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o provide a forum for discussion in specific areas 
of liver disease, the Clinical Research Committee T of the American Association for the Study of 

Liver Disease (AASLD) conceived the Focus Study 
Group. The first Focus Study Group was organized by 
Nora V. Bergasa and Howard H. Worman. It was dedi- 
cated to primary biliary cirrhosis (PBC) and met on Oc- 
tober 25th, 2003, during the AASLD annual meeting. 
The purpose of this symposium was to identify areas of 
research and to establish national and international col- 
laborations to study PBC and its complications. The pro- 
gram was prepared from topics provided by investigators 
in the field, in response to questions posed by the orga- 
nizers, and it was divided in three sections: pathogenesis, 
the study of fatigue, and treatment of PBC. 

An overview on the pathogenesis of PBC was presented 
by Dr. Eric M. Gershwin (University of California at 
Davis, CA)' and was followed by the presentations of 
invited speakers, all ofwhom are investigators in the field. 
In this report, abstracted presentations provided by the 
speakers and the salient points that evolved from the dis- 
cussion sections are provided. 

Primary Biliary Cirrhosis and the Human 
(Andrew Mason) 

Working on the hypothesis that infectious/environ- 
mental agents trigger autoimmunity in genetically suscep- 
tible individuals, we have identified a retrovirus infection 
in patients with PBC.2,3 This agent is referred to as the 
human betaretrovirus (HBRV) because of the genetic, 
morphological and antigenic relatedness to the mouse 
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mammary tumor virus (MMTV). In fact, HBRV also 
shares some of the biological properties of MMTV. Dur- 
ing MMTV infection in mice and HBRV infection in 
humans, the viral burden is greatest in lymphoid tissue 
and less so in liver and breast (where HBRV has been 
detected in humans with and without breast cancer).* In 
PBC, immunochemistry and reverse transcription poly- 
merase chain reaction studies of perihepatic lymph nodes 
suggest that 75% of patients have evidence of tissue infec- 
tion, whereas HBRV infection is only found in a third of 
patients in the liver by reverse transcription polymerase 
chain reaction.2 

Knowledge of the natural biology of MMTV may also 
provide clues to understanding specific clinical features of 
PBC. For example, MMTV can be detected in salivary 
tissue of mice, providing a possible link with xerostomia 
in PBC patients; assuming that HBRV can be identified 
in the same tissue compartment in humans. Also, the 
marked preponderance of PBC in women may be linked 
with HBRV infection. Like MMTV, HBRV has female 
steroid-responsive elements in the long terminal repeats 
that serve as functional promoters for viral replication.3.5 
Accordingly, pregnancy and the monthly cycle of female 
hormone production provide an impetus to stimulate vi- 
ral replication. If HBRV infection does impact on the 
development of PBC, the lack of female hormone pro- 
duction prior to puberty may account for the absence of 
PBC in children and the gender bias observed in PBC 
patients in adulthood. 

The characterization of HBRV infection in patients 
with PBC, however, does not provide evidence for a 
causal association. We have taken 2 approaches to inter- 
rogating whether the HBRV plays a central role in the 
pathogenesis of PBC. In the first instance, we have con- 
ducted open-label pilot studies that have shown biochem- 
ical and histological improvement with reversal of 
ductopenia in PBC patients treated with Combivir (lami- 
vudine and zidovudine) combination antiviral therapy.6 
We have also developed a cell culture model of PBC to 
test Koch's postulates in uitr0.7 In vim, we found HBRV 
proteins in the same cells that demonstrated aberrant ex- 
pression of an antimitochondrial antibody (AMA) reac- 
tive protein, a known phenotypic marker of PBC. We also 

1013 



1014 BERGASA ET AL. HEPATOLOGY, October 2004 

linked virus to the aberrant AMA-reactive antigen presen- 
tation in vitro, by coculturing lymph node homogenates 
from PBC patients with normal biliary epithelial 
The transmissible agent was found to be y-radiation sen- 
sitive, to promote the PBC phenotype in serial passage, 
and to have the morphological, enzymatic, hydrody- 
namic, and genomic characteristics of a betaretroviru~.~l7 
The demonstration that pure isolates of mouse derived 
MMTV can infect BEC and also promote the PBC phe- 
notype with increased AMA reactivity in normal BEC 
also argues for an infectious disease process with PBC2 
Additional laboratory and clinical studies, however, will 
be required to reproduce these findings and to link bet- 
aretrovirus infection with autoimmune liver disease. 

lmmunogenetics of PBC 
(Annarosa Floreani) 

Current theories on the etiopathogenesis of PBC favor 
the hypothesis that the disease develops as a result of an 
inappropriate (genetically controlled) immune response 
following stimulation by an environmental or infectious 
agent. AlI the published data on genetic predisposition to 
PBC have been obtained from association studies, based 
on comparison of the frequency of an allele in unrelated 
affected and unaffected individuals from a population. 

The primary susceptibility allele is DRB1*0801 in 
Northern European white patients8-I0 and DRB 1 *0803 
in Japanese patients.* In the Japanese population another 
genotype, DRB1*0501, is strongly associated with 
PBC.11 A recent study reported that resistance to PBC is 
associated with DRB1*11 in the Italian population.12 All 
of these studies confirm that different PBC populations 
may have a peculiar genetic background. HLA polymor- 
phisms, however, do not seem to be a major determinant 
of susceptibility and clinical expression of PBC. 

A number of candidate genes encoding T-cell re- 
sponse, immunoglobulins, adhesion molecules, cyto- 
kines, and growth factors have been explored. The 
cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) 
gene (located on chromosome 2q33) is a T-cell surface 
molecule that interacts in competition with the costimu- 
latory molecule CD28, with the ligand B7-1 and B7-2 on 
antigen presenting cells to influence the induction, main- 
tenance, and particularly termination of peripheral T cell 
responses. The exon 1 polymorphism of the CTLA-4 
gene was significantly associated with susceptibility to 
PBC in patients from Newcastle,8 but not in Italian pa- 
tients.8 This difference between Southern and Northern 
European patients with PBC may be due to different pat- 
terns of linkage in the two populations. 

