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Preface

Autoimmunity is a complex network and spectrum of immune responses against self ranging from 
naturally occuring autoreactivity at one end of the spectrum which, in most cases, are harmless or even 
beneficial, to pathological (induced) autoimmunity that may be harmful by leading to the development of 
autoimmune diseases. Therefore, autoimmunity may play different roles in healthy and diseased subjects. 
For improvement of the diagnostics and therapeutics as well as prediction and prevention of autoimmune 
diseases, it is important to investigate all aspects of these very complex and multifactorial pathological 
processes. In this regard, infections may have protective or enhancing capabilities in the development of 
autoimmune diseases. Neutrophil extracellular trap (NET) formation is a novel mechanism that may be 
involved in autoimmune induction triggered by certain infections. Besides the role of accelerated NETosis, 
other novel aspects of autoimmune pathogenesis such as defects of intracellular nucleases, agonistic 
effects of anti-receptor antibodies, the role of protective natural antibodies, vitamin D, adjuvants, memory 
plasma cells and the innate immune system can be found in this volume. Another important area of 
autoimmunity is the relevance of tumor associated autoantibodies (TAAB). Regardless of their pathogenic 
role, TAAB may be important markers in the risk assessment or prediction of tumor development. 

A major challenge for the improvement of immune diagnostics is the optimization and standardization of 
autoantibody determinations combined with standardized evaluation studies. On the backdrop of trying 
to understand the clinical relevance of autoantibodies in patients, the search for and description of new 
autoantibody specificities continues. Novel autoantibody biomarkers in tumors, idiopathic myopathies, 
multiple sclerosis, kidney diseases and rheumatoid arthritis will be presented along with new concepts and 
novel assays that may further improve the diagnostics of autoimmune and neoplastic diseases. 

Hopefully, the data and informations described and discussed in this volume will stimulate novel concepts 
and research on autoimmune pathogenesis as well as the improvement of immune diagnostics and 
therapy.

The editors
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Abstract

The term ”ASIA–Autoimmune/inflammatory Syndrome Induced by Adjuvants” [1] has been recently 
coined to describe an “umbrella” of clinical conditions namely siliconosis, Gulf War Syndrome (GWS), 
macrophage myophasciitis syndrome (MMF), sick building syndrome (SBS) and post-vaccination 
phenomena, which share similar signs or symptoms [2-6]. The most frequently reported symptoms include 
myalgia, myositis, arthralgia, incapacitating fatigue, neurological manifestations, fever, dry mouth and 
cognitive alterations. Moreover, really common is the presence of chronic fatigue syndrome [7], often 
associated with sleep disturbances or non-restful sleep. These shared symptoms suggested the presence 
of a common denominator which has been subsequently identified in the adjuvant. The adjuvant is 
defined as “any substance that acts to accelerate, prolong, or enhance antigen-specific immune response” 
[8]. It is an agent that may stimulate the immune system and increase the response to a vaccine, without 
having any specific antigenic effect in itself. This immune-mediated condition appears following a chronic 
stimulation of the immune system by agents with adjuvant characteristics. The prevalence of immune-
mediated conditions is rising in different geographical areas and these geo-epidemiological changes may 
be explained by a complex of genetic and environmental factors [9, 10]. Genetic leads to a predisposition 
in developing an autoimmune or an auto-inflammatory syndrome but, the presence of an external or 
endogenous environmental factor, recently called “exposome” [11], is essential in triggering the immune 
response. The presence of a favorable genetic background for the development of such conditions 
explains why they are so rare [12], and also why physicians should be aware of the possible complications 
that may occur, for example post-vaccination, in specific individuals [13]. Silicone, alum, pristane and 
infectious component are some of the environmental factors that comprise an immune adjuvant effect. 
Also other oil substances, sometimes illegally injected for cosmetic purposes, may have an immune
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adjuvant effect and are reported to be possible inducer of ASIA [14]. These adjuvants seem to be able to 
induce autoimmunity both in animal models and in humans [15, 16]. There are several proposed 
mechanisms by which an adjuvant may trigger the immune system including polyclonal activation of B 
cells, effects on cellular immunity, immune regulatory cells and on viral induced antibodies, molecular 
mimicry, bystander activation, and epitope spreading. Molecular mimicry refers to the concept that host 
immune response, initially directed to bacterial or virus antigens, can target host molecules that share 
sequence homology or structural similarities with microbial epitopes [8]. Adjuvants accomplish this task 
by mimicking specific sets of evolutionarily conserved molecules (liposomes, LPSs, unmethylated CpG 
dinucleotide-containing DNA etc). On the other hand, other possible involved mechanisms which may 
induce autoimmunity are the polyclonal activation of B cells [17], the bystander activation which enhances 
cytokine production and further induces the expansion of auto-reactive T cells [18], and finally the epitope 
spreading by which invading antigen accelerate the local activation of antigen presenting cells and the 
over processing of antigen [19]. For the diagnosis of the disease criteria have been proposed and may aid 
in the diagnosis of ASIA syndrome [1]. These criteria were further validated by Zafrir et al. [20] who studied 
93 patients who suffered a constellation of symptoms and fulfilling the proposed criteria of ASIA [20]. 
Despite the huge efforts invested in vaccine safety there are few observational studies and virtually no 
randomized clinical trials documenting the effects of existing vaccines on autoimmunity. Thus, there is the 
need of innovative clinical trial design and the vaccines should be designed in order to be risk-free. To 
conclude, the accumulation of many reports and the temporal association between the occurrence of 
autoimmune diseases and vaccination led some authors to hypothesize the presence of a causal link. Such 
a link may suggest that adjuvants serve as triggers for presentation of an overt disease or exacerbation of 
a non-symptomatic autoimmune condition, in certain individuals that are probably prone to develop such 
devastating event [21]. Perhaps, in twenty years physicians will be dueling with better characterized 
particles of autoimmunity, and the vaccines will be fully safe as well as effective. Still, the available data 
suggest that the benefits of vaccination overweigh the risks. Nonetheless, the recognition of ASIA has 
initiated the change to put more efforts in identifying the good, the bad and the ugly of vaccines and in 
particular of adjuvants as triggers of autoimmunity. Nonetheless, particular attention should be given in 
order to develop safer vaccines.
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Abstract

