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ABSTRACT

Data are presented to support the hypothesis that a bacterial component, through the 

presence of cross-reactive epitopes on M2, the highly conserved primary biliary 

cirrhosis (PEG) mitochondrial autoantigen, and its bacterial counterparts, may be 

responsible for initiating an autoimmune response in PEC through "molecular 

mimicry".

Urinary tract infection (UTI) was more common in PEC patients than in other chronic 

liver disease (CLD) controls. Significant low titre anti-mitochondrial antibodies (AMA) 

were detected in females with a history of recurrent UTI but with no evidence of liver 

disease when compared to other CLD patients and normal controls. Furthermore, 

bacterial rough mutants were detected in the infected urine of PEC and "normal" 

women with UTI but not in CLD patients, despite being present in the faeces of all 

three groups. These findings suggest that AMA induction may be specific to UTI.

Cross-reactivity was demonstrated between the M2 antigens using crude bovine 

mitochondrial preparations, affinity purified antibodies and western blotting (WE). Use 

of purified M2 antigens showed that cross-reactivity was dependent on antigen load.

In addition, cross-reactivity was demonstrated between PEC sera and a range of 

microorganisms. Reactivity on WE was with two antigenic bands with molecular 

weights equivalent to two of the M2 antigenic bands. Conversely, anti-bacterial 

antibodies cross-reacted with the equivalent M2 antigens.

The M2 autoantigen was further characterized on human cultured biliary epithelial cells 

(EEC). No notable cross-reactivity was demonstrated between the M2 autoantigens, 

only two of which were reactive with eluted PEC autoantibodies. Normal and diseased 

EEC were equally reactive.

A database search revealed a motif in the immunodominant region of the E2 molecule



of M2 with strong sequence homologies to a region of HLA DRce normally presented by 

other MHC class II antigens. This HLA DRa peptide was also found to resemble other 

protein sequences known to be associated with autoimmune disease. How these sequence 

similarities might initiate an autoimmune process in PBC is discussed.
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1.1 PRIMARY BILIARY CIRRHOSIS - General Introduction

Primary biliary cirrhosis (PBC) is a chronic cholestatic liver disease characterized by the 

destruction of the small and intermediate sized intrahepatic bile ducts which ultimately 

leads to fibrosis, cirrhosis and liver failure. Despite much recent research into the disease, 

the aetiology remains unknown. The many immunological disorders associated with the 

disease strongly suggest an autoimmune pathological process, but what predisposes 

individuals to such immunopathogenetic processes or why the liver is the main target for 

damage has yet to be elucidated.

The disease was first described in 1851 by Addison and Gull where xanthomatous lesions 

of the skin were reported in a middle aged lady with chronic biliary obstruction. The 

condition was first named "primary biliary cirrhosis" by Ahrens et al. in 1950. But as 

cirrhosis only occurs in late stage disease, the more appropriately descriptive name 

"chronic non suppurative destructive cholangitis" was suggested by Rubin et al. in 1965. 

However, the latter has proved unpopular because of its complexity.

PBC is a predominantly female disease, the ratio of female to male sufferers being 9:1 

(Ahrens et al., 1950). Females usually present between the ages of 30 and 65 years. 

Diagnosis can be made difficult because of the insidious nature of the disease. However, 

with the advent of automated laboratory tests and a better understanding of the disease, 

more cases are now being diagnosed, as previously many asymptomatic cases were 

overlooked. Hence, whilst diagnosis of active disease is made on the presence of 

symptoms, positive antimitochondrial antibody, abnormal biochemical liver function tests 

and liver histology, it is now possible to detect early stages of disease on the basis of 

laboratory tests alone.

1.2 CLINICAL FEATURES

1.2.1 Symptoms

The most common presenting symptoms are pruritus (50-70% of patients), jaundice (12- 

41%) and fatigue (8-73%). Less common presenting symptoms, associated with advanced 

disease (i.e. cirrhosis) are gastrointestinal bleeding, ascites or encephalopathy (Sherlock 

and Scheuer, 1973).
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1.2.2 Antimitochondrial Antibodies (AMA)

AMA were first described as serological markers of PBC by Walker et al. in 1965 using 

immunofluorescence techniques. AMA in PBC are not specific to any organ or species and 

recognize a family of inner mitochondrial membrane components, collectively termed M2. 

Although M2 antibodies are present in over 95% of patients sera they do not appear to 

affect mitochondrial function or influence the course of disease (Kaplan, 1987). Other 

PBC associated AMA include anti-M4, -MS and -M9 antibodies (Berg et al., 1980; 1986; 

Klein et al., 1988).

1.2.3 Liver Function Tests

PBC sera have raised alkaline phosphatase of hepatic origin and also an increase in 

gamma-glutamyl transpeptidase. In the early stages of disease, the prothrombin time, 

serum albumin, and bilirubin levels are normal, but the latter is raised in late stages of 

disease, and is associated with a poor prognosis. Serum aminotransferases may fluctuate 

during the course of disease but their levels do not affect prognosis.

Elevations in serum lipid levels are also common in PBC. High-density lipoproteins 

(HDL) are markedly elevated in early PBC. Low-density (LDL) and very low density 

lipoproteins are less elevated. In late stage disease the HDL are depressed and the LDL 

levels increase further.

1.2.4 Liver Histology

Histological evidence of bile duct injury and portal inflammation is one of the main 

criteria for a positive diagnosis of PBC (Rubin et al., 1965; Sherlock and Scheuer, 1973). 

The main histological feature of the disease is granulomatous cholangitis (or florid duct 

lesions) i.e. destruction of interlobular and septal bile ducts. Cellular infiltrates comprising 

of lymphocytes, plasma cells, eosinophils and histiocytes surround the bile ducts indicating 

injury and destruction. Granulomas are also common (Lee et al., 1981). The position of 

destroyed bile ducts can be identified by the surrounding lymphocytic infiltrates and 

proliferating bile ductules. PBC has been divided into four histological stages 1-4 

(Sherlock and Scheuer, 1973). Stage 1 is characterized by florid bile duct destruction of 

the septal and interlobular bile ducts and a surrounding mononuclear cell infiltrate. 

Ductular proliferation and piecemeal necrosis characterize stage 2. The main feature of
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stage 3 is bridging necrosis or fibrous septa; stages 2 and 3 can be difficult to 

differentiate. The final stage 4 represents end stage disease and may be difficult to 

distinguish from other types of cirrhosis.

Liver biopsies are no longer essential for confirming diagnosis. Generally, a middle aged 

woman presenting with pruritus, later found to have biochemical tests indicating 

cholestasis and a serum sample positive for anti-M2 antibodies would be sufficient to 

confirm a diagnosis of PBC. In the 5% of cases where the AMA is negative a liver 

biopsy is useful. Interestingly, a recent study on 20 patients initially diagnosed as having 

PBC because of compatible biochemical, histological and radiological findings but 

negative for AMA were later described as distinct from PBC because of other 

immunological abnormalities not present in PBC, the authors named this condition 

"autoimmune cholangitis" (Michieletti et al., 1994).

1.3 EPIDEMIOLOGY

PBC has been reported amongst various ethnic populations throughout the

world. It has been estimated that PBC accounts for 0.6 - 2% of deaths from cirrhosis 

worldwide (Hamlyn and Sherlock, 1974). The incidence and prevalence is variable 

between different countries and even between regions in the same country. The more 

important studies are summarized in Table 1.1. The highest prevalence so far reported 

(151/million) was in rural northern Sweden (Danielsson et ah, 1990) which is higher than 

that reported for southern Sweden (92/million) (Eriksson et at., 1984). The lowest 

prevalence was found mainly in Japan (5.16/ million) (Yasutoshi et a l, 1989) and other 

parts of Asia (Sherlock, 1993).

The most recent extensive survey on the prevalence of PBC worldwide was carried out 

by the International Association for the Study of the Liver (Sherlock, 1993). A total of 

39 liver units from 19 countries covering a population of 118 million identified a total of 

4,300 cases of PBC, which gave a prevalence of 20-50 per million. The prevalence in 

Northern European countries was much higher (100-150/million) than countries such as 

India, South Africa (<5/million) and Argentina. In Israel different prevalences were 

reported within the same country, the prevalence amongst Jews was 28/million whereas 

there were no cases reported amongst Arabs.
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Table 1.1 Reported incidence and prevalence of PBC from international centres.

Centre
(Author)

Year No. patients Incidence
/million/year

Prevalence 
/ million

Asymptomatic
%

Sheffield
(Triger)

1980 34 5.8 54 24

Dundee
(Hislop)

1980 21 10.6 40.2 0

Newcastle 
(Hamlyn and Sherlock)

1983 117 10 47.6 21 - 50

Malmo 
(Eriksson and Lindgren)

1984 33 13.7 92 45

EASL
(Triger)

1984 569 4 5 - 7 5 45

Orebro 
(Ofgren et a!)

1985 36 14 128 50

Glasgow 
(Goudie et al)

1987 373 11.4 - 15.2 69.5 - 92.7 -

Newcastle 
(Myszor and James)

1990 347 19 1 2 9 - 1 5 4 32

Ontario 
(Witt-Sullivan et al)

1990 225 3.26 22.4 29

N. Sweden 
(Dannielson et al)

1990 111 13.3 151 37

Whether PBC is more prevalent in industrial areas compared to rural areas is controversial 

(Hamlyn et al., 1983; Witt-Sullivan et a l, 1984; Danielsson et a i, 1990; Myszor and 

James, 1990). An Australian study has reported a much lower prevalence amongst 

Australian bom subjects (13/million) compared to immigrants of Anglo-Celtic origin 

(33/million), Northern and Eastern (47/million) and Southern Europeans (20/million) 

(Watson et al., 1992), which suggests that environmental factors might play a role in 

disease pathogenesis. Another study implicating environmental factors was carried out in 

Sheffield (Triger et al., 1980), where the highest prevalence of PBC (88%) was found in 

a certain part of the city served by a single reservoir, although 40% of the regions 

population received water from this source. Analysis of the water from the reservoir in 

question did not show any unusual properties (e.g. trace metals/microorganisms) compared 

to other reservoirs in the region.
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Overall, the incidence and prevalence of PBC is rising, but the reasons for this are not 

very clear. The most comprehensive investigation into the increase was carried out in 

North-East England, where the prevalence of PBC in the population rose from 18/million 

to 128.5/million between the years 1976 and 1987 (Myszor and James, 1990). It is 

believed that the variation in reported prevalence of PBC is related to a greater "physician 

awareness" of the disease and automated laboratory testing now being widely available 

resulting in more asymptomatic patients being diagnosed.

1.4 ASSOCIATED DISEASES

Many autoimmune diseases of the skin, joints and glands have been reported to be 

associated with PBC. They are characterized by inflammation of epithelial tissue and the 

presence of autoantibodies (Culp et al., 1982). Rheumatoid arthritis (RA), systemic lupus 

erythematosus (SEE), polymyositis, mixed connective tissue disease and dermatomyositis 

are frequently associated with PBC, as are scleroderma, Sjogren’s syndrome and vitiligo 

(Christenson et al., 1980; Sherlock and Scheuer, 1973; Roll et al., 1983; James et al., 

1981). Keratoconjunctivitis sicca and xerostomia are also very common, and are present 

in 78-100% of patients (Alarcon-Segovia a/., 1973; Giovaimini et al., 1985). 

Autoimmune thyroiditis is present in about 20% of patients. Culp et al. (1981) found a 

high prevalence of autoantibodies to rheumatoid factor in 70% of 113 patients, to smooth 

muscle in 66% and to nuclear components in 23%. Renal tubular acidosis is also common 

but is usually subclinical (Pares et al., 1981).

Diseases less commonly associated with PBC include Crohn’s disease (Sherlock et al., 

1973), ulcerative colitis (Culp et al., 1982), Graves’ disease (Nieri et al., 1985) and 

coeliac disease (Behr et al., 1986). Osteoporosis is a major problem in PBC. Several 

factors contribute to this condition e.g. malabsorption of dietary vitimin D; binding of 

vitamin D to cholestyramine which is used in the treatment of pruritus; increased losses 

of vitamin D metabolites in the urine and decreased osteoblast formation (Kaplan, 1987).

1.4.1 Urinary Tract Infections and PBC

PBC patients are unusually susceptible to recurrent urinary tract infections (UTI), that are 

predominantly asymptomatic. The prevalence is 19% and the annual incidence is 35% 

(Burroughs et al., 1984). This is significantly greater than in either age-matched females
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in a normal healthy population, where the prevalence is 5% (Evans et al., 1978), or in 

women with chronic liver diseases including different forms of chronic cholestasis (7%) 

or rheumatoid arthritis (8%). Bacteriuria was found to be unrelated to age, raised serum 

bilirubin, drug therapy or urinary pH (Burroughs et al., 1984).

1.5 PROGNOSIS

The rate of disease progression is extremely variable amongst individual PBC patients. 

Previously, prognosis for PBC patients was ominous, but with earlier diagnosis the 

prognosis has changed. A considerable number of drug trials have attempted to determine 

the best therapy for patients (see later). However, if therapy fails and the patient is 

progressing very quickly to end-stage disease, liver transplantation is available, offering 

a very good rate of survival. Obviously, the timing of transplantation is critical to achieve 

the optimal outcome, and various prognostic models have been developed.

The histological stage of disease is a very important prognostic factor. A multivariate 

analysis of prognostic indicators has shown that patients with histological stage 4 

(cirrhosis) disease on initial liver biopsy had a much shorter survival than patients with 

stage 3 (bridging fibrosis) or stage 2 (portal fibrosis) disease (Roll et al., 1983; 

Christensen et al., 1985). On the other hand, portal granulomas seen on initial biopsy 

have been shown to indicate a good prognosis (Lee et al., 1981; Christensen et al., 1985; 

Beswick et al., 1985), but this association could not be confirmed by other groups (Roll 

et al., 1983; Balasubramaniam et a l, 1990).

Mathematical models are particularly useful when assessing a patient for liver 

transplantation, clinical monitoring and designing therapeutic trials. A number of 

prognostic models based on Cox’s regression analysis have been designed to assess the 

influence of many different variables simultaneously (Cox, 1972). Increased age and 

bilirubin unequivocally indicate a poor prognosis (Shapiro et al., 1979). Additional 

indicators of a poor prognosis are decreased serum albumin, increased fibrosis, 

hepatomegaly, oedema and increased prothrombin time (Dickson et al., 1989; Roll et al., 

1983; Christensen et al., 1985). PBC associated autoimmune disorders such as thyroiditis, 

sicca syndrome or Raynaud’s phenomenon have also been associated with decreased 

survival (Beswick et al., 1985).
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The number of asymptomatic patients being diagnosed has increased considerably over the 

years. Life expectancy of some asymptomatic patients may not differ from a normal age 

and sex matched population (Roll et al., 1983) after a median period of 11.4 years follow- 

up (Beswick et al., 1985). Although 42% of asymptomatic patients developed symptoms 

of progressive disease at variable times up to 14 years from presentation, the group 

survival remained similar to the general population (Beswick et al., 1985). In another 

study only 16% of patients were shown to develop symptoms over a mean follow-up 

period of 4.5 years (James et al., 1981). In contrast, Balasubramaniam et al. (1990) 

showed that 89% of asymptomatic patients developed symptoms over a median period of

7.6 years and these patients had a four-fold increase in mortality when compared to a 

normal population. However, the analysis was made from the time of referral to a tertiary 

centre and not from the first diagnosis as was done in the previous study (Beswick et al., 

1985).

There is no correlation between symptoms and histological stage of PBC, as up to 43% 

of asymptomatic patients can have advanced histological lesions (Sherlock and Scheuer, 

1973; Fleming et a l, 1978; Long et al., 1977). Indeed, one study has shown that the 

average length of survival for symptomatic patients was 18 years whereas for 

asymptomatic patients it was only 8.4 years (Rydning et al., 1990).

Beswick's study has recently been extended by 10 years (Mahl et al., 1994). Accurate 

survival data has been gathered on 247 patients ranging up to 24 years after the original 

diagnosis. The median predicted survival of patients from the time of diagnosis was twice 

as long for patients who present without symptoms compared to symptomatic patients (16 

vs 7.5 years, p<0.0001). Overall, survival of these asymptomatic patients was shorter than 

that predicted for a matched control population (p<0.0001) but this only became apparent 

after 11 years of follow-up.

There is dispute as to whether the type and titre of mitochondrial antibodies have 

prognostic value in PBC. Indeed, Weber et al. (1986) found that the presence of anti-M8 

+ anti-M2 (Profile II), and anti-M4 + anti-M8 + anti-M2 (Profile III) was associated with 

a more advanced histological stage at the time of diagnosis and a more progressive course 

than in patients with anti-M2 alone (Profile I). After following these patients for up to 16
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years it was found that only 24% of patients with Profile I had reached stage 3 or 4 while 

75% of patients with Profile II or III had progressed to stage 3 or 4. A subsequent study 

from the same group demonstrated that AMA profiles do not change during the course of 

disease and therefore may be used to differentiate between a benign and a progressive 

course in the early stages of disease (Klein et al., 1991).

Finally, significant bacteriuria (or UTI) has defined a specific sub-group of patients with 

an increased risk of death. Bacteriuria in PBC was shown to be independent of other 

prognostic variables such as age, serum bilirubin, ascites and histological stage (Morreale 

et al., 1989).

1.6 TREATMENT

The optimal treatment for PBC should retard disease progression and alleviate symptoms 

(i.e. by improving liver histology and biochemical liver function tests) with the minimum 

of complications. There is currently no satisfactory treatment for PBC but the most recent 

agents to undergo clinical trials are cyclosporin, colchicine, methotrexate and 

ursodeoxycholic acid (UDCA). Their efficacy has recently been evaluated by the National 

Institute of Health and the American Association for the Study of the Liver in an attempt 

to identify the most beneficial treatment (Goddard and Wames, 1994).

Cyclosporin has been shown to reduce symptoms and improve biochemical tests (Wiesner 

et al., 1990) however nephrotoxicity and hypertension are serious complications (Lombard 

et al., 1993). In addition to improving liver biochemistry, colchicine has been shown to 

improve survival, but no reduction in symptoms or improvement in histology was 

observed (Wames, 1987; Kaplan, 1986). Methotrexate has also been shown to relieve 

symptoms and improve biochemical tests but has been linked with interstitial pneumonitis 

(Kaplan, 1991). Today the most commonly prescribed dmg in PBC is UDCA, mainly 

because of its ability to significantly improve the liver biochemistry and its few side 

effects. However, it has little or no effect on histology and has no great benefit in 

advanced disease. Nevertheless, a recent meta-analysis of UDCA trials has suggested that 

survival may be improved (Simko et al., 1994). Trials are currently underway using 

combinations of UDCA, colchicine and methotrexate.
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However, there are still problems in the interpretation of survival data. The implications 

are far-reaching, as asymptomatic patients may need many years treatment. Even in the 

symptomatic group, PBC has a long and varied natural history so the long-term benefits 

are difficult to assess. Better controlled multi-centre trials with prolonged follow-up are 

needed, which can be very expensive and difficult to organize.

1.6.1 Transplantation

If all other treatment fails, liver transplantation has proven to be an efficacious treatment 

for PBC (Kaplan et ah, 1987; Markus et al., 1989). PBC lies in the top three most 

frequent indications for transplant. Survival at one and five years has been shown to be 

75% and 70% respectively, which was considerably better than the estimated survival 

without transplantation (Markus et a l, 1989).

Whether PBC recurs or not after transplant is controversial. As transplantation in PBC 

is still relatively new, there are few publications on the subject. Recognition of recurrent 

PBC is difficult as there is no blueprint of what one should be looking for biochemically 

or histologically. AMA have been consistently shown to persist post-transplant; (Poison et 

a l, 1989; Buist et al., 1989) but there is no direct evidence to suggest that AMA have a 

role in pathogenesis, j Poison et al. have shown that after one year 9/10 patients showed 

liver biopsy compatible with PBC recurrence. In addition, Hubscher et al. (1993) showed 

that 16% of PBC post-transplant liver biopsies had features suggestive of recurrent disease. 

However, others have been unable to confirm this (Demetris et al., 1988). A recent report 

has studied follow-up biopsies from 19 PBC and 14 non-PBC patients for a median period 

of 5 years (range 1-11 years). A striking concordance was demonstrated between biopsies 

from both patient groups; no distinctive histological or serological findings were found for 

recurrent PBC (Gouw et al., 1994).

1.7 MITOCHONDRIAL ANTIBODIES

To date, nine different AMA types (anti-Ml to anti-M9) have been defined using 

immunofluorescence (IFL), complement fixation tests (CFTs), enzyme linked 

immunosorbent assay (ELISA) and Western blotting (Baum et al., 1981; 1985; Berg et 

al., 1967; 1980; 1986; 1987; Meek et al., 1980; Butler et al., 1991). AMA associated 

with PBC include anti-M2, -M4, -M8  and -M9. The others; anti-Ml, -M3, -M5, -M6  and
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-M7 are mainly associated with non-hepatic disorders (Berg et al., 1989).

1.7.1 M2 - A family of autoantigens

High and persistent titres of AMA are present in approximately 95% of PBC sera. These 

AMA recognize a trypsin-sensitive inner mitochondrial membrane component designated 

M2. Early experiments using chloroform extraction showed that the M2 antigen co

purified with the F, part of the mitochondrial H"^-ATPase (Sayers et a/., 1981; Lindenbom- 

Fotinos et al., 1982), but further studies using immunoblotting techniques failed to 

demonstrate reactivity of anti-M2 antibodies with any of the major subunits of the F,- 

ATPase (Lindenbom-Fotinos et al., 1985) (Figure 1.1).

Figure 1.1 The mitochondrion
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Outer m em brane

—  Inner m em brane 

(contains Fj -A T P a se)

Inter-membrane s p a c e

Matrix
(contains the M2 family of antigens)

M2 analysis by Western blotting revealed at least 5 antigenic bands (M2a to e) with 

approximate molecular weights 68-80 kD (M2a), 60-64kD (M2b), 50-56 kD (M2c), 43-48 

kD (M2d) and 36kD (M2e). In the past there has been some confusion as to the exact 

molecular weights of the M2 bands due to inter-laboratory differences in species of 

mitochondria used, antigen preparation and techniques of detection. However, since the 

identification of the autoantigens, recombinant and purified enzyme preparations are now 

being used for antibody detection, thus eliminating previous discrepancies.
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The first of the M2 autoantigens to be identified was the 68-80kD band. It was already 

known to be non-organ and non-species specific and to be present in mammals, bacteria 

and yeast (Baum and Palmer, 1985; Frazer et a l, 1985). Immunoscreening of a rat liver 

cDNA library revealed a cDNA clone which expressed the major part of the 70kD M2 

antigen reactive with PBC sera (Gershwin et al., 1987). Although the cDNA was 

sequenced, the identity of the antigen was not immediately elucidated. Another laboratory 

inspecting the sequence identified the antigen as the E2 (dihydrolipoamide 

acetyltransferase) component of the pyruvate dehydrogenase complex (PDC) (Yeaman et 

al., 1988). This was later confirmed after the full length cDNA for the peptide was 

cloned and the sequence determined (Coppel et al., 1988; Thekkumkara et al., 1988).

1.7.2 The 2-oxo-acid dehydrogenase complex (OADC) family

The OADC family is composed of three related multi-enzyme complexes involved in 

intermediary metabolism and are present in both eukaryotic and prokaryotic cells. The 

pyruvate dehydrogenase complex (PDC) is involved in the oxidative decarboxylation of 

pyruvate to acetyl Coenzyme A. The other two complexes are the oxoglutarate 

dehydrogenase complex (OGDC) which decarboxylates oxoglutarate to succinyl Coenzyme 

A and the branched chain oxo-acid dehydrogenase complex (BCOADC) which catalyses 

the catabolism of several essential amino acids (Figure 1.2). Each of these complexes are 

composed of multiple copies of three enzymes E l, E2 and E3. El is a dehydrogenase with 

thiamine pyrophosphate as cofactor and is distinct for each OADC. In PDC and 

BCOADC, El consists of two non-identical a. and B subunits in tetrameric form (« 2^2)» 

whereas in OGDC it is a homodimer.

E2 forms a central symmetrical core around which are arranged multiple copies of E l and 

E3, and is also distinct for each complex. It is a dihydrolipoamide acyltransferase with 

a lipoic acid cofactor covalently attached to the epsilon amino group of a lysine residue, 

the surrounding sequence is conserved between human and bovine mitochondria and 

shows significant homology with E.coli E2 (Coppel et al., 1988; Surh et al., 1990b) 

(Table 1.2).

The number of lipoyl domains within E2 varies from species to species. The lipoyl regions 

interact with the active sites of each component enzyme by means of freely rotating
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"swinging arms". Four structural/functional domains have been identified within human 

E2s. From the amino terminal, they are the inner and outer lipoyl domains (residues 128- 

229 and 1-98 respectively) that show 92% homology in residues 167-179 and 40-52, the 

E1/E3 binding region and the catalytic/E2 binding domain separated by short hinge 

segments rich in prolines and alanines that confer flexibility on the molecule (Coppel et 

al., 1988; Thekkumkara et al., 1988) (Figure 1.3).

E3 is a common component of all three complexes. It is a lipoamide dehydrogenase linked 

to flavin adenine dinucleotide, and promotes reoxidation of reduced lipoyl groups. In 

mammalian PDC, lipoic acid is reductively acetylated by E l, and the acetyl residue is 

transferred to CoA at the E2 active site. The reduced lipoamide is then re-oxidized by E3 

to complete the catalytic cycle with the concomitant reduction of NAD^ (Figure 1.4). 

Mammalian and yeast PDC also contain another sub-unit, v\ith a lipoyl domain that is 

homologous to that of E2. This sub-unit has been designated protein X (DeMarcucci et 

al., 1985; Jilka et al., 1986; Hodgson et al., 1986; Niu et al., 1988; Neagle et al., 1989) 

which is thought to play a major role in the binding of E3 (Powers-Greenwood et al., 

1989).

1.7,3 Identification of the other M2 autoantigens

Soon after the identification of PDC-E2 as the major autoantigen in PBC, the identity of 

the other M2 autoantigens became apparent (Table 1.3). Studies showed that PDC-E2 

shares cross-reactive epitopes with the 56kD protein X of PDC (Yeaman et al., 1988; Surh 

et al., 1989). Absorption of PBC sera with human recombinant PDC-E2 abolished 

reactivity against both the 74kD and 56kD antigens and on immunoblotting none of the 

AMA positive PBC sera reacted solely with either the 74kD or 56kD antigen (Surh et al.,

1989). Interestingly, PBC sera recognized protein X from human, bovine and porcine 

sources but not from rat or mouse origin. Weaker reactivity was exhibited by rabbit anti

protein X against human and porcine protein X. This was not surprising as the specificities 

of experimentally induced antibodies are different to those of naturally occurring 

antibodies (Krams et al., 1989; Rowley et al., 1992; Ballardini et al., 1994).

Immunoblotting of PBC sera against purified polypeptides of the OADC family of 

antigens and recombinant human fetal liver BC0ADC-E2 revealed the identity of the other
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M2 autoantigens as BC0ADC-E2 and 0GDC-E2 (Fussey et al., 1988; Fregeau et al., 

1989; 1990b), both of which have a covalently-bound lipoic acid as cofactor. Patients 

with antibody to a 52kD mitochondrial antigen on immunoblotting reacted with 

recombinant BC0ADC-E2 and absorption of PBC sera with the same protein abolished 

reactivity against the 52kD mitochondrial antigen (Fregeau et al., 1989).

Further studies showed that 41% and 36% of PBC sera reacted with the non-lipoylated 

El a  (41kD) and ElB (36kD) components of mammalian PDC respectively. PBC sera did 

not react with El from E.coli (Fussey et al., 1989a). This was not surprising, since, unlike 

the E2 enzymes, the El components of mitochondrial and bacterial PDC are not 

phylogenetically conserved. In contrast to the heterodimeric mammalian PDC-El, E.coli 

PDC-El is a homodimer of two identical subunits of 1 lOkD (Yeaman et al., 1989), there 

is no sequence similarity between the two enzymes (Stephens et al., 1983). The identity 

of these antigens was later confirmed, but a higher proportion of PBC patients were found 

to react with El a  (6 6 %) and a much lower proportion with ElB (2%) (Fregeau et al., 

1990a). Affinity purified antibody to El a  was shown to inhibit PDC enzyme activity, thus 

it was concluded that these antibodies were directed against functional domains of PDC 

(Fregeau et al., 1990a).
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Figure 1.2 Role of the 2-oxo-acid dehydrogenase complexes in intermediary 

metabolism.
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Abbreviations: PDC - pyruvate dehydrogenase complex; OGDC - oxoglutarate 

dehydrogenase comples; BCOADC - branched chain oxo-acid dehdrogenase complex; CoA 

- Coenzyme A; TCA - Tricarboxylic acid.

Figure 1.3 The structural domains of PDC-E2
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Figure 1.4 Reaction mechanism for the 2-oxo-acid dehydrogenase complexes.
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Abbreviations: TPP - Thiamine pyrophosphate; Lip-Sj - Lipoic acid (oxidized form); Lip- 

(SH) 2  - Lipoic acid (reduced form); FAD - Flavine adenine dinucleotide; NAD^ and 

NADH - Nicotinamide adenine dinucleotide (oxidized and reduced forms respectively).
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Table 1.2 The lipoyl regions of PDC-E2 from different species

BOVINE

HUMAN
(outer)
HUMAN
(inner)
RAT

E . c o l i

V E T D K A T V G F

V E T D K A T V G F

l E T D K A T I G F

l E T D K A T I G F

V E G D K A S M E V

K = lysine residue to which lipoic acid cofactor is attached.

Table 1.3 Molecular weights of the component polypeptides of PDC. OGDC and 

BCOADC.

PDC OGDC BCOADC
E2 70kD* El 96kD E3 55kD
E3 55kD E3 55kD E2 50kD*
X 51kD* E2 48kD* Ela 46kD

Ela 42kD* Eip 37kD
Eip 36kD*

- PBC specific antigens.
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1.7.4 AMA reactivity with procaryotes

The first report of AMA reactivity with procaryotes was between PBC sera and 

Paracoccus denitrificans (Sayers et al., 1976). Since then cross-reactivity has been 

demonstrated between PBC sera and a wide spectrum of procaryotes which include E.coli 

(Baum and Palmer, 1985; Lindenbom-Fotinos et al., 1985, Frazer et al., 1985), the 

thermophilic bacterium PS3, Klebsiella pneumoniae (Baum and Palmer, 1985) and yeast 

(Frazer et ah, 1985). The reactivity on immunoblot with two bacterial polypeptides of 

approximate molecular weights 70-80kD and 50-60kD could be absorbed out by 

submitochondrial particles of bovine heart mitochondria, indicating that both E.coli and 

mitochondria share cross-reacting determinants (Lindenbom-Fotinos et al., 1985).

A subsequent study demonstrated that PBC specific mitochondrial antigens at 70 and 50kD 

were recognized by rabbit antisera against Salmonella minnesota Rb and Rc (rough) 

mutants but not by antisera against wild-type enterobacteriaceae (Stemerowicz et al., 

1988). Absorption of rabbit antiserum against Salmonella minnesota R5 with mitochondria 

abolished reactivity with both the 70kD and 50kD mitochondrial polypeptides and their 

bacterial equivalents at 75-80kD and 50-52kD.

Rough forms of bacteria have defective polysaccharide synthesis resulting in an abnormal 

outer coat (Figure 1.5). The surface characteristics of the cell are altered in that the O- 

polysaccharide is absent and the core polysaccharide is incomplete. The surface of R 

mutants are more lipophilic and less readily water soluble than of smooth (wild-type) 

forms. Lipid A, a bacterial cell wall component, has been shown to have a mitogenic 

effect in that it stimulates IgM production, activates complement, induces endogenous 

mediators such as tumour necrosis factor (TNF) and interferon (IFN)-gamma (Westphal 

et al., 1982; Jann and Jann, 1985; Unanue and Allen, 1987).

Following the identification of the PBC specific mitochondrial antigens as the highly 

conserved E2 components of the 2-OADC family, the identity of the cross-reactive 

microbial antigens soon became apparent. The E.coli antigens were identified as PDC-E2 

and 0GDC-E2 (Fussey et al., 1990; Surh et a l, 1990b). They were shown to share a high 

degree of homology particularly around the lipoic acid binding site. E.coli does not 

possess BCOADC or protein X (Fussey et ah, 1990).
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Figure 1.5 Bacterial lipopolvsaccharide
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1.7.5 The major immunogenic region of E2

Digestion of the original rat liver cDNA clone found to express the 70kD peptide 

(Gershwin et al., 1987) with restriction endonucleases, identified a cDNA sub-clone that 

coded for a peptide containing the epitope recognized by PBC sera (Van de Water et al., 

1988a). Generation of synthetic peptides within this region and consideration of the 

sequence homology shared by the recombinant rat M2 protein, bovine heart PDC-E2 and 

E.coli PDC-E2 led to the identification of a 20 amino acid peptide (residues 81-100) 

corresponding to the lipoate binding site of PDC-E2. Inhibition studies showed this 

peptide absorbed out autoreactivity to the original clone. Preincubation of PBC sera with 

PDC inhibited enzyme function in 10 out of 10 patients tested (Van de Water et al., 

1988b).

Up to three lipoyl moieties can be present as part of the functional site of the enzyme. 

Human PDC-E2 contains three autoreactive determinants, two cross-reactive inner and 

outer lipoyl domains and an area surrounding the E1/E3 binding region, the dominant
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epitope being present on the inner lipoyl domain (Coppel et aL, 1988). Protein X of PDC 

posesses one lipoyl domain and E.coli PDC-E2 and 0GDC-E2 have three and one lipoyl 

domain(s) respectively.

The conformation of epitopes on the lipoic acid binding site may be important in 

determining their antigenicity. It has been demonstrated, by probing proteins expressed 

from restriction fragments of the human inner lipoyl domain, that from a total sequence 

of residues 128-229, a minimum of 75 amino acids (residues 146-221) is required to 

detect autoantibody binding on the inner lipoyl domain of PDC-E2 but 93 amino acids 

(residues 128-221) are required for strong reactivity (Surh et aL, 1990b), thus 

contradicting earlier work from the same group which showed that sera absorption with 

a 20 amino acid peptide was sufficient to completely abolish anti-PDC reactivity (Van de 

Water et aL, 1988b). Since such a large region is required for reactivity, it is thought, and 

is probable, that a conformational epitope is important in autoreactivity (Surh et aL, 

1990b). Indeed, a population of autoantibodies have been described in PBC sera that react 

with a conformational epitope. Reactivity was demonstrated by ELISA but not by 

immunoblotting, with intact PDC and not with recombinant PDC-E2, these antibodies 

were shown to inhibit enzyme function (Rowley et aL, 1991). However, antigenicity 

cannot be completely conformational dependent since AMA reactivity is not lost under 

such denaturing conditions as SDS-PAGE.

1.7.6 The role of the lipoic acid binding site in autoreactivity

The identification of the lipoic acid binding site as the immunodominant epitope in PBC 

prompted the investigation of the role of the lipoyl residue itself in AMA recognition. In 

initial studies using direct and competitive ELISA, neither lipoate nor lipoamide at 

concentrations of up to 50/xg/ml reacted with PBC sera, even at a serum dilution of 1:50 

(Flannery et aL, 1989). In addition, preincubation of PBC sera with ImM lipoate, ImM 

lipoamide alone or in combination failed to absorb out the reactivity of PBC sera in 

immunoblotting experiments (Fussey et aL, 1989b).

Fussey et aL (1990) have demonstrated using genetically restructured E.coli E2 

polypeptides, that unlipoylated E2, where lysine was replaced by a glutamine residue, was 

no longer recognized by PBC autoantibodies. However if octanoic acid was added to the
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essential lysine residue, antibody binding properties were restored because octanoic acid 

can mimic the unique peptide cofactor conformation. They concluded that the presence 

of a lipoyl residue is critical for antibody recognition.

Leung et al. (1990) have designed mutant structures in the lipoyl region of human PDC- 

E l to replace the lysine residue in the lipoyl domain. In contrast to Fussey et al. they 

found that a variation in the charge distribution at the lipoyl domain of PDC-E2 and the 

removal of lipoic acid by the change of a single amino acid did not significantly alter 

antibody binding at the lipoyl domain. However, as the lipoylation state of the 

recombinant wild type human PDC-E2 was unknown it was difficult to compare reactivity 

with the mutated unlipoylated form. It was concluded that PBC autoantibodies recognise 

a specific amino acid sequence and its associated secondary or even tertiary structure. 

Results from these two studies suggest that there may be a difference in antibody 

reactivity between E.coli and human PDC-E2. In support of the former study, Tuaillon 

et al. (1992) and Briand et al. (1992) have shown that the lipoyl moiety forms an integral 

part of a dominant conformational epitope. A range of PBC sera were tested for reactivity 

against seven E2 synthetic peptides, but only one of these peptides (residues 167-184), 

prepared with a lipoic acid on lysine 173, was recognised by PBC sera on ELISA. 

Absorption of the peptide Avith PBC sera abolished reactivity on ELISA and IFL. No 

inhibition of ELISA or IFL was found with the same peptide without lipoic acid.

Finally, the most recent study to demonstrate the importance of the lipoyl region in 

antibody recognition has used well characterized lipoylated and unlipoylated domains 

(Quinn et al., 1993). A previously cloned cDNA was used for human PDC-E2 in the 

construction and high-level expression in E.coli of a subgene encoding the inner lipoyl 

domain to generate lipoylated and unlipoylated forms of PDC-E2. Immunoblotting, 

ELISA, enzyme inhibition experiments and antibody affinity measurements using these 

domains revealed that the lipoyl residue is indeed crucial for effective recognition by PBC 

sera.

1.7.7 Specificity of the antibody response in PBC

AMA specificity in PBC has been investigated by immunizing a range of strains of mice, 

rats, guinea pigs, rabbits and rhesus monkeys with purified recombinant human PDC-E2.
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Antibodies were readily induced in all species tested and all inhibited enzyme activity. 

Antibodies raised in guinea pigs and rabbits reacted specifically with the functional site 

of PDC-E2 but antibodies produced in the other strains and species reacted with other 

epitopes on the molecule. Antibodies raised in each of the animal species reacted with 

autologous mitochondrial proteins except for some of the mouse strains whose antibodies 

reacted only with allogenic antigens. Interestingly, none of the animals had any evidence 

of liver damage (histologically or biochemically) even after an eight month study (Krams 

et aL, 1990). This would clearly indicate that antibodies are not the main cause of liver 

damage in PBC and other factors are necessary for disease pathogenesis. Moreover, AMA 

have been shown to remain in the circulation after liver transplantion, yet the disease does 

not appear to recur (Gouw et aL, 1994).

To determine the fine specificity of the murine response to human recombinant PDC-E2, 

18 monoclonal antibodies were generated from three strains of mice and the reactive 

epitopes mapped (Surh et aL, 1990a). Two of these mAh reacted with all species of 

mammalian PDC-E2 tested and 15 inhibited enzyme function. In addition, reactivity to 

recombinant PDC-E2 was inhibited by PBC sera. Unlike PBC sera, none of the mAh or 

murine polyclonal sera cross-reacted with protein X. Although the epitopes for 12 of the 

mAh were mapped to the inner lipoyl region, none reacted with autologous PDC-E2 or 

cross-reacted with the outer lipoyl domain. The epitopes of the two mAh that did react 

with all species of mammalian PDC-E2 were not localized to the PBC specific 

immunogenic inner lipoyl domain.

Recently, the first human monoclonal antibodies to PDC were generated from a PBC 

patient (Matsui et aL, 1993). Three mAh to PDC-E2 were generated from Epstein-Barr 

virus transformed B cell hybrids through repeated cloning by limiting dilution. On 

western blotting, two mAb reacted with PDC-E2 alone whereas the other mAh reacted 

with both PDC-E2 and protein X, suggesting that there are at least two distinct 

autoepitopes on PDC-E2. The binding of this latter mAh to solid-phase PDC was partially 

inhibited by two different synthetic peptides corresponding to the inner and outer lipoyl 

domains. This mAb would appear to be recognizing cross-reactive epitopes on the inner 

and outer lipoyl domains of PDC-E2 and protein X.
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Differing specificities of AMA may also be a result of varying relative affinities. The 

relative affinities of PBC autoantibodies for human recombinant PDC-E2 have been shown 

to be quite heterogenous. Relative affinities were shown not to correlate with the 

histological stage of disease or with AMA titre, but did correlate with enzyme inhibition 

activity (Robertson et aL, 1990).

1.7.8 Anti-M4. -M8 and -M9 antibodies

PBC sera tested by CFT revealed another PBC associated antibody that reacted with an 

outer mitochondrial membrane antigen (Berg et aL, 1980). The finding of this so-called 

anti-M4 antibody in PBC was originally thought to indicate an overlap disease between 

PBC and chronic active hepatitis as this "mixed form" condition was usually associated 

with the presence of anti-M2 and anti-M4 antibodies on IFL. Whilst some PBC patients 

exhibit both M2 and M4 reactivity on IFL, some sera may show only the M4 pattern. It 

was originally thought that the single antigenic band of approximately 52kD recognized 

by PBC sera on Western blot represented the M4 antigen (Fusconi et aL, 1988), despite 

other workers showing that M4 could not be detected by immunoblotting (Berg et aL, 

1980). However, recent studies would suggest that this 52kD mitochondrial antigen is the 

M2 component BC0ADC-E2, sole reactivity to which is present in about 5% of PBC 

patients (Van de Water et aL, 1989; Leung et aL, 1992). Anti-M4 antibodies were 

subsequently shown to recognize epitopes of sulphite oxidase (SO), an enzyme of the 

mitochondrial intermembrane space (Klein and Berg, 1991).

The unidentified M8  antigen also copurifies with the outer mitochondrial membrane. Like 

M4, it can be detected using CFTs and ELISA but not on immunoblot (Berg et aL, 1986). 

Anti-M8  antibody is only found in association with anti-M2. However, not all anti-M2 

patients have anti-M8 . As previously mentioned, the presence of anti-M8  when detected 

with anti-M2 and anti-M4 antibodies may characterize a subgroup of patients with 

progressive disease activity (Weber et aL, 1986).

When anti-M2 positive sera were tested with trypsinized sub-mitochondrial particles (M2 

antigenicity is lost on treatment with trypsin), yet another PBC associated antibody was 

detected - the anti-M9 antibody (Klein et aL, 1988). These antibodies have been found in 

patients with asymptomatic and early PBC and also in patients who have been clinically
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and histologically defined as having PBC but who are anti-M2 negative. On Western blot, 

the M9 fraction was found to have two antigenic determinants of 98kD and 59kD, and 

was later found to be associated with the cytoplasmic enzyme, glycogen phosphorylase 

(Klein and Berg, 1990a).

In contrast to all of the above, recent studies have been unable to detect PBC-specific 

reactivity with either the sulphite oxidase or glycogen phosphorylase antigens. Neither M4 

nor M9 reactivity could be detected by ELISA, CFTs, immunoblotting or enzyme 

inhibition assays (Davis et aL, 1992; Palmer et aL, 1993). In addition, a positive 

correlation was observed between ELISA optical density values and serum IgG levels in 

PBC and chronic liver disease groups (Palmer et aL, 1993), which suggested that some 

non-specific binding may have contributed to the results obtained in former studies. 

However, Klein et aL (1994) believe empirical differences are responsible for the disparity 

in results. They used higher antigen concentrations and higher serum dilutions to 

counteract any non-specific reactivity that may occur.

n view of the controversy surrounding the presence of M4 and M9 antibodies in PBC 

îera, one should be cautious when using such data to predict optimal time for transplant 

)r as a prognostic indicator as has been previously proposed (Weber et aL, 1986; Klein 

it aL, 1991).

.7.9 Naturally occurring mitochondrial antibodies f NOM Ai

40MA were first detected in healthy individuals by Baum and Palmer (1981) using 

mmunoblotting techniques. NOMA react against a range of mitochondrial antigens and 

ire usually present in low titre. Klein and Berg (1990b) later described a set of 

aitoantibodies in the sera of 81 healthy family members of 13 PBC patients which were 

trmed NOMA because they were detected by immunoblotting against M9 and M2 

factions from rat liver and bovine heart mitochondria respectively. Reactivity against four 

najor determinants of MW 98kD, 65kD, 61kD, 58kD was detected in 70% of healthy 

Elatives compared to only 6 % of 80 PBC patients. The authors concluded that an 

mderlying B-cell defect was responsible for the lack of antibody production in PBC 

latients, thus predisposing patients to bacterial infections that may have a role in the 

ætiopathogenesis of PBC.
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1.8 ANTI-NUCLEAR ANTIBODIES (ANA)

The detection of ANA in PBC sera is rapidly becoming a new tool in the diagnosis of 

PBC in patients who are AMA negative but who have histological and biochemical 

evidence of the disease. It has also been suggested that ANA have prognostic value in 

human diseases (Tan et aL, 1989). The five classical IFL patterns observed after IFL 

microscopy of ANA on fixed permeabilized cells are homogenous, nucleolar, speckled, 

smooth rim-like and punctuate rim-like (Worman and Corvalin, 1990). The latter three 

patterns have been shown to be associated with PBC. The speckled ANA include the 

pattern specific for the PBC associated anti-centromere antibodies and also a multiple 

nuclear dot ANA pattern shown by many authors to be specific for PBC (Powell et aL, 

1984; Bernstein et aL, 1984; Cassani et aL, 1985; McMilan et aL, 1987; Prost et aL, 

1987).

The association of PBC with scleroderma or CREST (Calcinosis, Raynaud’s phenomenon, 

esophageal, sclerodactyl, telangiectasis) syndrome is long established (Murray-Lyon et aL, 

1970; Reynolds et aL, 1971). Subsequent studies showed that detection of anti-centromere 

antibodies was concurrent with CREST-type scleroderma (Moroi et aL, 1980). Further 

reports were variable in that occurrence of anti-centromere-antibodies did not always 

coincide with scleroderma (Bernstein et aL, 1982; Makinen et aL, 1983). Fregeau et aL 

(1988), analysing serum samples from 250 scleroderma patients found 141 with CREST 

syndrome and 101 with diffuse cutaneous disease. Interestingly, 19 cases had anti-M2 

antibody (15 with CREST syndrome), but only 3 had PBC. In a similar study where 72 

scleroderma cases were analysed, although none had any evidence of liver disease, 1 1 % 

of patients had specific antibodies to PDC-E2 (McHugh et aL, 1990).

The speckled multiple nuclear dot ANA was found to react on immunoblot with a lOOkD 

nuclear protein and was subsequently called SplOO (Szostecki et al., 1987). A recombinant 

SplOO protein was later cloned by immunoscreening a lambda g tll  cDNA expression 

library derived from Hela cells with an anti-SplOO serum. When 525 diseased patients 

were screened for anti-SplOO by ELISA, (50/184) 27.2% PBC patients demonstrated 

specificity for SplOO, compared to no cases amongst other chronic inflammatory liver 

diseases; 7.2% primary systemic sclerosis and 1.9% SLE cases (Szostecki et aL, 1987). 

Interestingly, this same study revealed striking sequence homologies between SplOO and
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the a l and a l  domains of MHC class I antigens, the significance of which will be 

explained later (see Chapter 7).

In contrast, an analysis of 38 Sp-100 autoantibody positive patients with PBC, 

autoimmune chronic active hepatitis, various immunological disorders and liver disease 

of unknown aetiology, demonstrated that serum multiple nuclear dots ANA are not 

specific for PBC, since they were found in 1/3 of non liver disease patients with 

immunological disorders (Pawlotsky et al., 1992).

