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Abstract
Primary biliary cirrhosis (PBC) is a chronic non-
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suppurative destructive intrahepatic cholangitis leading
to cirrhosis after a protractive non cirrhotic stage.
The etiology and pathogenesis are largely unknown
and autoimmne mechanisms have been implicated
to explain the pathological lesions. Many epitopes
and autoantigens have been reported as crucial in
the pathophysiology of the disease and T and B cells
abnormalities have been described, the exact pathways
leading to the destruction of small intrahepatic ductules
are mostly speculative. In this review we examined
the various epidemiologal and geoepidemiological
data as well as the complex pathogenetic aspects of
this disease, focusing on recent /n vivo and in vitro
studies in this field. Initiation and progression of PBC
is believed to be a multifactorial process with strong
infuences from the patient’s genetic background and by
various environmental factors. The role of innate and
adaptive immunity, including cytokines, chemokines,
macrophages and the involvement of apoptosis and
reactive oxygen species are outlined in detailed. The
current pathogenetic aspects are presented and a novel
pathogenetic theory unifying the accumulated clinical
information with /i vitro and /in vivo data is formulated.
A review of clinical manifestations and immunological
and pathological diagnosis was presented. Treatment
modalities, including the multiple mechanisms of action
of ursodeoxycholate were finally discussed.
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Core tip: Primary biliary cirrhosis (PBC) is a chronic non-
suppurative destructive intrahepatic cholangitis leading
to cirrhosis of largely unknown pathophysiology. We
examined the epidemiological and geoepidemiological
data as well as the pathogenetic aspects of PBC. A novel
pathogenetic theory unifying the accumulated clinical
information with /n vitro and in vivo data is formulated.
A review of clinical manifestations and immunological
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and pathological diagnosis was presented. Treatment
modalities, including the multiple mechanisms of action
of ursodeoxycholate are discussed.
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32-58 Available from: URL: http://www.wjgnet.com/2150-5349/
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INTRODUCTION

Primary biliary cirrhosis (PBC), also known as chronic
non-suppurative destructive intrahepatic cholangitis
is characterized by a gradual destruction of small
intrahepatic bile ducts. Addison et a/'"! in 1851 published
the first report of a patient with obstructive jaundice
without evidence of large bile duct abnormalities.
Dauphinee et a*! in 1949 first used the term PBC but it
was Ahrens et al*! in 1950 that reported on a group of
older women with progressive jaundice, pruritus, and
hepatosplenomegaly. The basic histological description
as chronic intrahepatic non-suppurative destructive
cholangitis was reported by Rubin et a/**! in 1965.

Autoimmune mechanisms have been implicated
to explain the disease evolution of a condition which
is in fact a member of the wider vanishing bile duct
syndrome. Many epitopes and autoantigens have been
reported as crucial in the pathophysiology of the disease
and T and B cells abnormalities have been described,
the exact pathways leading to the destruction of small
intrahepatic ductules are mostly speculative. However
the underlying pathways leading to liver damage are
still under investigation. In this review, we examine
epidemiological, pathogenetic and clinical characteristics
of PBC. Finally we compile the clinical information and
the novel data gathered from in vivo and in vitro studies
that are presented in this review in order to propose a
unifying hypothesis for the pathogenesis of this complex
disease.

EPIDEMIOLOGY

There is a large variation of the incidence and prevalence
of PBC worldwide (Table 1). Moreover there is a
tendency to increase over the years. Thus, studies from
the region of Victoria in Australia demonstrated that in
an earlier population-based survey a prevalence of 19.1
per million was reported™ while ten years later in the
same region a 10-fold higher incidence was reported™®.
In a review of 37 older and more recent published studies
the incidence of PBC ranged from 0.7 to 49 per million
per year and the prevalence was estimated to range
from 6.7 to 402 per million, with a tendency for higher
values in the most recent studies!”.

A prospective study performed in 2006-2007 in
France shows that the incidence was 9 per million per
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year, with an estimate of 36 per million in women over
45 years with a prevalence of 207 per million™, accord-
ing to a recent systematic review the prevalence of PBC
ranges from 1.9 to 40.2 per 100000 inhabitants™.

