatment-induced remission in JAIH should be stricter than that used in adult disease: the serum activity of aminotransferase should be maintained within the upper limit of normal, serum immunoglobulin G levels within the normal range for age, and serum autoantibodies absent or at very low titer[6,15,21]. Even clinical and biochemical remission do not always reflect histological resolution of inflammation, the proof of histological remission is not required. The rapidity and degree of response to treatment depends on the disease severity at onset. In JAIH, treatment is associated, in over 90% of cases, with a measurable clinical and laboratory response within 4 to 8 wk. Complete normalization of biochemical parameters may, however, take several months. On histopathological evaluation, the immunosuppressive treatment improves the fibrosis score, with an arrest in its progression into cirrhosis. Fibrosis control is mainly associated with regression of necroinflammatory activity[65]. Once remission is obtained, it must be maintained in the long term on the lowest possible dose of medication. Different therapeutic schedules of treatment discontinuation exist and should be tailored on individual patients. Prednisone is usually first decreased; the shift to alternate-day use of steroids may be suitable because of the lower incidence of side effect[66]. In cases of severe liver function impairment at diagnosis, liver function may further deteriorate despite an appropriate therapy. In these patients immunosuppressive therapy should be modified with the introduction of a third drug such as cyclosporine. In case of further non-response, the possibility of a liver transplant should be considered.

When complete remission is achieved, the goal of the immunosuppressive treatment is to maintain remission and to prevent relapse of the disease. Prednisone should be further reduced to the lowest dose that allows a biochemical remission. Alternate-day doses of prednisone associated to azathioprine are usually effective in maintaining remission. A relapse may occur at any time, the most frequent cause of a relapse is patient’s non-compliance. It is questionable that a histological remission has to be demonstrated through a liver biopsy in patients with clinical and biochemical remission, since the presence of histological remission has not been shown to be sufficiently indicative of an absence of possibility of relapse in the case of further reduction of the immunosuppression[6]. Liver fibrosis rarely progresses in patients who maintain a persistent biochemical remission and it can even diminish during treatment. Duration of the immunosuppressive treatment before attempting discontinuation is unknown; stopping treatment within the first two years is usually followed by a relapse[6]. We suggest that sustained remission should be maintained for at least five years, thereafter, in case of combined treatment of prednisone and azathioprine, prednisone is stopped and the patient is maintained on azathioprine monotherapy. Azathioprine monotherapy had been demonstrated to maintain remission in most patients with AIH[67]. Undetectable serum autoantibodies do not exclude the risk of relapse, but an increase of the titer of autoantibodies suggests caution in modifying the dose of immunosuppressive therapy.

Particular variant forms of AIH, as celiac disease-associated AIH on gluten free diet, might have a lower risk to relapse after treatment discontinuation[68]. In such cases a discontinuation attempt after less than 5 years of treatment could be justified.

Steroids mostly cause side effects of immunosuppressive therapy, including increase of food intake leading to moderate and reversible weight increase and a reduction of height growth. Severe side effects include obesity, growth failure, severe cosmetic changes, cutaneous striae, vertebral collapse, hyperglycemia, and cataracts, causing both visual impairment and, potentially, psychosis. Azathioprine is usually a safe drug, and cytopenia necessitating a dosage reduction is a rare event. Teratogenicity and oncogenicity issues resulting from azathioprine use in humans have not been conclusively demonstrated. Pregnancy should however be excluded in adolescent girls before starting treatment with azathioprine. However, if prolonged azathioprine treatment is needed, pregnancy has been demonstrated to be safe, in the long term, in young females with AIH[69,70]. During pregnancy, higher doses of prednisone may be an alternative option for those young women who prefer azathioprine withdrawal. However, vigilance is required at all times, and patients need careful monitoring, especially in the postpartum period, because of the possibility of relapses. 

In case of non-response to conventional treatment or in the presence of severe side effects of corticosteroids the use of cyclosporine A is indicated. Cyclosporine A at a median dose of 5 mg/kg per day induces remission in children and adolescents with AIH with a initial target concentration in serum of cyclosporine of 200-250 ng/mL[71,72]. Cyclosporine treatment side effects including mild gingival hyperplasia and reversible irsutism in some patients, are usually well tolerated and disappear after reduction of the dose[73]. Normality of renal function should be verified before starting this drug. In the follow-up, once remission is obtained, the dose of cyclosporine can be reduced with a target concentration of 100 ng/mL or the patient may be shifted to conventional treatment.

In children who either did not tolerate azathioprine or did not respond to conventional treatment, mycophenolate-mofetil (MFM, 20 mg/kg per day) in addition to steroids therapy has been shown to induce and maintain remission[74]. Side effects of MFM include headache, diarrhea, dizziness, hair loss and neutropenia. 