The most relevant ANA in PBC are probably those directed against the nuclear envelope 

proteins (which give the smooth and punctuate rim-like patterns on IFL). The nuclear 

envelope is composed of three distinct membrane domains: the outer nuclear membrane; 

the inner membrane and the perinuclear space which separates the two membranes. The 

inner and outer membranes are connected at points by nuclear pore membranes. The 

nuclear lamina (Lamins A, B, & C) are located between the inner membrane and the 

chromatin (Figure 1.6).

Figure 1.6 The nuclear envelope
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On IFL approximately 25% of PBC patients give punctuate staining of the nuclear 

periphery. These ANA were shown to recognize a 200kD protein (Lozano et aL, 1988; 

Lassoued et aL, 1988, 1990) which was later identified as gp210, the major integral 

membrane protein of the nuclear pore membrane (Courvalin et aL, 1990a). PBC patients 

that give smooth rimlike staining on IFL have been shown to react with the avian lamin 

B receptor (Courvalin etaL, 1990b; Lassoued et aL, 1991). Autoantibodies to either gp210 

or the lamin B receptor have not been found in healthy individuals or in other autoimmune 

disease patients so are nearly 100% specific for PBC. A recent study has demonstrated 

autoantibodies against gp210 in 4 out of 19 (21%) patients with PBC who did not have 

detectable AMA (Nickowitz et aL, 1994). Therefore, these ANA may be useful in 

diagnosing PBC in AMA negative potential PBC patients. It has recently been shown that 

ANA from 25/25 PBC patients recognize a restricted region of only 15 amino acids within 

the carboxy-terminal domain gp210 (Nickowitz and Worman, 1993). In contrast, 10 SLE 

patients sera recognizing lamin B reacted with at least 5 distinct linear epitopes along the 

molecule (Chou and Reeves, 1992). Interestingly, this 15 amino acid region has an exact 

identity of 6  consecutive amino acids with protein products of the E.coli mut Y gene and 

Salmonella typhimurium mut B (see chapter 7).

Independent populations of both ANA and AMA appear to be present in PBC sera. Since 

there is no sequence homology between any of the deduced amino acid sequences for the 

nuclear and mitochondrial immunodominant antigens, cross-reactivity between antigens 

is not possible at least at the T-lymphocyte level. Moreover, a recent study using affinity 

purification procedures also rejected the possibility of cross-reactivity at the B-lymphocyte 

level (Mackay et aL, 1993).

1.9 GENETIC FACTORS

1.9.1 Familial Associations

The familial incidence of PBC has been reported to be 2.4% (Myszor and James, 1990). 

A recent study tested 48 blood relatives and 15 spouses of 27 index PBC patients for the 

presence of AMA (Caldwell et aL, 1992). Using IFL, it was found that overall 11% of 

relatives possessed autoantibodies to nuclear and cytoplasmic antigens, but only one had 

typical AMA. All of the 15 spouses were negative. 2 out of 48 blood relatives tested
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positive for AMA, one was a sister of an index PBC patient who was positive for AMA 

(1:640) on IFL, and had pruritus and liver histology diagnostic of PBC. This lady was 

negative on PDC-E2 ELISA but was weakly positive on immunoblotting against 

BCOADC-E2. The other positive was a mother of a PBC patient with diagnosed 

sarcoidosis and was positive for antibody to PDC-E2 by immunoblotting and ELISA. 

Although this study only demonstrated specific AMA in two relatives, overall there did 

appear to be a predisposition to autoimmunity. It was mentioned that three other first 

degree relatives suffered from liver disease but sera were not available for testing.

As already mentioned NOMA have been shown to be present in 70% of healthy family 

members of PBC patients but in only 6 % of PBC patients (Klein and Berg, 1990b). The 

authors believe that NOMA have a protective role, and a deficiency may be a predisposing 

factor in the development of PBC. However, Caldwell et ah (1992) were unable to detect 

these NOMA in their AMA evaluation of PBC family members.

The most recent study investigating the familial preponderance of PBC examined the 

medical history of the family members of 405 PBC patients which was then compared 

with the prevalence of the disease in the general population. A family prevalence of 4.3% 

was found which increased to 14.9% when family members with liver disease that hadn’t 

been diagnosed were included (Bach et aL, 1994).

1.9.2 The human HLA system

Humoral and cellular immunological abnormalities have been well characterized in PBC. 

These include increased circulating autoantibodies (particularly IgM) and immune 

complexes, accelerated complement activation (Wands et aL, 1978; Penner 1986), 

defective suppressor T cell function, the presence of lymphoid aggregates and granulomas 

on histology (Fagan et aL, 1983; Nakunuma and Ohta, 1983) and the aberrant expression 

of major histocompatibility complex (MHC) class II antigens on biliary epithelial cells 

(BEC) (Ballardini et aL, 1984). It is generally believed that the genes responsible for such 

abnormal immune functions are the HLA genes which constitute the human MHC on 

chromosome 6 . Very few studies have investigated T cell receptor (TCR) or 

immunoglobulin genetics and susceptibility to autoimmune disease.
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Human leukocyte antigen (HLA) genes are thought to play a major role in the 

predisposition of an individual to autoimmune disease and have been shown to be closely 

associated with a number of well-defined autoimmune diseases such as RA, SLE and type-

I diabetes (IDDM) (Baines and Ebringer, 1992). However, very few diseases have been 

shown to be directly linked to genes in the HLA complex.

HLA molecules are critical for immuno-activation events in autoimmunity and indeed in 

normal immune responses. Polymorphisms among HLA genes identify specific haplotypes 

associated with autoimmune diseases, in that they determine whether or not a peptide will 

bind and be presented to the immune system. It should also be borne in mind however that 

HLA-derived peptides are presented by class II antigens, some alleles may generate unique 

peptides that are themselves pathogenetic. HLA molecules are also important in regulating 

TCR specificities during T cell differentiation and maturation in the thymus. Thus, the 

anomalous expression of MHC class II antigens on BEC in PBC has led researchers to 

postulate that HLA genes may have an important role in the immunopathogenesis of the 

disease.

TCR only recognize antigen in association with self MHC class I or II molecules. MHC 

class I molecules present degraded intracellular proteins, such as viruses, to CD8  ̂

cytotoxic T (T j cells. MHC class II molecules present extracellular proteins which have 

been internalized, digested and processed by an antigen presenting cell (APC) to CD4^ 

helper T (T^) cells which may then go on to stimulate specific B and T cell responses 

(Meuer et aL, 1982). The invariant chain acts as a chaperone for MHC class II molecules 

on route to antigen binding within the APC, but is cleaved off before the the MHC class

II - antigen complex reaches the cell surface.

The human HLA system refers to a group of membrane bound glycoproteins concerned 

with cell-to-cell interactions in the immune response. It spans about 3,500 kilobases and 

is divided into three classes: I, II and III.

1.9.2.1 Class I molecules

The class I region encodes the HLA A, B and C antigens which are expressed on all 

nucleated cells. They consist of two non-covalently linked polypeptide chains termed a

46



and B. The a  chain is a polymorphic glycosylated transmembrane protein. The 

extracellular amino terminal region of the a  chain is composed of two homologous 

polymorphic domains «i, « 2 , which include the epitopes recognized by TCR, and also the 

highly conserved 0 : 3  domain, all are attached to a short hydrophobic section traversing the 

membrane and a small hydrophilic section in the cell cytoplasm. The B chain, called B2  

microglobulin, is a non-glycosylated invariant polypeptide chain which is encoded on 

chromosome 15 (Figure 1.7).

The class I molecule (HLA A2) has been crystallized and the 3D structure deduced. It 

consists of B pleated sheets and two a  helices, a groove between the a  helices contains 

the antigen binding site (Bjorkman, 1987 a,b). Class I molecules can present intracellular 

peptides of 8-9 residues (Falk et aL, 1991; Jardetzky et aL, 1991).

1.9.2.2 Class II molecules

The classical HLA class II genes are those which encode the HLA DR, DQ and DP 

antigens. However, other gene products bring about cleavage (low molecular weight 

proteases LMP2, LMP7) and transport (TAP 1 and 2) of peptides. MHC class II molecules 

are normally expressed on B cells, activated T cells, macrophages/monocytes, dendritic 

cells, epithelial cells in the thymus, kidney proximal tubules and the small intestine. Their 

expression can be upregulated, and "inappropriate" expression on other cell types 

stimulated, by cytokines such as IFN gamma and tumour necrosis factor (TNF).

The class II molecules consist of two dissimilar a. and B polypeptide chains. Both chains 

are encoded on chromosome 6  and both are inserted into the cell membrane (unlike class 

I molecules). Both chains are outside the cell and both are attached to a short hydrophobic 

transmembrane section with a hydrophilic section in the cell cytoplasm (Figure 1.8). For 

the HLA D antigens both the a and the B chains may be polymorphic, unlike class I 

antigens where the B-chain is invariable. The a  and B chains are encoded by an A and a 

B gene, the DRA gene is invariable, but the DRB, DQA/B and DPA/B genes are 

polymorphic. Usually there are two expressed DR genes in each haplotype, the invariant 

DRA gene and five different DRB genes (DRB1-DRB5). DRBl encodes DRl - DR18; 

DRB2 is a pseudogene (no expressed product); DRB3 encodes DR52; DRB4 encodes 

DR53 and DRB5 encodes DR51.
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Linkage disequilibrium within haplotypes is evident, that is when two alleles are observed 

together at a higher frequency than would be expected for one allele on its own. 

Therefore, when an HLA association is found with a particular disease it is not clear 

whether that gene on its own or a linked haplotype is responsible for disease association. 

DRBl types DR3, DR5 or DR6  carry the DRB3 gene; DRBl types DR4, DR7 or DR9 

carry the DRB4 gene; DRBl types DR2 carry the DRB5 gene and DRBl type DR8  has 

only one expressed DRB allele.

The class II structure has recently been confirmed by crystallographic studies (Brown et 

aL, 1993). Like the class I molecule, it possesses an antigen binding cleft where the cell 

surface molecule is composed of a fiat B sheet on which rests two c l helices, the groove 

containing foreign or self peptide. But, unlike the MHC class I structure the class II 

binding groove is open-ended thus allowing the binding of longer peptides of 13-17 

residues (Rudensky et aL, 1991).

1.9.2.3 Class III molecules

The HLA class III genes encode a range of immunologically active serum and plasma 

proteins, they include the genes of the classical (C4A, C4B and C2) and alternative (factor 

B) complement pathway, TNF a  and 13 and steroid cytochrome P450 21-hydroxylase 

enzymes. C2 and factor B are single chain plasma glycoproteins. The C4 component is 

also a glycoprotein composed of three subunits, a  chain, 13 chain and gamma chain which 

are covalently linked by disulphide bridges.
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Figure 1.6 Structure of the MHC class I antigen
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1.9.3 Specific HLA associations with PBC

Most of the studies to date on HLA associations with PBC have provided very variable 

data. Many studies have shown a lack of association with HLA class I antigens (Prochazka 

et al., 1990; Galbraith et al., 1974; Ercilla et al., 1979; Hamlyn et al., 1980; Miayamori 

et al., 1983; Bassendine et al., 1985, Manns et al., 1991a; Briggs et al., 1987). The most 

notable HLA associations are with HLA class II, particularly HLA DR8  (Gores et al., 

1987; Prochazka et al., 1990; Manns et al., 1991a; Maeda et al., 1994; Underhill et al., 

1992; Gregory et al., 1993). The first report of such an association demonstrated that 

30.2% of 114 PBC patients were positive for DR8  compared to 4.7% of 171 controls 

(Gores et ah, 1987); a negative association was shown for DR5 (PBC 9.8% versus 

controls 25.2%). A positive association with HLA DR52 and a negative association with 

HLA DR2 was also demonstrated in relation to increases in serum bilirubin, indicating that 

HLA factors may have prognostic significance. A HLA typing study on 25 German PBC 

patients also revealed an increased frequency in DR8  (36% versus 3.6% controls) (Manns 

et al., 1991a).

Variation is common in HLA association studies and is probably related to different typing 

techniques. However the advent of modem molecular DNA- based techniques, such as 

"restriction fragment length polymorphism (RFLP) analysis" has improved the accuracy 

of HLA typing. Recent studies on HLA typing in PBC using this technique have produced 

similar results. In one of these studies DR8  was present in 11% of 159 PBC patients 

compared to 4% of 162 controls (Underhill et al., 1992) and the other study demonstrated 

DR8  in 18.5% of 130 patients compared to 9.2% of 363 controls (Gregory et al., 1993). 

The DR8  associations were significant in both cases. The latter study also demonstrated 

that DR8  positive PBC patients have higher serum bilirubin levels than DR8  negative 

individuals, which once again ascribes prognostic significance to certain HLA factors. 

Furthermore, no difference in the DR52 frequencies and no association with specific 

disease markers were found, in contrast to the earlier study by Gores et al. (1987).

Another conflicting report comes from a Swedish group who were genotyping for DRB 

and DRA specificities by RFLP. They showed a significant increase in frequency of DR7 

and a significant reduction in frequency of DR2 in PBC patients (Lindgren et al., 1991). 

Different detection methods seem to influence results. For instance, one study using
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serological typing methods found a 78.6% association with DR8  (Maeda et a l,  1992) 

whereas a study using DNA typing methods found only a 36.8% association (Seki et a l,

1992).

HLA associations seldom account for 100% of patients with the disease. Many PBC 

patients do not have HLA DR8 , and conversely many HLA DR8  positive individuals do 

not develop PBC. This might indicate that the true susceptibility gene lies some distance 

away from HLA DR genes. Perhaps the closely linked DP and DQ loci (that may or may 

not be in linkage equilibrium) may have a role to play in disease susceptibility. An 

increase in the frequency of the allele DQB 1*0402 has been demonstrated in 11% of 89 

PBC patients compared with 4% of 181 controls (Underhill et al., 1992). This difference 

was not significant but all of the positive PBC patients had DR8 . A Japanese study found 

an increase in frequency of the allele DPB 1*0501 in 85% of PBC patients compared to 

55% of controls (Seki et a i, 1992). Other Japanese studies have found a significant 

association with the HLA-DRB 1*0803 genotype in PBC patients compared to controls but 

no significant association with the DPBl genotype was found (Maeda et al., 1994; 

Kobayashi et al., 1994). Interestingly, different immunoreactivity patterns of AMA have 

been demonstrated in North American Caucasians and Japanese patients with PBC 

(Iwayama et al., 1992). Only 65% of Japanese PBC patients reacted with the major 

mitochondrial antigen PDC-E2 by ELISA compared with over 95% positivity amongst 

North Americans. Furthermore, the degree of enzyme inhibition by AMA was much lower 

in Japanese patients. In addition to environmental factors, this study provides further 

evidence that several specific susceptibility genes may be involved in part in pathogenesis, 

as clinical presentation of the disease is similar worldwide.

Analysis of the TAPI and TAP2 genes which are situated close to the DR locus showed 

no association with PBC. However when TAP allele (A and B) frequencies were 

compared within DR8  subgroups, TAP IB was increased in both DR-positive PBC patients 

and controls which would indicate that there is linkage disequilibrium between these two 

loci (Gregory et al., 1994).

In view of the many conflicting reports on class II HLA association with PBC, the class 

III complement genes were tested for disease association, since complement abnormalities
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are common in PBC. The first study showed no increase in null alleles for either C4A or 

C4B (C4AQ0 and C4BQ0), but a significant increase was demonstrated in the frequency 

of the C4B 2 and C4A 4 allotypes (45% vs 17% controls and 21% vs 6 % controls 

respectively) (Briggs et al., 1987). In contrast, another study could not corroborate a 

significant increased frequency of C4B 2 or C4A 4. However, an increased frequency was 

demonstrated in C4AQ0 alleles. Interestingly, a highly significant proportion of PBC 

patients carried both DR8  and C4AQ0 alleles (Manns et al., 1991), suggesting that DR8 - 

C4AQ0 is a PBC associated haplotype.

In a recent review, Donaldson et al. (1994) have put forward three hypotheses on how an 

individual may be genetically predisposed to autoimmune disease. Firstly, "direct 

interaction" between a MHC molecule and a particular peptide may be important as the 

ability of a MHC molecule to bind peptide depends on polymorphic residues that line the 

peptide binding groove. Secondly, "linkage disequilibrium" might occur, whereby 

identified disease susceptibility genes might simply be closely linked genetic markers for 

the true susceptibility genes. Thirdly, the formation of "novel heterodimers" might occur, 

where instead of a  and B heterodimers from the same haplotype pairing, mixed 

heterodimers consisting of o l and B chains encoded by different subregions (e.g. HLA 

DRa/DQB) may form.

In PBC, studies suggest that linkage disequilibrium is occurring, hence the difficulties in 

identifying disease susceptibility genes. Furthermore, PBC, like so many other 

autoimmune diseases, is probably a polygenic disease where the disease phenotype is 

likely to be affected by environmental factors.

1.10 IMMUNOLOGICAL ABNORMALITIES

The aberrant expression of MHC class II antigens on the biliary epithelium in PBC is well 

documented (Ballardini et al., 1984; Pisi et al., 1986; Gores et al., 1987; Nakanuma and 

Kono, 1991; Spengler et a l,  1988). However, it is still unknown whether such antigen 

expression is involved in the initiation of the disease or whether it is just a consequence 

of liver damage.
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Almost all cells can be induced to express class II antigens by cytokines, in particular IFN 

gamma (Franco et al., 1988) which is also a trigger for intercellular adhesion molecule-1 

(ICAM-1). The interaction of ICAM-1 and its receptor lymphocyte function-associated 

antigen-1 (LFA-1) can cause the activation of lymphocytes. Immunohistochemical studies 

on frozen liver sections have demonstrated increased expression of ICAM-1 on biliary 

epithelium in PBC and PSC (Volpes et al,, 1990; Adams et al., 1991). Furthermore, 

increased lCAM-1 expression has now also been demonstrated on cultured EEC from 

resected PBC livers compared to normal controls. A greater increase was observed after 

incubating cell cultures with TNF-a, IFN-gamma and interleukin (IL)-l (Ayres et al.,

1993). The administration of lL-2 to mice can induce lymphocytic infiltration around the 

bile ducts and MHC class 11 expression on BBC, but administration of anti-lFN gamma 

inhibits these phenomena, implying that IFN gamma induces pathological changes 

(Himeno et al., 1992). These studies suggest that the anomalous expression of 

immunoregulatory molecules such as MHC class 11 and lCAM-1 may have a role to play 

in the immunopathogenesis of PBC.

Not surprisingly, aberrant MHC class 11 expression is not unique to PBC, such expression 

is normal in situations where there is presumed immune-mediated damage e.g. liver 

allograft rejection (Steinhoff et al., 1988). In hepatic graft-versus-host disease, after bone 

marrow transplantation, the intrahepatic bile ducts express HLA-DR antigens (Dilly et al., 

1985; Miglio et al., 1987). Focal HLA-DR expression has also been reported in large bile 

duct obstruction and in liver tissue adjacent to metastatic carcinoma as well as in cases of 

intrahepatic cholestasis, granulomatous hepatitis, cryptogenic cirrhosis and alcoholic 

hepatitis (Barbitis et al., 1987; Spengler et al., 1988; Chapman et al., 1988).

1.10.1 T ceils

Many studies have tried to characterize the extensive inflammatory mononuclear cell 

infiltrate in the portal tracts of PBC patients. The well-documented aberrant expression 

of MHC class 11 molecules on BBC and the high and persistent titres of AMA (whose 

production is T cell dependent) in patients sera strongly suggest T cell specific 

mechanisms are involved in disease pathogenesis. Indeed, some reports have shown the 

CD4^ T lymphocyte to be the predominant cell type surrounding the portal tracts in late 

stage disease (Lobo-Yeo et al., 1987; Krams et al., 1990; Kobashi et al., 1994). Others
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have shown CD8  ̂ T lymphocytes to predominate (Yamada et al., 1986; Vento et al., 

1984; Hoffmann et al., 1989, Onishi et al., 1993), but one of these studies showed an 

increased tendency toward CD4^ in late stage disease (Hoffmann et ah, 1989). However, 

phenotypic analysis of lymphocytes does not neccessarily reflect their functional capacity 

(Meuer et al., 1982; 1988; Strassman and Bach, 1984; Vidovic et al., 1984).

The functional analyses of lymphocytes in PBC should ideally focus on liver derived and 

not circulating lymphocytes. The cytotoxic potential of T cell clones from the biopsies of 

14 PBC patients has been examined and it was shown that in 9 patients the CD8  ̂T cell 

predominated over CD4^ T cells, but the opposite was the case for the other 5 patients. 

The CD8  ̂ T cells demonstrated high activity in a lectin-dependent cell-mediated 

cytotoxicity (LDCC) assay, reflecting the cytolytic activity of T̂ . cells; CD4^ clones with 

LDCC activity were rarely found (Hoffmann et al., 1989).

Another study has shown that spleen-derived CD8  ̂ T lymphocytes were cytotoxic for 

autologous BEC in 5/5 patients with PBC, but cytotoxicity was weak and was only 

detectable at high effector to target ratios (Onishi et al., 1993). PBC-like hepatic lesions 

have been reported in (B6  x bml2) mice injected with B6  CD4^ T cells. Cellular 

infiltrates surrounding the bile ducts, consisted of both CD4^ and CD8  ̂ T cells. 

Interestingly, when a monoclonal antibody to CD8  ̂T cells was injected into the mice, the 

PBC-like hepatic lesions were exacerbated and autoantibodies against PDC-E2 became 

detectable in the serum. It was thus concluded that CD8  ̂T cell populations included cells 

that suppressed autoimmune events induced by CD4^ T cells reacting with allogeneic 

MHC class II antigen in mice (Saitoh et al., 1990).

There is little information on the specificity of the T cell response in PBC, mainly because 

of the difficulties in culturing T cells and presentation of antigen. However, Van de 

Water et al. (1991) recently cloned CD4^ CD8  T cell lines from PBC patients that 

produced IL2 in response to stimulation with PDC-E2 and BC0ADC-E2. Two clones 

responded specifically to PDC-E2, and one to BC0ADC-E2, suggesting that the T cell 

drive in AMA production is both polyclonal and peptide specific.

Other lymphocytic abnormalities associated with PBC are the defective proliferative
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responses of peripheral T lymphocytes to polyclonal mitogens (MacSween et a l,  1973) 

such as phytohaemagglutinin which were unrelated to defective production of IL-2 or with 

a decreased expression of IL-2 receptor (Menendez et ah, 1992). Indeed, T lymphocytes 

from peripheral blood and liver tissue of PBC patients have been shown to produce 

reduced amounts of lymphotoxin (TNFB), tumor necrosis factor (TNFa) and interferon 

gamma (Spengler et a i, 1992). T lymphocytes from PBC patients do however have an 

enhanced ability to produce lymphokines that regulate the proliferation of B cells and their 

differentiation to IgG and M secreting cells (Menendez-Caro et al., 1994).

1.10.2 B cells

Both T and B cell-mediated mechanisms may be involved in the pathogenesis of PBC. 

CD20^ B cells and Ig  ̂ cells have been found in the hepatic lymphoid infiltrate and 

immunoglobulin is also found on the surface of biliary epithelium in PBC (Krams et al.,

1990). In addition, AMA producing B cells are present in the peripheral blood in a high 

frequency and seem to be maximally activated which suggests that AMA are not simply 

due to polyclonal B-cell stimulation (Lohse et al., 1992). Furthermore, the proliferative 

responses of CD4^, Leu-8  ̂ cells (which are directly involved in suppressing Ig synthesis 

and have little helper function) have been shown to be lowered in PBC patients compared 

to controls (Suou et al., 1989).

1.11 CONCEPTS OF AUTOIMMUNITY

Autoimmune diseases are characterized by the failure of the immune system to distinguish 

self from non-self, resulting in diverse pathological events and ultimate organ destruction. 

Many proteins have been highly conserved during evolution giving rise to many cross

reactive antigens and thus making the distinction between foreign and self very difficult.

The "clonal selection theory" was formulated to explain how immunological tolerance to 

self peptides develops (Bumet, 1959). The thymus plays a critical role in educating T 

lymphocytes to discriminate self from foreign. Intensive positive and negative selection 

of T cells occurs within the thymus before being released into the peripheral circulation. 

Negative selection occurs following interaction of TCR with self antigen in association 

with MHC molecules, resulting in their elimination by apoptosis (Sha et al., 1988; Kappler 

et al., 1987; Adorini et al., 1990; Surh and Sprent, 1994). Positive selection occurs when

55



TCR recognize self MHC molecules on thymic epithelium in the absence of any peptide. 

Only about 4% of T cells entering the thymus leave alive (Scollay and Shortman, 1985). 

T cells start out being both CD4^ and CDS^ positive, but their ultimate phenotype depends 

on whether the TCR binds MHC class I or II antigens.

Autoreactive T cells are not always effectively eliminated in the thymus, in which case 

peripheral elimination must also take place. Evidence for this comes from studies where 

it was possible to experimentally induce autoimmunity in animals by administering organ- 

specific antigens (Rose, 1979). Indeed, some organ-specific antigens (e.g. thyroglobulin 

or F-specific antigen) are probably not available in significant amounts during embryonic 

development for elimination to take place. It has been proposed that only high avidity T 

cells to self-antigens are eliminated in the thymus, and that low avidity cells remain in the 

peripheral circulation, binding to antigen only when presented in a sufficiently potent form 

(Ada and Rose, 1988). Some mechanisms suggested for peripheral inactivation are clonal 

anergy (Nossal and Pike 1980; Jenkins et al., 1987; Burkly et al., 1989) where self 

reactive lymphocytes are present but cannot proliferate perhaps because of the absence of 

co-stimulatory factors and regulatory mechanisms such as suppression whereby antigen- 

specific CD4^ cells serve as inducers for CD8  ̂ suppressor effector cells (PBC-like lesions 

could be exacerbated in mice by injecting them with a monoclonal antibody to CD8  ̂ T 

cells (Saitoh et al., 1990) - see above).

A recent study has provided evidence for a mechanism whereby immunization with a 

cross-reacting antigen might break tolerance in B and T cells. B cells stimulated with 

foreign antigen not only produce antibodies to a related self protein but can also act as 

antigen presenting cells for the same self protein, thus leading to sustained T cell 

autoreactivity (Lin et al., 1991).

Most individuals have the capacity to produce a range of autoantibodies that do not incite 

pathological autoimmune responses, probably because T cell help is not available for B 

cell expansion and differentiation. Such B cells are the source of the low affinity IgM
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autoantibodies to many self-antigens found naturally. In the absence of T cell help, B cells 

fail to undergo somatic mutation to produce antibodies of higher affinities and fail to 

undergo the class switch to IgG. Diversity in TCR and Ig receptor is generated by 

processes of genetic rearrangement and reassortment. Unlike B cells, where frequent 

somatic mutation occurs (particularly in the highly variable binding sites), T cells are 

incapable of changing the specificity of their antigen recognition after leaving the thymus.

1.11.1 What leads to the breakdown in self-tolerance?

There are many theories on how autoimmunity might develop, many of them involving 

a breakdown in self-tolerance. 1) Presentation of normally sequestered self antigens such 

as sperm and lens, can initiate an autoimmune response if damaged in any way. 2 ) 

Molecular mimicry where antigenic determinants shared between a foreign and self 

peptide can potentially initiate an autoimmune response. 3) Modification of auto-antigens 

might occur through the action of drugs and chemicals or perhaps a defect in a metabolic 

process. 4) A virus infection can in some situations stimulate an immune response. For 

example, certain strains of mice infected with Coxsackievirus B3 (CB3) have been shown 

to develop active myocarditis and heart-specific autoantibodies. No cross-reactivity was 

present between heart and CB3, suggesting that the virus might play a role in altering or 

exposing self antigen (Neu et a l, 1987 a,b). 5) Inappropriate expression of MHC class II 

antigens on cell surfaces may also be a predisposing factor for autoimmune disease. This 

has been proposed in IDDM, where abnormal expression of MHC class II antigens is 

evident on islets cells (Botazzo et ah, 1985). It is possible that a tissue-specific viral 

infection and consequent production of IFN gamma can stimulate aberrant MHC class II 

antigen expression and present self-antigen to corresponding TCRs.

1.12 MOLECULAR MIMICRY

Natural selection favours continual searching by microorganisms of ways of eluding the 

body’s immune system. So by employing a system whereby they display stretches of 

amino acids similar to self, they can disguise themselves from immune attack. The term 

molecular mimicry was first used in the context of microbial and host-cell components by 

Damian (1964), and has since been postulated as a pathogenetic mechanism in many 

autoimmune diseases because of the high degree of homology between many host-cell and 

microbial components.
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Autoimmunity initiated by molecular mimicry should only take place when the microbial 

and host determinants are similar enough to cross-react, but different enough to break 

immunological tolerance (Oldstone, 1987). An antigen that differs only slightly from self 

is capable of generating an autoimmune response but one that differs greatly or that is 

identical cannot. A fine balance regulates the initiation of an autoimmune response, which 

can occur at the B or T cell level. The context of antigen presentation, the degree of 

homology and the activity of accessory factors are all likely to be important factors in 

determining whether autoimmune disease or microbial persistence prevails.

A classical example of molecular mimicry is post-streptococcal rheumatic fever. 

Similarities have been demonstrated between group A streptococcal M protein and myosin. 

Antibodies raised in the mouse and human to a particular M protein sequence have been 

shown to bind to heart tissue (Cunningham et ah, 1989). However, the characteristic 

pathological features of disease could not be induced in animals by immunization with 

streptococci (Dale and Beachey, 1985).

Other examples of bacterial molecular mimicry include ankylosing spondylitis (AS) where 

approximately 90% of patients are known to possess the HLA-B27 haplotype (the normal 

incidence of B27 is 9%). HLA-B27 has a sequence in common with an antigen found in 

Klebsiella pneumoniae, an organism that can be isolated from faecal cultures obtained 

from AS patients during active phases of disease, and there is a strong correlation between 

disease state and the presence of antibodies to Klebsiella (Ebringer, 1989a). In addition, 

in RA, specific dirvXi-Proteus antibodies have been shown to be present in active disease 

and anti-HLA-DR4 sera were shown to bind Proteus (Ebringer, 1989b). An example of 

viral molecular mimicry is experimental allergic encephalitis (EAE) where it has been 

possible to induce the disease in rabbits by injecting them with an hepatitis B polymerase 

peptide that shared just a 6  amino acid sequence similarity with part of the myelin basic 

protein molecule (Fujinami and Oldstone, 1985).

1.12.1 Heat shock proteins, molecular mimicry and autoimmune disease

There has been considerable interest recently in heat shock proteins (hsps) because of their 

suggested involvement in a number of diseases attributable to molecular mimicry 

(Latchman, 1991; Benjamin, 1993). Hsps are highly conserved and are found on both
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prokaryotic and eukaryotic cells. Many of these proteins are synthesisized under normal 

conditions, but under conditions of stress synthesis is greatly enhanced. Hsps play a 

critical role in the defence of the cell against damaging agents. They also serve as 

molecular chaperones in protein unfolding, protein transport and assembly (Ellis et al., 

1990); hsp 65 aids the transport of other proteins into mitochondria by catalysing their 

unfolding.

It has been possible to experimentally induce an autoimmune disease which affects the 

joints by injecting susceptible animals with mycobacteria. T cells were found to react 

against a common epitope present on the 65kD hsp of mycobacteria and a cartilage- 

associated molecule found in the joints (Van Eden et al., 1989). Another study has shown 

that human hsp 65 can be induced in macrophages by interferon gamma or viral infection. 

These macrophages were recognized by CD 8  ̂T cells specific for bacterial hsps, indicating 

that bacterial and human hsp can be presented in the context of MHC class I molecules 

(Koga et al., 1989). However, killing of cells can also be MHC class II restricted (Munk 

et al., 1989).

Autoimmune diabetes in the NOD/Lr mouse has been shown to be accompanied by 

antibodies and T cells reactive with hsp 65. Moreover, these T cells were capable of 

inducing diabetes in young NOD/Lr mice; injection of hsp 65 in non-immunogenic form 

can reduce the severity of subsequent disease (Elias et al., 1990). Hsp 65 was originally 

thought to be the B cell autoantigen in IDDM (Jones et al., 1990) however the antigen in 

question has now been shown to be glutamic acid decarboxylase (GAD) (Baekkeskov et 

al., 1990). The production of antibodies and/or T cells in response to an exogenous 

antigen, such as a hsp, may lead to an autoimmune response to a natural endogenous 

antigen but also to other cellular antigens that share the same epitope.

1.13 AIMS

The purpose of this thesis was to investigate the possibility of a bacterial antigen, possibly 

resulting from a urinary tract infection (UTI), initiating an autoimmune response in PBC 

through a mechanism of molecular mimicry because of the presence of cross-reactive B 

or T cell epitopes on mitochondrial and bacterial antigens, and possibly on other self 

molecules.
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The aims were:

la) to confirm reports that PBC patients have an increased incidence of UTI compared to 

other chronic liver disease patients and b) to carry out localization studies to determine 

whether infections were confined to the upper or lower urinary tract.

2 . to investigate if cross-reactivity existed between bacterial and mammalian antigens 

using crude and purified sources of M2 autoantigen.

3. to compare UTI susceptible PBC patients with a control group of women who have 

a long history of recurrent UTI but no evidence of liver disease: firstly, by testing their 

sera for the presence of AMA using both crude and purified autoantigens and secondly, 

to examine the microorganisms isolated from infected subjects for any distinctive features.

4. to characterize the M2 autoantigen in human BEC isolated from normal and diseased 

liver obtained at transplant so as to determine the immunogenicity of the antigen in vivo.

5. to test responses of T cells from PBC patients to PDC.
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CHAPTER 2

MATERIALS AND METHODS
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2.1 M A T E R IA L S

All reagents were obtained from Sigma Chemical Company, Poole, Dorset, except where 

otherwise stated.

2.1.1 PYRUVATE AND OXOGLUTARATE DEHYDROGENASE COMPLEX (PDC 

AND QGDCl PURIFICATION.

Reagents

Sepharose™ CL-2B - Pharmacia

3-[N-Morpholino] propane-sulfonic acid (MOPS)

Ethylenediamine tetra acetic acid (EDTA)

Ethylene glycol-bis(B-aminoethylether) N,N,N ,N -Tetraacetic acid (EOTA).

Triton X 100

Phenylmethylsulphonyl fluoride (PMSF)

Benzamidine hydrochloride 

Silicone antifoam 

DL-Dithiothreitol (DTT)

Polyethylene glycol (PEG) MW 8000 

Magnesium chloride (M gCy 

Potassium dihydrogen phosphate (KH2PO4)

Sodium dihydrogen phosphate (NaHzPOJ

10% Acetic acid - BDH

6 M Sodium hydroxide (NaOH) - BDH

2.1.2 BRANCHED CHAIN OXO-ACID DEHYDROGENASE COMPLEX 

PURIFICATION

Materials

Hydroxylapatite HTP - Bio-Rad

Buffer A pH 7.5 50mM KH2PO4, 2mM EDTA, 3% (v/v) Triton X 100, ImM 

Benzamidine, ImM PMSF, O.lmM DTT.

Buffer B pH 7.3 30mM KH2PO4 , O.lmM EDTA, O.lmM EOTA, ImM Benzamidine, 

ImM PMSF, ImM DTT.
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Buffer C pH 7.3 30mM NaH2?04 , 0.1 mM EDTA, 0.1 mM EOT A, ImM Benzamidine, 

ImM PMSF, ImM DTT.

2.1.3 Sodium dodecvl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) 

Equipment / Materials

Vertical slab gel system - PROTEAN II Cell, 16cm/20cm - Bio-Rad.

Acrylamide

N,N ' -methylenebis acrylamide

Tris [by droxymethy 1] amino-methane (Trizma Base)

Sodium dodecyl sulphate (SDS)

N,N,N’,N’- tetramethylethylene diamine (TEMED)

Ammonium persulphate (APS)

Water-saturated butan-3-ol

Bromophenol blue

2-Mercaptoethanol

Glycerol

Glycine

Prestained molecular weight markers - low range 18,500 to 106,000 daltons - Bio-Rad 

30% Acrylamide

29.2g Acrylamide / O.Sg Bis acrylamide. Made up to to 100ml with distilled water and 

filtered.

Separating gel buffer pH 8.8

1.5 M Trizma Base / 0.4% SDS

Stacking gel buffer pH 6.8

0.5 M Trizma Base / 0.4% SDS

Protein sample buffer pH 6.8

0.0625 M Trizma Base / 2% SDS / 10% Glycerol / 5% 2-Mercaptoethanol / 0.01% 

Bromophenol blue.
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Polyacrylamide running buffer pH 8.3

0.025 M Trizma Base / 0.192 M Glycine / 0.1% SDS.

Separating gel mixture for 10% gel

For detection of proteins within the range 20-100 kP

30% Acrylamide/bis-Acrylamide - 9.9ml. Distilled Water - 12.6ml. Separating gel buffer - 

7.5ml. 10% APS - 100/zl. TEMED - 50/zl

Stacking gel mixture for 3% gel

30% Acrylamide/bis-Acrylamide - 2ml. Distilled water - 13ml. Stacking gel buffer - 5ml. 

10% APS - 60fxl TEMED - 100/til.

Staining Solution

0.2% Coomassie Brilliant Blue R-250 / 48% Methanol (BDH) / 4% Acetic acid (BDH) 

/ Distilled Water 47.8%.

Destain Solution

5% Methanol / 7.5% Acetic Acid / 87.5% Distilled Water.

2.1.4 WESTERN BLOTTING 

Equipment

Trans Blot Cell with wire electrodes (Bio Rad) which includes cell with lid and power 

cables, 2 gel holders and Scotch-brite pads.

Materials

Running Buffer (5L): 0.15 M Glycine, 20 mM Tris pH 8.3, Methanol IL, Distilled Water 

4L.

Nitrocellulose Paper 0.2 fxm (Schleicher & Schuell) and Whatman No. 1 filter paper.

2.1.5 IMMUNOSTAINING 

Materials

Tris Buffered Saline (TBS): 20mM Tris pH 7.7, 0.9% Sodium Chloride (NaCl).
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Non-fat dry milk - Marvel

Rabbit anti-human Ig (IgG,IgM and IgA)-peroxidase conjugate -Dako 

l ’̂  ̂ -labelled sheep anti-human IgG - Amersham International

4-chloro-1 -naphthol - Bio-Rad 

30% Hydrogen peroxide (H2 O2)

Methanol - BDH 

Plastic container

Large incubation tray with lid - Bio-Rad

2.1.6 ENZYME ASSAY 

Reagents

KH2PO4 , B-nicotinamide-adenine dinucleotide (NAD" )̂ - Boehringer-Mannheim, Thiamine 

pyrophosphate (Cocarboxylase) Koch-Light Ltd, MgCl2 , Coenzyme A - Boehringer- 

Mannheim, Cysteine, Pyruvic acid/ a-Ketoglutaric acid / a-Ketoisovaleric acid.

2.1.7 ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA)

Reagents

Sodium Hydrogen Carbonate (NaHCO^)

Trizma Base 

Sodium Chloride (NaCl)

Tween 20

Bovine Serum Albumin (BSA)

30% Hydrogen peroxide (H2 O2)

Citric acid

di-Sodium hydrogen orthophosphate dodecahydrate (Na2 HP0 4 .12 H2O)

1,2-Phenylenediamine (OPD) tablets - Dako

Coating Buffer pH 9.3 0.05M NaHCO^

Blocking Buffer 0.09% NaCl / 5% BSA

Washing Buffer pH 7.4 0.2M Tris HCl / 0.15M NaCl / ± 0.05% Tween 20.
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2.1.8 BILIARY EPITHELIAL CELL ISOLATION AND CULTURE 

Materials

Collagenase Type lA

Phosphate Buffered Saline (PBS) (Cat. No. D5527)

Dulbecco’s Modified Eagle’s Medium (DME) (Ix) (Cat.No. D5036)

Ham’s F12 Medium. Cat. No. 12-422-54 - Flow Labs 

Foetal Calf Serum Myoclone Plus (PCS) - Flow Labs 

Percoll 

L-Glutamine

Penicillin-Streptomycin solution (5000IU penicillin and 5mg streptomycin/ml.

Cholera toxin 

Hydrocortisone - Upjohn 

Epidermal Growth Factor 

T ri-Iodo-Thyronine 

Insulin - NOVO 

Trypan Blue Solution

Trypsin solution (Cat.no. 043-05050M) - Flow Labs 

EDTA

Dimethyl Sulfoxide (DMSO)

3,4,3 ’ ,4 ’ -Tetra-aminobipheny 1 hydrochloride - BDH 

Dynabeads™ M-450 Sheep anti mouse IgG 1 (F j - Dynal UK Ltd 

Magnetic Particle Concentrator (Product no. 12001) -Dynal UK Ltd 

Vectastain Elite ABC kit (Mouse IgG) Product no. PK6102 - Vector Labs.

Monoclonal antibodies for BEC isolation and characterization

Monoclonal antibody to epithelium antigen (HEA 125) - Progen.

Monoclonal antibody to human factor VIII related antigen - Dako.

Monoclonal mouse antibody to human vimentin - Dako M725.

Mouse monoclonal IgG 2a anti-cytokeratin no. 19 - Progen 61010.

Plastic ware - Supplied by Sterilin.

Individually wrapped 10ml and 5ml pipettes. Sterile 10ml round-bottomed plastic
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centrifuge tubes with screw caps. Sterile 10ml conical-bottomed plastic centrifuge tubes 

with screw caps. Cell-Cult 100mm petri dishes. Sterile 25ml plastic universals. Tissue 

Culture Flasks (25cm^ and 75cm^) - Falcon.

24 well flat-bottomed plates with lid - Coming. Cell Scrapers - Falcon. Acrodiscs PF 

(0.8/xm prefilter; O.lfim Supor)- Gelman Sciences.

Complete Epithelial Cell Culture Medium

Dulbecco’s Modified Eagle’s Medium 45%

Ham’s F12 Medium 45%

Foetal Calf Serum 5%

Epidermal Growth Factor lOng/ml

Cholera Toxin lOng/ml

Hydrocortisone 0.4^g/ml

T ri-Iodo-Thyronine 2x 10'^M

Insulin 5/xg/ml

Penicillin 24ptg/ml

Streptomycin 40/^g/ml

2.1.9 ISOLATION AND ASSAY OF HUMAN PERIPHERAL BLOOD 

MONONUCLEAR CELLS (PBMCT

Materials

Heparin Injection B.P - CP Pharmaceuticals Ltd

Ficoll-Histopaque

RPMI 1640 - Gibco

Iscove’s Modified Dulbecco’s Medium (IMDM) - Gibco 

Penicillin/Streptomycin solution (same as in section 2.1.8)

Phosphate Buffered Saline (PBS)

Foetal Calf Serum (FCS) Gibco 

Dimethyl Sulphoxide (DMSO)

Trypan Blue 0.1%

Pyruvate dehydrogenase complex (PDC) (section 2.2.1.3)

Tuberculin purified protein derivative (PPD) (Evans Medical Ltd)
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Albumin, chicken egg 

Mitomycin C

Thymidine - Amersham International 

Haemocytometer

Complete cell culture medium

IMDM supplemented with 1% penicillin/streptomycin and 10% autologous serum (final 

concentrations).

Plastic ware

24 and 96 well cell culture dishes - Falcon

50ml and 30ml sterile plastic universals - Falcon and Sterilin
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2.2 METHODS

2.2.1 ANTIGEN PREPARATION

2.2.1.1 Beef Heart Mitochondria

Beef heart mitochondrial preparations were obtained from the Department of 

Biochemistry, King’s College, London. Mitochondria were isolated and prepared according 

to the method of Beinart et al. (1964). The heart from a freshly killed animal was 

immediately chilled on ice and transported to the laboratory. All procedures were carried 

out in a cold room at 4°C.

The heart was cut into several sections and the outside surface removed. The arteries, 

valves, connective tissue and fat were removed. The remaining tissue was cut into 2 cm 

cubes, minced and washed in isolation buffer 1 (0.25M sucrose, 15mM Tris-SO^, pH 7.6) 

to remove any blood. The minced tissue was drained through gauze and resuspended in 

isolation buffer.

The tissue was homogenised in aliquots in an Atomix blender and the pH of the 

homogenates was immediately adjusted to pH 7.6 with IM Tris. The aliquots were 

combined and centrifuged at 700g for 10 mins (Mistral cool spin 6  x IL rotor). The 

supernatant was decanted through gauze and kept cool. The pellet was re-homogenised in 

the isolating buffer and re-centrifuged at 700g for 10 mins.

The resulting supernatants were combined and centrifuged at 9000g for 10 mins. The 

mitochondrial pellet was then homogenised in isolation buffer 2 (0.25M sucrose, lOmM 

Tris-HCl buffer, pH 7.6) and centrifuged at 13000g for 10 mins. The pellet was washed 

x2, resuspended in a minimum volume of buffer and stored frozen at -20°C. Protein 

concentration was measured. The antigenicity of mitochondria was stable up to 2 years.

2.2.1.2 Bacterial Membranes

3ml of nutrient broth (Oxoid) inoculated with one bacterial colony was added to 97ml of 

nutrient broth and incubated aerobically overnight in an orbital shaker at 37®C, giving a 

final concentration of approximately lO^^organisms/ml.
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The organisms were centrifuged at ' ]  1500g for 30 minutes, washed xl in PBS, 

resuspended in 20ml PBS and sonicated in 10ml aliquots (for 3 mins in 1 min bursts). The 

sonicated suspension was centrifuged in a MSB 18 centrifuge at j 40,000 g for 35 min. 

The membrane pellets were resuspended in 3ml PBS and stored frozen at -20°C. Protein 

concentration was measured using the Bio-Rad protein assay (section 2.2.1)

2.2.1.3 PDC / OGDC purification

PDC and OGDC were co-purified from bovine heart according to the method of Stanley 

and Perham (1980). Beef heart was obtained within 30 mins of slaughter and transported 

on ice to the laboratory. The heart tissue was immediately cubed and stored at -20®C.

Purification procedure

Approximately 250g of frozen tissue was suspended in 50mM Mops, 2.7mM EDTA, 

O.lmM DTT, 3%(v/v) Triton X 100, pH 7. After the addition of ImM PMSF, ImM 

benzamidine hydrochloride and silicone antifoam (0.5ml/l) (blending buffer), the tissue 

was blended using a POLYTRON mixer (large probe) for 5-10 mins on power setting 6 . 

An equal volume of the blending buffer was added and the homogenate was centrifuged 

at 10,000 g for 20mins in a EUROPA 24M centrifuge. The pellet was washed in blending 

buffer and the washings pooled with the supernatant from the first centrifugation.

PEG Fractionation

The pH of the supernatant was adjusted to 6.4 at 4°C with 10% acetic acid and 0.12 vol. 

of 35% PEG was added. The mixture was stirred for 30mins and the precipitate collected 

by centrifugation at 25,000 g for lOmins in a Europa 24 M centrifuge (PEG I).

The pellet was resuspended in 400ml of 50mM MOPS, 2.7mM EDTA, O.lmM DTT, pH 

6 .8 , sonicated in 4 x 100ml aliquots for 30 secs each at high setting and clarified by 

centrifugation at i 25,000 g for 40 mins at 20®C. The pellet was discarded and the 

supernatant filtered through muslin.

MgClj was added to 13mM and warmed in a 30°C water bath for 5mins. After cooling 

the solution to 10°C, Triton X and NaH2P0 4 , pH 6.3 were added to final concentrations 

of 1% and 0.5M respectively. The pH was adjusted to 6.4 with 10% (v/v) acetic acid and
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0.12 vol. of 35% PEG added. The mixture was stirred and the precipitate collected as 

before (PEG 2). The pellet was left to stand overnight at 4® in 100ml of 50mM MOPS / 

2.7mM EDTA / O.lmM DTT and 1% Triton X 100, pH 6 .8 .