Although it is usually stated that the disease is
more prevalent in Northern Europe (e.g., England and
Scotland)™®'*! or the Northern United States (e.g.,
Minnesota)™*?, we recently reported a prevalence of 365
cases/million population in the island of Crete indicating
that in South Europe the disease is highly prevalent with
a figure among the higher published in the world™*?..

Spatial and geographic differences in prevalence
of PBC has been reported in several studies™™**®, In
the North East of England there was a clear spatial
distribution of patients with clusters of cases identified
in several urban areas (up to 13 cases/km?). No
demographic or geographical factors could explain
this variation, although the presence of unidentified
environmental factor(s) was suggested'”). Geographic
clustering of PBC has also been reported in coastal First
Nations of British Columbia, where disease has been
recorded to be as high as 1 in 4 within generations of
well-characterized multiplex families™™®. In our own
study we identified loci of very high prevalence within
the homogeneous population of the island of Crete.
Prediction map identified areas of high risk (11 patients
per 50 km?) in the Eastern part, while low risk areas (122
patients per 50 km?) were located in the Western part
of the island™?.

It should be noted that all epidemiological estimations
may represent only the tip of the iceberg since it has
been reported and confirmed that the incidence of
antimitochondrial antibody (AMA) positivity without
liver disease is two times higher than the incidence of
AMA positivity with liver disease!**”. The significance
of these findings is unclear. Possibly they do represent
a hidden reservoir of future overt PBC or alternatively
this is only an immunological abnormality without clinical
consequences. If one adds to these observations the
very long and often asymptomatic course of the disease,
it is clear that epidemiological studies in PBC have many

problems as presented in a recent review".

PATHOGENESIS

As with many other diseases of unclear etiology it is
stated that PBC is an autoimmune disease associated
with genetic and environmental factors. Both, auto-
immunity®®? and environmental factors??* have
been emphasized while several genetic associations
in particular with recent genome-wide analyses®>?”!
have been published. However this is a very general
description that may fit to other diseases as distant
to PBC as inflammatory bowel disease, rheumatoid
arthritis or Hashimoto’s thyroiditis. We will try therefore
to delineate these complex association and propose an
unifying model to accommodate most aspects of the
mechanism leading to the disease.
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Table 1 Indicative studies and metanalysis reporting incidence and prevalence of primary biliary cirrhosis

Ref. Year of publication Country/region Period Incidence (/10°%) Prevalence (/10°)
Watson et al®® 1995 Australia/ Victoria 1974-1991 19.1

Metcalf et al"" 1997 United Kingdom/Newcastle 1987-1994 14.0-32.0 180.0 (1987) 240.0 (1994)
James et al™ 1999 United Kingdom 1987-1994 201.9 (1987) 334.6 (1994)
Kim et al™ 2000 United States/Minnesota 1975-1995 27.0 402.0

"Prince et al”! 2003 Multiple 0.7-49.0 6.7-402.0

Sood et al 2004 Australia/ Victoria 1990-2002 51.0
Corpechot et al® 2008 France 2006-2007 9.0 207.0
"Boonstra et al” 2012 Multiple 3.3-58.0 19.1-402.0
Koulentaki ef al™ 2014 Greece/Crete 1990-2010 20.9 365.0

'Metanalysis.

PBC AS A GENETIC DISEASE

Epidemiological reports have shown that PBC is a
heritable condition with a well proven familial prevalence.
Family history of the disease has been reported to vary
between 1.33% and 9.00%"". In our disease population
familial PBC was found to be a high 9.9%. This may
reflect the fact that in many parts of the island of Crete
societies are relatively close and marriages between
distant relatives are common™®®. The relative sibling risk
in PBC has been estimated to be 10.5, a figure very
close to other classical autoimmune disorders®®®. The
existence of a first degree relative with the disease is
an independent risk factor disease appearance, with an
odds ratio of 6.8-10.7%*"), Moreover in monozygotic
twins a concordance rate of 0.63 for PBC has been
reported, the highest reported among autoimmune
diseases™, All these data do imply that a strong genetic
background participate to the pathophysiology of PBC.

