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Abstract

ABSTRACT

Liver Kidney Microsomal antibody type 1 (LKMl) the diagnostic marker of 

autoimmune hepatitis type 2 (AIH type2) is also found in up to 10% of patients with 

chronic hepatitis C virus (HCV) infection. Detection of LKMl is of clinical importance 

not only in the management of AIH type2 but also in that of patients with LKMl positive 

chronic HCV infection because use of interferon can exacerbate disease in this group of 

patients. Classically, LKMl is detected by immunofluorescence (IFL), a subjective 

technique, and has been often mistaken for antimitochondrial antibody. Since at the outset 

of the present thesis, the molecular target of LKMl had been identified as cytochrome 

P4502D6 (CYP2D6), the first aim of this work was to develop an objective and 

quantitative method for the detection of LKMl. An ELISA using eukaryotically 

expressed CYP2D6 as antigen was established, its performance being comparable in 

sensitivity to that of IFL and its results being observer independent. Using the newly 

established assay a comparative study was performed showing that LKMl recognises 

CYP2D6 both in AIH and HCV infection. Since the epitopes on CYP2D6 may differ in 

the two conditions, the full map of linear epitopes on CYP2D6 was established and a new 

immunodominant epitope, CYP2 D6 1 9 3 .2 1 2  was identified. This is recognised by 92% of 

patients with AIH and 50% of patients with chronic HCV infection. A hexameric 

sequence within this epitope shares cross-reactive similarities with HCV2 9 8 5 -2 9 9 0  and with 

the Cytomegalovirus sequence - CMV1 3 0-1 3 5 . Conformational epitopes on CYP2D6 were 

also mapped in both AIH and HCV infection using eukaryotically expressed constructs. 

Nearing the completion of the present work, two commercial assays for the detection of 

LKMl have become available and they were compared against the newly established 

ELISA, an in-house radioligand assay and IFL. Their relative performance is presented 

and their possible use in the diagnostic laboratory discussed.
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Chapter 1 General Introduction

1.1 A u t o im m u n e  H e p a t it is

1.1.1 Definition

Autoimmune hepatitis (AIH) is a rare progressive inflammatory disorder of unknown 

aetiology, characterised: (1) histologically by interface hepatitis; (2) serologically by the 

presence of non-organ specific and liver specific autoantibodies; (3) biochemically by 

elevated transaminases and serum immunoglobulin G (IgG) and (4) clinically by its 

response to immunosuppressive treatment (Mieli-Vergani and Vergani, 1994). Diagnosis 

of AIH is based on the presence of the features described above, in the absence of all 

known causes of liver disease. AIH is regarded as a paradigm for the study of 

autoimmunity and important as a chronic disease affecting all ages and different races.

1.1.2 History

AIH was previously referred to as autoimmune chronic active hepatitis. This disorder

was originally described by Waldenstrom, when he drew attention to its predominance in

young women, fluctuating course, extreme hypergammaglobulinaemia, associated

features of arthralgia/myalgia, hepatosplenomegaly, amenorrhoea, skin rashes and the

invariably fatal outcome (Waldenstrom, 1950). Following the detection of the lupus

erythematosus (LE) cell phenomenon (Joske and King, 1955), Mackay et al. coined the

term ‘lupoid hepatitis’ (Mackay et al., 1956). With the identification of smooth muscle

autoantibody in 1966, Whittingham et al. clearly differentiated between this type of

hepatitis and systemic lupus erythematosus and used for the first time the term

‘autoimmune’ chronic active hepatitis (AI-CAH) (Whittingham et al., 1966). The

discovery of hepatitis A and B viruses and development of serological tests for infections

due to these viruses made it possible to distinguish this condition from hepatitis A and B.

Progress was also made in the histopathological classification of AI-CAH (Geall et al.,
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Chapter 1_____________________________________   General Introduction

1968) (De Groote, 1968). A wide range of histological appearances collectively termed 

‘chronic hepatitis’ was described. Chronic persistent hepatitis (CPH) was characterised by 

a mononuclear inflammation limited to the portal tracts while in chronic active hepatitis 

(CAH), a prominent infiltrate invaded the adjacent hepatic parenchyma (piecemeal 

necrosis). This severe inflammation was associated to fibrosis thought to presage 

development of cirrhosis. Hence CAH was considered to have a worse prognosis than 

CPH.

In spite of these developments, there was still a reluctance to recognise AIH formally 

as a disease in its own right. It was only after the controlled trials of the early 1970s 

demonstrated response to immunosuppressive therapy, (Cook et al., 1971) (Soloway et 

al., 1972) and after a link with HLA antigens B8, DR3 (Smith et al., 1974) (Mackay and 

Morris, 1977) was established - in common with other autoimmune diseases - that the 

autoimmune basis of this condition was accepted (Johnson et al., 1991) (Manabe et al., 

1993).

Following the identification of the hepatitis C virus (HCV) in 1989 (Choo et al., 

1989) there was considerable uncertainty about criteria for diagnosis of the liver disorder 

that was then known as chronic active hepatitis. In Junel992, an international panel of 

experts (International Autoimmune Hepatitis Group - LAHG) met in Brighton, UK, and 

made several recommendations regarding the diagnosis and classification of AIH 

(Johnson and McFarlane, 1993). In recognition of the fact that the disease may present 

acutely and may become inactive for long periods during treatment-induced or 

spontaneous remission, the attributes ‘chronic’ and ‘active’ of autoimmune chronic active 

hepatitis (AI-CAH) were deemed inappropriate and the term autoimmune hepatitis (AIH) 

was proposed. In addition, since the onset of disease is often ill defined, the previously 

accepted requirement of 6 months duration of symptoms before diagnosis could be made
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Chapter 1 General Introduction

was abandoned. A scoring system was developed to weigh each clinical, laboratory and 

histological finding at presentation as well as outcome after corticosteroid therapy. The 

diagnostic criteria have been recently reviewed (Alvarez et al., 1999) and the revised 

scoring system is illustrated in table 1.1.

The panel also noted that there was a consensus towards subdivision of AIH 

according to serum profiles of autoantibodies. Two main subtypes of AIH are 

encountered in the literature, diagnosed on the basis of circulating autoantibodies present. 

AIH typel is positive for smooth muscle antibody (SMA) and/or anti-nuclear antibody 

(ANA) and affects both children and adults with two peaks of incidence between the ages 

of 10-20 and 45-70 years. AIH type2 is characterised by the presence of liver kidney 

microsomal antibody type 1 (LKMl) (Homberg et al., 1987). The target of LKMl is 

cytochrome P4502D6 (CYP2D6) (Maims et al., 1989), a genetically polymorphic enzyme 

which catalyses the metabolism of drugs like debrisoquine and bufuralol. It has been 

suggested (Michel et al., 1992) (Lunel et al., 1992) that AIH type2 may be further 

subdivided into type2a where the patients are usually young women or children with no 

evidence of hepatitis C infection (HCV) and type2b where the patients are often elderly, 

male with HCV infection. Manns et al. have proposed a third subgroup of AIH 

(seronegative for ANA, SMA and LKMl) positive for antibodies to soluble liver antigen 

(SLA) (Manns et al., 1987). However, Kanzler et al. belonging to the group who initially 

proposed the existence of AIH type 3, have studied 97 patients with AIH with ANA/SMA 

and/or anti-SLA antibodies and shown that anti-SLA positive AIH behaves clinically, 

histologically and biochemically as AIH typel and have themselves questioned the 

therapeutic/prognostic relevance of differentiating between the two disease groups 

(Kanzler et al., 1999) {vide 1.9).
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Chapter 1 General Introduction

Table 1.1: Revised scoring system for diagnosis of autoimmune hepatitis

Parameters Score

Female sex + 2
Serum biochemistry, ratio o f elevation o f serum alkaline phosphatase vs. Aminotransferases 

<1.5
1.5-3.0 
>3.0

+ 2 
0 

-  2
Total serum globulin, y-globulin or IgG times upper normal limit 

> 2.0
1.5-2.0 
1.0-1.5 
< 1.0

+ 3 
+ 2 
+ 1 

0
Autoantibodies (ANA, SMA or LKMl) 

>1:80 
1:80 
1:40 
<1:40

Antimitochondrial antibody positive

+  3 
+ 2 
+ 1 

0 
- 4

Hepatitis Viral markers 
Positive 
Negative

-  3 
+ 3

Drug History 
Positive 
Negative

- 4 
+ 1

Average Alcohol intake 
< 25gmlday 
>60gm/day

+ 2 
-  2

Liver Histology:
Interface hepatitis
Predominantly lymphoplasmacytic infiltrate 
Rosetting o f liver cells 
None o f the above 
Biliary changes 
Other changes 

Other autoimmune disease(s)

+ 3 
+ 1 
+ 1
-  5
-  3
- 3 
+ 2

Optional additional parameters:
Seropositivity for other defined autoantibodies 
HLAD R3orD R4  

Response to therapy:
Complete
Relapse

+ 2 
+ 1

+ 2 
+  5

Interpretation ofaggregrate scores: 
Pre-treatment:

Definite AIH  
Probable AIH

Post-treatment:
Definite AIH  
Probable AIH

>15
10-15

>17
12-17

IgG Immunoglobulin G, ANA antinuclear antibody, SMA smooth muscle antibody, 
LKMl liver kidney microsomal antibody type 1, HLA human leucocyte antigen, 
AIH autoimmune hepatitis
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1.1.3 Histology

Liver biopsy remains an essential tool in the diagnosis and management of patients 

with AIH. The initial histological term of ‘piecemeal necrosis’ to describe the typical 

appearance was replaced in turn by ‘peri-portal hepatitis’ and more recently by ‘interface 

hepatitis’. Interface hepatitis is characterised by a predominantly lymphoplasmacytic 

necroinflammatory infiltrate, with or without lobular (intra-acinar) involvement and 

portal-portal and central-portal bridging necrosis, often with the formation of liver cell 

rosettes and nodular regeneration (Alvarez et al., 1999) (Figs I.l and 1.2).

Figurel. 1: Photomicrograph o f a haematoxylin and eosin stained liver biopsy section 

obtained from a child with autoimmune hepatitis showing severe interface hepatitis.
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Figure 1.2: Photomicrograph o f a section o f liver stained with silver for reticulin. 

Fibrosis with extensive bridging collapse is visible (red arrows) indicating widespread 

hepatocyte necrosis. This liver biopsy was obtained from a child with autoimmune 

hepatitis at the time o f presentation.

This histological feature is not exclusive to AIH and may be found in other chronic 

liver disorders both viral (hepatitis B, C and non A-G) and non-viral (Wilson disease) in 

origin. Histological evidence of cirrhosis is found in 50% of the biopsies of paediatric 

patients with AIH at presentation (Gregorio et a i, 1997).

1.1.4 Immunopathogenesis

The aetiology of AIH is unknown. The current hypothesis is that a genetically 

predisposed host is exposed to an environmental agent, which triggers an autoimmune
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process directed at liver antigens, causing a progressive necroinflammatory process that 

results in fibrosis and cirrhosis (Krawitt, 1996).

1.1.4.1 Immunogenetics

In its broadest sense, the discipline of immunogenetics encompasses the genetics of 

all immunoactive proteins. In practice, immunogeneticists are concerned with the study of 

the polymorphic members of the “immunoglobulin supergene family”: the genes of the 

major histocompatibility complex (MHC), the T cell receptor (TCR) and the 

immunoglobulin genes (Donaldson PT, 1996). The MHC, in humans is referred to as 

HLA - human leucocyte antigen system. Its genes are located on the short arm of 

chromosome 6 and span about four million nucleotide base pairs of deoxyribonucleic acid 

(DNA). The key function of HLA molecules is antigen presentation to T lymphocytes. 

The T lymphocyte receptor only recognises antigen that is presented as a short peptide 

embedded in a physical groove in the HLA molecule. There are 3 major classes of HLA - 

I, II and III. Class I HLA genes are found furthest away from the centromere and are 

designated by capital letters, HLA-A to HLA-J. The class I genes in the HLA system 

encode the aminoacid (aa) sequence of the class I a  chains. The class I p chain is an 

invariant molecule called p2 microglobulin, the gene for which is present on chromosome 

15. Class I molecules are found on all nucleated cells and present short (about 8-9 aa 

long) antigenic peptides to a subset of T lymphocytes called CDS cells (marker of 

cytotoxic T cells). At the gene level. Class II has three major sub-regions, DP, DQ and 

DR where there are genes encoding molecules that, like those in the Class I region, 

present peptide antigen to T lymphocyte. Two distinct polypeptide chains, termed a  and p 

chains combine to form a class II molecule. Class II molecules are present only on certain 

immunocompetent cells (B lymphocytes, macrophages and dendritic cells) and present 

peptides of 15-16 aa to the CD4 T cell population (marker of helper T cells). On
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chromosome 6 between the class I and II regions is the class III region, which contains 

several genes coding for complement components (Peakman and Vergani, 1998).

As with other autoimmune diseases, there is an association between autoimmune 

hepatitis and certain HLA alleles. This has been extensively studied in caucasoid 

populations. ‘Haplotype’ is a group of genes located on the same chromosome and 

inherited as a unit. The HLA A1 B8 DR3 haplotype is characteristically associated with 

AIH and other autoimmune conditions including autoimmune thyroiditis, systemic lupus 

erythematosus (SLE) and insulin dependent diabetes mellitus (IDDM) (Stastny et al., 

1983) in which there is increased production of antibodies to exogenous and endogenous 

antigens. Mackay et al. published the first report of an increased frequency of HLA A1 

and B8 in patients with AIH (Mackay and Morris, 1977). Eddleston and Williams 

postulated that HLA B8 was a marker of abnormal T cell function and that individuals 

possessing this antigen are unable to switch off immune and autoimmune reactions 

triggered by environmental factors, which include viruses (Eddleston and Williams, 

1974).

A study of 96 caucasoid patients at King’s College Hospital conducted between 1982 

and 1990 suggested that the class II allotypes DR3 and DR4 were independent risk factors 

in determining susceptibility to AIH (Donaldson et al., 1991). In addition, the subset with 

DR3 was associated with early onset and more severe presentation of the disease with 

more frequent relapses and referrals for liver transplantation (LT). These data were 

supported by observations from Japan, where 90% of adult AIH patients had DR4 (Seki 

et al., 1990). Occurrence of AIH within families is rare. The first report of a family with 

documented evidence of AIH in 3 female siblings was in 1990, where the predilection of 

the disease for female patients was confirmed and susceptibility to disease was conferred 

more by the possession of DR3 than B8 (Hodges et al., 1991). DR3 and certain DR4
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subtypes share a common aminoacid sequence - LLEQKR - within the DR (3-polypeptide, 

which confers susceptibility to AIH typel (Doherty et a l, 1994a). A recent study by 

Strettell et al. confirmed that DRB1*0301 (allele of DR3 haplotype) and DRB1*0401 

(allele of DR4 haplotype) are the primary susceptibility alleles for AIH typel and that 

lysine at position 71 of the DR p-polypeptide chain may be a major risk factor (Strettell et 

al., 1997). Czaja et al. showed that alleles associated with susceptibility to AIH typel also 

influence the clinical features and prognosis of AIH. DRB4*0103 is associated with 

concurrent autoimmune diseases, DRB1*0301 with a poor treatment response, and 

DRB1*0401 with a lower frequency of death - due to a liver cause - or transplantation 

(Czaja et al., 1997).

In a study done by Vergani et al. in 1985, sixty nine percent of the children with AIH 

had low serum levels of complement C4 (fourth complement component) (Vergani et al., 

1985). It was also found that C4 levels were low in a high proportion of healthy first 

degree relatives of these children, suggesting that low C4 levels in AIH is genetically 

determined, and may be a predisposing factor as seen in other autoimmune disorders like 

SLE, Graves’ disease and IDDM. C4 has a key role in vims neutralisation. Viral infection 

has been proposed as the factor triggering the autoimmune reactions, thus it is possible 

that the genetically determined partial C4 deficiency observed in patients with AIH could 

predispose to chronic infection leading to autoimmunity. Some 10 years later Doherty et 

al. have reported that a deletion of the C4 A gene and the 21-hydroxylase A pseudogene 

is found in 50% of patients with AIH (Doherty et al., 1994b). This deletion is in linkage 

disequilibrium with HLA DR52a, which in turn is strongly associated with AIH. C4 

deletions are particularly associated with increased mortality and tendency to relapse on 

treatment.
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1.1.4.2 Environmental Triggers

Although many environmental triggers may theoretically affect immune homeostasis 

and precipitate an autoimmune disorder, viruses have been most extensively studied in 

this context. Viral infection has been proposed as the factor triggering autoimmune 

reactions in AIH (Eddleston and Williams, 1974), the antigens exposed on persistently 

infected cells providing targets for immune and autoimmune reactions. Studies 

documenting development of autoimmune hepatitis after infection with hepatitis A 

(Vento et al., 1991) (Rahaman et al, 1994), hepatitis B (Laskus and Slusarczyk, 1989) 

and hepatitis C (Vento et al., 1997) have been reported.

Other viruses have also been implicated. Elevated titres of antibodies to rubella and 

measles viruses have been found in the majority of the patients with AIH (Gloss et al., 

1971) (Triger et al., 1972). In 1987, Robertson et al. reported the presence of the measles 

virus genome in the lymphocytes of patients with AIH (Robertson et al., 1987). Though 

high titres of measles antibody have been confirmed in adult patients with AIH (Christie 

and Haukenes, 1983), this is not the case in young patients (Mieli-Vergani et al., 1989). A 

possible explanation for the high titres may lie in the fact that akin to other autoimmune 

diseases like multiple sclerosis, the presence of antibodies to measles and other common 

viruses in AIH is secondary to hyper-responsiveness (Norrby, 1978).

Another virus implicated in the pathogenesis of AIH is the Epstein Barr virus (EBV). 

In 1995, Vento et al. observed that during the follow-up of 58 healthy relatives of 13 

patients with AIH, seven developed infectious mononucleosis due to EBV (Vento et al., 

1995). Two of these patients were found to have antibodies to the asialoglycoprotein 

receptor (ASGPR), which not only persisted but also increased after the infectious 

mononucleosis had resolved and led to the development of AIH within four months. The 

mechanism suggested was that a genetic defect in specific suppressor-inducer T
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lymphocytes probably allowed continuing proliferation and antibody production of 

ASGPR-specific B cells resulting in AIH.

1.1.5 Mechanisms of liver damage

An immune mediated mechanism in the pathogenesis of AIH was first suggested by 

the histological finding of a dense mononuclear cell infiltrate that erodes the limiting 

plate and invades the parenchyma, producing peri-portal hepatitis and rosette lesions in 

which dying hepatocytes are surrounded by mononuclear cells (De Groote, 1968) 

(Scheuer, 1974). There are different possible pathways by which an immune attack can 

inflict damage on the hepatocyte (Fig 1.3).

Liver damage in autoimmune hepatitis is believed to be orchestrated by 

helper/inducer CD4 positive T lymphocytes recognising a self-antigenic peptide, possibly 

derived from the asialoglycoprotein receptor. Presence of high serum antibody 

concentrations to a macromolecular complex called liver specific lipoprotein (LSP) 

present on the hepatocyte membrane was originally described in AIH by Meyer zum 

Büschenfelde (Meyer zum Büschenfelde and Miescher, 1972). Anti-LSP titre was later 

shown to correlate with the biochemical and histological severity of the disease (Jensen et 

at., 1978). A similar relationship to disease severity has been observed for the titres of an 

antibody to ASGPR, a well-characterised component of LSP (McFarlane et al., 1986). 

More recently, antibodies to alcohol dehydrogenase (ADH), a second well-defined 

component of LSP, have been described in patients with AIH (Ma et al., 1997a).

Elements of the scenario illustrated in Fig 1.3 have been experimentally investigated. 

Firstly, hepatocytes from patients with active AIH express class II HLA antigens, not 

normally expressed on liver cells and can therefore present auto-antigenic peptides 

(Lobo-Yeo et al., 1990).
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C o-stim uli

Class II
Class

TNF-a

Figure 1.3: Autoimmune attack to the liver. A specific autoantigenic peptide is presented 

to an uncommitted T helper (ThO) lymphocyte within the HLA class I molecule o f an 

antigen presenting cell (AFC). ThO become activated and, according to the presence in 

the microenvironment o f interleukin (IL)-12 or IL4 and the nature o f antigen, differentiate 

into ThI or Th2. These initiate a series o f immune reactions determined by the cytokines 

they produce: Th2 secrete mainly IL-4 and IL-10 and direct autoantibody production by 

B lymphocytes: I f  I secrete IL-2 and interferon y (IFN-y), which stimulate cytotoxic T 

(Tc) lymphocytes, enhance expression o f class I and induce expression o f class II HLA 

molecules on hepatocytes, and activate macrophages. Activated macrophages release IL- 

I and tumour necrosis factor (TNF-a). I f  T “suppressor” (Ts) lymphocytes do not 

oppose, a variety o f effector mechanisms is triggered. Liver cell destruction could derive 

from the action o f Tc lymphocytes or cytokines released by ThI and recruited 

macrophages: from complement activation: or from engagement o f killer (K) lymphocytes 

by the autoantibody bound to the hepatocyte surface. P = plasma cell (Vergani and Mieli- 

Vergani, 1996).
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Secondly, CD4 positive and activated lymphocytes are present in areas of piecemeal 

necrosis (Senaldi et a l, 1992). Thirdly, liver specific autoantibodies are present in the 

circulation of these patients in high titres and coat their liver cells, which then become 

susceptible to damage by killer lymphocytes (Vergani et al., 1987). Finally, children and 

young adults with AIH have low levels of T lymphocytes expressing the CDS marker, 

which is present on a population of T cells with a suppressor and cytotoxic function 

(Nouri-Aria et al., 1985). Also, there is impaired non-antigen specific T cell suppressor 

function segregating with possession of the HLA haplotype B8/DR3 in patients with AIH 

and their first-degree relatives (Nouri-Aria et al., 1985). A specific defect in a sub

population of suppressor T cells (Ts) controlling the immune response to liver specific 

membrane antigens has also been reported (Vento et al., 1984).

1.1.6 Clinical Features

The prevalence of AIH varies geographically and it is estimated that in Western 

countries 20% of patients with chronic hepatitis have autoimmune hepatitis (Holdstock et 

al., 1983), but many cases remain undiagnosed and untreated (Meyer zum Büschenfelde 

and Lohse, 1995). Autoimmune hepatitis has been considered a disease of women, but up 

to one third of the patients are men. In adults, the clinical findings can vary substantially, 

but a chronic fluctuating course is most common. In the majority of patients, there is an 

insidious onset, with a history of progressively increasing fatigue, relapsing jaundice, 

anorexia and weight loss. Up to 40% of patients may present with acute hepatitis, and a 

few may even have a fulminant presentation (Meyer zum Büschenfelde and Lohse, 1995). 

Almost all patients have autoantibodies, two thirds having ANA or SMA (Lohse et al., 

1995) and a smaller proportion LKMl. Tests for autoantibodies to SLA (Manns et al.,

1987), liver cytosol antigen (Martini et al., 1988) and the ASGPR (Treichel et al., 1994)
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can help identify those cases negative for conventional antibodies (Meyer zum 

Büschenfelde and Lohse, 1995). Hypergammaglobulinaemia is present in 80% of cases.

Expert histological assessment of the liver biopsy tissue has an important role in the 

diagnosis. By using the scoring system devised by the international AIH panel, a definite 

or probable diagnosis of AIH can be made (Table 1.1). This system helps to resolve 

diagnostic difficulties in cases with isolated inconsistent findings, such as seropositivity 

for anti-mitochondrial antibodies (AMA) or presence of antibodies to HCV, where, 

provided the other characteristic features are present in sufficient strength, the diagnosis 

of AIH is not invalidated.

More than half of the children with AIH present with symptoms of prolonged acute 

hepatitis (Gregorio et al., 1997). In childhood, ANA/SMA positive AIH is more 

commonly associated with impaired synthetic function (prolonged prothrombin time and 

low serum albumin levels) and histological evidence of cirrhosis than LKMl positive 

AIH. On the other hand, LKMl positive patients present at a younger age, commonly 

with immunoglobulin A (Ig A) deficiency and usually have evidence of more ‘active’ 

disease with higher serum bilirubin and aminotransferase levels. Presentation with 

fulminant liver failure is rare, and is seen more commonly in the group with LKMl 

positive AIH. Both types have low levels of C4, are commonly associated with a family 

history of autoimmune manifestations like IDDM, arthritis, vitiligo or inflammatory 

bowel disease (IBD) (Gregorio et al., 1997).

1.1.7 Treatment

Since the early 1970s corticosteroids, often in combination with azathioprine (AZT), 

have been the standard therapy for AIH (Cook et al., 1971) (Murray-Lyon et al., 1973). 

AIH responds satisfactorily to immunosuppression, unless it presents with acute liver
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failure, which usually requires urgent liver transplantation. In children, treatment is 

commenced with Prednisolone 2mg/kg/day (maximum 60 mg/day) and gradually reduced 

over a period of 4-6 weeks to the minimal dose able to maintain normal aminotransferase 

levels, usually 2.5-5 mg/day. If normal liver function tests (LFTs) are not obtained over 

this period of time, or if too high a dose of Prednisolone is required to maintain normal 

transaminases, AZT is added. AZT is commenced at a starting dose of 0.5 mg/kg/day, 

which, in the absence of signs of toxicity, is increased to a maximum of 2mg/kg/day until 

biochemical control is achieved (Mieli-Vergani and Vergani, 1998). Relapse while on 

treatment is common, affecting about 40% of the patients and requiring a temporary 

increase of the steroid dose. If after one year of normal LFTs, a liver biopsy shows no 

inflammatory changes, gradual cessation of treatment can be considered. Over a 20-year 

period of observation, immunosuppression was successfully stopped in a fifth of 

ANA/SMA positive AIH patients, but in none of the LKMl positive patients (Gregorio et 

a l, 1997).

In adults, two treatment regimes - Prednisolone alone and a lower dose of 

Prednisolone in conjunction with AZT - have been shown to induce clinical, laboratory 

and histological remission with similar frequency (Summerskill et a l, 1975). 

Prednisolone alone - starting at a dose of 60 mg and tapered to 20 mg over 5 weeks - is 

preferred in individuals with severe pancytopaenia, individuals who are pregnant or 

contemplating pregnancy, and patients with active malignancy. The combination therapy 

is preferred in patients who will be treated continuously for at least 6 months, post

menopausal women, and individuals with emotional lability, osteoporosis, brittle 

diabetes, labile hypertension and/or obesity. Ninety percent of patients improve within 

two weeks of therapy and 65% enter remission within three years (Czaja et a l, 1981). 

Histological resolution is the most reliable indication of treatment efficacy and liver
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biopsy assessment prior to discontinuation of therapy is necessary to ensure an adequate 

treatment end-point (Czaja et a/., 1987).

In an attempt to avoid side effects associated with the prolonged use of these drugs, 

trials have been conducted to withdraw one or both in a controlled manner. Hegarty et al. 

reported an 87% relapse rate in 30 patients within a year of stopping both drugs (Hegarty 

et al., 1983) compared to 48% and 15% relapse rates in similar studies from the Mayo 

clinic (Czaja et al., 1981) and the Royal Free Hospital (Kirk et al., 1980), respectively. 

This discrepancy is possibly due to the stricter inclusion criteria in terms of duration of 

illness, antibody positivity and severity of changes on liver biopsy in the King’s College 

series (Hegarty et al., 1983). In a prospective 10-year follow up study, Johnson et al. were 

able to stop steroids successfully in 60 out of 72 patients who were tolerating high-dose 

AZT maintenance (2 mg/kg/day) with only minor side effects (Johnson et al., 1995). For 

those patients who relapse on monotherapy with AZT, or show serious side effects to 

Prednisolone and AZT, or are poorly compliant because of the side effects of 

Prednisolone, alternative treatments have been proposed. These include Cyclosporin 

(Hyams et al., 1987) (Sherman et al., 1994), Tacrolimus (Van Thiel et al., 1995), 6- 

mercatopurine (Pratt et al., 1996) and Cyclophosphamide (Kanzler et al., 1999), all 

immunosuppressive agents that have potentially more side effects than Prednisolone and 

AZT. More recently Richardson et al. have reported their experience with the use of 

Mycophenolate mofetil (MMF) for the maintenance of remission in seven patients with 

AIH who were resistant to or intolerant of AZT (Richardson et al., 2000). The overall 

steroid requirement fell significantly and six patients were able to stop steroid treatment 

within 16 months. No major side effects were noted, only one patient requiring a dose 

reduction because of a fall in white cell count. Liver transplantation may be required for 

those patients with established cirrhosis and liver decompensation. The disease
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occasionally recurs after LT (Neuberger et al., 1984) and may even occur de novo 

following LT (Kerkar et at., 1998a).

1.2 D e -novo  Post-Transplant ‘A utoim m une’ H epatitis

Seven patients (4%) of 180 paediatric liver-transplant recipients developed an 

unexplained but characteristic form of graft dysfunction, associated with high IgG levels, 

high titres of autoantibodies, interface hepatitis on liver biopsy and responded to the 

classical treatment of AIH (Kerkar et al., 1996) (Kerkar et al., 1998a). This type of graft 

dysfunction has been reported in adults where there was a poor outlook without treatment 

(Hernandez et al., 1997) (Conti et al., 1997). The data in the paediatric series showed that 

symptoms of AIH, which are responsive to the treatment of this condition, appear in liver 

transplant patients while they are on immunosuppression for LT. The observation that 

administration of Cyclosporin or Tacrolimus to rodents after bone-marrow transplantation 

can result in a ‘paradoxical’ [(Bucy et al., 1993), (Hess et al., 1993), (Cooper et al., 

1991)] autoimmune syndrome, in which the immunosuppressive drugs interfere with the 

maturation of T lymphocytes and favour the emergence of auto aggressive T-cell clones, 

may help in explaining the findings. The manifestations of the rodent autoimmune 

condition vary in different strains and depend on genetic factors possibly encoded in the 

MHC region. Analysis of the HLA types of the recipients and donors was unable to 

associate the onset of autoimmune features with either DR3 or DR4, the alleles 

predisposing to AIH, or with the degree of donor/recipient mismatch. However, five of 

the seven patients had received livers from donors with HLA alleles known to confer 

susceptibility to AIH two being DR4, one DR3 and two simultaneously DR3 and DR4 

positive.
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1.3 A u t o im m u n e  S c l e r o sin g  C h o l a n g it is

/

Figure 1.4: The endoscopic retrograde cholangiopancreatogram shows changes 

classical o f sclerosing cholangitis including stricturing, dilatation and narrowing 

o f the bile ducts. Both intra and extra-hepatic bile ducts are affected.
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An overlapping syndrome between AIH and sclerosing cholangitis (SC) has been 

reported both in adults (Gohlke et al., 1996) and children (el-Shabrawi et al., 1987) 

(Wilschanski et al., 1995). Sclerosing cholangitis with autoantibodies typically seen in 

AIH has been referred to as autoimmune sclerosing cholangitis (ASC) (Gregorio et al., 

2000). In a 16-year prospective study on 55 children with positive autoimmune serology 

and inflammatory liver biopsies cholangiography performed at presentation was 

diagnostic of SC in 27. The study showed that a high proportion of children with ASC 

fulfil the diagnostic criteria for definite AIH including response to steroids, suggesting 

that the spectrum of autoimmune liver disease in childhood encompasses parenchymal 

and bile duct damage (Mieli-Vergani et al., 2000).