Day 2

PMSF was added to a final concentration of ImM and the solution stirred gently at room 

temperature for 1 hour, sonicated for 30 secs at high setting and centrifuged at 40,000g 

for 1 hour at 20°C. The supernatant was stirred at RT for 1 hour, 0.08 vol. of 35% PEG 

added and the precipitate (oxoglutarate dehydrogenase complex) collected by 

centrifugation at 25,000g for 10 mins. 0.14 vol. PEG was added to the supernatant and 

the above centrifugation step was repeated. The OGDC and PDC pellets were 

resuspended in 16ml and 8 ml of 50mM NaP, 2.7mM EDTA, 1% Triton X 100, pH 7, 

respectively.

Gel Filtration on Sepharose CL-2B

A column (100cm x 2.5cm) of Sepharose CL-2B (Pharmacia) in 50mM NaP/ 2.7mM 

EDTA / 1% Triton X 100, pH 7, was used for gel filtration of the semi-purified 

complexes.

PDC was loaded on to the column and allowed to run into the gel. Buffer was gently 

added so as not to disturb the surface of the gel. The flow adaptor was replaced and a 

constant buffer supply connected. Approximately IL (200 tubes) of eluate was collected 

and assayed.

Enzyme Assay

The enzyme assay was based on the reaction:

R-CO-CO2H + CoA-SH + NAD+ -► R-CO-S-CoA + CO  ̂+ NADH + H+ 

where R = pyruvic acid or oxoglutaric acid.

The assay was carried out at 30°C in a final volume of 1 ml 50mM potassium phosphate 

(pH8 ) / 2.5mM NAD^ / 0.2mM thiamine pyrophosphate / ImM MgClj / 0.13mM CoA / 

2.6mM cysteine / 2mM pyruvic acid (or oxoglutaric acid) (Petit et ah, 1978). 600^1 of 

eluate was added to 400/xl buffer and activity monitored.
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The enzyme activity peaks were pooled and the complexes precipitated by addition of 0.15 

vol. PEG at pH 6.4. The precipitates were collected by centrifugation at i  25,000 g for 

1 hour in a Centrikon™ T-2060. The precipitates were resuspended in 50mM MOPS / 

2.7mM EDTA / O.lmM DTT and 0.33 vol. glycerol. Purified enzymes were stored frozen 

at -20°C.

2.2.1.4 BCOADC purification

BCG ADC was prepared according to the method of Lawson et al. (1983). Beef kidney 

was obtained within 30 mins of slaughter and transported on ice to the laboratory. The 

cortex was removed and frozen at -20°C until required.

Purification procedure

200g of kidney was thawed and finely chopped, suspended in 2 vol. buffer A (containing 

0.5ml/l antifoam A) and homogenised using a Polytron PTIOS (5 mins, setting 6 ). An 

equal volume of buffer A was added and centrifuged at 26,000 g for 15 mins.

0.12 vol. of 35% PEG was added to the supernatant, stirred for 30 mins and the 

precipitate collected by centrifugation at 30,000g for 15 mins, resuspended in buffer 

B using the Polytron PTIOS (20 sec, setting 5), stirred for 30 mins and centrifuged at 

30,000g for 30 mins (PEG I).

0.12 vol. PEG was added to the supernatant, which was stirred for 30 mins. The 

precipitate was collected by centrifugation at 30,000 g for 30 mins, resuspended in 

buffer B, homogenised, stirred (PEG 2) and centrifuged as above.

The clarified material was applied to an hydroxylapatite (2.6 x 6  cm) column pre

equilibrated in buffer B. The column was washed overnight with buffer B containing 100 

mM KH2PO4 . The following day the purified enzyme was eluted using buffer B 

containing 300mM KH2PO4 and fractions were assayed using a-ketoisovaleric acid as 

substrate. The enzyme activity peaks were pooled and centrifuged at 180,000g for 3.5 

hours in a Centrikon™ T-2060 centrifuge. Purified branched chain oxo-acid 

dehydrogenase was resuspended in 2.7ml buffer C and stored frozen at -20°C.
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Protein assay

The Bio-Rad protein assay was used to measure protein concentration. It is a dye-binding 

assay based on the differential colour change of a dye in response to various 

concentrations of protein and was first described by Bradford in 1976.

Several dilutions of a protein standard (BSA) and test sample were prepared and lOOjal 

of each dilution added to clean, dry test tubes. 1 0 0 ^ 1  of sample buffer was used as a 

"blank". Bio-Rad reagent (5ml) was added to each tube and vortexed, after 5 mins the 

OD5 9 5 of each sample was measured versus the "blank". The ODS595 versus the 

concentration of standards were plotted and the unknown concentration of the test sample 

read from the graph.

2.2.2 SDS-PAGE 

Principle

Most proteins bind SDS (a strong anionic detergent) in amounts proportional to their 

molecular mass, thereby masking their intrinsic charge and facilitating molecular filtration 

in polyacrylamide gels. SDS treated proteins migrate according to their molecular weight, 

therefore their weight can be estimated relative to those of similarly treated proteins of 

known molecular weight. Using varying concentrations of polyacrylamide gel, different 

resolution ranges of molecular weights may be obtained.

Casting the gel (Laemmli and Favre, 1973).

Plates, spacers and combs were washed in distilled water and 70% ethanol. The gel 

mould was assembled according to the manufacturers instructions and the gel mixtures 

prepared (section 2.1.3). APS and TEMED were added just before pouring.

Using a 10ml pipette the separating gel mixture was run between the plates to within 4 

cm of the top of inner plate. Air bubbles were dispersed by overlaying the top of the gel 

with butanol. The gel was left to polymerize for 20-30 minutes after which the gel surface 

was washed thoroughly with distilled water to remove all traces of butanol. The surface 

of the gel was carefully dried with filter paper.

After the addition of TEMED and APS, the stacking gel mixture was poured to the top 

of the inner plate and the plastic comb inserted (carefully so as to avoid the formation of
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air bubbles) to form sample wells. The gel was left to polymerize for 20-30 minutes. 

When a single protein sample was run across whole length of the gel, the stacking gel 

mixture was poured to within 2  cm of top of the inner plate and any bubbles were 

dispersed with filter paper.

After the gel had set the comb was careftilly removed and the wells washed with running 

buffer (section 2.1.3). The plates were mounted in the apparatus and the upper and lower 

chambers filled with running buffer.

Sample preparation for electrophoresis

Samples were prepared in protein sample buffer (section 2.1.3), 2-Mercaptoethanol and 

bromophenol blue were added last. Usually up to 60^1 volume was added per well 

(containing between 1-lOO^g protein). Samples were either boiled for 5 minutes or heated 

at 55°C for 30 mins. Samples were loaded into the wells using a fine pipette. The first and 

last wells were never used as proteins run in these lanes tended to give a "smile" effect 

band pattern.

Running the gel

The power supply was connected and the gel run at either 150 V for 4 hours or at 30 V 

overnight. When running the gel at high voltage, the central cooling core was connected. 

The power was disconnected once the bromophenol blue marker had run 10cm from the 

top of the separating gel.

Staining the gel

To visualise bands, the gel was stained with coomassie brilliant blue for 1 hour and 

destained for at least 24 hours (section 2.1.3). Gels were stored in 7% acetic acid or 

photographed.

2.2.3 WESTERN BLOTTING 

Principle

This method involves the immobilization of protein onto the surface of a nitrocellulose 

membrane. A current applied across the gel causes the negatively charged proteins to
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move out of the gel onto the membrane. The technique is used to detect and analyse an 

antibody-antigen binding reaction which is not possible when proteins are trapped in a gel 

matrix.

Method

The filter paper and fibre pads were immersed in running buffer and placed in a gel 

holder casette. The nitrocellulose paper was cut to the approximate size of the gel and 

immersed in running buffer, the separating gel was then carefully placed on top. No air 

bubbles were allowed to form between gel and nitrocellulose. The blotting sandwich was 

assembled and inserted into a trans blot cell containing 2.5 litres of transfer buffer (section 

2.1.4). The power supply was connected and blotted overnight at 30 V or at 50 V for 

2 hours. Blots could be stored wrapped in aluminium foil at -20°C.

2.2.4 IMMUNOSTAINING

Principle

This technique involves using labelled secondary antibodies to detect antigen-antibody (ag- 

ab) reactions. Enzyme-labelled antibodies are commonly used where ag-ab reactions are 

detected colorimetrically after addition of substrate. Alternatively, highly sensitive 

radiolabelled antibodies may be used where ag-ab reactions are visualised on an X-ray 

film by autoradiography.

Immunostaining with enzyme labelled antibodies.

Non-specific binding sites on the nitrocellulose were blocked by incubating with 3% 

skimmed milk powder in TBS for 1.5 hours. The blot was washed x3 in TBS. 

Nitrocellulose strips were then incubated with patients’ sera at an appropriate dilution for 

2 hours and washed x5 in TBS. Strips were then incubated with horseradish peroxidase 

labelled rabbit anti-human Ig G, M & A diluted 1:1000 in 3% dried milk/TBS for 1 hour 

and the strips washed as before. During the final washes the substrate (60mg of 4-chloro- 

1-naphthol dissolved in 20 ml of chilled methanol and 100ml TBS containing 0.3% 

hydrogen peroxide) was prepared. After addition of substrate colour development occured 

within a few minutes. The blot was washed in distilled water. The whole procedure was 

carried out in an orbital shaker at 37°C.
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Immunostaining with radiolabelled probes

After incubating with primary antibody and washing as above, the strips were incubated 

in ^^^I-labelled sheep anti-human IgG diluted 1:250 in 3% milk/TBS. Strips were washed 

x5 in TBS and then blotted dry with filter paper. The dried strips were placed on a sheet 

of filter paper, wrapped in cling film and placed in an X-ray cassette with 

autoradiographic film at -70®C for approximately 18 hours. The film was developed in a 

Cronex T6  processor.

2.2.5 ANTIBODY ELUTION 

Principle

An adsorbed material (e.g. antibody) is eluted from an adsorbent (nitrocellulose bound 

antigen). Antibody elution was performed using the method of Smith and Fisher (1984) 

with minor modifications.

Elution procedure

A preparation of beef heart mitochondria (section 2.2.1.1) was run on the full width of a 

10% gel and transferred to nitrocellulose. After blocking and washing, the two outside 

lanes were cut and stained with serum and horseradish peroxidase labelled secondary 

antibody to localize the M2 bands. The stained strips were then re-aligned with the 

remaining blot and the individual bands isolated. These strips were incubated with the 

patients serum and washed in TBS x3 and in TBS/0.05% Tween 20 x2. Antibodies were 

eluted by washing x2 in 5mM glycine-HCl (pH 2.3). Washings containing eluted antibody 

were immediately neutralized by the addition of xlO PBS and were stored at -20°C.

2.2.6 ENZYME-LINKED IMMUNOSORBENT ASSAY fELISAf 

Principle

The direct method was used, antigen being allowed to bind to the wells of an ELISA 

plate. Patients sera were added, and reactivity was measured colorimetrically by the 

addition of an enzyme labelled secondary antibody and substrate.
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ELISA

The wells of a flat-bottomed Microtiter plate (Immulon 2, Dynatech Labs) were coated 

with lOOjLtl of purified mitochondrial enzyme (2^g/ml) in coating buffer (0.05M NaHCO^, 

pH 9.3) and incubated at 4°C overnight. The plate was washed x3 in 0.2M Tris HCl / 

0.15M NaCl and x2 in the same buffer containing 0.05% Tween 20.

Non-specific protein binding sites were blocked for 2 hours in 0.09% NaCl / 5% BSA and 

the plate washed as before. Human sera was diluted 1:10  ̂ in 0.9% NaCl / 0.5% BSA and 

duplicate lOO/xl samples were incubated for 1.5 hours. The plate was washed x5 in 0.2M 

Tris HCl / 0.15M NaCl / 0.05% Tween 20.

The secondary antibody was diluted 1:10  ̂ in 0.9% NaCl / 0.5% BSA and 100/xl added to 

each well. After 30mins incubation wells were washed as before, substrate (OPD/O.IM 

Citric acid/Na2HP0 4 .1 2 H2 0 , pH 5, 30% H2 O2) added and incubated for 20 mins: the 

reaction was stopped by the addition of 2M H2 SO4 , and optical density (OD) values were 

read immediately at 450nm using a Titertek Multiscan MCC/340. Each plate included a 

standard PBC sample that was designed to give an optical density of -  1 at a dilution of 

1:10 .̂ OD’s were expressed as the mean OD of the test serum / the mean OD of the 

standard serum.

2.2.7 ISOLATION AND CULTURE OF BILIARY EPITHELIAL CELLS (BECL 

Methods

Liver was obtained through the ortbotopic liver transplantation programme at the Royal 

Free Hospital. All procedures were carried out aseptically in a laminar flow cabinet. After 

resection, approximately 30g of liver were transferred to universals, chopped finely in a 

petri dish and incubated with 1 mg/ml collagenase for 2.5 hours at 37°C; after 1 hour, 

tissue pieces were further diced to aid release of cells. Cells were harvested by washing 

through a cell dissociation sieve. The cell digest (160ml) was washed x2 by centrifugation
I

at 750 g for 10 mins and the final pellet was resuspended in 32ml of DME. The cell 

digest (4ml) was overlaid on preparations (x8 ) of 3ml of 33% Percoll underlaid by 3ml 

of 77% Percoll (stock Percoll was 90% in xlO PBS).
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After centrifugation at 2000rpm for 30 mins three layers were observed. The BEC were 

present in the middle layer which formed at the 77%/33% percoll differential density 

gradient. This cell layer was harvested from each test tube and pooled, washed x2 in 

DME, resuspended in 500/xl of 5ptg/ml HEA125, incubated for 30 mins at 37®C, washed 

in DME, resuspended in 500^1 chilled PBS and incubated with 10  ̂sheep anti-mouse IgGl 

Fj, coated Dynabeads™ for 30 mins at 4®C. The Dynabead™ associated BEC were 

collected using a magnetic particle concentrator. Cells were washed three times and 

counted after resuspension in complete epithelial cell culture medium.

Estimation of cell vield

To generate a single cell suspension a small volume of cells (100/aI) were trypsinized 

(0.2% trypsin/0.02% EDTA) and incubated for 30 mins at 37®, washed in PCS, 

resuspended in 20/xl PBS and counted in a haemocytometer. Viability was tested using the 

trypan blue exclusion test. The cell yield was equal to the number of viable cells x l O^x  

total volume of cell suspension.

Cell Culture

After 24 hours viable cells had attached to the bottom of the flask. Fresh complete cell 

culture medium was added containing recombinant human hepatocyte growth factor 

(hHGF) (lOng/ml) (a gift from Dr. Y. Daikuhara, Kagoshima University Dental School, 

Japan and Dr. T. Ishii, Mitsubishi Kasei Corporation, Yokohama, Japan). The culture 

medium was changed every other day.

Splitting of cells

Cells were split once they had grown to confluence. Cells were washed with PBS (to 

remove PCS, which inactivates trypsin), 1ml of 0.2% Trypsin / 0.02% EDTA added to 

each flask and incubated at 37°C for 3-4 minutes. Complete medium was added (no 

hHGF), cells were washed by centrifugation at j 750 g for 10 mins, resuspended in 10 

mis of complete medium and split between two flasks. On Day 2, hHGF was added to the 

cell culture medium as before.
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Freezing / Thawing of cells

Cells were detached from the flask, washed as above and counted in a haemocytometer. 

At least 10̂  cells were added dropwise to 10% PCS in DME and 20% DMSO. The cells 

were frozen down slowly in 1ml volumes to approximately -50°C and immersed in liquid 

nitrogen. Cells were thawed rapidly in a 37°C water bath and washed twice in cell culture 

medium.

Characterization of biliary epithelial cells

Cells were grown to confluence in a 24 well plate. The cell culture medium was discarded 

and the cells were washed x2 with PBS. Cells were fixed by adding 1ml of 70% ethanol 

to each well for 3 mins. After washing in PBS, 500/nl of monoclonal antibody (diluted in 

PBS as recommended by the manufacturer: anti-factor VIII /vimentin - 1:100; anti- 

HEA125 and anti- cytokeratin 19 - 1:10) was added to each well and left for 1 hour at 

room temperature.

After washing x2 with PBS, biotinylated anti-mouse IgG (Vectastain Elite ABC Kit - 

Vector Labs) was added and incubated for 1 hour. After washing in PBS, Vectastain Elite 

ABC reagent was added and left for 1 hour. Cells were washed in PBS and 0.1% of 30% 

H2 O2 and 0.1 g Tetraaminobipheny 1 HCl was prepared and added to each well. The colour 

developed within 2 0  minutes, the substrate solution was discarded and the cells were 

washed and stored in PBS.

2.2.8 ISOLATION AND STIMULATION OF PERIPHERAL BLOOD 

MONONUCLEAR CELLS (FBMCsI.

Principle

T cells are stimulated to proliferate when processed antigen is presented to antigen specific 

T cells. The degree of lymphocyte proliferation is measured by their incorporation of 

tritiated thymidine (^H thymidine).

Isolation of FBMC

Heparinized (20 units/ml) peripheral blood (50ml) was diluted in an equal volume of 

RPMI 1640, carefully layered on to a Ficoll gradient (2 parts blood : 1 part Ficoll) and
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centrifuged at 1600rpm for 25 mins. The mononuclear cells at the interface were removed 

with a pasteur pipette. The plasma layer was also removed and kept at 4°C. PBMC were 

washed twice in RPMI 1640 by centrifuging a t} 750 g for 7 mins and resuspended in 

2ml complete cell culture medium. An equal volume (10/x,l) of cell suspension and 0.1% 

Trypan blue was mixed and viable lymphocytes counted in a haemocytometer.

Lymphoproliferation assay

T cell lines were assayed for antigen specific proliferation after 7 days culture. Cells were 

expanded by stimulating with specific antigen (PDC and PPD each at 50jag/ml 

respectively) in 24-well plates at a density of 2 x lO'* cells/well. At least 10  ̂ cells were 

frozen in 1ml 10% DMSO/90% PCS for use later as antigen presenting cells. PDC and 

PPD were dialysed several times against PBS to remove any traces of potentially harmful 

substances.

Preparation of T cells

On the seventh day of culture, T cells were harvested from the 24 well plate, diluted in 

RPMI 1640, washed twice, resuspended in complete medium and counted.

Preparation of antigen presenting cells (APCI

Frozen autologous cells were thawed quickly at 37°C, washed twice in RPMI 1640 and 

resuspended to approximately 10̂  cells/ml in serum free medium. Proliferation was 

prevented by adding mitomycin C (25/ig/ml) for 20 minutes in the dark at 37°C, cells 

were washed twice in RPMI 1640, resuspended in 5% autologous serum (to inactivate 

mitomycin C), left for 30 minutes and washed again.

T cell assay

T cell lines (1 x lO'^cells/well) were assayed in triplicate against serial dilutions of antigen 

at 3 and 6  days in 200jnl complete medium containing mitomycin C treated autologous 

APC (2 X  lO'^cells/well). Assays carried out directly from blood were set up in the same 

way. Antigens tested for proliferation included tuberculin PPD, a "recall antigen" to 

which most BCG vaccinees should respond; an "irrelevant antigen" - ovalbumin; and the 

test antigen, PDC. Phytohaemagglutinin (PHA) (1.5/xg/ml) was included in every assay 

as a positive control (to demonstrate the proliferative potential of the PBMC).
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Cell proliferation was measured by pulsing each well with 1/xCi of ^H-thymidine, 

incubating at 37°C for 24 hrs, harvesting and counting ^H-thymidine incorporation. 

Results were expressed as a stimulation index, SI = counts per minute (cpm) of T cells 

in X /Lig/ml antigen / cpm of T cells in 0 jug/ml antigen.
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CHAPTER 3

URINARY TRACT INFECTIONS IN PBC AND 

OTHER CHRONIC LIVER DISEASE PATIENTS.
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3.1 ROUTINE SCREENING OF PATIENTS FOR URINARY TRACT INFECTION.

3.1.1 Introduction

In 1984 Burroughs et al. reported that female PBC patients had an increased prevalence 

and incidence of recurrent urinary tract infection (UTI) compared to females in other 

chronic liver disease groups, independent of age. UTIs were found in all stages of PBC. 

A subsequent study from the same group showed that PBC patients with UTI had an 

increased risk of death, as compared to PBC patients without such an infection (Morreale 

et al., 1989), since significant bacteriuria was an independent predictor of death separate 

from age, bilirubin, albumin and fluid retention. These reports suggested that UTI might 

play a role in the pathogenesis of PBC, possibly through a mechanism of molecular 

mimicry.

Since PBC is predominantly a disease of females and UTIs remain amongst the most 

common bacterial infections of women, molecular mimicry between a foreign and self 

antigen offers a feasible explanation of how an autoimmune pathogenetic process may be 

initiated in PBC.

3.1.2 Aim

To ensure that the earlier finding of an increased incidence and prevalence of UTI in PBC 

patients was not chance, the study was repeated with a different group of patients.

3.1.3 Patients and Methods

3.1.3.1 Patients

Midstream urine (MSU) was collected prospectively and consecutively in an outpatient 

clinic from 104 female PBC patients and 183 women with other forms of chronic liver 

disease (autoimmune chronic active hepatitis (AICAH) 57, alcoholic liver disease (ALD) 

45, cryptogenic cirrhosis 20, NANB hepatitis 11, Wilson’s disease 11, secondary biliary 

cirrhosis and chronic cholestasis 9, PSC 6, polycystic liver disease 4, haemochromatosis 

2, others 18) over a period of two and a half years.
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3.1.3.2 Microbiology

Urine samples were diluted appropriately in sterile distilled water, spread on CLED agar 

(Oxoid) plates and incubated overnight at 37®C. Significant bacteriuria was defined as the 

presence of 10̂  organisms/ml or more growing in pure culture, regardless of the presence 

of symptoms or pyuria. Organisms were biochemically typed and identified by the API 

20E (API Laboratory Products Ltd) system, and sloped and stored at room temperature.

3.1.4 Results / Discussion

The earlier report that PBC patients have an increased prevalence and incidence of 

recurrent bacteriuria compared to other chronic liver disease patients (16% vs 7%, p < 

0.05) (Table 3.1) has been confirmed. It had previously been shown that the most 

commonly isolated organism from PBC patients was E. coli (75%), but the reinfection rate 

(infection with a new strain of bacteria) in these patients was double that reported for 

"normal" women (Burroughs et a l, 1984).

UTIs in PBC patients have been shown to be predominantly asymptomatic (Burroughs et 

al., 1984). This was unusual, as covert UTIs are mainly confined to pregnant women, but 

studies have shown that symptomless infections occur in up to 5% of the normal 

population (Asscher et al., 1986). Asymptomatic infections are most often caused by less 

virulent bacteria than those causing symptomatic infections (Asscher, 1980), but in PBC 

the type of organism isolated, the antibiotic sensitivity patterns and cure rate have been 

shown to be similar to those reported for "normal" women with symptomatic UTIs 

(Burroughs et al., 1984).

Two other groups have been unable to find a difference in the prevalence of UTI between 

PBC and other control groups (Floreani et al., 1989; Rabinovitz et al., 1992). However, 

one of these studies did show a striking increase in the cumulative proportion of samples 

with significant bacteriuria over a 6 month follow-up period compared to controls 

(Floreani et ah, 1989) which would suggest that there was an increase in recurrent 

bacteriuria. The other study, which only evaluated the prevalence of UTI, was based solely 

on cirrhotics being assessed in hospital for liver transplantation who had late stage 

cirrhosis (Rabinovitz et al., 1992). There are several potential biases in studying a
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hospitalized group as UTI is acquired more easily in such patients as a nosocomial 

infection, and there is an increased risk of catheterization. However, it is also possible that 

no differences exist in the prevalence of UTI in late stage cirrhosis regardless of aetiology.

Table 3.1 Median number and range of infected mid-stream urine specimens 

collected per patient and number of episodes of infection over a 2.5 year period.

Patients No. MSUs 
per patient

No. of patients 
infected

No. of episodes 
of infection

Patients with tw o  
infections or more

PBC 
n = 104

Median 7 
Range 1-16

23 (22%)* Median 4  
Range 1-7

17 (16%)*

CLD
n = 183

Median 5 
Range 1-10

19 (10%)* Median 3 
Range 1-6

13 (7%)*

*  == p<0.05

3.2 LOCALIZATION OF URINARY TRACT INFECTION

3.2.1 Introduction

Localization of infection (that is determining whether the infection was confined to the 

bladder or whether it had ascended to the kidney) in PBC patients with a history of 

bacteriuria, would provide some information on the potential ability of UTIs to stimulate 

a humoral immune response in such patients. If the upper urinary tract is involved, then 

contact with the immune system and the haematogenous spread of bacteria are a 

possibility.
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3.2.2 Patients and Methods

There are many methods available for localizing infection of the urinary tract but the most 

reliable method is the neomycin bladder washout test (Fairley, 1971).

3.2.2.1 Patients

Twelve patients with clinically established PBC and a history of recurrent bacteriuria were 

selected for the study. On the day of the test seven of these patients were asymptomatic, 

two had dysuria, one had frequency, urgency and backache, one had frequency alone and 

one had nocturia.

3.2.2.2 Neomycin bladder wash-out test

The patient was instructed to empty the bladder. A Foley catheter was inserted and 

residual bladder urine collected [Specimen 1]. 50 ml of 0.1% neomycin sulphate solution 

was introduced into the bladder and left for 1 hour. The bladder was then repeatedly 

washed out with 2 litres of sterile water and the last washing saved [Specimen 2]. 

Specimens of urine were collected at 10 minute intervals for 30 minutes [Specimen 3,4,5].

3.2.2.3 Microbiology

Each of the specimens (0.1ml) were spread on CLED agar and incubated overnight at 

37°C as before. Antibiotic sensitivity tests were carried out. Organisms from a pure 

growth were identified by the API 20E system.

3.2.3 Results

Out of a total of twelve patients, five had renal involvement and five had unequivocal 

bladder infection (Table 3.2). The results obtained for two of the patients were 

inconclusive. Four of the five patients with bladder infections were symptomatic and four 

of the five patients with renal involvement were asymptomatic.
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Table 3.2 Localization of urinary tract infection in PBC patients with a history of recurrent bacteriuria.

J.A . J.F . J.G . D.W. M.W. P.E. A .J. 0 .0 M.P. B.T. M.B.
Specimen 1 

cfu's/ml 1 X 10"̂ 1 X 10^ 
mixed

1 X 10 ^ 1 X 10® 1x10® 1x10® 1x10® 1 X 10® 1 X 10® 1 X 10^ 1 X lO'^ 1x10®

Specimen 2 
Neomycin 
washing 
cfu’s/mi

NBG NBG 1 x 1 0 ^ NBG NBG 1 X 10® 1 X 10® NBG NBG 40 1 X 10® NBG

Specimen 3 
10 mins 
washing 
cfu's/mi

NBG NBG 1x10® NBG 1 x 1 0 ^ 1x10® 1x10® 20 1 X 10® 40 1 X 10"̂ NBG

Specimen 4  
20 mins 
washing 
cfu's/ml

NBG NBG 1x10® NBG 1 X 10® 1 X 10® 1 X 10^ NBG 1x10® 1 X 10® 1 x 1 0 ^ NBG

Specimen 5 
30 mins 
washing 
cfu's/ml

NBG NBG 1 X 10® NBG 1 X lO'* 1 X 10® 1 X 10® 10 1x10® 1x10® 10 NBG

Symptoms Dysuria
Freq/Urg
Backache None Dysuria None None None Nocturia Frequency None None None

Organism E.coH mixed
Straep.
faecalis

Kleb.
pneumo. E.coH E. coH E.coH E.coH

Kleb.
pneumo. E.coH E.coH E.coH

Upper/Lower Lower Lower Upper Lower Upper (Lower) Upper Lower Upper (Upper) Upper Lower

00
*>3

Legend: { ) = equivocal. Abbreviations: NBG = no bacterial growth. Cfu's = colony forming units. Freq = frequency. Urg = urgency.



3.2.4 Discussion

Interpretation of results was difficult in some cases, e.g. when the bacterial count for 

specimen 1 was less than 10̂  organisms/ml (DJ, JA, MP and BT). For patients DJ and JA, 

timed specimens 3, 4 and 5 were all sterile, therefore the infection was almost certainly 

confined to the bladder. Although a high count was found in BT’s neomycin washing 

(specimen 2), the counts for the timed specimens were one hundredfold higher which 

suggests that the infection was renal. A previous study has shown that when high bacterial 

counts are obtained in the timed specimens (up to 10̂  organisms/ml), relatively high 

counts are to be expected in the neomycin washing specimen (e.g. BT, JF and PE) 

(Fairley, 1971). In this study all 12 patient’s infecting organisms were sensitive to 

neomycin.

Equivocal results were obtained for patients MP and MW. MP’s bacterial counts were 

low in specimen 3 but increased in specimen 4 and 5 suggesting renal involvement. MW’s 

infection was not completely cleared by antibiotic but bacterial counts did not increase 

with time, suggesting a bladder infection. These patients ideally needed to be retested but 

since both lived a long distance away from the hospital repeat tests were not possible.

In this study, asymptomatic infections in PBC patients were associated with the upper 

urinary tract (80%). Thus, asymptomatic cases were not confined to bladder infections, 

as excluding the two ambiguous cases the majority of asymptomatic (4/5) and 

symptomatic patients (4/5) had renal involvement and bladder infections respectively. A 

previous study of 71 patients with acute symptoms of UTI presenting to their GP’s, was 

unable to demonstrate a definite correlation between symptoms and site of infection 

(Fairley, 1971).

With respect to site of UTI, PBC patients are not unusual when compared to asymptomatic 

bacteriuric pregnant patients and patients with acute symptomatic and recurrent episodes 

of bacteriuria. Infections were shown to be renal in 52% and 57% of acute symptomatic 

and recurrent UTI cases repectively and in 51% of cases with asymptomatic bacteriuria 

of pregnancy (Fairley, 1971).
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Evidence exists for ascent of infection from the bladder to the kidney in pregnant patients 

with asymptomatic bladder bacteriuria. Furthermore, recurrent infections have been shown 

to interchange between upper and lower urinary tract (Fairley, 1971). This may also be 

the case in PBC, although only 50% of PBC patients had renal involvement in this study, 

patients with a history of recurrent bacteriuria may have had a renal infection at any stage. 

Patients can become bacteriuric and abacteriuric over short periods of time, thus some 

infections might have been missed in the screening of patients for UTI. Interestingly, 

deposits of lipid A (a bacterial cell wall component) have been found in the cytoplasm of 

hepatocytes surrounding the central vein in a group of PBC patients (Hopf et aL, 1989). 

It is unknown how bacteria are transported to such sites, but in this case it would appear 

that bacteria did not arrive via the portal system from the gut (as portal areas were free 

of lipid A deposits), but via the hepatic arterial blood supply, thus supporting the concept 

that recurrent bacteraemia (which may arise from the kidneys) without septicaemia (which 

the patients did not have) does occur in PBC patients.

Treatment o f  UTIs in PBC.

Studies on the natural history of bacteriuria in "normal" females have demonstrated that 

spontaneous cure is common in asymptomatic patients (Asscher et aL, 1969; Oiling, 

1981), in contrast to asymptomatic pregnant women where spontaneous cure is rare during 

the course of pregnancy (Whalley et aL, 1965). In a study assessing the history of 

bacteriuria in PBC patients, the course of bacteriuria in 13 symptomatic and 11 

asymptomatic treated patients was similar in terms of the median interval between 

successive infective episodes, the number of relapses and reinfections. The majority of 

untreated asymptomatic patients became abacteriuric spontaneously, but became reinfected 

with a different organism during the study period. A further group of 24 PBC patients 

with no previous bacteriologically proven UTI was followed weekly in a similar fashion; 

29% became bacteriuric for 2-4 weeks during a 3 month period (Butler et aL, 19951̂ .

Although episodic treatment of asymptomatic bacteriuria did not lead to prolonged periods 

of freedom from infection (Butler et aL, 19951̂ , a randomised trial of low dose long-term 

prophylactic treatment of these patients may be advantageous, in that elimination/reduction 

of gut flora (i.e. the organisms responsible for UTIs) might help in modulating 

autoimmunity.

89



CHAPTER 4

CROSS-REACTIVITY BETWEEN THE M2 

AUTOANTIGENS.
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4.1 DEMONSTRATION OF CROSS-REACTIVITY BETWEEN ANTIBODIES 

ELUTED FROM BOVINE MITOCHONDRIAL PREPARATIONS.

4.1.1 Introduction

The immunoblot patterns of individual PBC sera exhibit variable autoantibody reactivity 

against mitochondria. Individual sera may react with between one and six of the M2 

autoantigens, which suggests that PBC specific antigens are recognized by separate 

populations of AMA. Nevertheless, the main immunogenic region of mitochondrial PDC- 

E2 and protein X has been localized to the highly conserved inner lipoyl domain (Coppel 

et aL, 1988). Therefore, each of the M2 antigens that contains at least one lipoyl region 

may possess cross-reactive epitopes. Although 0GDC-E2 and BC0ADC-E2 also possess 

lipoyl regions there is no direct evidence, apart from sequence homology, that their 

autoepitopes also lie within these domains.

Sayers et al. (1976), Frazer et al. (1985) and Baum and Palmer (1985) have demonstrated 

that AMA in PBC sera react with a range of microorganisms. More specifically, AMA 

were later shown to react with two protein bands of E. coli on immunoblots; the antibodies 

against both of which could be absorbed with sub-mitochondrial particles from bovine 

heart (Lindenbom-Fotinos et a l, 1985). Following the identification of the M2 

autoantigen, these bands were identified as the E2 components of PDC and OGDC 

(Fussey et al., 1990). Thus, cross-reactivity between these highly conserved mitochondrial 

and bacterial E2 antigens may give rise to molecular mimicry, where antibodies generated 

in response to bacterial antigens may be directly linked to AMA production.

However, the presence of autoantibodies to the non-lipoylated mitochondrial PDC-Ela 

component in up to 66% of PBC patients (Fussey et al., 1989a; Fregeau et al., 1990a) has 

been claimed to strongly contest a molecular mimicry hypothesis, since mitochondrial and 

bacterial PDC-Eloj share no structural homology.

4.1.2 Aim

The M2 antigen is highly conserved in nature, AMA reactivity with E.coli has been 

clearly demonstrated, and PBC patients have a high incidence of recurrent UTI. Thus, the
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possibility of cross-reactive epitopes being present on the M2 mitochondrial antigens and 

the equivalent bacterial membrane fractions was investigated.

4.1.3 Patients and Methods

4.1.3.1 Patients

Sera were obtained from three patients (SF, MJ and MP) with clinically established PBC. 

On immunoblotting, two of these patients had AMA reactivity against at least three of the 

M2 antigens (SF and MP); the other patient had reactivity against just one mitochondrial 

band (MJ). Sera were stored at -20°C.

4.1.3.2 Antigen preparation. SDS-PAGE, Immunoblotting and Staining

Beef heart mitochondria (BHM) and bacterial membrane fractions from clinical isolates 

were prepared and resolved on 10% gels as described in sections 2.2.1 and 2.2.2. Briefly, 

proteins were transferred to nitrocellulose (section 2.2.3), which was then blocked and 

stained with patients whole serum (1:150) (section 2.2.4) or eluted antibody (section 

2.2.5). Reactivity was detected by adding the appropriate secondary antibody. Peroxidase- 

labelled rabbit anti-human Ig (IgG, M, A) (1:1000) and its substrate o-chloronapthol was 

used as indicator for the elution procedure. For standard visualization, ’̂ ^I-labelled sheep 

anti-human IgG (1:200) was used. Autoradiographs were developed after 18 hours (section 

2.2.4).

4.1.4 RESULTS

4.1.4.1 Cross-reactivity of antibodies eluted from BHM preparations.

After SDS-PAGE, immunoblotting and staining of BHM with patients sera, reactivity was 

observed against three bands of approximate molecular weights 70kD, 50kD and 40kD. 

For patient SF, purified eluted antibodies from each of these bands, on restaining of 

mitochondria, reacted back with its original band and also (with varying affinities) against 

each of the other two bands (Figure 4.1). Patient MP had a similar pattern of reactivity; 

antibody eluted from the 40kD band reacted back with its original band, and also with the 

70kD and 50kD bands. Antibodies eluted from the 70kD and 50kD bands cross-reacted
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with each other but unlike SF did not react with the 40kD band (Figure 4.2). Patient MJ 

had sole reactivity with a band of approximately 50-56kD, antibody eluted from this band 

reacted back with itself but not with any of the other M2 antigenic bands (not shown).

4.1.4.2 Cross-reactivity of eluted AMA with bacterial membrane preparations.

On restaining preparations of E.coli and Klebsiella pneumoniae with eluted M2 

autoantibodies, reactivity was with two bands of approximate molecular weight 70-80kD 

and 50-60kD which correspond to the 70kD and 50kD antigens of M2 (Figure 4.3). 

Similar reactivity was observed with Proteus mirabilis, Citrobacter freundii and 

Staphylococcus aureus membrane preparations (not shown). Eluted antibody from patient 

MJ reacted back with itself but not with any of the bacterial preparations (not shown).

In the converse experiment, where antibody was eluted to the two E.coli bands, reactivity 

was observed with each of the major M2 antigenic bands on BHM (70, 50 and 40kD) and 

the two bands of K. pneumoniae (70 and 50kD) (Figure 4.4).
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Figure 4.1 Autoradiograph demonstrating cross-reactivity of M2 antibodies (from

patient SF) eluted from beef heart mitochondrial antigens.

Band 1

Band 2

Band 3

Legend: Immunoblot strips of BHM (100/xg/lane) stained with '^^I-labelled anti-human IgG 

after incubation with antibodies eluted from bovine heart mitochondria. 70kD Band 1 

(Lane 1); 50kD Band 2 (Lane 2) and 40kD Band 3 (Lane 3).

94



Figure 4.2 Autoradiograph demonstrating cross-reactivity of M2 antibodies (from

patient MP) eluted from beef heart mitochondrial antigens.

Legend: Immunoblot strips of BHM (100/xg/lane) stained as before (Figure 4.1) after 

incubation with antibodies from bovine heart mitochondria. 40kD Band 3 (lane 1); 50kD 

Band 2 (lane 2) and 40kD Band 1 (lane 3). Although lanes 2 and 3 are over-exposed, they 

demonstrate the varying degrees of cross-reactivity exhibited by each of the eluted M2 

antibodies.
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Fi^re 4.3 Autoradiograph demonstrating cross-reactivity of M2 antibodies with 

microorganisms.

1 2 3 4 5 6

Band 1

Band 2

Legend: Immunoblot strips of E.coli (30/xg/lane) (lanes 1-3) and K.pneumoniae

(30/ig/lane) (lanes 4-6) stained (as before) after incubation with M2 antibodies (from 

patient SF) eluted from BHM. Antibodies eluted from Band 1 (lanes 1 and 4), Band 2 

(lanes 2 and 5) and Band 3 (lanes 3 and 6).
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Figure 4.4 Autoradiograph demonstrating cross-reactivitv of antibodies eluted from 

E.C0IL

Band 1

- V

Band 2 

Band 3

Legend: Immunoblot strips of BHM (lanes 1 and 2) and K.pneumoniae (lanes 3 and 4) 

stained (as before) after incubation with antibodies eluted from Band 1 (lanes 1 and 3) and 

Band 2 (lanes 2 and 4) of E.coli.
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4.2 CROSS-REACTIVITY OF ANTIBODIES ELUTED FROM PURIFIED M2 

ANTIGENS.

4.2.1 Introduction

Unequivocal cross-reactivity has been demonstrated between three of the M2 

mitochondrial bands. However, since crude mitochondrial preparations were used, it was 

difficult to identify the cross-reactive bands (see section 4.1). To substantiate the observed 

reactivities, purified M2 antigens were necessary to investigate the specific cross-reactivity 

of autoantibodies in PBC.

4.2.2 Patients and Methods

4.2.2.1 Patients

Sera from six patients with clinically established PBC and high titre AMA were pooled 

in equal aliquots.

4.2.2.2 Methods

Mitochondrial enzymes were purified as described in section 2.2.1. Briefly, each of the 

purified enzymes PDC, OGDC and BCOADC (300jLtg/gel) was resolved on the full width 

of three 10% SDS gels and transferred to nitrocellulose. The blots were stained with 

pooled sera at a dilution of 1:150. Individual bands were correctly identified by comparing 

resolved protein bands after staining half a gel with coomassie blue and immunoblotting 

the other half with pooled sera (Figures 4.5a and 4.5b). Antibodies to PDC-E2, protein 

X, PDC-Ela, 0GDC-E2 and BC0ADC-E2 were eluted as before (section 4.1.3.2).

4.2.3 RESULTS

4.2.3.1 Reactivitv of eluted antibodies with purified antigens.

All of the eluted antibodies reacted back with the antigens from which they were eluted. 

As expected from previous studies, anti-PDC-E2 antibody cross-reacted with protein X 

and vice versa. Little or no cross-reactivity was observed between the major M2 antigens 

PDC-E2, 0GDC-E2 or BC0ADC-E2 using concentrations of purified antigen (15/xg/lane)
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Figure 4.5a Western blot demonstrating reactivity 

of pooled PBC sera with purified OADCs.

1 2 3

Figure 4.5b Resolved enzyme proteins stained with Coomassie blue.

E2
VO
VO

X -  

E l a'

E2

E2(p)

E3(p) 
X (p)

E la(p)

E ia(p)

El(o)

E3(o)
E2(b)
E2(o)
Ela(b)

Elft(b)

Legend: OGDC (lane 1); PDC (lane 2) and BCOADC (lane 3). 

Antibodies were eluted from each of the labelled bands.

Legend: Purified PDC (p) (lane 1); OGDC (o) (lane 2) and BCOADC 

(b) (lane 3) at 30, 25 and 40/xg/lane respectively.



similar to those used by other groups (Figure 4.6a). There was very faint reactivity 

between anti-PDC-E2 and BC0ADC-E2, and also between anti-0GDC-E2 and PDC-E2. 

Anti-El a  antibody cross-reacted with PDC-E2, and to a lesser degree with protein X 

(Figure 4.6b), although the converse, reactivity of anti-PDC-E2 against PDC-Ela, was not 

observed. Contamination of the OGDC preparation with PDC-E2 was detected when high 

concentrations of antigen were used.

4.2.3.2 Reactivity of eluted antibodies with BHM.

Cross-reactivity was demonstrated between PDC-E2 and protein X (Figure 4.7). Anti- 

PDC-E2 reacted strongly with PDC-E2 and weakly with protein X, but also with what are 

presumed to be minor degradation products of PDC-E2. In addition, anti-PDC-E2 

appeared to react with either BC0ADC-E2 or 0GDC-E2, but it was difficult to distinguish 

between these two bands because of their close proximity on the blots. Anti-protein-X 

reacted with PDC-E2, while the reaction with protein X was much stronger; no cross

reactivity with BC0ADC-E2 or 0GDC-E2 was detectable. Anti-BC0ADC-E2 cross

reacted weakly with PDC-E2 and also with a lower molecular weight band, possibly a 

degradation product. Higher molecular weight bands were also evident, but the identity 

of these is unknown. Anti-0GDC-E2 also cross-reacted with PDC-E2. Anti-PDC-Ela 

cross-reacted with PDC-E2 and to a lesser degree with protein X, as already demonstrated 

with purified antigens. As in the case of the purified enzymes, anti-PDC-E2 did not react 

with PDC-Elo!.
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Figure 4.6a Autoradiograph demonstrating reactivity of
eluted antibodies with purified OADCs.

1 3 4 5 6 8 9 10 11 12

o

Legend: PDC (lanes 1 , 4 ,7  and 10); BCOADC 
(lanes 2, 5, 8 and 11) and OGDC (lanes 3, 6, 9 
and 12) at 15/Ltg/lane. Anti-BCOADC-E2 (lanes 1-3); 
anti-protein X (lanes 4-6); anti-PDC-E2 (lanes 7-9); 
anti-OGDC-E2 (lanes 10-12).

Figure 4.6b Autoradiograph demonstrating reactivity 
of purified anti-PDC-Elg antibody with the purified OADCs.

1

Legend: PDC (lanes 1 and 4); OGDC (lanes 2 and 5) and BCOADC 
(lanes 3 and 6) at 100 (lanes 1-3) and 15/xg/lane (lanes 4-6).



Figure 4.7 Autoradiograph demonstrating reactivity of eluted antibodies with bovine 

heart mitochondria (lOOug/lane).

1 2 3 4 5

Legend: Anti-BC0ADC-E2 (lane 1); anti-protein X (lane 2); anti-PDC-E2 (lane 3); 

anti-0GDC-E2 (lane 4) and anti-PDC-Ela (lane 5).
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4.3 DISCUSSION

4.3.1 CROSS-REACTIVITY BETWEEN MITOCHONDRIAL ANTIGENS.

Considering the highly conserved nature of the immunogenic lipoyl region of E2, some 

degree of cross-reactivity might be expected between the respective lipoylated M2 

antigens. There is conclusive evidence for unequivocal cross-reactivity between PDC-E2 

and protein X of PDC. On a two-dimensional gel, PBC sera and protein X specific rabbit 

antiserum were shown to react to the same two isoelectric point polypeptides at 56kD. In 

addition, absorption of PBC sera with PDC-E2 removed reactivity against both the 74kD 

and 56kD antigens. Furthermore, sera from 82 AMA positive PBC patients reacted with 

both of these antigens and not just one on its own. Sera reacted with protein X from 

human, bovine and porcine sources, but interestingly did not react with protein X of rat 

or mouse origin (Surh et al., 1989).

Cross-reactivity between antibodies to the other M2 mitochondrial autoantigens is 

controversial. Most of the evidence for the presence or absence of cross-reacting 

antibodies has come from immunoblotting, immunoabsorption and enzyme inhibition 

studies. Fregeau et al. (1990b) have demonstrated that affinity purified anti-0GDC-E2 

antibodies inhibited only OGDC enzyme activity and not the activity of either PDC or 

BCOADC, and did not react on immunoblot with either PDC-E2 or BCOADC-E2. 

Similar peptide specificity has been demonstrated for anti-BC0ADC-E2 antibodies 

(Fregeau et al., 1989).

Fussey et al. (1990) presented data suggesting that both peptide-specific and cross-reacting 

antibodies are present in PBC sera. They found that antibodies against PDC-E2 and 

protein X did not recognize the other E2 polypeptides, and antibodies against 0GDC-E2 

and BC0ADC-E2 did not recognize PDC-E2 or protein X. Anti-El a  and B antibodies 

were totally peptide-specific. However, limited cross-reactivity (dependent on antigen 

concentration and serum dilution) was demonstrated between 0GDC-E2 and BCOADC- 

E2. Rowley et a/. (1991) have demonstrated cross-reactivity and cross-inhibition between 

PDC-E2 and 0GDC-E2 in 1 out of 10 AMA positive patients. Another study has 

demonstrated that a monoclonal antibody raised to bovine mitochondria not only inhibited
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PDC activity but also weakly inhibited OGDC (Bjorkland et al., 1991).

M2 antibody cross-reactivity has independently been confirmed using affinity-purified 

antibodies from crude mitochondrial proteins immobilized on nitrocellulose. At least one 

epitope was found to be shared between four of the M2 antigenic bands. It was concluded 

that sera with similar immunoblotting patterns possess antibodies with different antigenic 

specificities, and these specificities may be responsible for more than one band (Fusconi 

et al., 1992).

The current studies demonstrate that, at least for some PBC sera, cross-reactivity does 

exist between the major M2 antigens. Since BHM was used to detect cross-reactivity in 

the initial elution/rebinding experiments, the true identity of the bands on immunoblot 

could not be established. Different patients exhibited varying patterns of cross-reactivity 

(e.g. SF, MJ and MP), which suggested that separate populations of AMA exist in PBC. 