Another interesting allele, CCR5-A32, which has been 
shown to be associated with protection from rheumatoid 

arthritis and with lower rate of recurrence in multiple 
sclerosis, failed to demonstrate any association in both 
British and Italian patients with PBC. Currently, there are 
many cytokines to investigate, but preliminary data do 
not seem to show a strong association with disease suscep- 
tibility. 

The multidrug resistance 3 (MDR3) mutations have 
been described in association with different cholestatic 
liver disease, including intrahepatic cholestasis of preg- 
nancy, juvenile cholelithiasis, PFIC3, and biliary cirrho- 
sis. MDR3 sequencing gene technique is under 
investigation in PBC (personal data); preliminary data 
seem to exclude an involvement of MDR3 mutation in 
this disease. 

Some genetic polymorphisms of candidate genes for 
osteoporosis have been studied in PBC populations, in- 
cluding vitamin D receptor (VDR), bone matrix proteins, 
and sex hormones and their receptors. Restriction frag- 
ment polymorphisms at VDR gene locus, ie . ,  for TaqI, 
BsmI, and FokI have been associated with osteoporo- 
~is.13-l~ Conflicting results, however, have been reported 
in other studies. No exhaustive results have been obtained 
with association studies assessing both estrogen a and p in 
PBC populations (personal data). 

The future in studies of the immunogenetics of PBC 
includes studies involving bile salt transporters. It is now 
becoming clear that impaired or downregulated trans- 
porter function may be involved in the resistance to ur- 
sodeoxycholic acid (UDCA) therapy and in some 
pathogenic mechanisms of acquired cholestatic syn- 
dromes. Presently, new functional genomic approaches 
are changing research strategies in a more systematic fash- 
ion. These advances will identify genetic variations influ- 
encing multifactorial disease and response to treatment. 

Predicting Disease Progression in PBC 
(Jenny Heathcote) 

As the majority of individuals given a diagnosis of PBC 
in the 21st century have asymptomatic disease, it is essen- 
tial that we develop methods by which we can predict who 
with PBC will and who will not develop progressive dis- 
ease. Current therapy for PBC only delays progression; it 
does not induce regression. Current thinking in the field 
of autoimmunity is that aggressive treatment should be 
given at the time of initial presentation to prevent pro- 
gression. However, any “aggressive” therapy is not with- 
out untoward consequences. Thus, it is imperative to 
establish valid markers of disease progression. 

A retrospective study of 91 patients with PBC who 
were asymptomatic at initial presentation and followed 
for up to 20 years did not reveal any specific features at 
presentation, which predicted subsequent outcome. 17 
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Features examined included liver biochemistry and histol- 
ogy as well as physical features on clinical examination. A 
publication by Balasubramaniam et al.’* at the Mayo 
Clinic had suggested that presence of other autoimmune 
diseases was more common in those with subsequent dis- 
ease progression. This finding could not be confirmed by 
Springer et 4.17 

For those with symptomatic disease, Shapiro et aLl9 in 
1979 showed that height of bilirubin reliably predicts 
subsequent outcome. The Mayo risk score is a composite 
score that includes both clinical and laboratory features 
and was developed to predict timing for referral to liver 
transplantation.20 The serum bilirubin is always normal 
in asymptomatic PBC, and the Mayo score has not been 
validated in asymptomatic disease. A study by Donaldson 
et al.9 suggested that a particular HLA pattern may predict 
those who will not develop progressive disease. In this 
study, 164 individuals with PBC with a wide range of 
disease severity were tested; only one of the 35 patients 
who had been shown to have nonprogressive PBC on 
long-term follow-up was DRB 1*0801 positive compared 
to 24% of the 88 with late-stage disease, none had 
DQB1*0401 compared to 23% with late stage disease, 
and only 1 was DQB1*0402 positive, as compared to 
24% with the late stage disease. So it is possible that class 
I1 HLA DR and D Q  testing may help to distinguish pa- 
tients in whom disease is likely to progress from those in 
whom it will not. 

In another retrospective study, Zuchner et al.zl exam- 
ined 120 patients with PBC for the subspecies of antinu- 
clear antibodies, SP 100 and antipromyelocytic leukemia 
protein. An association with progressive disease was seen 
with those who tested positive (73%), whereas only 35% 
of those who did not progress tested positive. Other non- 
organ-specific antibodies, namely AMA and ANA, have 
been shown not to predict outcome.22 

A liver biopsy is not essential to make a diagnosis of 
PBC in an individual who tests AMA positive and has an 
elevated activity of serum alkaline phosphatase, but bi- 
opsy is considered wise to establish the severity of the 
disease seen on histological examination of the liver. Roll 
et aL23 showed that the presence of cirrhosis is associated 
with a worse outcome. Corpechot et al.24 have shown that 
piecemeal necrosis (predominantly lymphocytic) is asso- 
ciated with more severe disease. In a study of 4 case reports 
from Vleggaar et al.,25 individuals with marked ductope- 
nia developed liver failure, even prior to the onset of cir- 
rhosis; thus, liver histology may help to predict outcome. 
To date, no molecular array studies in liver tissue from 

the likelihood of progressive disease in asymptomatic in- 
dividuals with early disease. 

Pathogenesis of Fatigue in PBC 
(Mark G. Swain) 

The majority of patients with PBC experience fatigue, 
often being so severe as to be incapacitating. The etiology 
of fatigue in PBC, however, is unknown. Moreover, the 
study of fatigue is further hampered by its subjective na- 
ture. Fatigue in PBC does not appear to correlate with 
disease severity, is central (i.e., within the brain) and not 
peripheral (i.e. neuromuscular) in origin, and correlates 
closely with mood disorders (e.g., depression).26 

In studying fatigue in patients with PBC, one question 
clearly stands out: How does the damaged liver and asso- 
ciated cholestatic syndrome signal the brain to ultimately 
result in changes in central neurotransmission, which 
gives rise to the perception of fatigue? 