Autoimmune liver diseases include primary biliary cirrhosis (PBC), autoimmune hepatitis (AIH) and primary 
sclerosing cholangitis (PSC). Each condition has their own unique clinical and diagnostic features. AIH 
involves the hepatocytes whereas PBC and PSC involve the biliary epithelial cells. It is believed that a 
combination of genetic susceptibility and environmental triggers act in concert to induce these conditions. 
Infectious agents are included among the environmental causes, and have been of interest for several 
decades. It is believed that bacteria, viruses and parasites may induce autoimmune liver disease by 
mechanisms such as molecular mimicry and cross reactivity. The evidence underlying these theories varies 
from one organism to the next, and one disease to the other. The evidence linking infectious agents to 
PBC and AIH is much stronger than in PSC. In the case of PBC, bacterial causes have been heavily 
implicated, especially in regards to E. coli. This is in comparison to AIH, where mostly viruses have been 
implicated, although the evidence is not strong. The evidence linking infectious triggers and PSC is even 
scarcer. This chapter will discuss the current evidence in the literature surrounding the role of infections 
in the development of autoimmune liver disease.

1. Introduction

Autoimmune liver diseases represent a distinct group of autoimmune disorders affecting the hepatocytes 
in the case of autoimmune hepatitis (AIH) or the biliary epithelial cells (BEC) as for primary biliary cirrhosis 
(PBC) and primary sclerosing cholangitis (PSC). The clinical features, as well as the management, of these 
diseases differ significantly amongst each other.

Though the aetiologies of these diseases are poorly understood, infectious agents have been considered 
important for the induction of immune-mediated pathology.

This chapter discusses current evidence linking infections with autoimmune liver diseases.
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2. Primary biliary cirrhosis

PBC is an autoimmune liver disease with a long asymptomatic phase characterized by the destruction of 
small and medium-size intrahepatic bile ducts [1]. Disease specific antimitochondrial antibodies (AMA) 
and/or antinuclear antibodies (ANA) are the serological hallmarks of PBC [2]. The diagnosis of PBC is based 
on biochemical evidence of cholestasis, the presence of detectable AMA (or PBC-specific ANA) and 
diagnostic histological features on liver biopsy [1]. 

Infectious agents linked to PBC are numerous [3,4]. An overview of these agents, in addition the 
mechanisms that have been investigated linking these micro-organisms with PBC, are provided in Table 1. 
It has become apparent that the evidence linking their involvement in the induction of PBC varies amongst 
pathogens. The most cited of those is Escherichia coli (E. coli) [4].

E. coli as a PBC trigger

Several epidemiological studies have been conducted to investigate risk factors for the development of 
PBC, including risks regarding infection (reviewed in [3]). These studies have been based on questionnaires 
addressing geographical and lifestyle factors, as well as personal and familial medical and surgical 
histories, including history of infection. One of the most significant infectious risk factors in PBC was found 
to be a history of recurrent urinary tract infections (rUTI) [4]. Recent data from British investigators 
demonstrated that rUTI precedes the diagnosis of PBC [5].