1.4 Liver K idney  M icrosom al  A ntibody Type 1

1.4.1 History

In 1973, Rizzetto et al. using an indirect immunofluorescence (IFL) technique on 

rodent tissue described liver kidney microsomal antibody type 1 as an autoantibody 

staining the cytoplasm of hepatocytes and proximal renal tubules (Rizzetto et al., 1973) 

(Fig 1.5). This reactivity could be absorbed out with rat liver microsomal fraction, thus 

demonstrating the microsomal nature of the antigen.

In an attempt to identify the antigen, Alvarez et al. using LKMl positive sera in 

Western blot found that they recognise a 50,000 molecular weight (MW) protein (Alvarez 

et al., 1985). By using highly purified microsomal sub-fractions of decreasing isopycnic 

density, a characteristic largely dependent on the amount of ribosomes attached to the 

microsomal vesicles, this protein was found to be located primarily in the smooth 

endoplasmic reticulum (ER). Some five years later, three groups using different
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approaches showed that this antigen was cytochrome P450dbl, the early name for 

cytochrome P4502D6 (CYP2D6).

1%

*

Figure 1.5: Photomicrograph o f indirect immunofluorescence o f liver kidney microsomal 

antibody type 1, on a section containing both liver and rat kidney. The top half o f the 

picture shows the staining o f the proximal renal tubules in the kidney. The bottom half 

shows the characteristic finely granular cytoplasmic staining o f the hepatocytes in the 

liver. The unstained nuclei appear as black areas at the centre o f the liver cells.

Gueguen et al. used affinity purified 50 kD antibodies to screen a rat liver 

complementary DNA (cDNA) library. Thereafter, cross-reactivity was demonstrated 

between the fusion proteins o f the immuno-positive clones and the 50 kD protein. 

Complete identity was found between the restriction maps o f two clones with the 

restriction map o f rat cytochrome P450db2 and o f two other clones with that o f 

cytochrome P4502dbl, suggesting that the antigen recognised by LKM l is a P450 o f the
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IID family (Gueguen et aL, 1989). Recognition of both purified P450dbl and the 

immuno-isolated protein on Western blot by several monoclonal antibodies confirmed the 

identity of the LKMl antigen as cytochrome P450dbl (Zanger et al., 1988). Finally, 

Manns et al. used a high titre LKMl positive serum as a probe to screen a Xgtll cDNA 

expression library and isolated a human liver cDNA that corresponded to the 50 kD 

antigen recognised by LKMl antibodies. Sequence analysis of this cDNA showed that it 

encodes cytochrome P450dbl (Manns et al., 1989). LKMl positive sera inhibit the 

catalytic function of this cytochrome (Duclos-Vallee et al., 1995). Although P450dbl is 

considered to be the major antigen targeted by LKMl, reactivity to proteins of varying 

MWs has also been reported {vide infra). The nomenclature of the P450 superfamily was 

revised at an international meeting in 1990 and it was proposed that the trivial name dbl, 

for human cytochrome P450, would be replaced by CYP2D6 (Nebert et al., 1991).

1.4.2 Cytochrome P4502D6

By the late 1980s, it was clear that the main target antigen of LKMl, cytochrome 

P4502D6 - a subfamily of the P450 superfamily - is a microsomal enzyme of 50 kD 

catalysing the oxidative metabolism of more than 20 drugs, including anti-hypertensive 

agents like debrisoquine, P blockers like propranolol, anti-arrhythmics like sparteine and 

anti-depressants like nortriptyline (Manns et at., 1989). A genetic polymorphism is 

responsible for the lack of CYP2D6 protein in the liver of 5-10% of caucasoid individuals 

leading to impaired drug metabolism (Gonzalez et al., 1988a).

In addition to the main target antigen of 50 kD, LKMl recognises two other 

microsomal antigens of solubilized human liver microsomes with MWs of ~ 55 kD and ~ 

64 kD respectively. In the study by Maims et al. alluded to earlier, up to 40% of LKMl 

positive sera reacted with these antigens of 55 kD and 64 kD even though the majority
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(54%) reacted with a 50 kD protein (Manns et at., 1989). Similarly, the group led by 

Alvarez, using rat liver microsomes as antigen, showed that while 26% of patients with 

AIH and positive for LKMl recognised a 66 kD protein and 17% recognised both 

proteins, 57%, recognised the 50 kD protein, (Codoner-Franch et aL, 1989). To date, little 

is known about the 55 kD and the 64/66 kD antigens, which have not been characterised 

at a molecular level.

An unconfirmed report indicates that a minority of LKMl sera from patients with 

AIH react with a 50 kD microsomal protein different from CYP2D6 (Manns et aL, 1990). 

This antigen has been identified as cytochrome P4501A2 (CYP1A2), which is a known 

target antigen in dihydralazine-induced hepatitis. By IFL, anti-CYPlA2 stains perivenous 

hepatocytes predominantly. Clemente et aL described CYP1A2 as the hepatocellular 

auto-antigen in LKM positive patients with autoimmune polyglandular syndrome type 1 

(APS-1) (Clemente et aL, 1997). Recently, however the same group has identified 

CYP2A6, with MW of 51 kD as the target for LKM in this condition (Clemente et aL,

1998). This discrepancy in the results - two targets for LKM in APS-1 - may well be due 

to the fact that there are similarities in the sequences of the CYP1A2 and CYP2A6. APS- 

1 is characterised by a variable combination of disease components: (1) mucocutaneous 

candidiasis (2) autoimmune tissue destruction (3) ectodermal dystrophy (Ahonen et aL, 

1990). The disease autoimmune polyendocrinopathy-candidiasis-ectodermal-dystrophy 

(APECED) is caused by mutations in a single gene called autoimmune regulator (AIRE) 

located on chromosome 21 (Aaltonen et aL, 1994).

The issue as to whether CYP2D6 is present on the plasma membrane was critically 

reviewed in 1993 (Vergani and Mieli-Vergani, 1993) but was not resolved in view of the 

contrasting evidence at the time. Muratori et at. have recently settled this matter by 

incubating LKMl containing sera with isolated live hepatocytes, which can offer the
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external aspect of the plasma membrane to the autoantibody (Muratori et aL, 2000). Their 

results demonstrated elegantly that: (1) LKMl positive sera react with the outer aspect of 

the plasma membrane; and (2) the target they recognize is CYP2D6 (Vergani, 2000).

In common with other liver cytochromes (CYPs), CYP2D6 is mainly localised in the 

ER and sediments in the so-called ‘microsomal’ fraction following differential ultra 

centrifugation of a liver homogenate. The liver microsomal fraction was used in the 

original absorption experiments aimed at identifying the antigen targeted by LKMl 

(hence the L and M of the acronym). The ability of CYPs to migrate to the plasma 

membrane has been documented by the studies of Robin et al. (Robin et al., 1997). There 

is an extensive flow of vesicles from the ER, in which CYPs are anchored through their 

N-terminal end, to the Golgi apparatus, and then along the microtubules to the plasma 

membrane (Robin et al., 1995). Pulse chase labelling experiments have shown that the 

bulk of CYPs reside in the ER where the label persists for several hours. About 10% is 

present in the plasma membrane where the label persists for minutes, indicating a fast 

turnover of the enzymes in this location, the probable result of endocytotic membrane 

internalisation. The presence of an autoantibody target on the plasma membrane has 

pathogenenic implications. With Muratori’s report (Muratori et al., 2000) LKMl ceased 

to be just a marker of disease and acquired damaging connotations (Vergani, 1999).

The main linear antigenic determinant for LKMl has been identified between aa 

254-271 of CYP2D6 (Gueguen et al., 1991) (Manns et al., 1991). The reactivities of 26 

LKMl positive sera were tested with a panel of deletion mutants of CYP2D6 expressed in 

Escherischia coli (E. coli). These mutants were constructed making use of the HLD8.2 

cDNA clone, which consists of the 373-1567 segment of the full-length cDNA (Gonzalez 

et al., 1988b) encoding CYP2D6 (Manns et al., 1989). This was inserted into a vector - 

pBluescript KS - and expressed as a fusion protein with p galactosidase. Deletions were
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made using several restriction endonucleases and the reactivity of LKMl positive sera 

tested against these truncated constructs. Twenty-two sera recognised a 33-aa segment of 

P4502D6, while 11 of these recognised a shorter segment of the same construct, 

DPAQPPRD. Interestingly, there was partial sequence homology between the 33-aa 

segment and portions of the HCV polyprotein. This has led to the proposal that molecular 

mimicry may play a role in the appearance of LKMl in chronic HCV infection. The link 

between HCV and autoimmunity is discussed in section 1.10.5. In an effort to identify 

other antigenic sites, Yamamoto et al. using the selective construction of peptides 

encompassing putative antigenic regions, found that sequences spanning the 257-269, 

321-351, 373-389 and 410-429 regions of CYP2D6, were recognised respectively by 

93%, 53% 7% and 13% of 15 LKMl positive AIH patients and sequence 321-351 by 1 of 

15 (7%) HCV positive patients tested (Yamamoto et a l, 1993a, Yamamoto et aL, 1993b).

1.4.3 Types of Liver Kidney Microsomal antibody

Different patterns of IFL make it possible to separate LKM into three types. In LKM 

typel (LKMl) there is a uniform finely granular bright fluorescence seen throughout the 

cytoplasm of the hepatocytes and in the distal third - P3 - of the proximal tubules of the 

kidneys (Rizzetto et aL, 1973) (Fig 1.5). This antibody is detected in the clinical 

diagnostic laboratory by IFL using rat kidney and liver as substrate. LKMl is the 

hallmark of AIH type2.

LKM type 2 (LKM2) reacts most intensely with the cells in the first and second 

portions of the proximal tubules (PI and P2) and is associated with tienilic acid induced 

hepatitis (Homberg et aL, 1984). Absorption studies confirmed that the corresponding 

antigen was also present in the liver microsomal fraction. The target antigen of LKM2 has 

been identified as the cytochrome P4502C9 (Beaune et aL, 1987). Tienilic acid, an anti
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hypertensive agent, was withdrawn from the market shortly after reports of tienilic acid 

hepatotoxicity, and hence LKM2 is no longer seen in clinical practice and is of historical 

importance only.

Crivelli et al. first reported the presence of LKM type 3 (LKM3) in HBsAg positive 

patients with ô virus super-infection (Crivelli et al., 1983). The autoantibody is of IgG 

class, complement fixing and detected by IFL, where it stains the human liver, kidney, 

pancreas, adrenal and thyroid cells. Interestingly, individuals with LKM3 were often 

males and lacked other non-organ specific autoantibodies, features unusual in true 

autoimmune liver disease (Smith et al., 1974). The target of LKM3 has been identified to 

be uridine diphosphate glucuronosyltransferase and has a MW of 50 kD (Philipp et al., 

1994).

1.5 A ntinuclear  A ntibody

Antinuclear antibody (ANA) is the serologic marker of systemic lupus erythematosus 

(SLE). In connective tissue diseases including SLE, ANA is directed against a variety of 

nuclear antigens, and the study of the fine specificity of these autoantibodies has allowed 

the identification of variants of the disease. ANA is also important in the diagnosis of 

autoimmune sclerosing cholangitis, a condition in which biochemical, immunological and 

histological features are similar to those of ANA positive AIH, the diagnosis resting on 

the demonstration of characteristic cholangiographic bile duct changes (yide 1.3; Fig

1.4). Mackay et al. first described this antibody in association with ‘lupoid’ hepatitis, 

known today as ANA positive hepatitis or AIH typel (Mackay et al., 1956). In 1960, 

Calabresi and Greenberg described the presence of anti nuclear ‘globulins’ in patients 

with chronic liver disease (Calabresi and Greenberg, 1960). They performed an indirect 

immunofluorescence technique using fixed ‘homologous’ (i.e. allogenic) leucocytes in
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peripheral blood smears as the source o f nuclear material. Ten o f 24 patients with 

alcoholic hepatitis and three o f eight patients with CAH gave positive results. Overall, 

there was a striking prevalence o f ‘nuclear globulins’ in female patients (50%) as 

compared with male (17%).

Figure 1.6: Photomicrograph showing the immunofluorescence-staining pattern

o f antinuclear antibody on a rat liver section.

In 1964, Bouchier et al. using rat substrate described the presence o f ANA in 42% o f 

patients with chronic liver disease, especially in those with features typical o f AIH 

(Bouchier et al., 1964). Doniach and Walker reported the characteristics o f ANA in AIH 

in 1972. The nuclear staining pattern by IFL is usually diffuse and the autoantibody 

belongs to the IgG class (Doniach and Walker, 1972). A high incidence o f  anti denatured
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made using several restriction endonucleases and the reactivity of LKMl positive sera 

tested against these truncated constructs. Twenty-two sera recognised a 33-aa segment of 

P4502D6, while 11 of these recognised a shorter segment of the same construct, 

DPAQPPRD. Interestingly, there was partial sequence homology between the 33-aa 

segment and portions of the HCV polyprotein. This has led to the proposal that molecular 

mimicry may play a role in the appearance of LKMl in chronic HCV infection. The link 

between HCV and autoimmunity is discussed in section 1.10.5. In an effort to identify 

other antigenic sites, Yamamoto et al. using the selective construction of peptides 

encompassing putative antigenic regions, found that sequences spanning the 257-269, 

321-351, 373-389 and 410-429 regions of CYP2D6, were recognised respectively by 

93%, 53% 7% and 13% of 15 LKMl positive AIH patients and sequence 321-351 by 1 of 

15 (7%) HCV positive patients tested (Yamamoto et aL, 1993a, Yamamoto et aL, 1993b).

1.4.3 Types of Liver Kidney Microsomal antibody

Different patterns of IFL make it possible to separate LKM into three types. In LKM 

typel (LKMl) there is a uniform finely granular bright fluorescence seen throughout the 

cytoplasm of the hepatocytes and in the distal third - P3 - of the proximal tubules of the 

kidneys (Rizzetto et aL, 1973) (Fig 1.5). This antibody is detected in the clinical 

diagnostic laboratory by IFL using rat kidney and liver as substrate. LKMl is the 

hallmark of AIH type2.

LKM type 2 (LKM2) reacts most intensely with the cells in the first and second 

portions of the proximal tubules (PI and P2) and is associated with tienilic acid induced 

hepatitis (Homberg et aL, 1984). Absorption studies confirmed that the corresponding 

antigen was also present in the liver microsomal fraction. The target antigen of LKM2 has 

been identified as the cytochrome P4502C9 (Beaune et aL, 1987). Tienilic acid, an anti
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hypertensive agent, was withdrawn from the market shortly after reports of tienilic acid 

hepatotoxicity, and hence LKM2 is no longer seen in clinical practice and is of historical 

importance only.

Crivelli et al. first reported the presence of LKM type 3 (LKM3) in HBsAg positive 

patients with ô virus super-infection (Crivelli et aL, 1983). The autoantibody is of IgG 

class, complement fixing and detected by IFL, where it stains the human liver, kidney, 

pancreas, adrenal and thyroid cells. Interestingly, individuals with LKM3 were often 

males and lacked other non-organ specific autoantibodies, features unusual in true 

autoimmune liver disease (Smith et aL, 1974). The target of LKM3 has been identified to 

be uridine diphosphate glucuronosyltransferase and has a MW of 50 kD (Philipp et aL,

1994).

1.5 A ntinuclear  A ntibody

Antinuclear antibody (ANA) is the serologic marker of systemic lupus erythematosus 

(SLE). In connective tissue diseases including SLE, ANA is directed against a variety of 

nuclear antigens, and the study of the fine specificity of these autoantibodies has allowed 

the identification of variants of the disease. ANA is also important in the diagnosis of 

autoimmune sclerosing cholangitis, a condition in which biochemical, immunological and 

histological features are similar to those of ANA positive AIH, the diagnosis resting on 

the demonstration of characteristic cholangiographic bile duct changes (yide 1.3; Fig

1.4). Mackay et at. first described this antibody in association with ‘lupoid’ hepatitis, 

known today as ANA positive hepatitis or AIH typel (Mackay et aL, 1956). In 1960, 

Calabresi and Greenberg described the presence of anti nuclear ‘globulins’ in patients 

with chronic liver disease (Calabresi and Greenberg, 1960). They performed an indirect 

immunofluorescence technique using fixed ‘homologous’ (i.e. allogenic) leucocytes in

44



Chapter 1 General Introduction

peripheral blood smears as the source o f nuclear material. Ten o f 24 patients with 

alcoholic hepatitis and three o f eight patients with CAH gave positive results. Overall, 

there was a striking prevalence o f ‘nuclear globulins’ in female patients (50%) as 

compared with male (17%).

Figure 1.6: Photomicrograph showing the immunofluorescence-staining pattern

o f antinuclear antibody on a rat liver section.

In 1964, Bouchier et al. using rat substrate described the presence o f ANA in 42% o f 

patients with chronic liver disease, especially in those with features typical o f AIH 

(Bouchier et al., 1964). Doniach and Walker reported the characteristics o f ANA in AIH 

in 1972. The nuclear staining pattern by IFL is usually diffuse and the autoantibody 

belongs to the IgG class (Doniach and Walker, 1972). A high incidence o f  anti denatured
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single stranded antibody was found in AIH (Koffler et aL, 1973). Several studies [(Davis 

and Read, 1975), (Peakman et aL, 1989), (Czaja et aL, 1997)] have reported increased 

levels o f antibodies to native double stranded DNA in patients with autoimmune liver 

disease, some levels being in the range considered diagnostic for SLE.

Figure 1.7: Photomicrograph showing the indirect immunofluorescence staining o f 

HEp-2 cells by antinuclear antibody. The diffuse homogeneous pattern readily 

detectable on this substrate is the one most frequently observed in autoimmune 

hepatitis.

Antibodies to extractable nuclear antigens (anti-ENA), such as anti-Smith and anti- 

La, can be detected in some paediatric AIH patients, strengthening the serologic 

similarities between AIH and SLE (Gregorio et aL, 1995). However, in that study, AIH 

patients positive for anti-ENA antibodies did not fulfil the diagnostic criteria for SLE
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(Tan et a i, 1982), showing that in spite o f their similarities, the two conditions are 

distinct entities.

1.6 S m o o th  M u sc le  A n tib o d y

SMA was first described in patients with chronic active hepatitis (Johnson et al., 

1965). Using an IFL technique, with the cardia o f the rat stomach as substrate, SMA was 

found in 11 o f 16 patients with this condition (Fig 1.8). SMA was found in only four o f 

99 patients with non-hepatic immune mediated disorders (three with rheumatoid arthritis 

and one with Sjogrens’s syndrome) and in none o f 25 healthy controls.

Figure 1.8: Photomicrograph showing the indirect immunofluorescence staining o f 

smooth muscle antibody . The serum responsible for the pattern was obtained from 

a patient with autoimmune hepatitis type I. SMA stains the smooth muscle structures 

contained in the wall o f a renal artery (orange arrow) and those in the glomeruli 

(yellow arrows).
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Subsequently, low titre SMA was also described in association with other hepatic 

diseases - primary biliary cirrhosis, cryptogenic cirrhosis, infectious hepatitis 

(Whitehouse and Holborow, 1971) - as well as with non-hepatic disorders - viral 

infections, certain malignant diseases, heroin addiction and female infertility (Toh, 1979). 

Further studies on SMA (Lidman et al, 1976) suggested that autoantibodies to actin-like 

microfilaments are specific for AIH, while autoantibodies to microtubules (tubulin), 

intermediate filaments (desmin, skeletin and vimentin) occur in viral infections 

(Whitehouse et ah, 1974) (Toh, 1979), in primary biliary cirrhosis (Kurki et a i, 1983) 

and in alcoholic liver disease (Kurki et al., 1984). Actin, in addition to being a component 

of smooth muscle, represents 5% of the hepatic cell protein, being present throughout the 

cytoplasm of the hepatocyte, and is especially abundant beneath the cell membrane in the 

region of the bile canaliculi (Phillips et al., 1983).

1.7 A n t i-Neutrophil Cytoplasmic Antibody

Anti-neutrophil cytoplasmic antibodies (ANCA) are heterogenous autoantibodies 

directed against cytoplasmic constituents of neutrophil granulocytes (Terjung and 

Worman, 1999). Two main fluorescence patterns can be distinguished on ethanol fixed 

neutrophils: ‘c-ANCA% which is characterised by a diffuse cytoplasmic staining of the 

neutrophils and ‘p-ANCA’ which shows a fine rim-like staining of the peri-nuclear 

cytoplasm. More than 90% of c-ANCA positive sera react with proteinase 3, a major 

enzyme of the azurophil granules (Goldschmeding et al., 1989), while the target antigen 

of p-ANCA has not yet been identified.

c-ANCA is found in vasculitides such as Wegener’s granulomatosis or microscopic 

polyarteritis, where it is useful for diagnosis and management (van der Woude et at., 

1985). p-ANCA was first described in patients with chronic IBD (Duerr et al., 1991a).
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Since ulcerative colitis and Crohn’s disease are associated with SC, studies were 

conducted to determine the presence of p-ANCA in primary sclerosing cholangitis (PSC) 

and prevalence of 33% to 88% were reported [(Peen et al., 1993), (Duerr et al., 1991b), 

(Targan et al., 1995)]. Although long considered a marker of PSC, p-ANCA has recently 

been reported in patients with AIH typel at frequencies ranging between 50-96%. p- 

ANCA is absent in AIH type2.

Unlike c-ANCA in systemic vasculitides, the titres of p-ANCA cannot be regarded as 

a suitable marker for the clinical and therapeutic management of patients with 

hepatobiliary disorders. In view of its high prevalence in these disorders, p-ANCA has 

become an accepted marker for both PSC and AIH. The p-ANCA of hepatobiliary 

disorders has been referred to as ‘atypical’: using high-resolution microscopy, recent 

reports suggest that the previously thought peri-nuclear fluorescence of ‘p-ANCA’ may in 

fact correspond to a rim-like staining of the nuclear periphery (Terjung and Worman,

1999). In addition to the staining of the nuclear periphery, intra-nuclear fluorescent foci 

are also visualised by atypical p-ANCA (Terjung and Worman, 1999). In agreement with 

microscopic studies, using immuno-electron microscopy these intra-nuclear fluorescent 

foci could be attributed to infolding of the nuclear envelope (Fricker et al., 1997). 

Reactivity to a neutrophil-specific 50 kD nuclear envelope protein has recently been 

detected in the majority (90%) of p-ANCA positive patients with hepatobiliary disorders 

using Western blot (Terjung et al., 2000). The possibility that the ‘perinuclear’ staining is 

in reality ‘peripheral nuclear staining’ fully justifies the label of ‘atypical’ for the ‘p- 

ANCA’ of hepatobiliary disorders.
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1.8 A n t i-Liver  Cytosol  T ype l  A ntibody

An additional autoantibody has been associated with AIH type2, namely anti-liver 

cytosol type 1 antibody (LCl). This antibody was first described by Martini et al. in 1988 

and shows a characteristic IFL staining pattern. The staining is confined to the liver, and, 

at least in rodents it spares the cellular layer around the central veins (Martini et al.,

1988). LCl was identified in 30% of patients with AIH type2 and was the only 

serological marker in 10% of the AIH patients tested. These LCl positive but otherwise 

seronegative patients behaved clinically like AIH type2 (Martini et al., 1988). Later, 

Muratori et al. showed that 13 of 25 LCl positive sera in the Bologna series were also 

anti-HCV positive when tested by second generation enzyme linked immunosorbent 

assay (ELISA) (Lenzi et al., 1995). Akin to LKMl, LCl can thus be found in patients 

exposed to HCV infection. Han et al. showed that, albeit at a lower frequency, LCl can 

also be detected in children with AIH typel (Han et al., 1995). In LCl positive AIH, a 

good correlation has been found between the autoantibody concentration and biochemical 

and histological activity, leading to the suggestion that LCl plays a role in the 

pathogenesis of the disease (Muratori et al., 1998).

The antigen recognised by LCl antibodies was identified by immunoblot as a 62 kD 

protein present in the human liver cytosol sub-cellular fraction (Abuaf et al., 1992). 

Recently, following the screening of a cDNA library with anti-LCl positive sera, Lapierre 

et al. have identified human liver formiminotransferase cyclodeaminase (FTCD) as the 

specific antigen recognised by LCl antibodies (Lapierre et al., 1999). FTCD is a 

polymeric bifunctional enzyme involved in the metabolism of folates: it channels one 

carbon unit from formiminoglutamate (a metabolite in the histidine degradation pathway) 

to the folate pool. Muratori et al. have confirmed that FTCD is the target of LCl
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(personal communication). The establishment of assays using the recombinant protein 

will permit a better definition of LCl clinical value.

1.9 A nti-Soluble L iver  A ntigen

A third group of AIH has also been proposed in which autoantibodies could be 

detected to soluble liver antigen (Manns et al., 1987), but there are contrary views as to 

its distinct identity and at present it has not been accepted by the International 

Autoimmune Hepatitis Group (Alvarez et al., 1999). The target of anti-SLA has been in 

turn suggested to be liver cytokeratins 8 and 18 (Wachter et al., 1990), and glutathione S- 

transferase (Wesierska-Gadek et al., 1998). Through the screening of a cDNA library 

with a serum containing high concentration of anti-SLA antibodies, recently a cDNA 

clone encoding an enzymatic protein of 50 kD of unknown function was isolated (Wies et 

al., 2000) (McFarlane, 2000). Sera reacting with this newly isolated clone were the same 

as those recognising SLA and cytosolic liver pancreas antigen (LP), another autoantibody 

reported in the literature of AIH (Klein and Berg, 1999). The authors concluded that the 

isolated clone encoded SLA, and that SLA and LP were the same antigen (Klein and 

Berg, 1999). They went on to show that antibodies to the prokaryotically expressed target 

were highly specific for a group of patients with autoimmune liver disease, who were 

negative for the classical diagnostic autoantibodies such as ANA/SMA, but positive for 

anti-SLA antibodies (Klein and Berg, 1999). Interestingly, the sequence encoding the 

clone identified by Wies et al. shares 99% identity with that of Uridine guanosine 

adenosine (UGA) suppressor tRNA associated antigenic protein which was first reported 

in 1992 as an autoantibody target in a particularly severe form of ANA/SMA positive 

AIH (Gelpi et al., 1992). The same group (Costa et al., 2000) recently confirmed these 

findings. Both studies (Costa et al., 2000) (Wies et al., 2000) have used prokaryotically
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expressed antigens to detect antibodies. More recently, Ma et al. have used eukaryotically 

expressed SLA/tRNA associated protein as antigen and by doing so have shown that anti- 

SLA is present not only in half of the patients with AIH typel, but also in a similar 

proportion of patients with AIH typel, and with ANA/SMA positive sclerosing 

cholangitis. Anti-SLA was not detected in patients with PBC or virus induced liver 

disease, leading these authors to conclude that anti-SLA is specific for AIH and ASC (Ma 

et al., 2000).

1.10 H e p a t i t i s  C  V ir u s

1.10.1 Discovery o f the virus

HCV is a member of the Flaviviridae viral family. It is a spherical enveloped virus of 

approximately 50 nm in diameter (Shimizu et al., 1996). Its genome is a positive single 

stranded RNA molecule (Choo et al., 1989) that is unsegmented and is approximately 9.5 

kb in size.

It comprises a 5' non-coding (NC) region consisting of approximately 340 

nucleotides, immediately downstream of which lies a large open reading frame of about 

9,000 nucleotides encoding a large polyprotein precursor that is co-translationally or post- 

translationally cleaved in to separate proteins by a combination of viral and host proteases 

(Fig 1.9).

The open reading frame (ORF) encodes at least three structural and six non-structural 

proteins. A capsid protein, at least two envelope proteins (El and E2) and a small putative 

protein of unknown function (P7) are encoded in the 5' region of the ORF. Non-structural 

proteins, RNA polymerase enzymes and regulatory peptides are present in the 3' portion 

of the ORF (Purcell, 1997). The 3' NC region consists of approximately 50 nucleotides, a
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polypyrimidine tract and a highly conserved sequence o f approximately 100 nucleotides 

(Tanaka <3/., 1995)

Hepatitis C Virus

capsid envelope protease/helicase RNA~ dependent RNA polymerase
protein

Core E1 E2 NS2 NS3

hypervariable
region

Figure 1.9: Schematic representation o f hepatitis C virus genome obtained from the web 

site o f CDC (Centre o f  Disease Control). The open reading frame encodes a capsid 

protein and at least two envelope proteins, E l and E2 in the 5 'region. Non-structural 

proteins NS2, NS3, NS4 and NS5 are present in the 3 'portion o f the open reading frame. 

The 5 'end o f the E2 gene is the most heterogenous region o f all and has been named the 

first hypervariable region (HVRl).

1.10.2 Genetic heterogeneity

The most important characteristic o f the HCV genome is its sequence heterogeneity 

(quasispecies). The genetic heterogeneity is not uniform across the genome. The most 

highly conserved regions are the 5' NC region and the terminal 3' NC region along with
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the capsid gene of the ORF, whilst more heterogenous portions of the genome are the 

genes encoding the envelope proteins. The 5' end of the E2 gene is the most heterogenous 

region of all and has been named the first hypervariable region (HVRl). The HVRl 

consists of approximately 90 nucleotides (30 aa) and is considered to be the site against 

which are directed neutralising antibodies (Weiner et al., 1992) (Taniguchi et al., 1993).

Based on their genetic heterogeneity, HCV strains can be divided in to major groups 

called types or genotypes. Within types, HCV isolates have been grouped into numerous 

subtypes. A total of 6 major genotypes have been identified and designated genotypes 1 

to 6. Subtypes have been given letter designations and more than 50 subtypes have been 

described (1997). The most common HCV types are type 1 (sub-types la  and lb) and 2 

(sub-types 2a and 2b).

There is considerable geographic heterogeneity in the distribution of the various 

types. Genotypes 1, 2, 3 and their subtypes are distributed worldwide; types 4 and 5 are 

seen predominantly in Africa, while genotype 6 with its many variants is seen mainly in 

Asia (Purcell, 1997). A relatively high prevalence of subtype lb is seen in Japan and 

Europe, compared to the United States where subtype la is more common. The severity 

of the hepatitis, the progression of the disease and the response to interferon a  (IFN-a) 

treatment is related to the infecting HCV type. Infection with HCV genotype lb appears 

to cause more aggressive liver disease with poor response to IFN-a treatment compared 

to the non-lb group (Yoshioka et al., 1992) (Pozzato et al., 1994).

The quasispecies nature of HCV is considered to be important in predicting the 

natural history of infection. Farci et al. have recently shown that acute resolving hepatitis 

was associated with relative evolutionary stasis of the heterogenous viral population, 

whereas progressing hepatitis correlated with genetic evolution of HCV (Farci et al.,

2000). Consistent with the hypothesis of selective pressure by the immune system, the
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sequence changes occurred almost exclusively in the HVRl of the E2 gene and were 

temporally correlated with antibody seroconversion. These data indicate that the 

evolutionary dynamics of the HCV quasispecies during the acute phase of hepatitis C 

predict whether the infection will resolve or become chronic.