Communication between the periphery and the cen- 
tral nervous system traditionally has been considered to 
involve activation of nerve projections from the periphery 
to the brain and/or circulating blood-borne It is 
likely that both of these pathways are active in carrying 
signals from the diseased liver in PBC to the brain. Vagal 
nerve afferents can be activated by inflammatory media- 
tors released into the liver or abdominal cavity (e.g., cyto- 
kines, endotoxin) resulting in nerve stimulation and 
signals being carried to the brain.28 In addition, these 
signals can give rise to changes in neurotransmitter sys- 
tems within the brain, which have been implicated in the 
genesis of fatigue.29 Substances retained or released into 
the circulation in patients with PBC (e.g., cytokines, en- 
dotoxins) may also signal the brain by either directly ac- 
tivating cerebral endothelial cells via specific cell surface 
receptors (to produce secondary messengers, including 
nitric oxide and prostaglandins) or by entering the brain 
through areas devoid of an intact blood-brain barrier3O) to 
ultimately result in altered central neurotransmission, 
likely by stimulating astroglia/microglia within the brain, 
which then release substances that modulate neuronal 
function. 

Whatever mediators or pathways are involved in liver- 
to-brain signaling, the ultimate end result of this commu- 
nication and cause of fatigue in PBC patients must 
involve alterations in neurotransmitter systems within the 
brainthat underlie behavioral a~tivation.3~ A number of 
central neurotransmitter systems have been implicated in 
fatigue states in general,32 and defects in these systems 
have been documented in animal models of cholestasis 

patients with early PBC have been reported; it is possible 
that certain “signature profiles” could be found to predict 

and implicated in fatigue-like behaviors in these model 
systems. Specifically, the corticotrophin-releasing hor- 
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mone and serotonergic neurotransmitter systems have 
both been implicated in cholestasis-associated fatig~e.33.3~ 

Therefore, the ultimate delineation of the important 
communication pathways between the liver and the brain 
in PBC patients, as well as the identification of neuro- 
transmitter systems within the brain that are altered as 
part of the cholestatic syndrome and drive the develop- 
ment of fatigue in these patients, should allow for specific 
targeting of therapies to treat this common disabling 
symptom. 

Measurement of Fatigue and Its Impact on 
Quality of Life in PBC (David E. J. Jones) 

It is increasingly being acknowledged that PBC ad- 
versely affects patients’ quality of life, with fatigue being a 
particularly relevant contributing fact0r.~6,35 Study of 
health-related quality of life (HRQOL) in PBC (as in any 
disease) provides key information regarding the way in 
which disease affects the lives of sufferers. Approaches that 
are able to quantify HRQOL also provide valuable tools 
for use in the study of disease mechanisms responsible for 
poor life quality (permitting identification of symptom- 
atically affected and unaffected patient subgroups) and in 
the development and testing of therapies that may im- 
prove life quality. Although some symptoms typical of 
PBC (exemplified by pruritus) are best assessed using ob- 
jective measures (scratching activity in the case of pruri- 
tu+ the global assessment of HRQOL is typically carried 
out using more subjective approaches. The simplest ap- 
proach to the subjective assessment of HRQOL is the 
Likert scale (e.g., “on a scale of 1 to 5 how would you rate 
the quality of your life?”), which can be converted into a 
continuously variable scale (e.g., a visual analogue scale). 
Such approaches lack sensitivity, however, and require the 
patient and questioner to have the same understanding of 
what is meant by the concept of quality of life. A much 
more sensitive approach is to use questionnaire-based 
HRQOL assessment tools. Such tools break down the 
concept of HRQOL into easily answerable individual 
questions, the results of which are integrated to give as- 
sessment of global HRQOL, thereby removing the need 
to ask patients themselves score the abstract concept of life 
quality. In using individual questions to build a compos- 
ite model of HRQOL it is fundamentally important, 
however, that the questions used are relevant and appro- 
priate to the disease being studied. In general terms, the 
more generic the measure the less relevant it will be to any 
individual disease group and the less sensitive it will be at 
identifying subtle variations between patients, and re- 
sponses to therapy. What options present themselves 
when identifying an HRQOL measure for use in PBC?3’ 
The first option is a fully generic measure (e.g., the SF36). 

Such generic measures are useful in allowing comparison 
of disease burden between PBC and other disease patients 
and controls but are of limited use in the clinical trials 
setting because of low disease sensitivity. The second op- 
tion is a liver disease-specific measure such as the CLDQ, 
which allows limited interdisease comparison and in- 
creased sensitivity. The third option would be a PBC- 
specific HRQOL measure derived entirely within the 
PBC patient population. A completely disease-specific 
measure would be of no use for interdisease comparison 
but would offer the greatest sensitivity in the clinical trial 
context. One such measure, the PBC-40, has been derived 
and validated by our group. 

It is concluded that sensitive tools are increasingly be- 
coming available for the measurement of quality of life 
and the factors that impair it in PBC. The advent and 
validation in this disease setting of such measures will 
transform the future study of the pathogenetic mecha- 
nisms underpinning symptom development and their 
therapeutic modulation in PBC. 

Recently Reported Adjuvant Therapies for 
PBC (Keith M. Lindor) 

Current recommendations by the AASLD and the 
Food and Drug Administration are for the use of UDCA 
as first-line therapy for primary biliary cirrhosis.38 Among 
patients treated with UDCA, 20% will have complete 
biochemical normalization after 2 years and 35% after 5 
years of therapy. This finding leaves a substantial number 
of patients with ongoing biochemical abnormalities and, 
hence, it is an impetus for the development of adjuvant 
therapies. A variety of approaches for adjuvant therapy 
have been considered including induction of oral toler- 
ance, treatment of potential inciting infections, use of 
dietary supplements, herbal therapy, and immunosup- 
pression. 

In an attempt to induce oral tolerance to pyruvate de- 
hydrogenase, the antigen recognized by the antimito- 
chondrial antibody,39 6 patients with PBC were fed 5 mg 
of purified bovine pyruvate dehydrogenase every day for 6 
months.40 Inducing oral tolerance has been attempted in 
a variety of other conditions, such as allergic encephalitis 
and arthritis,41 and it seemed a reasonable goal in PBC. 
Unfortunately, there were no changes in liver tests or 
AMA titers over the course of therapy, and 1 patient de- 
veloped a rash.40 The lack of efficacy in this study does not 
refute this mechanism as potentially valuable in treating 
early PBC. If oral tolerance could be induced in such a 
way, this approach has the potential to be curative. Fur- 
ther research in this area would seem to be warranted. 