Most gene associations are derived from human
leukocyte antigen (HLA) associations. HLA data in
European populations has been produced from GWAS
and iCHIP studies™ as for example in a large Italian
cohort™, Data on HLA alleles were also provided from
iCHIP studies by Liu et a/® and Juran et a/*®". When
these studies are combined it seems that in European
populations, PBC has been associated with either risk
haplotypes (DRB1*08:01-DQA1*04:01-DQB1*04:02
and DRB1*04:04-DQB1*03:02) or protective
haplotypes (DRB1*11:01-DQA1*05:01-DQB1*03:01
and DRB1*15:01-DQA1*01:02-DQB1*0602). In the
Italian study, the HLA associations were driven by
their DRB1 alleles, either the risk alleles DRB1*08 and
DRB1*14, or the protective allele DRB1*11.

Apart from HLA associations, genes related to
the regulation of components of the immune system
appear to be involved in PBC. Candidate genes like
SPIB are implicated in the development of plasmacytoid
dendritic cells and natural killer (NK) cells, or to the
development of dendritic cells, like IRF5 and IRF8%7%,
Genes that regulate innate immune responses have
also been associated with PBC. Thus negative regulators
of antigen presenting cells, like RPS6KA4 and DENND1B
participating in the signal pathways by pattern reco-
gnition receptors and TNFRSF1A respectively are
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among candidate genes™®*, IRF5 in particular is an
important mediator since it is also involved in macro-
phage polarization and Th1-Th17 differentiation and
therefore might be a significant link between innate
and adaptive immune response™*. Genes that regulate
adaptive immune response have also been associated
with PBC like those that drive activated CD4+ve ThO
cells to differentiate into Th1 cells by IL-12 interacting
with IL-12R.

Four GWAS and two iCHIP studies of PBC have been
recently published!?>?/33645-47],

GWAS studies of PBC from Japan confirmed the
genetic heterogeneity of PBC™*”, Risk loci significant
in Europeans were not associated with PBC in Japan,
including 1p31 (the IL-12RB2 locus, P 1/4 0.054),
3925 (the IL-12A locus, P 1/4 0.342) and 1913 (the
SPIB locus, P 1/4 0.180). By contrast, other loci like
9p32 (TNFSF15) and 11923 (POU2AF1) important
for the Japanese, were not identified in European
populations®®>***I, Two excellent reviews on PBC genetics
have been recently published™®*!,

PBC AND ENVIRONMENTAL FACTORS

Despite extensive studies of specific genes only weak
associations were established in PBC. Environmental
factors may therefore be equally important. The
presence of geographical disease clusters provides
evidence for the participation of largely unknown envi-
ronmental factors in the pathogenesis of PBC. These
factors have been recently reviewed™®>", A recent
geoepidemiological study from Crete with a rather
homogeneous and stable population has shown a large
heterogeneity in the time-spatial distribution which
together with the suggested route of disease spread
strongly indicates the importance of environmental
factors'™,