The potential pathophysiological mechanisms linking E. coli infection (and rUTI) with the development of 
PBC have been reviewed elsewhere [4]. Briefly, immunological data have also demonstrated B- and T-cell 
cross-reactive responses involving the major AMA-specific autoepitopic region, namely human PDC-E2, 
and its E.coli mimics. Gershwin’s lab in collaboration with Japanese co-workers subsequently 
demonstrated that E.coli and human PDC-E2 cross-react at the cellular level (CD4 T-cell) [6]. Our own 
group has provided data suggesting that mimics of the human PDC-E2 autoepitope originated from E. coli
proteins irrelevant to PDC-E2 are also targeted by cross-reactive responses [7]. Also, some evidence linking 
E.coli infection with PBC has come from an animal model which demonstrated that recurrent UTI is 
capable of inducing histological features resembling those seen in PBC [4].

Novosphingobium aromaticivorans: an unexpected trigger of PBC

In search of microbial triggers of PBC, Gershwin’s group reported that two bacterial proteins from N. 
aromaticivorans were highly homologous to human PDC-E2 [8]. Also, patients with PBC demonstrated 
antibody responses against the lipoylated Novosphingobium aromaticivorans proteins. The investigators 
have found that N. amoraticivorans was isolated in faecal samples from patients with PBC, and obtained 
data demonstrating the existence of immune responses against lipoylated proteins of N. aromaticivorans in 
PBC patients and their first degree relatives [8]. Based on these data, an animal model of the human disease 
was developed in which infection of mice with N. aromaticivorans led to serological and histological evidence of 
PBC. 

The role of Lactobacillus delbrueckii in PBC

Beta-galactosidase of L. delbrueckii subsp. bulgaricus is one of the very few lactobacilli proteins that have 
remarkable similarity with the core CD4, CD8 and B-cell epitope of human PDC-E2, the major AMA 
antigenic determinant. Experimental testing has demonstrated evidence of IgG antibodies against the 
homologous peptides being present in patients and controls. However, IgG3 antibodies to the lactobacillus 
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mimic are highly specific for PBC [9, 10]. Also, IgG3 antibodies to the lactobacillus mimics cross-react with 
the human autoepitope PDC-E2, suggesting a potential involvement of this pathogen in the pathogenesis 
of PBC. In fact, one study has reported the case of an AMA positive female who developed PBC after being 
vaccinated with lactobacillus for recurrent vaginitis [9]. Also, serological testing has provided evidence of 
human and lactobacilli immunological cross-reactivity. We formulated a hypothesis based on the 
assumption that alterations in normal vaginal flora leading to bacterial vaginosis may provide the impetus 
for bacterial colonisation important for the pathogenesis of PBC [9, 10]. It is known that UTI is more 
frequently reported in females with alterations in the normal vaginal flora. This may allow for the 
colonisation of uropathogenic E.coli and subsequent development of cross-reactive immune responses 
involving lactobacilli mimics but this needs to be determined at the experimental level.

Mycobacterial-induced PBC: facts and fictions

Granulomata can be seen in liver biopsy specimens from patients with PBC, and this has led investigators 
to consider mycobacteria as potential causative agents of PBC [11]. Early studies reported the presence of 
PBC-specific AMA in patients with active pulmonary tuberculosis and leprosy and the presence of antibody 
reactive specifically targeting mycobacterial antigens in sera from patients with PBC. However, 
mycobacterial DNA has not been detected in livers from patients with PBC [11].

Nevertheless, a Spanish group reported the presence of antibodies against the 65-kDa heat shock protein 
(hsp65) of Mycobacterium gordonae extract in all patients with PBC [12], and our group has demonstrated 
that cross-recognition of M. gordonae hsp65 and human PDC-E2 was due to amino acid homologies 
between the human PDC-E2 mitochondrial autoepitope, and an hsp65 M. gordonae antigenic determinant 
[13].

Chlamydia pneumoniae as a cause of PBC

A single study has found that C. pneumoniae antigens are detectable in all the explanted liver tissues from 
patients with PBC but these data have not been confirmed by Gershwin’s group [14]. A serological study 
has shown that anti-chlamydial antibodies are present in the great majority (91%) of AMA-positive 
patients with PBC and just 21% AMA-negative patients with PBC. These antibodies were undetectable in 
the relevant pathological and normal controls. However, C. pneumoniae DNA could not be detected in 
liver tissues obtained from patients with PBC suggesting that chamydial infection is not directly involved 
in the pathogenesis of PBC.
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Helicobacter pylori and PBC: current evidence

Reported data have failed to provide evidence in support of a causative link between H. pylori infection 
and development of PBC. In search of microbial mimics of the human PBC autoepitope, we identified 
significant amino acid similarity between the major mitochondrial autoepitopic region and H. pylori urease 
beta [15], but we were unable to provide evidence of cross-reactive immunity at the B- cell or T-cell level. 
We have also looked for molecular mimicry between between H. pylori VacA antigen and human PDC-E2, 
but again we reported lack of cross-reactive immunity of the homologous sequences. Early data suggesting 
that anti-helicobacter pylori antibodies are present at comparable frequencies in patients with PBC and 
controls have been challenged by the results of a recent study that antibody reactivity against H. pylori
are more frequently present in patients with PBC than in controls (54% vs 31%). 