Cross-reactivity between the 70kD and 50kD antigens probably reflects the well- 

documented presence of cross-reactive epitopes on PDC-E2 and protein X (Surh et al., 

1989). However, understanding the cross-reactivity exhibited by the third antibody is more 

complex. The molecular weight on immunoblot (43 kD) corresponded to that of PDC-Ela, 

but antibodies to PDC-Ela and 13 have been shown to be totally peptide-specific (Fregeau 

et al., 1990a). Perhaps both cross-reacting and peptide specific antibodies are present in 

PBC sera.

No notable cross-reactivity was demonstrated between the E2 components of PDC, OGDC 

or BCOADC using eluted antibodies to the purified antigens, which is in agreement with 

previous reports (Fussey et al., 1990; Fregeau et a l,  1990a). However, using the same 

antibodies and BHM, rather than purified enzymes as antigenic source, some cross

reactivity was demonstrated between the M2 antigens, presumably because of the higher 

concentrations of antigen used. This would explain the high degree of cross-reactivity 

observed in the initial experiments, where antibodies were eluted from crude BHM. 

Antibody reactivity appears to be dependent on antigen/antibody concentration. In the 

initial elution/rebinding experiments with crude BHM, where total cross-reactivity was 

demonstrated between three of the M2 bands, antibodies were eluted from three gels each
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containing 2000pig of crude BHM. This contrasts to the second set of experiments using 

purified enzyme preparations, where antibodies were eluted from three gels each 

containing only 300fig antigen.

Unequivocal cross-reactivity between anti-PDC-Ela and PDC-E2, and to a lesser degree 

with protein X, has been demonstrated using both purified antigen and BHM. No 

reactivity was present between anti-PDC-E2 antibody and PDC-Ela, which suggests that 

cross-reactive epitopes are not responsible. This also suggests that the cross-reactivity 

observed with the unidentified 40kD antigen in the initial study probably represented 

PDC-Ela. Fusconi et al. (1992) have reported similar reactivity after elution of antibody 

from an unidentified 43kD band, which appears to correspond with PDC-Ela. The results 

reported herein suggest that, in some instances at least, antibodies to PDC-Ela cross-react 

with PDC-E2 and protein X.

A speculative explanation for the presence of anti-El a  antibodies, and for the pattern of 

cross-reactivity observed, is that some at least are anti-idiotypic antibodies directed at anti- 

E2 antibodies recognizing the conformation of an E2 binding site for El. Interestingly, 

studies have consistently shown that reactivity with PDC-Ela always coincides with 

reactivity against PDC-E2 and protein X (Fussey et al., 1989a; Multimer et al., 1989; 

Fregeau et al., 1990a). Furthermore, anti-idiotypic antibodies have been demonstrated in 

PBC which react against anti-E2 antibodies (Zhang et al., 1993), however, it is unknown 

if these antibodies were similar to the anti-El a  antibodies investigated in the present 

study.

In conclusion, both peptide-specific and cross-reacting antibodies exist in PBC sera, but 

in some instances at least, cross-reactivity is dependent on antigen load and serum dilution. 

Importantly, this study demonstrates that the absence of any structural homology between 

bacterial and mitochondrial PDC-Ela does not preclude a molecular mimcry pathogenetic 

mechanism in PBC.
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4.3.2 AMA CROSS-REACTIVITY WITH BACTERIAL ANTIGENS.

Considering the phylogenetically conserved nature of mitochondrial and bacterial PDC-E2, 

it is not surprising that AMA were found to cross-react with a range of Gram-positive and 

Gram-negative bacteria. On immunoblot, reactivity was with two antigens of approximate 

molecular weight 70-80kD and 50-60kD, which were later identified in E.coli as PDC-E2 

and 0GDC-E2 respectively, where reactivity was specifically to their lipoyl regions (Surh 

et aL, 1990a; Fussey et al., 1990). Neither protein X nor BCOADC are present in E.coli 

(Hummel et al., 1988), but AMA have been shown to react with BC0ADC-E2 from 

Pseudomonas putida and Ps.aeruginosa (McCully et al., 1986; Fussey et al., 1991).

In the present study, cross-reactivity was demonstrated between the antibodies eluted from 

the three major M2 antigens (70, 50 and 40kD) and the equivalent two antigens (70 and 

50kD) of E.coli and K.pneumoniae. Since the AMA reactive bacterial antigens were 

identified as PDC-E2 and 0GDC-E2, some cross-reactivity must exist between these two 

antigens as indeed some groups have already demonstrated for mammalian enzymes 

(Rowley et al., 1991; Bjorkland et al., 1991). The strong cross-reactivity demonstrated 

between the two anti-E. coli antibodies and the 70kD and 50kD bands of BHM probably 

reflects cross-reactive epitopes on PDC-E2 and protein X, and on PDC-E2 and OGDC-E2. 

Interpreting the reactivity with the 40kD band is more difficult; although the molecular 

weight corresponds to that of PDC-Ela, antibodies to this antigen have been shown to be 

peptide-specific. The patient with sole reactivity to a 50-56kD band on BHM (MJ) was 

probably recognising BC0ADC-E2, which would explain why no cross-reactivity was 

observed between this antibody and bacterial preparations, since none of the bacteria tested 

possessed BCOADC.

Even before the identification of the M2 antigens, cross-reactivity had been demonstrated 

between mitochondrial and bacterial antigens. Absorption studies have been widely used 

to test such reactivity. Lindenbom-Fotinos et al. (1985) demonstrated that AMA reactivity 

to bacterial membrane antigens could be absorbed out with submitochondrial particles, 

showing that E.coli shares cross-reacting determinants with mitochondria. Another study 

demonstrated that absorption of PBC sera with E.coli lysate failed to remove AMA 

reactivity against mammalian antigens, whereas absorption with whole BHM completely
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removed sjnû-E.coli antibodies. However, absorption with purified PDC did not affect 

reactivity with the E.coli antigen, indicating that a mitochondrial antigen other than PDC 

is involved in absorption of anti-ÆcoZf antibodies (Surh et al., 1990b). The average titres 

of antibody against mammalian enzymes was 10-100 fold higher than titres against the 

equivalent E. coli enzymes.

A similar study demonstrated that absorption of PBC sera with mitochondria abolished 

reactivity with mitochondrial and E. coli antigens, but absorption of sera with E.coli 

lysates only diminished reactivity with mitochondria. However, absorption with 

mitochondria of rabbit antiserum against a rough mutant of Salmonella minnesota, 

abolished reactivity with both the 70kD and 50kD mitochondrial and their equivalent 

bacterial polypeptides (Stemerowicz et al., 1988). This suggested that rough (mutant) as 

opposed to smooth (wild-type) forms of bacteria are particularly antigenic for AMA. 

Interestingly, AMA production can be induced in rabbits by intravenous injection with 

rough forms of laboratory strains of Salmonella minnesota. Rabbit antisera raised against 

Salmonella minnesota Rb and Rc mutants (but not wild type Enterobacteriaceae) 

recognized the PBC specific 70kD and 50kD M2 antigens (Stemerowicz et al., 1988).

Another study investigating the reactivity of affinity-purified anti-M2-antibodies, found 

no cross-reactivity between anti-PDC-E2 antibodies and E.coli proteins (Fussey et al., 

1991). However, some cross-reactivity between mammalian and bacterial antigens was 

demonstrated when increasing amounts of E2 protein were used. This would explain the 

discrepancies in results between that study and those reported here, where larger amounts 

of antigen were used (e.g. bacterial membranes preparations were loaded at 30/>tg/lane, as 

opposed to purified bacterial PDC-E2 in Fussey’s study), hence the greater degree of 

cross-reactivity observed. It was also demonstrated that mammalian antigens can absorb 

out reactivity against bacterial antigens to a greater extent than vice versa (Fussey et al., 

1991).

Vilagut et al. (1994) claim to have demonstrated cross-reactivity between AMA and the 

equivalent antigens on the atypical Mycobacterium gordonae, and also between anti- 

Mycobacterium antibodies and the equivalent M2 antigens. Furthermore, no cross
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reactivity was demonstrated between AMA and any of the nine other atypical 

Mycobacteria tested. Although unequivocal cross-reactivity was demonstrated between 

mitochondrial and bacterial antigens, the results and discussion in this paper are confusing 

since the only mitochondrial antigen tested was purified PDC, hence the incorrect 

identification of some of the M2 antigens. A subsequent study testing cross-reactivity 

between AMA and eight atypical Mycobacteria was unable to corroborate these findings. 

PBC and control sera were found to react with all of the Mycobacteria species tested, but 

reactivity was with a single 65kD antigen, thought to be the hsp65 mycobacterial protein 

(O’Donohue et ah, 1994), but this remains to be confirmed.

A recent study investigating cross-reactivity of AMA with procaryotes measured the 

functional reactivity of serum autoantibodies by means of an enzyme inhibition assay 

against PDC from mammalian, Saccharomyces cerevisiae and E.coli sources (Teoh et al., 

1994). All 10 PBC sera tested reacted with the respective E2s on immunoblotting, but 

there were marked differences in enzyme inhibitory capacities. All of the PBC sera were 

highly inhibitory for mammalian PDC, moderately inhibitory for yeast PDC and weakly 

inhibitory for E.coli PDC. This activity corresponds with the degree of sequence 

homology between enzymes. The order of reactivity was reversed when lower dilutions 

of sera (1:50) were used (eg. E.coli > yeast > mammalian), according to the authors this 

indicated that a chronic bacterial infection may have initiated a response to bacterial PDC, 

but was not cross-reactive with mammalian enzymes. The authors concluded that cross

reactivity between different sources does not exist, at least at the B cell level, but cross

reactivity at the T cell level cannot be precluded.

It is clear that AMA in PBC are present in much higher titre and bind mitochondrial 

antigens with a much greater affinity than the corresponding anti-bacterial antibodies. 

Nevertheless, a chronic infection may still be able to provide the initial stimulus for B 

and/or T cells and thus AMA production. Subsequent events which depend on the genetic 

predisposition of the host, the aberrant expression of self-antigen on the cell surface and 

other unknown factors may select mutations in bacterial PDC-E2 specific B cells (through 

genetic rearrangements in the antibody binding site) with the ultimate production of 

antibodies with a higher affinity for mitochondrial antigens.
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CHAPTER 5

M2 ANTIBODIES IN "NORMAL" FEMALES WITH 

A HISTORY OF RECURRENT UTI.
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5.1 DETECTION OF M2 ANTIBODIES IN PATIENTS WITH RECURRENT UTI 

USING SDS PAGE AND IMMUNOBLOTTING.

5.1.1 Introduction

The increased incidence of urinary tract infection (UTI) in PBC compared to other CLD 

patients suggests that UTI may have a specific role to play in initiating and/or maintaining 

AMA production in PBC. To investigate this hypothesis, a control group of females with 

a history of recurrent UTI, but no apparent liver disease, were examined.

5.1.2 Patients and Methods

5.1.2.1 Sera

Sera were collected from 58 female patients attending a UTI clinic. All had a history of 

longstanding recurrent episodes of significant bacteriuria and were receiving prophylaxis 

with nitrofurantoin. All had been free from infection immediately before prophylaxis 

started and none had apparent clinical or biochemical evidence of liver disease. Sera were 

also obtained from 77 CLD patients (5 IF and 26M) and 24 normal controls (I9F and 5M). 

Sera were stored at -20°C.

5.1.2.2 Antigen preparation. SDS-PAGE. immunoblotting and staining, antibody 

elution.

A detailed account of these experiments is given in section 2.2. Briefly, BHM or bacterial 

membrane preparations were subjected to SDS PAGE and immunoblotting. Blots were 

incubated with patients’ sera (1:150) or eluted antibody and reactivity was detected using 

either HRP-conjugated or ^^T-labelled anti-human antibody at dilutions of 1:1000 and 

1:200 respectively.

5.1.2.3 Statistical analysis

The chi-square test was used to analyse the data.

5.1.3 Results

5.1.3.1 AMA reactivity in non-PBC patients

M2 antibodies were detected in significantly more females with recurrent UTI than in non- 

PBC CLD patients (p < 0.01) or normal controls (p < 0.01) (Table 5.1). Of the 40
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recurrent UTI patients found to possess antibody to the M2 antigen, antibody to the 74kD 

antigen was present in 37 (64% of total group; 93% of M2 positive group) (Table 5.2).

Reactivity was weak in most patients (Figure 5.1). However, one patient with previous 

pyelonephritis reacted very strongly with the 74kD M2 component (Figure 5.2a) (the 

intensity of staining was similar to that found in a PBC serum at the same dilution). Two 

other bands of lower molecular weight and intensity were also present in this UTI patient; 

however since neither corresponded to the major M2 antigenic bands, they were not 

investigated further. Eluted antibody to the 74kD band cross-reacted with bands of 

approximately 74kD and 50-56kD on immunoblots of membrane fractions of E.coli, 

Klebsiella pneumoniae, Proteus mirabilis, Citrobacter freundii and BHM (Figure 5.2b). 

Antibody eluted from the 74kD band in two other UTI patients whose reactivity on 

immunoblot was much weaker, re-bound with mitochondrial preparations but not with the 

bacteria (not shown). Since purified enzyme preparations were not used in these 

experiments, it was difficult to distinguish between protein X, BC0ADC-E2 and OGDC- 

E2, due to their close proximity on immunoblots.

12 of 77 CLD patients tested positive for AMA activity (15.6%F: 15.3%M) (Table 5.1). 

Six AICAH patients (3F, 3M) exhibited reactivity with the M2 fraction, 2 with the 74kD 

alone, 1 with the 74 and a 50-56kD antigen and 3 with the 50-56kD antigen(s) alone. Two 

of the 3 female patients had a documented history of recurrent UTI. In the other 6  patients 

exhibiting reactivity with the M2 antigen, 2 had cryptogenic cirrhosis; one, a male, reacted 

with the 50-56kD M2 antigen(s) and the other a female exhibited reactivity with the 74, 

50-56 and 48kD antigens. A female with polycystic liver and kidney disease reacted 

weakly with the 50-56kD antigen. Three female patients with ALD reacted with the 74kD 

antigen, one had a history of recurrent UTI.

When 24 normal controls were tested for reactivity, only one female was found to react 

with the 74kD antigen, but very weakly. By routine immunofluorescent antibody studies 

this lady was AMA negative but ANA positive >1/40. It is unknown whether the latter 

finding has any bearing on the binding of M2 on immunoblots. One other control female 

exhibited M2 reactivity but with a 50-56kD antigen and had a UTI when the serum was 

taken.
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Table 5.1 M2 antibodies detected in non-PBC groups of women.

Control groups Non-PBC chronic liver disease Recurrent UTI Normals

Number 77 (51F : 26M) 58 (all F) 24 (19F : 5M)

M2 antibodies 12(15.5% ) (15.6%F : 15.3% M) 40 (69%) 2 (10.5% F) (0% M)

Table 5.2 M2 antibodies detected in "normal" women with recurrent urinary tract 
infection on nrophvlactic antibiotic treatment.

No. of patients 58 *

with M2 antibodies 40  (69%)

74kD alone 30  (52%)

74kD and 50-56kD 7 (12%)

50-56kD alone 3 (5%)

* Five had a breakthrough infection (3 E.coli, 1 K.pneumoniae, 1 K.oxytocd) at the time 
the serum was taken. All of these had the 74kD antibody alone.
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Figure 5.1 Autoradiograph demonstrating reactivity of whole sera from patients with recurrent urinary tract infection with bovine heart 
mitochondria (lOOftg/Iane).
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Legend: Lane 1 = control, lanes 2-6 and 8-12 = UTI sera, lane 7 = PBC serum. Lane 7 was over-exposed so as to show up reactivity of the UTI sera. 
The same serum dilution (1:150) was used for PBC and UTI sera so as to demonstrate differences in intensity of antibody binding between the two 
groups.



Figure 5.2 a. Immunoblot of a serum sample from a patient with recurrent urinary tract infection and previous pyelonephritis exhibiting strong reactivity 

with the 74kD antigen of bovine heart mitochondria, b. Autoradiograph demonstrating cross-reactivity of the antibody eluted from the 74kD antigen 

(Figure 5.2a) with bacterial membrane preparations.
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Legend b: Lane 1 = E.coli 1, lane 2 = Kpneumoniae, lane 3 = C.freundii, lane 4 = P.mirabilis, lane 5 = E.coli 2, lane 6  = beef heart mitochondria. 

E.coli isolates 1 and 2 were from two different patients.



5.1.4 Discussion

For the first time, a high percentage (69%) of PBC specific M2 autoantibodies has been 

found in a group of patients without apparent autoimmune disease. M2 autoantibodies in 

this recurrent bacteriuric group were not related to the presence of infection, since patients 

were receiving effective prophylaxis. However, it is unlikely that the weak reactivity 

between mitochondrial autoantibodies and antigen was due to the absence of a concomitant 

urinary infection, since when a breakthrough infection did occur during treatment, 

reactivity was still weak and was still to the 74kD antigen alone (Table 5.2) (which is the 

appropriate molecular weight for PDC-E2). In contrast to PBC sera, in the majority of 

cases, sera from patients in this group that reacted with the 74kD antigen did not react 

with protein X.

In one patient with recurrent bacteriuria without liver disease who exhibited strong 

reactivity with the 74kD M2 component, specific cross-reactivity was demonstrated 

between antibody eluted from this band and the 74kD and 50-56kD bands of BHM and 

a range of Gram-negative bacterial membrane preparations. Reactivity was much stronger 

with the microorganisms than with the BHM. It has been reported that absorption of PBC 

sera with BHM abolishes reactivity with mitochondrial and bacterial antigens 

(Stemerowicz et aL, 1988). However, while absorption of PBC sera with a rough form of 

Salmonella minnesota abolished reactivity with bacterial polypeptides, it only diminished 

reactivity with mitochondrial preparations. In two other UTI patients exhibiting weaker 

reactivity with the M2 fraction, rebinding with mitochondrial antigens but not with 

bacteria was demonstrated following antibody elution. This suggests that for these two 

patients the antibodies had a stronger affinity for mammalian than for bacterial OADCs, 

whereas in the former patient, antibodies had a stronger affinity for microorganisms, A 

pleomorphic set of relative antibody affinities has been found to be associated with PBC 

(Robertson et ah, 1990), and these may also be present in patients with recurrent UTI. 

Reactivity with the M2 antigen was weak and reactivity with protein X was absent for 

most patients in our recurrent UTI group. These findings suggest that the specificity of 

antibody responses along with the arrangement of the immunodominant epitopes on the 

respective OADCs are likely to be important factors in the pathogenesis of PBC.
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The association between UTI and PBC specific M2 antibody positivity has some 

interesting parallels with the association of bacterial products and several autoimmune 

diseases. Klebsiella species are associated with ankylosing spondylitis (Ebringer, 1989a), 

Salmonella antigens have been found in joint material from patients with reactive arthritis 

(Granfors et aL, 1990) and specific dinXi-Proteus antibodies have been demonstrated in 

active rheumatoid arthritis (Ebringer, 1989b). In myasthenia gravis the circulating 

antibodies directed against the nicotinic acetylcholine receptor are pathogenetic. 

Monoclonal antibodies raised against this receptor have been found to bind to outer 

membrane proteins from E.coli, Kpneumoniae, and Proteus vulgaris (Stefansson et aL, 

1985) Furthermore, sera from PBC patients possess antibodies against the a  subunit and 

probably the B and gamma subunits of the acetylcholine receptor (Kyriatsoulis et aL, 

1988; Lefvert et aL, 1989), yet no patient had any clinical or electromyographic evidence 

of myasthenia gravis. This would indicate that "host response" is important in the 

generation of autoimmune disease; whilst in some cases autoantibodies may be 

pathogenetic, in other cases they may be merely indicators of the aetiology of the 

autoimmune process, or even epiphenomena.

5.2 DETECTION OF M2 ANTIBODIES IN PATIENTS WITH RECURRENT UTI 

USING AN ELISA AND PURIFIED PBC SPECIFIC ANTIGENS.

5.2.1 Introduction

In view of the potential significance of finding AMA in a "normal" group of women it 

was important to substantiate and elaborate this data. As crude BHM preparations were 

used in the immunoblotting study, the results were questioned as being due to non-specific 

binding or naturally occurring mitochondrial antibodies (NOMA) (Klein et aL, 1990). The 

aim of the present study was to confirm the immunoblotting data using purified enzyme 

preparations and ELISA. Since the identification of the PBC autoantigens, ELlSAs have 

been used successfully for the detection of M2 specific antibodies (Van de Water et aL, 

1989; Heseltine et aL, 1990: Leung et aL, 1992). In addition, antibodies to each of the 

individual OADCs in PBC patients could be quantified and the titres compared with those 

for the same antibodies in women with recurrent UTI.
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5.2.2 Patients and Methods

5.2.2.1 Sera

Sera were obtained from 101 (91F:10M) patients with clinically established PBC; 58 

(32F:26M) CLD patients who were on a liver transplant work-up programme: AICAH, 

7; PSC, 15; ALD, 11; hepatitis C, 9; cryptogenic cirrhosis, 5; others 11; 50 female 

patients with a history of recurrent UTI attending an outpatient clinic; and 28 (15F:13M) 

normal controls. All of the UTI patients were receiving prophylactic antibiotics at the time 

the serum was taken. Sera were stored at -20®C.

5.2.2.2 Purification of antigens for ELISA

PDC and OGDC were co-purified from bovine heart (Stanley and Perham, 1980) (section 

2.2.1.3). BCOADC was purified from bovine kidney cortex using the method of Lawson 

et al (1983) (section 2.2.1.4). Protein concentrations were 14mg/ml, 23mg/ml and 9mg/ml 

respectively. The purity of the enzyme complexes was assessed by SDS-PAGE on 10% 

gels (Laemmli, 1973), and by staining with Coomassie Brilliant Blue (see Figure 4.5b). 

For the purpose of this study the use of whole complexes was adequate for the evaluation 

of M2 antibodies. The ELISA is described in detail in section 2.2.6.

5.2.2.3 Statistical Analysis

Values greater than 2 standard deviations (SD) above the mean for normal controls were 

defined as positive. The cut-off points (OD4 5 0) for PDC, OGDC and BCOADC were 

0.142, 0.139 and 0.196 respectively. The mean interassay and intraassay variation was 

determined for each enzyme.

5.2.3 Results

5.2.3.1 Detection of M2 antibodies

The total reactivity of M2 antibodies in each of the study groups was PBC - 94%, CLD - 

19%, UTI - 52%, Normal - 4%. The OD values for serum reactivity on assay with each 

of the purified enzyme complexes are shown graphically in Figures 5.3, 5.4 and 5.5.

In the recurrent UTI group all of the M2 positive sera had antibodies to PDC (52%), 

either alone or in combination with anti-BCOADC and anti-OGDC antibodies (Table 5.3).
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The most common reactivity was with the PDC antigen alone (34%) which corroborates 

what was found in the immunoblotting study where the reactivity was mainly with PDC- 

E2 (Butler et aL, 1993). The next most common reactivity was with PDC and BCOADC 

in combination (10%). Reactivity was only present against BCOADC and OGDC in 

association with PDC. None of the sera reacted with the BCOADC alone. It is interesting 

that the low titre reactivity against PDC corresponds to approximately 20% of the positive 

reactivity seen in the PBC group (Figure 5.3).

S.2.3.2 Quantitative analysis of M2 antibodies

It is well established in PBC that the most common antigen recognised by AMA is PDC- 

E2. This study has shown that 8 8 % of PBC sera react with PDC and 6 % react with 

BCOADC alone, together accounting for the total M2 reactivity in PBC of 94%. In the 

PBC group the positive OD values were evenly scattered within the range for anti-PDC 

reactivity whereas for BCOADC, and more so for OGDC, the OD values were 

eoncentrated at the lower end of the positive range of values (Figures 5.3, 5.4 and 5.5). 

It has also been shown that antibodies to PDC (8 8 %) and BCOADC (6 6 %) occur more 

frequently than OGDC (43%) antibodies. Antibodies to OGDC never occurred alone, only 

in assoeiation with PDC and/or BCOADC antibodies. The most common pattern of M2 

reactivity was with all three antigens in combination (41%). The next most common 

reactivity was with PDC alone (25%). Antibodies to PDC and BCOADC occurred in 20% 

of cases whereas antibodies to PDC and OGDC occurred in only 3%. Occasionally, on 

immunoblotting of PBC sera against BHM, reactivity occurs against a single antigenic 

band of MW 50-56kD. Using purified antigens this protein was identified as BC0ADC-E2 

(Van de Water et aL, 1989) and antibodies to this protein alone have been found to occur 

herein in 6 % of patients. The 6 % of patients that were AMA negative on ELISA were 

also negative on immunoblotting and immunofluorescence. One patient’s serum that 

reacted weakly with PDC-E2 alone on immunoblotting reacted strongly with all of the M2 

autoantigens on ELISA. Another patient reacting with BCOADC alone on 

immunoblotting reacted with both PDC and BCOADC on ELISA. Of two patients that 

were M2 negative on immunoblotting one showed weak reactivity against PDC, the other, 

exhibited reactivity against all of the M2 antigens on ELISA.
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Of the 11 control CLD patients that were positive for M2 antibodies on ELISA, there 

were 3 PSC (2M:1F), 3 AICAH (3F), 3 ALD (3M), 1 granulomatous hepatitis and 1 

polycystic liver and kidney disease patients(s). Five of these patients were positive on 

immunoblotting. The most common pattern of M2 reactivity was with PDC alone (7%), 

5% had antibodies to all three antigens (Table 5.3). One normal control was positive for 

antibody to all three antigens but was at the lower end of the positive range of values.

Tabic 5.3 Percentage M2 reactivity against each of the purified oxo-acid 

dehydrogenase complexes.

PBC CLD Rec. UTI Normal

PDC 89 (88%) 10 (17%) 26 (52%) 1 (4%)
OGDC 44 (43%) 4 (7%) 4 (8%) 1 (4%)
BCOADC 67 (66%) 7 (12%) 8 (16%) 1 (4%)

PDC/OGDC/BCOADC 41 (41%) 3 (5%) 4 (8%) 1 (4%)
PDC/BCOADC 20 (20%) 2 (3%) 4 (8%) 0
PDC/OGDC 3 (3%) 1 (2%) 0 0
PDC only 25 (25%) 4 (7%) 18 (36%) 0
BCOADC only 6 (6%) 1 (2%) 0 0
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Figure 5.3 Optical density values for serum reactivity with purified PDC.
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Legend: The mean OD (±SEM) values (dashed line) for the PBC, CLD, UTI and normal 
study groups were 0.61(0.03), 0.12(0.01), 0.18(0.01) and 0.08(0.01) respectively. The 
mean intraassay variation was 0.01 ± 0.002 and the mean interassay variation was 0.04 
± 0 .011.
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Figure 5.4 Optical density values for serum reactivity with purified OGDC.
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Legend: The mean OD (±SEM) values (dashed line) for the respective study groups were 
0.19(0.02), 0.08(0.007), 0.09(0.006) and 0.08(0.005). The mean intraassay variation was 
0 . 0 1  ± 0 . 0 0 2  and the mean interassay variation was 0 . 0 2  ± 0 .0 0 2 .
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1 2
Figure 5.5 Optical density values from serum reactivity with purified BCOADC.
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Legend: The mean OD (±SEM) values (dashed line) for the respective study groups were 
0.31(0.02), 0.14(0.008), 0.16(0.01) and 0.13(0.006). The mean intraassay variation was 
0.03 ± 0.003 and the mean interassay variation was 0.06 ± 0.010.
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5.2.4 Discussion

Using ELISA and purified M2 antigens, the original observations have been confirmed, 

where M2 antibodies were demonstrated by immunoblotting in patients with recurrent UTI 

but with no evidence of liver disease. The overall percentage of patients with M2 

antibodies was less using ELISA (52%) compared to what was found on immunoblotting 

(69%) (p = n.s.) (Butler et aL, 1993) but different patients were investigated in each study 

and importantly the percentage positive for M2 is still significantly higher than other CLD 

controls (p < 0.05) and normals (p < 0.01). In addition, as crude BHM preparations were 

used in the immunoblotting study it is possible that NOMA may have been responsible 

for some of the positive reactivity in the UTI group. Klein et a/. (1991) evaluating NOMA 

in patients with infectious diseases found that 52% of patients with UTI reacted with the 

65kD epsilon NOMAntigen, but not with either the purified PDC or recombinant PDC-E2 

(Klein et aL, 1993). They proposed that the reactivity seen in the immunoblotting study 

(Butler et aL, 1993) was due to NOMA to this epsilon antigen. However, it has now been 

shown that this is not the case, since using purified antigens reactivity was specifically 

with M2 (Butler et aL, 1995). The difference in antibody specificity in our UTI group is 

probably related to the patient population chosen. All of the patients in the current study 

were female and had a long history of recurrent UTI rather than acute UTI, which may 

be an important factor.

Non-specific reactivity has been suggested by other groups to explain the high frequency 

of low titre M2 antibodies in UTI sera. However, in the current studies, control 

populations with high globulin levels (e.g. cirrhotics) were specifically chosen as non

specific binding is most likely in such patients. In addition, these patients also have high 

titres of E.coli antibodies (Simjee et aL, 1975). The patients with recurrent UTI and 

normal liver function are known not to have high globulins and thus are an appropriate 

control group for normals without recurrent UTI.

The ELISA method is a more sensitive technique for detection of AMA. It has been 

shown herein that some PBC sera negative for M2 on immunoblotting and IFL were found 

to be weakly positive on ELISA. Sera that were M2 positive on immunoblotting were all 

found to be positive on ELISA. It is not unusual for antibodies detected by
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immunoblotting, ELISA and IFL to exhibit different binding specificities. Klein and Berg 

(1990b) have shown that NOMA detected by immunoblotting and ELISA could not be 

detected by IFL. Rowley et al. (1991) detected a population of antibodies, undetectable 

by immunoblotting, on ELISA that react only with intact PDC and not with recombinant 

PDC-E2. This basically underlines the requirement for a conformational epitope in some 

instances. Matsui et al. (1993) and co-workers have recently generated three monoclonal 

antibodies to PDC from a single PEG patient; one reacted with PDC-E2 and X, whilst the 

other two only reacted with PDC-E2. This suggests that there are at least two distinct 

autoepitopes on PDC-E2. This may also be the case for the other PEC specific antigens. 

Apparently, in some instances, different antibody specificities determine distinctive 

reactivities.

The ELISA data reported in the present study are consistent with that reported by other 

groups. It is evident that PEC specific antigens are recognized by separate populations of 

AMA, as only 41 out of 95 M2 positive patients reacted with all three mitochondrial 

enzymes. However, cross-reacting antibodies have been demonstrated (Flannery et al., 

1989; Fusconi et al., 1992; Rowley et al., 1991; Ejorkland et al., 1991) in PEC, thus it 

is possible that some of the reactivity seen in each of the study groups may have been due 

to cross-reacting epitopes. Indeed, Fusconi et al. (1992) have shown that at least one 

epitope is shared between four of the major M2 antigenic bands in PEC. There is much 

disparity in the literature regarding the frequency of OGDC antibodies; percentages range 

between 7% and 72% (Fussey et ah, 1988; Fregeau et al., 1990b; Yoshida et ah, 1990; 

Eegley et al., 1991; Provenzano et al., 1993). Different detection methods and definitions 

of positivity are likely to be responsible, although diversity in antibody specificities may 

also affect reactivity. Evaluation of PDC and ECO ADC antibodies is far more consistent: 

positives range between 88%-95% (Yeaman et al., 1988; Fussey et al., 1988; Van de 

Water et al., 1989; Klein and Eerg, 1990b) and 62%-72% respectively (Fussey et al., 

1988; Fregeau et al., 1989; Yoshida et al., 1990; Eegley et al., 1991).

AMA have been detected in many hepatic and non-hepatic disorders associated with 

immunological abnormalities (Mouritson et al., 1986; Hasselstrom et al., 1988; Chevallier 

et al., 1992; Marriott and Oliveira, 1993), but until now significant PEC specific AMA
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have never been found in normal healthy individuals. The presence of AMA in UTI 

patients who were otherwise healthy, probably reflects cross-reacting anti-bacterial 

antibodies to the equivalent M2 antigens (e.g. PDC-E2). Although healthy individuals are 

constantly mounting immune responses to infectious agents (containing OADC), AMA are 

not detected, presumably because the PBC specific epitope(s) are not immunogenic on the 

infecting organism. The route of infection (e.g. urinary tract) and the nature of the antigen 

may be crucial for exposition of the PBC specific epitopes and the induction of an 

autoimmune response.

5.3 DETECTION OF ROUGH (R) MUTANTS IN INFECTED URINE

5.3.1 Introduction

It is unknown what initiates AMA production in PBC but it is interesting that AMA can 

be induced in rabbits by intravenously injecting R mutants of laboratory strains of 

Salmonella minnesota (Stemerowicz et a/., 1988). The same authors subsequently 

demonstrated that up to 50% of all faecal E. coli were rough in 21/21 PBC patients. In 

11 of these 21 PBC patients deposits of lipid A (a bacterial cell wall component) were 

located in the cytoplasm of hepatocytes situated around the central veins and not the portal 

tracts, suggesting that bacteria did not arrive via the portal system from the gut, but via 

the arterial blood supply (Hopf et aL, 1989).

5.3.2 Aim

Since organisms causing UTI originate in the gut, urinary organisms were screened for 

rough forms.

5.3.3 Patients and Methods

5.3.3.1 Patients

Urinary organisms isolated from 23 PBC patients, 19 CLD controls and 22 "normals" with 

proven bacteriuria were screened for rough forms. In the latter group, bacteria were 

isolated either before, during (i.e. breakthrough infection) or after prophylactic antibiotic 

treatment.
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5.3.3.2 Microbiology

Sloped organisms were sub-cultured on to 5% blood agar and tested for agglutination 

using 5% (w/v) saline solution. Using an inoculation loop the organism to be tested was 

emulsified in a drop of saline on a microscope slide. Agglutination usually occurred within 

45 seconds. A positive (rough mutant) and negative (wild-type) control were included for 

each test. Isolates were sub-cultured at least five times and tested for agglutination to 

ensure that bacterial surface characteristics were genuine.

5.3.4 Results

When bacteria were present, bacterial R forms were detected in 39% of PBC patients, 

41% of females with recurrent UTI and in 5% of non-PBC CLD patients (Table 5.4).

Urinary organisms from 9/23 (39%) of the PBC patients with significant bacteriuria 

agglutinated in 5% saline (7 E.coli and 2 K.pneumoniae). During outpatient follow-up a 

mean of 4 organisms were isolated from each of these 23 patients. Recurrent UTIs in PBC 

are mainly reinfections as opposed to relapses (Burroughs et aL, 1984). In 3 of these 9 

patients in which R-forms were detected, all of the isolated organisms were rough 

irrespective of type of infection. In two patients, bacteria from subsequent infections 

changed from rough to smooth (1 relapse/2 reinfections). Finally, one patient’s infecting 

organism changed from rough to smooth and back to rough again. It is clear from this 

study that the presence of R-forms in the urine is a sporadic feature in any single patient.

In contrast, in the non-PBC liver disease group, only 1/19 (5.3%) of the patients with 

significant bacteriuria was infected with a rough form. In this case the reinfecting 

organism changed from smooth to rough. This particular patient had autoimmune chronic 

active hepatitis, a history of recurrent UTI and also exhibited strong reactivity with the 

74kD and 50-56kD mitochondrial proteins on western blotting.

In the recurrent UTI group, 9/22 (41%) had R-forms and all were E.coli (Table 5.4). 

AMA reactivity was detected by western blotting in 5 (55%) of these 9 patients; reactivity 

was with the 74kD M2 fraction.
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Table 5.4 Bacterial rough forms in the urine of females with significant bacteriuria.

No. of patients 
screened

No. of patients with 
significant bacteriuria

No. of patients 
with rough forms

Bacteria I

Non-PBC 
Chronic liver disease 183 19 1 (5%) E.coli

PBC 104 23 9 (39%) 7 E. call 
2 K. pneumo.

"Normals" 58 22 9 (41%)* all E.coli

* Five of nine were M2 positive, 4 were M2 negative.

5.4 DETECTION OF R-MUTANTS IN FAECES

5.4.1 Aim

To determine whether the high prevalence of bacterial rough forms in the urine was a 

result of a high prevalence in the faeces, faecal specimens were screened for rough 

bacterial forms.

5.4.2 Subjects and Methods

5.4.2.1 Subjects

Plastic containers for faeces collection and instructions on how to provide a faeces sample 

were sent out to 63 female PBC patients (which included 15 of the 17 patients found to 

have a history of recurrent UTI in Chapter 3 (Table 1.1)); 43 female CLD controls (which 

included the 13 patients with recurrent UTI (Table 1.1)); 27 women with a history of 

recurrent UTI and 17 healthy female controls.

5.4.2.2 Microbiology

Approximately Ig of faeces was weighed out and diluted 1:10 in sterile PBS. Serial 10-
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fold dilutions were made and 100/xl of each dilution spread on CLED (Oxoid) agar plates, 

which were incubated overnight at 37°C. Colony counts were made, and 16 coliform 

colonies were picked at random, subcultured on to 5% blood agar plates and incubated 

overnight.

The 16 organisms were tested for agglutination using 5% (w/v) saline as described 

previously (section 5.3.3.2). An indole test, which identifies coliforms, was carried out on 

all organisms.

5.4.3 Results

The mean number of coliform organisms/g of faeces was approximately 10 .̂ The 

proportion of R colonies in each patient’s specimen varied, the mean being 11/16 (69%) 

for the PBC patients and 9/16 (56%) for both the CLD and recurrent UTI groups (p =

U .S .) .

Rough forms were detected in the faeces of 37% of "normal" women with a history of 

recurrent UTI. The PBC and CLD patients were each divided into three groups; those with 

a history of UTI (i.e. one infection or more), those with a history of recurrent UTI (i.e. 

more than one infection), and those with no documented history of UTI. It is evident from 

Tables 5.5, 5.6 and 5.7 that in all three study groups the proportion of faecal R mutants 

was higher in patients with a history of UTI compared to those without infection. The 

proportion for this sub-set ranged between 30% and 40% in each group.
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Table 5.5 Bacterial rough forms in faeces of normal women and ’’normal” women 
with a history of recurrent urinary tract infection.

"Normals” with a history  
of recurrent UTI

"Normals" with no 
history of UTI

Number of subjects 27 17

With rough forms 10 1

Percentage 37 6

Table 5.6 Bacterial rough forms in faeces of female non-PBC chronic liver disease 
patients.

Patients with a history 
of recurrent UTI

Patients w h o  have  
had one UTI or more

Patients with no 
d ocu m en ted  UTI

No. of patients 10 13 3 0

No. of patients with 
rough forms

4 4 3

Percentage 4 0 31 10

Table 5.7 Bacterial rough forms in faeces of PBC patients.

Patients with a history 
of recurrent UTI

Patients w h o  have  
had one UTI or more

Patients with no 
d ocu m en ted  UTI

No. of patients 10 15 4 8

No. of patients with  
rough forms

3 4 5

Percentage 3 0 27 10
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5.4.4 Discussion

A high proportion of the bacteria from infected urines of PBC patients and of patients 

with recurrent UTI were rough (39% and 41% respectively). Hopf et al. (1989) have 

shown that the proportion of R-forms in the stools of a group of 21 PBC patients ranged 

from 1-50%; however for 20 of these, the range was only 1-15%. This might have 

indicated a "selection" of gut bacterial R forms causing UTI, since the percentage of R- 

forms found in the present study in infected urine and the gut (in Hopf s study) are very 

different. The current study has demonstrated a much better concordance between the 

prevalence of R forms in the urine and gut. R-forms may be a feature of recurrent UTI 

in general, since similar percentages of PBC and "normal" patients with UTI had R-forms 

in their faeces and infected urine.

The faecal study demonstrated a high and similar percentage of R forms (between 30% 

and 40%) in patients with a history of UTI in all study groups. Subjects with no 

documented history of UTI had a low prevalence (between 6% and 10%). In the study by 

Hopf et al. (1989) the UTI history of the PBC patients studied is unknown, and may 

account for discrepancies in results. The data presented herein supports the urine study 

data, in that comparable percentages of patients with R-forms were demonstrated for both 

the PBC and recurrent UTI groups. However, the percentage of patients with R-forms in 

the urine and faeces of CLD patients were quite different. This may be explained by the 

fact that the presence of R-forms in the urine was not a constant feature for any single 

patient. Bacteria causing relapses and reinfections were constantly alternating between 

rough and smooth. Again, a "selection" for rough bacterial forms may be occurring in the 

PBC and recurrent UTI groups.

Mutations in the lipopolysaccharide of the bacterial cell wall are quite common. 

Alterations to the bacterial surface (i.e. smooth rough) can be a consequence of local 

immune responses (such as secretory IgA) in the urinary tract directed against surface 

structures of E.coli. E. coli with increased levels of polysaccaharide (i.e. smooth form) 

are known to survive better than the mutant form of that organism where monosaccharide 

subunits are missing. Indeed, rapid clearing of E. coli which expressed only lipid A and 

part of the core oligosaccharide has been demonstrated in a mouse model of virulence
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(Svanberg et a l, 1988). Thus, infections with bacterial rough forms may lead to 

intracellular constituents becoming exposed to the immune system and in the case of PDC, 

the paracrystalline arrangement of the E2 core may render it highly antigenic.

In Chapter 3 it was shown that many of the urinary tract infections in PBC were 

associated with the upper urinary tract. It is interesting therefore that the one recurrent 

UTI patient with no liver disease who exhibited strong cross-reactivity with mitochondrial 

and bacterial membranes (section 5.2b) had a history of previous pyelonephritis. If the 

upper urinary tract is involved, contact with the immune system and the hematogenous 

spread of bacteria are possible. The lipid deposits found around the central vein (and not 

the portal tract) by Hopf et al. (1989) could represent such hematogenous spread.

The detection of M2 antibodies in a group of "normal" women with a history of recurrent 

bacteriuria but no liver disease demonstrates that the generation of M2 antibodies may be 

a response to urinary organisms, in particular rough forms, however it is evident that other 

factors presumably in the host are necessary for the pathogenesis of disease.
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CHAPTER 6

CHARACTERIZATION OF THE M2 

AUTO ANTIGEN IN CULTURED HUMAN BILIARY 

EPITHELIAL CELLS USING SDS-PAGE, 

WESTERN BLOTTING AND AFFINITY PURIFIED

M2 ANTIBODIES.
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6.1 Introduction

Since the intra-hepatic bilary epithelial cells (BEC) are the site of destruction in PBC, 

their isolation and culture is crucial for experiments that might lead to an understanding 

of the pathogenesis of the disease. Their isolation has proved difficult in the past since 

they represent only 5% of the total number of cells in normal liver. However, an 

immuno-magnetic separation method recently devised by Joplin et al. (1989) has 

facilitated the isolation of highly pure preparations of BEC from normal and diseased 

livers. Moreover, an elegant cell culture system has been set up which allows proliferation 

of these cells to sufficiently high numbers (Joplin et aL, 1989; 1990) so as to enable 

subsequent studies on the pathogenesis of the disease.

The isolation method involves differential density centrifugation of a collagenase digest 

of liver and the use of a monoclonal antibody to a human epithelial cell antigen (HEA 

125), a 34kD glycoprotein specific to BEC and not to differentiated hepatocytes 

(Momburg et aL, 1987). Initial cultures of BEC depended on feeder-layer fibroblasts for 

survival where cells could be maintained successfully for up to 4 weeks (Joplin et aL, 

1989; 1990). However, the recent availability of recombinant human hepatocyte growth 

factor (hHGF), a potent mitogen for epithelial cells (Strain et aL, 1991), has considerably 

improved the capacity of BEC cultures in terms of the number and purity of cells being 

generated. BEC can now be maintained for up to 3 months through at least 5 passages 

(Joplin et aL, 1992 .̂

6.2 Aim

To expand BEC numbers sufficiently for resolution on SDS polyacrylamide gels to 

investigate the binding of purified M2 antibodies to human BEC proteins.

6.3 Materials and Methods

6.3.1 Source of BEC

BEC were isolated from 9 PBC and 1 PSC resected liver(s) obtained at transplant. BEC 

were also isolated from a normal liver that became available because of its unsuitability 

for transplant due to steatosis. In addition, a gift of BEC from 8 PBC and 2 normal
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subjects was received from Dr. Ruth Joplin, Liver Research Laboratories, Queen Elizabeth 

Hospital, Birmingham.

6.3.2 Isolation and culture of BEC

BEC were isolated and cultured as described by Joplin et a l (1989, 1992) (Chapter 2). 

Preparation of cells always began within 4 hours of hepatectomy. After differential density 

centrifugation, the cell layer equilibrating at the differential density interface was harvested 

(Figure 6.1). Although this layer consisted mainly of BEC, small mononuclear cells were 

also present, explaining the need for the additional purification step with anti-HEA125 

antibody. Purified BEC were harvested using a Dynabead™ conjugated secondary antibody 

and then resuspended in complete cell culture medium and counted.

6.3.3 Cell culture

Generally, approximately 2x10^  cells (in 1ml) were split between two 25cm^ flasks (each 

containing 4.5ml of complete cell culture medium) and incubated at 37°C in a CO2 

incubator. After 24 hours of culture all the viable cells were attached to the bottom of the 

flask. On days 2-4 of culture, colonies of cells could be seen expanding and on days 8-10, 

both confluent monolayers (exhibiting the typical "cobble stone morphology" o f BEC) and 

proliferating cells were present (Figure 6.2). Cells were split or frozen on days 12-14.

6.3.4 Characterization of BEC

Cells grown to confluence in 24-well plates were fixed and stained for expression of 

specific cell proteins (section 2.2.7) using a range of monoclonal antibodies (mAb). These 

included antibodies to human epithelial cell antigen (HEA 125); human vimentin (VMN), 

which is specific for cells of mesenchymal origin including fibroblasts; cytokeratin (CK) 

19, a cytoplasmic protein only expressed by BEC in the liver; and finally Von Willebrands 

factor (VWF), which is specific to endothelium.

6.3.5 Preparation of BEC for electrophoresis

Confluent cells were washed twice in PBS and harvested using a cell scraper in 1 ml or 

3 ml PBS depending on the size of the cell culture flask. Cells which had been 

cryopreserved in freezing medium were washed twice in PBS before being subjected to

134



electrophoresis. Protein concentration was measured for each BEC sample using the Bio- 

Rad protein assay (section 2.2.1).

Figure 6.1 Differential density centrifugation of liver digest.

Hepatocytes/debris

Biliary epithelial cells/ 

small mononuclear cells

— Erythrocyte pellet
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Figure 6.2. Biliary epithelial cell culture from PBC liver.

m

: .r,

A

m B

Legend: (a) 72 hour culture showing proliferating BEC; (b) 10 day culture showing 

confluent monolayers. Magnification x200.
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Figure 6.3 Monoclonal antibody staining of biliary epithelial ceil cultures from PBC 

liver.

A

B

Legend: (a) 10 day cell culture showing surface staining with anti-HEA125 antibody and 

(b) cytoplasmic staining with anti-CK19 antibody. Magnification x200.
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6.3.6 SDS-PAGE, Western blotting, imnmnostaming and antibody elution

These techniques were performed as described previously (section 2.2). The protein 

concentration of the BEC samples was adjusted so that lOOjug of protein was added to 

each well. Whole cell extracts were dissociated by boiling in Laemmli sample buffer for 

5 mins. After SDS-PAGE, resolved proteins were analysed by staining the gel Avith 

Coomassie Brilliant Blue and by immunoblotting and immunostaining with autoantibodies 

to PDC-E2, protein X, PDC-Ela, 0GDC-E2 and BC0ADC-E2 which were eluted from 

nitrocellulose blots using pooled PBC sera as before (section 4.1.3.2). After incubating 

blots with eluted antibodies or pooled sera (1:150) from six PBC patients, specific 

reactivity was detected using ‘̂ T-labelled anti-human IgG (Amersham). Blots were 

exposed to X-ray film at -70®C for 3 or 9 days.