Infections, through the mechanism of molecular
mimicry, are strong candidate environmental factors in
the pathogenesis of PBC. A possible candidate epitope
is the mycobacterial hsp65 sharing a common motif
with the PDC-E2 antigen™?. The same motif has been
identified in Lactobacillus delbrueckii as the target of
IgG3 antibodies in PBC sera™. This motif, namely the
PDC-E2 221-226 is a candidate common epitope in the
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model of molecular mimicry. However another pathogen
seems to be the most likely candidate in molecular
mimicry. Reports have been focused on the intestinal
commensal proteobacterium Novosphingobium aroma-
ticivorans (N. aromaticivorans), as an etiological factor
in many cases of human PBCP***\, N. aromaticivorans
was found in fecal samples from 25% of patients with
PBC as well as in controls. PDC-E2 from this bacteria
has high homology to human PDC-E2, and AMAs in
serum samples from patients with PBC have a 1000-fold
stronger reaction against N. aromaticivorans PDC-E2
than against Escherichia coli PDC-E2P**), Based on
these clinical studies the group of Gershwin has reported
on a mouse model of a liver disease closely resembling
human PBC, initially triggered by this bacterium®®.
The pathology of liver lesions and the presence of anti-
PDC-E2 antibodies were related to the mouse genetic
background, the liver persistence of Novosphingobium
and the liver infiltration by NKT-cells activated by
Novosphingobium glycosphingolipids. The interaction
of glycosphingolipids of the Novosphingobium with
NKT-cells may be the link between an environmental
pathogen and the immune reactions that have been
described in PBC. A previously unidentified, infection
with Novosphingobium might also explain the reported
redistribution of NKT-cells from the blood to the livers
of PBC patients and the biliary epithelial expression of
CD1d™%,

Other infective factors associated with PBC include
lipopolysaccharide (LPS), lipoteichoic acid, Helicobacter,
B-retrovirus, P. acnes, E. coli and Chlamydia. The
evidence however for their implication is not as strong
as for the previous infectious agents™,

Non microbial environmental factors seem to be
related to disease progression or disease severity. Thus
familiar occurrence of disease, smoking, urinary tract
infections or other autoimmune conditions seem to
be detrimental while oral contraceptives might have a
protective role®",

There might be a link between genetics and the
influence of environmental factors. The mitochondrial
autoantigen PDC-E2 contains lipoic acid; PDC-E2 captures
electrons to alternate oxidation and reduction of a
disulfide bond within lipoic acid. In genetically susceptible
individuals, drugs or chemicals that modify this disulfide
bond might lead to loss of tolerance to PDC-E2. This
protein is well conserved throughout evolution, so
loss of tolerance could also result from an immune
response against similar epitopes in bacteria (molecular
mimicry)®®. In addition to bacteria, chemical xenobiotic
agents might induce PBC!*\. Some halogenated organic
compounds can attach to specific epitopes of PDC-E2
and induce production of antibodies that have higher
affinities for modified mitochondrial epitopes than for
normal PDC-E2. One such agent is 2-octynoic acid, which
is a component of many cosmetics like nail polish; in vivo
and in vitro data indicate its role in autoimmune biliary
disease'®*®?,

Non-obese diabetic mice injected with bovine serum
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albumin-conjugated 2-octynoic acid had high titers
of AMAs and developed histologic features of PBC,
including liver granulomas and infiltration of portal
tracts with CD8+ve T lymphocytes®. However in our
population of PBC patients no association of the disease
with the use of nail polish was found. This might be
due to either a different specific genetic background
of our patients or to the lack of significant quantities
of octynoic acid in the nail polish brands used by our
patients®,

PBC AND HUMOURAL IMMUNITY

A characteristic of PBC is considered to be the loss of
tolerance to a mitochondrial antigen, the PDC-E2, a
member of the 2-oxoacid dehydrogenase complexes
(2-OADC). The antigenic epitopes are located within
the inner lipoyl-binding domain overlapping amino
acids 212-226%"1, Earlier reports based on the
inhibition of 2-OADC enzymatic activity by AMA and
the presence in the portal tracts of B cells producing
anti-PDC antibodies,suggested a pathogenetic role for
AMAS™®, The best evidence for their pathogenetic role
is the presence of secretory IgA anti-PDC in patients
saliva, bile and urine of patients which inhibit the
enzyme activity™ ", It is however possible that AMAs
might indirectly implicated in pathogenesis through apo-
ptotic biliary bodies that activate innate responses!’.
Moreover, AMAs is not a specific finding in PBC, since
they are occasionally present in other autoimmune
and non-autoimmune liver diseases. Therefore loss of
tolerance to PDC-E2 alone does not seem to be sufficient
to cause autoimmune cholangitis””*>’%. Against the
pathogenetic role of AMAs is also the presence of the
clinical condition of the so called autoimmune cholangitis
or better AMA-negative PBC, a disease clinically and
histologically identical to PBC but without detectable
AMA. The present evidence does not favour the role of
AMA in the pathogenesis of PBC”.