Two lines of evidence have been recently proposed as 
suggestive of an infectious process in the pathogenesis of 
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PBC.2,3,6 The finding of HBRV (reviewed by A. M., 
above) in patients with PBC was followed by a pilot study 
of Combivir (lamivudine plus zidovudine) for the treat- 
ment of PBC in 14 patients.6 Five of the 10 patients who 
completed the study normalized the serum activity of al- 
kaline phosphatase and of these, 4 normalized the activity 
of the alanine and aspartate transaminases.6 None of the 4 
who dropped out of the study had serious adverse events. 
Normalization of the serum activity of transaminases was 
sustained in 2 patients for at 6 six months after stopping 
the drug. This study was followed by a controlled, ran- 
domized trial being conducted at present. Another organ- 
ism, Chlamydia pneumoniae, was detected with high 
prevalence in the liver grafts and liver biopsy tissues from 
patients with PBC, but rarely in controls.42 A study of 
tetracycline, used to treat infections caused by this bacte- 
rium, at a dose of 500 mg 4 times a day for 3 weeks in 15 
patients with PBC did not lead to changes in serum liver 
profile43; however, the lack of response to the treatment 
may have been due to suboptimal choice of drug, dose, 
andlor duration of treatment. 

Silymarin, the active ingredient of milk thistle, has 
been identified as having antioxidant, anti-inflammatory, 
and antifibrotic effects.44~45 In a study of 27 patients with 
PBC who had a suboptimal response to UDCA, silymarin 
treatment for I year led to no change in serum activity of 
alkaline phosphatase, AST, serum bilirubin, albumin, or 
Mayo risk score.46 

Bezafibrate is used to treat hy~erlipidemia.~7 This drug 
facilitates mdr2 expression in mice, promoting biliary se- 
cretion48; in addition, it is a PPAR a and p ligand.49 In a 
study of 22 patients with PBC in which half received 
low-dose of UDCA, 600 mg per day, and the other half 
bezafibrate, 400 mg per day, for 6 months, there was 
substantially more improvement in liver biochemistries in 
the patients receiving bezafibrate than in those receiving 
UDCA.5O The results of this pilot study certainly warrant 
further work. 

Immunosuppressive therapy has been used because of 
the presumed autoimmune nature of this disease. Budes- 
onide is a steroid with extensive hepatic metabolism such 
that it would theoretically have fewer side effects than 
prednis0ne.5~ In one study of 22 patients with PBC who 
had had a suboptimal response to UDCA after a year of 
treatment, the addition of budesonide, 9 mg a day, led to 
no improvement in the liver tests and worsening of bone 
disease.52 In another study, patients were randomized to 
receive UDCA (n = 19) or the combination of ursode- 
oxycholic acid and budesonide (n = 20). The patients 
receiving the combination therapy seemed to have a SU- 

perior biochemical response. Effects on bone loss were not 
reported in this study.53 Mycophenolate mofetiP4 (Cell- 

Cept), another immunosuppressive drug, has been ex- 
plored in the treatment of PBC.55,56 In one study reported 
to date, 25 patients with a suboptimal response to UDCA 
were treated for 1 year with mycophenolate mofetil up to 
3 g per day.57 Three withdrew due to side effects, and 8 
had an adverse event requiring dose reduction. Serum 
liver profile improved and surprisingly, the greatest degree 
of improvement was found in those patients with more 
advanced disease and, more surprisingly, this group of 
patients had the fewest side effects. 

Sulindac is a nonsteroidal anti-inflammatory drug re- 
ported to enhance bile flow in r a t ~ . 5 ~  In one study, 23 
patients who reached a plateau after UDCA therapy were 
given sulindac 100 to 300 mglday, and had a significant 
decrease in the serum activity of alkaline phosphatase with 
this therapy.59 

It is encouraging that therapeutic options are being 
explored for patients with PBC. Among the areas that 
should continue to be explored are induction of oral tol- 
erance because of the potential development of a long- 
term response, further exploration of treatment for 
potential infectious agents involved in the pathogenesis of 
PBC, and clarification of the role of immunosuppressive 
therapy such as budesonide and mycophenolate mofetil. 

Novel Therapeutic Approach for PBC 
(Margaret F. Bassendine) 

PBC predominantly affects middle-aged women, but 
the reasons for the increased female susceptibility are un- 
clear. We have recently reported 2 patients with PBC who 
showed a decrease in the activity of alkaline phosphatase 
while receiving tamoxifen therapy.6O Tamoxifen, a non- 
steroidal triphenylethylene, is a widely utilized antiestro- 
gen agent in the treatment and chemoprevention of breast 
cancer. Since it produces antiestrogenic actions in the 
breast but manifests estrogen-receptor agonist activity in 
some tissues, the term selective estrogen receptor modu- 
lator ( S E W )  has been used to describe this group of 
pharmaceuticals.61 Recent studies have examined the dis- 
tribution of estrogen receptors (ER) in the liver. There are 
two subtypes of ER, alpha and beta, and the relative ex- 
pression level of these two isoforms is thought to be a key 
determinant of cellular responses to agonists and antago- 
nists. In the rat, cholangiocytes have been found to ex- 
press both ER a and p, whereas hepatocytes express only 
ER In PBC both ER a and ER p are expressed on 
cholangiocytes.65 The antiestrogen tamoxifen is a mixed 
agonist/antagonist on ER a but a pure antagonist on ER 
p. In PBC, tamoxifen may lead to a decrease in the serum 
alkaline phosphatase level via cholangiocyte estrogen re- 
ceptors, inhibiting cholangiocyte proliferation and induc- 
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ing apoptosis. Tamoxifen or other SERMs may be worth 
evaluating further in the treatment of PBC. 