6.4 Results

6.4.1 Yield and purity of BEC

The presence of cell clusters in the final cell isolate made quantification very difficult. 

However, after trypsinization of a small volume of cells, it was estimated that the viable 

cell yield ranged between 9x10* and 2 x 10̂  cells per gram of liver (section 2.2.7).

The purity of the cultured BEC was assessed by comparing the reactivities of BEC 

specific mAh (to HEA125 and CK19) with mAh of different specificities (VMN and 

VWF). As would be expected for pure BEC cultures, BEC surface staining was observed 

with anti-HEA125 reactivity, whereas cytoplasmic staining was observed with anti-CK19 

reactivity (Figure 6.3). Minor contamination with VMN and VWF positively stained cells 

was occasionally observed (not shown).

6.4.2 SDS-PAGE of BEC samples

The mean protein concentration of the 21 BEC samples was 1.96 ± 0.31 mg/ml (range 0.3 

- 5.7 mg/ml). Resolved proteins from samples of normal and diseased BEC gave similar 

resolution patterns with Coomassie Blue (Figure 6.4).

When pooled sera were reacted with BEC and purified bovine antigens on immunoblots, 

reactivity with BEC appeared to be mainly with PDC-E2 and a 50-56kD antigen which
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corresponded to protein X and/or BCA0DC-E2. However, the close proximity of these 

protein bands on immunoblot made precise identification difficult (Figure 6.5). On 

reactivity with purified antigens at l/ig/lane (Figure 6.5), strong reactivity was present 

between pooled sera and PDC-E2, a breakdown product of PDC-E2 with a of 

approximately 60kD and protein X (lane 1); BC0ADC-E2 and an unknown lower 

molecular weight protein band of ~ 40kD (lane 2). The for human PDC-E2 was 

slightly lower than that for bovine PDC-E2 and has been been reported previously 

(Wicking et aL, 1986). Only faint reactivity was observed with 0GDC-E2 and there was 

no reactivity with PDC-Ela (Figure 6.5). However, when these antigens were loaded at 

15/xg/lane, pooled PBC sera reacted with all five purified M2 antigens (Figure 6 .6 ).

Each of the eluted human M2 antibodies reacted strongly with their respective antigens 

when tested against purified bovine mitochondrial enzymes. When reactivity was tested 

against BEC, the most notable reactivity was with anti-PDC-E2 (Figure 6.7), where strong 

reactivity was observed with PDC-E2 alone in all BEC samples tested. In contrast, this 

antibody also gave strong reactivity with protein X when tested against bovine PDC. The 

next most notable reactivity was exhibited by anti-BC0ADC-E2 antibody which reacted 

solely with BC0ADC-E2 in all BEC tested (Figure 6 .8 ). In addition, some cross-reactivity 

was demonstrated with bovine PDC-E2. Reactivity between anti-protein X (Figure 6.9), 

anti-PDC-Ela and anti-0GDC-E2 antibodies and BEC samples was weak (not shown). 

The only cross-reactivity observed between any of the M2 antibodies and respective BEC 

antigen was between anti-PDC-Ela antibody and PDC-E2. There was no reactivity of this 

antibody with BEC PDC-Ela. Finally, no difference in antibody reactivity was observed 

between diseased and normal BEC.

139



Figure 6.4 Resolved components of PDC, OGDC, BCOADC and human BEC on a 

Coomassie Blue stained SDS polyacrylamide gel.

MW (daltons) 1 2 3 4 5 6 7 8 9  10

106,000 - 

80,000 -

49.500 -

32.500 -

27.500 - t
18,500 -

Legend: Lane 1 = MW marker. Lane 2 = OGDC (25/xg/lane); protein bands from top to 

bottom = El, E2 and E3. Lane 3 = PDC (30/xg/lane); protein bands from top to bottom 

= E2, E3, X, El a  and ElB. Lane 4 = BCOADC (40/xg/lane) protein bands from top to 

bottom = E2, Elo: and ElB. Lane 5 = normal BECs. Lanes 6-10 = PBC BECs.
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Figure 6.5 Autoradiograph demonstrating reactivity of pooled PBC sera with

purified bovine PDC. BCOADC OGDC and BEC.

1 2 3 4 5 6

PDC-E2-
X t

Legend: Lane 1 = PDC (1/^g/lane); diluted sera (1:150) reacted with PDC-E2, a 

breakdown product of PDC-E2 and protein X. Lane 2 = BCOADC (Ijitg/lane); reactivity 

was with BC0ADC-E2 and an unknown lower molecular weight protein band. Lane 3 = 

OGDC (1/ig/lane); reactivity was with a PDC-E2 contaminant and 0GDC-E2. Lane 4 = 

normal BEC. Lane 5 = PSC BEC. Lane 6  = PBC BEC.
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Figure 6.6 Immunoblot demonstrating reactivity of pooled PBC sera with purified

bovine PDC. OGDC and BCOADC.

1

E2(P)- 
bp _ _  E2 (b)
E1o< - 
E1B -

Legend: Lanes 1-3 = PDC (p), OGDC (o) and BCOADC (b) (15/xg/lane) respectively, bp 

= breakdown product. Sera dilution = 1:150.
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Figure 6.7 Autoradiograph demonstrating reactivity of anti-PDC-E2 antibody with

purified BEC.

1 2 3 4 5 6  7 8  9 10 11 12 13

E2

X

Legend: Lane 1 = PDC (15/ig/lane); lanes 2-13 = BEC (lOOjLig/lane) isolated and cultured 

from resected PBC livers except lanes 6 , 7 and 10 which were from normal livers.
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Figure 6 . 8  Autoradiograph demonstrating reactivity of anti-BC0ADC-E2 antibody 

with BEC.

1 2 3 4 5 6  7 8

PDC-E2

BCOADC-E2

Legend: Lane 1 = PDC (ISjitg/lane); lanes 2, 3, 4, 5 and 8 = PBC BEC; lanes 6 and 7 = 

normal BEC.

Figure 6.9 Autoradiograph demonstrating reactivity of anti-protein X antibody with 

BEC.

1 2 3 4 5 6  7

PDC-E2 -  

X

Legend: Lane 1 = PDC (15jag/lane); lane 2 = PDC (l/^g/lane); lanes 3-6 = PBC BEC; 

Lane 7 = normal BEC.
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6.5 Discussion

The initial yield of BEC was low in some cases, but cells proliferated very well after the 

addition of hHGF. Indeed, a recent study has demonstrated that large amounts of liver are 

no longer required for isolation and culture of BEC, as culture of needle biopsy samples 

in the presence of hHGF is now possible (Neuberger et aL, 1994). Staining of BEC with 

mAbs to HEA 125 and CK19 demonstrated that the cultured cells were truly BEC. 

Although confluent monolayers were occasionally contaminated with endothelial cells and 

fibroblasts, these only amounted to 1-5% of the total cells in culture (Joplin et aL, 1990).

Until now, characterization of the M2 antigen in PBC has depended on native bovine, 

human or recombinant enzymes as source of antigen, hence the true situation of antigen 

expression/immunogenicity in human BEC has not yet been described. Phenotypic analysis 

of BEC cultures has shown that expression of selected cell markers is unaffected after at 

least three weeks of culture (Joplin et aL, 1990; 1992^, but it is unknown if collagenase 

digestion of the liver or culture of BEC alters the expression of the M2 autoantigen in any 

way.

Although total cross-reactivity was demonstrated between eluted anti-PDC-E2 antibodies 

and bovine PDC-E2 and X, no cross-reactivity was observed between eluted anti-PDC-E2 

antibodies and X in any diseased or normal BEC sample tested. Some very faint cross

reactivity was present between anti-protein X antibodies and PDC-E2. This suggests that 

the 50-56kD BEC antigen recognized by PBC sera (Figure 6.5) is probably BC0ADC-E2 

and not protein X. The weak reactivity observed with the normal BEC sample (Figure 6.5) 

was spurious as it could not be repeated. The fact that the relative molar ratio of protein 

X is about 10-fold lower than PDC-E2 and cannot be seen clearly when antibody titre is 

low (DeMarcucci and Lindsay, 1985; Jilka et aL, 1986) might explain the non-reactivity 

with protein X in some cases. But in this study, as reactivity with PDC-E2 was strong for 

most of the BEC samples tested, faint reactivity would be expected at least with protein 

X. A previous study showed no difference in the affinity of PBC sera for either bovine 

or human E2 and X (Palmer et aL, 1993), indicating that AMA reactivity is related to the 

antigenicity of the PDC and not the origin. It may be that the different reactivities 

exhibited by eluted specific antibodies with BEC are due to differential expression of the
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M2 antigen in cultured human cells.

Reactivity between anti-El a  antibodies and BEC was weak; reactivity was with PDC-E2 

but not with PDC-Ela, even after nine days exposure. This may be related to the fact that 

reactivity between whole pooled PBC sera and bovine PDC-Ela could only be 

demonstrated when high concentrations of antigen were used (Figure 6 .6 ). Interestingly, 

Lindsay (1989) has shown that antiserum raised against the E la  subunit reacted strongly 

against SDS extracts of rat liver cells but very weakly against porcine and bovine kidney 

cells, which might suggest that there is inter-species variability in antigen expression. In 

the present study, no reactivity was observed between anti-0GDC-E2 antibodies and BEC 

after 3 days exposure, but very faint reactivity was detected with 0GDC-E2 after 9 days 

exposure. Furthermore, there was no apparent reactivity between pooled sera and OGDC- 

E2 in any of the BEC samples tested. Only faint reactivity (with an antigen with the 

appropriate molecular weight for 0GDC-E2) was observed in a PSC patient (Figure 6.5).

The weakness or absence of reactivity between eluted M2 antibodies and protein X, 

0GDC-E2 and PDC-Ela is unlikely to relate to reduced expression of these antigens in 

human BEC, unless culturing of BEC alters M2 expression in some way. Perhaps 

insufficient amounts of these antigens were present to react with the respective antibodies. 

Indeed, when whole pooled sera were incubated with purified PDC, OGDC and BCOADC 

on immunoblot, larger antigenic loads were required to detect reactivity against 0GDC-E2 

and PDC-Ela (15/>tg) compared to BC0ADC-E2 and PDC-E2 (l/ng) (Figures 6.5 and 6 .6 ). 

This might explain why the former and latter two antigens were the least and most 

reactive in BEC respectively.

SDS treated cell whole cell extracts have been used previously to demonstrate anti-PDC 

reactivity on immunoblots (Lindsay, 1989; DeMarcucci et aL, 1985). An antibody raised 

in rabbits to bovine PDC reacted with PDC-E2, protein X, E la  and B, but not with E3 

in preparations of cultured cells that had been subjected to SDS-PAGE. Hence, 

DeMarcucci et al. concluded that E3 had low immunogenicity. It may be that with 

cultured human BEC, only PDC-E2 and BC0ADC-E2 are recognized by PBC 

autoantibodies. Indeed, PDC-E2 and BC0ADC-E2 have been shown to be the major M2
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autoantigens in PBC. PBC patients positive for M2 antibodies but negative for anti-PDC- 

E2 bave been shown to have sole reactivity with BC0ADC-E2 (Leung et aL, 1992). The 

common patterns of AMA reactivity demonstrated with other M2 antigens (e.g. OGDC- 

E2) in PBC sera may reflect a polyclonal antibody response to similar antigens of different 

origin (e.g. bacterial OGDC-E2). Indeed, data on the presence of anti-0GDC-E2 

antibodies in PBC sera are very variable compared to that of the other M2 antibodies; 

percentage of patients positive for these antibodies ranges between 7% and 72% (Fussey 

et aL, 1988; Fregeau et aL, 1990b; Yoshida et aL, 1990; Begley et aL, 1991; Provenzano 

et aL, 1993; Butler et aL, 1995^. Reactivity commonly exhibited by AMA with protein 

X could be explained by the well-documented presence of cross-reactive epitopes on PDC- 

E2 and protein X. The presence of the other M2 antibodies may be due to the varying 

degrees of cross-reactivity demonstrated between M2 antigens, in particular 0GDC-E2 and 

BC0ADC-E2 (Fussey et aL, 1990) and PDC-E2 and 0GDC-E2 (Rowley et aL, 1991, 

Bjorkland et aL, 1991). The presence of anti-El a  antibodies may be due to anti-idiotypic 

antibodies to anti-PDC-E2 antibodies, as suggested earlier (Chapter 4).

In conclusion, this study has demonstrated that not all of the M2 antigens are recognized 

by human PBC autoantibodies in human cultured BEC. In addition, no notable cross

reactivity occurred between the M2 antigens, which suggests that the in vivo situation 

differs to that demonstrated previously for AMA and native bovine antigen per se. Finally, 

normal and diseased BEC did not differ in their reactivity with M2 antibodies. | 

Interestingly, cultured whole BEC from both PBC and normals have been shown to 

express epithelium specific proteins and to be similar morphologically (Joplin et aL, 

1990). These observations raise a serious question as to the nature of the antigen, reactive 

with anti-PDC-E2 antibodies, that is apparently present in much greater amounts in PBC 

BEC compared to controls (Joplin et aL, 1991; 1994; Van de Water et aL, 1991; Cha et 

aL, 1993). The present study stresses the importance of using human BEC in studying the 

pathogenesis of PBC, as the use of other mammalian antigens (e.g. native bovine and 

possibly human PDC) is unsatisfactory.
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CHAPTER 7

MOLECULAR MIMICRY AND PBC
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7.1 INVESTIGATION OF CROSS-REACTIVITY BETWEEN BACTERIAL. 

HUMAN AND HLA ANTIGENS BY DATABASE SEQUENCE ANALYSIS.

7.1.1 Introduction

In previous chapters data have been presented that supports a molecular mimicry 

pathogenetic mechanism in PBC. Of particular relevance was the demonstration of cross

reactivity between the highly conserved bacterial and human antigens. This was not 

surprising as the chief linear B cell epitope in all E2s and protein X is around the amino 

acid residues DKA (Asp-Lys-Ala), where K is attached to the immunogenic lipoyl moiety. 

Although some studies have demonstrated that AMA reactivity with mammalian PDC-E2 

is much greater than with bacterial PDC-E2 (Fussey et a l, 1991; Teoh et al., 1994), 

involvement of bacterial antigens in AMA production cannot be precluded as subsequent 

B cell genetic rearrangements may generate clones with a greater affinity/specificity for 

mammalian PDC-E2.

Despite the high degrees of homology between the respective E2s, only varying degrees 

of cross-reactivity have been demonstrated between the M2 antigens. Many studies have 

shown PBC autoantibodies to be largely peptide specific (Fregeau et al., 1990a; Fussey 

et al., 1990), but cross-reactivity between M2 antigens has been demonstrated, at least for 

some PBC sera, when high concentrations of antigen/antibody were used in cross-elution 

experiments (Butler et al., 1994).

AMA have been studied in great detail but it is still unknown if they are directly involved 

in the pathogenesis of PBC. Indeed, the massive lymphocytic infiltrates surrounding the 

bile ducts and the inappropriate expression of MHC class 11 antigens on BEC strongly 

favour a T cell pathogenetic mechanism.

7.1.2 Aim

In view of the similarities between human and E.coli PDC-E2 and the abnormal 

expression of class 11 HLA on the surface of BEC in PBC, the DKA region of E2 was 

explored for similarities with other proteins, including HLA antigens.
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7.1.3 Methods

Sequence searches were performed by Dr. Michael Sternberg at the Imperial Cancer 

Research Fund Laboratories, Lincoln’s Inn Fields, London. Protein sequences were 

obtained from the Protein Information Resource (PIR) database which contained 20,354 

verified entries. In addition, a subdatabase containing only sequences from 

histocompatibility antigens was created from the main database. The computer program 

used was PROMOT (Sternberg, 1991) that locates exact matches in a sequence database 

to a short pattern of residues. The pattern of residues can be defined to allow any residue 

type to match at a specified position.

7.1.4 Results/Discussion

The protein sequences around DKA in the three lipoyl regions of E.coli PDC-E2 (I, II & 

III) and two lipoyl regions of human PDC-E2 (I & II) are aligned in Table 7.1. The 

strongest sequence conservation is around the three residues DKA. A search for matches 

of these three residues against the HLA antigens subdatabase found four matches. Only 

one of these sequences was from a human protein, an invariant sequence in the a-chain 

of the human MHC class II antigen, HLA-DR. Table 7.1 shows that a 17-residue section 

of HLA-DRo! (residues 80-96) has seven residues in common with E.coli PDC-E2 I and 

II and six in common with region III. The immunodominant inner lipoyl domain (E2-II) 

of human PDC has more similarities with HLA-DRo: than the outer lipoyl domain (E2-I). 

Interestingly, there are as many similarities between HLA-DRœ (80-96) and corresponding 

sequences of the respective E2s as there are between the E2s of the different enzymes. 

Furthermore, Saccharomyces cerevisiae 0GDC-E2 has five identical residues to HLA-DRo: 

and Pseudomonas putida BC0ADC-E2 has six (Table 7.1) {E.coli does not possess 

BCOADC). The DKA sequence is also present in two other PBC autoantigens, the human 

glycogen phosphorylase (M9) and chicken sulphite oxidase (M4) (Berg et ah, 1989), 

although the authenticity of anti-M4/M9 antibodies in PBC sera has recently been 

questioned (Davis et al., 1992; Palmer et al., 1993).

To assess the significance of the above observations, the 17-residue sequence (20-45) of 

E.coli PDC-E2 I was scanned by PROMOT against the PIR database for matches. The 

program output all 17 residue peptides that had an exact match for DKA and had another
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4 or more identical residues in any position. Out of 20,354 database sequences, the 

matches were with HLA-DRa, E.coli PDC-E2 II, Azotobacter vinelandii PDC-E2 and five 

other proteins. Of these five proteins, two were human, the insulin receptor and the DNA- 

binding protein TR2. This shows that the sequences of these regions of E.coli PDC-E2 and 

HLA-DRa are unusually similar.

However, these sequence similarities cannot generate a common epitope to an antibody, 

as the three-dimensional structure of the lipoyl region is a turn between 8 -strands (Dardel 

et al., 1991), whereas the segment in HLA-DR is a-helical. Instead, molecular mimicry 

may occur when these peptides bind as processed fragments to histocompatibility antigens 

for recognition by T cells.

To support this motion, a peptide ASFEAQGALANIAVDKA from I-E a-chain (the 

mouse equivalent of HLA-DR) has been shown to bind to MHC I-A^ (Rudensky et al., 

1992) and I-A"̂  (Hunt et al., 1992) (mouse equivalent to HLA-DQ). Moreover, this peptide 

was shown to stimulate T cell proliferation (Rudensky et al., 1992). This peptide is 

identical to the corresponding region of HLA DRa. It has subsequently been shown that 

this peptide association is not exclusive to murine MHC molecules since the same HLA- 

DRo: peptide could be extracted from immuno-affinity purified HLA-DR7 molecules 

purified from human B lymphocytes (Chicz et al., 1993).

In view of these findings a molecular mimicry hypothesis can be proposed for how an 

autoimmune response might be initiated in PBC (Figure 7.1). In response to an infection 

(such as a UTI with a bacterial rough mutant) CD4^ T cells recognize the lipoyl region 

of microbial PDC-E2 which has been processed and presented by an antigen presenting 

cell (APC); a conventional polyclonal antibody response to the infecting immunogen 

ensues. Molecular mimicry subsequently occurs when these specific activated T cells 

recognize similar peptides (e.g. HLA-DRo: and/or PDC-E2) that are aberrantly expressed 

on the surface of BEC. An autoimmune cascade is initiated whereby class II expression 

is upregulated, as also might be the surface expression of autoantigens such as hsps; bile 

ducts are destroyed by mitochondrial autoantibodies (and complement) and/or cytotoxic 

CD4^ and/or cytotoxic CD8  ̂T cells, recruited by cytokines from stimulated CD4^ helper
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T cells.

One of the main problems with this hypothesis is understanding the tissue specificity of 

the autoimmune response since the mitochondrial autoantigen is ubiquitous in the body. 

The answer must lie either in an independent event (e.g. a subclinical viral infection) 

resulting in localized aberrant expression of class II antigens presenting the DRo: peptide 

or in the abnormal expression of autoantigen on the cell surface (Ghadiminejad and Baum, 

1988). Importantly, a rabbit anti-human PDC-E2 antibody has been shown to recognize 

an outer membrane component of BEC (Joplin et al., 1991), but in view of the striking 

sequence similarities just described, this component may have been a fragment of HLA- 

DRo; (the intact peptide would be unlikely in this context because of conformational 

restrictions) or indeed one of the many sequences that share common motifs with PDC-E2 

(see later). Nevertheless, surface reactivity was demonstrated to either PDC-E2 or a cross

reactive antigen on PBC BEC which was not present on normal BEC. Mistargetting of 

intracellular peptides to the cell surface may have been responsible for such aberrant 

surface antibody reactivity in PBC. But whether or not this reactivity leads to 

pathological damage has yet to be determined. Interestingly, on IFL, Van de Water et al. 

(1993) have discovered using mouse mAbs and a human combinatorial antibody a 

molecule which does not seem to be PDC-E2, but which is cross-reactive with PDC-E2, 

and which is expressed at high levels in the luminal region of BEC in PBC.
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Table 7.1 Identities of lipoyl regions with HLA-DRft.

* * * * * * * + o
HLA-DRa 80 E A Q G A L A N I A V D K A N L E 7

E . c o l i  PDC-E2-I 29 E A E Q S L I T V E G D K A S M E 7

E . c o l i  PDC-E2-II 132 E A E Q S L I T V E G D K A S M E 7

E . c o l i  PDC-E2-III 233 A A E Q S L I T V E G D K A S M E 6
Human PDC-E2-I 34 N E G D L I A E V E T D K A T V G 4 5
Human PDC-E2-II 161 S E G D L L A E I E T D K A T I G 6 5
S . c e r e v i s i a e  OGDC-E2 32 A E D Q V V A D V M T D K A T V E 6 6
P . p u t i d a  BC0ADC-E2 102 K E D E L L A T I E T D K I D I E 6 7

Human glycogen 
phosphorylase

352 R I L V D L E R M D W D K A W D V 4 4

Chicken sulphite 
oxidase

390 G R T W K V A R L M G D K A P P G 4 4

Legend: Bold type = residues in common between HLA-DRa and the other proteins.

* = Residues in common between HLA-DRa and E.coli I and II. + = Number of residues 

in common with HLA-DRa. o = Number of residues in common with E.coli PDC-E2 I.
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Figure 7.1 Hypothesis of molecular mimicry between self and foreign T cell epitopes.
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7.2 GENERALIZATION OF THE MIMICRY HYPOTHESIS

MHC derived peptides have frequently been shown to be presented to T cells by self- 

MHC class I and II molecules (Maryanski et ah, 1988; Rudensky et ah, 1992; Hunt et ah, 

1992; Chicz et ah, 1992), thus the mimicry hypothesis can be extended to autoimmunity 

in general. It is possible that mimicry between peptides derived from HLA antigens and 

foreign/self antigens may result in an autoimmune reaction to any target tissue aberrantly 

expressing HLA antigens in a genetically susceptible host.

7.2.1 Aim

To assess the potential significance of mimicry between HLA self peptides and putative 

autoantigens/environmental immunogens, the DRo: motif was further investigated.

7.2.2 Methods

PROMOT was used to search the OWL database of 44,702 protein sequences to identify 

proteins with matching sequences. A more general structure of DRo:, which matches DRo: 

and E.coli PDC-E2 sequences and allows for conservative substitutions at positions 1,6 

and 1 1 , was defined as: [EDKRH]X4 [AIVL]X4 [GAILV]DKAX2E, where [ ] included a 

set of allowed residues, and X is any residue.

7.2.3 Results/Discussion

Even allowing one mismatch at positions 1, 6 , 11 or 17, only 75 proteins met this 

criterion; of these only seven were human proteins (Table 7.2). (1) The asialoglycoprotein 

receptor (ASGPR) is a recognised autoantigen in chronic active hepatitis (McFarlane et 

ah, 1986) and in PBC, occurring in 50% and 15% of patients respectively (Lohr et ah, 

1990). In addition, it has been shown to be a target for T cell mediated immune responses 

in 37% and 33% of CAH and PBC patients respectively (Lohr et ah, 1990). (2) The 

insulin receptor, antibodies to which are found in diabetes. (3) Glutamic acid 

decarboxylase, an autoantigen associated with the clinial onset of Type 1 diabetes 

(Baekkeskov et ah, 1987). (4) Human hsp 60 which has been shown to be inappropriately 

expressed on bile ducts in both PBC and PSC (Broome et ah, 1993). Cell surface 

expression of hsps has been detected in other autoimmune diseases (Norton et ah, 1988;
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Winfield, 1989). Mimicry between microbial and self hsps in autoimmune disease has 

already been discussed (Chapter 1). (5) Human vimentin. (6 ) The DNA binding and high- 

mobility-group protein HMG 1. (7) The DNA binding factor GRFl.

The significance of finding that five out of the seven human proteins with the defined 

motif were relevant to autoimmune disease was assessed. The sequence search was 

repeated but with the sequence DKA at positions 12-14 being replaced by AKD. Only 

three human proteins were identified, none of which is a known autoantigen. As a further 

test, the motif was redefined with a shorter sequence which matched human PDC-E2 more 

c l o s e l y  t h a n  E . c o l i  P D C - E 2 .  The  a l g o r i t h m  s e l e c t e d  was  

[AIVL][AIVL][EQKR][AIVL]SXGDKAX[AIVL]. The proteins identified included in 

addition to DRo: and a set of other E2s, sulphite oxidase (M4) and 11 other human 

proteins; two hsps (hsp 60/65 & hsp70), cytochrome P450 II, O-enolase and the insulin 

receptor. Other species of cytochrome P450 are known autoantigens (Manns et a l, 1991b), 

and enolase is an autoantigen in autoimmune vasculitis (Moodie et al., 1993).

This hypothesis proposes that the main cross-reactivity between E2 and/or HLA antigens 

occurs at the T cell level, so although the resulting autoantibodies have multiple 

specificities they may still be stimulated by a common set of helper T cells. Although the 

sequence similarities described here may be co-incidental, the hypothesis does offer an 

explanation, however speculative, of how self-destruction might occur in PBC in particular 

and in autoimmune disease in general.

Further evidence to support molecular mimicry in PBC is the recognition of sequence 

homologies within a stretch of 15 amino acids between the immunodominant epitopes of 

the PBC specific nuclear autoantigen glycoprotein 210 and the protein products of the 

E.coli mutY gene and the Salmonella typhimurium mutB gene. This suggests that anti- 

gp2 1 0  antibodies may arise by molecular mimicry of bacterial antigenic determinants 

(Nickowitz et al., 1993). This sequence is also similar to one in the MHC-encoded 

transport protein TAP 1 (Baum H., personal communication). Although concerned with 

assembly of class I MHC-peptide complexes, the intersection of the routes for class I and 

class II assembly would make it unsurprising if TAP-1 were to be identified as a class II
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presented self-antigen. Furthermore, as already mentioned, Szostecki et ah (1990) have 

identified sequence similarities between the PBC associated SplOO nuclear autoantigen and 

the conserved ol\ and a2 domains of human and non-human MHC class I antigens. 

Indeed, the mimicking! sequence of this particular class I peptide has been shown to bind 

HLA-DR5 and DR3 molecules (Brusic V, personal communication), thus demonstrating 

its potential to be presented to T cells. It is possible that a similar mimicry mechanism 

may occur between these two peptides as has been postulated for PDC-E2 and HLA-DRa.
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Table 7.2 Some proteins bearing the HLA DRot motif

(_n
00

P u t a t i v e
a u t o a n t i g e n s

P u t a t i v e
e n v i r o n m e n t a l
im m u n o g e n s

HLA-DRo: (human)
Asialoglycoprotein receptor (human)
Insulin receptor (human)
Glutamic acid decarboxylase (human)
Hsp65 (human)
Vimentin (human)
High-mobility group protein HMGl (human)

PDC-E2 II {E.coli)
Hsp 70 {Trypanosoma brucei)
FcrV protein {Streptococcus)
RfbA protein {Salmonella typhimurium) 
Periplasmic protein {Treponema pallidum) 
Protein HH LFl (Cytomegalovirus)
Pol (HIVl)
Pol (MMTV)

80 E A Q 6 A L A N I A V D K A N L E

270 R P Y R W V C E T E L D K A S Q E

526 E R N D I A L K T N 6 D K A S C E

430 D K H Y D L S Y D T G D K A L Q C
358 K D D A M L L K G K G D K A Q I E

155 E L R R Q V D Q L T N D K A S Q E

55 E K G K F E D M A K A D K A R Y E

132 E A E Q S L I T V E G D K A S M E

176 E P T A A A I A Y G L D K A D E G
326 D L Q A K L D E A N A D K A K L E

57 V I V N A A A H T A V D K A E S E

144 P E D K V I A K A A A D K A A A E

181 E V D P A A D P T L G D K A G H P
709 G I R K V L F L D G I D K A Q D E

158 K N S P T L C Q K F V D K A I L T

Legend : Letters in heavy type are residues which are identical or are conservative substitutions.



7.3 T CELL PROLIFERATION TO PDC IN PBC PATIENTS AND CONTROLS.

Peptide motif similarities between HLA-DRa and the B cell epitopes of human and E.coli 

PDC-E2 peptides have already been discussed in previous chapters. It has also been 

discussed how the lack of conformational homologies between these peptides in the 

context of their native molecules would prevent the generation of common B cell epitopes. 

Indeed, a preliminary study has demonstrated that PBC sera did not react with a synthetic 

HLA-DRa peptide in an ELISA system (Daffern, 1992) suggesting that either this peptide 

did not possess a B cell epitope or the B cell epitope was conformational-dependent and 

therefore could not be recognised in such a system. Indeed, many studies have shown that 

B cell responses in PBC are to conformational epitopes (Surh et al., 1990a; Rowley et al., 

1990).

It is unlikely that AMAs in PBC are produced without T cell help. It is thus possible that 

homologous peptides represent cross-reactive T cell epitopes since T cells recognise 

fragments of processed antigen, unlike B cells which only recognize native or intact 

antigen. Subsequent B cell responses need not necessarily be to the same epitopes, 

although all of the corresponding B cell clones might be driven by a common set of 

autoreactive helper T cells.

7.3.1 Aim

To design an efficient assay system for the measurement of T cell proliferation to various 

antigens by PBC patients and controls with the ultimate objective of testing the stimulation 

potential of synthetic peptides from HLA-DRa and E.coli PDC-E2.

7.3.2 Materials and Methods

7.3.2.1 Subjects

50 ml of blood were taken from PBC patients attending the out-patient clinic and from 

patients on the ward undergoing assessment for liver transplant. Blood was also taken 

from healthy volunteer laboratory workers.
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13.2,2 T cell assay

This method is described in detail in section 2.2.8. Briefly, peripheral blood mononuclear 

cells (PBMC) were isolated from blood, counted and cultured (1 x 10"̂  cells/well) in 

various concentrations (5, 2.5, 1.25, 0.625, 0/xg/ml or 50, 5, 0.5, 0.05, 0/xg/ml) of PPD, 

ovalbumin and PDC. Cells were cultured for either 3 or 6  days after which they were 

pulsed with l^Ci of ^H-thymidine, incubated for 24 hrs, harvested and counted.

7.3.3 Results

Any subject with a stimulation index (SI) > 2 was considered positive. Results are 

presented in both graphic and table form (Figure 7.2 and Tables 7.3, 7.4, 7.5, 7.6 and 

7.7).

7.3.3.1 3 day assays

Of the seven PBC patients tested, two responded to PPD (28%) and one of those patients 

also responded to PDC (14%). A high percentage of the normal controls (n = 8 ) responded 

to PPD (62%) but a large number also responded to PDC (50%) although the Sis were 

low in this group (Table 7.3a).

7.3.3.2 6 day assays

When PBMC from PBC patients (n = 4) were stimulated for 6  days, one patient responded 

to PDC (25%) and two patients responded to PPD (50%). The longer assay time did not 

affect the response of normal controls to PPD (6 6 %), the proportion of responders to PDC 

being lower (33%) than in the 3 day assay (Table 7.3b).

Responses to both PPD and PDC were very variable in both patient and control groups. 

The Sis for the 3 and 6  day assays in both subject groups are given in Tables 7.4, 7.5, 7.6 

and 7.7. No consistent trend was observed as regards the optimum antigen concentration 

for stimulation. Proliferation did not necessarily increase with increasing concentration of 

antigen, indeed responses were quite erratic in some cases (e.g. C.L. Figure 7.2B), T cells 

frequently responded to only one concentration of antigen (L.H, C.W, Table 7.4; M.O., 

R.A, H.D. Table 7.5; B.S. Table 7.6; L.O. Table 7.7).
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After calculating the mean SI for each concentration of antigen, only PPD was positive 

(2 ± 0.65) at 1.25/xg/ml in the PBC patients after 3 days assay (Table 6.4). In the normal 

subjects, PPD was positive at the two concentrations of 5 and 2.5/xg/ml (2.1 ± 0.6 and 2.2 

± 0.4 respectively) (Table 7.5). After 6  days assay the PBC patients responded better to 

PPD but still no response to PDC was demonstrated (Table 7.6). The normal controls were 

positive for PPD alone at concentrations of 50 and 5/xg/ml (5.3 ± 2 and 4.8 ± 1 

respectively) (Table 7.7).
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Table 7.3 Total number of subjects with a stimulation index of > 2 at any 

concentration between 5 and 0.625qg of antigen in a 3 day assay (A) and between 50 

and 0.05(12 of antigen in a 6 day assay (B).

PDC OVA PPD

PBC
n =  7

1 (14%) 1 (14%) 2 (28%)

NORMAL
n =  8

4  (50%) 2 (25%) 5 (62%)

PDC OVA PPD

PBC
n =  4

1 (25%) 0 2 (50%) B

NORMAL
n = 3

1 (33%) 0 2 (66%)
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Table 7.4 PBC patient’s stimulation indices for 3 day assays (n=7 .̂

P.C. 5 2 .5 1.25 0 .6 2 5
PDC 1 1.8 1 .6 1 . 4
OVA 1.1 1.2 1.1 1
PPD 1 1 .9 1.2 1.21
M.P.
PDC 1 .3 1.1 1.5 1.2
OVA 1.1 1.1 1 .3 0 . 7 5
PPD
L.H.

0 . 7 8 0 . 9 0 .81 1.1

PDC 1 . 4 1.3 1 .3 1.3
OVA 1.1 1.3 1 .3 1 .4
PPD 1 .9 1.7 2 . 2 * 1.8
C.W.
PDC 2.1 * 1 .7 1.3 1.5
OVA 1 .5 1 .6 1 .7 1.5
PPD 4 . 6 * 3 . 9 * 5 .8 * 3 . 8 *
M.B.
PDC 1.3 1 .3 1.3 1 .3
OVA 2 .2 * 2 . 1 * 1.8 1 .4
PPD 1.9 1.8 1.6 0 .81
0 .0 .
PDC 1.3 0 . 9 2 1.1 0 . 8 5
OVA 0 . 4 5 0 . 9 8 0 . 8 2 0 . 8 6
PPD 1.3 0 . 8 4 1 .4 1
C.A.

PDC 1.9 0 . 8 9 0 . 9 7 -
OVA 0 . 9 5 0 . 6 3 1.2 -
PPD 0 . 9 4 1 .3 1.1 -

MEAN SI + SEM

PDC 1.5 ± 0.1 1 .3  ±  0 . 1 3 1.3 1 .3  ±  0.1

Range 1 - 2.1 0 . 8 9  - 1 .8 0 . 9 7  - 1 .6 0 . 8 5  - 1 .5

OVA 1 .2 ±  0 . 2 1 .3  ±  0 . 1 8 1 .3  ±  0 . 1 4 1 . 1 5  ±  0 . 1 3

Range 0 . 4 5  - 2 .2 0 . 6 3  - 2.1 0 . 8 2  - 1 .8 0 . 7 5  - 1 .5

PPD 1 .8  ± 0 . 5 1 .8 f  0 . 4 2 t  0 . 6 * 1 .6  ±  0 . 5

Range 0 . 7 8  - 4 . 6 0 . 8 4  - 3 .9 0 .8 1  - 5 . 8 0 .8 1  - 3 . 8

^g/ml

Legend: * = Subjects positive for T cell proliferation (i.e. SI > 2)
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Table 7.5 Normal controls’ stimulation indices for 3 day assays (n=8).

Q.C. 5 2 .5 1.25 0 .6 2 5
PDC 1 0 . 9 5 1.3 0 . 9
OVA 1 0 . 8 2 1 0 . 8 6
PPD 0 . 7 6 0 . 6 8 0 . 9 6 0 . 9 6
A.T.
PDC 0 .61 1.1 0.1 1
OVA 0 . 5 8 1 0 . 1 2 1
PPD 0 . 7 4 0 . 9 3 0 . 6 6 0 .61
WI.O.
PDC 1.7 2 .3* 1.8 1.8
OVA 2 . 7 * 2 .6 * 2 . 5* 2 . 6 *
PPD 3* 4* 2 .8 * 2 . 9 *
W.l.
PDC 1 .6 1.5 1.7 1 .7
OVA 1.5 1.7 1.5 1 .4
PPD 1.2 1.3 1.6 1 .7
R.A.
PDC 1.4 1 2 . 5 * 0 . 9 2
OVA 1 .2 0 .8 1 .4 0 . 7 8
PPD 1 .3 2 . 9* 1.3 1 .8
H.D.

PDC 1.5 1.9 1.3 2 .2 *
OVA 2 1.3 1.7 2.1 *
PPD 5 .6 * 3 .2* 3 .9 * 2 .4 *
C.L.
PDC 1.1 1.1 2.1 1 .8
OVA 0 . 7 8 1.2 0 . 8 9 0 . 8 6
PPD 2 .7 * 1.9 2 .1 * 0 . 8 5
P.P.
PDC 2 .3 * 2 .1* 1.9 1.5
OVA 0 .81 1.5 1 .6 1.7
PPD 1.6 3* 2 . 2 * 2 . 3 *

MEAN SI + SEM

PDC 1 .4  ±  0 . 2 1.5 ±  0 .2 1 .6  ± 0 . 2 1.5 ±  0 . 2

Range 0 .61  - 2 .3 0 . 9 5  - 2 .3 0.1 - 2 . 5 0 . 9  - 2 .2

OVA 1 .3  t  0 . 2 1 .4  ±  0 . 2 1 . 3  ± 0 . 2 1 .4  ± 0 . 2

Range 0 . 5 8  - 2 .7 0 . 8  - 2 .6 0.1 - 2 . 5 0 . 7 8  - 2 . 6

PPD 2.1 ±  0 . 6 * 2 .2  ±  0 . 4 * 1 .9  ±  0 . 4 1.7 ±  0 . 3

Range 0 . 7 4  - 5 .6 0 . 6 8  - 4 0 . 6 6  - 3 . 9 0 .61  - 2 . 9

|ig/ml

Legend: * = Subjects positive for T cell proliferation (i.e. SI > 2).
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Table 7.6 PBC patientas stimulation indices for 6 day assays (n = 4). Table 7.7 Normal controls’ stimulation indices for 6 day assays (n = 3).

Hg/ml A.T. 50 5 0 .5  0 .0 5  ^ig/ml

m
Ln

B.S. 50 5 0.5 0 .05
PDC 0 . 4 3 0 . 9 5 2* 1 .4
OVA 1 .3 1.7 1 1
PPD 2* 3 . 5 * 2* 1
O.P.
PDC 1 1 0 . 6 7 0 . 7 8
OVA 0 . 9 0 . 8 4 0 . 9 0 . 9 3
PPD 1 .3 1.1 0 . 8 9 0 . 7 3
J.D.
PDC 0 . 3 8 0 . 4 2 0 . 5 2 0 . 5 9
OVA 0 . 2 6 0 . 4 4 0 . 4 6 0 . 4 3
PPD 9 8 * 5 9* 14* 0 . 5 9

W.W,
PDC 1.1 1.3 1.1 0 . 9
OVA 0 . 7 4 0 . 7 6 0 . 9 6 1
PPD 0 . 8 2 1 0 . 9 7 1.1

MEAN SI t  SEM

PDC 0 . 7 3  ± 0 . 2 0 .91  + 0 . 2 1.1 ±  0 . 3 0 . 9 2  ± 0 . 2

Range 0 . 3 8  - 1.1 0 . 4 2  - 1 .3 0 . 5 2  - 2 0 . 5 9  - 1 .4

OVA 0 . 8  ±  0 . 2 0 . 9 3  ±  0 . 3 0 . 8 3  ± 0.1 0 . 8 5  ± 0.1

Range 0 . 2 6  - 1 .3 0 . 4 4  - 1 .7 0 . 4 6  - 1 0 . 8 5  - 0 . 1 4

PPD 2 5  t  2 4 * 16 + 14* 4 . 5  ±  3* 0 . 8 5  ±  0.1

Range 0 . 8 2  - 9 8 1 59 0 . 8 9  - 14 0 . 5 9  - 1.1

A.T. 50 5 0.5 0 .05
PDC 1 .7 0 . 7 2 1 1.1
OVA 0 . 8 6 1 1 1
PPD 6 . 6 * 2 . 7 * 1 .4 0 . 7 8
L.O.
PDC 1 .8 1 2 . 9 * 1 .6
OVA 1.3 0 . 8 6 0 . 9 1.1
PPD 0 . 7 4 1 .8 1.1 0 . 8 8
LA.
PDC 1 .6 0 . 8 1 0 . 8
OVA 1 1 .4 0 . 9 0 . 8
PPD 8 . 5 * 10* 1.3 0 . 8 3

MEAN SI + SEM

PDC 1 .7 + 0.1 0 . 8 1 . 6 ± 0 . 6 1 . 2 ± 0 . 2

Range 1 . 6 -1 . 8 0 .72-1 1-2 .9 0 . 8 - 1 . 6

OVA 1 ± 0 . 2 1.1 ± 0 . 2 0 . 9 ± 0 . 0 3 1

Range 0 . 7 4 - 1 . 3 0 . 8 6 - 1 . 4 0.9-1 0 .8 -1 .1

PPD 5 .3  + 2 . 3 * 4 . 8 ± 1  * 1 . 3 ± 0 . 1 0 . 8 ± 0 . 0 3

Range 0 . 7 4 - 8 . 5 1 . 8 - 1 0 1 . 1 -1 . 4 0 . 7 8 - 0 . 8 8

Legend: * = Subjects positive for T cell proliferation (i.e. SI > 2).



Figure 7.2 Representative graphs demonstrating T cell proliferation to purified protein derivative (PPD), ovalbumin (OVA) and pyruvate 
dehydrogenase complex (PDO in PBC and normal controls.
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Legend: A and B = normal control; C = PBC patient in a 3 day assay. PPD = ■ ; OVA = □ ; PDC = ♦ . 
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Figure 2 fcontinued!
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7.3.4 Discussion

The data presented herein clearly demonstrate the difficulties encountered when trying to 

study the specificity of the T cell response in PBC. No definitive conclusions can be made 

since the subject groups were too small for statistical analysis. Nevertheless, the data do 

give some insight into the responsiveness of T cells to the PBC autoantigen.

The normal subjects responded to PPD as expected in both the 3 and 6  day assays. PBC 

patients appeared to respond better to PPD in the 6  day assay. In both controls and 

patients a positive response to PDC was concurrent with a positive PPD response in most 

cases. Surprisingly, no significant responses to PDC (i.e. > 2) were observed in the PBC 

patient group in the 3 or 6  day assay. Therefore, a different technical approach was 

attempted. T cell lines were set up whereby cells were stimulated for one week with 

specific antigen before assaying them. In this way it was hoped to be able to stimulate 

memory T cells to specific antigen and enhance subsequent proliferation assays using the 

same antigens. However, it was very difficult to obtain consistent data using this method. 

The main problem was obtaining sufficient autologous APCs to use in the subsequent 

assay. As it was difficult to obtain consecutive blood samples from patients, cells had to 

be frozen for later use as APCs. However, many cells were lost by freezing/thawing and 

an even larger proportion were lost by mitomycin C treatment. Even when sufficient cells 

were available for assay the counts obtained were very low (<200cpm) and Sis > 2 were 

never obtained.

There are few reports on the responsiveness of T cells to PDC in PBC and non-PBC 

controls, and those that have been published report conflicting data. Lohr et al. (1993) 

have shown that PBMCs from 11/15 PBC patients respond to purified bovine PDC in a 

HLA class II dependent manner, whereas no response was seen in a control group. T cell 

clones isolated from two PBC liver biopsies revealed a predominance of CD4 / CDS’ cells. 

Interestingly, T cell clones only responded to whole PDC and not PDC-E2 when the 

antigen was presented by autologous B cell lines. In addition, only some of the clones that 

were reactive with human liver mitoplasts (mitochondria depleted of their outer 

membrane) were reactive with PDC, indicating that other specific T cell epitopes are 

present in the inner mitochondrial membrane. Van de Water et al. (1991) showed that
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cloned CD4VCD8' T cell lines from needle biopsies of PBC liver responded specifically 

to either bovine PDC-E2 or BC0ADC-E2. Joplin et ah (1991) have used PBMC to 

demonstrate bovine PDC-specific T cell proliferation in PBC patients but not in controls. 

Interestingly, they found that PDC-E2 inhibited proliferation. Jones et al. (1995) have 

demonstrated T cell responses to bovine PDC-E2 and protein X in 58% of PBC patients 

compared to 12% of controls. They also found that half of the subjects in both the PBC 

and control groups showed significant responses to native PDC, corroborating the finding 

presented herein of T cell responsiveness to PDC in normal subjects (Table 6.3). A recent 

study examining PBMCs from PBC patients for their reactivity to whole PDC and to the 

individual El and E2 components demonstrated that out of a total of 19 PBC patients, 

only one responded to whole PDC whereas 10 patients responded to E2 and 7 to the El 

components (Van de Water et al., 1995). The variation in data reported in all of these 

studies clearly demonstrates the difficulties involved in studying T cell reactivity in PBC, 

and is probably partly related to the heterogenous nature of the T cell response.

Although two studies have been unable to detect a response to PDC in normals it is not 

too surprising that other groups have been able to demonstrate such a response, given the 

conserved nature of the PDC antigen. The PDC-specific T cell responses detected in 

normals in this study are likely to have been to homologous bacterial PDC epitopes. 

Although it is known that self-reactive T and B cells exist in the periphery of normal 

individuals, B cell responses to the PBC autoantigen are rare in healthy subjects, as they 

are likely to be subject to mechanisms of central or peripheral tolerance. Although PDC- 

specific T cells from normal subjects have the capacity to proliferate in vitro they are 

evidently unable to cause pathological damage in vivo. Indeed, it is well known that taken 

out of the context of the normal multicellular milieu in vivo, tolerance by T cells to 

autoantigens can be reversed by in vitro culture.

There are a few reasons which might explain why the PBC patients did not respond to 

PDC. Firstly, bovine PDC maybe too different from human PDC to be recognized by 

human PDC-specific T cells, despite the serologic observation that there is no difference 

in antibody response to human or bovine PDC (Palmer et al., 1993). Indeed, one group 

has shown that bovine PDC specific T cell lines were unable to respond to human PDC 

(Bassendine et al., 1993). Nevertheless, normals responded to bovine PDC, possibly
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because bovine PDC shares cross-reactive epitopes with bacterial PDC. Either T cells from 

PBC patients recognize entirely different epitopes or there is some widespread defect in 

T cell responsiveness in PBC patients. Perhaps T cell responses in PBC patients are only 

to epitopes shared by human (as opposed to bovine) and bacterial PDC. Alternatively, 

failure to efficiently process such a large complex as PDC may have contributed to the 

non-responsiveness of T cells in this study (Van de Water et al., 1995)

Alternatively, non-responsiveness may be related to the stage of disease in the PBC 

patients studied. Perhaps those with advanced disease are unable to respond to antigen 

because their damaged BEC can no longer present self-antigen(s) to the immune system. 