There have been other antibodies that, although
they are not pathogenetically associated, they influence
the progress or the severity of the disease like the
autoantibodies against the nuclear pore proteins gp210
and p62"%. The combination of anti-nuclear envelope
antibody (ANEA) and anti-gp210 identified a subgroup
of patients with increased fibrosis and inflammation
and was associated with poor prognosis in our group
of PBC patients””). There is recent evidence to support
deregulated B-cell immune responses in patients with
PBCY®.

INNATE AND ADAPTIVE IMMUNITY
IN PBC (TLR RESPONSE AND T CELL

RESPONSES)

Adaptive CD4+ve and CD8+ve T-cells and innate
responses have been implicated in PBC pathogenesis,
following environmental insults in genetically susceptible
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individuals”>"*®, The role of bacterial and viral factors
has already been discussed. Biliary epithelial cells
express molecules of the toll-like receptor (TLR) family
that recognize pathogen-associated molecular patterns
(PAMPs) thus triggering the innate immune responses.
It is also suggested that cholangiocyte damage might
result from a combined dysregulation of TLRs and of
peroxisome proliferator-activated receptor-gamma (a
negative regulator of intracellular signaling) resulting
in Thi-predominant cytokine effects. Moreover, CD4-
positive, IL-17 secreting Th17 cells are important for
the development of inflammation as tey infiltrate biliary
ductules and are directly related to the biliary innate
responses to PAMPs®' ],

In PBC, besides IL-17" cells infiltrating damaged bile
ducts, hepatic NK-cells active against biliary epithelial
cells are found, but their role in the loss of immune
tolerance reported in PBC has not been elucidated®®®"’.
Earlier reports have demonstrated the presence of CD4
and CD8 T-cells reactive against the human PDC in PBC
livers during the earliest disease states®®®,

CD4" CD28-ve cells are markedly increased as
intraepithelial lymphocytes within damaged bile ducts
and may therefore participate in the bile duct damage™.
The residues 159-167 of PDC-E2 seem to be important
in the pathogenesis since HLA DR4*0101-restricted
T cell epitope, spanning residues 159-167 have been
identified®**®!, while CD8 T cells from PBC livers are
cytotoxic against PDC-E2 159-167 pulsed autologous
cells™,

An interesting model implicating T cells in the
pathogenesis of PBC is a mouse manipulated for T cell-
restricted expression of a dominant-negative (dn) form
of transforming growth factor-beta receptor I (TGFbR
IT). A PBC-like disease, not identical to the human
condition develops which further connects the T cell role
with the involvement of two cytokines namely TGFb and
IL-120%%,

IL-12 consists of the two p35 and p40 subunits,
while TGFb signaling is essential in the development of
the pro-inflammatory Th17 cells™®. Further data from
this model indicate that it is the p40 subunit which is
fundamental for development of bile duct damage™®”.
The importance of IL-12 signaling and the PBC-like
disease of the dnTGFbRII mice is further supported by
genetics relating the IL-12 pathway with human PBC as
mentioned in the genetics section™’.

In PBC, as already mentioned, T cells, particularly
CD8 cytotoxic cells infiltrating the liver are mandatory
for bile duct damage®®”. However in the CD25-negative
mouse model, lack of CD8 cells attenuates but does
not abolish bile ductular destruction, indicating that an
additional mechanism of destruction is also present in
PBCM'®, Equally important is the role of T regulatory
cells. Animal experiments indicate that deficiency of
regulatory T cells (Tregs) results in the development
of AMA +ve, autoimmune bile ductular lesions anti™®.
Moreover a reduction of Tregs has been found in the
portal tracts of PBC patients™*.
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TLRS AND MACROPHAGES IN PBC