It has now been established that UDCA, the drug ap- 
proved for the treatment of PBC,38 activates the human 
pregnane X receptor (PXR), a promiscuous nuclear recep- 
tor that has evolved to facilitate rapid and efficient detox- 
ification and elimination of foreign chemicals and bile 
acids.66 Its ligand binding site is large, spherical, and ex- 
tremely hydrophobic and appears to be activated by a 
diverse collection of compounds including tamoxifen and 
4-hydroxytamoxifen.67 Thus, it is possible that the mech- 
anism of action of tamoxifen in PBC is not as a SERM but 
via PXR. PXR is a member of a nuclear receptor gene 
family (family NR1) that includes PPAR, FXR, CAR and 
LXR. All share a common heterodimerization partner, 
retinoid X receptor, and are subject to crosstalk with other 
nuclear receptors. Interestingly, the PPAR ligands bezafi- 
b1-ate6~8-7~ and fen0fibrate7~ have also recently been shown 
to improve cholestatic liver function in PBC. The ratio- 
nale for their use was that hypercholesterolemia is 
commonly associated with PBC and lipoprotein abnor- 
malities are found in early PBC, and these lipid abnor- 
malities may have pathological implications as survival in 
PBC is poorer than age- and sex-matched controls (ex- 
cluding liver deaths).73 PPAR a agonists induce expres- 
sion of UDP-glucuronidating UGT2B4 enzyme and so 
may modulate catabolism of cytotoxic bile acids and xe- 
nobiotics. Following an early report of the effect of beza- 
fibrate in PBC, both this drug and the stronger PPAR (Y 

ligand, fenofibrate have been used alone and in combina- 
tion with UDCA, and the combination looks particularly 
promi~ing.5~,7~,7* These findings raise the exciting possi- 
bility that potent PXR activators, either alone or together 
with other heterodimeric partners such as PPAR or FXR 
agonists may be useful in the treatment of PBC and other 
diseases in which bile acids or other toxins accumulate in 
the liver.75 

Summary of Workshop 
(Howard 1. Worman) 

This workshop on PBC occurred during the 50th an- 
niversary of the discovery of immunological tolerance.76 
According to Sir Peter Medawar’s Nobel lecture in 1960, 
“Immunological tolerance may be described as a state of 
indifference or non-reactivity towards a substance that 
would normally be expected to excite an immunological 
response.”77 The major question facing us today regard- 
ing PBC is the breakdown in immunological tolerance. In 
PBC, loss of immunological tolerance likely excites an 
immunological response against a subject’s own intrahe- 
patic bile ducts. It also underlies the generation of auto- 

essentially all patients and specific nuclear antigens in 
some. 

Two presentations at this workshop addressed envi- 
ronmental factors that may lead to a loss of immunolog- 
ical tolerance in PBC. Putative agents include a virus and 
a bacterium. While the preliminary results are exciting, 
we need to do much more to prove a cause-and-effect 
relationship between these agents and the pathogenesis of 
PBC. This reality was manifested by Dr. Mason’s presen- 
tation, which sparked a vigorous discussion about the 
putative role of a betaretrovirus infection in PBC and the 
fact that the identification of viral particles alone in sub- 
jects with PBC does not fulfill 19th-century criteria for 
judging whether a given infectious agent is the cause of a 
given disease. Other unidentified environmental factors 
may also be involved in pathogenesis. While environmen- 
tal factors may initiate a breakdown of immunological 
tolerance in PBC, it is almost certain that genetic suscep- 
tibility to the disease is necessary for its development. No 
genetic susceptibility loci for PBC have been identified to 
date. In addition, no genetic variations have been found 
in the canalicular membrane transporter MDR3 
(ABCB4), as suggested by Dr. Floreani’s unpublished 
data, or in canalicular membrane transporter bile salt ex- 
port pump (BSEP, ABCBl l).78 Other possible candi- 
dates may include genes involved in immune system 
regulation and numerous genes encoding proteins with a 
variety of functions may also be involved in predisposition 
to PBC and other autoimmune disorders. 

Another topic discussed at this workshop was fatigue, 
one of the symptoms experienced by patients with PBC. 
The study of fatigue appears to be complicated by the lack 
of single definition and lack of objective methodology. An 
important question that needs to be answered is whether 
fatigue in PBC is disease-specific or similar to what occurs 
in many other chronic diseases. Future studies must have 
appropriate comparison groups and objective measure- 
ment standards, as has occurred for the study of pruritus, 
for which methodology to study scratching, the behav- 
ioral manifestation of this symptom, has been developed. 

The final topic of this workshop was the treatment of 
PBC. The only approved treatment, UDCA, may slow 
the progression of liver disease but is not a cure and is 
probably not directed at the underlying disease process. 
Several clinical trials of immunosuppressive agents for 
PBC have been carried out or are in progress, but, as the 
efficacy and safety of these agents in PBC are not yet 
known, clinicians should not use these drugs outside of 
approved trials. Future clinical trials in PBC should be 
randomized, double-blinded, and controlled with objec- 

antibodies to specific mitochondrial antigens in tive outcome measurements specified at the time the trial 
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is being designed. The identification of specific drug tar- 
gets must await more pathophysiological studies. 

Focused scientific investigations and collaborations be- 
tween physicians and scientists interested in PBC should 
be a priority, including the creation of an international 
trial group for the study of PBC. Large-scale epidemio- 
logical and genetic studies should be carried out to address 
pathogenesis. Importantly, young basic immunologists 
and geneticists should be encouraged to study PBC, per- 
haps through initiatives championed by AASLD. In the 
clinical arena, it is necessary to devote the major effort to 
controlled studies with meaningful endpoints. The long- 
term goal is the identification of new drug targets through 
basic research that could ultimately lead to the develop- 
ment of novel agents for clinical trials. 