Betaretroviruses: the viral triggers of PBC

Several studies have attempted to incriminate EBV and CMV in the pathogenesis of PBC but the data have 
been inconclusive. However, infection, with the mouse mammary tumour virus (MMTV) has been linked 
with PBC. Data from the group of Mason in Canada suggest that beta-retroviruses may indeed infect biliary 
epithelial cells, leading to increased PDC-E2 expression on the cell surface [16]. These authors were the 
first to show that anti-retroviral antibodies are frequently detectable in patients with PBC, and have also 
provided evidence for the appearance of viral particles in biliary epithelial cells of affected individuals. 
Mason has cloned a human betaretroviral sequence highly homologous to MMTV. As well, retroviral 
sequences were identified in a murine model of experimental cholangiopathy with features of PBC. 
Increased MMTV gag and env expression was found in the liver tissue of mice with immunological 
dysfunction. Also, titres of AMA correlated with anti-MMTV antibodies in these mice. All these findings 
have come from the same group, and external validation from two independent groups has failed to 
replicate these data. For example, Gershwin and co-workers have found MMTV less frequently in livers 
from PBC patients than in livers from patients with other chronic liver diseases.
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Parasitic infections and PBC: the link with Toxoplasma gondii 

Toxoplasmosis is caused by Toxoplasma gondii, a parasite within the genus Toxoplasma. Cats are the 
primary host of T. gondii. So far, this parasite has not been reported as a risk factor for PBC. However, a 
recent study has reported that antibodies against Toxoplasma gondii are more prevalent in patients with 
PBC compared to healthy controls (71% vs 40%, p<0.0001). 

Table 1. 
Major findings involving infectious agents in the induction of primary biliary cirrhosis (PBC). Features vary amongst 
studies and therefore their strength of support differs amongst studies. None of them is conclusive of a decisive role 
of an infectious agent as a cause of PBC.

Infectious Agent Type of study Finding In support or 
against a 
causative link

E. coli Clinical observation

Clinical observation

Epidemiological

Immunological 

Experimental animal 
model

Bacteriuria is more frequent in PBC than controls
Bacteriuria is equally prevalent in PBC patients and 
controls
History of urinary tract infection more frequently 
reported in patients than in controls
History of infection precedes disease
Women with rUTI have PBC-specific AMA and ANA
Evidence of cross-reactive antibodies and T-
lymphocytes
Infection induces AMA and causes PBC-like disease
Data have been reported in the form of an abstract, 
and other convincing animal models have not been 
developed

In support

Against

In support

In support
In support

In support

In support

Against
N. 
amoraticivorans

Immunological

Microbiological 
Experimental animal 
model

Presence of anti-microbial antibodies
Evidence of microbial/self cross-reactive antibodies
Positive faecal cultures
Infection induces AMA and causes PBC-like disease
Disease is transferable

In support
In support

In support
In support

In support
L. delbrueckii Immunological Evidence of cross-reactive antibodies

A woman develops PBC after lactobacilli vaccination
Antibodies are also found in controls

In support
In support

Against
Betaretroviruses Immunological

Virological
Virological
Virological

Experimental 
Animal Model

Clinical

Anti-viral antibodies are present in PBC patients
Cloning of MMTV from PBC patients
Lack of molecular evidence
Virus is less prevalent in liver of PBC than in other 
liver diseases
Identification of retroviral sequences in a murine 
model of PBC
Inconclusive data regarding the efficacy of anti-viral 
treatment

In support

In support
Against
Against
In support

Against
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M. gordonae Microbiological

Immunological

Molecular evidence of the mycobacterium is not 
limited to PBC
Presence of cross-reactive antibodies
Anti-mycobacterial antibodies are specific for M. 
gordonae
Anti-mycobacterial antibodies are not specific for M. 
gordonae

Against

In support
In support 

Against

Helicobacter 
pylori

Immunological Lack of cross-reactive B- and T-cell responses
Prevalence of anti-helicobacter antibodies is similar 
in patients and controls
Prevalence is higher in patients than in controls

Against

Against

In support
Toxoplasma 
gondii

Immunological Increased prevalence of antibodies in patients 
compared to controls

In support

Epstein-Barr 
Virus

Virological

Immunological

Increased EBV DNA levels in patients than in controls
Prevalence of EBV early antigen-specific antibodies 
higher in PBC patients