Budesonide, a steroid that is rapidly metabolized with low systemic exposure, in combination with azathioprine, has been recently shown in a trial including patients with JAIH to induce and maintain remission with fewer side effects than prednisone[75]. However, the low proportion of remission observed in this study compared to that reported in others pediatric studies using prednisone and azathioprine schedules, do not support its use as first-line treatment of JAIH[76]. Recently Rituximab, a monoclonal antibody against CD20, a B-lymphocyte surface antigen, has been successfully used in selected cases as a rescue therapy[77].

Liver transplantation should be considered as a therapeutic option for children and adolescents with JAIH and chronic end stage liver disease or in patients with acute liver failure at onset not responding to rescue immunosuppression. Five-year post-transplant survival in JAIH patients is scored at 86%[78].

LONG-TERM OUTCOME

Immunosuppressive treatment has convincingly altered the outcome of most patients with AIH[6,21,79-82]. Indeed according to previous prognostic studies on adults, 40% of patients with severe disease without treatment die within six months of diagnosis and cirrhosis eventually develops in at least 40% of untreated survivors[83,84]. 

On the other hand the 10-year survival rates among treated adults is 60% for those with cirrhosis on the initial liver biopsy[83,85] and more than 80% for those patients without cirrhosis at presentation[86].

The long-term outcome of JAIH still remains scarcely known, however, in case of full and prompt response to immunosuppressive therapy, the prognosis is usually satisfactory and most patients survive in the long-term with excellent quality of life and, in the majority of cases, on low dose immunosuppression.

In the five largest published series of children with AIH, overall survival rate in long-term treated patients exceeded 80% with a 5-year survival with native liver ranging between 67% and 87%; follow-up ranged from 4, 8 to 10 years[21,38,87-89]. 

The presence of cirrhosis on initial liver biopsy did not seem to impact long-term survival in children with AIH[87,88] while elevated total bilirubin and prolonged INR are independent risk factors of death and/or need of liver transplantation[21]. Immunosuppressive treatment requires to be prolonged in the long term in the majority of patients; however, sustained remission after treatment discontinuation has been reported in 13% to 20% of patients[21,87].

End-stage liver disease leading to liver transplantation has been reported to develop up to 14 years after diagnosis in 8% to 16% of children with JAIH compliant to immunosuppressive therapy and in absence of an evident biochemical relapse[21,87].

VARIANT FORMS OF JAIH

Giant cell hepatitis with autoimmune hemolytic anemia

Giant cell hepatitis with autoimmune hemolytic anemia is a rare entity described by Bernard et al[55] in 1981, presenting in early childhood with severe progressive liver disease in combination with Coombs positive hemolytic anemia. The clinical course is usually aggressive leading to hepatic failure and death. 

The mechanism of liver disease is not known, but an autoimmune process is believed to be responsible for this component of the disease as well. A study by Whitington et al[90] has recently provided evidence that systemic B cell autoimmunity might play a pathogenetic role even if autoantibodies are usually absent, histological features characteristic of auto-immune hepatitis are missing, and the disease is highly refractory to therapy that would usually be effective in AIH. Conventional immunosuppressive treatments (steroids, azathioprine, cyclophosphamide, cyclosporine, mycophenolate) are associated with high toxicity and often produce only partial or short-lasting remission[91]. Liver transplantation is associated with high rate of disease recurrence. In more recent studies the use of anti-CD20 monoclonal antibody (Rituximab) has been reported to be effective in patients with refractory hepatitis[92]. Intravenous immunoglobulins have been also reported to be efficacious in case of severe liver function impairment at onset or during a relapse in patients treated by multiple immunosuppression although their efficacy seems to be only temporary[93]. 

Autoantibody-negative autoimmune hepatitis

Cryptogenic hepatitis with autoimmune features in absence of detectable serum autoantibodies is described as “autoantibody-negative AIH”[94]. It affects a small proportion of adult patients presenting with a cryptogenic liver disease with acute or chronic presentation with the clinical, biochemical and histopathological features of AIH and responsive to immunosuppressive treatment[94-96]. The comprehensive international scoring system can support, but never override the clinical diagnosis pre-treatment, and non-standard serological markers should be sought in order to enhance diagnostic confidence[3,60,97]. A 3-mo treatment trial with corticosteroids should be considered in all candidates for the diagnosis, regardless of the serological findings[98,99]. This entity has been reported in children only in small series or in single case report[100].