Farci et al. while cloning a single isolate of HCV, found 20 unique sequences, thus 

illustrating the complexity of HCV quasispecies. The genetic heterogeneity was largely 

confined to the HVRl of the viral genome (Farci et al., 1996). Carriers with an apparently 

normal immune system display an expected degree of heterogeneity of HVRl. In 

contrast, patients with agammaglobulinaemia who are HCV carriers demonstrate little or 

no genetic heterogeneity in HVRl (Kumar et al., 1994) and patients chronically infected 

with HCV who are treated with interferon, a known stimulator of the immune response, 

and display greater genetic heterogeneity of HVRl.

Prior exposure to the virus does not appear to confer sustained immunity. Lai et al. 

studied children with thalassaemia major undergoing repeated transfusions of blood in 

Sardinia, who were initially found to be infected with HCV (HCV RNA positive and 

HCV antibody positive) and then became exposed to the virus for a second time. These 

children were not only re-infected but also experienced clinical manifestations of hepatitis 

C for a second time following re-exposure, even when this was with a vims very closely 

related to the original (Lai et al., 1994). Re-infection of chimpanzees who had 

successfully recovered from acute hepatitis C with the same inoculum used for the 

original infection (Farci et al., 1992) (Prince and Fang, 1992) led to the early hypothesis 

that vims neutralising responses were lacking in acute HCV infection. Thereafter, 

Shimizu et al. have provided some evidence that neutralising antibodies are actually 

produced, by inhibiting HCV infection of susceptible lymphoid lines in vitro with sera 

from patients with chronic HCV infection (Shimizu et al., 1994). The production of
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neutralising antibodies is further supported by the efficacy of hyperimmune sera, derived 

from immunisation of rabbits with a synthetic peptide of the HVRl of E2, in not only 

preventing HCV infection in cell culture (van Doom et al., 1995) but also in protecting 

chimpanzees from infection with the homologous viral strain (Farci et al., 1994).

1.10.3 Immunopathogenesis of hepatitis C virus infection

Following infection with HCV, there are two main outcomes: control of the vims or 

viral persistence with varying degrees of liver damage. Cellular immune response is 

thought to play a major role in the acute viral infection but also to be linked in liver 

damage during chronic infection. As acute HCV infection is often clinically inapparent, 

the immunological indices of recovery are not well defined. The strong HCV specific Th 

response associated with recovery from acute hepatitis C supports the notion that cellular 

immune response contributes to the elimination of HCV infected cells (Diepolder et al.,

1995). The diagnosis of resolved hepatitis C is currently based on the detection of HCV- 

specific antibodies in the absence of detectable HCV RNA. While studying a cohort of 77 

patients earlier accidentally exposed to the same HCV strain of known sequence 

(Dittmann et al., 1991), Takaki et al. have recently found that circulating HCV antibodies 

were undetectable in 18 of 43 (42%) of the patients 18-20 years later, but HCV specific 

Th and cytotoxic T-cell (CTL) with an IFN-y-producing phenotype persisted (Takaki et 

al., 2000). The high frequency of anti-HCV antibody seronegativity in subjects known to 

have been exposed to the vims indicates that the incidence of self-limited HCV infection 

and biochemical and serological recovery is probably underestimated in the general 

population, exposure to HCV being, at times, only traceable in HCV specific CD4+ and 

CD8+ T cell responses.
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HLA class I restricted CTL represent a major defence mechanism in viral infections. 

To function CD8+ CTL require the interaction of their highly polymorphic TCR with an 

HLA class I molecule displaying on the surface of an infected cell an 8-11 aa long 

endogenously synthesised peptide (Rotzschke et al., 1993). Studies with virus of 

genotype 1 strain, HCV-1, indicate that the common chimpanzee, Pan troglodytes, 

provides a faithful model of human hepatitis C (Walker, 1997). To investigate the type of 

immunity responsible for resolution of HCV infection. Cooper et al. monitored 

circulating antibody and intrahepatic CTL response during acute (<20 weeks) infection in 

chimpanzees (Cooper et al., 1999). Two animals that terminated infection (resolvers) 

made a strong CTL response restricted by different class I haplotypes and focused on 

different regions of the HCV polyprotein, but poor antibody responses. In contrast, 

animals developing chronic hepatitis (non-resolvers) generated weaker acute CTL 

responses. No distinguishing pattern of antibody response was observed between the two 

groups. Wondering to what extent immunogenetic components may influence resolution, 

the authors investigated class I polymorphism and found that five of seven unrelated 

resolvers shared alleles that were uncommon or absent in the animals who became 

chronic. The results in chimpanzees were confirmed in humans when Lechner et al. 

analysed sequentially the T lymphocyte response in three subjects during and after 

resolution of acute HCV infection using IFN-y enzyme-linked immunospot (ELISPOT) 

and HLA peptide tetramer assays (Lechner et al., 2000). Acute infection was associated 

with a broadly directed Th and CTL response that persisted after resolution of clinical 

hepatitis and clearance of virus in the circulation. Among HCV antibody positive subjects 

with chronic infection, CTL responses were more common in those who eventually 

cleared the virus, but the frequency of HCV-specific CTLs was lower than that found 

during and after resolution of acute HCV infection. Hence it appears that a strong and
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multi-specific T-cell response is associated with an ability to control the virus. Missale et 

al. have shown that the vigour of the T-cell response in the early stages of infection may 

be a critical determinant of disease resolution and control of infection (Missale et al., 

1996). In patients with persistent infection, the CTL and Th activity appears to be weaker. 

The weaker CTL response may favour emergence of virus variants allowing the virus to 

escape immune recognition. Studies in humans with chronic hepatitis B (HBV) and 

human immunodeficiency virus (HIV) infections (Bertoletti et al., 1994) (Meier et al.,

1995) have established the principle that escape is a possible event when the CTL 

response is narrowly focused on a single or a few immunodominant epitopes. Weiner et 

al. reported that persistent HCV infection in a chimpanzee was associated with the 

emergence of a CTL escape variant (Weiner et al., 1995). Tsai et al. while investigating 

the effect of viral variants on CTL activity of five HLA-A2-positive patients with acute 

HCV infection found that vims variants did not appear in the three patients who 

recovered, whilst altered peptide ligand variants, capable of antagonising CTL activity, 

emerged rapidly in the remaining two patients in whom chronicity developed (Tsai et al.,

1998).

1.10.4 Clinical features and diagnosis

The clinical course of hepatitis C is variable with a broad clinical spectmm of disease 

presentations and outcomes. Acute hepatitis accounts for a fifth of the cases. The acute 

infection has an average incubation period of seven weeks (range, 4 - 4 0  weeks), and is 

symptomatic and icteric in about a third of patients. Viral markers of infection appear 

long before the onset of symptoms: HCV RNA becomes detectable within 1-2 weeks of 

exposure, peaks at the time of symptoms, and then disappears in resolving disease. 

Antibody to HCV is usually, but not always, present at the time of onset of symptoms.
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Several weeks after exposure serum alanine aminotransferase (ALT) levels begin to 

increase and, shortly thereafter, clinical symptoms appear. This presentation resembles 

other forms of viral hepatitis with onset of malaise, nausea and right upper quadrant pain 

followed by dark urine and jaundice. Rarely, a fulminant presentation may be seen. In 

cases of acute self-limited disease, HCV RNA becomes undetectable by PCR 

(polymerase chain reaction) within a few weeks of onset of symptoms and 

aminotransferase levels return to normal. In about 85% of patients, the resolution of 

symptoms of acute hepatitis is not accompanied by normalisation of ALT levels or 

clearance of HCV RNA (Hoofnagle, 1997).

Typically, the patients with chronic hepatitis have few if any symptoms, and these 

are usually non-specific, intermittent and mild. The most common symptom is fatigue. In 

most surveys, approximately one third of patients with chronic HCV infection have 

persistently normal serum ALT levels and in the remaining two-thirds the ALT levels are 

only intermittently abnormal (Conry-Cantilena et al., 1996). Since histological evidence 

of chronic hepatitis is present in virtually all patients with chronic HCV infection and 

normal ALT levels - although the degree of hepatic injury is generally mild (Alberti et al.,

1992) (Kodama et al., 1993) - it is misleading to refer to these patients as healthy HCV 

carriers. The major serious complication of chronic hepatitis C is the development of 

cirrhosis. Once cirrhosis develops, the symptoms of end-stage liver disease can appear, 

including marked fatigue, muscle weakness and wasting, fluid retention, easy bruisability, 

upper intestinal haemorrhage, jaundice, dark urine and itching. Chronic hepatitis C is also 

a major risk factor for hepatocellular carcinoma (HCC) (Hoofnagle, 1998). After 20 years 

of being HCV infected and once cirrhosis is established, the rate of developing HCC is 1 - 

4% per year and is more common in men than women and in older than younger patients
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(Di Bisceglie, 1997). Possible additional risk factors include alcohol consumption and 

co-infection with HBV (1997).

In evaluating the patient with chronic hepatitis C, liver histology is believed to be the 

most accurate measure o f disease severity and stage, and serves as the gold standard in 

clinical assessment (Hoofnagle, 1997).

Figure 1.10: Chronic hepatitis C. The histological picture o f a percutaneous liver 

biopsy shows chronic hepatitis with an expanded portal tract due to the presence 

o f a lymphoid aggregrate and very mild interface activity. Sinusoids show cellular 

infiltration.

The histopathology in HCV infection encompasses the entire spectrum o f liver 

damage, ranging from acute fulminant hepatic necrosis to cirrhosis and HCC. The 

following features have been found to be characteristic but not pathognomic o f chronic 

hepatitis C: prominent portal inflammation with lymphoid follicles, bile duct lesions,
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steatosis - usually macrovesicular - and lobular changes of eosinophilic hepatocytes with 

cytoplasmic Mallory bodies (Dienes et al., 1999).

The grade of necroinflammatory activity and the stage of fibrosis seem to be of 

prognostic value in the course of chronic hepatitis C. Yano et al. noted in a study of 

Japanese patients with fairly advanced fibrosis (stage 3) that cirrhosis developed within 

10 years (Yano et al., 1996). Recurrence of hepatitis C after LT may have a different 

histo-pathological pattern with progressive fibrosis, conspicuous cholestasis and 

pronounced hepatocellular necrosis (Schluger et al., 1996).

Three categories of virological assays can be used for the diagnosis and management 

of HCV infection: (i) serological assays, detecting antibodies specifically directed to 

HCV antigens; (ii) assays detecting and quantifying HCV antigens; (iii) molecular 

biology-based assays detecting and quantifying HCV genomes and analysing their 

sequence. Practically, only serological and molecular biology-based assays are used 

routinely for both screening and diagnosis. Serological assays include: screening tests 

based on enzyme immunoassays (EIAs); supplemental ‘analytical’ assays based on 

immunoblot testing; and assays detecting genotype-specific antibodies for the serological 

determination of HCV genotype (so-called ‘serotyping’ assays). Molecular assays 

include: qualitative assays, detecting HCV RNA in body fluids; quantitative assays 

measuring HCV viral load, a parameter that estimates the level of HCV replication in the 

liver; and tests analysing the sequence of HCV genomes (genotyping assays) (Pawlotsky, 

1999).

At the international consensus conference on hepatitis C of the European Association 

for the Study of Liver Disease (EASE) the following recommendations on the 

management of hepatitis C were made (1999). In low risk settings such as blood banks, 

ELISA tests are the best tools for initial screening as they are easy to use and inexpensive.
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However, since up to a quarter of positive ELISA results may be falsely positive, a 

supplemental RIBA test is recommended to verify the result and avoid false notification. 

Then, a qualitative HCV RNA test should be performed if anti-HCV positivity is 

confirmed. In high-risk populations and in clinical settings where hepatitis C is suspected, 

a positive ELISA should be confirmed by a qualitative HCV RNA test. In patients with 

acute hepatitis of unknown cause, an ELISA test should be performed first. If hepatitis A 

and B tests are negative, then a qualitative HCV RNA test should be performed. In all 

ELISA negative patients with chronic hepatitis of unknown cause, but particularly in 

haemodialysed and immunocompromised patients, a qualitative HCV RNA test should be 

performed, as these patients may be unable to mount a detectable antibody response. 

Genotyping and quantitative HCV RNA testing are only recommended prior to treatment 

of patients (1999).

1.10.5 HCV and autoimmune liver disease

A link between viruses and autoimmunity has been proposed ever since the immune 

system was found to be capable of attacking self-components, the classical view being 

that a viral infection precedes and triggers autoimmune responses. A number of 

mechanisms have been proposed to link viral infections to autoimmunity, like polyclonal 

stimulation of immunocompetent cells, enhanced expression of MHC class I and II 

molecules through cytokine release and molecular mimicry. Molecular mimicry, the 

concept that sees an immune response to an epitope shared between a microorganism and 

a self-component as a possible route to autoimmunity, has a firmer grounding in 

experimental work than other theories (Vergani, 1994).

The first suggestion that HCV may be linked with autoimmunity stems from the 

observation that LKMl antibody, which characterises AIH type2, a severe form of AIH in
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children and young adults (Homberg et al., 1987), is at times present in patients with 

chronic HCV infection (Lenzi et a l, 1990) (Lunel et al., 1992). Early reports of a strong 

association between anti-HCV and LKMl have been questioned, on the basis that the first 

generation ELISA assay used for detection of anti-HCV could give false positive 

reactions either in the presence of hypergammaglobulinaemia (McFarlane et al., 1990) or 

naturally occurring antibodies to super oxide dismutase present in recombinant HCV 

proteins used as antigen (Ikeda et al., 1990). Studies performed with more specific second 

generation assays or HCV RNA by PCR has confirmed the presence of HCV infection in 

a proportion of LKMl positive patients. Soon, however, it became apparent that the 

prevalence of markers of present or past HCV infection depends on the geographical 

origin - and possibly genetic extraction - of the patients under investigation. Thus, 

amongst LKMl positive patients, up to 88% of the Italian (Lenzi et al., 1991), 

approximately 50% of the French (Lunel et al., 1992) and German (Michel et al., 1992) 

and none of the British (Lenzi et al., 1991) have markers for HCV infection. Conversely, 

if one seeks LKMl positivity in a population positive for HCV markers, the prevalence 

for the autoantibody varies between 0 and 10% (Seelig et al., 1993) (Abuaf et al., 1993). 

If the association between LKMl and positivity for HCV markers was simply due to a 

higher endemicity of the virus in certain areas, anti-HCV positivity should be frequently 

found in other liver diseases in these areas. Indeed, anti-HCV positivity by radioactivity 

binding inhibition assay (RIBA) was found in about 60% of Italian patients with 

ANA/SMA positive AIH, (Lenzi et al., 1990) (Magrin et al., 1991), in 27% of American 

patients with hepatitis B negative chronic active hepatitis (Czaja et al., 1992b), and in 

32% of Italian alcoholic patients with chronic liver disease (Brillanti et al., 1991). 

However, none of ten German patients with ANA/SMA positive AIH studied by Manns 

et al. was positive for HCV markers, while half of the patients in his LKMl positive
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group had markers for HCV (Marins et al., 1991). Thus, a link between HCV and LKMl 

positive AIH - but not ANA/SMA positive AIH - is still detectable in areas of lower 

endemicity.

From several reports [(Lunel et al., 1992), (Michel et al., 1992), (Ma et al., 1993)], it 

appears that anti-LKMl positive patients fall into two distinct groups according to their 

HCV markers. LKMl positive subjects without HCV markers, whatever their geographic 

origin is, tend to be children or young adults, female, with either a family history of 

autoimmune disease or associated autoimmune disorders and they respond to 

immunosuppressive treatment. LKMl positive patients with HCV markers are usually 

older, male, without a clear association with other autoimmune manifestations and may 

respond better to anti-viral than immunosuppressive treatment.

Persuasive evidence that infection with HCV can lead directly to autoimmunity is 

provided in three key papers. In the first, it was demonstrated that short aa sequences are 

shared in common between cytochrome P4502D6 (CYP2D6), the target of LKMl in 

AIH, and the HCV polyprotein (Maims et al., 1991). This suggests that molecular 

mimicry may be the mechanism triggering liver specific autoimmunity. In the second 

paper, the possible connection between HCV and autoimmunity is supported by the 

analysis of an informative clinical case (Mackie et al., 1994). A child started producing 

anti-LKMl antibody two weeks after becoming infected by HCV following liver 

transplantation for end-stage liver disease due to alpha 1 antitrypsin deficiency (a l- 

ATD). For the first time a temporal relationship between HCV infection and development 

of LKMl was demonstrated, giving support to the concept that the two may be causally 

related (Mackie et al., 1994). The production of this autoantibody showed the 

characteristics of a physiological response, LKMl belonging initially solely to the 

immunoglobulin M (IgM) isotype, then consisting of IgM and immunoglobulin G (IgG)
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for a brief subsequent period, and finally becoming exclusively IgG. In the third paper, 

Vento et al. have reported the development of AIH typel triggered by HCV in a nurse 

with a predisposing HLA haplotype (A*0101, B*0801, DQB1*0201, DQA1*0501, 

DRB1*0301, DRB3*0101) who had a needle-stick injury while caring for an HCV 

infected patient (Vento et at., 1997).

To settle the question as to whether LKMl antibodies in HCV positive and negative 

patients are the same, the targets recognised by sera from the two groups need to be 

investigated. A study comparing sera from HCV positive and negative patients, with 

identical LKMl immunofluorescent pattern and similar titres has shown that LKMl 

positive/anti-HCV positive sera, mainly from adult patients, react less frequently with 

CYP2D6 than LKMl positive/anti-HCV negative sera, mainly from children [10/37 

(27%) vs 13 of 18 (72%), (Ma et al., 1994)]. This study used a Western blot assay to 

assess reactivity, with prokaryotically expressed CYP2D6, which allows the detection of 

linear epitopes. However, using a eukaryotically expressed CYP2D6, which is suitable for 

the study of both linear and conformational epitopes, reactivity to CYP2D6 was similarly 

observed in LKMl positive patients with either classical AIH or HCV infection, 

suggesting that CYP2D6 is the major target of both conditions (Ma et al., 1997b) 

(Yamamoto et al., 1997).

Other than LKMl, autoantibodies like ANA and SMA are found in patients with 

chronic hepatitis C infection. The recent observation that HCV can bind to CD81 (Pileri 

et al., 1998) has important implications for the pathogenesis of autoantibody production 

in HCV infection. Indeed, co-stimulatory signals may be delivered to B cells upon 

appropriate engagement of CD81, since this molecule is a component of a molecular 

complex of CD21 and CD19 (Bradbury et al., 1992) that participates in B cell activation.
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Engagement of this complex by HCV may lower the B cell activation threshold (Fearon 

and Carter, 1995).

The reported prevalence of SMA in patients with chronic HCV infection ranges from 

12-66%, while that of ANA from 6-21% [(Abuaf et a l, 1993), (Clifford et al., 1995), 

(Bortolotti et al., 1996)]. The difference in autoantibody prevalence between the various 

studies may derive from technical reasons (lowest screening titre of 1/10 versus 1/20 or 

1/40) and/or differences in the populations (Gregorio et al., 1998).

Cassani et al. have reliably shown that the reactivity of ANA and SMA is different in 

AIH typel and chronic HCV infection (Cassani et al., 1997). Seventy-four of a total of 

290 consecutive patients (26%) with chronic HCV infection were ANA and/or SMA 

positive, including 11 with both autoantibodies. Only 5% of them, however, had ANA 

with a homogenous pattern (ANA-H) or SMA with anti-microtubule activity that the 

authors refer to as anti-actin specificity (SMA-AA). In AIH typel, ANA-H and SMA-AA 

were significantly more frequent and titres higher than observed in HCV infection. In fact 

SMA-AA was undetectable in any HCV patients. Cassani et al. have also shown that 

ANA/SMA patients with chronic hepatitis C had significantly more severe biochemical 

and histological disease than seronegative patients (Cassani et al., 1997).

During the screening of an unselected population of 7,000 (the Dionysos study) for 

indicators of liver disease, 226 were found to be positive for HCV markers. In 25% of 

these patients Lenzi et al. found NOSA (non-organ specific antibodies - ANA/SMA, 

LKMl, anti-thyroid antibodies) (Lenzi et al., 1999). This prevalence is much higher than 

that of demographically matched uninfected individuals and of the 78 hepatitis B surface 

antigen (HBsAg) positive subjects of the Dionysos study (Lenzi et al., 1999). Within the 

HCV positive group, the presence of NOSA was significantly associated with clinical and 

biochemical evidence of liver disease. The already elevated NOSA prevalence of 25% is
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certainly an underestimate, since sera were tested at a dilution of 1/40, and not at the 

conventional screening dilution of 1/10. Thus, in a study investigating NOSA in a 

paediatric HCV series, Gregorio et al. found that autoantibody prevalence more than 

doubled (from 21% to 65%) if the samples were tested at a 1/10 dilution instead of 1/20 

(Gregorio et a l, 1998).

1.10.6 Extra-hepatic manifestations

HCV infections have also been linked to a number of extra-hepatic disorders in 

which an immunological pathophysiological mechanism has been suggested. The 

spectrum of extra-hepatic manifestations of hepatitis C is wide and includes essential 

mixed cryoglobulinaemia, lichen planus, B-cell non-Hodgkin lymphoma, membrano- 

proliferative glomerulonephritis, kerato-conjunctivitis sicca, anti-phospholipid syndrome, 

mixed cormective tissue disease, thyroiditis and IDDM.

The term cryoglobulinaemia describes an in vitro phenomenon consisting of globulin 

precipitation in the cold. To enable accurate detection, blood must be initially allowed to 

clot at 37°C, and then if the serum, separated in a pre-warmed centrifuge, contains 

cryoglobulins, will form a precipitate (cryocrit) when placed at 4°C over the next few 

days. Cryoglobulinaemia may be primary, or it may be secondary to disorders including 

lymphoproliferative disease (LPD), connective tissue diseases and viral infection. It is 

classified into 3 types. In type I the cryocrit usually contains monoclonal IgM (or light 

chain), in type II a polyclonal IgG and a monoclonal IgM with reactivity for IgG 

(rheumatoid factor) while in type III, both IgG and IgM are polyclonal, even though IgM 

still has rheumatoid factor activity. Mixed cryoglobulinaemia refers to a group of immune 

complex mediated disorders associated with chronic liver diseases, infections, 

autoimmune disorders and malignancies. In the absence of a recognised primary disease,
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mixed cryoglobulinaemia has been labelled as ‘essential’ (Peakman and Vergani, 1998). 

Essential mixed cryoglobulinaemia is a syndrome marked by varying combinations of 

fatigue, muscle and joint aches, arthritis, skin rash (hives, purpura, or vasculitis), 

neuropathy and glomerulonephritis [(Dupin et al., 1995), (Lunel and Musset, 1998), 

(Agnello et al., 1992)]. This syndrome can be severe, incapacitating and even fatal. 

Serological evidence of HCV infection has been found in 40-95% of patients with mixed 

cryoglobulinaemia. Examination of cryoprecipitate from affected patients has shown anti- 

HCV concentrated 10-fold and HCV RNA concentrated 100-fold in the cryoglobulins 

(Agnello et al., 1992). Hartmann et al. (1995) have reported that the motif 

EGLGWAGWL is shared in common between the heavy chain of IgG and the core 

protein of HCV, again suggesting a critical role for molecular mimicry in the 

development of an HCV related pathological manifestation (Hartmann et al., 1995). 

Despite the high frequency of HCV infection in patients with clinically recognised mixed 

cryoglobulinaemia, only 1-4% of all patients with chronic hepatitis C will develop 

clinical evidence of cryoglobulinaemia. In these patients resolution of hepatitis C is 

followed by resolution of the syndrome.

On the basis of a 30% prevalence of HCV markers (anti-HCV antibodies and/or 

HCV viremia) in a group of 50 patients with non-Hodgkin’s lymphoma (NHL), Ferri et 

al. hypothesized that HCV may be involved in the pathogenesis of LPD (Ferri et al., 

1996). Silvestri et al. investigated 537 patients with LPD and found that the prevalence of 

HCV infection was 9%, three times higher than in the general population, only among 

those with B-cell NHL (Silvestri et al., 1996). Glomerulonephritis is an uncommon 

manifestation of chronic hepatitis C infection and may accompany other features of 

essential mixed cryoglobulinaemia or occur in isolation. Using IFL, HCV core protein has 

been identified in the glomeruli of patients with membranous glomerulonephritis (Okada
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et at., 1996). Approximately 75% of affected patients have nephrotic syndrome and 

variable degrees of renal insufficiency. Treatment responses are similar to those in 

chronic hepatitis C without glomemlonephritis. About one quarter of patients with the 

sicca syndrome and lymphocytic sialoadenitis were HCV positive and 56% of these had 

detectable cryoglobulins (Jorgensen et al., 1996). In patients with HCV positivity, 

arthritis was less common, but neurological involvement and elevated aminotransferase 

levels were more common. Again, little is known about the pathophysiology of this 

phenomenon.

Chronic HCV infection has also been linked with the presence of lichen planus, but, 

while approximately a fifth of the patients with lichen planus have markers of HCV 

infection (Sanchez-Perez et al., 1996), no more than 5% of the patients with chronic HCV 

have these lesions (Jubert et al., 1994).

Chronic HCV has been associated with thyroid autoantibodies and thyroiditis both 

before and after IFN therapy (Jensen et al., 1978) (Marazuela et al., 1996). Pateron et al. 

describe latent autoimmune thyroid disease in patients with chronic HCV infection 

(Pateron et al., 1993). Mason et al. have provided convincing evidence to show that HCV 

infection and age are independent predictors of IDDM (Mason et a l, 1999). This 

observation associated with previous studies [(Allison et al., 1994), (Fraser et al., 1996), 

(Ozyilkan and Arslan, 1996)] suggests that HCV infection may play a role in the 

causation of IDDM, at least in HCV endemic areas.

Prieto et al. have reported the presence of anti-cardiolipin antibodies in over a fifth of 

HCV-positive patients and their prevalence could be correlated with the occurrence of 

thrombocytopaenia, portal hypertension and prior thrombotic episodes (Prieto et al.,

1996). In 1992, Fargion et al. were the first to report porphyria cutanea tarda (PCT) to be 

yet another manifestation associated with hepatitis C (Fargion et al., 1992). These authors
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found that anti-HCV antibodies were present in 16% of patients with PCT and only in 1- 

4% of the controls. Since then, there have been other reports showing that the prevalence 

of HCV markers in PCT varies from country to country, being as low as 8% (Murphy et 

at., 1993) (Stolzel et al., 1995) in northern European patients and up to 80% in southern 

European countries (Carpintero et al., 1997).

1.10.7 Treatment of hepatitis C virus infection

Alpha interferon has been used widely to treat hepatitis C virus infection. Interferons 

are naturally occurring proteins secreted by many mammalian cells, and were identified 

by their ability to interfere with viral replication and production (Isaacs et al., 1966). 

Three major classes of human interferons with significant anti-viral activity are 

recognised: alpha, beta and gamma. Interferon-alpha (IFN-a) is the standard current 

therapeutic agent for hepatitis C.

The National Institutes of Health Consensus Development Conference panel 

recommended IFN therapy for patients with chronic hepatitis C who are at greatest risk 

for progression to cirrhosis - that is those with persistently elevated serum ALT, positive 

HCV ribonucleic acid (RNA) and liver biopsy with either portal or bridging fibrosis and 

at least moderate degrees of inflammation and necrosis (1997). The efficacy of IFN-a 

therapy is currently defined biochemically as normalisation of serum ALT and 

virologically as loss of serum HCV RNA. Hence, serial ALT testing and testing for HCV 

RNA by qualitative RNA is recommended at selected time points to document virological 

response.

Ribavirin is a synthetic guanosine analogue, which is well absorbed orally and is 

given in doses of 1,000 to 1,200 mg/day. When given alone to patients with chronic 

hepatitis C, Ribavirin decreases serum ALT concentrations but has no anti-viral effect
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(Bodenheimer et al., 1997). The most common adverse effect is a moderate and reversible 

haemolysis that causes a decrease in haemoglobin to less than 10 g per decilitre.

At the International Consensus Conference on HCV the following recommendations 

were made on the management of patients infected with HCV (1999). In naïve patients, 

the combination of IFN-a and Ribavirin should be offered to those without 

contraindications. In patients with genotype 2 or 3, the duration of therapy is 6 months 

(months); while in genotype 1 the duration is 12 months if viral load is more than 2 

million copies/ml and 6 months when the viral load is less than 2 million copies/ml 

(1999). In naive patients in whom Ribavirin is contraindicated, IFN-a monotherapy (3 

mu or 9 pg thrice weekly) should be administered for 12 months, with HCV RNA testing 

after 3 months of therapy. No consensus has been reached for recommending that IFN-a 

therapy be stopped if HCV RNA is still detectable. However, there is consensus that 

therapy with IFN-a should be continued when HCV RNA has disappeared. In patients 

who have relapsed after IFN-a monotherapy, two options can be considered: (a) treat 

with a combination of IFN-a and Ribavirin for 6 months if there are no contraindications 

to Ribavirin; (b) treat with a higher dose (more than 3 MU or 9 pg thrice a week) of IFN- 

a  for 12 months. The following are contraindications to IFN-a treatment: present or past 

psychosis or severe depression; neutropaenia and/or thrombocytopaenia; organ 

transplantation except liver; symptomatic heart disease; decompensated cirrhosis; 

uncontrolled seizures; uncontrolled diabetes and autoimmune disorders, especially 

thyroiditis. Contraindications to Ribavirin are end-stage renal failure, anaemia, severe 

haemoglobinopathies, severe heart disease, pregnancy, and no reliable method of 

contraception, uncontrolled hypertension and old age. Concurrent infection with HIV 

should not preclude treatment if the patient is stable with good clinical and functional
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status (1997). There are numerous side effects of IFN-a treatment. In the majority of 

patients, ‘influenza-like’ syndrome with fever, headaches, fatigue, arthralgias and 

myalgias are observed.

At present, liver transplantation is the treatment of choice in patients with clinically 

decompensated liver disease due to hepatitis C (Schalm et at., 1997). Re-infection of the 

graft occurs in the majority of the cases and is treated with Ribavirin (Lavezzo and 

Rizzetto, 1999). However, since no long-term follow-up is available, the ultimate effect 

on survival and tolerance to the drugs in the fragile population of transplanted patients 

remains unknown.

1.10.8 Interferon and autoimmunity

Autoimmune phenomena ranging from appearance of tissue autoantibodies to overt 

autoimmune diseases including thyroid disorders, diabetes, thrombocytopaenia, 

rheumatoid arthritis, SLE-like syndromes, primary biliary cirrhosis and sarcoidosis have 

also been reported with IFN-a administration in patients with hepatitis C (Dusheiko,

1997).