Indeed, patients in the late stages of disease are known to be immunocompromised. Of 

the 11 patients studied in both the 3 and 6  day assays, five patients were in stages 1/2 of 

disease and six were in stages 3/4. The six patients with advanced disease did not respond 

to any antigen but of the five patients with early disease, two responded to both PDC and 

PPD, two responded to PPD alone and one did not respond to either antigen but was 

AMA negative. Interestingly, a recent study has demonstrated that T cell responses in pre

cirrhotic patients are significantly higher than in cirrhotic patients (80% vs 22%) (Jones 

et al., 1995). Perhaps PBC patients with advanced disease finally become tolerized to 

PDC antigen.

In conclusion, many more patients need to be tested, particularly those with early PBC, 

so as to quantify T cell responses. Future work should involve culturing T cells from liver 

biopsies or whole liver. PBMC would be frozen at the same time for later use as 

autologous APCs. T cell lines could be set up to human PDC and PDC-E2 and responsive 

lines cloned out by limiting dilution using APC pulsed with antigen. T cell epitopes within 

PDC could be mapped using E2 fragments expressed from E2 minigenes obtained by 

polymerase chain reaction. Fine mapping could subsequently be performed by the 

production of shorter overlapping fusion peptides and finally with synthetic peptides (e.g. 

HLA-DRa and E.coli PDC-E2) using established methods (Atkinson et al., 1994).
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7.4 INTERDISEASE AUTOANTIBODIES AS INDICATORS OF A GENERAL 

PATHOGENIC MECHANISM BETWEEN AUTOIMMUNE DISEASES.

7.4.1 Introduction

In generalising a model for the pathogenesis of autoimmune disease, a peptide motif has 

been described that is common to a fragment of HLA-DRa (known to be normally 

presented by class II MHC molecules), a number of pathogens and various autoantigens. 

Of particular interest is glutamic acid decarboxylase (GAD) a recognized autoantigen (M, 

65kD) in insulin dependent diabetes mellitus (IDDM).

IDDM resembles PBC in a number of ways: 1) it is an organ-specific autoimmune disease 

which ultimately leads to the destruction of the pancreatic islet B cells and insulin 

deficiency; 2) massive lymphocytic infiltrates of islets are common; 3) MHC class II 

antigens are abnormally expressed on pancreatic islet B cells; 4) circulating antibodies to 

GAD, insulin and islet cells can be detected in the sera of subjects in the preclinical and 

clinical phases of IDDM and finally 5) humoral and cellular studies suggest that GAD 

may have a role in the pathogenesis of disease (Baekkeskov et al., 1987; Atkinson et al., 

1992).

7.4.1.1 GAD and IDDM

GAD is the biosynthesizing enzyme of the inhibitory neurotransmitter gamma- 

aminobutyric acid (GABA) which is expressed at high levels by pancreatic B cells and 

central nervous system neurons. There are three distinct isomeric forms of mammalian 

brain GAD with relative molecular weights of SOkD, 67kD and 65kD (Huang et al., 1990; 

Wyborski et al., 1990; Cram et al., 1991; Erlander et al., 1991; Karlsen et al., 1992). 

G AD 65 and G AD 67 isoforms are each identical between brain and islets in different 

species but share only 65% homology. Only the GAD 65 isoform is expressed in human 

islets which is in contrast to human brain and rat islets where both GAD 65 and GAD 67 

isoforms are expressed (Karlsen et ah, 1992). Anti-GAD antibodies have been 

demonstrated in up to 96% of patients at the time of clinical onset of IDDM and can be 

detected up to 8  years before disease onset (Baekkeskov et al., 1987; Atkinson et al., 

1990; Barmeier et a l, 1991; Kaufman et a l,  1992). In addition, GAD antibodies have 

recently been demonstrated in patients with long-standing IDDM (mean duration of

171



disease 25.6 ± 8 . 8  years) (Zanone et ah, 1994).

GAD antibodies are generally detected by either immunoprécipitation and/or enzymatic 

assay, but these assays are relatively time-consuming and require a supply of 

enzymatically active native GAD. Recently, an ELISA was developed which incorporated 

whole mouse brain GAD captured by the GAD- 6  monoclonal antibody, and results were 

found to be indistinguishable from those found by immunoprécipitation assay (DeAizpurua 

et ah, 1992a). A more sophisticated ELISA was later developed by cloning three 

overlapping cDNA fragments from mouse brain GAD 67. (One of these peptides included 

the DKA containing motif described earlier.) None of the three peptides were recognised 

preferentially, indicating that at least three major epitopes exist in the GAD 67 isoform 

(DeAizpurua et ah, 1992b). Although only the GAD 65 isoform is expressed in human 

islets (Karlsen et ah, 1992), anti-GAD 67 antibodies rarely occur in the absence of anti- 

GAD 65 antibodies (Kaufman et ah, 1992; Seissler et ah, 1993; Velloso et ah, 1993).

7.4.2 Aim

To establish whether the homologies described herein, between MHC class II antigens and 

disease specific autoantigens, could lead to molecular mimicry at the B cell level, it was 

investigated whether antibodies to GAD existed in PBC and conversely whether antibodies 

to PDC-E2 were present in IDDM.

7.4.3 Materials and Methods

7.4.3.1 Sera

Sera were obtained from 32 PBC patients (all were AMA positive); 25 females with a 

history of recurrent urinary tract infections (13 were AMA positive and 12 were AMA 

negative); 15 IDDM patients (mean duration of diabetes 16 ± 3; range 1-40 years) and 30 

normal controls.

7.4.3.2 Source of antigen

PDC (14mg/ml) was purified from bovine heart as previously described (section 2.2.1.3) 

and GAD (purified from E.coU) (1 mg/ml) was obtained from Sigma.
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7.4.3.3 SDS PAGE and Western blotting

PDC and GAD were subjected to electrophoresis and transferred to nitrocellulose as 

previously described (section 2.2). Immunoblots were incubated with patients’ sera (1:150) 

and antibody binding was visualized using peroxidase conjugated rabbit anti-human Ig 

(isotypes G,M,A) (Dako).

7.4.3.4 ELISA

An ELISA using purified PDC was also carried out to detect anti-PDC activity in diabetic 

patient’s sera (1:1000) using the same ELISA system as used in chapter 4 where OD45 0  

values >2SD above the mean for normal controls were defined as positive (section 2.2.6).

7.4.4 Results

7.4.4.1 Anti-PDC-E2 activity

One out of 15 IDDM patients (a 25 year old male) exhibited reactivity to PDC-E2 on 

western blotting (Figure 7.3) and in ELISA (OD4 5 0 = 0.253; cut-off point = 0.142).

7 4.4.2 Anti-GAD activity

As a crude preparation of microbial GAD was used in this study, the identity of all the 

observed bands was difficult to elucidate. The major bands observed were at relative 

molecular weights of 80kD, 74/7IkD, 64kD and 55kD. The 64kD band is probably 

authentic GAD. The intensity of staining of each band was variable between samples 

although the reactivity with the 74/7IkD and 64kD protein bands was strongest (Figure 

7.4).

It is evident from Table 7.8 that the intensity of antibody binding to all four protein bands 

was notably greater in the PBC group compared to the normal controls. Reactivity to three 

of the bands was greater in the diabetic group than the controls. In the recurrent UTI 

group, reactivity against the 80kD and 74/7IkD bands were similar to both patient groups, 

with less reactivity against the 64kD band. No difference was observed in anti-GAD 

reactivity between the AMA positive and AMA negative groups.

The IDDM patient with anti-PDC-E2 activity exhibited strong reactivity against the 80kD 

and 74/7IkD bands, but no activity against the 64kD or 55kD bands.
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7.4.5 Discussion

Anti-PDC-E2 reactivity was demonstrated in a 22 year old male with IDDM. This was 

particularly striking since such antibodies are characteristic of PBC, an almost exclusively 

female disease, and (in lower titres) in women with recurrent bacteriuria. Sera from the 

majority of PBC and IDDM patients reacted to multiple components of a commercial 

preparation of GAD. Reactivity was also seen in "normal" sera, but to a significantly less 

extent, and also in patients with UTI. It is not known how many of these bands would 

correspond to antibody against GAD, and illustrates the importance of using pure or 

recombinant material for such studies. However, it is notable that reactivity against this 

commercial preparation was marked, not only in the majority of diabetic patients, but also 

in the majority of patients with PBC (Figure 7.4).

None of the IDDM sera reacted with both the GAD 64kD band and PDC-E2. The lack 

of correlation between the presence of anti-PDC antibodies and anti-GAD reactivity makes 

it highly unlikely that the activity observed reflects cross-reactive antibodies.
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Figure 7.3 Immunoblot demonstrating sera reactivity with purified PDC and GAD.
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Legend: Lane 1 = MW marker; lanes 2, 4 and 6  = purified bovine PDC (15^g/lane); lanes 
3, 5 and 7 = E.coli GAD (20/xg/lane). A = IDDM serum. B and C = 2 different PBC 
patients sera.
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Figure 7.4 Immunoblot demonstrating reactivity of PBC. normal and IDDM sera 
with Kcoli GAD.
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Table 7.8 Binding of antisera from four groups of donors to immunoblots of E,coli 

GAD.

80kD 74/71 kD 64kD 55kD
PBC - 19 10 19 47

n =  32 + 56 34 37 28
+ + 25 56 44 25

Normals - 43 34 50 67

n =  30 + 37 43 23 20

+ + 20 23 27 13

UTI - 8 8 4 0 76

n = 25 + 64 60 4 0 4

+ + 28 32 20 20

IDDM - 13 7 26 80

n = 15 + 60 33 27 13

+ + 27 60 47 7

Legend: Figures represent percentage of sera within each group staining each of the four 

major bands revealed. Authentic GAD is believed to be the 64kD band. Staimng is 

subdivided into dark (++), faint (+) or negative (-).
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7.5 DETECTION OF ANTI-GAD ANTIBODIES USING PURIFIED ANTIGEN.

7.5.1 Introduction

Evaluation of anti-GAD antibodies in PBC and other control groups using a commercially 

available preparation of GAD has demonstrated some interesting reactivities. However, in 

order to test the authenticity of these results, it was necessary to test antibody reactivity 

to a purified preparation of GAD.

7.5.2 Aim

To determine whether anti-GAD antibodies are truly present in PBC sera by using a pure 

preparation of GAD for their detection.

7.5.3 Materials and Methods

This study was carried out in collaboration with Dr. Henry DeAizpurua, The Walter and 

Eliza Institute, Melbourne, Australia. A batch of coded sera was tested for anti-GAD 

antibodies using "in-house" ELISA and immunoprécipitation assays.

The assays are described in detail elsewhere (DeAizpurua et al., 1992b). Briefly, GAD 

was semipurified from human cerebellum and subsequently immunoaffinity purified with 

GAD-1 monoclonal antibody on Sepharose-protein A. GAD enzymatic activity serum was 

immunoprecipitated by binding sera to Sepharose-protein A beads, and incubating with 

semi-purified GAD. After centrifugation, both the bead pellets and the supernatant were 

assayed for GAD enzymatic activity. Results were expressed as a percentage of total 

GAD activity in the supernatant after precipitation by Sepharose-protein A beads.

The ELISA involved coating a 96-well plate with GAD- 6  monoclonal antibody which was 

allowed to bind to semi-purified mouse brain GAD. After incubating with sera at 1:100 

dilution, anti-GAD reactivity was detected by the addition of alkaline phosphatase 

conjugated anti-human immunoglobulin and the appropriate substrate.

7.5.3.1 Patients

Sera samples were obtained from 27 PBC (all AMA positive), 25 chronic liver disease (9 

AMA positive), 28 recurrent UTI (9 AMA positive) and 14 IDDM (1 AMA positive)
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patients and 13 normal controls. All samples were coded.

7.5.4 Results

7.5.4.1 GAD ELISA

Sera (1:100) were defined as positive if their OD4 0 5 was > than the mean OD for 13 

normal controls ± 2 SD (= 0.115).

Only one serum (7%) was clearly positive for anti-GAD reactivity and that was a 33 year 

old female patient who had IDDM for 20 years (OD = 0.760). Interestingly, 7% of PBC 

patients also reacted with GAD but in addition, 8 % of normal controls and 4% of OLD 

patients exhibited reactivity (Table 7.9) albeit at very low antibody titres (Table 7.10 and 

Figure 7.5).

7.5.4.2 GAD enzymatic precipitation assay

Results were expressed as the % of maximum GAD enzymatic activity precipitated by 

GAD- 6  Mab. Values > 2SD of the normal controls were considered positive (= 14.5%) 

(Figure 7.6 and Tables 7.9 and 7.11).

Although no statistical difference could be demonstrated between subject groups there 

appeared on simple inspection to be an increased incidence of GAD antibodies in the PBC 

patient group compared to the normals and surprisingly even to the IDDM group.

7.5.5 Discussion

It is unknown why the data obtained from the ELISA and precipitation assays did not 

correlate. Different patients were positive in each assay. Nevertheless, there does appear 

to be a higher incidence of GAD antibodies in PBC compared to normals but the results 

are confusing because of the discrepancies between assays.

Only one IDDM patient was positive for GAD antibodies but may simply reflect the fact 

that many of these patients had long-standing diabetes so the likelihood of them having 

GAD antibodies was much less. The one male IDDM patient who was AMA positive 

(section 7.4) was negative here for GAD antibodies and the one diabetic with true anti- 

GAD antibodies was AMA negative. There appeared to be no difference in GAD 

reactivity between AMA positive and AMA negative individuals.
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Cross-reactive antibodies may not explain the presence of GAD antibodies in PBC 

patients. Possible explanations for their presence are firstly, that anti-GAD antibodies are 

unrelated to the autoimmune process, but rather reflect a history of microbial infection. 

Secondly, as suggested previously (section 7.1), they are produced with help from T cells 

recognising an analogous peptide initially presented after processing of a microbial antigen 

and subsequently mimicked by a self peptide. Even if the presence of anti-GAD 

antibodies in PBC is fortuitous the results are still interesting in view of the fact that GAD 

antibodies have previously been believed to be 100% specific for IDDM.

Of particular relevance to the proposed molecular mimicry in PBC is a recent study where 

T cell responsiveness was demonstrated to a specific GAD 65 peptide and a 

Coxsackievirus P2-C peptide with which it shares significant sequence homology 

(Atkinson et al., 1994). This virus has long been associated with IDDM (Yoon et a l, 

1986; King et al., 1983; Chaterjee et al., 1988). Interestingly, a simultaneous study from 

another group showed that cross-reactive T cell recognition between GAD 65 and 

Coxsackievirus is confined to certain MHC alleles, namely the diabetes susceptibility allele 

I_Anod a/., 1994), thus providing further evidence for the direct involvement of

specific MHC molecules and autoimmune disease.
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Table 7.9 Number of subjects positive for anti-GAD antibody using different

detection methods.

PBC
n = 27

OLD
n = 25

UTI
n = 28

IDDM
n = 14

Normal
n = 13

A 2 (7.4%) 1 (4%) 0 1 (7.1%) 1 (7.7% )

B 5 (18.5% ) 2 (8%) 2 (7%) 0 0

Legend: A = GAD ELISA; B = GAD enzymatic immunoprécipitation.

Table 7.10 Mean optical density values for serum reactivity on ELISA with mouse 

brain GAD.

PBC OLD UTI IDDM Normal

N 27 25 28 13* 13

Mean 0 .0 7 0 .0 6 0 .0 2 0 .0 3 8 0 .0 7

SEM 0 .0 0 6 0 .0 0 6 0 .0 0 4 0 .0 0 3 0 .0 0 7

Range 0 .02 -0 .141 0 .0 1 5 -0 .1 3 0 0 .0 0 3 -0 .1 0 4 0 .0 2 7 -0 .0 7 2 0 .0 3 9 -0 .1 1 6

Legend: * = Strongly positive patient was not included (OD = 0.760).

Table 7.11 Mean percentage values for maximum GAD enzymatic activity.

PBC CLD UTI IDDM Normal

N 27 25 28 14 13

Mean 8 .7 9.5 9 .7 6 .9 8 .9

SEM 1.4 0 .8 2 0 .6 2 0 .5 4 0 .7 8

Range 1 .5 -2 8 .7 1 .7 -19 .3 3 .7-14 .1 3 .9 -1 0 .6 4 .8 -1 4 .4
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Figure 7.5 Scattergram of anti-GAD antibody reactivity in different subject groups using an ELISA detection system.
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Figure 7.6 Scattergram of anti-GAD antibody reactivity in different subject groups using an enzymatic precipitation assay.
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CHAPTER 8

SUMMARY AND FINAL DISCUSSION
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Listed below is a summary of data presented in this thesis which support an hypothesis 

of molecular mimicry as a pathogenetic mechanism in PBC.

1. An increased prevalence and incidence of recurrent UTI was demonstrated in PBC 

compared to other chronic liver disease patients. UTI localization studies carried out in 

PBC patients with a history of recurrent UTI demonstrated that asymptomatic infections, 

commonly associated with PBC were localized in the upper urinary tract, under which 

circumstances antibody responses are generally more frequent than in the bladder.

2. Partial AMA cross-reactivity was demonstrated between the M2 antigens, but was 

dependent on antigen/antibody concentration (Flannery et al., 1989; Butler et al., 1994). 

Thus a common B cell epitope (with epitope spreading) may be central to the 

characteristic polyclonal AMA response to the related OADCs in PBC. In addition, cross

reactivity was demonstrated between the M2 antigens and the equivalent phylogenetically 

conserved bacterial antigens. Such observations are therefore consistent with all B cell 

clones being driven by a single T cell clone recognising a single, common, MHC class II 

presented peptide.

3. Anti-PDC-El antibodies were shown to cross-react with PDC-E2 and not vice versa 

suggesting that these antibodies may be anti-idiotypic (Butler et al., 1994). The finding 

of anti-PDC-El antibodies in PBC sera does not, as has been claimed by other workers, 

therefore preclude a molecular mimicry mechanism in PBC. But, in any case, if the 

suggested, common T cell drive is what arises from mimicry, subsequent production of 

antibody to any part of a complex that contains, elsewhere within it, the T cell epitope, 

says nothing about the initial stimulus.

4. Serological evidence was presented which demonstrated the presence of significant low 

titre "PBC specific" AMAs in a group of "normal" females with a longstanding history of 

recurrent UTIs (Butler et al., 1993; 1995^. AMA reactivity was not dependent on a 

concomitant UTI since these patients were receiving prophylactic antibiotic therapy. 

Importantly, significant AMA were not present in patients with other chronic liver diseases 

despite the fact that these patients are known to have high titres of anti-bacterial antibodies 

in their sera.
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5. "PBC specific" AMAs eluted from the serum of a patient with UTI were shown to 

cross-react with equivalent bacterial components (Butler et al., 1993). Interestingly, this 

patient had a history of pyelonephritis, which again highlights the potential relevance of 

"route of infection" in the induction of AMA.

Recent enzyme inhibition studies demonstrated that only 1/9 UTI sera with antibodies to 

PDC-E2 inhibited enzyme activity. The mean % inhibition for 24 PBC and 9 UTI sera 

was 76% and 6 % respectively (Gramaglia et ah, 1995). Interestingly, diluted PBC sera 

gave a lower mean % inhibition value of 1 1 % which confirms that, as expected, enzyme 

inhibition is dependent on antibody titre. However, the total lack of inhibition in the 

majority of UTI patients tested does not rule out molecular mimicry in PBC, since 

subsequent B cell genetic rearrangements in PBC patients may produce clones with a 

greater affinity for mammalian PDC. (Indeed, it has been shown in other studies that PBC 

sera are more inhibitory to mitochondrial PDC than to the bacterial enzyme (Teoh et al., 

1994).) The lack of enzyme inhibition in UTI patients maybe due to different B cell 

specificities, and might explain why these patients do not develop PBC.

6 . A high proportion of microorganisms isolated from pure cultures of infected urine 

were shown to be rough mutants in both liver disease and non-liver disease patients with 

UTI, indicating that rough mutants may be a common feature of UTIs in general (Butler 

et al., 1993). In addition, a higher proportion of R forms were found in the faecal flora 

of patients with a history of recurrent UTI compared to those without such a history. 

These findings suggest that the nature of the organism and the chronicity of infection may 

be important factors in the stimulation of potentially autoreactive lymphocytes.

7. M2 was characterized in cultured human BEC (Butler et al., 1995). No difference in 

AMA reactivity was demonstrated between diseased and normal BEC; this is in contrast 

to previous reports, where expression of PDC-E2 was shown to be increased in the BEC 

of PBC patients compared to normals in immunohistochemical studies (Joplin et al., 1991; 

Van de Water et al., 1991). In addition, AMA reactivity was mainly with PDC-E2 and 

BC0ADC-E2 in BEC, which suggests that in vivo these are the immunodominant 

autoantigens and thus raises questions on the authenticity of the other M2 autoantibodies 

found in PBC.
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8. Database sequence analysis revealed striking similarities between the immunodominant, 

lipoyl domains of E.coli and human PDC-E2 and a peptide of the invariant MHC class 

II peptide HLA DRa, which is itself a commonly found self-peptide presented by MHC 

class II molecules. Moreover, there was more similarity between the corresponding 

sequences of HLA-DRa and E.coli PDC-E2 than there was between the related 

mitochondrial and bacterial E2 enzymes, notwithstanding that the latter two are 

immunologically cross-reactive (Burroughs et ah, 1992). Further database analysis 

identified similarities between the HLA DRa peptide and sequences within just 7 human 

proteins, 5 of which are known autoantigens in various autoimmune diseases; 2 of these, 

the ASGPR and hsp 65 are associated with PBC (Baum et ah, 1993).

Discussion

Since antibodies recognize 3D conformational structures it is difficult to determine amino 

acid sequences constituting an entire autoantibody epitope. So although the initial aim of 

this project was to examine putative B cell cross-reactivity, the emergence of new data 

from this study and others led to the consideration of cross-reactivity at the T cell level.

It was initially thought that the identification of sequence similarities between PDC-E2 and 

HLA-DRa might explain the surface reactivity of an anti-PDC-E2 antibody with BEC 

(Joplin et ah, 1992)̂  where there is abnormal expression of MHC class II molecules. 

However, after taking into account the very different conformational structures of PDC-E2 

and HLA DRa, antibody cross-reactivity between these two antigens was thought to be 

highly unlikely. It is unknown how intact intracellular PDC-E2 might become expressed 

on the cell surface. Indeed, recent work suggests that the BEC surface antigen reactivity 

with anti-E2 antibodies is a "molecular mimic" rather than authentic E2 itself (Van de 

Water et ah, 1993; Coppel and Gershwin, 1995). However, class Il-presented fragments 

i.e. potential T cell rather than B cell epitopes might so appear. This may be a result of 

intracellular antigens, released during natural cell death and turnover, binding to MHC 

molecules on the cell surface. Alternatively, a somatic mutation may occur within the E2 

gene. M2 antigens are encoded in the nucleus and are transported to the mitochondria 

where a "docking process" takes place. This process depends on the gene’s leader 

sequence, so if a somatic mutation were to occur within this gene, the docking process
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would be disrupted and the E2 subunit might accumulate in the cytosol for fragmentation 

and subsequent targetting to the cell surface in association with MHC. One example of 

a mitochondrial antigen being expressed on the cell surface is the murine mitochondrially 

encoded Mtf peptide which is co-expressed with a class I type molecule on the cell surface 

(Lindahl et a i, 1986).

However some intact subcellular antigens can clearly appear at the cell surface. 

Cytoplasmic cytochrome P-450 isoenzymes are recognised by specific antibodies (anti- 

LKMl and 2) as some epitopes are localized on the outer surface (Loeper et al., 1993). 

These antibodies characterize specific subtypes of AICAH. Consequently, it is possible 

that autoantigens other than PDC-E2 e.g. ASGPR and/or hsp 65, with similar peptide 

sequences around the immunodominant epitope, were responsible for the surface reactivity 

demonstrated in Joplin’s study. Although antibodies to the ASGPR have so far only been 

demonstrated on the surface of hepatocytes in PBC (Lohr et al., 1990), hsp65 has been 

demonstrated on BEC (Broome et al., 1993). It is interesting therefore that a human anti- 

PDC-E2 antibody has consistently been shown to recognize an unidentified cross-reactive 

protein on the luminal surface of biliary epithelium in PBC (Van de Water et al., 1993; 

Tsuneyama et al., 1995). The aberrant surface expression of any one or more of the above 

peptides on BEC may explain the organ specificity of PBC. However, this would not be 

sufficient in itself, there would have to be a T cell drive, involving a peptide epitope 

common to all of the implicated antigens.

Thus, although antibody cross-reactivity between PDC-E2 and HLA DRa is thought to 

be an unlikely occurrence, cross-reactivity at the T cell level cannot be excluded. 

Moreover, the association of particular HLA haplotypes with autoimmune disease in 

general strongly suggests T cell involvement. Therefore, the molecular mimicry 

hypothesis was modified to include an additional event. Instead of a simple two way 

molecular mimicry occurring between a microbial and self antigen, a more feasible 

mechanism would involve 3 way molecular mimicry whereby an MHC class II derived 

peptide may be involved in setting the scenario for a potential autoimmune response. This 

seems increasingly more likely in view of the many recent reports on the presentation of 

self MHC peptides by MHC molecules (Chicz et al., 1993) and the increasing number of
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sequence homologies being identified between HLA peptides and known autoantigens 

(Baum et a i, 1995; Albani et a l, 1995). This 3 way molecular mimicry hypothesis still 

allows for antibodies to be produced which may/may not be pathogenetic. The role of 

autoantibodies in PBC may lie in the perpetuation rather than in the initiation of the 

disease.

Disease susceptibility may stem from T cell development in the thymus where low affinity 

binding occurs between T cells and an MHC-self peptide that closely resembles, but is not 

identical to a foreign peptide, and so is positively selected (Allen, 1994). These T cells 

may subsequently be recalled in response to an infection where a similar peptide from a 

processed bacterial fragment is presented on an APC to produce clones of stronger 

affinity. Indeed, infection has been shown to break T cell tolerance in Staphylococcus 

enterotoxin tolerized mice (Rocken et al., 1992). An autoimmune cascade of events ensues 

which leads to the ultimate destruction of tissue bearing class II HLA presenting relevant 

self-MHC-derived peptides and/or self antigens with similar motifs (Figure 8.1).

A recent study has cast doubt on the involvement of CD4^ T cells in the pathogenesis of 

PBC because the expression of PDC-E2 or a PDC-E2-like molecule was shown to precede 

the expression of MHC class II and BB1/B7 molecules (usually present on "professional" 

APCs) in early PBC biopsies suggesting that bile duct destruction was occurring in the 

absence of MHC class II expression. However, the authors did consider the possibilities 

that in early PBC, class II expression may have either been a transient phenomenon or else 

was only present on ducts that had already been destroyed. Furthermore, the authors 

stated that this was the first study to examine MHC class II expression in early PBC 

biopsies. However, a previous study using the same commercial mAh to HLA DRa 

showed unequivocal DRa expression in 27/27 PBC wedge biopsies, 21 of which were in 

histological stage 1 or 2 (Nakanuma and Kono, 1991).
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Figure 8.1 Cartoon demonstrating how an autoimmune response might be initiated 

in PBC.

Antigen presenting cell ^

i

Biliary epithelial 
cell

HLA

Antigen —  

T cell receptor

T cell

Legend: 1. A cell becomes activated after recognizing and binding a complementary 

sequence (on a bacterial fragment that has been processed and presented on an APC e.g. 

B cell, macrophage). 2. These activated cells may subsequently recognize aberrantly 

expressed self peptide(s) with a similar immunogenic motif on human tissue e.g. BEC, 

which utimately leads to an autoimmune attack. The T  ̂ cell may already have been 

selected in the thymus to recognise an MHC-derived peptide with a similar sequence to 

the two, cross-reacting antigens. The second antigen, presented by BEC, may indeed be 

that MHC derived peptide, or a peptide derived from intracellular PDC-E2, or another 

cross-reacting peptide, e.g. from hsp65.
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Future work/therapy

Although initial studies were unsuccessful in generating T cell clones to PDC (section 

7.3), others have been able to stimulate T cell proliferation in PBC using just the E2 

subunit of PDC. It would appear that large complexes like PDC cannot be processed for 

presentation to T cells at least in vitro. Further studies should concentrate on mapping the 

T cell epitopes in PBC using recombinant/native human PDC-E2. Subsequent mapping 

experiments could be performed using synthetic peptides e.g. E.coli PDC-E2, HLA DRa, 

ASGPR and hsp 65.

Interestingly, a recent study has succeeded in generating six T cell clones specific for 

human PDC-E2 peptides from four patients with PBC (Shimoda et al., 1995). The 

minimal T cell epitopes of these clones were mapped to the region of the PDC-E2 peptide 

163-176 GDLLAEIETDKATI that also contains the B cell epitopes. The common 

essential amino acids of this T cell epitope were E, D and K at positions 170, 172, and 

173, where D was a critical MHC-binding site for all T cell clones tested. All clones 

were restricted by HLA DRB4 0101.

Cross-reactivity of these T cell clones was tested with other peptides that have amino acid 

homology with human PDC-E2. Importantly, one T cell clone cross-reacted with E.coli 

PDC-E2 peptide 31-44/134-147/235-248 (EQSLITVEGDKASM), which substantiates the 

data presented herein, that molecular mimicry between a bacterial and self peptide may 

play a role in the pathogenesis of PBC. However, none of the clones cross-reacted with 

P. putida BC0ADC-E2, human glycogen phosphorylase or HLA DRa, but may be related 

to molecular mechanisms involved in the MHC class II-peptide-TCR interaction. The fact 

that the T cell clones did not proliferate in response to the HLA DRa peptide does not 

necessarily preclude the involvement of such a peptide in the initiation of an autoimmune 

process. As previously discussed, the role of HLA DRa may lie in the low affinity 

binding that takes place between a TCR and an MHC-derived peptide during thymic T cell 

development. It is the subsequent generation of T cell clones with stronger binding 

affinities, from these previously primed T cells, possibly as a result of an infection, that 

ultimately leads to an autoimmune attack on tissue presenting peptides with similar motifs. 

Furthermore, the T cell clones were generated from PBMCs in the above study, however.
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the putative autoreactive T cells in PBC are likely to be those infiltrating the portal tracts, 

thus it is necessary to examine the specificities of intrahepatic T cells. It would also be 

interesting to investigate whether T cell clones can be generated after repeated stimulation 

with HLA DRa and/or E.coli PDC-E2 peptides, and if so, whether these can cross-react 

with human PDC-E2 peptides.

In light of the recent major technological advances in the analysis of MHC-presented 

peptides (Chicz and Urban, 1994) it should be possible to characterize MHC-bound 

peptides on BEC, which would help determine what peptide(s) is/are being presented in 

PBC. As there are now a few potential candidates, this may not be too difficult, since 

MHC extracted peptides can be matched against known sequences. If this proves 

successful, a new approach to therapy in PBC could be adopted. Here, synthetic peptide 

antagonists which differ from the MHC bound peptide with respect to the amino acids that 

specifically bind the TCR, would act by interfering with TCR-MHC-peptide binding. 

Indeed, there have been several recent reports on how immunization with MHC class II 

blocking peptides may prevent the induction of IDDM and EAE (Hurtenbach et al., 1993; 

Wauben et al., 1994). The major drawback with testing this kind of potential therapy is 

that at present there is no satisfactory mouse model for PBC. However, a recent 

pioneering study from Toyonaga et al. (1994) demonstrated how chronic active hepatitis 

could be induced in transgenic mice which expressed IFN-gamma in the liver. Such mice, 

immunized, for example, with human PDC-E2, E.coli PDC-E2 or DRa peptides, might 

generate a PBC model for such studies.

In view of the data presented in this thesis, a more practical approach to the treatment of 

PBC would be to test the benefits of long-term antibiotic prophylactic therapy for UTI. 

The current studies suggest that it is the chronicity of infection rather than a UTI per se 

that is important in the induction of AMAs. It would be interesting to assess the long-term 

effects of low-dose antibiotic therapy on the prognosis of PBC. Selective gut 

decontamination with norfloxacin has been shown to be beneficial in the treatment of CLD 

patients with spontaneous bacterial peritonitis (Gines et al., 1990). A similar trial might 

prove its effectiveness in UTI susceptible PBC patients and would have the additional 

advantage of reducing the chances of developing peritonitis. Norfloxacin is appropriate for
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long-term treatment because it has high activity against aerobic gram-negative bacteria, 

low activity against anaerobic bacteria, rarely causes bacterial resistance or side effects 

when administered chronically (Wolfson and Hooper, 1988), and has been shown to be 

highly effective in preventing recurrent UTI in non-PBC patients (Brumfitt et al., 1991).

In conclusion, the past few years have seen huge advances in the research areas of MHC 

analysis and T cell / BEC isolation, culture and presentation, particularly in relation to 

PBC. Armed with these new techniques and knowledge it should now be possible to 

identify the precise T cell epitopes in PBC and their site of presentation, which presently 

appears to be central to our eventual understanding of the pathological mechanisms 

involved not only in PBC, but possibly in autoimmunity in general.
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Summary

Primary Biliary Cirrhosis (PBC) is a chronic liver disease of unknown aetiology. The 
main characteristic feature of the disease is the presence of circulating antimitochondrial 
antibodies (AMA) to components (collectively named M2) of the mitochondrial 2-oxo- 
acid multienzyme complexes; pyruvate, oxoglutarate and branched chain oxo-acid 
dehydrogenase complexes. As these enzymes are phylogenetically conserved, AMA also 
exhibit reactivity against a range of microorganisms.

PBC patients have an increased incidence of recurrent urinary tract infection (UTI) 
compared to other chronic liver disease controls. Interestingly, we have recently detected 
low titre AMA in patients with a history of recurrent UTI but normal liver function using 
crude bovine heart mitochondrial preparations and immunoblotting techniques.

H ere we confirm these findings using purified M2 antigens and ELISA. We found that 
52% of "normal" subjects with a history of recurrent UTI had AMA specifically to M2 
antigens. The percentage was significantly higher than that found for chronic liver disease 
(19%, p<0.01) and normal controls (4%, p< 0.001).

These results support our hypothesis for molecular mimicry in PBC. We propose that a 
bacterial trigger, possibly resulting from recurrent UTIs, is responsible for initiating an 
autoimmune response in a predisposed host because of cross-reactivity between 
mitochondrial and bacterial antigens.

Introduction

Primary Biliary Cirrhosis (PBC) is a chronic cholestatic liver disease predominantly 

affecting middle aged females. It is characterized by intra-hepatic bile duct destruction 

which ultimately leads to liver cirrhosis and death. The pathogenesis still remains

1039-97 l2/95/030473-13$05.00A)
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enigmatic even though autoim m une processes are now generally considered to play an 

im portant role. The main diagnostic feature is the presence of antimitochondrial 

antibodies (AM A) in up to 96% of patients [1]. AM A recognise a fraction associated 

with the inner m itochondrial m em brane, designated M2. M2 is a family of at least 6  

autoantigens, th ree of which have been identified as the lipoyl containing E2 components 

(dihydrolipoam ide acyltransferases) of the m itochondrial 2 -oxo-acid dehydrogenase 

complexes; pyruvate dehydrogenase complex (PDC), oxoglutarate dehydrogenase 

complex (O G D C) and the branched chain oxo-acid dehydrogenase complex (ECOADC) 

[2,3,4], The others are the lipoyl containing protein X of PD C (autoantibodies to which 

cross-react with PDC-E2) and the non lipoyl containing E l  a and E16 components of 

PDC [5]. The lipoyl cofactor which is covalently attached to a lysine residue, may be 

im portant for effective recognition by PBC autoantibodies of the im m unodom inant inner- 

lipoyl domains of E2 autoantigens [6 ].

W e are interested in m olecular mimicry as a possible pathogenetic mechanism for PBC. 

W e have previously shown an increased incidence and an increased prevalence of 

recurrent urinary tract infection (U TI) in patients with PBC com pared to other chronic 

liver disease (CED) patients [7]. We have also dem onstrated, using SDS-PAGE of bovine 

heart m itochondria and immunoblotting, the presence of low titre PBC specific 

m itochondrial antibodies in 69% of female patients with a history of recurrent UTI but 

with no evidence of liver disease [8 ]. As PD C is well conserved phylogenetically, it is not 

surprising that antibodies to E.coli cross-react with the equivalent mitochondrial M2  

antigens and vice-versa [9]. The main immunogenic region of bacterial PDC-E2 also lies 

within the lipoyl dom ain [10]. Indeed, cross-reactivity of anti-M2 antibodies has been 

dem onstrated against a whole spectrum of prokaryotes [11]. Nevertheless, it seems likely 

that PBC patients, have in fact two sets of antibodies against m itochondrial and microbial 

E2’s respectively, but each exhibiting cross-reactivity, albeit with lower affinity, to the 

other set of antigens [1 2 ].

The finding of A M A  in a group of "normal" women (i.e. without liver disease) is an 

im portant observation considering that cirrhotic patients known to have high antibody 

titres to E.coli [13] have little or no AM A reactivity. It could be that a recurrent urinary

474



01. 3 5 ,  N o . 3 , 1 9 9 5  BIOCHEM ISTRY(7/7(/ M OLECULAR BIOLOGY INTERNATIONAL

ifection (one of the most common bacterial infections in women), may trigger an 

utoimmune response in an immunogenetically predisposed host, due to cross-reactive 

pitopes present on mitochondrial and bacterial PDC.

IS crude bovine mitochondrial preparations were used in the immunoblotting study [8 ]  

be results were questioned as being due to non-specific binding or naturally occurring 

litochondrial antibodies (NOMA) [14]. The aim of the present study was to confirm our 

indings using purified enzyme preparations and the rapid, relatively simple ELISA. We 

Iso wanted to quantify antibodies to each of the individual oxo-acid dehydrogenase 

omplexes in PBC and compare these titres with those for the same antibodies in women 

nth recurrent UTI. Since the identification of the PBC autoantigens, ELISA’s have 

een used successfully for the detection of M2 specific antibodies [15,16,17].

*atients and Methods 

iubjects

lera were obtained from 101 (91F:10M) patients with clinically established PBC; 58 
32F:26M) chronic liver disease patients who were on a liver transplant work-up 
irogramme: autoimmune chronic active hepatitis (AICAH), 7; primary sclerosing 
holangitis (PSC), 15; alcoholic liver disease (ALD), 1 1 ; hepatitis C, 9; cryptogenic 
irrhosis, 5; others 11; 50 female patients with a history of recurrent UTI attending an 
lutpatient clinic; and 28 (15F:13M) normal controls. All of the UTI patients were 
eceiving prophylactic antibiotic treatment at the time the serum was taken. Sera were 
tored at -20°C.

Purification of antigens for ELISA

Tie PDC and OGDC were co-purified from bovine heart as previously described [18]. 
rhe BCG ADC was purified from bovine kidney cortex using the method of Lawson et 
l1 [19]. Protein concentrations were 14mg/ml, 23mg/ml and 9mg/ml respectively. The 
lurity of the enzyme complexes was assessed by SDS-PAGE on 10% gels [20], and by 
taining with Coomassie Brilliant Blue (Fig. 1). For the purpose of this study the use of 
/hole complexes was adequate for the evaluation of M2 antibodies.

CLISA

"Ninety-six well flat-bottomed microtitre plates (Immunolon 2, Dynatech Labs) were 
oated with purified mitochondrial enzyme (2/xg/ml) in a sodium bicarbonate buffer, pH 
'.3 and incubated at 4°C overnight. The plates were washed in a Tris H C l/N aC l/Tw een 
'0 buffer, pH  7.4 and any non-specific protein binding sites were blocked for 2 hours in
1.09% (w/v) N aC l/ 5% (w/v) BSA. The plates were washed as before. Sera were diluted
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El(o)
E2(p)

E3(p) E3(o)

 ̂ go!
E lc (p )

E 1 3 ( p )  E16(b)

Fig 1 . The resolved components of purified PDC (p) (lane 1), OGDC (o) (lane 2) and 
BCOADC (b) (lane 3) at 30, 25 & 40jLtg/lane as demonstrated by SDS-PAGE and 
coomassie blue staining.

1:1000 and duplicate samples were incubated for 1.5 hours. Known positive and negative 
controls were included in each assay. The plates were washed and peroxidase conjugate 
rabbit anti-human Ig G, M & A (Dako) diluted 1:1000 was added to each well. After 
30mins incubation the wells were washed as before and the substrate (o-phenylene 
diam ine/ O.IM citric acid , pH 5/ H 2 O 2 ) added and incubated for 20 mins. The reaction 
was stopped by the addition of 2M H 2 SO4 . The optical density (OD) values were read 
immediately at 450nm using a Titertek Multiscan MCC/340. A standard PBC sample 
designed to give an OD of approximately 1 at a dilution of 1:1000 was included in each 
assay. CDs were expressed as the mean OD of the test serum /  the mean OD of the 
standard serum.

Statistical  Analysis

Values greater than 2SD above the mean for normal controls were defined as positive. 
The cut-off points for PDC, OGDC and BCOADC were 0.142, 0.139 and 0.196 
respectively. The mean interassay and intraassay variation was determined for each 
enzyme. The chi square test was used to analyse ELISA data (Figs 2-4).
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Results

The total reactivity of M2 antibodies in each of the study groups was PBC - 94%, CLD - 

19%, UTI - 52%, Normal - 4%. The OD values for serum reactivity on assay with each 

of the purified enzyme complexes are shown graphically in Figs. 2, 3 & 4.

In the recurrent UTI group all of the M2 positive sera had antibodies to PDC (52%), 

either alone or in combination with anti-BCOADC and anti-OGDC antibodies (Table 

1). The most common reactivity was with the PDC antigen alone (34%) which 

corroborates what we found in the immunoblotting study where the reactivity was mainly 

with PDC-E2 [8]. The next most common reactivity was with PDC and BCOADC in 

combination (10%). Reactivity was only present against BCOADC and OGDC in 

association with PDC. None of the sera reacted with the BCOADC alone. It is 

interesting that the low litre reactivity against PDC corresponds to approximately 20% 

of the positive reactivity seen in the PBC group (Fig. 2).

It is well established in PBC that the most common antigen recognised by AMA is PDC- 

E2. We have shown in this study that 88% of PBC sera react with PDC and 6% react 

with BCOADC alone, together accounting for the total M2 reactivity in PBC (94%). In 

the PBC group the positive OD values were evenly scattered within the range for anti- 

PDC reactivity whereas for BCOADC, and more so for OGDC, the OD values were 

concentrated at the lower end of the positive range of values (Figs. 2, 3 & 4). We have 

also shown that antibodies to PDC (88%) and BCOADC (66%) occur more frequently 

than OGDC (43%) antibodies. Antibodies to OGDC never occurred alone, only in 

association with PDC and/or BCOADC antibodies. The most common pattern of M2 

reactivity was with all three antigens in combination (41%). The next most common 

reactivity was with PDC alone. Antibodies to PDC and BCOADC occurred in 20% of 

cases whereas antibodies to PDC and OGDC occurred in only 3%. On immunoblotting 

of PBC sera against beef heart mitochondria, reactivity occasionally occurs against a 

single antigenic band of MW 50*56kD. Using purified antigens this protein was identified 

as BCOADC and on ELISA we found it to occur in 6% of patients. The 6% of patients 

that were negative on ELISA were also negative on immunoblotting and 

immunofluorescence. One patient’s serum that reacted weakly with only PDC-E2 on 

immunoblotting reacted strongly with all of the M2 autoantigens on ELISA. Another 

patient reacting with only BCOADC on immunoblotting reacted with both PDC and
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PBC CLD* UTI Normal**

Fig. 2. OD values for serum reactivity on assay with purified PDC.
The m ean OD  (± SEM) values (dashed line) for the PBC, CLD, UTI and normal study 
groups were 0.61(0.03), 0.12(0.01), 0.18(0.01) and 0.08(0.01) respectively. The mean 
intraassay variation was 0.01 ± 0.002 and the m ean interassay variation was 0.04 ± 0.011. 
Anti-M2 positivity in UTI patients: *p < 0.01; " p  < 0.001.
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Fig. 3. OD values for serum reactivity with purified OGDC.
The mean OD (± SEM) values for the respective study groups were 0.19(0.02), 
0.08(0.007), 0.09(0.006) and 0.08(0.005). The mean intraassay variation was 0.01 ± 0.002 
and the mean interassay variation was 0.02 ± 0.002. Anti-M2 positivity in UTI patients: 
‘/"p  = n.s.
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Fig. 4. OD values for serum reactivity with purified BCOADC.
The m ean OD (± SEM) values for the respective study groups were 0.31(0.02),
0.14(0.008), 0.16(0.01) and 0.13(0.006). The mean intraassay variation was 0.03 ± 0.003 
and the m ean interassay variation was 0.06 ± 0.010. Anti-M2 positivity in UTI patients: 
*p = n.s.; *‘p < 0.05.
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Table 1. Percentage M2 reactivity against each of the purified oxo-acid dehydrogenase 
complexes.

PBC CLD REC. u n Normal
PDC 89 (88%) 10(17%) 26 (52%) 1 (4%)
OGDC 44 (43%) 4 (7%) 4 (8%) 1 (4%)
BCOADC 67 (66%) 6 (10%) 9 (18%) 1 (4%)
PDCyOGDC/BCOAOC 41 (41%) 3 (5%) 4 (8%) 1 (4%)
PDC/BCOADC 20 (20%) 2 (3%) 5 (10%) 0
POC/OGDC 3 (3%) 1 (2%) 0 0
PDC only 25 (25%) 4 (7%) 17(34%) 0
BCOADC only 6 (6%) 1 (2%) 0 0

ÎCOADC on ELISA. Of two patients that were M2 negative on immunoblotting one 

howed weak reactivity against PDC, the other, exhibited reactivity against all of the M2 

intigens on ELISA,

Df the 11 control chronic liver disease patients that were positive for M2 antibodies on 

iLISA, there were 3 PSC (2M:1F), 3 AICAH (3F), 3 ALD (3M), 1 granulomatous 

lepatitis and 1 polycystic liver and kidney disease patients(s). Five of these patients were 

)ositive on immunoblotting. The most common pattern of M2 reactivity was with PDC 

done (7%), 5% had antibodies to all 3 antigens (Table 1). One normal control was 

positive for antibody to all 3 antigens but was at the lower end of the positive range of 

/alues.

Discussion

Using ELISA and purified M2 antigens, we have now confirmed our original 

observations where we demonstrated M2 antibodies by immunoblotting in patients with 

recurrent UTI but with no evidence of liver disease. The overall percentage of patients 

vith M2 antibodies was less using ELISA (52%) compared to what we found on 

immunoblotting (69%) [8], but different patients were investigated in each study and 

importantly the percentage positive for M2 is still significantly higher than other chronic 

liver disease controls (p < 0.01) and normals (p < 0.001). In addition, as crude bovine 

heart mitochondrial preparations were used in the immunoblotting study it is possible 

that NOMA may have been responsible for some of the positive reactivity in the UTI 

group. Klein et al evaluating NOMA in patients with infectious diseases found that 52% 

of patients with urinary tract infection reacted with the 65kD epsilon NOM Antigen, but
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not with either the purified PDC o r recombinant PDC-E2 [21]. They proposed that the 

reactivity seen in our immunoblotting study was due to NOMA to this epsilon antigen. 