Celiac disease associated-AIH

Celiac disease (CD) is common in patients with AIH, especially in children, as it has been shown in a previous Italian multicenter survey[52] and in more recent small pediatric series[68,101-103]. These studies reported a prevalence of CD in up to 19% of children with JAIH. The pathogenetic role of gluten in triggering AIH is uncertain, however, both types of AIH have been described in association with CD as well as autoantibody-negative AIH[52,100]. Liver damage, as evidenced by elevated aminotransferase activity, has been reported as being present from the first observation of celiac patients in some cases while in other, CD was diagnosed by a serological screening in patients with a known AIH[101,102]. Therefore all patients with AIH should be serological screened for CD and moreover all CD patients with clinical and/or biochemical signs of liver damage should be closely followed-up to exclude an AIH, especially in the case of persistent elevation of liver enzymes on a gluten free diet. 

Children with co-existent CD seem to have an apparently more favorable response to treatment, suggesting a positive effect of gluten withdrawal on AIH co-existent with CD. Gluten withdrawal might potentiate the immunosuppressive effect of the immunosuppressive drugs, maintaining remission even when the treatment has been withdrawn[68,103].

Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy-associated JAIH

Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED) is a rare autosomal recessive disorder caused by mutations in autoimmune regulator gene (AIRE) inducing a loss in central immune tolerance, failure to eliminate autoreactive T cells in the thymus, and their escape to the periphery. APECED is characterized by an extremely variable pattern of destructive autoimmune reaction, mainly mediated by specific autoantibodies toward different endocrine and non-endocrine organs. Virtually, all tissues and organs may represent the target of the autoimmune attacks, thus leading to a wide spectrum of clinical features. The three main components of APECED are chronic mucocutaneous candidiasis, chronic hypoparathyroidism and Addison’s disease. Generally chronic mucocutaneous candidiasis develops first and it is often followed by chronic hypoparathyroidism, before the age of 10 years, and later on by adrenal insufficiency. In addition to the main components, the spectrum of minor manifestations may include ectodermal dystrophy, other endocrinopathies, such as hypergonadotropic hypogonadism, insulin-dependent diabetes, autoimmune thyroiditis, and pituitary dysfunction. Moreover, skin diseases (vitiligo and alopecia) and gastrointestinal disorders (chronic atrophic gastritis, pernicious anemia) and particularly AIH, may be present. AIH shows a clinical phenotype akin to AIH-2 and it is present in 15%-20% of cases with CYP1A2 and CYP2A6 as a specific target antigens[104]. Heterozygous mutations of AIRE gene have been reported in children with AIH-1 suggesting a possible predisposition role[105].

De novo autoimmune hepatitis

De novo autoimmune hepatitis, after liver transplantation, was first described in 1998 by the group of King’s College Hospital in London[106]. It is a form of late graft dysfunction characterized by abnormal liver function tests, high serum concentration of immunoglobulin, presence of autoantibodies, and histological features of interface hepatitis coupled with a rich plasma cell infiltrate[107]. This recently recognized entity affects patients transplanted for disorders other than AIH and usually of non-autoimmune nature. Since its first description several authors reported the occurrence of de novo AIH in children and adults transplanted for non-autoimmune conditions[108-115].

The pathogenesis of de novo AIH is not yet defined and there are a variety of potential mechanisms leading to autoimmune liver disease post-transplant. Possible pathogenetic mechanism include the release of autoantigens from damaged tissue, as well as molecular mimicry, whereby exposure to viruses sharing amino acid sequences with autoantigens leads to cross-reactive immunity[106]. De novo AIH responds to treatment with corticosteroids and azathioprine allowing excellent graft and patient survival. Early recognition and appropriate management are therefore essential to avoid graft loss[107,116].

CONCLUSION
Juvenile AIH is a severe liver disease of childhood and adolescence progressing rapidly toward cirrhosis and severe liver function impairment unless immunosuppressive treatment is promptly started. Its clinical spectrum is broad: from asymptomatic liver damage to acute symptomatic and even severe hepatitis. Early diagnosis is mandatory but no scoring system of sufficient sensitivity exists. Serum autoantibodies are a relevant tool, but not essential for diagnosis and liver histology has distinct but non-pathognomonic features. The vast majority of treated patients responds to the immunosuppressive treatment, but relapses are frequent and mostly related to defective compliance to treatment. Long-term outcome studies on JAIH concerning the possibility of safely stopping the immunosuppressive treatment are needed for appropriate counseling to families and patients. 
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Figure 1  Interface hepatitis with piecemeal necrosis and lymphocyte spillover across the limiting plate.
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Figure 2  Liver biopsy of a 6 mo old infant with autoimmune hemolytic anemia showing diffuse giant cell transformation and moderate inflammatory portal infiltrate.
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