Antithyroid antibodies and autoimmune thyroiditis are perhaps the most frequent side 

effects of the immunomodulatory properties of IFN-a [(Berris and Feiiunan, 1991), 

(Preziati et al., 1995), (Marazuela et al, 1996)]. Thyroid disorders, including 

hypothyroidism or hyperthyroidism, have been reported to develop during IFN-a therapy 

in 2.5% to 20% of HCV patients (Lisker-Melman et al., 1992). The sequence of transient 

acute hyperthyroidism followed by persistent hypothyroid function resembling 

Hashimoto’s thyroiditis has also been described (Berris and Feinman, 1991). Thyroid 

antibodies may be seen in chronic HCV infection even without IFN-a treatment (Preziati 

et al., 1995). Thyroid antibodies are presumed to contribute to the pathogenesis of
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autoimmune thyroiditis. The thyroid dysfunction may not be reversible after stopping 

therapy, although stopping therapy early may help in reducing the severity of the disease.

Several case reports describe the onset of IDDM during the IFN-a treatment of viral 

hepatitis (Fabris et al., 1992) (Waguri et al., 1994). The possibility that IFN-a may 

promote events leading to development of IDDM was tested in a transgenic mouse model 

in which the insulin producing p-cells was engineered to express IFN-a (Stewart et al.,

1993). The mice developed an IDDM associated with an inflammatory destruction of the 

islet cells and both the inflammation and diabetes were prevented with a neutralizing 

antibody to IFN-a.

Treatment of chronic hepatitis B and C with IFN-a was accompanied by

exacerbation of the metabolic state in type 2 diabetics (Lopes et al., 1994) (Chedin et al.,

1996). In patients with chronic HCV infection and LKMl positivity, treatment with IFN

is frequently met with serious side effects [(Muratori et al., 1993), (Todros et al., 1995),

(Farhat et al., 1995)]. Children have shown an increase in transaminases and LKMl titres

as a result of IFN-a therapy (Ruiz-Moreno et al., 1991). LKMl should be measured in all

HCV positive patients especially those undergoing IFN-a treatment and this should be

done at an initial serum dilution of 1/10 (Vergani, 1999). In the study of Gregorio et al.

four of 29 HCV positive children had to suspend IFN-a because of marked transaminase

elevation: three were found to be LKMl positive, two at the low titre of 1/10 (Gregorio et

al., 1997). In that series there was only one additional LKMl positive patient who

received IFN-a without elevation of transaminases. LKMl appears to act as a danger

marker whatever the titre. Cassani et al. have shown that the presence of LKMl in HCV

is associated with a greater severity of liver disease (Cassani et al., 1997) and the recent

localisation of CYP2D6 to the liver cell membrane (Muratori et al., 2000) -  an ideal

target for an autoantibody mediated attack -  may explain why LKMl is associated to
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liver damage. As a consequence, a consensus view is emerging that in LKMl positive 

patients IFN-a should be used with particular caution and frequent controls (National 

Institute of Health Consensus Development Conference Panel statement, 1997).
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2.1 D e t e c t io n  o f  L iv e r  K id n e y  M ic r o s o m a l  A n t ib o d y  T y p e I

2.1.1 Immunofluorescence

As already mentioned (vide 1.4), LKMl is detected in the clinical diagnostic 

laboratory by the classical method of immunofluorescence. In their original description 

Rizzetto et al. in 1973, used unfixed Smicrometer (pm) sections of human stomach, and 

rat liver and kidney as substrate with patient sera at 1/10 dilution (Rizzetto et al., 1973). 

As second antibody, a fluorescein isothiocyanate (FITC) conjugated antihuman Ig (anti 

IgG, IgA, IgM and Pi C) was used. One of the characteristic features of the LKMl is the 

uniform finely granular bright fluorescence throughout the cytoplasm of hepatocytes. In 

the kidneys, the proximal tubules are most conspicuous and there is a complete absence 

of staining in distal tubules and ascending loops of Henle in the medulla. This contrasts 

with the staining pattern of AMA, where there is staining of the distal tubules of the 

kidneys and a low intensity coarsely granular fluorescence pattern of the liver (Figs 2.1, 

Panels A and B). The inclusion of the stomach in the composite substrate block is of 

importance since AMA, but not LKMl, stains the gastric parietal cells and hence helps in 

distinguishing between the two antibodies.

The technique of IFL is subjective and requires skilled personnel in order to get 

consistently reliable results. The need to find a replacement for IFL is clearly illustrated 

in the work by the group of Seelig who, after analysing the results of a German 

nationwide proficiency test, remarked that a frequent interpretative confusion arises in the 

differential identification of AMA and LKMl antibodies (Seelig et al., 1993). In 1992, 

Czaja et al. while reviewing the Mayo clinic experience on adults with CAH, pointed out 

that some adults long ascribed to have AMA AIH did in fact suffer from LKMl positive 

AIH (Czaja et al., 1992a). The disease that responded to the classical treatment of AIH

was incorrectly classified because LKMl was reported as AMA (Keimy et al., 1986).
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S

Panel A Panel B

Figure 2.1: Indirect immunofluorescence pattern o f liver kidney microsomal antibody 

type 1 (Panel A) and antimitochondrial antibody (Panel B). The proximal renal tubules 

stained by LKMl are larger (panel A) while the distal tubules (panel B, arrows) are 

smaller. The similarity between the two tubular patterns has frequently led to incorrect 

interpretation.

2.1.2 Previous attempts to establish quantitative assays

In view o f these problems, various attempts have been made to establish objective 

and quantitative techniques for the measure o f LK M l, with ELISA being a frequent 

choice. A non competitive ELISA was reported by Durazzo et al. in which the target 

antigen consisted o f the human microsomal liver fraction, that contains CYP2D6 - the 

target o f LKMl - amongst other antigens, immobilised onto the wells o f micro titre plates
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(Durazzo et al., 1995). Results were expressed as the difference in optical density (OD) 

readings between the patient's serum and a normal control serum. Positive results were 

observed in 18 out of 43 (42%) LKMl positive patients with HCV infection, the ELISA 

producing positive readings only when sera contained LKMl at the relatively elevated 

titre of 1/320 titre by IFL. Similar results were obtained by Yamamoto et al. who also 

used as antigen solid phase rat and human microsomal fraction in an ELISA (Yamamoto 

et al., 1993a). Only one third of their patients positive for LKMl by IFL were positive 

using ELISA and the OD readings did not correlate with the titres by IFL. According to 

the deliberations of the lAHG, the international panel convened to review the features 

diagnostic of AIH, an IFL titre of 1/40 in adults and 1/10 in children represents one of the 

criteria to be fulfilled to entertain a diagnosis of AIH (Alvarez et al., 1999). Hence, with 

the assays described above numerous cases would have been missed. An additional 

drawback associated with the use of a complex microsomal preparation as target antigen 

is the occurrence of false positive results.

In an attempt to overcome problems inherent in the use of non purified microsomal 

preparations Seelig et al. established an ELISA based on the use of recombinant CYP2D6 

expressed in E. coli (Seelig et al., 1993). In addition to the obvious advantage of using a 

recombinant antigen, the technique described by these authors had the merit that the 

‘partner’ of the fusion protein was MS2 polymerase. MS2 polymerase is an enzyme 

against which no antibodies occur in humans, thus eliminating those false positive results 

that arise when p galactosidase or super oxide dismutase are used instead (Ikeda et al., 

1990) (Kohno et al., 1991). Seelig’s assay had a serious limitation in that it could reliably 

detect LKMl antibodies only at IFL titres equal or above 1/1280, thus ruling out its use as 

an IFL replacement.
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2.1.3 Prokaryotic vs eukaryotic systems

The reason why the recombinant CYP2D6 based ELISA described by Seelig et al. 

lacks in sensitivity is probably due to the fact that conformational epitopes are 

inadequately expressed in a prokaryotic system, such as E.coli. When Ma et al. used 

prokaryotically expressed CYP2D6 as antigen in a Western blot technique, they detected 

bands in 70% of the LKMl positive patients with AIH but in only 27% of those with 

HCV infection and LKMl positivity (Ma et al., 1994).

Since many human proteins synthesised in bacteria fold incorrectly or insufficiently, 

eukaryotic systems, where mammalian proteins are expressed in mammalian cells, should 

be used. These allow post-translational modifications such as accurate disulphide bond 

formation, oligomerization or specific protein cleavage, processes that are not performed 

by bacterial cells. Ma et al. developed an assay, using the eukaryotically expressed 

cytochrome (Ma et al., 1997b). In this highly sensitive and specific radioligand assay 

(RLA) ^^S-methionine-labelled recombinant CYP2D6 is used for the quantitative 

detection of LKMl. In both this study and in that by Yamamoto et al. using a similar 

eukaryotically expressed target, not only did all LKMl positive sera, whether derived 

from AIH or LKMl positive patients with HCV infection, give a positive signal in the 

assays, but also a large number of pathological controls with LKMl negative liver 

disorders gave invariably negative results (Yamamoto et al., 1997). These results support 

the hypothesis that prokaryotic expression of CYP2D6 in the assays described earlier is 

responsible for the low sensitivity and the discordance in results between LKMl positive 

AIH and HCV.

The RLA, however, is laborious requiring the in-house preparation of the 

radiolabelled target antigen and appears unsuitable for a busy, clinical diagnostic 

laboratory. Radioligand assays may well be the gold standard for the detection of LKMl,
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but in view of their complexity will be confined to research establishments and reference 

laboratories.

2.2 E p it o p e  M a p p in g  O f  CYP2D6

The word epitope derives from the Greek word epi, meaning ‘upon’, and topos, or 

‘place’. Thus, it is the place on the antigen upon which the antibody binds. In 1960, Niels 

Jerne coined the term epitope when he proposed, ‘an antigen particle carries several 

epitopes (surface configurations, single determinants, structural determinants) (Jerne, 

1960). Hidden epitopes which become available only after breakage, decomposition, or 

dénaturation of the antigen are cryptogenic.’ Inherent in this definition is the concept that 

an epitope occurs on the surface of a native protein, whereas a linear peptide sequence 

seen after protein unfolding could occur on the inside or outside of the folded 

polypeptide. Antigens can be recognised by antibodies and/or T-cell receptors. Antibody- 

defined epitopes of protein antigens can be broadly classified into two groups, based on 

whether or not the aa of the protein antigen, which interact with the antibody, are close 

together in the primary sequence (linear), or are well separated (discontinuous, 

conformational), but are brought together as a result of the natural folding of the protein 

to its native fully functional shape.

2.2.1 Mapping linear epitopes on cytochrome P4502D6

As mentioned earlier in section 1.10.5, LKMl, the marker of AIH type2 is also seen 

in up to 10% of patients with chronic HCV infection. The target of LKMl is CYP2D6 

[(Zanger et al., 1988), (Gueguen et al, 1989), (Manns et a l, 1989)] a polymorphic 

enzyme responsible for the metabolism of several drugs. CYP2D6 is a 50 kD protein and 

consists of 520 aa. The presence of B cell epitopes on CYP2D6 has been investigated in
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the past, but this has always been selective, exploring only those parts of the protein 

predicted to be antigenic, based either on predictive algorithms or results of previously 

published work (Fig 2.2). The aa sequence 254-271 on CYP2D6 has been hitherto 

delineated as the main antigenic determinant recognised by sera from children with 

LKMl positive AIH (Gueguen et al., 1991). Gueguen et al. used restriction fragments of 

human and rat cytochrome P4502D6 and P4502D2 cDNAs to search for sequences 

encoding for epitopes recognised by LKMl. One immunologically reactive region of 

P450 was identified to be 239-273 and three peptides encompassing this region were 

tested in an ELISA. One peptide 254-271 was recognised by all sera from 11 children 

with AIH. No sera from patients with chronic HCV infection were tested. Manns et al. 

(Manns et al., 1991) delineated a smaller aa sequence 263-270 on CYP2D6 as the core of 

the antigenic determinant recognised by sera from half of LKMl positive patients (6 AIH, 

3 HCV). In a more detailed study in 1993, Yamamoto et al. confirmed that CYP2D6 257-  

2 6 9 was the most frequently recognised antigenic site (85% of AIH sera tested) and also 

described three other epitopes spanning 321-351, 373-389 and 410-429 regions of 

CYP2D6, recognised respectively by 53%, 7% and 13% of the 15 LKMl positive AIH 

patients tested. In contrast to patients with LKMl AIH, CYP2D6 257-259 reactivity was not 

detected in patients with LKMl positive HCV infection (Yamamoto et al., 1993a). Two 

further epitopes (200-214 and 321-339), recognised by LKMl in chronic HCV infection 

were described by Parez et al. (Parez et al., 1996). More recently Klein et al. (Klein et al.,

1999) reported that the CYP2D6 sequence 196-218 is recognised by 68% of patients with 

AIH type2, but by only 18% of LKMl/HCV positive patients.
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520

190 500254 271

263 270 410 429321 351
373 389257 269

321 339200 214

196 218

Parez et al., 1996 

Klein et al., 1999
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Manns et al., 1991 

Yamamoto et al, 1993

Figure 2.2 : Epitope map o f CYP2D6 illustrating documented epitopes, CYP2D6254-271 by 

Gueguen et ai, 1991; CYP2D6263-270 by Manns et al, 1991; CYP2D6257-209 , CYP2D6321-351, 

CYP2D6373.389 and CYP2D6410-429 by Yamamoto et ai, 1993; CYP2D6200-214 and CYP2D6321- 

339 by Parez et ai, 1996; CYP2D6 i96-2i8by Klein et ai, 1999.

Common to all the above reports, however, is the selection o f putative antigenic sites 

for testing, an approach that could ignore other important epitopes. One aim o f the present 

study was to provide a complete B-cell map o f CYP2D6 linear epitopes using LKMl 

positive sera from patients with AIH type2 or chronic HCV infection. Epitopes 

recognised by LKMl positive sera would then be analysed for similarities with HCV and 

other pathogens, possible triggers o f LKMl production.
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One of the strategies used frequently for epitope mapping is the use of synthetic 

fragments (peptides) of the protein antigen, which can be similar to the homologous parts 

of the whole antigen to permit binding by the antibody (Rodda and Tribbick, 1996). This 

method can work only if the affinity of the antibody for the peptide is such that the 

peptide-antibody complex does not dissociate significantly under the conditions of the 

immunoassay. As this is the case with linear epitopes, peptides can be used successfully 

to define these epitopes. The first and simplest approach to defining linear epitopes of a 

linear antigen is referred to simply as ‘scanning’. All overlapping peptides of a defined 

length, homologous with the protein, are synthesised. Overlapping residues are those 

common to two peptides covering an area of the protein sequence. The offset is the 

distance in residue number between the N-terminal ends of two overlapping peptides. The 

terms offset and overlap are complementary and the sum of the two is equal to the peptide 

length. The use of highly overlapping peptides ensures that epitopes are not missed by 

being ‘cut’ at a critical point, which could easily occur if abutting rather than overlapping 

sequences were made (Rodda and Tribbick, 1996). For long protein sequences, where 

cost of peptide synthesis is a major consideration, larger offsets can be used in order to 

reduce the number of peptides made. The peptides are reacted with appropriate polyclonal 

or monoclonal antibodies to the original protein and binding is detected by ELISA.

A common problem encountered when testing human sera is a high background as a 

result of what appears to be multiple weak reactivities across the whole scan. Increasing 

the dilution of the tested sera does not lead to an improvement in the signal to background 

ratio, as both vary in proportion to one another. A very useful way around the high 

background problem is to increase the affinity threshold of the test to a point where the 

only reactivities now remaining are those that result from linear epitopes. A convenient 

way to achieve this is to add a spacer to the N-terminal end of the peptide and then
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biotinylate the peptide (Geysen et al., 1987). These biotinylated peptides are then 

captured on to a streptavidin-coated plate. After removing the unbound peptide, the test 

serum is added.

2.2.2 Mapping conformational epitopes on cytochrome P452D6

The use of synthetic peptides allows mapping of linear epitopes and the fact that 

conformational epitopes exist on CYP2D6 is well documented. The pattern of reactivity 

to CYP2D6 in AIH and chronic HCV infection differs. Using prokaryotically expressed 

CYP2D6 as target, over 70% of AIH sera but only 27% of HCV sera are positive (Ma et 

al., 1993), while there is 100% reactivity in both conditions if CYP2D6 is eukaryotically 

expressed (Yamamoto et al., 1997) (Ma et al., 1997b). In order to map conformational 

epitopes it was plaimed to use eukaryotically expressed constructs spanning different 

regions of CYP2D6. The full-length cDNA encoding CYP2D6 was obtained from Dr Urs 

Meyer (Switzerland). By using a variety of restriction enzymes, it was planned to produce 

eukaryotic constructs spanning different regions of CYP2D6 and use them to test 

antibody binding in LKMl positive AIH and chronic HCV infection by using a RLA 

established in our laboratory (Ma et al., 1997b).

2.3 A im s

The aims of the present work are:

•  to set up a reliable assay for the measure of anti-CYP2D6

•  to provide a complete B-cell map of CYP2D6 linear epitopes

•  to provide a preliminary map o f conformational epitopes on CYP2D6

•  to investigate whether the anti-CYP2D6 fine reactivity differs between AIH type2 and 

LKMl positive HCV infection
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3.1 M aterials

3.1.1 Commercially available reagents

Acetonitrile

Agarose

Ampicillin

Aprotinin

Benzamidine

Bovine serum albumin

Captia™CMVIgG

Rathburn Chemicals, Walkerbum, 

Scotland, UK

Sigma Chemical Co, Poole, Dorset, UK

BDH, Merck Ltd., Poole, Dorset, UK

Sigma

ibid

ibid

Trinity Biotech pic, Bray, Ireland 

Gentest, Woburn, MA, USA‘Control’ microsomes (devoid of 

cytochrome P4502D6)

DNAce plasmid pure purification system Bioline Ltd, London, UK 

DNA ladder plus lOObp 

Ethanol (96%)

Ethylene bromide

Fermentas Ltd, Vilnius, Lithuania

BDH

ibid

Ethylenediamine tetra-acetic acid 

disodium salt (EDTA) 

HCVRNAkit

ibid

Ampliclor, Hoffmann La Roche, Basel, 

Switzerland

Hind III digested X DNA (MW marker) Life Technologies, Paisley, Scotland, UK 

Glycerol (CgHgOg) BDH

Hydrogen Peroxide ibid

Microsomes over-expressing human Gentest
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cytochrome P4502D6-Val with reductase 

Orthoboric acid BDH

o-Phenylenediamine dihydrochloride 

Phosphate buffered saline tablets 

Phosphate citrate buffer with sodium 

perborate capsules 

Polyethylene sorbitan monolaureate 

(Tween 20)

Preservative free heparin

Proteinase K

Protein A-Sepharose

Qiaex II agarose gel extraction kit

Rapid DNA ligation kit

-methionine

Sodium azide

Sodium carbonate (anhydrous) 

Sodium chloride 

Sodium hydroxide 

Sodium hydrogen carbonate 

Sulphuric acid (98%)

Scintillation fluid

Sigma

ibid. 

ibid. 

ibid.

Leo Laboratories Ltd., Princes, 

Risborough, Leicestershire, UK 

Pharmacia Biotech Ltd., Milton Keynes, 

Buckinghamshire, UK 

ibid.

QIAGEN Inc., Chatsworth, CA, USA 

Boehringer Mannheim, Lewes, East 

Sussex, UK

Amersham International pic.. Little

Chalfont, Buckinghamshire, UK

BDH

Sigma

BDH

ibid. 

ibid. 

ibid.

Pharmacia
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T4 DNA Ligase 

Trichloroacetic acid 

Tris (hydroxymethyl) methylamine 

Wizard™ Plus Miniprep DNA 

purification system

Promega Ltd., Southampton, UK

BDH

ibid.

Promega

ibid.

3.1.2 Antibodies

Horseradish peroxidase goat anti-human Sigma 

immunoglobulin G (y-chain specific) 

affinity isolated antibody 

Fluorescein isothiocyanate anti-human 

immunoglobulin (anti IgG, IgA, IgM, 

kappa and lambda)

Biotinylated anti-human IgG 

Peroxidase labelled avidin biotin complex Vector, Peterborough, UK 

Peroxidase labelled streptavidin plates Dako

Dako, High Wycombe, UK

3.1.3 Peptides

Biotinylated peptides 20-mer, spanning Mimotopes Ltd., Clayton, Victoria,

the length of cytochrome P4502D6 Australia

3.1.4 Protein

Full-length Cytochrome P4502D6 Professor Urs Meyer, Basel, Switzerland
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3.1.5 Plastics, consumables

Bijou bottles; 7ml 

Centrifuge tubes; 50 ml

Eppendorf micro tube, polypropylene; 

1.5ml

Filtration Plates -96 well with 0.45pm

filters, Multiscreen Durapore HVPP

membranes

Finn pipette tips

HEp-2 cells

LP4 Tubes

Microfuge tubes

Microscope slides

Pasteur pipettes

Petri dishes, 90mm, 60mm 

Strips of immunoplate “Maxisorp” 

Streptavidin coated plates 

Universal container 20ml 

Whatman GF/A glass fibre filter

Philip Harris, London, UK 

ICN Biomedicals Ltd., Basingstoke, 

Hampshire, UK 

Sarstedt, Leicester, UK

Millipore, Watford, Herts, UK

Sarstedt

Biodiagnostics, Upton-upon-Sevem, UK 

L.I.P. Ltd., West Yorkshire, UK 

Fisons Scientific Equipment, 

Loughborough, Leicestershire, UK 

Gallenkamp Ltd, Loughborough, 

Leicestershire, UK 

Greiner Labortechnik Ltd., Darsley, 

Gloucestershire, UK 

ibid.

Gibco, Life technology Ltd., Scotland 

Mimotopes Ltd.

R+L Slaughter, Essex, UK 

Waterman, Maidstone, UK
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3.1.6 Instrumentation

ELISA Washer

Wild Leitz Aristoplan Fluorescence 

microscope

ELISA spectrophotometer- MRX

microplate reader

Gel electrophoresis tank

Gel imaging system

37° Incubator

Incubator with shaker

Magnetic Stirrer 8M1

Microbeta - Liquid Scintillation and

Luminescence counter

Microcentrifuge (model Biofuge 15)

Microprocessor benchtop pH meter 

Microtome

Neubauer counting chamber 

Power Pac 200

Vacutainers

Dynatech laboratories, Daux Rd, 

Billinghurst, West Sussex, UK 

Leica, Milton Keynes, Northants, UK

Dynex Technologies (UK) Ltd, Daux Rd,

Billinghurst, West Sussex, UK

BDH

ibid.

Jouan, Tring, Hertfordshire, UK 

Dynatech Laboratories 

Stuart Scientific Co Ltd, UK 

Wallac Oy, Turku, Finland

Haereus Equipment Ltd., Brentwood, 

Essex, UK

Hannah instruments SLR, Italy 

Bright -  Instrument Company Ltd, 

Huntington, England 

Weber Scientific International Ltd., 

London, UK

Bio Rad Lab Ltd., Bio-Rad House, 

Maryland Avenue, Hemel Hempstead, 

Hertfordshire, UK 

Beckton Dickinson, UK
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Vortex Genie 2 -  Scientific industries

Water bath - Grant

Water Purifier 

Weighing scale 

Whatman filter paper

BDH

ibid.

Elga Ltd, High Wycombe, Bucks, UK 

Mettler Toledo, Switzerland 

Whatman International Ltd, Maidstone, 

UK

3.1.7 Buffers, solutions and media

Phosphate buffered saline (PBS): 1 tablet in 200ml of distilled water gives 0.01 molar 

(M) sodium and potassium phosphate buffer, pH 7.4, containing 0.0027M potassium 

chloride (KCl) and 0.137M sodium chloride (NaCl)

Buffers for ELISA with full-length Cytochrome P4502D6 

Sodium bicarbonate buffer, pH 9.6: 16ml of a 0.2M solution of anhydrous sodium 

carbonate (2.1g in 100ml of distilled water), 34ml of a 0.2M solution of sodium 

hydrogen carbonate (1.7g in 1000ml) - pH to be adjusted to 9.6 by addition of acid/alkali 

as necessary

Phosphate buffered saline (PBS): 1 tablet in 200ml of distilled water gives O.OIM 

sodium and potassium phosphate buffer, pH 7.4, containing 0.0027M KCl and 0.137M 

NaCl

PBS/0.1 % Tween (washing buffer): 0.1ml of Tween 20 in 200ml of PBS 

5% Bovine serum albumin (BSA) (blocking buffer): 2.5g BSA in 50ml of PBS 

Citrate Phosphate Buffer: 1 capsule in 100ml of de-ionised water yields a 0.05M buffer 

containing 0.03% sodium perborate (a substitute for hydrogen peroxide), pH 5.0
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Chromogen: One tablet of o-Phenylenediamine dihydrochloride in 25ml of 0.05M citrate 

phosphate buffer to get desired concentration of 0.4mg/ml

4N Sulphuric acid: One part lOM (98%) sulphuric acid to be added to 4 parts of water 

and allowed to cool

Additional Buffers for ELISA with biotinylated peptides 

2% BSA in PBS (blocking buffer): 2g BSA in 100ml of PBS

2% BSA/PBS with 0.1% azide (for diluting sera): O.lg sodium azide in 100ml 2% 

BSA/PBS

0.1% BSA with 0.1% azide (for diluting peptide): O.lg BSA and O.lg sodium azide in 

100ml PBS

Buffers for the radioligand assay

Immunoprécipitation buffer: 20mM Tris/150mM NaCl, 0.15% Tween, 0.1% aprotinin, 

lOmM benzamidine, 0.1% BSA

Washing buffer: 20 millimole (mM) Tris/150mM NaCl, 0.1% Tween 20, 0.1% BSA 

Buffers for Electrophoresis

1 X TBE: 10.78g Tris base, 5.5g boric acid and 0.74g of disodium EDTA dihydrate in 1 

litre of distilled water, pH 8.3

Buffers and solutions for Miniprep

Cell Resuspension Solution: 50mM Tris-HCL, pH 7.5, lOmM EDTA, lOOpg/ml RNAse 

A

Cell Lysis Solution: 0.2M NaOH, 1% SDS
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Neutralisation Solution: 1.32M potassium acetate, pH 4.8

Column Wash Solution (after addition of ethanol): SOmM potassium acetate, 8.3mM 

Tris-HCl, pH 7.5, 40pM EDTA and 55% ethanol 

TE Buffer: lOmM Tris-HCl, pH 7.5, ImM EDTA

3.1.8 Software

Protein Information Resource

SWISS-PROT

Microstat for statistical analysis

PIR-Intemational, National Biomedical 

Research Foundation, Washington DC, 

USA

Department of Medical Biochemistry, 

University of Geneva, Switzerland 

Ecosoft Incorporated

3.2 Blood  Collection

Blood was drawn by venepuncture in to vacutainers. Serum was separated by 

centrifugation of clotted blood at l,500g (gravity) for 20 minutes at 4°C, aliquoted and 

stored at -70°C and used for autoantibody studies. After the sera were thawed, they were 

kept at 4°C in the presence of 0.05% sodium azide until used.

3.3 Indirect  Im m unofluorescence

Tissue autoantibodies were detected by IFL on 5-pm cryostat sections of rat liver, 

kidney and stomach (Smith et al., 1974). The cryostat sections were prepared as follows: 

segments of rat liver, kidney and stomach were juxtaposed to form a block of 0.3cm on a
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cryotome chuck and immersed in fumes of liquid nitrogen. After the cryostat sections 

were cut, they were fixed in air at room temperature for 30 minutes before use.

Fifty micro-litres of patient sera were tested at the initial dilution of 1/10 in PBS 

(PBS, 0.15M, pH 7.2). Tissue sections were incubated with the diluted sera for 30 

minutes at room temperature. Slides were washed in PBS for five minutes. Fifty micro

litres of FITC-conjugated anti human Ig (anti IgG, IgA, IgM, kappa and lambda), diluted 

1/30 were added and the sections incubated for 30 minutes. After washing in PBS for five 

minutes, the slides were mounted in 9/1 solution of glycerol and PBS. The sections were 

finally examined for fluorescent staining by ultraviolet (UV) Aristoplan microscope. The 

end point of titration was determined by double diluting the positive sera to extinction.

3.4 E stablishm ent  Of A n  Enzyme  Linked Im m unosorbent A ssay  (ELISA) For  

Th e  M easurem ent  Of A n ti-CYP2D6 Antibodies

An enzyme linked immunosorbent assay was designed using the indirect method 

where antigen immobilised in solid phase captures the corresponding antibody in the test 

sample. In the next step, enzyme labelled anti-human Ig conjugate is added which reacts 

with the ‘captured’ antibody. The amount of bound antibody is estimated by assessing the 

intensity of colour change spectrophotometrically after incubation with o- 

phenylenediamine, a chromogen acting as substrate for this reaction.

Eukaryotically expressed CYP2D6 was used as antigen in the ELISA. The technique 

to express eukaryotically CYP2D6 has been described in detail elsewhere (Crespi et al., 

1995). Briefly, CYP2D6 encoding cDNA (with aa substitution from Met-374 to Val-374) 

(Gonzalez et al., 1988a) was introduced into the pRedHyHo vector (Crespi et al., 1995). 

This plasmid confers resistance to hygromycin B and /-histidinol allowing for selection of 

transfected cells with low and high vector copy number respectively. Microsomes were
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prepared from cells bearing the plasmid at high copy number (/-histidinol selection) by a 

modification of standard homogenisation and differential centrifugation procedures 

(Crespi et al., 1995). ‘Control’ microsomes were prepared in a similar maimer from cells 

that were not transfected with the plasmid.

Microsome preparations containing over lOOpl of this eukaryotically expressed 

CYP2D6 were used as antigen to coat 48 wells on the left half of an ELISA plate after 

diluting with sodium bicarbonate buffer pH 9.6. The remaining 48 wells, on the right half, 

were coated with control microsomes (Fig 3.1). The plate was then incubated at 4°C for 

18 hours.

Working conditions of the assay were explored in initial experiments, using varying 

dilutions (1/10 to 1/10,000) of serum from a patient with a high titre LKMl, from a 

healthy control and from a patient with SMA/ANA positive AIH. Varying concentrations 

of the coating antigen 100-lmicrogram/ml (pg/ml) were then examined against varying 

dilutions of the test sera in a checkerboard titration (Voiler et al., 1980). A dilution of 

lOpg/ml of CYP2D6 in sodium bicarbonate buffer and 1/1000 dilution of patient sera in 

PBS were found to be optimal, since these conditions gave the best discrimination 

between positive and negative samples. To reduce the relatively high background ‘noise’ 

observed in preliminary experiments. Tween 20 was added to the washing buffer (PBS) 

and BSA was used to block non-specific binding sites.

The best combination was 0.1% Tween in PBS for washing and 5% BSA in PBS for 

blocking. It was also found that the time needed for blocking could be reduced from three 

hours at room temperature to one hour at 37°C, thus enabling the experiment to be 

completed in a shorter time. Hence, in the next step, the plate was washed three times 

with 0.1% Tween in PBS and blocked with 5% BSA in PBS at 37°C for one hour.
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7 8 9 10 11 12

Figure 3. I: Plan o f the ELISA plate

Q  Well with microsome over-expressing CYP2D6 at dilution o f lOpg/ml

(2) with control microsome at dilution o f lOjug/ml

B Blank - no serum

S Standard - standard serum at 1/1000 (SI), 1/8000 (S2), 1/32,000 (S3) and 1/512,000

(S4) dilutions 

T Test - test serum at 1/1000 dilution

The plates were washed again and lOOpl of serum, diluted 1/1000 with PBS/Tween were 

added and incubated at room temperature for one hour.