However, we have now shown that this is not the case, since using purified antigens we 

obtained reactivity specifically to M2. The difference in antibody specificity in our UTI 

group is probably related to the patient population chosen. All of the patients in our 

study were female and had a long history of recurrent UTIs rather than acute UTIs, 

which may be an important factor. We are currently carrying out enzyme inhibition 

studies to determine whether these sera are recognizing similar epitopes to those in PBC.

Non-specific reactivity has been suggested by other groups to explain the high frequency 

of low titre M2 antibodies in UTI sera. However, our control populations were 

specifically chosen because the probability of non-specific binding might be considered 

highest in groups with high globulin levels i.e. cirrhotics, in addition, these patients also 

have high titres of E. coli antibodies [13]. The patients with recurrent UTI and normal 

liver function are known not to have high globulins and thus are an appropriate control 

group for normals without recurrent UTI.

The ELISA method is a much more sensitive technique for detection of AMA. We have 

shown here that some PBC sera negative for M2 on immunoblotting and 

immunofluorescence were found to be weakly positive on ELISA. Sera that were M2 

positive on immunoblotting were all found to be positive on ELISA. It is not unusual for 

antibodies detected by immunoblotting, ELISA and immunofluorescence to exhibit 

different binding specificities. Klein and Berg have shown that NOMA detected by 

immunoblotting and ELISA could not be detected by immunofluorescence [14]. Another 

group have detected a population of antibodies on ELISA that react only with intact 

PDC and not with recombinant PDC-E2; these antibodies could not be detected by 

immunoblotting [22]. This basically underlines the requirem ent for a conformational 

epitope in some instances. Matsui and co-workers have recently generated three 

monoclonal antibodies to PDC from a single PBC patient, one was found to react with 

PDC-E2 and X, whilst the other two only reacted with PDC-E2 [23]. This indicates that 

there are at least two distinct autoepitopes on PDC-E2. This may also be the case for
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the other PBC specific antigens. Apparently, in some instances, different antibody 

specificities determine distinctive reactivities.

Our ELISA results for PBC are consistent with those reported by other groups. It is 

evident from this study that PBC specific antigens are recognized by separate populations 

of AMA as only 41 out of 95 M2 positive patients reacted with all three mitochondrial 

enzymes. We have previously shown the presence of peptide specific and cross-reacting 

antibodies in PBC [9] which was later confirmed by a group working independently [24]. 

It is possible that some of the reactivity seen in each of the study groups could be due 

to cross-reacting epitopes. Indeed, Fusconi et al have shown that at least one epitope 

is shared between each of the major M2 antigenic bands in PBC [24]. There is much 

disparity in the literature regarding the frequency of OGDC antibodies; percentages 

range between 1%  and 72% [4, 25,26,27,28]. Different detection methods and definitions 

of positivity are likely to be responsible, although diversity in antibody specificities may 

also affect reactivity. Evaluation of PDC and BCOADC antibodies is far more 

consistent: positives range between 88%-95% [3,4,14,15,] and 62%-72% respectively 

[4,26,28].

In this study we have established similar AMA specificities in PBC and in a group of 

female patients with a history of recurrent UTI’s but with no evidence of liver disease. 

Interestingly, both of these patient groups were found to have an increased incidence of 

rough mutants in their infected urine compared to other chronic liver disease groups [8]. 

Rough mutants have defective cell walls, and thus might more readily expose their 

intracellular constituents to the immune system. Potentially, a recurrent infection, 

continually activating the immune system, could stimulate helper T cells to recognize the 

lipoyl regions of E.coii PDC-E2 and other similar enzymes. These T cells go on to 

stimulate a polyclonal antibody response to the infecting immunogens. We suggest that 

an autoimmune response is initiated in a predisposed host when helper T cells, originally 

stimulated by microbial E2, recognize mimicking peptides on human tissue where they 

are aberrantly presented by MHC class II HLA [29,30].
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M2 mitochondrial antibodies and urinary rough mutant bacteria in 
patients with primary biliary cirrhosis and in patients with recurrent 

bacteriuria
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Primary biliary cirrhosis (PBC) patients have a higher incidence of recurrent urinary tract infection and an increased 
prevalence of rough forms (mutants) of E. coli in their stool samples than other chronic liver disease patients. PBC 
patients exhibit autoantibody reactivity against mitochondria, the most common antigen (M2) being a family of 
antigens with the major components having approximate molecular weights of 74, 56, 52 and 48 kO. Cross-reactivity 
between M2 antigen components and corresponding antigenic bands of bacteria has been demonstrated with PBC 
sera. Patients with recurrent uripary tract infections, all of whom had normal liver function and were taking prophylactic 
antibiotic treatment, had weak anti-mitochondrial antibody (AMA) reactivity (69%), with reactivity against the 74-kD  
antigen alone being the most common. When antibody to the 74-kD band was eluted, it was found to cross-react 
with bacterial membrane fractions. In the controls, 12/77 chronic liver disease patients and 2/24 normals possessed 
AMA. Rough forms of bacteria were found in the urine of patients with significant bacteriuria: 39% PBC, 5.3% chronic 
liver disease and 41% of the recurrent urinary tract infection group. M2 antibodies may be induced by urinary 
organisms in ‘normal’ women with recurrent bacteriuria and in females with PBC.

K ey word.s: M2 antibodies; Rough mutants; Recurrent bacteriuria; Cross-reactivity

Primary biliary cirrhosis (PBC) is a chronic liver 
disease which is characterized by progressive obliteration 
of the intrahepatic bile ducts and is believed to have an 
autoimmune etiology. The most specific abnormality 
supporting an autoimmune process is the presence of 
PBC specific mitochondrial antibodies. On immunoblots 
antimitochondrial antibodies (AM As) recognize 4 major 
antigens from beef heart mitochondria at approximate 
molecular weights of 74, 56. 52 and 48 kD. The 74-, 52- 
and 48-kD antigens have been identified as the dihydroli- 
poamide acetyltransferases (E2's) of the pyruvate dehy
drogenase complex (PDC) (1), branched chain 2-oxo- 
acid dehydrogenase complex (BCOADC) and 2-oxo- 
glutarate dehydrogenase complex (OGDC), respectively 
(2,3). The 56-kD antigen is designated as protein X, a 
component of the PDC which possesses cross-reactive

AMA epitopes with the 74-kD antigen (4). The major 
AMA epitopes on PDC-E2 and X, BC0ADC-E2 and 
0G D C -E 2 are located on the inner lipoic-acid-binding 
domain of these enzymes. Each complex consists of 
multiple copies of three component enzymes: El, E2, 
and E3. The E2 components of the 2-oxo-acid dehydro
genase complexes constitute a paracrystalline core of 
proteins from which flexible arms extend-éach containing 
up to 3 lipoyl domains. Recently, a fifth mitochondrial 
autoantigen. PDC El-alpha, which has a molecular 
weight of 41 kD, was identified (5). This autoantigen is 
unique in that it does not contain lipoic acid.

The unequivocal cross-reactivity between 3 of the 
major bands of the M2 antigen has previously been 
demonstrated by immunoblotting, elution and rebinding 
of antibodies. In addition, the cross-reactivity between

Correspondence to: D r  A.K. Burroughs. Hepato-Biliary and Liver Transplanta t ion  Unit. Royal Free Hospital and School of Medicine. Pond Street. 
Hampstead ,  London NW3 2QG. UK.
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antibodies binding to these 3 M2 bands of mitochondria 
and the two major antigenic bands (70-80 kD and 50-52  
kD) of a number of aerobic gram-negative and -positive 
bacteria was demonstrated. Conversely, antibodies 
eluted from these two bands of E. coli were found to 
bind to 3 o f the M2 bands of mitochondria (6). It is not 
surprising that AMA recognize corresponding entero
bacterial proteins since the PDC is very well conserved 
phylogenetically. Recently it has been shown that the 
main immunogenic region of bacterial PDC-E2 also lies 
within its lipoyl domains and the presence of lipoic acid 
is required for substantial antibody binding (7). Cross
reactivity between the M2 mitochondrial bands has 
recently been independently confirmed (8). All of the M2 
antigens identified so far (except for El) possess at least 
one lipoyl domain which may possess a common epitope 
for cross-reacting antibodies. Fussey et al. have found 
peptide-specific and cross-reacting autoantibodies in 
PBC sera and showed that although BCOADC and 
O G DC E2 components share cross-reactive epitopes, 
PDC components were not recognized by these antibod
ies (9). This may be due to differences in relative affinities 
of antibodies for antigen since a considerable hetero
geneity of relative affinities has been found with PBC- 
M2 autoantibodies (10). Although these relative affinities 
did not correlate with the histological stage or the serum 
titre of AMA’s, inhibition of PDC enzyme activity 
correlated strongly with these parameters (10). Surh et al. 
have shown that AMA cross-reactivity is limited to 
PDC-E2 and protein X (4). Conformation of epitopes 
(i.e. secondary and tertiary structure) in the region of 
the lipoic acid binding site may also be an important 
factor in explaining the presence of cross-reactive mito
chondrial antibodies.

Stemerowicz et al. have shown that AMA's can be 
induced in rabbits by intravenously injecting rough (R) 
mutants of laboratory strains of Salmonella minnesota
(11). These R-forms have defective polysaccharide syn
thesis which lead to an abnormal cell wall. The same 
authors showed that up to 50% of all faecal £ . coli were 
rough in 21 PBC patients. In 11 of these 21 PBC patients 
deposits of lipid A, a bacterial cell w ill component, were 
located primarily in the cytoplasm of hepatocytes situ
ated around the central veins and not the portal tracts
( 12).

In'^a previous study we found a high prevalence of 
significant bacteriuria with a very high recurrence rate 
in females with PBC (13) compared to other forms of 
chronic liver disease. This has been associated with 
increased mortality in PBC (14). We postulated that 
urinary infections rather than other types of infection 
may be a bacterial trigger (15) in the pathogenesis of

PBC (together with other immunological factors in the 
host) since most patients with cirrhosis have significant 
antibody titres to £. coli but no anti-mitochondrial 
activity (16), and since urinary infections are more 
common in women than men.

The aim of this study was to examine the relationships 
between significant bacteriuria, urinary R-mutants and 
M2 antibodies in PBC and to investigate whether women 
suffering with recurrent bacteriuria but no apparent liver 
disease possess anti-mitochondrial antibodies and rough 
urinary organisms.

Patients and Methods

Patients
Midstream urine was collected prospectively in an 

outpatient clinic from 104 female PBC patients and 183 
women with other forms of chronic liver disease (auto
immune chronic active hepatitis 57, alcoholic liver dis
ease 45, cryptogenic cirrhosis 20, NANB hepatitis 11, 
Wilson’s disease 11, secondary biliary cirrhosis and 
chronic cholestasis 9, primary sclerosing cholangitis 6, 
polycystic liver disease 4, haemochromatosis 2, others 
18) over a period of 2j years. Twenty-two women 
attending a urinary tract infection clinic were also 
screened. All of these women had a history of long
standing recurrent episodes of significant bacteriuria and 
were on 12-month prophylactic treatment with nitrofu
rantoin and were free from infection at the time of the 
test. All patients were free from infection before treat
ment. None had apparent clinical or biochemical evi
dence of liver disease.

Sera were collected at another period from AMA- 
positive PBC patients, 77 chronic liver disease patients 
(51 F and 26 M), 24 normal controls (19 F and 5 M) 
and 58 female patients attending the urinary tract infec
tion clinic. Sera were stored at — 20'C. Only some 
patients had serum stored at the same time urine was 
taken.

Immunofluorescence studies for AMA were performed 
in PBC patients as part of the diagnostic work-up.

Microbiology
Significant bacteriuria was defined as the presence of 

10̂  organisms/ml or more growing in pure culture, 
regardless of the presence of symptoms or pyuria. Micro
organisms isolated from infected patients with and with
out liver disease were sloped and stored at room temper
ature. In patients with recurrent urinary tract infection 
but no liver disease, the micro-organisms were isolated
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either before, during (i.e. breakthrough infection) or after 

prop h y lactic  an tib io tic  treatm ent.
R -m utants were detected by subcuituring sloped  uri

nary  tract organ ism s on to 5%  b lood  agar and then  
testin g  for agg lu tin ation  using 5% (w /v) sa line so lu tio n  

( 12).

A n tig e n  prep a ra tio n  fo r e lectrophoresis

M ito ch o n d r ia l preparations were ob ta in ed  from beef 

h eart m ito ch o n d r ia  (protein concen tra tion  25 m g /m l)  

(17). B acterial m em branes were prepared by grow in g  

o rg a n ism s aerob ica lly  overnight in nutrient broth at 

3 7 'C  (final concen tra tion  app roxim ately  10’® o rg a n 

ism s/m l). O rgan ism s were son icated , centrifuged and the  

m em b ran e pellets stored in phosphate-buffered saline  

(P B S ) (protein  concen tration  1 m g/m l) at — 20°C.

S o d iu m  d o d ecy l su lp h a te  po lyacry lam ide  g e l  

e lec tro p h o res is  (S D S -P A G E ) ,  im m u n o b lo ttin g  and  

s ta in in g

S lab  gel e lectroph oresis was carried ou t as described  

by L aem m li and Favre (18). Proteins were transferred  

to  n itro ce llu lo se  sheets. After b locking and w ashing, the  

im m u n o b lo ts  were incubated with patients' sera (1:150) 
or e lu ted  a n tib od y  for 2 h. After w ashing, hum an a n ti

b o d ies were detected  by adding a secondary  a n tib od y , 

eith er  rabbit anti-hum an Ig(IgG, IgM  and IgA )-peroxi

dase con ju gate  (D A K O ) using 4 -ch lo ro -l-n a p h th o l as 
su b stra te  or ‘^^1-labelled sheep anti-hum an IgG (Am ers- 

ham ). A u torad iograp h s were developed after 18 h.

A n tib o d y  e lu tion

E lu tio n  o f an tib od y  was performed by the m ethod  o f  

Sm ith  and F isher (19) with m inor m odifications. A 

preparation  o f  beef heart m itochondria  was run on the  

full w id th  o f  a 10% gel and transferred to  n itrocellu lose. 

After b lo ck in g  and w ashing, the tw o o u tsid e  lanes were  

cut and  sta ined  to localize the M 2 bands. T he sta ined  

strips were then re-aligned with the rem aining blot and  

th ; in d iv id u a l bands isolated . Tjiese strips were in cu 

bated w ith a patients' serum and w ashed in Tris-Buffered  

Saline (T B S) x 3 and in T B S-T w een 0.05% x 2. T he  

a n tib o d ies were then eluted by w ashing x 2 in 5 m M  

g b c in e -H C l (pH 2.3). The washings co n ta in in g  elu ted  

an ib o d y  were im m ediately neutralized by the add ition  

o f  P B S . A n tib od ies were stored at - 2 0  C.

S tc t is t ic a l  ana lyses

The ch i-squ are test was used to analyse  data (Tables 

2 end 3).

Results

A M A  a c tiv ity  in n o n -P B C  p a tien ts

M 2 antibod ies were detected  in 69% o f fem ales with  

recurrent urinary tract infections, 15.5% o f the n o n -P B C  

chronic liver d isease patients and in 10.5% o f norm al 

controls. 69% o f 58 recurrent U T I patients were found  

to  possess an tibod y to  the M 2 m itoch ondria l antigens, 

with antibody to  the 7 4 -k D  antigen present in 37 /58  

(64%) (Table 1). R eactiv ity  w as weak in m ost o f  these  

patients (Fig. 1). H ow ever, 1 patient w ith prev ious p y e lo 

nephritis reacted very strongly  with the 7 4 -k D  M 2  

com ponent (the degree o f intensity  was sim ilar to that 

found in PBC ) (F ig. 2a). T w o  other bands o f  low er  

m olecular w eight and in tensity  were a lso  present; h o w 

ever, since neither o f  these bands was the appropriate  

m olecular weight for the m ajor M 2 antigen ic  bands, 

they were not investigated  further. T heir m olecu lar  

w eights lie som ew here betw een  40 and 50 kD . W hen  

antibody to the 7 4 -k D  band w as eluted it was found to  

cross-react with bands o f around 74 and 5 0 -5 6  k D  on  

im m unob lots o f  m em brane fractions o f £ . coli, K leb sie lla  

pneum oniae, P ro teus m irabilis , C itro b a cter freu n d ii  and

TABLE I

M2 antibodies delected in 'no rm al ' women with recurrent urinary  
tract infection on prophylactic  ant ibiotic  treatment

Patients
With M2 antibodies 
74-kD antibody alone 
74 and 50-56 kD 
50-56 kD

58*
40 (69'",) 
.70(52'-,) 

7 (12'-^) 
.7 (5'-, I

'F ive  had a breakth rough infection (3 £  colt. I K pneumoniae. I K. 
oxKoea) at the time serum was taken. All had the 74-kD antibody 
alone.

k D  1 2  3  4  5  6  7  8  9  1 0  11 1 2

7 4

$

Fig. I. Reactivity of whole sera from patients  with recurrent urinary 
tract infection with beef hear t mitochondria  using '- ^ - labe l led  an t i 
human IgG. Lanes 1-11 =  LIT! sera; lane 6 =  PBC serum; lane 12 =  
control. Lane 6 was over-exposed so as to show up reactivity of  the 
UTI sera. The same dilut ion (1:150) was used for PBC and UTI sera 

so as to demonst ra te  differences in intensity of antibodv binding



i :  ANTIBODIF .S .  R F C L iR R F N T  UTIS A N [)  RBC 

kD

41

kD

74

74

5 0 -5 6

(a) (b)

ig. 2. (a) im m unoblo l  of a serum sample from a patient with recurrent urinary tract infection and previous pyelonephritis exhibiting strong 
lactivity with the 74-kD antigen of beef heart mitochondr ia , (b) Im munoblo t using the antibody eluted from the 74-kD antigen (Fig. 2a), showing 
■oss-reactivity with bacterial membrane preparations. Lane 1 = £ .  coli I. lane 2 = K. pneumoniae, lane } = C. freundii, lane 4 = P. mirabilis, lane 5 =
. coli 2, lane 6 = beef hear t mitochondria.  £. coli 1 and 2 were isolated from 2 different patients.

eef heart m itoch ondria  (Fig. 2b). A ntibody from the 74- 

D  b an d  w as eluted in tw o other urinary tract infection  

a tien ts  w h ose  reactivity was much weaker, the an tibod y  

/as found to re-bind with m itochondrial preparations 

ut n o t with the bacteria. Since purified enzym e prepara- 

lons were not used in our experim ents, it was difficult 

D d istin g u ish  betw een protein X, B C O A D C  and O G D C  

ue to  the c lose  proxim ity o f their m olecular w eights on  

m m un oblots.

W hen 77 (51 F and 26 M) chronic liver d isease patients 

/ere tested  for A M A  activity 12 (15.5%) (15.6% F: 15.3% 

A) w ere positive (Table 2). Six auto im m un e chronic  

ctive  hepatitis  patients (3 F, 3 M) exh ib ited  reactivity  

/ith  the M 2 fraction, 2 with the /4 -k D  alone, 1 w ith  

he 74- and a 5 0 -5 6 -k D  antigen and 3 w ith the 5 0 -5 6 -  

D  antigen(s) alone. T w o o f the 3 female patients had a

docum ented history o f recurrent urinary tract infection. 

In the other 6 patients exh ib itin g  reactivity with the M 2 

antigen, 2 had cryptogen ic c irrh osis— one, m ale reacted  

with the 5 0 -5 6 -k D  M 2 antigen(s) and the other a female 

exhibited reactivity with the 74-, 5 0 -5 6 - and 4 8-k D  

antigens. A female with polycystic  liver and kidney  

disease reacted w eakly with the 5 0 -5 6 -k D  antigen(s). 

Three female patients with a lcoh o lic  liver disease reacted  

with the 74-kD  an tig en — one had a history of recurrent 

bacteriuria.

W hen 24 norm al contro ls were tested for reactivity, 

only  one female was found to react with the 74-kD  

antigen, but very w eakly. T his patient had routine  

im m unoffuorescent an tibod y studies carried out and was 

found to be AM A negative but A N A  positive >1 40. 

We are not sure w hether the finding o f A N A  positivity

ABLE 2

12 ant ibodies  detected in non-PBC groups of women

Non-PBC Recurrent Normal
chronic liver disease bacteriuria controls

Jo. 77 (51 F :2 6  .M) 58 (all F) 24(19 F :5 M)
12 antibodie s 12 (15.5^)' (15.6S F 15.31 M) 40(691)-' 2(10 .51  FiMOl M)

P < 0 . 0 1
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W i t h  a significant titre has any bearing to the binding of 

M 2 on im m unoblots. O ne other control female exhibited  

M 2 reactivity but with a 5 0 -5 6 -k D  antigen and had a 

urinary tract infection when the serum was taken.

D etec tio n  o f  R -fo n n s
In this study we confirm ed earlier reports that PBC  

p atien ts have a higher prevalence and increased inci

dence o f recurrent significant bacteriuria com pared to 

other forms o f chronic liver disease (16% vs 7%, p < 

0.05) (Table 3).

B acterial R-form s were detected in 39% of PBC  

patients, 41% o f fem ales with recurrent urinary tract 

in fection  and in 5% o f non-PB C  chronic liver disease 

patien ts (Table 4).

Urinary organism s from 9/23 (39%) of the PBC  

p atien ts with significant bacteriuria agglutinated in 5% 

saline (7 E. coli and 2 K . pneumoniae). During outpatient 

fo llow -u p  a m ean o f 4 organism s were isolated from 

each o f  these 23 patients. Recurrent urinary tract infec

tions in PBC  are m ainly due to reinfection rather than 

relapse (13). In 3 o f these 9 patients in which R-forms 

were detected , all of the isolated organism s were rough 

irrespective. In 2 patients, bacteria from subsequent 

infections changed from sm ooth to rough (1 relapsed  

reinfection). In 3 patients the bacteria changed from 

rough to sm ooth  (1 relapse/2 reinfections). Finally, 1 

patien t’s infecting organism  changed from rough to

r.ABLE 3

Median number and range of infeeled mid-stream urine (MSU) speci
mens per patient and number of episodes of infection

No. of No. of MSU's 
patients patient

Patients
infected

No. of 
episodes

Patients with 
2 infections 
or more

104 .Median 7 
PBC Range 1-16 
183 Median 5 
C L D  Range 1-10

23 ( 2 2 0  

19 (lOO

Median 4 
Range 1-7 
Median 3 
Range 1-6

17(16^-r)'

I3 (7 ^ r

V < 0 .0 5 .

T.ABLE 4

Bacterial R-forms in groups with significant bacteriuria

No.
screened

Significant R-forms 
bacteriuria

Bacteria

N P N - P B C  183
chronic
liver disease

19 l(5T| £. coli

PBC 104 23 9(39'T) 1 E. coh 
1

Norm als ' with 58 
recurrent bacteriuria

22 9(41^7)'

K. pneumo 

all £. coli

'F ive  of 9 were M2-positive . 4 were ?v12-negative.

sm ooth and back to rough again. It is clear from this 

study that the presence of R-forms in the urine is not a 

constant feature in any single patient.

In contrast, in the non-P B C  liver disease group, only  

1 19 (5.3%) o f the patients with significant bacteriuria 

was infected w ith an R-form. In this case the reinfecting  

organism  changed  from sm ooth  to rough. This particular  

patient had auto im m un e chronic active hepatitis, a 

history of recurrent urinary tract infection and also  

exhibited strong  reactivity with 74-kD  and 5 0 -5 6 -k D  

m itochondrial proteins.

In the recurrent urinary tract infection group on  

prophylactic treatm ent, 9/22 (41%) had R-forms and all 

were E. coli (Table 4). AM A reactivity was detected in 5 

(55%) of these 9 patients; reactivity was with the 7 4 -k D  

M2 fraction.

Discussion

For the first tim e, this study found a high percentage  

(69%) o f ‘P E C -sp ecific’ M2 autoantibodies in a group of 

patients w ithou t apparent autoim m une disease. K lein  

and Berg have recently show n that the M 2 antibodies  

found in n o n -P B C  patients, i.e. relatives of PBC patients 

and staff w orking with PBC sera, may all be naturally  

occurring m itochondrial antibodies (N O M A ’s) (20), 
H owever, these are not the m itochondrial antibodies  

found in this study, since N O M A ’s bind antigens o f  

different m olecu lar weights from the M 2-PB C -specific  

antigens, with the major determ inants having m olecular  

weights o f 98. 65, 61 and 58 kD.

M2 a u toan tib od ies in this recurrent bacteriuric group  

were not related to the presence o f infection since  

patients were on  prophylactic antibiotic treatment. H o w 

ever, it is un likely that the weak reactivity between  

m itochondrial au toan tib od ies and antigen was due to 

the absence o f a concom itant urinary infection since  

when a breakthrough infection occurred during treat

ment, reactivity w as still weak and still showed reactivity  

with the 7 4 -k D  antigen alone. In contrast to PBC sera, 

in the m ajority o f  cases, sera from patients in this group  

that reacted with the 74-kD  antigen did not react with 

protein X.

In one patient with recurrent bacteriuria without liver 

disease w ho exhib ited  strong reactivity with the 74-kD  

M2 com p on en t, specific cross-reactivity was d em o n 

strated betw een antibody eluted from this band and the 

74- and 5 0 -5 6 -k D  bands of beef heart m itochondria and  

a range o f gram -negative bacterial membrane prepara

tions. R eactivity was much stronger with the m icro

organism s than w ith beef heart m itochondria. Stem ero-
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w icz et ill. have reported that absorption of PBC sera 

w ith beef heart m itochondria abolishes reactivity with 

m itochondrial and bacterial antigens (11). H owever, 
w hile absorption  of PBC sera with a rough form of S. 

m inneso ta  abolished reactivity with bacterial polypep

tides, it only dim inished reactivity with m itochondrial 

preparations. In 2 other urinary tract infection patients 

exhib iting weaker reactivity with the M 2 fraction, re

b inding was found follow ing elution with m itochondrial 

antigens but not with bacteria. This suggests that for 

these 2 patients the antibodies had a stronger affinity 

for m am m alian oxo-acid  dehydrogenase com plexes than  

bacterial ones. In the former patient, however, antibodies 

had a stronger affinity for m icro-organism s. A pleom or

phic set o f relative antibody affinities has been found to 

be associated with PBC (10). and these may also be 

present in patients with recurrent bacteriuria. Reactivity 

w ith the M 2 antigen was weak and reactivity with 

protein X was absent for most patients in our recurrent 

U T I group. T hese findings suggest that the specificity o f  

antibod y responses along with the arrangement of the 

im m unodom inant epitopes on the respective oxo-acid  

dehydrogenase com plexes are likely to be im portant 
factors in the pathogenesis of PBC.

A very high percentage of bacterial R-forms (40%) was 

found in the infected urine of PBC patients and of  
patients with recurrent urinary tract infection. This 

supports the finding by H opf et al. o f a high prevalence 

of R-forms in the stools o f PBC patients, since organism s 
causing urinary tract infections originate in the gut. 

H ow ever, the prevalence in stools was low and the 

m edian percentage was 5%. The proportion of R-forms 

in that group o f PBC patients ranged from 1 to 50%, 
but the range in 20 of their 21 patients was only 1-15%

(12). This m ay indicate a 'selection’ o f gut bacterial 

R-form s causing urinary tract infection since the percen

tage o f R-form s found in infected urine and the gut are 

very different. It may be that these R-forms are a feature 

o f recurrent bacteriuria in general since both the PBC  

group and the group with recurrent bacteriuria had a 

high and sim ilar percentage of R-forms. This has not 

been reported previously.

M utations in the lipopolysaccharide of the bacterial 

cell wall are quite com m on. They may be due to a lack 

of synthesis o f the 0 -a n tig en  or a block in the normal 

attachm ent o f  this antigen to the core structure. Local 

im m une responses in the urinary tract, e.g. secretory IgA 

directed against surface structures o f E. coli. can result 

in changes in bacterial surface characteristics (i.e. 

sm ooth -+ rough ) (21). Urinary tract infections were local

ized in som e PB C  patients by neom ycin bladder washout 

and m any o f these infections were associated with the

upper urinary tract, i.e. kidney (22). In this respect it is 
interesting that the one recurrent UTI patient w ho  
exhibited strong cross-reactivity with the m itochondria  

and bacterial m em branes had a history of previous 
pyelonephritis. If the upper urinary tract is involved, 

contact with the im m une system and the hem atogenous  
spread of bacteria are possible. The lipid deposits found  

around the central vein by H opf et al. ( 12) could represent 

this hem atogenous spread. These deposits were not  

found around the portal tracts, which would signify that 

bacteria did not arrive via the portal system from the gut.

In experim ental pyelonephritis, autoantibodies have  

been produced against an antigen of E. coli that cross- 

reacts with a kidney antigen. Antisera tested with extracts 

of rabbit kidney and liver tissue reacted with both this 

kidney-specific antigen and a second antigen com m on  

to kidney and liver m itochondria. This antigen was not 

identified (21). M2 autoantibodies m a y b e  a response-to  

rough forms of bacteria since, due to the fragility of their 

cell walls, intracellular microbial peptides may becom e  

exposed. O nce exposed, the paracrystalline arrangement 
of the E2 core may render it highly antigenic.

From this study we conclude that M2 antibody pro

duction may be induced by urinary organism s, in partic

ular rough forms. The role m itochondrial antibodies 
play, if any, in the pathogenesis o f PBC remains unclear. 
However, if the fact that the 'normal' recurrent bacteri

uria group exhibiting M 2 reactivity had no evidence o f  

liver disease is taken into account, it is clear that other 

factors presum ably in the host are necessary for the 
pathogenesis o f the disease.

The association between urinary tract infection and 

PBC-specific M2 antibody positivity has som e interes

ting parallels with the association of bacterial products 

and several diseases. K lebsiella  species are associated  

with ankylosing spondylitis (A S)-H L A  B27 has been 

found to cross-react with antigens found in K lebsiella

(23). Salm onella  antigens (0-polysaccharide o f bacterial 

LPS) have been found in joint material from patients 

with 5u/mone//u-triggered reactive arthritis. Processed  

LPS is very effective in stim ulating lym phocytes, which  

leads to the production of cytokines and inflam m ation

(24). Specific anti-Proteus antibodies have been found in 

active, rheum atoid arthritis and anti-H L A -D R 4 tissue 

typing sera have been shown to bind to P roteus m icro
organisms (25).

We think that the antigenic mimicry between foreign 

antigens derived from urinary organism s and self-antigen  

may be an im portant factor in the induction of M 2 

autoantibodies found in PBC. Clearly however, other 

'host factors' are required for the pathogenesis of liver 

disease.
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In myasthenia gravis the circulating antibodies 
directed against the nicotinic acetylcholine receptor are 
pathogenetic. M onoclonal antibodies raised against this 
receptor have been found to bind to outer membrane 
proteins from E. coli, K . pneumoniae and Proteus vulgaris 
(26). Recently it has been shown that sera from PBC 
patients possess antibodies against the alpha-subunit 
and probably the beta- and gamma-subunits of the 
acetylcholine receptor (27), yet no patient had any

clinical or electromyographic evidence of myasthenia 
gravis. This would indicate that ’host response’ is impor
tant in the generation of autoimmune disease. In PBC, 
mitochondrial antibodies could be pathogenetic if the 
host’s immune environment facilitates this. The recent 
great advances in our knowledge of the mitochondrial 
antigens should facilitate study of the interactions 
between antigens and lymphocytes and hopefully map 
out the pathogenesis and progression of PBC.
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lolecular mimicry in iiver disease
t —  Primary biliary cirrhosis (PBC), 
autoim m une chronic cholestatic liver 

lease, affects mainly wom en and ulti- 
itely  leads to the destruction of the 
ra-hepatic bile ducts and death from 
er failure. T he disease is characterized 

the presence o f diagnostic serum 
ti-m itochondrial antibodies’.
W e have found low titres o f these 
tibodies in m ore than 60% of women 
th recurrent urinary tract infections 
It not suffering from liver disease, and 
id that w om en with PBC are more 
sceptible to  recurrent urinary tract in- 
ctions than those with other types of 
er disease^. The bile ducts in PBC  
•normally express class II H L A -D R  
id H L A -D Q  antigens^, and are infil- 
ated by lym phocytes, predominantly 
D4"  ̂ and C D 8^. W e now propose that 
e autoim m une phenom ena result from 
■cell ep itopes o f the microbial proteins 
îing m im icked by peptides derived 
om , and presented by, the abnormally 
[pressed H L A -D R  antigen (Fig. 1). 
The targets o f  the mitochondrial auto- 

itibodies have been identified'. The

major antigen (M 2) contains at least six 
distinct polypeptides, three o f which are 
the E2 com ponents (dihydrolipoamide 
acyltransferases) o f the related m ulti
enzym e com plexes; pyruvate dehydro
genase (P D C ), branched-chain oxoacid  
dehydrogenase com plex (B C O A D C ) 
and oxoglutarate dehydrogenase com 
plex (O G D C ). The others are the lipoyl- 
containing protein X and the E l-a  and 
-P polypeptides o f PDC. Anti-E2 anti
body recognizes a com ponent o f the  
outer m embrane surface of biliary 
epithelial cells'*. Two other PBC-specific 
autoantibodies recognize antigens 
term ed M 4 (sulphite oxidase) and M9 
(glycogen phosphorylase)'. Little is 
known about T-cell epitopes; T  cells 
have been cloned , but only som e re
spond to PD C -E 2 (ref. 5).

E2 peptides are evolutionarily highly 
conserved and antibodies from patients 
with PBC react with both human PDC- 
E2 and Escherichia coli PDC-E2 (ref. 6). 
A lthough the respective antibodies are 
largely peptide-specific, studies have 
shown that the chief linear epitope in all

  In fe c tin g  o rg a n is m
( im m u n o g e n ic  p ro te in s )

P o ly c lo n a l -
a n t ib o d ie s

V

B cell P r o c e s s in g  a n d  
p r e s e n ta t i o n

C D 4  h e lp e r  T  ce ll

A n t ig e n - p r e s e n t in g  ce ll

IE G D L L A .E IE T D K A T IG  
se lf a n t ig e n ;P D C - E 2  II)

re c o g n iz in g  ^

i
E A E Q S L IT V E G D K A S M E  

(E .coii PDC  -E 2 I I )

ll^o le c u la r  m im ic ry

FIG. 1 Hypothesis of molecu
lar mimicry between self and 
foreign T-cell epitopes in 
PBC.

EA Q G A L A N IA V D K A N L E
-►  (se lf p e p t id e  p r e s e n t e d  b y  

c l a s s  II HLA : H L A -D R -a  
f r a g m e n t)

HLA-DR-a

E . c o i i  PDC-E2 1 

E . c o i i  PDC-E2 I I  

E . c o i i  PDC-E2 I I I  

Human PDC-E2 I 

Human PDC-E2 I I

-IG. 2 Identities of lipoyl re
gions wiith HLA-DR-a. Bold, 
esidues common between 
HLA-DR-a and the other pro
teins; asterisks, residues 
:ommon between HLA-DR-a 
and E .coii PDC-E2 I and II; 
cross, number of residues in 
comrron with HLA-DR-a; 
open circle, number of re
sidues im common with E.coii 
(PDC-E2 I). To gauge the sig
nificance of this observation, 
the 17-residue sequence
(29—45) for region I of E.coii PDC-E2 was scanned against the release 26 of the Protein 
Inforrrati'on Resource database for matches. We retrieved all 17-residue peptides that had an 
exact ma tch for DKA and had another four or more identical residues in any position. Out of 
20,354 database sequences, the matches were with HLA-DR, E .coii PDC-E2, Azotobacter 
v ine la id iii PDC-E2 and five other proteins (I—E-a was not in the database). Of these five other 
proteins, two were human (the insulin receptor and DNA-binding protein TR2). This shows that 
the sequences of these regions of E.coii PDC-E2 and HLA-DR-a chain are unusually similar. 
We are mot suggesting that they are evolutionarily related.

80 E A Q G A L A N I A V D K A N L E

2 9 E A E Q S L I T V E G D K A S M E

1 3 2 E A E Q S L I T V E G D K A S M E

2 3 3 A A E Q S L I T V E G D K A S M E

8 8 N E G D L I A E V E T D K A T V G

21 5  S E G D L L A E I E T D K A T I G

S . c e r e v i s i d e  0GDC-E2 3 2 A E D Q V V A D V M T D K A T V E

P . p u c i d a  BCOADC 1 0 2 K E D E L L A T I E T D K I D I E

Human g l y c o g e n  352  R I  L V D L E R M D W D K A W D V
p h o s p h o r y l a s e

S u l p h i t e  o x i d a s e  3 9 0  G R T W K V A R L M G D K A P P G

E2s is around the residues D K A , where 
K is attached to the lipoyl m oiety. B e
cause o f the similarities between human 
and E .co ii  PDC-E2, we explored this 
D K A  region for similarities with other 
proteins, including H LA  antigens.

Figure 2 shows that a 17-residue sec
tion (80-96) o f  H L A -D R -a  has seven  
residues in common with the lipoyl re
gions I and II o f  E. coli PD C -E 2 and six 
residues with lipoyl region III. There are 
as many similarities betw een this section  
o f H L A -D R -a  and corresponding se
quences o f  the respective E2s as there 
are betw een the E2s o f the different 
enzym es. The D K A  sequence was also 
present in the human m uscle glycogen  
phosphorylase (M9) and chicken sulphite 
oxidase (M 4). But these sequence simi
larities cannot generate a com m on epi
tope . to an antibody as the three- 
dim ensional structure o f  the lipoyl 
region is a turn betw een ^-strands , 
whereas the segment in H L A -D R  is a- 
helical®.

Instead, we propose that m olecular 
mimicry occurs when these peptides bind 
as processed fragments to a histocom pa
tibility antigen for recognition by T  cells. 
Peptide A S F E A Q G A L A N IA V D K A  
from I -E  a-chain (the m ouse equivalent 
o f H L A -D R ) has recently been shown  
to bind to M HC I-A  (equivalent to 
H L A -D Q )^ . This implies that in humans 
the corresponding region of H L A -D R  
will be a T-cell epitope, and we suggest 
that at least one of the lipoyl regions of 
PD C -E 2 also binds H LA.

Our hypothesis is that, in response to 
an infection, T  cells recognize the lipoyl 
region o f E. coli PD C -E2 and other 
similar enzym es; that these T  cells stim u
late a conventional antibody response to 
the infecting immunogens; that m olecu
lar mimicry subsequently occurs when  
these T  cells recognize a self peptide  
(from  H L A -D R -a ), presented by aber
rantly expressed class II H LA  on biliary 
epithelial cells; and finally, that this 
initiates an autoimmune cascade leading 
to  destruction of bile ducts in which 
m itochondrial autoantibodies and/or T  
cells may be pathogenetic.

A lthough the sequence similarities in 
Fig. 2 may be fortuitous, as may be the 
fact that the I-E  a-peptide is found in
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association with M HC I-A , we suggest 
that it offers an explanation for the 
autoim m une basis o f PBC. Similar 
m echanism s could occur in other autoim 
m une diseases, particularly in those in 
which autoantigens contain a similar 
m otif to that identified here, and when 
there is abnormal expression of H LA  in 
the target tissue, as for example in 
juvenile onset diabetes.
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Patrice Butler
Royal Free Hospital and School 

of Medicine,
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London NW3 2QG, UK 
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Marine Isotope 
evolution
S i r  — McArthur et a l }  criticized aspects 
o f  our study of Maastrichtian seawater 
^^Sr/^^Sr evolution^. Their primary con
tention is that our calculated rates of 
marine Sr isotope evolution are incorrect 
because o f  error in locating the U pper- 
Lower Maastrichtian boundary, and be
cause of unrecognized faulting of the 
section. Both these criticisms are incor
rect. Further, their Scientific Corres
pondence does not refute the fun
damental observations of our study —  
that a break in slope in the strontium  
curve occurs well below  the level of the 
Cretaceous/Tertiary (K/T) boundary and 
that the previously identified 1-2 x  10"  ̂
Sr isotope anomaly does not occur at this 
boundary. Their attempt to explain away 
our observations is flawed by misrepre
sentation o f our data and is contradicted 
by their own published palaeontological 
data.

McArthur et al. claimed that Upper 
Maastrichtian strata do not occur until 
our 70-m horizon based on nannofossils 
and am m onites, while we identify it at 
105-110 m. A  recent zonation^ (based 
on nannofossil data obtained from the

3 7 8

same samples that we analysed for Sr 
isotopes) by one of the authors of ref. 1 
places the Lower/Upper Maastrichtian 
between 95 and 150 m.

The contention that an “Early Maas
trichtian age for this section im m ediately 
below 70 m is supported by the occurr
ence o f Pachydiscus neubergicus’’’ is out
dated. It is now known that subspecies 
o f this taxon range through most o f  the 
Maastrichtian'*’̂ . The taxon in question  
at the 70-m locality is, in fact, P. neuber- 
gicus dissitus H enderson, a subspecies 
restricted to the Upper Maastrichtian^’̂ . 
Since 1965, most biostratigraphers work
ing in the Bay of Biscay region have 
follow ed Herm®, who used the base o f  
the A bathom phalus m ayaroensis zone as 
the base o f  the Upper Maastrichtian. 
Thus, the problems perceived in our 
placem ent o f both the first appearance 
o f A . m ayaroensis and the Lower/U pper  
Maastrichtian boundary at 108 m are not 
real.

In calculating the slope o f the stron
tium evolution curve, we clearly stated 
our assumptions in going from biostra
tigraphy to time so that readers could  
evaluate our reasoning. W e used the age 
determ ination in ref. 9 as the basis for 
our absolute age estimate for the dura
tion of the A . m ayaroensis zone, realiz
ing that other estimates are shorter. U se  
of a shorter A . m ayaroensis zone, as 
postulated by McArthur et a l . , increases 
the calculated rate o f change through the 
Upper Maastrichtian and em phasizes the 
change in slope at around 100 m. This is 
exactly the opposite to the slower rates 
o f change argued by McArthur et al.

McArthur et al. argue that fault repeti
tion of the section can explain the iso
tope trends. The break they identify at 
30 m in their Fig. 1 is the same as that 
w e showed in our stratigraphie section. 
They claim the overlap is 40 m, but base 
their conclusion, not on any stratigraphie 
or palaeontological data, but on their 
preconceived notion that Sr isotope  
evolution o f sea water before the K/T  
boundary must be m onotonie. Their own  
nannofossil data^ permit a maximum  
overlap o f only 30 m. They also ignored 
an independent study'" based on sam ples 
from four D SD P  cores which found the 
same pattern o f non-m onotonic isotope  
change just below and at the K/T bound
ary which we presented. Furthermore, 
we have previously demonstrated that 
the purported overlap suggested by 
M cArthur at al. is false, since Anapachy- 
discus terminus n. sp. o f  refs 5 ,7  
{=A napachydiscus fresvillens'is of ref. 
12) occurs through 40 m o f the partial 
section containing the K/T boundary, 
but only in the top 10 m o f the thicker 
partial section shown in our Fig. 1 (ref. 
2). Lithological evidence also shows that 
the purported stratigraphie overlap has 
not occurred because the conspicuous

soft brown marl for the upper 11 m of 
section cannot be found in the thicker of 
the partial sections shown in our Fig. 1, 
T he section is indeed cut by numerous 
faults, but these are minor, and can be 
easily resolved in the field.

McArthur et al. implied significant 
repetition in the lower part o f the sec
tion. This repetition, however, is im
possible because o f differences in fossil 
content (am m onities, inoceramid 
bivalves, planktonic foraminifera and 
nannofossils) and lithology betw een in
tervals they suggest are repeated. There 
are five distinctive lithostratigraphic un
its in the Maastrichtian strata in the Bay 
o f Biscay r e g i o n s ^ w h i c h  m akes it 
easy to locate oneself. Our stratigraphie 
sections o f the Bidart locality have been 
exam ined independently, and our inter
pretation verified, by J. Mount (U n i
versity o f California, Davis) and J. Smit 
(Free University, Am sterdam ). A ddi
tionally, W. J. Kennedy (Oxford U ni
versity) has logged the section with us, 
and is a co-author o f two p a p ers^ u sin g  
our stratigraphie interpretation.

The lowest break in the section they 
proposed is not docum ented in the 
study" cited by M cArthur et al. The 
closest fault correlates to 110 m, not 125 
m , on our section. The placem ent o f this 
break and the one at 95 m in their figure 
depends on their assumption o f a con
stant rate of change in the strontium  
curve and misrepresents our data. Theii 
claim for the lower “isotope discon
tinuities” is only possible by ignoring 
analytical uncertainty. The sizes o f the 
two lower discontinuities are less than 
50% of our quoted analytical error. If 
M cArthur et al. had reproduced our 
diagram with analytical errors, as origi
nally presented, their insistence on dis
continuities would immediately have 
been seen as untenable.
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Department of Geological Sciences,
University of Washington, Seattle,
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JTOIMMUNE DISEASES constitute a 
ijor medical problem which encompass 
spectrum  of conditions, som e com- 
)n  (e.g. rheum atoid arthritis), som e  
re (e.g. primary biliary cirrhosis, 
1C), som e highly targeted (e.g. auto- 
imune thyroiditis) and som e system ic  
.g. system ic lupus erythem atosus), 
ispite this variety they have in com- 
on a breakdown in tolerance, where- 
r the immune system  attacks self (see  
ossary). They are frequently charac- 
rized by the presence of autoantibod- 
s against specific self proteins. Some 
sea ses, such as multiple sclerosis and 
sulin-dependent diabetes, have been 
ibject to m assive research effort, but 
) clear d isease mechanism has been 
itablished for these, or any other auto- 
im une d isease. This article outlines 
1 hypothesis for such a mechanism.

9le of class II human leucocyte antigens 
ILA)
The cell-surface heterodim eric mol- 

:ules encoded within the MHC are cen- 
al to immune responses. In humans 
lese  are termed HLA m olecules (for 
uman leucocyte antigen). The function 
f HLA m olecules is to  display peptides, 
erived from intracellular enzymatic 
rocessing of self and foreign proteins, 
) the antigen receptors of T lympho- 
ytes (for reviews se e  Refs 1, 2). HLA 
lo lecu les are broadly classified based
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Autoimmune disease and molecular 
mimicry: an hypothesis

Harold Baum, Patrice Butler, Huw Davies, 
Michael J. E. Sternberg and Andrew K. Burroughs

Helper T lymphocytes are normally only stimulated to initiate an immune 
reaction through the recognition of peptides bound to class II major histo
compatibility complex (MHC) molecules. Class II MHC molecules are con- 
stitutively expressed on antigen-presenting cells which play a critical role 
in the initiation of immune responses. In d isease s ta tes, however, other 
cells often express class II MHC molecules inappropriately. This article 
suggests an hypothesis for the pathogenesis of autoimmune d iseases 
based on molecular mimicry. The mimicry described is between microbial 
or viral peptides presented by antigen-presenting cells and self peptides 
presented inappropriately on a target tissue. This leads to helper T cells, 
stimulated by peptides derived from infectious organisms, initiating an 
autoimmune attack on the target tissue.

on their structure, locus within the MHC, 
and phenotype of the corresponding  
acceptor T cell. Of particular interest to 
us are the class 11 HLA m olecules nor
mally expressed  only on antigen- 
presenting cells such as m acrophages 
and B lym phocytes, but which may also  
be ‘inappropriately’ expressed on other  
cell types, e.g. under the influence of 
interferon y. T hese m olecules are a^- 
heterodim ers which, during assem bly  
and export to the surface of these  cells, 
pass through com partm ents of the  
endocytic pathway where they pick up 
peptides usually arising from the en
zymatic processing of endocytosed pro
teins. Thus, peptides associated with 
class II HLA m olecules are derived  
largely from a variety of recycled mem
brane proteins (cell-surface receptors 
and other HLA m olecules), the invariant

(or y) chain (a chaperone for class 11 
HLA m olecules which is cleaved off in 
the endosom es) and proteins of extra
cellular origin, including endocytosed  
foreign protein s^ . These peptides are 
then specifically presented at the cell 
surface to T cells expressing the CD4 
marker.