In support

In support

P. aeruginosa Immunological Evidence of T-cell cross-reactivity In support
Human 
cytomegalovirus

Immunological Lack of cross-reactive antibodies Against

Haemophilus 
influenzae

Immunological Lack of cross-reactive antibodies Against

Infectious Agent Type of study Finding In support or 
against a 
causative link

E. coli Clinical observation

Clinical observation

Epidemiological

Immunological 

Experimental animal 
model

Bacteriuria is more frequent in PBC than controls
Bacteriuria is equally prevalent in PBC patients and 
controls
History of urinary tract infection more frequently 
reported in patients than in controls
History of infection precedes disease
Women with rUTI have PBC-specific AMA and ANA
Evidence of cross-reactive antibodies and T-
lymphocytes
Infection induces AMA and causes PBC-like disease
Data have been reported in the form of an abstract, 
and other convincing animal models have not been 
developed

In support

Against

In support

In support
In support

In support

In support

Against
N. 
amoraticivorans

Immunological

Microbiological 
Experimental animal 
model

Presence of anti-microbial antibodies
Evidence of microbial/self cross-reactive antibodies
Positive faecal cultures
Infection induces AMA and causes PBC-like disease
Disease is transferable

In support
In support

In support
In support

In support
L. delbrueckii Immunological Evidence of cross-reactive antibodies

A woman develops PBC after lactobacilli vaccination
Antibodies are also found in controls

In support
In support

Against
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Betaretroviruses Immunological

Virological
Virological
Virological

Experimental 
Animal Model

Clinical

Anti-viral antibodies are present in PBC patients
Cloning of MMTV from PBC patients
Lack of molecular evidence
Virus is less prevalent in liver of PBC than in other 
liver diseases
Identification of retroviral sequences in a murine 
model of PBC
Inconclusive data regarding the efficacy of anti-viral 
treatment

In support

In support
Against
Against
n support

Against

M. gordonae Microbiological

Immunological

Molecular evidence of the mycobacterium is not 
limited to PBC
Presence of cross-reactive antibodies
Anti-mycobacterial antibodies are specific for M. 
gordonae
Anti-mycobacterial antibodies are not specific for M. 
gordonae

Against

In support
In support 

Against

Helicobacter 
pylori

Immunological Lack of cross-reactive B- and T-cell responses
Prevalence of anti-helicobacter antibodies is similar 
in patients and controls
Prevalence is higher in patients than in controls

Against

Against

In support
Toxoplasma 
gondii

Immunological Increased prevalence of antibodies in patients 
compared to controls

In support

Epstein-Barr 
Virus

Virological

Immunological

Increased EBV DNA levels in patients than in controls
Prevalence of EBV early antigen-specific antibodies 
higher in PBC patients

In support

In support

P. aeruginosa Immunological Evidence of T-cell cross-reactivity In support
Human 
cytomegalovirus

Immunological Lack of cross-reactive antibodies Against

Haemophilus 
influenzae

Immunological Lack of cross-reactive antibodies Against

3. Autoimmune Hepatitis

AIH is an autoimmune liver disease characterised by elevated transaminases, the presence of specific 
autoantibodies, raised IgG, and interface hepatitis on histology. AIH can be divided into AIH type 1 or type 
2, which is largely based on distinct autoantibody profiles [17]. ANA and smooth muscle antibody (SMA) 
characterise type 1, with type 2 being characterised by liver kidney microsomal antigen type 1 (anti-LKM1) 
and anti-liver cytosol type 1 (anti-LC1) antibodies [17]. Immunosupressive treatment is with prednisolone,
with or without azathioprine.

The mechanisms underlying the development of AIH are not well defined, but there is some evidence to 
suggest a numerical and functional impairment of T regulatory cells may be involved. Genetic and 
environmental factors are also believed to be involved in the development of the disease, mostly viruses 
(Figure 1). 
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Hepatitis C Virus and AIH 

HCV has been investigated as a potential inducer of AIH, which has been based on the observation that 
AIH-related autoantibodies are frequently present in chronically infected patients with HCV. In fact, ANA, 
SMA, as well as as anti-LKM1 antibodies can be found in up to 40% of patients with HCV infection. Several 
research groups, including our own, have shown that HCV and cytochrome P450 2D6, the autoantigen of 
anti-LKM1 antibodies, are targets of cross-reactive responses and that molecular mimicry operates at the 
B and T cell levels [18, 19]. We have also demonstrated that molecular mimicry and immunological cross-
reactivity involving HCV, and AIH-1 related smooth muscle, nuclear autoantigens may explain the presence 
of AIH-related autoantibodies during viral infection [19].

As more than 350 million people world-wide are infected with HCV, it could be expected that more cases 
with AIH could be induced as a result of viral infection with this hepatotropic virus but this does not appear 
to be the case. Thus, as it stands, the current evidence linking HCV with AIH is not strong.