In an attempt to increase the sensitivity of the ELISA, in which the revealing step is 

performed using a peroxidase labelled second antibody, biotin/avidin systems were tested 

including biotinylated anti-human IgG, peroxidase labelled avidin/biotin complex and 

peroxidase labelled streptavidin with no improvement in discrimination, since OD 

readings of test and control samples increased in similar fashion. A non-biotinylated 

peroxidase labelled anti-human IgG anti-serum, was used for all subsequent experiments.
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\ J
Coating of plate with 100 microlitres of antigen -  CYP2D6 in 
bicarbonate buffer - incubating overnight at 4°C

i*
Blocking with 5% BSA in PBS, incubating for one hour at 37°C

i ’
Adding 100 microlitres of serum diluted 1/1000 in 
PBS/Tween, incubating at room temperature for one hour

i-
Adding 100 microlitres of peroxidase conjugated antihuman 
IgG (diluted 1/1000 in PBS), incubating at room temperature 
for 90 minutes

Adding 100 microlitres of freshly prepared o -  

phenylenediamme in citrate phosphate buffer

i
Stopping reaction with 4N sulphuric acid after 10 mmutes

e Antigen PBS Phosphate buffered saline

À Capture antibody BSA Bovine serum albumin

Enzyme linked revealing IgG Immunoglobulin Gk antibody

* Chromogen causing colour 
reaction

N Normal

Wash three times with PBS
Tween

Figure 3.2: Schematic representation o f the steps performed during 

the ELISA
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After washing, lOOpl of 1/1000 peroxidase conjugated goat anti-human IgG in PBS 

were added to each well, incubated for 90 minutes and washed. A hundred micro-litres of 

freshly prepared o-phenylenediamine solution containing 0.4mg/ml of 3% hydrogen 

peroxidase in citrate phosphate buffer, pH 5 were added to each well. The incubation was 

performed in the dark. The reaction was stopped after 10 minutes with 4N sulphuric acid.

OD values were read at 490nm. Readings of the ‘control’ microsomes (microsomes 

devoid of CYP2D6) were subtracted from the ‘experimental’ microsomes (microsomes 

with over-expressed CYP2D6). This was done to ensure that the readings obtained were 

due to a reaction with CYP2D6 and not just with the microsomes themselves. To 

automate the subtraction step, the ELISA spectrophotometer was programmed so that the 

difference in the two OD values ('control' from 'experimental') is obtained automatically 

and printed out. The steps in performing the ELISA are outlined schematically in Fig 3.2.

3.4.1 Assay standardisation

The serum from a patient with LKMl positive AIH with an IFL titre of 1/5120 

was used as a reference serum. In initial experiments, this serum was double diluted to 

extinction, yielding an eleven-point reference curve, when the OD values were plotted 

against dilutions, as shown in Fig 3.3. Serum from the same patient was divided in 

aliquots after dilution at 1/1000 in PBS, representing the first point of the standard curve. 

Sodium azide was added to a final concentration of 0.05% to prevent bacterial growth and 

aliquots of one ml were stored at -70°C. In every experiment, one aliquot was used to 

establish a 4-point reference curve -  1/1000, 1/8000, 1/32,000 and 1/512,000 (Fig 3.3). 

The decision of constructing a 4-point standard curve derives from the fact that to 

construct a full reference curve in each experiment would require 22 wells in each half of 

the plate leaving only 26 wells free for the test samples. Background activity was
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assessed by including two blank wells both in ‘experimental’ and ‘control’ halves of the 

plate. By using four dilutions in duplicate for the reference curve and two blank wells, 10 

wells are used, leaving 38 wells free in each half for testing 19 sera in duplicate per plate. 

The high titre LKMl positive antibody was stored in lOOpl aliquots for over 9 months 

without appreciable loss of activity in agreement to what was previously described by 

Pearce et al. (Pearce et al., 1996).

1.4,

1.2  .

0 .8 . .

UJ
o

0.4 .

0.2  .

8S3S3 S8oo

D ILUTION

Figure 2.3: Eleven point reference curve obtained double diluting a serum from a patient 

with liver kidney microsomal antibody type 1 (LKMl) positive autoimmune hepatitis, 

positive at a titre 1/5120 by immunofluorescence. Optical density (OD) values on the Y- 

axis are plotted against the dilutions on the X-axis, serum dilution values starting from 

1/1000 (0.001) extending to 1/102,400 (0.001024). The points marked by arrows denote 

dilutions selected for constructing reference curves in subsequent experiments.
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The cut off point of the assay was determined from the mean of the values obtained 

on a group of healthy controls + 3SD. Within run' variation was evaluated by running 

thirty-four replicates of a high titre serum in one plate, and expressed as intra-assay 

coefficient of variation (SD/Mean x 100). For estimating the ‘between run’ variation, the 

OD values of the reference serum at 1/1000 dilution tested in 30 experiments using the 

same batch of reagents was taken and the inter-assay coefficient of variation was 

calculated (SD/Mean x 100).

3.5 Radioim m unoprecipitation  A ssay F or  D etection  Of A n ti-CYP2D6 

A ntibodies.

The radioligand assay described below was established in the laboratory by Dr Yun 

Ma (Ma et al., 1997b). The RLA was performed with her help and guidance on all 

occasions. One micro-litre of serum was diluted in 50pl immunoprécipitation buffer 

(20mM Tris/150mM NaCl, 0.15%Tween, 0.1% aprotinin, lOmM benzamidine, 0.1% 

BSA) and incubated at 4°C overnight with a 11,000 counts per minute (cpm) aliquot of 

^^S-methionine CYP2D6. The antibody-bound CYP2D6 was separated from free antigen 

by the addition of 25pi of 50% protein A-Sepharose (Pharmacia) and incubated for one 

hour at 4°C on a plate shaker. A total of 75pi immunoprécipitation mixture was then 

transferred into 96-well filtration plates with 0.45pm filters which had been pre-treated 

with 20mM Tris/150mM NaCl and 1% BSA. The hnmunocomplex bound Sepharose 

beads were washed ten times with washing buffer (20mM Tris/150mM NaCl, 0.1% 

Tween 20, 0.1% BSA). After multiwell filters were dried, they were punched out into 

vials containing 2.5ml scintillation fluid. The quantity of precipitated CYP2D6 protein 

was counted in a liquid scintillation counter.
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Positive and negative standard sera were tested in quadruplicate and all test sera were 

analysed in duplicate. Cpm values above the mean + 3 SD of normal controls were 

considered positive. To control for intra-assay variation, two strong positive and five 

negative sera were transferred in each assay.

3.6 E u k a r y o t ic a l l y  E x p r e s s e d  CYP2D6 C o n s t r u c t s

The cDNA encoding CYP2D6 was provided by Dr Urs Meyer in a pBluescript vector 

unsuitable for transcription/translation, which is necessary for protein synthesis. This 

cDNA was, therefore, excised and inserted in a suitable vector, pSP72. The amount of 

cDNA encoding CYP2D6 was amplified using a transformation protocol (yide 3.6.1). The 

amplified DNA was extracted from agarose gel and its molecular weight (MW) 

confirmed by agarose gel electrophoresis {vide 3.6.6). An array of endonucleases was 

then used to produce eukaryotic constructs capable of encoding different lengths of the 

CYP2D6 enzyme. After confirming by gel electrophoresis that a given DNA fragment 

had the predicted size, it was isolated by gel extraction {vide 3.6.7). The DNA fragment 

was then reinserted in the vector by ligation {vide 3.6.5) and the resultant truncated 

CYP2D6 constructs were used subsequently as templates in transcription/translation 

reactions {vide 3.6.9)

3.6.1 Transformation

The transformation protocol was used to amplify the CYP2D6 insert initially 

contained in the pBluescript plasmid and then in the pSP72 plasmid. The recombinant 

plasmid was introduced into ‘competent cells’. E.coli cells are described as competent 

when they are capable of accepting foreign DNA and the process of introducing foreign 

DNA into bacterial cells is called transformation. Many methods for bacterial
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transformation are based on the observations of Mandel and Higa (Mandel, 1970), who 

showed that bacteria treated with ice-cold solutions of calcium chloride and then briefly 

heated could be transfected with bacteriophage X DNA. Since then, many modifications 

have been made which have increased the transformation efficiency by up to a 1000 fold. 

The procedure described by Hanahan that uses rubidium chloride and gives better 

transformation efficiencies than calcium chloride, was used to produce the competent 

cells for the experiments below (Hanahan, 1983). Competent cells prepared from E.coli, 

JM109 strain were purchased from Promega. These cells have a high efficiency as they 

are capable of producing more than 10  ̂colonies per microgram (pg) of input DNA. In the 

first experiment, recombinant DNA in pBluescript vector was introduced into the 

competent cells (JM 109) in order to amplify the original cDNA insert, and in subsequent 

experiments, recombinant DNA was used in the transcription/translation vector pSP72 to 

synthesise protein.

Aliquots of 50pl of thawed competent cells were added to prechilled microfuge tubes 

and mixed with one microgram of plasmid DNA. The tubes were then incubated on ice 

for 10 minutes, heat shocked at 42°C for 50 seconds and then chilled on ice for two 

minutes. Nine hundred micro-litres of pre-warmed (37°C) LB medium were added to 

each tube and incubated at 37°C on a shaker (225 rpm) for one hour. The bacteria were 

pelleted at 10,000g for two minutes, the supernatant from each tube was aspirated and 

discarded. The pelleted cells were resuspended in 200pl of LB medium and lOOpl were 

poured onto the surface of ampicillin agar plates and spread with sterile bent glass rods. 

The plates were kept at room temperature for 10-15 minutes and then inverted and 

incubated at 37°C overnight.
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3.6.2 Miniprep of plasmid DNA

The amplified CYP2D6 was extracted from the plasmid by ‘Miniprep’. ‘Miniprep’ is 

a procedure in which plasmid DNA is extracted from bacterial lysate on a small scale. 

There are a number of methods to remove efficiently contaminating chromosomal DNA 

while leaving plasmid DNA free in solution. Two methods utilising the principle of 

alkaline lysis were used. The Wizard™ Plus Miniprep DNA purification system provides 

DNA suitable for digestion and subsequent cloning by a simple, quick procedure while 

the DNAce Plasmid Pure purification system, though longer, provides highly pure 

plasmid DNA necessary for transcription/translation reactions for protein synthesis.

A single bacterial colony was inoculated into a Falcon tube containing sterile LB 

medium with lOOpg/ml ampicillin and grown overnight at 37°C under vigorous agitation 

(250 revolutions per minute). The vector pSP72 contains p lactamase encoding resistance 

to ampicillin. The addition of ampicillin to the LB medium allows positive selection of 

clones with recombinant DNA conferred by ampicillin resistance.

3.6.3 Miniprep using Wizard™ Plus DNA purification system

1.7ml of overnight cell culture were spun in a micro centrifuge at 10,000g for two 

minutes. The supernatant was discarded and the pellet was resuspended in 200pl of Cell 

Resuspension Solution containing RNase, followed by the addition of 200pl of Cell Lysis 

Solution (alkaline, causing rupture of the bacterial cells) and the tube was inverted four 

times. Thereafter, 200pl of Neutralisation Solution (buffer containing acetate to neutralise 

the pH) were added and the tybe was inverted four times. The lysate was then spun at 

10,000g for 10 minutes. At first, one ml of resuspended DNA purification resin was 

pipetted into a syringe barrel attached to a minicolumn by a Luer-lok. After the carefully 

removed supernatant from the previous step was transferred to the barrel, the plunger was
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inserted and the slurry gently pushed into the mini-column containing the resin. This step 

caused separation of plasmid DNA from the lysate onto the mini-column. Then, two ml of 

column wash solution were passed through the mini-column in a similar manner to 

remove any residual contaminants. After removing the syringe barrel, the mini-column 

containing the DNA was transferred to an Eppendorf tube and centrifuged at 10,000g for 

two minutes to remove any residual washing buffer. The mini-column was then put into a 

fresh Eppendorf tube and the DNA was eluted by the addition of 50pl of DNase free 

water and centrifugation at 10,000g for 30-60 seconds. The mini-column was discarded 

and the eluted plasmid DNA remaining in the tube was stored at 4°C.

3.6.4 Miniprep using DNAce Plasmid Pure purification system

This method of plasmid DNA extraction, though more complicated and time- 

consuming than the previous technique, provides DNA of higher purity, which is a 

necessary pre-requisite for producing protein by transcription/translation reactions. 

Aliquots of 1.7ml of the overnight E.coli culture were transferred to each of two 

DNA/RNA free microcentrifuge tubes and spun in a centrifuge at 10,000g for two 

minutes. After removing as much of the supernatant as possible, the cell pellets were 

resuspended by gentle pipetting in 300pl of solution 1 (a buffering solution containing 

RNase which disrupts the cell walls) from the Bioline kit. Five hundred micro-litres of 

solution 2 (alkaline solution causing lysis of the bacterial cells) were then added to each 

of the tubes, which were inverted 5-6 times to mix gently the contents. After placing the 

tubes on ice for five minutes, 400pl of solution 3 (de-proteination solution causing 

precipitation of protein, cell wall and chromosomal DNA) were added and the tubes 

shaken to mix the contents. The tubes were incubated on ice for 10 minutes and then 

centrifuged at 10,000g for five minutes. The pellets of E.coli debris were discarded and
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the supernatants were transferred into fresh DNase free tubes. After the addition of lOpl 

of the carrier suspension - which is a chemically synthesised glass bead suspension 

allowing adherence of plasmid DNA - the contents were mixed rapidly and incubated at 

room temperature for five minutes. The tubes were centrifuged at 700g for one minute 

and then the supernatants containing debris were carefully removed without disturbing 

the pellets. After resuspending each pellet in 500pl of wash buffer solution, the tubes 

were centrifuged at 700g for one minute and the supernatants discarded carefully. This 

last step with the wash buffer was repeated once. Each pellet was then resuspended in 

170pl of wash buffer and transferred into a fresh DNase free tube, which was centrifuged 

for 30 seconds at 8000g. As much as possible of the supernatant containing residual 

debris was removed without disturbing the DNA-pellets in the tubes, which were then 

placed open in a water bath set at 65°C for five minutes. The pellets were then 

resuspended in 20pl of elution buffer (low salt solution favouring release of plasmid from 

the glass beads) and centrifuged again for two minutes at 10,000g. The DNA containing 

supernatant was then carefully aspirated and transferred to fresh DNase free tubes.

3.6.5 Ligation

To insert full length CYP2D6 cDNA or its fragments into a vector appropriate for 

transcription/translation the method of ligation was used. Ligation is a process in which 

an enzyme called ligase catalyses the joining of two strands of DNA between the 5' 

phosphate and the 3' hydroxyl groups of adjacent nucleotides. Efficient cloning occurs 

when the vector and insert DNA contain complementary overhanging ends. Once the 

DNA has been digested with the appropriate restriction enzyme to generate compatible 

ends, purified by electrophoresis (vide 3.6.6) and isolated from the agarose, it is ready to 

be used for the ligation reaction. The ligation mixture consisted of Ipl DNA, 9pl water,
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lfj,l Ligase and Buffer xlO. The concentration of DNA used in ligation reactions 

was between 30-50ng/|il in all experiments. After incubating the above ligation mixture at 

room temperature for three hours, it was incubated at 65°C for five minutes to stop the 

reaction.

The above procedure does not work if the ends are not complementary, unless they 

are blunt ended. Digestion with BspE I, BstE II and Bsu36 I produces a 5’ overhanging 

end, while digestion with EcoR V gives a blunt end. In order to make ligation possible, 

the overhanging ends were made blunt by using Klenow fragment (large fragment of E. 

coli DNA Polymerase 1). This consists of a single polypeptide chain (68 kD), which lacks 

the 5’-> 3’ exonuclease activity of intact DNA polymerase 1, but retains the 5’-^ 

3’polymerase, which can be used to fill in 5’ protruding ends with deoxy nucleotide 

triphosphates.

For the Klenow reaction, the mixture contained, Spl DNA, 2pl Buffer x5 and 0.1 pi 

(lunit) Klenow. The DNA concentration was 4ng/pl for this experiment. After keeping 

the above mixture at room temperature for 10 minutes, the reaction was stopped by 

heating in a water bath at 75°C for 10 minutes. The mixture was then allowed to cool at 

room temperature for 10 minutes. The ligation reaction was then continued as described 

earlier.

3.6.6 Agarose gel electrophoresis

Resolution by agarose gel electrophoresis in a Biorad wide mini-tank was used for 

the analysis of the DNA encoding CYP2D6 and its fragments. The percentage agarose 

used depended on the size of the fragments; 0.6-0.8% for fragments ranging in size from 

1 to 20 kilo base pair (kb), 1.2-2% for a 0.1 to 6 kb range. An appropriate amount of 

electrophoresis grade agarose was dissolved in Ix TBE buffer and allowed to cool to
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about 50°C before ethidium bromide was added at 0.5 pg/ml. The mixture was poured 

into a gel-casting tray and loading wells were made with an appropriate comb. Samples 

were loaded into wells after mixing with one-sixth volume of 6x loading buffer and 

electrophoresed in Ix TBE at 90V for one hour for analyses. When an electric field is 

applied across the gel, DNA, which is negatively charged, migrates toward the anode. 

The rate of DNA migration is determined by several factors, including molecular size 

expressed in base pairs (bp) of the DNA (larger molecules migrating more slowly because 

of larger frictional drive); and agarose concentration (the higher the concentration of 

agarose, the more efficient the separation of smaller size DNA fragments and vice versa). 

The approximate sizes of double-stranded DNA with which bromophenol blue and xylene 

cyanol dyes co-migrate in agarose or polyacrylamide gels is as follows:

Gel Xylene Cyanol Bromophenol Blue

Agarose 0.5-1.4% 4,000bp 300bp

Polyacrylamide 70bp 20bp

A 100 bp DNA ladder (MBI) and/or ^DNA/ Hind III fragment was run adjacent to 

samples for size estimation of the DNA fragments. DNA bands were stained by the 

fluorescent, intercalating dye ethidium bromide, visualised on an ultra violet light box and 

photographs taken with a video camera connected to a video copy processor.

3.6.7 Agarose gel extraction

This protocol is used to extract DNA from the agarose gel. The DNA band is first 

excised from the agarose gel and placed in an Eppendorf tube. Three volumes of 

solubilisation buffer, QX I, are added proportionally to each volume of gel containing
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DNA, followed by lOp.1 of QIAEX II, which is a resin based on a unique surface 

modification of silica gel, causing DNA to adsorb to it. The tubes were incubated at 50°C 

for 10 minutes, to solubilize the agarose, being vortexed every two minutes to keep the 

QIAEX II in suspension. At this stage, the DNA fragment is bound to the QIAEX II. 

After centrifuging the tube at 10,000g for 30 seconds, the supernatant was removed 

carefully and discarded. The remaining pellet was washed once with 500pl of Buffer 

QXl to remove residual agarose contaminants and then twice with Buffer PE to remove 

residual salt contaminants. The supernatant was carefully removed and the pellet air- 

dried. To elute the DNA, the pellet was resuspended in 20pi of DNase free water and 

incubated at 37°C for five minutes and then spun at 10,000g for 30 seconds. The 

supernatant containing DNA was collected and stored at -20 °C.

3.6.8 Digestion/Restriction

Digestion/restriction enzymes were used to extract full length CYP2D6 DNA from 

the plasmid and produce CYP2D6 DNA fragments of varying lengths. Digestion is a 

process by which DNA is cleaved with restriction enzymes. Restriction enzymes bind to 

and cleave double-stranded DNA at specific sites within or adjacent to a particular 

sequence known as the recognition sequence. These enzymes have been classified into 

three groups: type I, type II and type III. The major differences are that types III and I 

carry both restriction and méthylation properties in one enzyme, while type II enzymes 

contain separate restriction and méthylation systems. Types III and I are less well known 

and are not commonly used in molecular cloning while a large number of type II 

restriction enzymes have been isolated, many of which are routinely used in molecular 

cloning.
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Restriction endonucleases are responsible for the phenomenon in bacteria known as 

host-controlled restriction modification or phenotypic modification, a description based 

on the observation that bacteriophage which easily infect one strain of bacteria often fail 

to generate a plaque on a second bacterial strain; hence the phage is ‘restricted’ to one 

strain of bacteria (Roberts, 1978).

The discovery of a large number of restriction/modification enzyme systems has led 

to the creation of a uniform nomenclature, proposed initially by Smith and Nathans 

(Smith and Nathans, 1973). The species name of the host organism is identified by the 

first letter of the genus name and the first two letters of the species, to form a three letter 

abbreviation in italics: for example, Escherichia coli = Eco. The strain or type 

identification follows without italics: for example EcoiR. When a particular host has more 

than one restriction and modification system, these are identified by Roman numerals: for 

example, Bgl I and Bgl II.

Table 3.1: Potential restriction sites of the endonucleases used to digest the
cytochrome P4502D6 insert.

Enzyme Restriction Sites

Nar I 79,190, 580

BstE II 279, 462, 927,1048

BspE I 507, 977

Bsu361 612,1174

The numbers in bold denote the points at which digestion actually took place as confirmed 
by the size of the resultant constructs.

Restriction enzymes recognise specific sites of different lengths and base 

composition. The number and size of the fragments generated by a restriction enzyme 

depend on the frequency of occurrence of the restriction enzyme sites in the DNA to be
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cut and on whether the digestion is partial or complete. Cleavage by a restriction enzyme 

can generate a number o f different ends Usually these ends have 5’-phosphate and 3’- 

hydroxyl ends

The restriction enzymes used in this study for digestion were as follows: BamW I 

{Bacillus amyloliquefaciens H), Kpn I {Klebsiella pneumoniae), Cla I {Catyophanum 

latum), EcoK V {Escherischia coli B946), Nar I {Nocardia argentinensis), BstE II 

{Bacillus stearothermophilus), BspE I {Bacillus species), and Bsu36 I {Bacillus subtilis).

The first two enzymes, BamW I and Kpn I, were used to digest the cDNA encoding 

CYP2D6 from the original pBluescript vector (Fig 3.4). The pSP72 vector has a multiple 

cloning region with four restriction enzyme sites (Fig 3.5). BamW I and Kpn I were used 

to linearise the pSP72 vector for ligation (Fig 3.6).

pBluescript

BamW I Kpn I

î DNA encoding
CYP2D6

Figure 3.4: Digestion o f the original plasmid pBluescript (blue circle) by restriction 

enzymes BamW I and Kpn I (orange arrows) to yield the CYP2D6 insert (red bar). The 

grey squares denote distinct cloning sites in the vector.
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pSP72 
vector 
(2462bp)

SP6

BamW I 
Kpnl  
Cla I
EcoR y

T7

46
59
74
81

101

Figure 3.5: Multiple cloning site o f the pSP72 vector with relevant 

restriction enzyme sites. The enzymes BamH I, Kpn I, Cla I and EcoR V 

act at nucleotide positions 46, 59, 74 and 81 within the vector multiple 

cloning site. SP6 and 17 are the RNA polymerase transcription promoters 

at nucleotide positions 1 and 101 o f the vector.

pSP72

Kpn IBamW I

^ n ea rise^ S F ^

Figure 3.6: The transcription/translation pSP72 vector is linearised by 

digestion with BamW I and Kpn I (orange arrows) which act at the 

multiple cloning site (grey box). After digestion the linearisedpSP72 is 

ready to accept the CYP2D6 insert (ligation)
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The remaining enzymes, Nar I, BstE II, BspE I and Bsu361 have the ability to cut the 

CYP2D6 cDNA at the sites shown in Table 3.1. Nar I is compatible with Cla I, which 

means that the insert obtained after digestion with Nar I is suitable for religation into the 

plasmid linearised by Cla 1. In contrast, BstE 11, BspE 1, and Bsu36 1 produce 5’ 

overhangs, while EcoR V digestion produces blunt ends, making religation of the 

resultant DNA fragment possible only with the help of the Klenow fragment as detailed in 

section 3.6.5.

After ligation of the CYP2D6 insert in the transcription/translation vector pSP72, the 

plasmid becomes circular. The recombinant plasmid pSP72 is linearised by digestion with 

Cla 1 (Fig 3.7) and then the insert is digested by Nar 1 to produce fragments of CYP2D6 

(Figs 3.8 and 3.9). For complete enzymatic digestion, the digestion mixture contains 1- 

5pg DNA (4pl volume), Ipl restriction enzyme, 2pl Buffer xlO and water to bring the 

final volume to 20pl. The digestion mixture prepared in an Eppendorf tube was kept in a 

water bath at 37°C for 1.5 hours in all experiments using the enzymes described above, 

except for BstE 11, where a temperature of 60°C for one hour is necessary for digestion to 

occur.

One micro-litre of enzyme contains 4-10 units of enzyme, depending on the enzyme 

being used. One unit of restriction enzyme activity is defined as the amount of enzyme 

required to produce a complete digest of one pg of substrate DNA in 60 minutes at the 

appropriate temperature, using a defined buffer (specific for each restriction enzyme). It is 

important to use less than 10% volume of enzyme in the digestion reaction as the enzyme 

is commercially provided in glycerol stock and an excess of glycerol can hinder digestion.
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Linearised pSP72

BamH I Kpn I

DNA encoding 
CYP2D6

pSP72

Fig 3.7: Ligation o f the CYP2D6 insert into the trancription/translation 

vector pSP72. The orange arrow denotes the site at which Cla I acts making 

the pSP72 vector linear and ready for digestion with Nar I
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Preliminary experiments showed that the digestion of l-5pg of DNA provided 

sufficient amount of DNA fragments to proceed with the ligation. Although Nar I has the 

potential to act on three restriction sites on the CYP2D6 insert, when Nar I was used in 

initial experiments, it cut at two sites (79, 580) simultaneously. In order to allow the 

enzyme to act at only one site at a time, the technique of partial digestion was employed 

where the amounts of enzyme decrease while the amount of DNA is maintained constant. 

The digestion mixture was prepared as before, but in the absence of the enzyme (DNA 

72pl, Buffer ISpl). To perform partial digestion, the following volumes: 25pi, 20pl, 20pl 

and 15pl of the above mixture were placed into four test tubes. Eight units of Nar I were 

added to test tube 1, five ml from test tube 1 containing 1.6 units oiNar I were transferred 

to test tube 2, five ml from test tube 2 containing 0.4 units of Nar I were transferred to 

test tube 3 and finally five ml from test tube 3 containing 0.1 units of Nar I were 

transferred to test tube 4; thus decreasing amounts of enzyme were used to digest a fixed 

quantity of DNA.The four test tubes were kept in a water bath at 37°C for one hour to 

allow digestion to proceed. The fragments obtained after partial digestion with Nar I are 

shown in Fig. 3.8.

The two Nar I ends were religated after complete digestion (Figs 3.9 & 3.10) leading 

to the formation of the fragment CYP2D6 1.7 9/5 8 0 -1 5 6 7  (Fig 3.10) which was then used as 

template for subsequent digestion. Initially the template was cut from the vector at the 3' 

end using EcoR V (Figs 3.10 and 3.11) then it was further digested by BstR II, BspE I and 

Bsu36 I to produce smaller fragments (Fig 3.12).
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Nar I

0_Li-- !--------1
79 190 580 Clal

1
Nar I

Nar I

79

190

580

Nar I

Figure 3.8: CYP2D6 insert with Nar I and Cla I digestion sites. At the top is the 

full CYP2D6 insert; the black bar indicates the end linked to the pSP72 vector, 

the orange bar the site o f Cla I digestion and the grey squares the multiple 

cloning sites. The blue arrows and bars show the sites at which Nar I has acted. 

1, 2 and 3 indicate constructs obtained after partial digestion with Nar I.
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\
CYP2D6 

insert

* - 4
Nar I Nar I Clal

N a r I N a r I

C Y P 2 D 6 i .79/580-1567

Clal

Figure 3.9: Digestion o f CYP2D6 insert with Nar I and Cla I. At the top is the 

circular pSP72 vector acted on by Nar I (blue arrow) and Cla I (orange 

arrow). The black bars denote the sites at which the CYP2D6 insert is linked to 

the pSP72 vector, the blue bars the sites at which Nar I digestion has occurred 

and the orange bars the sites where Cla I digestion has occurred. The segment 

illustrated in brown denotes the fragment which has been digested out. The 

two Nar I digested ends (blue bars) can now be religated.
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pSP72

Nar  I EcoR  V,

C Y P 2D 6,.1-79/580-1567

Figure 3.10: Circular pSP72 vector with truncated insert CYP2D6j.79/38o-i567. 

The blue arrows mark the points at which Nar I digestion has taken place, the 

dotted line represents the dropped fragment and site o f re-ligation. The orange 

arrow points to the site where EcoR V acts on the multiple cloning site o f the 

vector.

Nar I EcoR  V

4

pSP72 Vector

Figure 3.11: Vector containing the CYP2D61.79/580-1567 insert linearised after digestion 

with EcoR V. Ihe blue arrows denote the points at which Nar I has cut the GYP 2D 6 

insert. The dotted line represents the dropped fragment and site o f religation. The 

orange arrow denotes the site o f EcoR V  digestion.

117



Chapter 3 Materials and Methods

The enzymes BstE II, BspE I and Bsu?>6 I were then used to digest the fragment further 

and obtain constructs as shown in Fig 3.12

BstE II BspE I Bsu36 I

l i
H I ------------ n

I 79 580

I
927 977 1174 1567

EcoR V

H i  1

1 79 580 & Æ II

H I 977

1 79 580

II7 4

1 79 580
Bsu36 I

Figure 3.12: The CYP2D6 construct 1-79/580-1567 (red bar) is digested by enzymes 

BstE II, BspE I and Bsu36 I, represented by green arrows. The dotted line represents the 

dropped fragment after Nar I digestion (blue bars) and religation. The three additional 

CYP2D6 constructs obtained were: 1-79/580-927; 1-79/580-977 and 1-79/580-1174. 

The green bars mark the sites o f digestion by the three enzymes, the black bars the sites 

o f attatchment to the pSP72 vector and the grey area the multiple cloning region.
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A summary of the different enzymes used and constructs obtained is shown in Fig

3.13.

Fragment

number

Enzyme used and Remaining region Deleted region 

digestion site (b p ) ^  (bp) ^

on CYP2D6

Full length 
CYP2D6 1 -  1567 bp

Bam  H !■

Nar  I 79; Cla I 1 -79 80 - 1567 Afar!

Nar  I: 190, C la l  1 - 190

Nar  I: 580; C la l  1 - 580 581 - 1567

Nar  I; 79. 580 1-79/580 - 1567 80 - 579 N arl

Fragment 1 - 79/580 -1567 used as template for further digestion

5 Bj /E II: 927; £ c o R  V 1- 79/580 - 927 928 - 1567 l | i

1-79/580-977 978 -1567
BspE 1: 977; EcoR  V

Biu361: 1174; Eco R V 1-79/580-1174
1175- 1567

B stM  !■

tK p n \

,C la l

• EcaRV

.E c d tV

I EcdRV

Figure 3.13: Construction o f truncated CYP2D6 fragments. The constructs were

obtained using different restriction enzymes directly acting on CYP2D6 cDNA (Nar I, 

BstE II, BspE I and Bsu36 I) or vector pSP72 (Kpn I, Cla I and EcoK V).