References 
1. Kita H,  Nalbandian G, Keeffe E, Coppel RL, Gershwin ME. Pathogenesis 

of primary biliary cirrhosis. Clin Liver Dis 2003;7:821-839. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Xu L, Shen Z, Guo L, Fodera B, Keogh A, Joplin R, et al. Does a betaret- 
rovirus infection trigger primary biliary cirrhosis? Proc Natl Acad Sci U S A 

Xu L, Sakalian M, Shen Z, Loss G, Neuberger J, Mason A. Cloning the 
human betaretrovirus proviral genome from patients with primary biliary 
cirrhosis. HEPATOLOGY 2004;39:151-156. 
Pogo BG, Holland JF. Possibilities of a viral etiology for human breast 
cancer. A review. Biol Trace Elem Res 1997;56:131-142. 
Buetti E, Diggelmann H. Cloned mouse mammary tumor virus DNA is 
biologically active in transfected mouse cells and its expression is stimu- 
lated by glucocorticoid hormones. Cell 1981;23:335-345. 
Mason A, Nair S. Primary biliary cirrhosis: new thoughts on pathophysi- 
ology and treatment. Curr Gastroenterol Rep 2002;4:45-5 1. 
Sadamoto T, Joplin R, Keogh A, Mason A, Carman W, Neuberger J. 
Expression ofpyruvate-dehydrogenase complex PDC-E2 on biliary epithe- 
lial cells induced by lymph nodes from primary biliary cirrhosis. Lancet 
1998;352:1595-1596. 
Baragiotta A, Aganval K, Floreani A, Venturi C, Donaldson P, Bassendine 
M. Is the cytotoxin T lymphocyte-associated antigen-4 (CTLA-4) gene 
polymorphism a susceptibility locus for primary biliary cirrhosis [abstract]? 
Gut 2001;49(Suppl3). 
Donaldson P, Aganval K, Craggs A, Craig W, James 0, Jones D. HLA and 
interleukin 1 gene polymorphisms in primary biliary cirrhosis: associations 
with disease progression and disease susceptibility. Gut 2001;48:397-402. 
Stone J, Wade JA, Cauch-Dudek K, Lindor KD, Heathcote EJ. Human 
leukocyte antigen class I1 associations in serum antimitochondrial antibod- 
ies (AMA)-positive and AMA-negative primary biliary cirrhosis. J Hepa- 

Seki T, Kiyosawa K, Ota M, Furuta S, Fukushima H, Tanaka E, er al. 
Association of primary biliary cirrhosis with human leukocyte antigen 
DPB1*0501 in Japanese patients. HEPATOLOGY 1993;18:73-78. 
Invernizzi P, Battezzati PM, Crosignani A, Perego F, Poli F, Morabito A, et 
al. Peculiar HLA polymorphisms in ltalian patients with primary biliary 
cirrhosis. J Hepatol2003;38:401-406. 
Springer JE, Cole DE, Rubin LA, Cauch-Dudek K, Harewood L, Evrovski 
J, et al. Vitamin D-receptor genotypes as independent genetic predictors of 
decreased bone mineral density in primary biliary cirrhosis. Gastroenter- 
ology 2000; 118: 145-151. 
Vogel A, Strassburg CP, Manns MP. Genetic association of vitamin D 
receptor polymorphisms with primary biliary cirrhosis and autoimmune 

2003; 100:8454- 8459. 

tology 2002;36:8 -1 3. 

15. 

16. 

17. 

18. 

19. 

20 

21 

22 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 
32. 

33. 

34 

35 

Pares A, Guanabens N, Alvarez L, De Osaba MJ, Oriola J, Pons F, et al. 
Collagen type Ialphal and vitamin D receptor gene polymorphisms and 
bone mass in primary biliary cirrhosis. HEPATOLOGY 2001;33:554-560, 
Lakatos LP, Bajnok E, Hegedus D,  Toth T ,  Lakatos P, Szalay F. Vitamin 
D receptor, oestrogen receptor-alpha gene and interleukin-1 receptor an- 
tagonist gene polymorphisms in Hungarian patients with primary biliary 
cirrhosis. Eur J Gastroenterol Hepatol2002; 14733-740. 
Springer J, Cauch-Dudek K, O’Rourke K, Wanless IR, Heathcote EJ. 
Asymptomatic primary biliary cirrhosis: a study of its natural history and 
prognosis. Am J Gastroenterol 1999;94:47-53. 
Balasubramaniam K, Grambsch PM, Wiesner RH, Lindor KD, Dickson 
ER. Diminished survival in asymptomatic primary biliary cirrhosis. A pro- 
spective study. Gastroenterology 1990;98:1567-1571. 
Shapiro JM, Smith H,  Schaffner F. Serum bilirubin: prognostic factor in 
primary biliary cirrhosis. Gut 1979;20: 137-140. 
Dickson ER, Grambsch PM, Fleming TR, Fisher LD, Langwhorthy A. 
Prognosis in primary biliary cirrhosis: a model for decision making. HEPA- 
TOLOGY 1989;lO:l-7. 
Zuchner D,  Sternsdorf T, Szostecki C, Heathcote E, Cauch-Dudek K, 
Will H. Prevalence, kinetics and therapeutic modularion of autoantibodies 
against SplOO and promyelocytic leukemia protein in a large cohort of 
patients with primary biliary cirrhosis. HEPATOLOGY 1997;5: 1123-1 130. 
Joshi S, Cauch-Dudek K, Heathcote EJ, Lindor K, Jorgensen R, Hein R. 
Antimitochondrial antibody profiles: are they valid prognostic indicators 
in primary biliary cirrhosis? Am J Gastroenterol 2002;97:999-1002. 
Roll J, Boyer JL, Barry D, Klatskin G. The prognostic importance of 
clinical and histologic features in asymptomatic and symptomatic primary 
biliary cirrhosis. N Eng J Med 1983;308:1-7. 
Corpechot C, Carrat F, Poupon R, Poupon RE. Primary biliary cirrhosis: 
incidence and predictive factors of cirrhosis development in ursodiol- 
treated patients. Gastroenterology 2002;122:652-658. 
Vleggaar FP, van Burren HR, Zondervan PE, ten Kate FJW, Hop WCJ; 
group TDMPs. Jaundice in non-cirrhotic primary biliary cirrhosis: the 
premature ductopenic variant. Gut 2001;49:276-28 1. 
Cauch-Dudek K, Abbey S, Stewart DE, Heathcote EJ. Fatigue in primary 
biliary cirrhosis. Gut 1998;43:705-710, 
Blatteis CM. The afferent signalling of fever. J Physiol 2000;526(Pt 3): 
470. 
Konsman JP, Luheshi GN, Bluthe RM, Dantzer R. The vagus nerve me- 
diates behavioural depression, but not fever, in response to peripheral 
immune signals; a functional anatomical analysis. Eur J Neurosci 2000;12: 
4434 - 4446. 
Gaykema RP, Dijkstra I, Tilders FJ. Subdiaphragmatic vagotorny sup- 
presses endotoxin-induced activation of hypothalamic corticotropin-re- 
leasing hormone neurons and ACTH secretion. Endocrinology 1995;136: 