Other Hepatotropic Viruses: Hepatitis A and B

Several case reports have noted the development of AIH after HAV infection [20]. As well, the histological 
appearance of acute HAV induced liver damage and AIH may be indistinguishable. Patients infected with 
HAV and HBV appear to be seropostive for AIH-related autoantibodies such as ANA, SMA and anti-
asialoglycoprotein receptor antibodies. This suggested that HAV/HBV infection might trigger a humoral 
immune response to liver antigens, leading to the subsequent induction of the liver disease. A group of 
researchers prospectively followed a cohort of relatives of AIH patients, and obtained regular serum 
samples for the detection of serological markers of AIH. In three of these cases, the relative developed 
AIH type 1 (with anti-ASGPR positivity) following infection with HAV. It should also be noted that AIH has 
been reported following HAV vaccinations (see Vaccination section below). Despite these reports, larger 
molecular studies are needed to determine whether a link between hepatotropic viruses and AIH exist.

Epstein-Barr Virus: Case Reports in AIH

Several cases report the development of AIH following EBV infection [20]. A group of investigators 
followed relatives of AIH patients, and regularly assessed them for evidence of AIH [21]. Two individuals 
developed AIH following EBV infection and infectious mononucleosis [21].

It should be noted that EBV infection of the liver might resemble AIH, which should be differentiated 
histologically. For example, one report describes the case of fatal chronic active EBV infection mimicking 
AIH [20]. 

Currently, no large studies have been conducted investigating the role of EBV in the development of AIH. 
Unlike HCV, the molecular mechanisms that may be involved in the development of AIH following EBV 
infection (including molecular mimicry and cross reactivity) have not been explored. It currently appears 
that EBV may induce AIH in individual cases, but there is no conclusive evidence linking EBV with AIH. As 
well, the prevalence of EBV would infer a higher rate of AIH (if a link was present), and this is not the case. 

Herpes Simplex Virus 1

As noted previously in the case of HCV, a study indicated that the immunodominant regions of CYP2D6 
share homologous regions with HCV and HSV-1, and suggested that HCV-negative AIH type 2 cases may 
be related to HSV-1 [19]. We have shown that the ICP4 protein from HSV-1 shares antigenic determinants 
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with the HCV RNA polymerase and that the mimicking sequences are targets of cross-reactive responses. 
However, rates of anti-HSV-1 antibodies are comparable between patients with AIH and demographically 
matched controls [19].

Vaccinations preceding AIH

Vaccinations to prevent from infectious agents have been used as models to study the induction of 
autoimmunity triggered by foreign pathogens. Case reports comprise most of the evidence linking 
vaccinations and AIH [20]. One case report describes a case of AIH developing one week after vaccinations 
for typhoid, hepatitis A, diphtheria/tetanus, oral polio, mumps, measles and rubella (reviewed in [20]). 
Although liver biopsy and clinical data was suggestive of AIH, it is not known if any autoantibodies were 
present. That patient responded well to immunosuppressive therapy. Another case reports of a 31-year-
old female who presented with a ten day history of nausea, vomiting, fever, and dark urine, which began 
eleven days after receiving a vaccination for hepatitis A and yellow fever (reviewed in [20]). She was 
diagnosed with AIH, and responded well to steroid therapy. It should be noted that this patient was 
serologically negative for autoantibodies associated with AIH, and also notes the development of 
symptoms whilst abroad in Nigeria. Apart from case reports, there is no direct evidence or larger studies 
linking vaccination to AIH. Further investigations into liver disease following vaccinations are warranted, 
as vaccinations have been linked with other autoimmune conditions.

Figure 1. Viruses involved in the pathogenesis of autoimmune hepatitis (AIH) type 1 and type 2.
Arrows indicate links between a virus and a specific type of AIH. HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, 
hepatitis C virus; HDV, hepatitis D virus; HEV, hepatitis E virus; EBV, Epstein-Barr Virus; CMV, cytomegalovirus; HSV-
1, human herpes virus-1; ADV, adenovirus; VZV, varicella zoster virus.
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4. Primary sclerosing cholangitis

PSC is a chronic progressive cholestatic disease, characterized by immune-mediated destruction of the 
biliary epithelial cells leading to fibrosis and biliary cirrhosis. Unlike most autoimmune conditions, PSC has 
a higher male predominance. PSC is largely diagnosed based on endoscopic cholangiography and/or 
magnetic resonance imaging, as well as biochemical indices of cholestasis and disease-related perinuclear 
anti-neutrophilic antibodies (p-ANCA) [2]. Treatment of PSC includes administration of ursodeoxycholic 
acid, although curative treatment consists of liver transplantation. Both PBC and PSC are autoimmune 
disorders charactesides by the immune-destruction of the biliary epithelial cells, but the diseases are quite 
distinct and there are no patients with concomitant overlapping features of PBC and PSC. In fact, PBC can 
co-exist with AIH, and the same appears to be the case for AIH and PSC. 