3.6 .9  T ran scrip tion /T ran slation

The synthesis of protein from the CYP2D6 DNA constructs was performed using 

Tris, Sodium chloride and Tween 20 (TNT) coupled reticulocyte lysate kit containing 

eukaryotic in vitro translation system. The reagents were thawed according to the 

manufacturer’s protocol and then placed on ice. After preparing the reaction mixture, 

containing Ipl Reaction buffer, 0.5 pi RNase ribonuclease inhibitor, 0.5 pi amino acid 

mixture minus methionine, 4 pi (1 pg) DNA template, 3 pi Nuclease free water, 2 pi ^̂ S- 

methionine (lOmCi/ml), 0.5 pi RNA Polymerase and 12.5 pi Rabbit Reticulocyte Lysate, 

the reaction was allowed to proceed at 30°C for one hour.
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The translation product was then evaluated by incubating one pi of the reaction 

mixture with IM Na0H/2%H202 at 37°C for 10 minutes, causing its dénaturation. This 

was then precipitated with ice-cold 25% trichloroacetic acid (TCA), collected on a 

Whatman GF/A glass fibre filter and allowed to dry in an incubator at 37°C. The filter 

paper was then placed in the wells of a counting plate. Seventy microlitres of scintillation 

cocktail were added to each well and the radioactivity of the precipitated protein was 

counted in a liquid scintillation P counter.

120



Chapter 4 CYP2D6 reactivity by ELISA

CHAPTER 4

TESTING CYTOCHROME P4502D6 REACTIVITY USING 

THE NEWLY ESTABLISHED ELISA
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4.1 Background

As mentioned in section 1.10.5, LKMl the hallmark of autoimmune hepatitis type 2 

is also found in up to 10% of patients with HCV infection. Using the newly established 

ELISA described in section 3.4, serum samples from patients suffering from liver disease, 

positive and negative for LKMl, and from normal, healthy subjects were tested. This was 

done to verify the validity of the assay in a clinical context and explore whether the 

results obtained with the newly established ELISA are comparable to those obtained by 

the standard method of IFL and the highly sensitive RLA described in section 3.5.

Since the target of LKMl has been established to be CYP2D6, this enzyme, 

expressed in a eukaryotic system was used as target. The reason for using antigens 

eukaryotically expressed resides in the fact that both linear and conformational epitopes 

are available for antibody binding, thus allowing reactivity of LKMl to be detected in 

both AIH type2 and LKMl positive HCV patients {vide 2.1.3).

4.2 Subjects

Fifty-one patients positive for LKMl by IFL were studied (Table 4.1). Twenty-one 

had classical LKMl positive AIH diagnosed according to international criteria (Alvarez 

et al., 1999) while 30 had evidence of chronic liver disease due to HCV infection with 

positive anti-HCV antibody tested by second-generation RIBA. Of these, seventeen 

patients tested were found to be positive for HCV RNA. A hundred and eleven LKMl 

negative patients were used as pathological controls. Twenty of them had LKMl negative 

chronic HCV infection (HCV RNA positive). Of 31 with autoimmune liver disease, 20 

had ANA/SMA positive AIH, and 11 had ANA/SMA positive SC with characteristic bile 

duct changes on cholangiography.
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Table 4.1: Demographic data of the patients and controls at the time of testing

Disease Category Patients (M/F) Age in years 
range (median)

LKMl positive

AIH 6115 1-17(7)

Chronic HCV infection 7/23 16-71 (48)

LKMl negative

Chronic HCV infection 10110 0.9-59 (12.5)

Chronic HBV infection 1317 0.4-15 (5)

Wilson disease 1515 6-16 (10)

al-ATD 1218 10-14 (6.5)

ANA/SMA +ve AIH 5115 8-18 (13)

ASC 417 3-17(10)

Healthy children 10119 2-15 (10)

Healthy adults 1014 29-51 (38)

al-ATD alpha 1-antitrypsin deficiency, AIH autoimmune hepatitis, ANA anti-nuclear 
antibody, ASC autoimmune sclerosing cholangitis, LKMl liver kidney microsomal type 1 
antibody, HBV hepatitis B virus, HCV hepatitis C virus, SMA smooth muscle antibody

Twenty patients with al-ATD, 20 with Wilson disease and 20 with chronic HBV 

infection (all HBV-DNA and HBeAg positive) were also studied. Forty-three normal 

controls were studied, comprising 29 healthy children and 14 healthy adults.

The data obtained by ELISA, IFL and RLA were quantitatively compared using 

cross-tabulation tables and analysed using kappa statistics test. The absorbance readings 

in different patient groups were compared using the Mann-Whitney U-test. Correlations 

between the LKMl titres and the absorbance readings were determined using Pearson test 

and Spearman's rank correlation coefficient (r) as appropriate. LKMl titres obtained by
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double dilution were transformed into logs to the base 2. A probability (p) value < 0.05 

was considered significant.

4.3  R e s u l t s

A test sample was considered positive when the subtracted absorbance (absorbance 

of ‘experimental’ microsome - absorbance of ‘control’ microsome) was greater than 0.06, 

this representing 3 SD above the mean in the 43 healthy controls. The value 0.06 also 

corresponded to the highest absorbance value in the healthy control group.

Of the 51 patients who were LKMl positive by IFL, 48 were positive by ELISA. No 

reactivity to CYP2D6 was observed in the sera of 154 LKMl negative patients (111 

pathological controls and the 43 healthy controls), (Fig 4.1). None of the 48 sera positive 

by ELISA was negative by IFL. The kappa reliability test value ( k )  was 0.96 showing a 

high degree of agreement between IFL and ELISA.

Table 4.2 gives a summary of the absorbance values obtained against ‘experimental’ 

and ‘control’ microsomes as well as the subtracted absorbance. The three patients (all 

adults with chronic HCV infection) who were negative by ELISA had an anti-LKMl titre 

of 1/10 by IFL. Seven additional patients (six adults with chronic HCV infection and one 

child with AIH) had LKMl titre of 1/10 by IFL with absorbance of > 0.06. The 

absorbance values were significantly higher in both groups (AIH - mean 0.56, SD 0.35, 

p<0.0001 and HCV - mean 0.24, SD 0.21, p<0.0001) compared to normal controls (mean 

0.02, SD 0.02). The intra-assay coefficient of variation obtained by measuring the same 

sample 30 times on two occasions was 6.8% on one occasion and 6.7% on the other. The 

inter-assay coefficient of variation obtained by testing three samples with high, medium 

and low absorbance varied between 7.3% and 11.1%.
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Table 4.2: Optical densities obtained against experimental and control microsomes

Group
n

Experimental 
microsomes 
mean ± SD

Control 
microsomes 
Mean ± SD

Subtracted 
absorbance 
Mean ± SD

Autoimmune hepatitis 
n = 21

0.71 ±0.41 0.14 ±0.11 0.56 ±0.35

Hepatitis C virus infection 
n = 30

0.37 ±0.22 0.13 ±0.07 0.24 ±0.21

Pathological control 
n= 111

0.12 ±0.11 0.10 ±0.10 0.02 ±0.02

Healthy control 
n = 43

0.05 ±0.05 0.03 ±0.01 0.02 ±0

SD Standard deviation, n number of subjects

In all the sera tested, the absorbance values correlated with LKMl titres by IFL both 

in patients with AIH (r = 0.74, p<0.001) and HCV infection (r = 0.67, p<0.001), (Figs 4.2 

and 4.3). Comparison with the RLA showed that the absorbance values correlated with 

counts per minute in patients with AIH (r = 0.56, p<0.01) and in LKMl positive patients 

with HCV infection (r = 0.51, p<0.01).
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I
3

0 .6 ’

0.4 -

0 .2 ’

0.06

DISEASE CATEGORY

Figure 4.1: Reactivity to eukaryotically expressed cytochrome P4502D6 in patients with 

liver kidney microsomal type! positive autoimmune hepatitis [LKMl (+) AIH], LKMl 

positive patients with hepatitis C virus infection [LKMl (+) HCV], LKMl negative 

patients with HCV infection [LKMl (-) HCV], anti-nuclear antibody/anti-smooth muscle 

antibody positive AIH [ANA/SMA (+) AIH], autoimmune sclerosing cholangitis with 

(ASC), hepatitis B virus infection (HBV), a 1-antitrypsin deficiency (al-ATD) and Wilson 

disease (WD). Forty-eight out o f 51 LKMl positive patients had optical density values 

exceeding the cut-ojf point o f 0.06 represented by the dotted line while all 111 LKMl 

negative patients had optical density values below this level.
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Figure 4.2 Scatter diagram 

showing correlation of LKMl 

titres obtained by immuno

fluorescence which was 

transformed into base 2 logs 

and plotted on the Y-axis and 

optical density (absorbance) 

values obtained by enzyme 

linked immunosorbent assay 

(ELISA) plotted along the X-axis 

in patients with type2 AIH. 

Using Spearman's rank 

correlation coefficient to 

analyse the data an V ' value of 

(). 74 (p<().OOI) was obtained.
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Figure 4.3: Scatter diagram 

showing correlation between 

LKMl titres obtained by IFL 

and absorbance values obtained 

by ELISA in LKMl positive 

patients with hepatitis C virus 

infection. Significant correlation 

was seen between the two 

groups with an ‘r ’ value of 0.6 7,

OPTICAL DENSITY
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Table 4.3 Comparison between Western Blot, ELISA and the radioligand assay

Patient Western blot ♦ELISA
AU/1

♦Radioligand assay 
cpm

AIH
1 + 1.0 4356
2 + 0.1 1394
3 + 0.6 3742
4 - 0.17 1471
5 + 0.24 1296
6 + 0.19 1018
7 + 0.55 5346
8 + 0.54 4342
9 + 1.39 5430
10 - 0.27 2614
11 - 0.68 2490
12 - 0.79 2208
13 + 0.98 4220
14 + 0.56 4361

HCV
1 + 0.41 1954
2 + 0.63 3084
3 - 0.21 1150
4 - 0.11 1469
5 - 0.08 1927
6 - 0.12
7 - 0.04 1140
8 - 0.02 1137
9 + 0.41 5545
10 - 0.09 1902
11 - 0.14 1772
12 - 0.1 3325
13 - 0.16 2242
14 - 0.16 4636
15 - 0.21 3675
16 - 0.24 3407
17 - 0.16 2630
18 - 0.03 1037

Y u iu cx  tJ ic c fiu in g  u . u u / \ u n

AU 11 arbitrary unitslml, cpm 
C virus

in ELISA and 975 cpm in the radioligand assay are positive, 
counts per minute, AIH autoimmune hepatitis, HCV hepatitis
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Table 4.3 shows the comparison between Western Blot, ELISA and the RLA. Of the 

32 sera tested, 29 were positive for LKMl by IFL, and for anti-CYP2D6 in ELISA and 

RLA. Of these 29 triple positive sera (IFL, ELISA and RLA) 10 of 14 from AIH but only 

three of 15 from HCV patients were also positive in Western Blot.

4.4 D is c u s s io n

An objective assay for the quantitation of antibodies to CYP2D6, the target of LKMl 

has been established. The enzyme linked immunosorbent assay is simple, specific and 

reflects accurately the titres of LKMl as detected by immunofluorescence. It uses as 

antigen the eukaryotically expressed cytochrome. Not only are the preparatory steps easy 

to reproduce, but also both reagents and equipment required are readily available. Most 

importantly, the assay provides a quantitative assessment and hence is suitable for 

monitoring patients on treatment, enabling comparisons between different Centres - 

making it an ideal substitute for IFL.

The need to find a replacement for IFL, the conventional technique for the detection 

of LKMl, is clearly illustrated in the work by the group of Seelig who, after analysing the 

results of a nationwide proficiency test conducted in Germany, remarked that a frequent 

interpretative confusion arises in the differential identification of AMA and LKMl 

antibodies (Seelig et al., 1993). These difficulties in distinguishing between the two 

autoantibodies are relatively common and may lead to diagnostic error. The group of 

Czaja while reviewing the Mayo Clinic experience (Kenny et at., 1986) on adults with 

chronic active hepatitis, pointed out that some patients long ascribed to an AMA positive 

AIH group did in fact suffer from LKMl positive AIH (Czaja et al., 1992a).
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In view of these problems, various attempts have been made to establish objective 

and quantitative techniques for the measure of LKMl, with ELISA being a frequent 

choice. A non-competitive ELISA was reported by Durazzo et al. in which the target 

antigen consisted of the human microsomal liver fraction, that contains CYP2D6 amongst 

other antigens, immobilised onto the wells of micro titre plates (Durazzo et a l, 1995). 

Positive results were observed in 18 out of 43 (42%) LKMl positive patients with HCV 

infection, the ELISA producing positive readings only when sera contained LKMl at the 

relatively elevated titre of 1/320 by IFL. A similarly low sensitivity was observed in the 

ELISA by Yamamoto et al. who also used as antigen rat and human microsomal fractions 

(Yamamoto et al., 1993b).

In an attempt to overcome problems inherent in the use of non-purified microsomal 

preparations, Seelig et al. established an ELISA based on the use of recombinant 

CYP2D6 expressed in E.coli, but again the assay could reliably detect LKMl antibodies 

only at IFL titres equal or above 1/1280 (Seelig et al., 1993). The reason for the lack in 

sensitivity could be due to the fact that LKMl recognises linear and conformational 

epitopes by IFL, the latter being inadequately expressed in a prokaryotic system, such as 

E.coli. The notion that prokaryotic expression may be responsible for low sensitivity is 

indirectly supported by the studies of Ma et al. and Yamamoto et al. describing RLAs 

based on the eukaryotic expression of CYP2D6 both of which achieved similarly high 

levels of sensitivity and specificity (Ma et al., 1997b) (Yamamoto et al., 1997). In view of 

their complexity, however, these assays will be confined to research establishments and 

reference laboratories.

The present assay also shows high sensitivity and specificity: when tested against 

IFL in over 200 different cases, 51 of whom were positive for LKMl, the assay 

demonstrated a sensitivity of 94% and a specificity of 100%. Of ten patients positive for
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LKMl by IFL at the lowest tested titre of 1/10, seven were also positive by ELISA while 

three - all adults with HCV infection - were negative. Since, arguably the only instance 

where an LKMl titre of 1/10 has clinical importance is in the diagnosis of paediatric AIH 

(Johnson and McFarlane, 1993) it is probable that none of these patients would be missed 

by the present assay. In addition to an almost complete overlap with IFL, the new ELISA 

results also correlated highly significantly with those obtained in the RLA, giving added 

strength to the new assay.

In conclusion, the results presented in this chapter demonstrate that this simple, 

objective and quantitative ELISA can successfully replace IFL in the measurement of 

LKMl.
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CHAPTERS

MAPPING LINEAR EPITOPES ON CYTOCHROME

P4502D6
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5.1 Background

Previous studies of the linear epitope map of CYP2D6 have been selective, focusing 

on putative antigenic sites. The possibility exists that important epitopes have been 

overlooked. The main epitopes described to date are illustrated in Fig 5.1.

520

190t 500
254 271

263 270
410 429321 351

257 269 373 389

321 339200 214

196 218

Parez et al., 1996 

Klein et al., 1999

Gueguen et al., 1991 

Manns et al., 1991 

Yamamoto et al., 1993

Figure 5.1: Flpitope map o f CYP2D6 illustrating documented epitopes, CYP2D6254-271 hy 

Gueguen et ai, 199F, CYP2D6263-27oày Manns et a i, 1991; CYP2D6257-269, CYP2D6321.351, 

CYP2D6373.389and CYP2D64io-429hy Yamamoto et al, 1993; CYP2D62 0 0 - 2 14and 

CYP2D632]-339by Parez et al, 1996; CYP2Dôi96-2i8hy Klein et al, 1999.

The aim of the present part of the study was to provide a complete B-cell map of 

CYP2D6 linear epitopes using peptides spanning the whole molecule and a representative 

number of LKMl positive sera from patients with AIH type2 or chronic HCV infection.
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Epitopes recognised by LKMl positive sera would then be analysed for similarities with 

HCV and other pathogens, possible triggers of LKMl production.

5.2 Subjects

Twenty-three LKMl positive patients were studied. Thirteen had classical LKMl 

positive AIH diagnosed according to the recently revised criteria of the lAHG (Alvarez et 

al., 1999). Eleven patients were female with a median age of 10.6 years, range 3.1-18 

years. LKMl was detected by standard IFL and the LKMl titres at the time of testing 

ranged from 1/40 to 1/5120, median 1/640. Four children had other autoimmune 

conditions - autoimmune thyroiditis in one, IDDM in the second, SC in the third and IBD 

in the fourth. Three children were tested at diagnosis, four during remission on 

immunosuppressive therapy and six during relapse.

Ten sera were from patients with liver disease associated with chronic HCV 

infection. Six were female with a median age of 37 years, range 19-55 years. All were 

HCV RNA positive. LKMl titres at the time of testing were 1/160-1/640, median 1/640. 

One was receiving IFN-a, two had stopped IFN-a five months and four years before this 

study, one was on steroid treatment after having developed a transaminase flare four 

months into IFN-a treatment. These patients have been previously described within a 

larger series of LKMl/HCV positive patients treated with IFN-a (Muratori et al., 1994). 

Six patients were not treated. Sera from seven healthy controls, four males and three 

females with a median age of 13 years (range 10 -  30 years) were also studied.

5.3 Peptides

Thirty-four 20-mer synthetic peptides spanning the entire 520 aa sequence of the 

protein and overlapping by 5 aa, constructed by f-moc (9-fluorenylmethyloxycarbonyl)
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chemistry, were purchased (Table 5.1). Biotin was linked to the peptides through a spacer 

with alternating serine (S) and glycine (G) residues in order to avoid steric hindrance and 

reduce hydrophobicity (Rodda and Tribbick, 1996). Peptides conformed to the following 

format: Biotin-SGSG-Peptide-Amide, where SGSG is the spacer. A peptide encoding a 

randomly generated sequence of aa, Biotin-SGSG-HEDYVNQSLRPTPLEISVRA-amide 

was used as the negative control peptide. All peptides were >90% pure by reverse phase 

high-pressure liquid chromatography. The identity of each peptide was confirmed by 

mass spectrometry. The reactivity of LKMl positive sera against each of the 34 peptides 

was tested by ELISA (Table 5.1).

5.4 ELISA

200 pl/well of 2% BSA/PBS were added for one hour at 20°C to a 96 well 

polystyrene plate, pre-coated with 5pg/ml streptavidin to prevent non-specific binding. 

After addition of 100 pi of biotinylated peptide diluted to 1/1000 in PBS containing 0.1% 

sodium azide and 0.1% BSA to each well, the plate was mildly agitated in a shaker for 

one hour at 20°C. Hundred pi of patient serum diluted to 1/200 in 2% BSA/PBS 

containing 0.1% sodium azide were added to each well and incubated under mild 

agitation at 20°C for another hour.

Thereafter, 100 pi of horse radish peroxidase (HRP) conjugated goat anti-human IgG 

diluted to 1/1000 in 2% BSA/PBS were added and incubated for one hour, without 

shaking, at 20°C. The optimum concentrations of reagents at various steps of the 

immunoassay were determined in preliminary experiments by checkerboard titration. 

Initially, using a wide range of dilutions the working conditions of the assay were 

identified and subsequently, using smaller dilutions around the optimum, the final
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Table 5.1: CYP2D6 peptide key

Number Peptide | Aminoacid sequence

1 1-20 M G L E A L V P L A V I V A I F L L L V
2 16-35 FLLLVD LM H R RQ RW AARYPP
3 31-50 A R Y P P G P L P L P G L G N L L H V D
4 46-65 L LH V D F Q N TP YC F D Q L R R R F
5 61-80 L R R R F G D V F S L Q L A W T P V W
6 76-95 T P V W L N G L A A V R E A L  VTHG
7 91-110 L V T H G E D T A D R P P V P IT Q IL
8 106-125 IT Q IL G F G P R S Q G V F L A R Y G
9 121-140 L A R Y G P A W R E Q R R F S V S T L R
10 136-155 V S  T LR N LG LG K K SLE Q W V TE
11 151-170 Q W V TEEAAC LC AAFAN H SG R
12 166-185 N H SG R P F R P N G L L D K A V SN V
13 181-200 A V S N V I A S L  TCG RRFE YDDP
14 193-212 R R F E Y D D P R F LR L L D LA Q E G
15 208-227 L A Q E G L K E E S G F L R E V L N A V
16 223-242 V L N A V P V L L H IP A L A G K V L R
17 238-257 G K V L R F Q K A F L T Q L D E L L TE
18 253-272 ELLTEH RM TW D PAQ PPRD LT
19 268-287 PRDL TEAFLAEM EKAKG NPE
20 283-302 K G N P E S S F N D E N L R I W A D L
21 298-317 W A D L F S A G M V T T S T T L A W G
22 313-332 TLAW G LLLM ILH PD VQ RRVQ
23 328-347 Q R R V Q Q E ID D V IG Q V R R P E M
24 343-362 RRPEM G D Q AH M PYTTAVIH E
25 358-377 A V IH E V Q R F G D IV P L G M T H M
26 373-392 G M TH M TSR D IE V Q G F R IP K G
27 388-407 R I P K G T T L I T N L S S V L K D E A
28 403-422 LKD EAVW EKPFRFHPEH FLD
29 418-437 E H F LD A Q G H F V K P E A F LP F S
30 433-452 F LP F SA G R R A C L G E P L A R M E
31 448-467 L A R M E L F L F F T S L L Q H F S F S
32 463-482 H F SF SV P T G Q P R P SH H G V F A
33 478-497 H G V F A F L V S P S P Y E L C A V P R
34 498-517 N G V P SP Q P A P SP E A LM YN K A

CONTROL H E D Y V N Q S L R P T P L E IS V R A
Aminoacid (aa) sequences of 34 synthetic peptides in standard single letter code, spanning 
the full length o f the Cytochrome P4502D6 (CYP2D6) molecule. Each peptide overlaps by 
5 aa with the preceding and subsequent peptide.

concentration of the test samples and reagents was determined (Voiler et al., 1980). After 

each of the above steps the plate was washed five times with PBS containing 0.1% Tween
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20. Freshly prepared o-phenylenediamine in citrate phosphate buffer was used as 

substrate and the reaction stopped with 4N sulphuric acid. Absorbance values were read 

at 490nm on a spectrophotometer.

In each plate, two wells were used as blanks, in which serum and peptide were 

omitted, and two further wells for a positive and a negative control. The positive control 

consisted of an LKMl positive serum (titre 1/5120), which, in preliminary experiments, 

was shown to react with CYP2 D6 2 5 3 -2 7 2 , containing a previously described 

immunodominant epitope (Gueguen et al., 1991). The randomly generated scrambled 

control peptide incubated with serum from a healthy individual was used as negative 

control. Each serum tested against experimental peptides was also tested against the 

control peptide. The final absorbance value was calculated by subtracting control peptide 

from the experimental peptide absorbance. Subtracted values exceeding 0.11 were 

considered positive, this value representing mean + 3 SD of 126 readings using sera from 

nine healthy subjects against 14 randomly selected CYP2D6 peptides. A synthetic peptide 

was considered to encompass an epitope when the subtracted OD was > 0.5.

Cytomegalovirus (CMV) IgG was tested by ELISA using a CMV IgG kit.

5.5 Database  Search

Protein databases SWISS-PROT and protein information resource (PIR) were 

interrogated using PROTEININFO to search for homologies between the newly identified 

epitopes and human microorganisms. Homologous peptides were constructed by f-moc 

chemistry as detailed above.
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5.6 Inh ibitio n  Studies

In order to investigate whether the reactivity to CYP2 D6193 .212 infra) and 

homologous viral peptides {vide infra) was due to cross-reactivity, competition ELlSAs 

were performed using CYP2 D6193 .212 in solid phase and CYP2 D6 1 9 3-212, HCV2977-2996, 

CMV121-140 and the irrelevant peptide as competitor in liquid phase. Test serum was 

diluted 1/400 with peptide solutions to give final peptide concentrations of 0.1 mg/ml, 0.5 

mg/ml and 1 mg/ml respectively. The solutions were incubated at 37°C for two hours and 

then tested for anti-CYP2D6i93.2i2 reactivity by ELISA.

5.7 R esults

Of the 13 AIH type2 patients tested, 12 reacted with CYP2 D6 1 9 3 .2 1 2  (93%), 11 with 

CYP2DÔ253 272 (85%), three reacted with CYP2 D6418-437 (23%), two with CYP2 D6 2 6 8 - 2 8 7  

and one each reacted with peptides CYP2 D6328-347 and CYP2 D6 3 7 3-392, respectively 

(Tables 5.2 A, Fig 5.2 A). The peptides CYP2 D6 2 5 3-272, CYP2 D6 3 2 8-347, CYP2 D6373 .392 and 

CYP2 D6418-437 encode the previously described epitopes {vide 2 .2 .1 ) and were recognised 

by 93%, 8 %, 8 % and 23% respectively of AIH patients tested.

Of the 10 LKMl positive patients with chronic HCV infection, five reacted with 

CYP2D6i93.212 and one each reacted with CYP2 D6 2 3 8-257, CYP2 D6 2 5 3-272, CYP2 D6418-437  

and CYP2D6478-497 respectively (Table 5.2 B, Fig 5.2 B). The peptides CYP2 D6253-272 and 

CYP2 D6418-437 encode previously described epitopes and were each recognised by 10% of 

patients tested.

By using a systematic approach, four new epitopes on CYP2D6 were identified - 

CYP2D6i93-212, CYP2DÔ238 257, CYP2D6268-287 and CYP2 D6 4 7 8-497. While three are 

recognised only by few sera (CYP2 D6238-257 by one patient and CYP2 D6478-497 by another 

patient, both with chronic HCV infection; and CYP2D6268-287 by two patients with AIH
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type2 ), one - CYP2 D6193.212 - is immunodominant being the target of 93% (12/13) of sera 

from patients with AIH type2 and (5/10) 50% of sera from patients with chronic HCV 

infection (Kerkar et al., 1998b).

Table 5.2 A: Linear epitopes on CYP2D6 detected by the use of LKMl positive sera 
from patients with AIH type2

Subject
AIH

LKMl
titre

Peptide number and its sequence on CYP2D6

♦ Pep 14 *Pep 18 ♦ Pep 19 #Pep 23 *Pep26 #Pep 29
193-212 253-272 268-287 328-347 373-392 418-437

1 H5120 + + + - - -

2 115120 + + - - + +
3 115120 + + - + - -

4 112560 + + - - - +
5 H2560 + + - - - -

6 111280 + + - - - +
7 111280 + + - - - -

8 11640 + + + - - -

9 H640 - + - - - -

10 H640 + - - - - -

11 11640 + - - - - -

12 H320 + + - - - -

13 H40 + + - - - -

Total 12113 1H13 2H3 H13 1113 3/13
♦ New epitope • Known epitope
CYP2D6 cytochrome P4502D6, LKMl liver kidney microsomal antibody type 1, AIH
autoimmune hepatitis, Pep peptide
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Table 5.2 B: Linear epitopes on CYP2D6 detected by the use of LKMl positive sera 
from patients with chronic HCV infection

Subject
HCV

LKMl
titre

Peptide number and its sequence on CYP2D6

♦ Pep 14 fPep 17 *Pep 18 «Pep 24 «Pep 29 ♦ Pep 33
193-212 238-257 253-272 343-362 418-437 478-497

1 H640 + - - - - -

2 11640 - - - + - -

3 11640 + - - - - -

4 11640 + - - - + -
5 11640 + - - - - -
6 11320 - - - - - -

7 11320 - - - - - +
8 11320 - + + - - -

9 11320 + - - - - -

10 1/160 - - - - -

Total 5110 1/10 1/10 1110 1110 1/10
# New epitope • Known epitope
CYP2D6 cytochrome P4502D6, LKMl liver kidney microsomal antibody type 1, 
HCV hepatitis C virus, Pep peptide

Table 5.3: Summary of epitopes detected on testing synthetic peptides spanning 
CYP2D6i.52o in AIH type2 and LKMl positive patients with chronic HCV infection

Peptide Sequence AIH HCV

14 ^193-212 12/13 (92%) 5/10 (50%)
17 ♦ 238-257 0/13 1/10 (10%)
18 • 253-272 11/13 (85%) 1/10 (10%)
19 ♦ 268-287 2/73 (73%; 0/10
23 • 328-347 7/73 (8%; 0/10
26 • 373-392 7/73 (8%) 0/10
29 • 418-437 3/13 (23%) 1/10 (10%)
33 # 478-497 0/13 1/10 (10%)

♦ New epitope •Known epitope
CYP2D6 cytochrome P4502D6, AIH autoimmune hepatitis, LKMl liver kidney microsomal 
antibody type 1, HCV hepatitis C virus
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Figure 5. 2 - Reactivities of sera from 13 patients AIH type2 (panel A) and 10 LKMl 

positive patients with chronic HCV infection (panel B) against 34 overlapping 20-mer 

peptides spanning residues 1 -520 on CYP2D6. Absorbance values are on the Y-axis and 

plotted against the 34 individual peptides on the X-axis. The full arrows mark the four 

newly identified epitopes. CYP2D6 193.212 (peptide 14), is recognised by 12 AIH type2 

(patients 1-9, 11, 12 and 13) and five LKMl/HCV (patients 14, 15, 17, 18 and 20) cases; 

CYP2D6238-257 (peptide 17), recognised by LKMl/HCV patient number 22; CYP2D6268- 

287 (peptide 19), recognised by two AIH type2 (patients 1 and 9) cases; CYP2 D6478-497 

(peptide 33), recognised by LKMl/HCV patient number 21. The open arrows mark 

previously described epitopes. CYP2 D6253.272 (peptide 18), is recognised by 11 AIH type2 

cases (patients 1-7, 9, 10, 12 and 13) and LKMl/HCV patient number 21; CYP2 D6328-347 

(peptide 23), recognised by AIH type2 patient number 2; CYP2D6373.392 (peptide 26), 

recognised by AIH type2 patient number 3; CYP2 D6418.437 (peptide 29), recognised by 

three AIH type2 cases (patients 3, 4 and 7) and LKMl/HCV patient number 14. The titre 

of LKMl by immunofluorescence is given for each patient.

AIH autoimmune hepatitis, LKMl liver kidney microsomal antibody type 1, HCV 

hepatitis C virus, CYP2D6 cytochrome P4502D6
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5.7.1 Results of database search

The hexameric sequence 'RLLDLA' present in the newly identified immunodominant 

epitope CYP2D6i93.212 was found to share five of six aa in common with 'RLLDLS' of 

HCV2 9 8 5 -2 9 9 0  and all six aa with CMV1 3 0 -1 3 5 (Fig 5.3).

HCV2 9 7 7 - 2 9 9 6 KLTPL PEARL LDLSSWFTVG

L
CYP2 d6 i9 3 _ 2 1 2 RRFEYDDPRFLkLLDLApEG

I
CMV121-140 GSDDYVWLSRLLDLAPNYRQ

Figure 5.3 Amino acid sequence homology between CYP2D6193.212,, HCV2977.2996 aW 

CMVi2i-i40- Amino acids are in standard single letter code. Identical residues between 

CYP2D 6193-212 and the homologous viral peptides are within the box.