Turnbull AV, Rivier CL. Regulation of the hypothalamic-pituitary-adre- 
nal axis by cytokines: actions and mechanisms of action. Physiol Rev 1999; 
79:l-71. 
Swain MG. Fatigue in chronic disease. Clin Sci (Lond) 2000;99:1-8. 
Beam J, Wessely S. Neurobiological aspects of the chronic fatigue syn- 
drome. Eur J Clin Invest 1994;25:79-90. 
Swain MG, Maric M. Improvement in cholestasis-associated fatigue with a 
serotonin receptor agonist using a novel rat model of fatigue assessment. 
HEPATOLOGY 1997;25:29 1-294. 
Bur& KW, Le T, Swain MG. Increased sensitivity to the locomotor- 
activating effects of corticotropin-releasing hormone in cholestatic rats. 
Gastroenterology 2002; 122:68 1-688. 
Goldblatt J, Taylor PJ, Lipman T, Prince MI, Baragiotta A, Bassendine 
MF, et al. The true impact of fatigue in primary biliary cirrhosis: a popu- 
lation study. Gastroenterolow 2002;122:1235-1241. 

471 7-4720. 

36. Talbot TL, Schmitt JM, Bergasa NV, Jones EA, Walker EC. Application of 
piezo film technology for the quantitative assessment of pruritus. Biomed 
Instrum Techn 1991;25:400-403. 

37. Rannard A, Buck D, Jones DEJ, James OFW, Jacoby A. Assessing quality 
of life in primary biliary cirrhosis. Clin Gastroenterol Hepatol 2004;2: . .  

hepatitis. HEPATOLOGY 2002;35: 126-13 1. 162-1 74. 



1020 BERGASA ET AL HEPATOLOGY, October 2004 

38. Heathcote EJ. Management of primary biliary cirrhosis. The American 
Association for the Study of Liver Diseases practice guidelines. HEPATOL- 
OGY 2000;31: 1005-1 013. 

39. Yeaman SJ, Fussey SP, Danner DJ, James OF, Mutimer DJ, Bassendine 
MF. Primary biliary cirrhosis: identification of two major M2 mitochon- 
drial autoantigens. Lancet 1988;1:1067-1070. 

40. Suzuki A, Van de Water J, Gershwin ME, Jorgensen R, Angulo P, Lindor 
K. Oral tolerance and pyruvate dehydrogenase in patients with primary 
hiliary cirrhosis. Dev Immunol2002;9:55-61. 

41. Wu HY, Weiner HL. Oral tolerance. Immunol Res 2003;28:265-284. 
42. Abdulkarim AS, Petrovic LM, Kim WR, Angulo P, Lloyd RV, Lindor KD. 

Primary biliary cirrhosis: an infectious disease caused by Chlamydia pneu- 
moniae? J Hepatol 2004;40380-384. 

43. MaddalaYK, Jorgensen RA, Angulo P, Lindor KD. Open-label pilot study 
of tetracycline in the treatment of primary biliary cirrhosis. Am J Gastro- 
enterol2004;99:566-567. 

44. Luper S. A review of plants used in the treatment of liver disease: part 1 .  
Altern Med Rev 1998;3:410-421. 

45. Luper S. A review of plants used in the treatment of liver disease: part two. 
Altern Med Rev 1999;4:178-188. 

46. Angulo P, Patel T, Jorgensen RA, Therneau TM, Lindor KD. Silymarin in 
the treatment of patients with primary hiliary cirrhosis with a suboptimal 
response to ursodeoxycholic acid. HEPATOLOGY 2000;32:897-900, 

47. Vosper H ,  Khoudoli GA, Graham TL, Palmer CN. Peroxisome prolifera- 
tor-activated receptor agonists, hyperlipidaemia, and atherosclerosis. Phar- 
macol Ther 2002;95:47-62. 

48. Chianale J, Vollrath V, Wielandt AM, Amigo L, kgotti A, Nervi F, et al. 
Fihrates induce mdr2 gene expression and hiliary phospholipid secretion in 
the mouse. Biochem J 1996;314(Pt 3):781-786. 

49. Peters JM, Aoyama T, Burns AM, J. GF. Bezafihrate is a dual ligand for 
PPARalpha and PPARbeta: studies using null mice. Biochim Biophys Acta 
2003;1632:80-89. 

50. KandaT, Yokosuka 0 ,  Imazeki F, Saisho H.  Bezafihrate treatment: a new 
medical approach for PBC patients? J Gastroenterol 2003;38:573-578. 

51. O’Connell EJ. Review of the unique properties of budesonide. Clin Ther 
2003;25(Suppl C):C42-C60. 

52. Angulo P, Jorgensen RA, Keach JC, Dickson ER, Smith C, Lindor KD. 
Oral budesonide in the treatment of patients with primary biliary cirrhosis 
with a suboptimal response to ursodeoxycholic acid. HEPATOLOGY 2000; 
3 1:3 18 -323. 

53. Leuschner M, Maier KP, Schlichting J, Strahl S, Herrmann G, Dahm H H ,  
et al. Oral budesonide and ursodeoxycholic acid for treatment of primary 
biliary cirrhosis: results of a prospective double-blind trial. Gastroenterol- 
ogy 1999;117:918-925. 

54. Allison AC, Eugui EM. Immunosuppressive and long-acting anti-inflam- 
matory activity of mycophenolic acid and derivative, RS-61443. Br J 
Rheumatol 199 1 ;3O(Suppl 2): 57- 6 1. 