The link between PSC and infectious triggers is far from clear.

Epstein-Barr Virus and Primary Sclerosing Cholangitis

To date, the only evidence of an infectious trigger is PSC is in regards to EBV [22], which is related to 
ulcerative colitis (UC), an inflammatory bowel disease which is often concurrent with PSC. Some studies 
have found an increased number of EBV-infected B lymphocytes in intestinal mucosal samples from 
patients with ulcerative colitis compared to healthy controls [22]. However, it is unclear as to how many 
of those patients also had concomitant PSC. To date, there does not appear to be strong or direct evidence 
linking EBV and PSC. 

5. Conclusion

Evidence linking autoimmune liver diseases to infectious agents varies from one condition to the next. E. 
coli appears to be strongly linked to PBC development, based on epidemiological as well as experimental 
and molecular studies. It also appears likely that other infectious agents may be involved. The evidence is 
not as strong in AIH and PSC. Although several viruses (namely the hepadnavididae and HSV) have been 
implicated in the form of case reports, stronger molecular evidence is needed to make definitive 
conclusions regarding infection and AIH. So far, very little evidence exists in regards to infection and PSC.
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Autoantibodies against glycoprotein 2 in inflammatory bowel diseases

Glycoprotein 2 has been identified as a major autoantigenic target of pancreatic antibodies (PAB) found 
in patients with Crohn’s disease (CD).[1-3] The loss of tolerance in inflammatory bowel diseases (IBD) has 
been reported first in the late 1970s by demonstrating the occurrence of autoimmunity in ulcerative colitis 
(UC), the other main IBD along with CD.[4] First reports on humoral autoimmunity in CD can be traced 
back to the late 1980s.[5] Ever since, the pathophysiology of both IBDs and the respective role of immune 
processes in particular autoimmunity remains poorly understood. The incidence of IBD is steadily 
increasing in developed and developing countries, which amounts approximately up to 37.1 per 100,000 
individuals each year in Europe currently.[6] In the United States alone, IBD is one of the five most 
prevalent gastrointestinal disorders, accounting for more than 700,000 physician visits and 100,000 
hospitalizations with an overall healthcare cost of more than $1.7 billion (CDC data). From a prognostic 
point of view, up to 75% of patients suffering from CD and 25% of those with UC will require surgery. There 
is a common belief that pediatric entities of IBD are distinct diseases in comparison with the ones seen in 
adults. Apart from common susceptibility loci, genome-wide association studies (GWAS) have identified 
new loci associated with early onset of IBD in children which were not found in adults. 

Apart from autoimmunity, genetic predisposition and environmental factors play a pivotal role in the 
pathophysiology of IBD. By means of GWAS, IBD5 locus (5q31-33 region) has been demonstrated to be 
strongly associated with UC, whereas the NOD2 (16q12) and major histocompatibility complex (MHC) 
(6p21) locus appears to be linked to CD.[7] The inflammation observed in CD which penetrates all layers 
of the bowel wall and adventitia in contrast to the one seen in UC can manifest throughout the whole 
digestive tract. Tissue lesions such as fissures, abscesses, strictures, and fistulas can develop in the course 
of CD and the incidence of carcinoma is particularly elevated in patients with Crohn’s colitis after extended 
disease.

The “western” or “westernized” diet is obviously one of the most critical environmental components to 
be taken into account in terms of the pathophysiology of IBD. Whereas an increased intake of refined 
carbohydrates, fatty acids, and proteins have been associated with CD and/or UC, the consumption of 
dietary fiber in the form of vegetables and fruits seems to be correlated with a reduced risk of IBD
development. The eating habit may contribute to the triggering of IBDs by a direct effect of dietary 
antigens, alterations in gene expression, or an impact on the composition of the enteric flora. In this 
context, gastrointestinal permeability appears to play a critical role.