By contrast to class 11 antigens, class 
1 HLA are found on all nucleated cells 
(with the probable exception of cells of 
the central nervous system ) and pre
sent peptides derived from proteins 
synthesized in the cell, including 
foreign ones arising from viral infection. 
Foreign peptides presented on class I 
antigens are recognized by cytotoxic, 
CD8 T cells.

T cells that might respond to self- 
peptides presented by HLA m olecules 
are normally eliminated or silenced dur-

© 1993. Elsevier Science Publishers. (UK) 096H-a()()4/93/$ü6.00
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ng their development. This is the basis 
)f self-tolerance, a condition that is 
)reached in autoimmune disease. The 
nolecular mechanism(s) underlying tol
erance are still largely obscure, and it 
;eems, for example, that tolerance for 
)eptides presented by class I HLA is 
achieved in a variety of ways.

Immunoglobulin-synthesizing cells,
3 lymphocytes, initially interact with 
:heir specific antigen via surface-bound 
immunoglobulin, and then present frag
ments of it to CD4 T cells. The function 
of most CD4 T cells is to provide signals 
to such activated B cells, in the form of 
lymphokines, to promote their differen
tiation into antibody-secreting plasma 
cellsL Most B cells have an absolute 
requirement for such ‘help’ such that 
we all safely possess B cells capable of 
producing autoreactive antibodies, but 
which are prevented from doing so by 
mechanisms of tolerance at the helper 
T cell level.

HLA molecules are remarkably poly
morphic: an individual may inherit be
tween 6 and 12 allelic variants selected 
from a gene pool consisting of several 
dozen alleles. These alleles differ from 
each other in the topography of their 
peptide binding site, which is visualized 
as a deep cleft. Class 1 HLA usually 
accommodate peptides of around 9 
amino acids in their clefts*’'®, whereas 
the peptides accommodated by Class 11 
molecules are more heterogeneous in 
size, usually lS-18 residues*’®". While the 
variety of different peptide sequences 
that can be accommodated by the cleft 
may run into thousands, there exists 
selectivity in binding. Peptides associated 
with each allele possess common ‘an
chor’ residues that interact with sub
sites (or ‘pockets’) located within the 
cleft. Hence, the ability of an individual 
to respond to a particular antigen is 
determined in part by the HLA 
molecules expressed.

For reasons that have never been 
explained satisfactorily, many auto
immune diseases are much more preva
lent in individuals expressing particular 
HLA alleles. The most striking associ
ation is the class 1 allele HLA-B27 with 
ankylosing spondylitis, a chronic in
flammatory disease primarily affecting 
the axial skeleton and especially the 
sacroitiac joints. There are similar as
sociations with the expression of certain 
class 11 alleles found at the HLA-DR 
locus; notably DR4 and Dw4 with 
rheumatoid arthritis, and DR3/DR4 
heterozygosity with insulin-dependent 
diabetes. Polymorphism in these latter

Glossary
Antigen processing. Enzymatic degradation of antigen Into peptides prior to complexing with 
MHC molecules and presentation of the peptides to the antigen receptors of T lymphocytes.

Autoimmune disease. Pathology arising from breakdown of tolerance.

B lymphocytes. Lymphocytes that secrete Immunoglobulin (antibody). B cells endocytose 
antigen via surface Immunoglobulin, process It Into peptides and transport these to the cell 
surface within class II MHC molecules for presentation to CD4 helper T lymphocytes. B cells 
become activated during antigen processing and are thus receptive to the stimulatory 
cytokines produced by helper T cells.

CD4. An accessory molecule found on helper T lymphocytes. CD4 binds to class II MHC 
molecules on B lymphocytes or other antigen-presenting cells and enhances antigen-specific 
Interactions between the cells.

CDS. An accessory molecule found on cytotoxic T lymphocytes. CDS binds to class I MHC 
molecules on target cells and enhances antlgen-speclfic Interactions between the cells.

Cytotoxic T lymphocytes. A subset of T lymphocytes (usually CDS positive) that kill virally 
Infected or neoplastic cells of the body.

Epitope. The part of an antigen recognized by an antigen receptor. Receptors on B lympho
cytes are Immunoglobulins, which recognize epitopes that are areas on the antigen surface. 
T-cell receptors recognize epitopes that are processed antigen fragments (peptides) presented by 
MHC molecules on other cells.

Helper T lymphocytes. A subset of T lymphocytes (usually CD4 positive); some release cyto
kines that stimulate antibody production by activated B lymphocytes.

MHC molecules. Polymorphic cell-surface molecules that present antigenic peptides to T lympho
cytes; encoded within the cluster of genes called the major histocompatibility complex (MHC). 
In humans they are known as human leucocyte antigen (HLA) molecules. ,

Tolerance. A state of Immunological unresponsiveness that prevents the Immune system 
from mounting damaging responses against self-antigens; maintained by deletion, sup
pression or paralysis of potentially autoreactive lymphocytes.

alleles is in the P-chain; the a-chain of all 
DR alleles is the same.

In order to interact with a universe of 
different antigenic peptides, the T-cell 
receptor repertoire is correspondingly 
very large. Indeed, each receptor, the 
product of random recombination of 
separate gene elements, is unique and 
clonally distributed. The ligand for each 
receptor is conventionally understood 
to be a specific peptide-HLA molecular 
complex (Fig. 1). However, there are 
increasing numbers of examples to sug
gest that some T cells may ‘cross-react’ 
with unrelated peptides.

Whether or not there is cross-reac
tivity, the consequences of a T-cell re
ceptor interaction with a peptide-HLA 
ligand is activation. Helper T cells release 
lymphokines which initiate the cascade 
of an immune response, including anti
body production from activated B cells 
that also recognize the same antigen, 
and the activation of cytotoxic CD8 T 
cells.

Molecular mimicry and PBC
Primary biliary cirrhosis (PBC), is a 

rare, often fatal disease, mainly affecting 
middle-aged women, which involves a 
gradual, progressive obliteration of the 
intrahepatic bile ducts. A fascinating 
feature is the presence of high and per
sistent titres of antimitochondrial anti
bodies (see below). Against the back

ground summarized above, we have 
recently put forward an hypothesis to 
explain the pathogenesis of PBC'* and 
now wish to extend it to other auto
immune diseases.

The hypothesis for PBC is based 
upon a striking similarity that we have 
identified between two peptide se
quences. One of these (EAQGALANI
AVDKANLE) is an invariant sequence in 
the a-chain of the human MHC class 11 
antigen, HLA DR. Significantly, a frag
ment, identical to the human peptide, 
derived from the a-chain of the cor
responding and highly homologous 
mouse class 11 MHC antigen, is a self 
peptide presented by two other mouse 
class 11 antigens, l-A** (Ref. 3) and 1-A*' 
(Ref. 6). The other sequence (EAEQS- 
UTVEGDKASME) is in the lipoyl domain 
of the E2 subunit of the pyruvate de
hydrogenase complex (PDC) of E. coli. 
Homologous E2s are found in a number 
of microbial and mitochondrial oxo- 
acid dehydrogenase complexes and 
each may be a target antigen for the 
polyclonal antimitochondrial antibodies 
that are characteristic of PBC*. The 
major autoantigen of this set is mito
chondrial PDC-E2, whose immunodomi-

*For a comprehensive review of the occurrence, 
specificities and significance of antimitochondrial 
antibodies see; Baum, H. in Current Topics in 
Bioenergetics (Vol 17) (Lee, C. P., ed,), Academic 
Press (in press).
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Antigen prescntiiij

H L A  m olecule

Peptide (axial v iew )

T  cell receptor

Tcell

Figure 1
Sc;hematic representation of the specific interaction of 
a peptide with a class 11 HLA molecule and co-recog
nition of the HLA-peptide complex by a T-tymphocyte 
clone bearing a specific antigen receptor. Accessory 
molecules involved in this interaction have been omit- 
tetd for clarity.

lant epitope is in the corresponding  
ipoyl domain, around the amino acid 
esid u es DKA'T We have also pointed 
)ut“  that a partially similar sequence  
hat includes DKA is found in m uscle  
glycogen phosphorylase, and sulphite 
)xidase. Autoantibodies (designated re
spectively M9 and M4) against these  
m zym es are a lso  characteristic of
3 B C H 1 5

MHC class 11 m olecu les are inappro
priately expressed  on bile duct epi
thelial cells in PBC‘®, and the d isease is 
frequently associated  with recurrent 
urinary tract infection'^ Furthermore, 
patients with su ch  infections but nor
mal liver function frequently exhibit low  
titres of antibody against both mito
chondrial and microbial E2s'*. In the  
light of these  findings, we have pro
posed  that the EAEQSLITVEGDKASME 
peptide of m icrobial E2 (or a c lose  
hom ologue) is presented by MHC class 
11 on antigen-presenting cells. T-helper 
cells stim ulated by this peptide might 
then, through a process of molecular 
m im icry betw een the respective pep
tides, initiate an autoim m une response  
against any tissu e ‘inappropriately’ ex
pressing, on MHC class 11, the self pep
tide derived from HlA-DRo. It is also
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possib le that such class 11 
m olecules might also pre
sent, under som e circum 
stances, the mimicking 
peptides arising from in
tracellular processing of 
self E2s.

The response would be  
som ew hat analogous to  
the graft-versus-host re
action that occurs when  
donor T cells initiate an 
immune reaction against 
host cells presenting anti
gens that are foreign to 
the donor animal. In this 
respect the process would 
be com parable to an ani
mal m odel of PBC which  
is an experim entally in
duced graft-versus-host 
reaction in (B6 x b m l2) F, 
mice receiving Com posi
tive T cells from B6 donor  
mice'®. Cross-reactive 
helper T cells are thus pro
posed to initiate an auto
immune cascade. Such a 
reaction could, inter alia, 
give rise to autoantibodies 
against self antigens. 
In PBC, autoantibodies 
against the E2s of the 

mitochondrial oxo-acid dehydrogenase  
com plexes would be produced owing to 
their possession  of HLA-binding pep
tides mimicking th ose  of the infecting 
organism. The spectrum  of auto
antibodies thus arising could be non
overlapping, although all of the corre
sponding B-cell clones might be driven 
by a com m on set of helper T cells.

Generalization of the mimicry hypothesis
Although the present hypothesis  

focuses for the first time on specific  
m otifs known to be associated both  
with autoantigens and peptides pre
sented by HLA; but otherw ise it is not 
entirely novel. Molecular mimicry of 
various kinds has frequently been  
adduced as a possib le basis for auto
immune disease^'^^\ Moreover, the  
hypothesis d oes not attempt to explain  
in detail the precise set of conditions  
that determ ine the breaking of toler
ance, although there indeed is now evi
dence that infection can lead to the  
breaking of tolerance to self antigens^. 
The question of tissu e specificity of the  
disease  is also not dealt with explicitly. 
It might be that in PBC this arises from 
a particular co-incidence of a triggering 
event (e.g. inflammation) leading to class

11 expression, a predisposition, in terms 
of the DRa fragment being preferentially 
presented, and a ‘priming’ by a chronic  
bacterial infection. Also, it should be 
borne in mind that PBC is not exclusively  
a liver d isease. Other secretory ducts 
are affected, and there are frequently  
other immunological derangements*. 
Instead, our hypothesis focuses on a 
general concept of mimicry betw een a 
motif on an environmental im m unogen  
and a corresponding seq u en ce  pre
sented as a self peptide by an MHC 
m olecule on any target tissue.

Thus the m odel is not intended to be 
limited to mimicry with the HLA-DRa 
motif that w e have d iscussed . In par
ticular, we believe that it will be fruitful 
to  explore possib le mimicry with the  
invariant (y) chain of HLA class 11, a 
specific peptide of which has been  
show n to be a major self-antigen pre
sented by class 11 m olecules in three  
separate studies^'’®. N evertheless, the  
potential significance of the m odel may 
be assessed  by consideration of the  
nature of other proteins bearing the  
DRa motif.

Other proteins bearing the DRa motif
A more general structure of the DRa 

motif, which m atches the DRa and E. 
coli E2 sequences and allows for con
servative substitutions at positions 1, 6 
and 11, can be defined as: [EDKRHjX^- 
[AlVLjXJGAILVjDKAX^E, w here [ ] in
cludes a set of allowed residues. A pro
tein motif search program PROMOT^  ̂
was used to identify proteins with 
matching sequences. Using this pro
gram to search the OWL data base of 
44702 protein sequences, and even  
allowing one m ismatch at positions 1, 6, 
11 or 17, only about 75 other proteins 
(or protein families) were found to  
m eet this criterion. (Note that the defi
nition chosen  was too stringent to 
select the lipoyl domains of m any mem
bers of the highly conserved family of 
E2 peptides.) Among this very limited 
set of proteins (see  Table I) are only  
seven  human proteins:

(1) The asialoglycoprotein receptor  
(hepatic lectin HI); which is the 
‘liver-specific protein’ known to be 
an autoantigen in chronic active 
hepatitis^l Class 11 HLA are inappro
priately expressed on hepatocytes  
in that disease; and the autoanti
body is also frequently associated  
with PBC^^.

(2) The insulin receptor, antibodies to 
which are found in diabetes.
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1) Glutamic acid decarboxylase (GAD), 
identified as the 64 kOa autoantigen 
associated with the onset of Type I 
diabetes mellitus^‘.

1) The mitochondrial matrbt protein 
PI, corresponding to the P60 lym
phocyte protein and to the heat 
shock protein, hsp65. This is inap
propriately expressed on bile ducts 
in both PBC and primary sclerosing 
cholangitis^, but such cell-surface 
expression of hsp is not confined to 
liver disease; it has been detected 
in other autoimmune diseases^-^ 
and can be induced by viral infec
tion^.

)} Human vimentin.
]) The DNA binding and high-mobility- 

group protein HMG1.
1) The DNA binding factor GRFl.

The occurrence of hsp65 in the list is 
iteresting since there is extensive evol- 
tionary conservation of the structure 
f hsp, and mimicry between hsps of 
athogens, self hsps and self proteins 
earing common epitopes has been 
peculated as the basis of many auto- 
nmune diseases from ulcerative colitis, 
ystemic lupus erythematosus and 
heumatoid arthritis, to experimentally 
iduced adjuvant arthritis and autoim- 
lune diabetes '̂^*. For example, it has 
teen reported that hsp65 serologically 
Toss-reacts with GAD in connection 
dth Type I diabetes in man^.

Exogenous hsps are known to be 
aajor targets of human immune ré
ponses to pathogens, and antibodies 
ind T cells against these have been 
letected not only in bacterial infection, 
)ut also in infection with protozoan 
larasites. It is therefore also of interest 
hat our algorithm has also identified as 
wtential immunogens hsp70 from a 
ichistosome and from Trypanosoma 
imcei.

Other potential environmental im- 
nunogens are proteins from Campylo
bacter, Clostridium, Myxococcus, Pseudo- 
nonas, Salmonella, Streptococcus and 
Treponema as well as human para- 
nfluenza virus, cytomegalovirus and 
luman immunodeficiency virus (HIV), 
in the last case, the protein is Pol, the 
reverse transcriptase characteristic of 
retroviruses, and it is interesting that 
whilst the corresponding peptide of Pol 
of the mouse mammary tumour virus 
^MTV) is also in the set selected by 
the algorithm, the only identities be
tween the two peptides are those de
fining their common similarity to the 
DRa peptide.

Table I. Some proteins bearing the 'HLA-DRa’ motif, speculated as underlying some 
autoimmune processes

Self T-cell 
epitope HLA DRa (human) 80 E A Q G A L A N I A V D K A N L E

Putative
autoantigens

Asialoglycoprotein 
receptor (human) 270 R P Y R W V C E T E L D K A S Q E

Insulin receptor (human) 526 E R N D I A L K T N G D K A S C E

Glutamic acid decarboxylase 
(human) 430 D K H Y D L S Y D T G D K A L Q C

Hsp65 (human) 358 K D D A M L L K G K G D K A Q I E

Vimentin (human) 155 E L R R Q V D Q L T N D K A S Q E

High-mobility group protein 
HMGl (human) 55 E K G K F E D M A K A D K A R Y E

Putative
enviionmental
Immunogens

PDC E2II (E. coli) 132 
Hsp70 (Trypanosoma bnjcei) 176 

For V protein (Streptococcus) 326

E A E Q S L I T V E G D K A S M E

E P T A A A I A Y G L D K A D E G

D L Q A . K L D E A N A D K A K L E

RfbA protein (Salmonella 
typhlmurium) 57 V I V N A A A H T A V D K A E S E

Periplasmic protein 
(Treponema pallidum) 144 P E D K V I A K A A A D K A A A E

Protein HH LFi 
(Cytomegalovirus) 181 E V D P A A D P T L G D K A G H P

Pol (HIVl) 709 G I R K V L F L D G I D K A Q D E

Pol (MMTV) 158 K N S P T L C Q K F V D K A I L T

Sequences were identified from the database according to the first algorithm defined in the text. 
Letters in heavy type are residues which are identical or are conservative substitutions (as defined 
in our search) to corresponding ones in HLA-DRa.

Significance of identified mimicries 
In order to assess the significance of 

such a high proportion (four out of 
seven) of the human proteins that bear 
the defined motif being of relevance to 
autoimmune disease, we repeated the 
sequence search but with the sequence 
DKA at positions 12-14 being replaced 
by AKD. Only three human proteins 
were identified, none of which is a 
known autoantigen. As a further test we 
searched a more scrambled motif but 
still with the same set of defined resi
dues as in the or^nal motif. The reason 
for scrambling rather than searching a 
completely random sequence as a con
trol is that any bias relating to the fre
quency of occurrence of the various 
amino acids is thereby avoided. This 
search selected nine sets of human se
quences, only one of which, the heat 
shock protein hsp70, is of any obvious 
relevance to autoimmunity.

As a further test, we redefined the 
motif with a shorter sequence to match 
more closely the sequence of the E2 of 
human PDC, rather than that of £  colL: 
[A1VL][A[VL)[E0KR][AIVL]SXGDKAX[A1- 
VL]. A search of this sequence selected, 
in addition to DRa and a set of other

E2s, sulfite oxidase (the M4 antigen of 
PBC) and 11 other human proteins. 
These included two heat shock proteins 
(hsp60/65 and hsp70), cytochrome 
P450 11 BI, p-enolase and the insulin 
receptor. Other species of cytochrome 
P450 are known autoantigens^^ and 
enolase is an autoantigen in autoim
mune vasculitis^.

Implications of the hypothesis 
Apart from such comparative searches, 

there is no obvious way of assessing 
the significance of the sets of sequence 
matches that we have identified since 
most proteins must be considered as 
potential autoantigens, although fewer 
than 100 have been identified as such. 
Nevertheless, the basic hypothesis does 
appear tenable and we draw attention 
to how infection with an appropriate 
pathogen could stimulate helper T cells 
that might subsequently, through 
molecular mimicry, initiate a ‘pseudo 
graft-versus-host’ attack on cells ex
pressing class 11 HLA presenting the 
DRa fragment. These could, for ex
ample, be islet cells responding to an 
independent environmental challenge. 
An outcome might then be, again
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rough molecular mimicry, the stimu- 
ion of the production of antibodies 
ainst islet glutamic acid decarboxy- 
;e as markers of the onset of Type I 
ibetes. Similarly the immune re- 
onse to the Pol peptide presented on 
me HIV-infected T cells, could lead, 
rough an analogous mechanism, to a 
neralized autoimmune cascade in
lying all T cells presenting the mim- 
dng self-epitope. An even more strik- 
I similarity than the one between 
rresponding motifs on Pol and DRa, 

that between HLA-DRP (residues 
2-151) and gpl20 HIV (residues 
4-263)^. If the DRP decapeptide were 
own to be a self peptide presented by 
iss 11 antigens, then a similar, but 
en stronger argument would apply.

A association with specific disease
As mentioned earlier, particular HLA 
pes may be associated with specific 
seases. Interestingly, it has recently 
;en shown that a major self peptide 
esented by HLA-DR may be derived 
Dm a class I HLA antigenL Our hy- 
)thesis would suggest that mimicry 
ith specific class 1 peptides (as well as 
;ptides from class II antigens) might 
:count for such associations. This is 
ready the basis of an analogous 
rpothesis for the strong association of 
LA-B27 (a class I antigen) with ankyl- 
■>ing spondylitis, in relation to infec- 
Dn with Klebsiella^K Of relevance in 
lis connection is the fact that the pep- 
de EQKRAA, found in the class II anti- 
ms HLA DR4/Dw4 and HLA DR9 (both 
jsociated with rheumatoid arthritis), 
found in only one non-MHC protein in 

le database, glycoprotein B of human 
erpes virus 4 (Epstein-Barr virus), 
his virus has been speculated to be 
îsociated with the pathogenesis of 
leumatoid arthritis. However, it re
tains to be tested whether EQKRAA- 
Dntaining peptides can be presented 
y HLA antigens.

oncluslon
These, admittedly very speculative, 

samples encourage us to believe that 
ur hypothesis may indeed have a gen- 
ral bearing on the pathogenesis of 
utoimmune disease. These ideas now 
eed to be vigorously and rigorously 
îsted. For example, cloned T helper 
ells can be used to identify stimulatory 
eptides which could then be matched 
ith  those in infectious organisms, or 
ith  self peptides. The peptides in the 
lass 11 HLA cleft in autoimmune target 
issues can be isolated, their sequences

,44

identified, and lymphocyte responses 
explored. If the hypothesis withstands 
such tests, then it would open up ex
citing prospects for the prevention 
and/or treatment of autoimmune dis
eases and even for the initiation of 
autoimmune attack on any tumour that 
expresses, or can be made to express, 
class II HLA presenting a characteristic 
self peptide.
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M itochondrial antigens and antibodies in primary biliary 
cirrhosis
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Introduction

Primary biliary cirrhosis (PBC) is considered to be 
an autoimmune chronic iiver disease. It is charac
terized by progressive inflammatory destruction o f  
intrahepatic bile ducts which results in cholestasis 
and which may progress to cirrhosis and liver 
failure. It is. a disease which occurs in females in 
90% o f  cases. The diagnosis is most commonly 
made in middle aged women who present with 
itching and usually with jaundice. However, less 
severe cases are being diagnosed because o f  choles
tatic liver function tests or the presence o f  anti- 
mitochondrial antibodies (AM As) in the serum. 
The latter are the most characteristic feature o f  
PBC.' These AM As are non-organ- and non- 
species-specific and are o f  both the IgG and IgM 
classes. They were first detected in PBC patients in 
1965 by Walker et a ir  by indirect immunofluores
cence tests on cryostat sections. To date, 9 different 
AM A types (anti-M l to anti-M9) have been defin
ed, using immunofluorescence and complement 
fixation tests (CFTs), enzyme linked immunosor
bent assay (ELISA) and Western blotting.'"- Four 
of these AMAs, anti-M2, -M4, -M8 and -M 9 are 
associated with PBC. The others anti-M l. -M3. 
-M5, -M 6 and -M7 are mainly associated with 
non-hepatic disorders ‘ The past 4 years have seen a 
great expansion in publications related to the 
immunology o f PBC due to the identification o f the 
major M2 antigens and the use o f  molecular 
biology techniques. These give good prospects for a 
better understanding o f  the pathogenesis o f  the 
disease.

M2 -  a family of autoantigens

Approximately 95% o f  PBC sera react with a 
trypsin-sensitive inner mitochondrial membrane
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antigen designated M 2.’ Early experiments using 
chloroform extraction showed that the M2 antigen 
co-purified with the f  1 part o f  the mitochondrial 
H^-ATPase,*-^ but further studies using immuno
blotting techniques failed to demonstrate reactivity 
o f anti-M2 antibodies with any o f  the major 
subunits o f  the Fl-ATPase.'® M 2 analysis by 
Western blotting has demonstrated at least 5 
antigenic bands (M2a to M2e) with approximate 
molecular weights 8 0 -6 8  kD (M 2a), 6 4 -6 0  kD  
(M2b), 5 6 -5 0  kD (M2c), 4 8 -4 3  kD (M2d) and 
36 kD (M 2e)."”  There is some confusion as to the 
exact molecular weights o f  eight o f  the M2 bands 
due to differences between laboratories with regard 
to species o f mitochondria used, antigen prepara
tion and techniques o f  detection. Recent identifica
tion o f the antigens should allow pure preparations 
to be used in immunoblotting experiments. This 
would eliminate the apparent discrepancies.

In 1987 Gershwin et al. identified a cD N A  
clone isolated from a rat liver cD N A  library which 
expressed the 70 kD M2 autoantigen.'’ This 
led to the identification o f the 3 major M2 
antigens as the E2 components (dihydrolipoamide 
acetyltransferases) o f  the three mitochondrial 2 
oxo-acid dehydrogenase multienzyme complexes: 
pyruvate dehydrogenase complex (PDC), 2-oxo- 
glutarate dehydrogenase complex (OGDC) and the 
branched chain 2-oxo-acid dehydrogenase com
plex (BCOADC).''"' A fourth antigen was then 
identified which is designated protein X .“ This was 
found to possess cross-reactive AM A epitopes with 
the E2 o f PDC.'^”

Each multienzyme complex consists o f multiple 
copies o f three enzymes E l, E2 and E3. The E2 
component forms a central symmetrical core 
around which are arranged multiple copies o f  El 
and E3. The major immunodominant region on 
each o f these enzymes and protein X is the lipoic 
acid binding site which possesses a covalently 
attached lysine residue.'**’ Up to three lipoyl 
moieties can be present as a part o f  the functional
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of (he enzyme. Human PDC-E2 contains 3 
a u t o r e a c t i v e  determinants, 2  cross-reactive lipoyl 
d o m a i n s  and an area surrounding the E1/E3 
binding region, the dominant epitope being present 
o n  the inner lipoyl domain.^ The presence o f a  

lipoyl residue is vital for antibody recognition. 
Fussey e( a/- have demonstrated that unlipoylated 
£”). where lysine was replaced by a glutamine 
rcTidue was no longer recognized by PBC anti
bodies. However, if  octanoic acid was added to the 
critical lysine residue, antibody binding properties 
w e r e  restored because octanoic acid can mimic the 
u n i q u e  peptide cofactor conformation.^'

Recently, Fussey et a l~  have shown that 41 % o f  
PBC sera react with the non-lipoic acid-containing 
E! alpha component (41 IcD) o f  mammalian PDC, 
and 7% react with the El beta component (36 kD). 
Fregeau et al?^ have shown that 66% o f  PBC beta 
react with the E l alpha component and 2% react 
with the El beta component. Interestingly, the 
autoantibody specific for El alpha (a non-lipoic 
acid-containing enzyme) was able to inhibit PDC  
c o m p l e x  activity. The pther AM As have also been 
shown to inhibit their respective enzyme complexes 
- this is not too surprising as the immunoepitopes 
a r e  important functional sites.’ -̂-*

The specificity o f  antimitochondrial antibodies 
in 211 PBC patients has been examined: 209 (99%) 
were found to have antibodies against one or more 
autoantigens, the majority 203 (96%) having anti
bodies to PDC and protein X .“ Fregeau ci al?^ 
have shown that 10% (19 188) o f PBC sera reacted 
to 0GDC-E2 when probed against bovine heart 
mitochondria. However, when these sera were 
probed against purified 0G D C -E2 an additional 
54 sera (29%) exhibited weak reactivity. This 
implies that an increased sensitivity is obtained 
when pure enzyme preparations are used. Overall, 
this group demonstrated that 39% o f  PBC sera 
reacted with 0G D C -E 2. This is lower than the 
72% of PBC sera that reacted with 0G D C -E 2 as 
described by Fussey et u/..'' and is another source 
of heterogeneity o f  results in this field. Are the 
different prevalences o f  antibodies due to sampling 
of different populations or due to different techni
ques of identification?

Van de Water et cl.-' have developed an enzyme 
linked immunosorbent assay (ELISA) using 
recombinant cloned antigens to quantify specific 
antimitochondrial antibodies in patients with PBC. 
This method has also been successfully used by 
Heseltine et a l.^  However, in contrast to the cloned 
antigens used by Gershwin et al. they used the 
purified PDH complex obtained through succes
sive gel filtration steps. ELISA is a highly sensitive 
and quantitative method for detection o f  AMA. It 
should eventually substitute immunofluorescence 
as the standard method for detection o f  mitochon
drial autoantibodies in clinical practice.

Anti-M4, -MS and -M 9 autoantibodies

The finding of anti-M4 antibody in PBC was 
originally thought to indicate an overlap disease 
between PBC and chronic active hepatitis as this 
‘mixed form’ condition was usually associated with 
the presence o f anti-M 2 and anti-M4 AM A on 
immunofluorescence.^ Whilst some PBC patients 
exhibit both M2 and M 4 reactivity on immunofluo
rescence, some sera may show only the M4 pattern. 
A study carried out using sera positive for AM A on 
immunofluorescence but negative when reacted 
with M2 rich preparations on immunoblots show
ed that these sera reacted with a single antigen 
(MW 5 0 -5 2  kD) -  M 4.”  In this study, reactivity 
with the 52 kD antigen alone was constant, irre
spective o f  disease stage, whereas the occurrence o f  
anti-M2 and anti-M4 in sera increased with disease 
progression. The M4 antigep is trypsin insensitive 
and probably located on the outer mitochondrial 
membrane.

Anti-M 8 antibody is only found in association 
with anti-M2. However, not all anti-M2 patients 
have anti-M8. A serial study has shown that the 
presence o f  anti-M8 when detected with anti-M2 
and anti-M4 may characterize a subgroup o f  
patients with progressive disease activity.^'

Anti-M 9 antibody is predominantly present in 
patients with asymptomatic and early PBC. It can 
occur in patients who have been clinically and 
histologically defined as having PBC but who are 
M2-negative. Interestingly, it can also occur in 
healthy controls exposed to PBC, i.e. relatives and 
laboratory workers. When purified M9 antigen 
(isolated from rat liver mitochondria) is subjected 
to electrophoresis and Western blotting. anti-M9 
antibodies detect 2 antigenic determinants at mole
cular weights o f  98 and 59 k D .’’

There is dispute as to whether the type and titre 
o f mitochondrial antibodies have prognostic value 
in PBC.”  However, Weber et al. have recently 
suggested that .AMA profiles are predictors o f  
prognosis. They found that the presence o f  anti-M8 
with anti-M2 (Profile II) and anti-M4 with anti-M8 
and anti-M2 (Profile 111) is associated with a more 
advanced histological stage at the time o f  diagnosis 
and a more progressive course than in patients with 
anti-M2 alone 'Profile 1). After following these 
patients for up to 16 years it was found that only 
24% o f patients with Profile I had reached stage III 
or IV (fibrosis or cirrhosis o f the liver) while 75% of  
patients with Profile II or III had a progression to 
stage HI or IV.” Klein et al. have shown that AMA  
profiles determi ned at early stages o f  PBC different
iate between a benign and a progressive course o f  
the disease.”  This finding, if confirmed, should be 
o f great importance in the design o f therapeutic 
trials, clinical monitoring and decision making 
regarding liver transplantation. At present the M4,
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M 8  a n d  M 9  (a n d  M 3 , M 5 , M 6  a n d  M 7 ) re m a in  
u n c h a r a c te r iz e d .

The role mitochondria! antibodies p l a y ,  if any, in 
the pathogenesis o f  PBC is still unclear. However, 
Heseltine e/ al. have recently shown that the titre of 
immunoglobulin G autoantibodies to purified 
PDC-E2 and X increases significantly not only with 
histological progression o f disease but also with 
established prognostic ‘markers’ i.e. higher serum 
bilirubin and lower serum albumin levels.**

Peptide specific and cross-reactive M2 
autoantibodies

As all o f  the M 2 antigens identified so far except for 
E l possess at least one lipoyl domain, it is possible 
that each o f  these antigens may possess cross 
reactive epitopes. Cross-reactivity between PDC- 
E2 and protein X has been confirmed by several 
groups working in the field. However, there have 
been conflicting reports on the cross-reactivity of 
the other M2 antigens. Surh e l al. have shown that 
AM A cross-reactivity is limited to PDC-E2 and 
protein X. as reactivity with O G D C  and BCOADC  
was not affected by absorption with recombinant 
PDC-E2. In addition, Fregeau ei al.‘  ̂have demon
strated that affinity purified antisera from the 
0G D C -E 2 did not react on immunoblot with any 
component enzymes of PDC or BCOADC. Fussey 
et al.̂  ̂ have demonstrated that neither PDC-E2 
nor protein X antibodies recognize 0G D C -E 2, 
BC0ADC-E2 or PDC-EI alpha/beta. However, in 
12 o f  12 PBC sera, antibodies eluted from either 
0G D C -E 2 or BC 0A D C -E2 showed complete 
cross-reactivity with each other. Eluted AM A from 
PDC-EI alpha/beta showed complete specificity 
for each polypeptide.

In contrast, our group have demonstrated un
equivocal cross-reactivity between each o f  the 
major M2 antigens using affinity purified anti
bodies from mitochondrial proteins immobilized 
on nitrocellulose b l o t s . T h i s  has been indepen
dently confirmed by Fusconi et a lP  using the same 
techniques. They have demonstrated that both 
cross-reactive and peptide specific antibodies are 
present in PBC sera. They have shown three 
epitopes to be present on both PDC-E2 and protein 
X, two epitopes on the B C 0A D C -E2 and three on 
the 0G DC-E2: one o f  these epitopes was common  
to all bands.

We have suggested that there are both peptide- 
specific and cross-reactive AM A . Thus, different 
sera may have different proportions o f antibodies 
of these two kinds. Relative affinities o f A M As for 
antigens may be an important factor in explaining 
apparent discrepancies in results. One group has 
shown a considerable heterogeneity o f  relative 
affinities o f AM A in PBC.^*

The conformation o f  epitopes on the lipoic acid 
binding site may be another factor in determining 
their antigenicity. Our group have shown that 
neither lipoate nor lipoamide react with PBC sera 
using direct and competitive enzyme linked 
immunosorbent assays.^* Fussey ei have 
shown that preincubation o f PBC sera with 1 mM- 
lipoate, 1 mM-lipoamide alone or in combination 
failed to absorb out the reactivity o f  PBC sera 
against FDC-E2 in immunoblotting experiments. 
Surh et al.^ have demonstrated that a minimum of 
75 amino acids is required to detect autoantibody 
binding on the inner lipoyl domain o f  PDH-E2, 
and that 93 amino acids are required for strong 
AM A activity. Because such a large region is 
required for reactivity, it is thought, and it is 
probable, that a conformational epitope is impor
tant in autoreactivity. Leung et al.*° have designed 
mutant structures to replace the lysine residue in 
the lipoyl domain. They used glutamihe, a nega
tively charged amino acid; histidine, a positively 
charged amino acid; and tyrosine, an aromatic 
amino acid. In contrast to the findings by Fussey et 
a l.p  they found that a  variation in the charge 
distribution at the lipoyl domain o f  PDC-E2 and 
the removal o f lipoic acid by the change o f a single 
amino acid did not significantly alter antibody 
binding at the lipoyl domain, i.e. the reactivity is 
not influenced by the presence o f lipoic acid. They 
suggest that PBC autoantibodies are recognizing a 
specific amino acid sequence and its associated 
secondary or even tertiary structure.

Injection o f  purified recombinant dihydrolipo
amide acetyltransfcrase into animals generates 
mitochondrial autoantibodies, but their specificity 
is not the same as in PBC patients, as there is no 
cross-reactivity with protein X. or the outer lipoyl 
domain and no enzvme inhibition in vitro.*' *'

Antimitochondrial activity with prokaryotes

It is known that the A M A s o f PBC patients react 
with certain bacterial proteins. Cross-reactivity has 
been demonstrated between PBC sera and a range 
o f microrganisms, Paracoccus denitrificansp E. 
coli, Klebsiella pneumoniaeP** Proteus mirabilis, 
Citrobacter freundii. Staphylococcus aureu.<P and 
Enterobacteriaciae.''' This is hardly surprising con
sidering that bacterial PDC-E2 exhibits a high 
degree of homology with its mammalian counter
parts, particularly at the highly conserved region 
around the lysyl binding site for lipoate. E. coli 
PDC-E2 contains three lipoyl domains,^ reactivity 
being confined to the inner regions. However, there 
are differences in the organization o f  the trans
acetylase, with the mammalian E2 existing as a core 
o f 60 copies in an icosahedral symmetry, and the 
bacterial one as 24 copies in an octahedral array.
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PBC sera have been shown not to react with 
bacterial PDC-EI. The protein sequence analysis 
•ifhuman El shows no similarity with any sequence 
deduced from E. coli PDC-EI.*^

Reactivity o f  PBC serum with polypeptides from 
£  coli was initially described by Lindenbom- 
Fotinos el and confirmed by Frazer et al*^ by 
means o f immunoblot techniques. Reactivity on 
immunoblots is with a 7 0 -  80 kD  and a 52kD  
membrane fraction. It has been shown that anti
bodies against both determinants can be absorbed 
with beef heart submitochondrial particles, show
ing that E. coli shares cross-reacting determinants 
with mitochondria. We have shown that by eluting 
antibodies from these bacterial bands on immuno
blots and reacting them back with mitochondria 
unequivocal cross-reactivity can be obtained.^ 
Stemerowicz e t al*^ have demonstrated that AMA  
production can be induced in rabbits by intra
venously injecting them with rough forms o f  
laboratory strains o f  Salmonella minnesota. Rabbit 
antisera raised against Salmonella minnesota Rb 
and Rc mutants recognized the PBC specific M2 
antigens 74 kD  and 52 kD. However, antisera 
against wild-type Enterobacteriaciae did not react 
with M2.

Fussey et al.~' have characterized the main 
immunogenic region in E. coli. They have shown 
that, in addition to recognizing £ . coli E2-PDC, 
PBC antibodies also recognize E. coli E2 OGDC, 
the main immunogenic region lying within the 
lipoyl domains. The BCOADC is not present in E. 
coli.

Bacteriuria and PBC

We have found that women with PBC are much 
more susceptible to recurrent significant bacteri
uria than women with other types o f  chronic liver 
d i s e a s e . I n  our population o f  PBC patients, 
significant bacteriuria defined a specific sub-group 
of PBC patients with an increased risk o f death.''''

In light o f  this we decided to look at a group of 
patients suffering from recurrent significant bacte
riuria with no clinical or biochemical evidence of  
chronic liver disease and on long term prophylactic 
antibiotic treatment. We found that 69% o f these 
patients exhibited weak AM A reactivity on 
immunoblots, reactivity with the 74 kD M2 frac
tion being the most common. When antibody to the 
74 kD was affinity purified it was found to cross- 
react with bacterial membrane fractions.’®-'

We have been studying the relationships between 
significant bacteriuria, R mutants and M2 anti
bodies in PBC. We have found a high percentage 
(40%) o f  rough forms o f  bacteria in infected urine 
obtained from PBC and recurrent urinary tract 
infection patients with no evidence o f liver disease’^

but not in women with non-PBC chronic liver 
disease. Rough forms o f bacteria have defective 
polysaccharide synthesis leading to an abnormal 
outer coat. H opf et a/.’’ have shown that E. coli R 
forms constituted an average of 5% (range 
1 -  50%) o f the total amount o f  E. coli present in the 
stool samples from 21/21 PBC patients." This is 
low compared to the percentage we found in 
infected urine o f PBC patients considering that in 
the majority o f  cases organisms causing urinary 
infections originate in the gut. This implies that 
there might be ‘selection’ o f  the rough mutant 
bacteria causing urinary infections. Deposits o f  
lipid A  which is a component o f the bacterial cell 
wall were found by H opf et a/." in the cytoplasm o f  
hepatocytes in 11/21 o f the PBC patients mention
ed above but not in the liver sections o f  patients 
with chronic viral hepatitis." These lipid A con
taining hepatocytes were located around the cent
ral veins and not the portal tracts. This -would 
imply that bacteria did not arrive via the portal 
system from the gut but via the arterial blood 
supply. When one takes into account that many 
urinary tract infections in PBC are associated with 
the upper urinary tract," haematogenous spread to 
the liver is a possibility.

Thus we hypothesize that M2 autoantibodies 
may be an immune response to rough forms o f  
urinary bacteria, as microbial peptides may 
become more easily exposed due to their defective 
outer coat and act as antigens. Perhaps the para-' 
crystalline arrangement o f  the E2 core may render 
it especially antigenic as it resembles a viral struc
ture. This hypothetical sequence o f events may be 
specific to urinary infection, as E. coli antibodies 
are found very frequently in chronic liver disease," 
but AM A are specific to PBC.

PBC -  the autoimmune disease

The chronic liver damage in PBC is thought to be 
mediated by T lymphocytes infiltrating the biliary 
epithelium either by cytotoxic activity or by releas
ing lymphokines that attract bystander T cells. 
Major histocompatibility complex (MHC) class I 
antigens HL.A A, B and C are cell surface glyco
proteins normally found on all nucleated cells. 
MHC class II antigens HLA DP. DQ and DR are 
usually found on a limited number of cells includ
ing macrophages. B lymphocytes, dendritic cells 
and vascular endothelial cells: they are important 
in antigen presentation. M HC class 11 expression is 
a prerequisite o f  antigen recognition by class II 
restricted CD4 positive T lymphocytes. Normal 
bile duct epithelium possesses M HC class I but not 
class II antigens. However, several groups have 
now demonstrated MHC class II expression on bile 
duct epithelium in PBC. In 1984 Ballardini et al.^
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showed M HC class II expression in 8/10 PBC liver 
biopsies. In 1986 Pisi et ai.^  ̂ demonstrated HLA- 
DR antigen expression in 50% o f  bile ducts in early 
PBC and in 100% in late stage PBC. Gores et a/.'* 
carried out a study o f  114 PBC patients and found 
that those possessing the HLA-DRwS antigen were 
at an increased risk o f  death compared to those 
possessing the HLA-DR5 antigen.

However, almost all cells can be induced to 
express class II antigens by cytokines, in particular 
interferon gamma,^’ which is also a trigger for 
intercellular adhesion m olecule-1 (ICAM -I) which 
is essential for many immunological functions.*® 
M HC class II expression has also been shown in 
rejection following liver transplantation. In hepatic 
graft-versus-host disease the intrahepatic bile ducts 
express H L A -D R  antigens after bone marrow 
transplantation.*' ** Focal H LA -D R  expression on 
bile duct epithelium has also been reported in 
large bile duct obstruction and in liver tissue 
adjacent to metastatic carcinoma as well as in cases 
o f intrahepatic cholestasis, granulomatous hepa
titis, autoimmune hepatitis, cryptogenic cirrhosis 
and alcoholic, hepatitis.*^"*  ̂ Thus HLA II expres
sion is cytokine mediated and this in turn can be 
due to a variety o f  causes.

The CD3 4 - , CD4 4-, CDS -  T lymphocyte is 
the predominant cell type surrounding the portal 
tracts in late stage PBC.** *̂  Other studies show that 
CDS 4- T lymphocyte is predominant**'™ but one 
of the studies showed an increased tendency 
toward CD 4 4- in late stage disease.™ Even though 
T cells are the predominant cell type infiltrating the 
portal tracts in PBC it is still not clear whether these 
cells are actually causing the damage.

In autoimmune diseases like PBC it is unknown 
how intracellular antigens (i.e. mitochondrial 
PDC-E2) present themselves to the immune 
system. Studies on surface expression o f anti
genicity have demonstrated that PBC sera can react 
at the surface o f teased out hepatocytes and intact 
hepatoma cells.'* However, these studies have been 
criticized as it was possible that the cells studied did 
not retain their integrity, thus exposing intracell
ular components.’’ Another possibility is that 
intracellular antigens may be released during 
natural cell death and turnover, enabling them to 
bind to M HC molecules and be presented on the 
surface o f  the cell (i.e. biliary epithelial cell or 
hepatocyte). CD4 4- T lymphocytes can then 
recognize this MHC-antigen complex and can thus 
provide help for autoimmune B cells with a corre
sponding antigen activity. There is also evidence 
that MHC molecules may normally present self
peptides in their binding site;’  ̂ these peptides are 
probably intracellular proteins. It is not known if 
PDC-E2 or other mitochondrial antigens are 
exposed in this fashion. Other studies have shown 
that cytochrome P-450 isoenzymes present in the

cytoplasm are recognized by specific antibodies 
(anti-LKM 1 and 2) as some epitopes are localized 
on the outer surface,”  these antibodies characterize 
specific subtypes o f  autoimmune chronic active 
hepatitis.

A further hypothesis is that T lymphocytes are 
stimulated by E3 components on bacterial cell 
membranes. These T  lymphocytes recognize cross
reacting determinants on biliary epithelial cell 
(BEC) plasma membranes as these are thought to 
possess E3. Bile duct destruction ensues, E2 
becomes exposed and in association with MHC II 
can then be recognized by CD4 4- T lymphocytes.'*

Molecular mimicry and PBC

We think antigenic mimicry between foreign and 
self antigen may be an important factor in the 
induction o f  M2 autoantibodies in PBC. Molecular 
mimicry has been indicated as a possible mechan
ism for autoimmunity in some diseases. In anky
losing spondylitis (AS) approximately 90% o f  
patients are known to possess HLA B27. This HLA  
subtype cross-reacts with antigens found in Kleb
siella  which can be isolated in faecal cultures 
obtained from AS patients during active phases o f  
disease.™ In reactive arthritis. Salmonella antigens 
(O-polysaccharide o f  bacterial lipopolysaccharide) 
have been found in joint material from patients 
with Salmonella-lnggeTed reactive arthritis. In an 
animal model, the lipid A  part of LPS is responsible 
for inducing arthritis. Processed LPS is very 
effective at stimulating lymphocytes which in turn 
leads to the production o f cytokines and hence 
inflammation.”  We hypothesize that cytokine 
induction and M HC 11 expression in PBC may be a 
response to infections with R forms o f bacteria. In 
Kcr.w/«a-triggered reactive arthritis, non-viable 
structures o f Yersinia enterocolitica 0 :3  have been 
shown at the site o f inflammation within m ono
nuclear cells in the synovial membrane of S0% o f  
patients.™ Specific m ii-Proteus  antibodies have 
been shown to be present in active rheumatoid 
arthritis. Anti-H LA-DR4 tissue typing sera have 
been shown to bind to Proteus microrganisms.™ 

In myasthenia gravis the circulating antibodies 
directed against the nicotinic acetylcholine recep
tor are pathogenetic. M onoclonal antibodies raised 
against this receptor were found to bind to outer 
membrane proteins from £. coli. Klebsiella pneu
moniae and Proteus rulgaris.*^' Recently it has been 
shown that sera from PBC patients possess anti
bodies against the alpha and probably the beta and 
gamma subunits o f nicotinic acetylcholine recep
tor*'*’ yet no patient had any clinical or electro
myographic evidence o f  myasthenia gravis. This 
would indicate that host response’ is important in 
the generation o f  autoimmune disease. In PBC,
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niitochondrial antibodies could be pathogenetic if 
the host immune environment facilitates this. The 
recent great strides in our knowledge o f the m ito
chondrial antigens outlined in this review should 
facilitate study o f the interactions between anti
cens and lymphocytes, and hopefully map out 
the pathogenesis and progression o f  PBC, deter

mining whether anti-mitochondrial antibodies 
cause disease in PBC.

N ote added in proof: K lein, R. and Berg. P.A. have 
recently identified the epitope reacting w ith anti-M 9 as to 
be p a rt o f  glycogen phosphorylase (Clin Exp Immunol 
1990, 81: 6 5 -7 1 ) and  anti-M 4 reacting w ith sulphite 
oxidase (Clin Exp Immunol 1991, 84: 445 -  448).
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