5.7.2 Results of reactivity to viral homologous peptides

All seventeen sera (1 2  AIH, 5 H C V ) ,  reactive against C Y P 2 D 6 1 9 3 .2 1 2 ,  were tested by 

ELISA against the homologous H C V  and C M V  peptides. Seven of 12  AIH and four of 

five H C V  sera were reactive against H C V 2 9 7 7 .2 9 9 6 , and hence were C Y P 2 D 6 1 9 3 .2 1 2  

/H C V 2 9 7 7 - 2 9 9 6  double reactive. Five of 12  AIH and three of five H C V  sera were reactive 

against C M V 1 2 1 - 1 4 0 ,  being C Y P 2 D 6 1 9 3 .2 1 2 /C M V 1 2 1 - 1 4 0  double reactive. Triple reactivity to 

C Y P 2 D 6 i 9 3 . 2 1 2  /H C V 2 9 7 7 - 2 9 9 6 /  C M V 1 2 1 -1 4 0  was observed in five of 1 2  AIH and three of five 

H C V  patients.
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5.7.3 Results of inhibition studies

1
I

I

s

8

0.1 0 .5  1.0

C o m p e t i t o r  p e p t i d e  ( m g / m I )

Figure 5.4: Inhibition of antibody binding to CYP2D6193.212 cifter incubation with 

increasing amounts o f CYP2D6193.212 (•). HCV2977-2996 ( ^ ) ,  CMVm.uo and control 

peptide (m). Percentage binding is on the Y-axis. Decrease in binding o f more than 75% 

is seen after pre-incubation with 1 mglml o f self and homologous viral peptides, but not 

with the control peptide.

Antibody binding to CYP2 D6 1 9 3 -2 1 2  was inhibited by addition of increasing amounts 

of competitor peptide: in the presence of Img/ml competitor, absorbance was reduced by 

75-90% while it remained virtually unaltered by the addition of the scrambled control 

peptide (Fig 5.4).

5.7.4 CMV status

Of seven patients reactive with C M V 1 2 1 -1 4 0  whose serum was available for testing, 

four (one AIH, three HCV) were C M V  IgG positive.

5.8 D is c u s s io n

In this study of complete B-cell epitope mapping, a new immunodominant epitope on 

cytochrome P4502D6, namely CYP2 D6 1 9 3 .2 1 2 , was found. This is recognised by LKMl
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positive sera both from patients with autoimmune hepatitis type 2 and chronic hepatitis C 

virus infection and is likely to be the target of virus/self cross-reactive immunity. The fact 

that reactivity to this epitope had gone unnoticed is probably due to the selective epitope 

construction used in the past to map antigenic sites on the cytochrome. Searching for 

LKMl epitopes, Gueguen et al. produced 10 CYP2D6 constructs through the expression 

of CYP2D6 cDNA or its rat orthologous fragments in a prokaryotic system (Gueguen et 

al., 1991). Through the analysis of the results of antibody binding to these constructs, 

they inferred that a region of 33 aa (239-273) was the major antigenic site in AIH, being 

recognised by all LKMl AIH sera tested. Reactivity in this region was dissected further 

by the use of three synthetic peptides (241-260, 254-271 and 264-281) and the sequence 

254-271 was found to be the focus of recognition. While describing CYP2 D6 2 5 4 -2 7 1  as a 

major epitope on CYP2D6 the authors acknowledged that their strategy might have 

overlooked other epitopes. Based on Gueguen’s (Gueguen et al., 1991) and their further 

data with new CYP2D6 constructs (Yamamoto et al., 1993a) and using information 

derived from algorithmic prediction of antigenic sites (Deleage et al., 1988), Yamamoto 

et al. constructed 12 peptides spanning the region 241-429 (Yamamoto et al., 1993a). 

Epitope 257-269, 5 aa shorter than the epitope described by Gueguen et al., was 

recognised by 14 of 15 sera from patients with AIH type2, confirming that this region is a 

major antigenic site. They also found that the sequences 321-351, 373-389 and 410-429 

were recognised by 8, 1 and 2 of the 15 sera respectively. Akin to the previous study, 

however, a selective approach was used, with the possibility of failing to detect other 

reactive epitopes. In contrast, in the present study all potential epitopes were investigated 

systematically using peptides spanning the entire length of the CYP2D6 protein. With this 

approach both existence and recognition frequency of the previously described epitopes 

were confirmed. In agreement with Yamamoto et al. (Yamamoto et a l, 1993a), it was
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found that CYP2 D6 2 5 3 -2 7 2 , encompassing the hitherto considered main epitope (Gueguen 

et al., 1991), was recognised by 85% of the patients with LKMl AIH, and by only one of 

10 LKMl positive HCV infected patients.

Of the four new epitopes identified in the present study - CYP2 D6 1 9 3 .2 1 2 , CYP2 D6 2 3 8 - 

257, CYP2D6268-287 and CYP2 D6 4 7 8 - 4 9 7  - CYP2D6i93.212 is immunodominant. Hints were 

already present in the literature indicating the antigenic importance of this CYP2D6 

region. Following the previous finding of Yamamoto et at. (Yamamoto et al., 1993b) that 

LKMl sera from HCV infected patients react preferentially with a region comprised 

within aa 208-349 of CYP2D6, Parez et al. (Parez et al., 1996) constructed a series of 

peptides selected on the basis of their high probability of being antigenic sites, as 

predicted by computer analysis (Deleage et al., 1988). They found that peptide 200-214 

contained an epitope recognised by LKMl in HCV infection, but not in AIH. On the basis 

of this finding, Klein et al. constructed a peptide four aminoacid longer than that of Parez 

et al. both at the N and C ends, CYP2D6i96-2i8, and obtained surprising results (Klein et 

al., 1999). In contrast to Parez et al. they found that only 18% LKMl positive HCV 

infected, but 68% LKMl positive AIH patients also reacted with the new peptide.

The methodological strategy used in the present thesis has helped in clarifying the 

antigenic characteristics of the region 193-218 on CYP2D6 and to explain, at least in part, 

these contrasting results. The ‘AIH epitope’ is shown to reside within the 193-212 

sequence, with arginine, arginine and phenylalanine at positions 193-195 conferring 

virtually universal recognition. Sequences following 212 do not appear to have antigenic 

properties, as suggested by the fact that peptide 208-227 is ignored by both AIH and HCV 

LKMl positive sera. This also indicates that the ‘HCV epitope’ is contained in the 

preceding peptide spanning aa 193-212, recognised by 50% of our HCV positive patients. 

Though it may be argued that the three aa difference at the N terminal could explain this
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higher reactivity frequency among our HCV positive patients when compared with an 

18% frequency described by Klein et al. this contention is not supported by the data of 

Parez et al. who found a frequency similar to that observed in the present section using 

peptide 200-214, not containing aa 193-199 (Klein et al., 1999) (Parez et al., 1996). Since 

the three studies have used assays of similar sensitivity, methodological differences are 

unlikely to explain these discrepancies. It is possible that the autoantibody concentration 

was lower in the patients studied by Klein et al. who defined their LKMl sera as 

exceeding a 1/80 dilution without providing the exact titre. (Klein et al., 1999). Our data 

show that the epitope recognised in HCV infection is not present beyond aminoacid 208, 

since C Y P 2 D 6 2 0 8 - 2 2 7  was not recognised by any LKMl/HCV positive sera (Kerkar et al., 

1999b).

Interestingly, the dominant CYP2 D6 1 9 3 .2 1 2  epitope found in the present study shares 

similarities with HCV and CMV, and is target of cross reactive virus/self antibodies, 

suggesting the involvement of a molecular mimicry mechanism (Oldstone, 1987), where 

the physiological immune response to a pathogen targets sequence-sharing self antigens. 

This mechanism was invoked by Manns et al. to explain the production of LKMl in HCV 

infection, after having noted that CYP2 D6 2 6 3 -2 7 1  and the HCV polyprotein HCV2 7 7 2 -2 7 8 0  

share sequence similarities (Manns et al., 1991). This hypothesis, however, was not tested 

in studies of cross-inhibition. We demonstrate that sera from LKMl positive patients with 

AIH or HCV infection react concurrently with CYP2 D6 1 9 3 .2 1 2 , HCV2 9 7 7 -2 9 9 6  and CMV1 2 1- 

1 4 0 , this multiple reactivity being due to an antibody capable of recognising both virus and 

self, as demonstrated by inhibition studies. The cross-reactive antibodies detected are of 

the IgG isotype, implicating T-cell ‘help' in their generation. As T- and B-cell epitopes 

frequently overlap, it is possible that the cross-reactive humoral epitopes identified may 

also serve as T-cell epitopes (Tung, 1994). Thus, the emergence of LKMl may be the
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ultimate manifestation of molecular mimicry at the level of the T-cell, giving rise to a T- 

dependent and class-switched cross-reactive humoral response (Wucherpfennig and 

Strominger, 1995).

In conclusion, a new immunodominant epitope of liver kidney microsomal antibody 

on CYP2D6 has been identified, reactivity to which is likely to arise as a consequence of 

its similarity with microbial antigens. Multiple exposure to microbial sequences shared 

with self may lead to the break of immunological tolerance through a multi-hit 

mechanism in predisposed individuals.
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CHAPTER 6 

MAPPING CONFORMATIONAL EPITOPES ON 

CYTOCHROME P4502D6
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6.1 Background

As mentioned in section 2.1.3, using prokaryotically expressed CYP2D6 as target, 

over 70% of patients with AIH type2 and 27% of patients with chronic HCV infection are 

autoantibody positive, while using eukaryotically expressed CYP2D6 there is 100% 

reactivity in both conditions. In order to define whether eukaryotically expressed regions 

of CYP2D6 are differentially recognised by LKMl in AIH type2 and HCV infection, 

eukaryotically expressed constructs were produced as detailed in section 3.6 and antibody 

binding was tested using a RLA (section 3.5). Reference to the methodological section 

(vide 3.6) in chapter 3 is made throughout the present chapter.

6.2 Subjects

Thirty-two patients positive for LKMl by IFL were studied (Table 6.1). Sixteen had 

classical LKMl positive AIH, while 16 had HCV related chronic liver disease.

Table 6.1: Demographic data of LKMl positive patients tested for reactivity to 
eukaryotically expressed CYP2D6 protein constructs

Disease Category Patients (M/F) Age range (median) years

AIH type2 3113 1-20 (10)

Chronic HCV infection 5111 19-70 (48)
LKMl liver kidney microsomal antibody type 1, CYP2D6 Cytochrome P4502D6, AIH type2 
autoimmune hepatitis type 2, HCV hepatitis C virus

6.3 E ukaryotically  Expressed  Constructs

Seven eukaryotically expressed constructs: CYP2 D6 1 .7 9 , CYP2 D6 i.i9o, CYP2D6i.58o, 

CYP2D6i.79/58o-i567j CYP2D61-79/580-927, CYP2D6i.79/580-977, CYP2D6i.79/580-1174 W ere
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prepared as detailed in section 3.6. The pBIuescript vector containing full-length 

CYP2D6 DNA donated by Dr Urs Meyer, was digested with restriction enzymes BamW I 

and Kpn I to extract the DNA encoding CYP2D6 {vide section 3.6.8, Figs 3.4 and 3.5). 

This was then inserted into a pSP72 vector {vide Fig 3.7) to enable 

transcription/translation of the cytochrome. After amplification through the process of 

transformation the recombinant plasmid was digested with BamH I and Kpn I to confirm 

that the insertion of full-length CYP2D6 DNA had been successful. The digestion 

products are shown in Fig 6.1.

Figure 6.1 Electrophoretic 

analysis following digestion of 

the recombinant plasmid with the 

restriction enzymes BamW I and 

Kpn I. The DNA bands were 

visualised by UV light after 

staining with ethidium bromide. 

Lane 1: MW marker: 100 bp 

DNA Ladder Plus. Lane 2: 

undigested pSP72 vector 

containing the CYP2D6 insert. Lanes 3 to 5: top band: cleaved vector pSP72, bottom

band: CYP2D6 insert. The DNAs in lanes 3-5 are identical indicating their origin from

identical clones.

mm#3 0

2000

500 m m
1200 m m
1031 mm 
900 -.mm

Next, the recombinant plasmid containing the full-length CYP2D6, was initially 

digested with Cla I to linearise the vector and then submitted to partial or complete 

digestion with Nar I to obtain different size DNA fragments {vide section 3.6.8 and Fig 

3.8). Although the enzyme Nar I has the ability to cut the CYP2D6 DNA at three distinct 

sites, in initial experiments two sites were simultaneously cleaved, namely 79 and 196. To
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allow the enzyme to act individually at each o f the three potential cleavage sites the 

technique o f partial digestion was employed as detailed in section 3.6.8. Four DNA 

fragments were thus obtained. Three o f them, CYP2 D 6 1 .79 , CYP2D6i-i9o, and CYP2 D6 |. 

580, were obtained after partial digestion, and used to produce radiolabelled protein 

fragments to be tested as antibody targets with LKM l positive patients sera (Fig 6.2 and

6.3). The fourth DNA fragment - CYP2 D6 1 .79/580-1567 -  was obtained from re-ligation 

following complete Nar I digestion. This had resulted in the removal o f the 78-579 

segment. The electrophoretica 1 ly separated products generated from digestion with Cla I 

and Nar I of the full-length recombinant CYP2D6 plasmid are shown in Fig 6.2 and Fig 

3.8.

Figure 6.2 Electrophoretic analysis o f the fragments resulting from digestion o f full- 

length recombinant CYP2D6 plasmid with Cla I followed by partial digestion with Nar I.

Lane 1: MW marker: À, DNA/

Lane 1 2 3 4 5 6

Hind III Fragments. Lanes 2 to 5: 

products obtained after digestion 

with Cla I and progressively 

smaller amounts o f Nar I. 

Fragments o f progressively 

higher MW are seen in lane 2-5. 

Lane 6: MW marker: 100 bp 

DNA Ladder Plus.

On the basis o f their MW, the fragments obtained after digestion with Cla I and Nar I 

were excised from the gel. Following gel extraction and purification, the fragment size 

was verified by electrophoresis with reference to the two sets o f MW markers (Fig 6.3).
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22
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Laiie 1

Figure 6.3 Electrophoretic 

confirmation of size of 

fragments afler Nar I digestion 

of full-length recombinant 

CYP2D6 DNA. Lane 1: MW 

marker - A phage DNA! Hind III 

Fragments. Lanes 2-4: Purified 

fragments obtained afler partial 

digestion with Nar I; The 

fragments o f increasing MW  

seen in lanes 2, 3 and 4 correspond respectively to CYP2D62.79, CYP2D6 j.j9o and 

CYP2D6j.580 while that in lane 6 corresponds to CYP2D6 1.791580-1567 obtained afler full 

digestion with Nar I. Lane 8: MW marker - 100 bp DNA Ladder Plus. The products of 

lanes 2, 3, 4 and 6 were used in further experiments. The fragments in lanes 5 and 7 were 

not used as they were the same as those in lane 4.

Figure 6.4 Electrophoretic 

analysis o f the fragments 

resulting from digestion of 

vector pSP72 containing 

CYP2D61-79/580-1567 by EcoR V. 

Lane I: MW marker - X DNA! 

Hind III Fragments. Lane 2: 

undigested circular recombinant 

CYP2D61-791580-1567 plasmid, 

Lanes 3 and 4: Linearised recombinant CYP2D61-79/580-1567 tifler digestion with EcoR V, 

Lane 5: MW marker -100 bp DNA Ladder Plus

The DNA fragments in lanes 2, 3 and 4 represent CYP2 D6 1 .79 , CYP2 D 6 i.i9o and 

CYP2D6i.58o and were used for producing protein. The fourth fragment 

CYP2D6i.79/58o-i567 (lane 6  in Fig 6.3) was inserted into the pSP72 vector by ligation and 

thereafter amplified by transformation. The linear recombinant CYP2 D6 1 .7 9 /5 8 0 1 5 6 7  was
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initially linearised by EcoK V digestion and then digested by the restriction enzymes 

BspE I, Bsu36 I and BstE II to give smaller fragments encoding DNA for three further 

constructs (Figs 6.4 and 6.5).

Lane 1 2 3 4  5 6 7 8 9  10

Figure 6.5: Electrophoretic

analysis o f the fragments

resulting from digestion o f 

CYP2D61.79/580-1567 using BspE I, 

Bsu36 I and BstE II. Lane I: MW 

marker - 100 bp DNA Ladder 

Plus. Lane 2: fragments

generated following digestion 

with BspE I, top band 

corresponding to CYP2D61.79/580-927- Lanes 3 to 6: Partial digestion with decreasing 

amounts o f Bsu36 I. Only the top band corresponding to CYP2D61.79/580-1174 was used to 

produce protein, since digestion in the presence o f varying amounts o f enzyme did not 

produce additional usable fragments. Lanes 7-10: Partial digestion with decreasing 

amounts o f BstE II. Only the top band corresponding to CYP2D61 . 7 9 / 5 3 0 . 9 7 7  was used to 

produce protein, since digestion in the presence o f varying amounts o f enzyme did not 

produce additional usable fragments.

Although the enzymes BspE I and Bsu36 I have the potential to cut DNA at more 

than one site, each cleaved the CYP2 D6 1 .7 9/5 8 0 -1 5 6 7 DNA only at a single point, in spite of 

using reducing amounts of enzyme in the presence of the same amount of DNA (partial 

digestion). The bands containing DNA required for future constructs (CYP2D6i.79/5 8 0-9 2 7 , 

CYP2D61-79/5 8 0 -9 7 7  and CYP2D61-79/5 8 0-1174) were excised from the gel, their MW 

confirmed by agarose electrophoresis and then used for subsequent steps. Metabolically 

radiolabelled protein fragments, resulting from eukaryotic transcription/translation of the 

seven constructs illustrated in Fig 6.6 and the full-length CYP2D6 were used to test 

antibody binding by a RLA.
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Figure 6.6: Schematic representation o f the seven eukaryotically expressed protein 

constructs. The numbers denote the positions o f the amino acid on the CYP2D6 protein. 

The red segments denote the CYP2D6 protein, the black bars denote the link to the 

vector, the coloured bars denote the points at which the restriction enzymes Nar I, BstE 

II, BspE I, Bsu36 I and EcoR V  have acted and the grey areas represent the multiple 

cloning area o f the vector (see also Figs 3.8-3.13).

6.4 Results of Reactivity to Eukaryotic Protein Constructs

All thirty-two patients from both the AIH and chronic H CV  infection groups reacted 

with the full-length C Y P2D 6 and with the construct C Y P 2 D 61 .27/193-520, which contains 

the four known linear epitopes (section 1.4.2) namely, CY P2 D 6257-269, CY P2 D 6321-351, 

C Y P 2 D 6373.389 and CYP2 D 6410-429 N one o f  the patients from either group reacted with
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Table 6.2; Frequency of reactivity to the eukaryotically expressed protein constructs 
in autoimmune hepatitis type 2 and LKMl positive HCV infection

Number CYP2D6 constructs AIH HCV
1 1-27 0116 0/16
2 1-66 0116 0/16
3 1-193 0116 0/16
4 1-27—193-309 1H16 (69%) 7/16 (44%)
5 1-27—193-326 12H6 (75%) 8/76 (50%)
6 1-27—193-391 14/16 (88%) 11/16 (69%)
7 1-27—193-520 16/16 (100%) 16/16 (100%)
8 1-520 16/16 (100%) 16/16 (100%)

LKMl liver kidney microsomal antibody type 1, HCV hepatitis C virus, CYP2D6 
cytochrome P4502D6, AIH autoimmune hepatitis

constructs: CYP2 D6 1 .2 7 , CYP2D6i.66, and CYP2 D6 m9 3 . There was differential reactivity 

to the remaining three constructs as shown in the tables 6.2, 6.3 and 6.4.

Reactivity against individual constructs is shown in table 6.3. for patients with AIH 

type2 and in table 6.4 for patients with chronic HCV infection. All 16 patients with AIH 

type2 , reacted with the full-length protein and C Y P 2 D 6 1 .2 7 /1 9 3 - 5 2 0 .  Fourteen reacted with 

CYP2D6i.27/i93-39i, 1 2  reacted with CYP2D61 .27/193-326 and 1 1  reacted with CYP2D6i_27/i93 

3 0 9 (Table 6.3).
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Table 6.3: Reactivity to CYP2D6 and its protein constructs in patients with LKMl 
positive AIH

AIH LKMl 1-520 1-27/193- 1-27/193-391 1-27/193-326 1-27/193-309
Patient titre (1.5 520(1 kb) (684bp) (487bp) (436bp)

kb) 7 6 5 4

1 1120 + + .

2 1140 + + + + +
3 H160 + + + + -
4 11160 + + + + +
5 11160 + + + - -

6 11160 + + + + +
7 H640 + + + + +
8 11640 + + + + +
9 H640 + + - - -

10 H640 + + + - -

11 1/1280 + + + + +
12 1/1280 + + + + +
13 1/1280 + + + + +
14 1/1280 + + + + +
15 1/10240 + + + + +
16 1/10240 + + + + +

Total 16/16 16/16 14/16 12/16 11/16
CYP2D6 Cytochrome P4502D6, AIH autoimmune hepatitis, LKMl liver kidney 
microsomal antibody type 1, kb kilobase pairs, bp base pairs

All 16  HCV positive patients reacted with the full-length protein and C Y P 2 D 6 1 .2 7 /1 9 3 -  

520. Eleven reacted with C Y P 2 D 6 1 .2 7 /1 9 3 -3 9 1 ,  eight reacted with C Y P 2 D 6 1 .2 7 /1 9 3 - 3 2 6  and seven 

reacted with C Y P 2 D 6 1 .2 7 /1 9 3 .3 0 9  (Table 6 .4 ) .  Although patients with AIH type2 reacted 

more frequently than those with LKMl positive HCV infection with constructs 

C Y P 2 D 6 i . 27/ i 93-309, C Y P 2 D 6 i . 27/ i 93-326 and C Y P 2D 6 i . 27/ i 93-39i  this difference never reached 

statistical significance.
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Table 6.4: Reactivity to CYP2D6 and its protein constructs in patients with chronic 
HCV infection and LKMl positivity

HCV
Subject

LKMl
titre

1—520 
(1.5 kb)

1-27/193-
520

(Ikb)

1-27/193-
391

(684bp)

1-27/193-
326

(487bp)

1-27/193-
309

(436bp)

1 H80 + + - - -

2 H320 + + + + -

3 1/320 + + - - -

4 11320 + + + + +
5 11320 + + - - -

6 11320 + + + + +
7 11320 + + - - -

8 11320 + + + - -

9 11320 + + + + +
10 11320 + + + + +
11 1/320 + + + - -

12 1/640 + + + - -

13 1/640 + + + + +
14 1/640 + + - - -

15 1/640 + + + + +
16 1/640 + + + + +

Total 16/16 16/16 11/16 8/16 7/16
CYP2D6 cytochrome P4502D6, HCV hepatitis C virus, LKMl liver kidney microsomal 
antibody type 1, kb kilobase pairs, bp base pairs

6.5 D is c u s s io n

In this section of the thesis an attempt has been made to identify conformational 

epitopes on CYP2D6, since, though the study based on synthetic peptides has provided 

important information on the CYP2D6 linear epitope map (vide section 2.2), immune 

targets best recognised by antibodies are discontinuous, conformational epitopes.

In order to study conformational epitopes, the use of a technique enabling expression

of CYP2D6 in a mammalian system was chosen (vide 2.1.3). This allows eukaryotic

expression of the antigen ensuring post-translational modifications and appropriate

folding. In addition to the full molecule, eukaryotic constructs spaiming defined regions

of CYP2D6 were established and used as antigens in a radioligand assay. This approach
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has led not only to the identification of CYP2D6 conformational epitopes targets of 

LKMl reactivity, but has also provided the opportunity to investigate whether a different 

pattern of reactivity exists in the two LKMl positive conditions, AIH and HCV infection.

The general assumption is that enzymatic function depends on the integrity of the 

enzyme tertiary structure and conformation. Thus, antibodies directed to an enzyme, and 

reacting with complementary regions on its molecule, usually lead to inhibition of its 

catalytic function. Duclos-Vallee et al. in 1995 exploited this property to investigate 

indirectly the hypothesis that LKMl reacts with conformational epitopes of CYP2D6. 

These Authors first blocked the ability of CYP2D6 to metabolise dextromethorphan by 

adding LKMl from AIH type2 patients to the system (Duclos-Vallee et al., 1995). To 

investigate whether LKMl reactivity to the previously described immunodominant linear 

epitopes of CYP2D6 could reverse the block, they repeated the experiment after 

preincubating LKMl positive sera in succession with four synthetic peptides representing 

the linear sequences 254-271, 321-351, 373-389 and 410-429 of CYP2D6. Moreover, 

they performed analogous studies using rabbit sera, raised against the dominant CYP2D6 

254-271 and 373-389 linear epitopes. The finding that inhibition of dextromethorphan 

metabolism by LKMl was not reversed after its pre-incubation with the linear epitopes, 

led the authors to conclude that the LKMl main reactivity was against conformational 

epitopes on CYP2D6. This study and its conclusions, however, are open to some 

criticism. A crude liver microsomal fraction was used instead of pure/recombinant 

CYP2D6 throughout the study. Such a microsomal preparation contains, in addition to 

CYP2D6, numerous other cytochromes, which may interfere with the LKMl binding 

experiments, since distinct cytochromes have extensive structural similarities. It is also 

possible that the inability to reverse the LKM-induced CYP2D6 inhibition was due to an 

inadequate quantity of the peptides employed in the absorption studies, since a range of
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concentrations was not used. In sununary, these Authors have provided only an indirect 

and challengeable proof that LKMl reacts with CYP2D6 conformational epitopes.

In 1993, Ma et al. reported that 70% of the LKMl positive sera from patients with 

AIH but only 27% of those from patients with HCV infection reacted with 

prokaryotically expressed CYP2D6 by immunoblot, despite similar LKMl IFL titres in 

the two groups. It was proposed that LKMl from patients with HCV infection might react 

with conformational instead than linear epitopes of CYP2D6. Yamamoto et al. arrived to 

the same conclusion (Yamamoto et al., 1993b) after testing with a variety of techniques 

LKMl positive autoimmune and viral sera against rat and human microsomal liver 

fractions, prokaryotic constructs of CYP2D6 and synthetic peptides spanning the main 

antigenic region on CYP2D6, namely CYP2D624M29, previously identified by Gueguen 

(Gueguen et al., 1991). All but one of the 11 sera from patients with AIH reacted equally 

well with the synthetic peptides, the prokaryotic constructs and the microsomal fractions. 

In contrast, only one of 15 HCV sera reacted with the synthetic peptides, the reaction 

being confined to a single peptide. Five of these 15 sera were able, however, to react with 

the microsomal fraction known to contain CYP2D6 in its native form. On the basis of 

these findings the authors suggested that the five LKMl positive sera from HCV patients 

able to react with the microsomal preparations recognised CYP2D6 conformational 

epitopes, while the 10 sera unreactive with the microsomal preparations, probably 

targeted proteins other than CYP2D6. The latter speculation was found to be incorrect in 

1997 both by Yamamoto herself (Yamamoto et al., 1997) and by Ma in our laboratory 

(Ma et al., 1997b). Both groups were able to express CYP2D6 eukaryotically and to 

demonstrate that 100% of the LKMl positive sera from patients with HCV infection bind 

CYP2D6. The discrepancy between the results obtained using the prokaryotic and the 

eukaryotic systems, while on the one hand confirms the presence of conformational
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epitopes of CYP2D6 targeted by LKMl positive sera from both AIH and HCV infection, 

on the other hand challenges the validity of epitope mapping using a prokaryotically 

expressed antigen and a revealing system, such as immunoblot, which requires the 

dénaturation of the protein as done by Yamamoto et al. (Yamamoto et al., 1993b).

From the studies discussed above reactivity of LKMl with conformational epitopes 

of CYP2D6 could only be inferred. In contrast, conformational epitopes were investigated 

directly in the present thesis. The 32 LKMl positive sera (16 from HCV and 16 from AIH 

patients) used in this chapter were initially tested against the complete eukaryotically 

expressed CYP2D6 and all found to be reactive. This result is in agreement with the 

findings of Ma et al. and Yamamoto et al. and confirm that when the eukaryotically 

expressed protein containing the full array of conformational epitopes is used as target, 

100% of LKMl positive sera react with CYP2D6, whether they are from patients with 

AIH or HCV infection (Ma et al., 1997b) (Yamamoto et al., 1997). However, the fact 

that all sera are reactive does not imply that the CYP2D6 epitopes recognised by patients 

with AIH are the same as those recognised by patients with chronic HCV infection.

In the next set of experiments using partial or complete digestion with Nar I, it 

became apparent that the aa sequence 1-193 did not contain a discrete conformational 

epitope, since none of the sera from either condition reacted with C Y P 2 D 6 i_27, C Y P 2 D 6 i_ 

6 3  and CYP2D6m93. In contrast, a construct containing the aa sequence 193-520 

( C Y P 2 D 6 i . 27/ i 93-52o )  was recognised by all sera. This indicates that within the sequence 

193-520 there is at least one epitope targeted by LKMl from both conditions.

Subsequent experiments using increasingly shorter sequences of C Y P 2 D 6 1 .2 7 /1 9 3 - 5 2 0 ,  

obtained through the digestion of its encoding cDNA with BstE II, BspE I and Bsu36 I, 

showed a differential loss of reactivity with the shortening of the construct both in AIH 

and HCV infection. While a decrease in reactivity to the shorter constructs was observed
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in both conditions, the frequency of reactivity differed. Thus, 12% of the sera from 

patients with AIH, but 31% of those from HCV infection were umeactive with CYP2D6i. 

2 7/1 9 3-3 9 1 - This decrease in reactivity augmented when shorter sequences were used, HCV 

sera being constantly less reactive than AIH sera, though the differences never reached 

conventional levels of statistical significance. When CYP2 D6 1 .2 7/1 9 3 -3 0 9  was used, 31% of 

the patients with AIH and 56% of those with HCV infection had become unreactive.

These findings indicate that the sequence 193-520 is a key antigenic region on 

CYP2D6 and that the conformational epitopes recognised by LKMl positive sera from 

patients with AIH or HCV infection are likely to be at least in part different.
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7.1 Background

As mentioned in section 2.1.1, immunofluorescence, a subjective technique, on rat 

liver, kidney and stomach as composite substrate is used conventionally to detect LKMl. 

The IFL pattern is typical, staining hepatocyte cytoplasm and proximal renal tubules 

(Rizzetto et al., 1973). The renal tubular staining of LKMl, however, is similar to that of 

AMA and often, particularly if liver and stomach tissues are omitted, the two antibodies 

are confused. The difficulty in distinguishing between LKMl and AMA has been 

repeatedly documented {vide section 2.1.1).

Since the discovery of CYP2D6 as the molecular target of LKMl, instrumentally 

based, objective assays have been established to overcome these problems. These assays, 

however, have been tailored to the requirements of research establishments. Thus, RLAs 

(Ma et al., 1997b) (Yamamoto et al., 1997), the gold standard for the detection of anti 

CYP2D6 LKMl, are complex and laborious, and an ELISA (Kerkar et al., 1999a) 

established in our laboratory, though both sensitive and specific, requires repeat 

standardisation with each batch of antigen/reagents and is not commercially available. 