Notably, autoimmunity is believed to play a major role in IBD inflammation leading to overt disease. In CD, 
approximately 30% of patients and less than 8% of patients with UC develop loss of tolerance to exocrine 
pancreas.[8] As a matter of fact, GP2 the major target of PAB is the most abundant membrane protein in 
pancreatic acinar cells and is not found in endocrine pancreas tissue. The previously unaddressed 
contradiction of pancreatic autoreactivity and intestinal inflammation in CD was elucidated by 
demonstrating the expression of GP2 at the site of CD inflammation.[1;9] Notably, GP2 has been found on 
the surface of microfold (M) cells of intestinal Peyer’s patches (PP),[10] which are believed to represent
the origin of CD inflammation.[11] Apparently, GP2 seems to support the transcytosis of FimH positive 
bacteria by M cells through the PP to the underlying gut associated lymphoid tissue. The binding of a
subset of commensal and pathogenic enterobacteria, including Escherichia coli and Salmonella enteric 
serovar Typhimurium (Salmonella typhimurium) has been demonstrated to be mediated by FimH, a 
component of type I pili on the bacterial outer membrane.
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The development of immunoassays for the detection of antibodies to GP2 has paved the way to
investigate the association of such antibodies with the clinical phenotype in CD.[12-16] Thus, patients
suffering from CD with ileocolonic location revealed a significantly higher prevalence of anti-GP2.[17-19]
Even more interestingly, CD patients with stricturing behaviour and perianal disease demonstrated a
higher prevalence of anti-GP2. These observations support the assumption that the loss of tolerance to
GP2 is correlated with the phenotype of patients with CD. Therefore, it is tempting to speculate about an 
association of autoreactivity to GP2 with fibrostenosis in CD and anti-GP2 antibodies could be an 
interesting candidate for a fibrostenosis marker in CD. This may provide the basis for further stratification 
of CD patients with regard to the type and outcome of inflammation.[20-22]

GP2 and GP2 autoantibodies in the pathogenesis of Crohn's disease

Mucosal inflammation in CD appears to be brought about by dysregulation of the immune system due to 
an imbalance between tolerance to commensal microbiota or food-derived antigens and immunity to 
pathogens.[23] In this context it is quite remarkable that the expression of GP2 is elevated in the inflamed
tissue of patients with CD compared to patients with UC.[1] This hints to a possible involvement of GP2 in 
the immune processes leading to inflammation apart from its antimicrobial receptor function. 
Interestingly, the homolog of GP2 in the urinary tract, the Tamm-Horsfall protein (THP), has been reported 
to be a regulatory factor of innate and adaptive immunity.[24] Thus, it was not surprising, that GP2 
apparently executes a similar effect like THP in modulating innate and adaptive immunity in the 
intestine.[25] Recently, GP2 has been identified as a binding partner of the scavenger receptor expressed 
on endothelial cells I (SREC-I), which is also located on dendritic cells.[26] Monocyte-derived dendritic cells 
bear SREC-I and can interact with GP2 and internalize GP2 or complexes thereof. It is well accepted that 
innate and adaptive immune responses in the intestinal mucosa are linked by dendritic cells. Such 
dendritic cells may induce tolerance by releasing the antiinflammatory cytokine IL10 or promote 
inflammation through the shedding of IL12. Genetic polymorphisms of IL10 and IL12 are associated with 
the risk to develop IBDs underscoring the assumption adaptive immunity plays a critical role in the 
pathophysiology of IBD. It could be demonstrated that GP2 distinctly modulates cytokine secretion. Using 
organ culture assays, GP2 reduced pro-inflammatory CXCL8 secretion in freshly resected mucosal 
specimens and up-regulat .[25] These data suggests an anti-inflammatory role of GP2 in the 
mucosal immune system.

Noteworthy, the expression of GP2 is up-regulated on activated human T cells and can be modulated by
GP2 significantly reduces proliferation, apoptosis, and activation of 

human intestinal epithelial cells as well mucosal and peripheral T cells.[25] Remarkably, the 
immunosuppressive effects of GP2 were shown to be mediated by regulatory T cells. It has been shown 
that intraepithelial lymphocytes mediate the primary response to foreign antigens, but can be also 
autoreactive. Thus, GP2 seems to partake in keeping the balance of the intestinal immune system fulfilling 
the enormous task of differentiating between pathogenic and commensal microbiota.[13]

Given the recently discovered immunomodulating role of GP2 in innate and acquired intestinal immunity, 
this association can shed further light on the pathophysiology of IBD which is a complex interaction of
susceptibility genes, environmental factors, and innate as well as adaptive immunity.
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Figure 1. Glycoprotein 2 (GP2) in the pathophysiology of Crohn’s disease
GP2 located on the surface of M cells (M) of the follicle-associated epithelium (FAE) can interact with FimH positive 
bacteria and present these potential pathogens to the underlying mucosa associated lymphoid tissue (MALT) by 
transcytosis. After having presented the microbial antigens to dendritic cells, T cells (T) will be activated by these 
potent antigen-presenting cells and B cells (B) will be transformed into plasma cells (P) producing antimicrobial 
antibodies.
Elevated expression of GP2 seen in CD can interfere with GP2’s interaction with dendritic calls and reduce 
proliferation and apoptosis of T cells. 
The loss of tolerance to GP2 observed in CD may lead to the production of anti-GP2 antibodies. These autoantibodies
may in turn neutralize the suppressive effect of GP2 in the MALT.
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