55. Jones FA, ten Kate FJ, ter Borg F, Houben M, Reesink HW, Chamuleau 
RA. Combination therapy with mycophenolate mofetil and ursodeoxy- 
cholic acid for primary hiliary cirrhosis. Eur J Gastroenterol Hepatol 1999; 
11:1165-1169. 

56. Altschuler EL. Mycophenolate mofetil for primary biliary cirrhosis- con- 
vergent thinking. Eur J Gastroenterol Hepatol 2000;12:587. 

57. Angulo P, Jorgensen RA, Lindor KD. Mycophenolate mofetil for the treat- 
ment ofptimary hiliary cirrhosis in patients with an incomplete response to 
ursodeoxycholic acid. Gastroenterology 2003; 124:A784. 

58. Bolder U, Trang NV, Hagey LR, Schteingart CD, Ton-Nu HT, Cerre C, 
et al. Sulindac is excreted into bile by a canalicular bile salt pump and 
undergoes a cholehepatic circulation in rats. Gastroenterology 1999;117: 
962-971. 

59. Leuschner M, Holtmeier J, Ackermann H ,  Leuschner U. The influence of 
sulindac on patients with primary biliary cirrhosis that responds incom- 
pletely to ursodeoxycholic acid: a pilot study. Eur J Gastroenterol Hepatol 
2002; 14: 1369 -1 376. 

60. Reddy A, Prince M, James OF, Jain S, Bassendine MF. Tamoxifen: a novel 
treatment for primary biliary cirrhosis? Liver Int 2004;24: 194-197. 

61. McDonnell DP, Chang CY, Norris JD.  Capitalizing on the complexities of 
estrogen receptor pharmacology in the quest for the perfect SERM. Ann N 
Y Acad Sci 2001;949:16-35. 

62. Alvaro D, Alpini G, Onori P, Perego L, Svegliata Baroni G, Franchitto A, 
et al. Estrogens stimulate proliferation of intrahepatic hiliary epithelium in 
rats. Gastroenterology 2000;119:1681-1691. 

63. Alvaro D, Onori P, Metalli VD, Svegliati-Baroni G, Folli F, Franchitto A, 
et al. Intracellular pathways mediating estrogen-induced cholangiocyte 
proliferation in the rat. HEPATOLOGY 2002;36:297-304, 

64. Alvaro D,  Alpini G, Onori P, Franchitto A, Glaser S, Le Sage G, et al. 
Effect of ovariectomy on the proliferative capacity of intrahepatic rat 
cholangiocytes. Gastroenterology 2002; 123:336-344. 

65. Alvaro D,  Invernizzi P, Onoti P, Franchitto A, Pinto G, De Santis A, et al. 
Expression of estrogen receptors in cholangiocytes of patients with primary 
biliary cirrhosis (PBC) and relationship with immunohistochemical mark- 
ers of cell proliferation and death. J Hepatol 2003;2003(Suppl2):38. 

66. Goodwin B, Redinbo MR, Kliewer SA. Regulation of CYP3A gene tran- 
scription by the pregnane X receptor. Annu Rev Pharmacol Toxicol2002; 
42:l-23. 

67. Desai PB, Nallani SC, Sane RS, Moore LB, Goodwin BJ, Buckley DJ, et al. 
Induction of cytochrome P450 3A4 in primary hepatocytes and activation 
of the human pregnane X receptor by Tamoxifen and 4-hydroxytamox- 
ifen. Drug Metab Dispos 2002;30:608-612. 

68. Iwasaki S, Tsuda K, Ueta H, Aono R, Ono M, Saibara T ,  et al. Bezafibrate 
may have a beneficial effect in pre-cirrhotic primary biliary cirrhosis. Hepa- 
to1 Res 1999;16:12-18. 

69. Yano K, Kato H,  Morita S. Long-term administration of bezafibrate on 
primary biliary cirrhosis. Acta Hepatologica Japonica 2002;43: 1 15-120. 

70. Kurihara T, Maeda A, Shigemoto M, Yamashita K, Hashimoto E. Inves- 
tigation into the efficacy of bezafibrate against primary hiliary cirrhosis 
with histological references from long term monotherapy. Am J Gastroen- 
terol 2002;97:212-2 14. 

71. Yano K, Kato H,  Morita S, Takahara 0, Ishibashi H,  Furukawa R. Is 
bezafibrate histologically effective for primary biliary cirrhosis? Am J Gas- 
troenterol2002;97: 1075-1077. 

72. Ohira H, Sato Y, Ueno T, Sata M. Fenofibrate treatment in patients with 
primary hiliary cirrhosis. Am J Gastroenterol2002;97:2147-2149. 

73. Prince M, Chetwynd A, Newman W, Metcalf JV, James OF. Survival and 
symptom progression in a geographically based cohort of patients with 
primary biliary cirrhosis: follow-up for up to 28 years. Gastroenterology 
2002: 123: 1044-1 05 1. 

74. Nakai S, Masaki T, Kurokohchi K, Deguchi A, Nishioka M. Combination 
therapy of hezafibrate and ursodeoxycholic acid in primary biliary cirrho- 
sis: a preliminary study. Am J Gastroenterol 2000;95:326-327. 

75. Kliewer SA, Willson TM. Regulation ofxenobiotic and bile acid metabo- 
lism by the nuclear pregnane X receptor. J Lipid Res 2002;43:359-364. 

76. Billingham RE, Brent L, Medawar PB. Activity acquired tolerance of for- 
eign cells. Nature 1953;172:603-606. 

77. Medawar P. Available at: http://www.nobel.se/medicine/laureates/1960/ 
medawar-lecture.htm1. Accessed: September 8, 2004. 

78. Pad-Magnus C, Kerb R, Fattinger K, Lang T, Anwald B, Kullak-Ublick 
GA, et al. BSEP and MDR3 haplotype structure in healthy Caucasians, 
primary biliary cirrhosis and primary sclerosing cholangitis. HEPATOLOGY 
2004;39:779-791. 