Two commercial assays detecting LKMl, Varelisa (Pharmacia and Upjohn Diagnostics, 

Freiburg, Germany) and LKMl ELISA, (Medical and Biological Laboratories Co, 

Nagoya, Japan) have recently become available. To assess their potential value in the 

serological diagnosis of LKMl, we have compared them with indirect IFL, and with two 

validated, instrumentally based assays, the in-house ELISA and an in-house RLA.
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7.2 M a t e r ia l s  A n d  M e t h o d s

Thirty serum aliquots from three patients with LKMl positive AIH were selected on 

the basis that on previous routine IFL testing, they were found to cover the LKMl titre 

range of 1/10 to 1/10,240 (Table 7.1). An aliquot of these samples, stored un-thawed at 

-70° C, was tested using the five assays: IFL, repeated by a single observer on a single 

occasion, in-house ELISA, RLA and the two commercial ELISAs. The three girls from 

whom the 30 sera were obtained had classical LKMl positive AIH (AIH type2), 

diagnosed according to the criteria of the lAHG (Alvarez et al., 1999). Two sera were 

taken at the time of initial diagnosis, six during relapse and the remaining 22 while in 

remission. Two of the girls had other autoimmune disorders, IDDM in one and ulcerative 

colitis in the other. Sera from 45 LKMl negative patients were also tested as pathological 

controls. Twenty-nine had other autoimmune liver diseases, age range 4.3-18.6 years 

(median 13.5 years; 14 females), 15 having ANA and/or SMA positive AIH (AIH typel), 

and 14 ANA/SMA positive SC. One girl with AIH typel, persistently positive for SMA at 

diagnosis and follow up, had been positive on a single occasion five years before the 

present testing for LKMl by IFL at a titre of 1/10 and for anti-CYP2D6 by RLA. Sixteen 

patients with non-autoimmune liver disease were also tested, eight having Alagille 

syndrome, age range 2-9.6 years (median 5.8 years; 4 females) and eight al-ATD, age 

range 10-14 years (median 6.4 years; 3 females). As normal controls, sera from 10 

healthy children, age range 4.3-18.6 years (median 11.9 years; 5 females) were studied.

7.2.1 Immunofluorescence

A classical indirect IFL technique was used for LKMl detection and titration (section

3.3). The repeat IFL testing was done by a single observer (Dr E T Davies, Dept of 

Immunology, King’s College Hospital) on a single occasion.
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7.2.2 ELISA

The antigen used in the in-house ELISA (Kerkar et a l, 1999a) was eukaryotically 

expressed solid phase CYP2D6. A cut-off point of 0.16 arbitrary units/millilitre (AU/ml) 

was used, representing the mean of values obtained from 111 controls 4- 3 SD x a 

correction factor to ensure uniformity amongst assays. The correction factor was 

calculated by dividing the absorbance value obtained with a reference serum by the 

absorbance value established in previous experiments using the same reference serum 

{vide section 3.4.1).

For the commercial assays, the instructions of the manufacturers were followed. The 

antigen used in the Varelisa kit is recombinant CYP2D6 expressed through a 

baculovirus/insect cell system. The cut-off point of the assay is 0.55 AU/ml, calculated as 

the product of the absorbance value of the positive control multiplied by a correction 

factor. The correction factor is obtained by dividing the expected by the observed 

absorbance value of the positive control provided with the assay.

The antigen used in the LKMl ELISA kit is prokaryotically expressed, truncated 

CYP2D6. The cDNA encoding CYP2 D6 1 2 5 - 4 5 8  is integrated into plasmid vector pGEX-4T 

and expressed in E.coli, for the production of a GST fusion protein. The antigen coated on 

the plate is the fusion protein. The cut-off value is 10.78 AU/ml, representing the mean + 

3SD of the values obtained in 383 healthy controls. The manufacturer provides no 

correction factor. The highest value obtained by the manufacturer in a normal subject is 

18.74 AU/ml.

7.2.3 Radioligand assay

The in-house RLA used in the present study was based on the assay described 

previously (Ma et al., 1997b) (vide section 3.5). Antibodies that bound radiolabelled

167



Chapter 7 Comparison of LKMl detection techniques

CYP2D6 were immunoprecipitated and their levels expressed as counts per minute. A 

cut-off point of 718 cpm (based on the mean of the values obtained from 57 normal sera + 

3 SD) was used to distinguish between positive and negative.

7.2.4 Statistical analysis

The statistical analysis most suited to investigate agreement between methods and in 

particular addressing the question as to whether one method can be replaced by the other 

is the kappa statistic. This analysis is also referred to as chance corrected proportional 

agreement (Altman, 1997). The data obtained by IFL, the three ELISAs and the 

radioligand assay were quantitatively compared using cross-tabulation tables and 

analysed using kappa statistics test. A kappa value ( k )  between 0.8 and 1 denotes almost 

perfect agreement between the assays, a value between 0.6 and 0.8 substantial agreement 

and one between 0.4 and 0.6 moderate agreement (Landif and Koch, 1977).

7.3 R esults

The individual data obtained by using the five different assays are presented in Table 

7.1. All 30 sera from AIH type2 patients were positive by the RLA, in-house ELISA and 

the LKMl ELISA, 29 by Varelisa and 28 by repeat IFL. The repeat IFL LKMl titres 

were identical to the original titres in six sera; higher in 16 sera, the difference being one 

dilution in 9, two dilutions in 3, three dilutions in 2 and four dilutions in 2; and lower in 8 

sera, by one dilution in 7 and by three dilutions in 1. Two sera from the AIH type2 

patients, LKMl positive on initial (titres of 1/40 and 1/10) but negative on repeat IFL, 

were positive by all three ELISAs and the RLA.

Of the 55 LKMl negative controls, all 55 were negative by IFL, in-house ELISA and 

RLA, 54 by Varelisa and 41 by LKMl ELISA. The one sample positive by Varelisa was
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also weakly positive by LKMl ELISA, but not by any of the other assays. This sample 

belonged to the child with AIH typel who, on one occasion five years previously, had 

been positive for LKMl at a titre of 1/10. Of the 14 control samples positive by LKMl 

ELISA, 11 were from AIH typel patients, two from patients with Alagille syndrome and 

one from a child with al-ATD. When a cut-off point of 18.74 AU/ml for LKMl ELISA 

was used, representing the highest value observed in a normal subject, the number of 

positive values in the control group decreased from 14 to two. These sera were from two 

patients with AIH typel and were negative by all other assays. The value of the girl who 

had low titre LKMl five years previously was 12.5 AU/ml.

The K value showed an excellent degree of agreement between repeat IFL, original 

IFL, in-house ELISA and RLA ( k > 0 .9 )  and between repeat IFL and Varelisa ( k > 0 .8 ) ,  

(Table 7.2). The k  value was 0.63 between repeat IFL and LKMl ELISA and still 

showed agreement but to a lesser degree.
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Table 7.1 Raw data obtained 
immunofluorescence (IFL), repeat 
and RLA.

when the sera were tested by original 
IFL, in-house ELISA, Varelisa, LKMl ELISA

Diagnosis Original Repeat In-house Varelisa LK M l RLA
IFL IFL ELISA AU/ml ELISA cpm

LK M l LKM l AU/ml nv<0.55 AU/ml nv<718
titre titre nv<0.16 nv<10.78

AIH lype2 / ^0 1 160 0.37 0.78 100 1430
/ 160 1 160 0.44 0.82 l o s s /266
1 640 1 320 0.45 1.43 125 1623
I 160 1 12S0 0.45 1.1 lOS.S 1331
I 320 1 320 d-/7 1.1 112.5 1515

1 2560 / 0.61 1.44 /27..Î 1403
I 2560 / 10240 1.42 135 1649

1 10240 1 5120 //d.ï 1.45 137.5 1795
1 10240 1 5120 0.65 1.45 125 /772
1 2560 1 10240 /Add 1.43 137.5 / 775
1 2560 1 2560 0.64 1.42 /27..Î 1S41
1 I2S0 / J.idd 1.44 /27.J 7728
1 160 / 2560 0.6 1.41 /27..i 7662
1 640 1 12S0 0.51 1.24 125 1S04
/ 40 1 640 0.51 1.13 125 7 788

1 320 1 640 0.53 0. 79 100 IS 10
1 40 1 160 0.51 0.7 100 7820
1 HO 1 160 0.42 0.68 100 7272
1 SO 1 SO 0.37 0.59 95 1590
1 SO 1 SO 0.36 0.5 93 7 776

1 I2S0 1 5120 0.35 1.43 125 IS 34
I 40 1 20 0.45 0. 70 82.7 7 707
1 40 \eg 0.72 7J 7226
1 10 Neg 0.4 0.64 92.5 7288
1 10 1 20 0.44 0.64 95 1465
/ 1 160 //V7 1.15 121.2 7677

/ 640 1 320 0.4 1.33 115 1562
/ /fr; 1 160 0.47 1.01 112.5 1623

/ 640 I 5120 0.47 1.39 117.5 78778
1 640 1 320 0.4S 1.44 132.5 1343

ANA/SMA +ve
AI liver disease Veg Neg 0 .01 0.07 72.2 634

A/eg 0.04 0.08 7.5 706
/Veg Aeg 0.06 0.05 2.8 687
Meg A/eg 0.02 0.05 10 6^2
/Veg Neg 0.05 0.06 8.8 200
Neg A/eg 0.03 0.05 8.8 441
Neg Neg 0.01 0.1 16.2 473
Neg Neg 0.02 0.12 12.5 227
Neg A/eg 0.02 0.07 17.5 272
Neg Neg 0.04 0.06 /6.2 277
Neg A/eg 0.05 0.05 13.5 207
Neg A/eg 0.03 0.03 5 278
Veg Neg 0.01 0.11 15 227
Neg Neg 0.08 0.08 5 222
Neg Neg 0.12 0.08 35 780
Neg Neg 0.12 0.14 7.5 222
Veg A/eg 0.01 0.09 8.7 200
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Tabic 7.1 Continued

Diagnosis

a -lA T D

Alagille

Normal

Original Repeat ELISA Varelisa LKMl RLA
IFL IFL ELISA

LKMl LKMl AU/ml AU/ml AU/ml cpm
titre titre nv<0.16 nv<0.55 nv<10.78 nv<718

Neg Neg 0.04 0.61 12.5 241
Neg Neg 0.07 0.08 12.5 225
Neg Neg 0.08 0.03 6.2 200
Neg Neg 0.05 0.08 &7 218
Neg Neg 0.09 0.07 6.2 255
Neg Neg 0.01 0.06 7.5 275
Neg Neg 0.1 0.05 6.2 243
Neg Neg 0.15 0.05 7.5 264
Neg Neg 0.04 0.05 6.3 220
Neg Neg 0.11 0.04 26.2 226
Neg Neg 0.03 0.05 3.7 255
Neg Neg 0.01 0.16 10 271
Neg Neg 0.04 0.04 0.5 242
Neg Neg 0.01 0.04 7.5 244
Neg Neg 0.07 0.15 13.7 135
Neg Neg 0.06 0.04 5 263
Neg Neg 0.03 0.05 8.7 236
Neg Neg 0.03 0.11 2.5 232
Neg Neg 0.06 0.09 10 250
Neg Neg 0.05 0.05 6.2 254
Neg Neg 0.01 0.05 12.5 286
Neg Neg 0.04 0.04 3.7 246
Neg Neg 0.01 0.05 2.5 237
Neg Neg 0.03 0.05 10 220
Neg Neg 0.07 0.1 13.5 280
Neg Neg 0.07 0.18 7.5 275
Neg Neg 0.09 0.03 5 261
Neg Neg 0.01 0.06 6.2 254
Neg Neg 0.01 0.05 10 145
Neg Neg 0.06 0.05 5 276
Neg Neg 0.03 0.03 5 229
Neg Neg 0.01 0.03 2.5 200
Neg Neg 0.02 0.03 &7 377
Neg Neg 0.02 0.05 2.5 232
Neg Neg 0.07 0.04 5 261
Neg Neg 0.01 0.03 1.3 257
Neg Neg 0.02 0.05 10 224
Neg Neg 0.02 0.04 0.5 297

Cut-offpoints were: 0.16 A U/ml for the in-house ELISA; 0.55 A U/mlfor the Varelisa; 10.78 A U/ml 
for the LKMl ELISA and 718 cpm for the RLA. The numbers in red denote positive results. The 
numbers in green indicate positives for the LKMl ELISA assay when the cut-off point of 18.74 
AU/ml (maximum value observed with a normal control) was used. AU arbitrary units/ml, nv 
normal value, LKMl liver kidney microsomal antibody type 1, a-lATD a-1 antitrypsin deficiency, 
AIH autoimmune hepatitis, RLA radioligand assay, ANA antinuclear antibody, SMA smooth muscle 
antibody
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Table 7.2: Results of the kappa reliability test (k ) comparing original IFL, repeat 
IFL, ELISA, Varelisa, LKMl ELISA and RLA readings.

Original
IFL

Repeat
IFL

ELISA Varelisa LKMl
ELISA

RLA

Original
IFL

1.0 0.92 0.98 0.95 0.67 0.98

Repeat
IFL

0.92 1.0 0.95 0.87 0.61 0.95

ELISA 0.98 0.95 1.0 0.92 0.65 1.0

Varelisa 0.95 0.87 0.92 1.0 0.68 0.92

LKMl
ELISA

0.67 0.61 0.65 0.68 1.0 0.65

RLA 0.98 0.95 1.0 0.92 0.65 1.0

A K of 0.8-1 denotes almost perfect agreement, 0.6-0.8 substantial agreement and 0.4-0.6 
moderate agreement. IFL immunofluoresecence, LKMl liver kidney microsomal antibody 
type 1, RLA radioligand assay

7 .4  D is c u s s io n

The present chapter shows that Varelisa, one of the two commercial kits assessed in 

this study, allows the detection of LKMl reactivity with a high degree of accuracy and 

that the other commercial kit, LKMl-ELISA, can also be of use clinically if its cut-off 

point is readjusted.

Varelisa detected all but one serum positive for LKMl by IFL and gave negative

results in all but one of the LKMl negative control sera. These results compare well with

those obtained with the in-house ELISA and RLA, showing 100% agreement with IFL.

Interestingly, the only serum from the LKMl negative group that was positive by
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Varelisa, belongs to a patient with AIH typel, who five years previously had been found 

to be also positive for LKMl by IFL at the low titre of 1/10 and for anti-CYP2D6 by 

RLA, though tests in subsequent years were negative, including those performed for this 

study by IFL, in-house ELISA and RLA. It is possible that this patient, though SMA 

positive, has low anti-CYP2D6 reactivity. Mixed autoimmune serology between AIH 

typel and AIH type2 has been previously described (Gregorio et al., 1997).

The LKMl-ELISA kit detected as positive all 30 sera LKMl positive by IFL, in- 

house ELISA and RLA, but also a quarter of the sera from the LKMl negative control 

group. As a consequence of this apparent higher sensitivity, the assay loses diagnostic 

specificity, since it gives positive results also in non-autoimmune disorders like al-ATD 

and Alagille syndrome. This high level of positivity amongst LKMl negative controls 

was observed when the cut-off value suggested by the manufacturer, calculated as 3SD 

above the mean in a large population of healthy controls, was used. If, however, only 

values exceeding the highest result observed within the above healthy population are 

considered positive, all the sera from the LKMl positive patients, but only two from the 

LKMl negative controls remain positive, suggesting that a more clinically relevant cut

off point needs to be established, before the LKMl-ELISA can be of diagnostic use. In 

view of the satisfactory performance of the two commercially available assays tested in 

this section of the thesis and the interpretative difficulties of IFL, the question arises as to 

whether the standard IFL technique should be replaced by these new commercial assays.

In the context of autoimmune liver disease, detection of autoantibodies using indirect 

IFL on an appropriate multi-organ substrate is likely to remain the diagnostic mainstay 

for the foreseeable future. The analysis of a single section of a composite substrate 

permits the detection of autoantibodies relevant to the diagnosis of autoimmune liver 

disease such as nuclear, smooth muscle, mitochondrial, liver kidney microsomal, liver
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cytosol type 1 , as well as several other autoantibodies present in immunopathological 

conditions not affecting the liver. A similar complexity of information using observer 

independent techniques will only be possible when the antigenic targets of all the above 

autoantibodies are cloned and the recombinant/purified proteins are used in RLA or 

ELISA assays.

Furthermore, this study shows that in a laboratory supporting a tertiary liver referral 

centre, IFL is a highly reproducible technique. The results of the original and repeat IFL 

testing were remarkably concordant for positivity or negativity, though the titres often 

differed, stressing the known limitation of IFL in providing quantitative results. In less 

specialised laboratories and when an interpretative doubt arises, it is now possible to 

provide the means for confirming with confidence anti-LKM 1/CYP2D6 reactivity using 

commercial assays. This has also important implications for the management of AIH 

typel, should the quantitative changes in antibody concentration reflect disease activity 

(Gregorio et aL, 1994).
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When the work reported in this thesis started, LKMl was considered the hallmark of 

a severe type of autoimmune liver disease, autoimmune hepatitis type 2  originally 

described by Homberg et at. in 1987. The standard technique to detect LKMl was 

indirect immunofluorescence (Rizzetto et al., 1973), and the target of LKMl had been 

identified as cytochrome P4502D6 (CYP2D6) (Manns et al., 1989). Of particular interest 

was the relatively recent finding that some 10% patients with chronic hepatitis C virus 

infection (Lenzi et al., 1990) were also LKMl positive and that they were likely to 

produce LKMl because of a sequence homology between a major epitope of CYP2D6 

and the hepatitis C virus (Vergani and Mieli-Vergani, 1993). Although the concept that a 

viral infection could be involved in the development of autoimmunity had been proposed 

for a long time, these findings focused attention on a possible viral cause for autoimmune 

hepatitis.

Autoimmunity and tolerance

The immune system has the potential to recognise and react with host as well as 

foreign antigens. In fact, autoreactivity is probably a feature of a healthy immune system, 

which needs to dispose the products of tissue breakdown. Autoimmunity, i.e., an immune 

reaction against self without overt disease, is therefore common, while autoimmune 

disease, leading to morbidity and mortality, affects 1-5% of individuals (Peakman and 

Vergani, 1998). The mechanism which avoids the onset of tissue damaging autoimmune 

reactions is called tolerance. Tolerance is an antigen specific process, achieved through 

clonal deletion (deletion of self reactive lymphocytes), clonal anergy (functional 

inactivation of self reactive lymphocytes) or through a mechanism of T lymphocyte 

mediated suppression [(Nossal and Pike, 1980), (Ohashi, 1996), (Goodnow, 1996)]. The 

organ central to the induction of T lymphocyte tolerance is the thymus, which exerts a
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negative selection on those T cells with too high an affinity for complexes of self-MHC 

molecules bearing self-peptides (Adorini, 1990). Removal of self-reactive B cells happens 

in the bone marrow through clonal deletion. Low-affinity self-reactive T cells, however, 

escape thymic selection, while a small number of self-reactive B cells escape marrow 

clonal deletion. These cells are kept inactive by peripheral tolerance, a complex process 

mediated by the pattern of antigen presentation and possibly by specific suppressor cells. 

Several different pathological processes could break tolerance and lead to autoimmunity. 

These include defects in immunoregulation, presence of antigenic similarities between 

pathogenic organisms and self proteins (molecular mimicry), provision of new T cell 

epitopes which bypass tolerant T cells, release of ‘hidden’ self antigens, aberrant 

expression of class II MHC molecules and cytokine production. It is likely that 

autoimmune hepatitis, along with other autoimmune diseases, is the result of a 

combination of all these immunological processes. The work presented in this thesis has 

focused on the investigation of humoral autoimmunity in AIH type2 and chronic HCV 

infection and on molecular mimicry as its possible trigger. Preliminary work was 

performed in an attempt to resolve the technical problems related with the detection of 

LKMl. First, a new sensitive, specific and objective ELISA was set up for measuring this 

autoantibody. Then, using this ELISA in comparative studies two reliable commercial 

LKMl kits were identified, which can be easily used in the routine laboratory.

Molecular mimicry and autoimmunity

The term ‘molecular mimicry’ was first employed in 1968 to describe viruses 

achieving persistent infection by producing antigens similar to the host’s self to avoid 

immune recognition (Henry and Jeme, 1968). More recently, it has been postulated that 

this mechanism may induce autoimmunity (Oldstone, 1989). Thus, the immune response
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to a pathogen capable of mimicking self-proteins would generate clones of T and B 

lymphocytes that are simultaneously anti-microbe and anti-self. Such immunological 

cross reactivity could be induced to persist long after the pathogen has disappeared by the 

presence of auto antigens, which drive the autoimmune response. In humans, molecular 

mimicry has been invoked to explain the autoimmune consequences of a number of 

infections: cross reactivity between the M proteins on the surface of group A streptococci 

and cardiac myosin would account for rheumatic fever (Dell et al., 1991); between 

Trypanosoma cruzi and laminin for Chagas’ disease (Grauert et al., 1993); between 

Klebsiella pneumoniae nitrogenase and HLA B27 for ankylosing spondilitis 

(Schwimmbeck and Oldstone, 1989) (Husby et al., 1989); between Adenovirus 12 and A- 

gliadin for coeliac disease (Maki, 1995); between coxsackie B4 and glutamic acid 

decarboxylase for type 1 diabetes (Rudy et al., 1995); between Escherischia coli and the 

enzymatic pyruvate dehydrogenase complex for primary biliary cirrhosis (Burroughs et 

al., 1992) (Butler et al., 1993). However, the role of molecular mimicry in organ-specific 

autoimmune diseases is still controversial, one problem being that autoimmune diseases 

usually have long, often asymptomatic, prodromal periods and the association with micro 

organisms as initiating events is, therefore, difficult to prove. Hence molecular mimicry 

is often termed the ‘hit-and-run’ theory.

Molecular mimicry and the liver

Molecular mimicry has been suggested to cause the production of non organ specific 

autoantibodies during the course of chronic infection with the hepatitis B and C viruses, 

since regional similarities between viral proteins and putative antigenic targets of ANA 

and SMA were found in both conditions and cross-reactivity between viral and self

peptides was demonstrated (Gregorio et al., 1999) (Choudhuri et al., 1997). ANA and

178



Chapter 8 General Discussion

SMA in HBV and HCV infection, once considered only an epiphenomenonon should be 

seen in a new light following the work of Lenzi et al. showing in a large population study 

that among subjects with chronic HCV infection, those who were ANA and SMA positive 

had significantly more severe histologically documented liver damage than those who 

were autoantibody negative (Lenzi et at., 1999) (Vergani, 1999).

The group of Manns was the first to report that HCV and CYP2D6, the target of 

LKMl, share an amino acid sequence in common, which could account for the 

production of the autoantibody and for autoimmune liver damage in the course of chronic 

HCV infection (Manns et al., 1991). These authors proposed that LKMl was produced as 

a consequence of cross-reactive immunity, but did not test this hypothesis directly. 

Interestingly, the core epitope of LKMl identified by Manns’ group (CYP2 D6 2 6 3 -2 6 9) was 

also homologous to a 6-aminoacid sequence of the IE175 protein of Herpes simplex 

virus-1 (McGeoch, 1987). The work presented in this thesis confirms and extends these 

observations. A new immunodominant epitope - CYP2 D6 1 9 3 .2 1 2  -  was identified, sharing 

sequence homology not only with HCV, but also, and more extensively, with CMV. 

Moreover, LKMl reactivity with both the self (CYP2 D6 1 9 3 .2 1 2) and HCV and CMV 

peptides was inhibited by pre-incubation with the homologous viral peptides, successfully 

demonstrating the cross-reactive nature of the LKMl response. Recently, Bogdanos et al. 

identified 11 further viral proteins from Epstein-Barr, Herpes simplex. Cytomegalovirus, 

Rubella, Papilloma and human Adeno viruses, which share 5-6 aminoacid identities with 

the CYP2D6 core sequence (Bogdanos et al, 2000). Most importantly, they found double 

reactivity to self and at least one viral epitope in all 15 children with AIH type2 tested, 

but in none of the controls. These observations suggest that molecular mimicry with viral 

antigens may indeed be the trigger for the production of LKMl in AIH type2, akin to 

what suggested for HCV infection. However, a ‘multiple hit’ mechanism is likely to be
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involved, in which persistent aggression to self antigens arise, probably in genetically 

predisposed individuals, after self reactive lymphocytes have been repeatedly stimulated 

by different viruses mimicking self over the years.

Anti-Cytochrome P4502D6 reactivity -  Marker Or Maker Of Disease ?

Once established that LKMl is produced as a result of molecular mimicry, the 

question remains as to whether this autoantibody plays any role in causing autoimmune 

liver damage (Vergani, 1999). Maximum damage is delivered by an autoantibody 

reacting with an antigen present on the cell membrane. Chronic immune 

thrombocytopaenic purpura is a good example where a protein on the surface of the cell 

becomes antigenic, leading to autoantibody production and platelet destruction primarily 

by phagocytosis (McMillan, 2000). Similarly, antibodies directed to the basolateral 

plasma membrane of thyroid follicular cells cause Graves’ disease (Nicholson et al., 

1996), antibodies to the red cell membrane autoimmune haemolytic anaemia (Issitt et al., 

1976) (Hansen et al., 1984) and antibodies to acetylcholine receptor of the muscle cell 

membrane myasthenia gravis (Lennon et al., 1985) (Schwimmbeck et al., 1989).

Until recently CYP2D6, the target of LKMl, was thought to be localised in the 

endoplasmic reticulum, not readily accessible to antibodies. The presence of CYP2D6 on 

the outer aspect of the plasma membrane was recently demonstrated by Muratori et al. in 

elegant in vitro experiments (Muratori et al., 2000). It is therefore likely that, under 

physiological circumstances, immunological tolerance to CYP2D6 is maintained by 

mechanisms actively preventing the maturation or the stimulation of auto-reactive 

lymphocytes. In both AIH type2 and LKMl positive chronic hepatitis C, loss of B and T 

cell tolerance to CYP2D6 occurs and LKM antibodies are produced (Muratori et al., 

1993) (Mackie et al., 1994), which could be directly responsible for liver damage.
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The future...

The present work has concentrated on the humoral aspects of autoreactivity in AIH 

typel and chronic HCV infection. While on the one hand it has led to a better 

understanding of the mechanism by which autoantibodies are produced, on the other hand 

has raised questions, which will need to be answered in future studies.

The experiments aiming at identifying conformational epitopes on CYP2D6 possibly 

differentially recognised by patients with AIH typel or HCV infection have led to the 

identification of the 193-510 region on CYP1D6 as being of particular interest, but have 

not completely answered the original question. This will be only achieved by further 

studies aiming at obtaining a more detailed mapping of this region.

LKMl with multiple cross-reactivity against CYPID6193.212, HCV2977-2996 and 

CMVi2M4o was shown to be of the IgG isotype, implicating T cell ‘help’ in its generation. 

As T-and-B-cell epitopes frequently overlap, it is possible that the cross-reactive humoral 

epitopes identified may also serve as T cell epitopes (Tung, 1994). This information may 

be used in future experiments aimed at studying the cellular arm of autoimmunity in AIH 

typel and chronic HCV infection.

The hope when investigating mechanisms that can lead to a disease is to find 

something that can be manipulated to prevent or cure it. Although the possibility of 

preventing or curing autoimmune liver disease using specific means is still far away, 

research over the last twenty years has taken us without any doubt closer to the 

understanding of what triggers and mediates damage. The future will prove whether this 

information can be transformed in more effective and tailored treatment, such as peptide 

or lymphocyte vaccination.
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Appendix

APPENDIX

1. Page 93 line 16: Oral consent for the studies detailed in this thesis was obtained 

from all patients and/or their parents.

2. Page 94 line 19: Microsome preparations containing over-expressed human 

CYP2D6-Val 374 (‘experimental’ microsomes) and those devoid of CYP2D6 

(‘control’ microsomes), were purchased from Gentest (Woburn, MA, USA).

3. Page 128: Western blot

In brief, a 1.2 kb cDNA fragment CYP2D6 was isolated from a human liver 

cDNA library. A fusion protein encoded by this cDNA was expressed in lysogens 

by infection oiE.coli strain Y1089. Antibodies directed to this fusion protein were 

detected by Western blot in which patient serum was initially diluted 1/200 in 

TNT buffer (10 mM Tris-HCL, 150 mM NaCl. 0.05% Tween 20). The antibodies 

were visualised using peroxidase-conjugated rabbit anti-human IgG. After 

performing IFL, ELISA and the radioligand assay, there was sufficient amount of 

serum remaining to perform Western blot in 14 patients with AIH and 18 with 

chronic HCV infection, all positive for anti-CYP2D6 by RLA.

4. List of virus/bacteria sharing similarities with motif RLLDL of CYP2D6193.

202

(i) (a) Exon HCVMA Alkaline Exonuclease Human Cytomegalovirus

(EC 3.1.11. -) (Strain AD 169)

(Residues 130-134)*

(b) PP71HCMVA 71 KD Upper Matrix Phosphoprotein (PP71) -  

Human Cytomegalovims (Strain AD 169)

(Residues 54-58)
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(c) V120 HCMVA Capsid Assembly Protein UL47 -  Human 

Cytomegalovirus (Strain AD 169)

(Residues 371 -  375)

(ii) POLG_ HCVJ6 Genome Polyprotein (EC 2.7.7.48) (NS5) -  Hepatitis 

C virus (Isolate HC-J6) (HCV)

(Residues 2985 -  2989)*

(iii) UL49 EBV Protein BRF2 - Epstein Barr Virus (Strain B95-8) (Human 

Herpesvirus 4)

(Residues 43-47)

(iv) PAC4_Human Subtilisin-like Protease PACE4 Precursor (EC3.4.21.-) 

-  Homo Sapiens (Human)

(Residues 574-579)

(v) VA18 VARV 56 KD Abortive Late Protein - Variola Virus 

(Residues 341-345)

(vi) VG33_HSV11 Hypothetical Gene 33 protein -  Ictalurid Herpesvirus 1 

(Channel Catfish virus) (CCV)

(Residues 558-562)

(vii) HR3 Drome Probable Nuclear Hormone Receptor HR3 (DHR3) -  

Drosophila Melanogaster (Fruit Fly)

(Residues 334-339)

(viii) VA18 VACCC 56 KD Abortive Late Protein - Vaccinia Virus (Strain 

Copenhagen)

(Residues 341-345)
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(ix) RPOC_E colt DNA-directed RNA Polymerase Beta chain (EC

2.T.7.6) (Transcriptase Beta chain) (RNA Polymerase Beta subunit) -  

Escherichia coli

(Residues 281-286)

(x) YORJ TTVl Hypothetical 6.1 KD Protein -  Thermoproteus Tenax 

Virus 1 (Strain Krai) (TTVl)

(Residues 7-11)

(xi) ENV_MLVHO Env Polyprotein Precursor -  Homulv Murine 

Leukaemia virus (Mus Hortulanus virus)

(Residues 311-315)

* Peptides incorporating viral homologous components constructed and used 

for experiments.
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