Kupffer cells are the resident liver macrophages and
constitute approximately 80% of body macrophages.
Kupffer cells respond to all TLR ligands by increasing the
production of tumor necrosis factor (TNF)-a, IL-1, IL-6,
IL-12, IL-18, and IL-10. Liver DCs express all members
of the TLR family, although TLR5 expression is low.
Hepatic pDCs activated by TLR7 and TLR9 ligands,
produce TNF-q, IL-6, IL-12, and IFN-o'**'%"), Based
on the reported connection between the biliary tract
and the intestinal lumen, it is possible that intestinal-
derived bacterial products could contribute to PBC
progression!®®*'%! In response to ligands for TLR2,
TLR3, TLR4, TLR5, and TLR9, PBMCs from PBC patients
produce increased amounts of pro-inflammatory
cytokines compared to PBMCs from healthy subjects!®.
In PBC patients, high expression of TLR9 leads to
increased intracellular immunoglobulin M and AMAs
production by B cells™*****), Furthermore, a number of
TLR9 SNPs may cause B cells to produce higher amount
of intracellular immunoglobulin M™**?!, High expression of
TLR3 and type I interferon in macrophages surrounding
portal tract and hepatocytes has been reported in the
livers of PBC patients!**®, Liver macrophages produce
IFN-a through TLR3 signaling leading to synergistically
enhanced LPS-induced NK-cell cytotoxicity to auto-
logous BECs. Furthermore, in PBC patients liver NK-cell
cytotoxicity is higher compared to controls, when these
cells are incubated with poly I:C and LPS-primed liver
macrophages'®®’.

Mice immunized with 2-octynoic acid have been
found to develop a type of autoimmune cholangitis with
AMAs, similar to human PBC, but did not develop liver
fibrosis. CD8 T cell infiltration, inflammatory cytokine
expression and liver fibrosis were induced by Poly I:
C treatment in this mouse model of PBC, thus further
supporting the impact of TLR3 signaling in PBC!**",

CYTOKINES IN PBC

Earlier reports have demonstrated the predominance
of a Thl cytokine profile in PBC with a parallel relative
decline of Th2 prevalence*****"1, Overall, the data
suggest that the IL-12 cytokine pathway and down-
stream JAK-STAT signaling is significant in PBC patho-
genesis. The interaction of IL-12 and IL-12 receptor
leads to the production of one more candidate gene
in PBC, the STAT4 transcription factor that activates
of Thl cytokines production. More experimental data
concerning the specific role of IL-12 signaling are needed
in PBC and animal models. Interestingly, early onset of
biliary cirrhosis has been reported in an IL-12-deficient
child but the immediate relevance of this finding to PBC
is unclear™®,

Another important cytokine possibly involved in
PBC pathogenesis is TGF-p as mentioned before. We
have demonstrated that the serum profile of the 3
TGF-B isoforms is different in the liver disease groups
studied. An increase in TGF-B3 is a characteristic of
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PBC irrespective of stage and therefore it may be
pathogenetically important. Results from the hepatic
vein samples indicate that the liver seems to be the
source of the TGF-B abnormalities™**!. Plasma levels
of IL-6 are decreased in PBC!**” but monocytes from
PBC patients secrete more IL-1 and IL-6 after in vitro
challenge with TLR ligands™® and increased liver
expression of IL-6 was described in PBC!''”.

CHEMOKINES IN PBC

As mentioned before, many mechanisms of biliary
epithelium death have been proposed, including various
cytotoxic T cells subpopulations and NKT-cells®>#>121124],
Additional destructive mechanisms involve the acti-
vation of TNF, CD 40, and Fas receptors'*. All these
mechanisms however depend on the recruitment of
these cells in the area of destruction. Chemokines are
a discrete class of cytokines that regulate leukocyte
recruitment, positioning and retention in tissues. Epithelial
cells produce the chemokine Fractalkine (CX3CL1) and
its receptor CX3CR is expressed in CD8+ve and CD4+ve
T cells'™*®.. An overexpression of fractalkine has been
reported in injured bile ducts of PBC, while CD4+ve and
CD8+ve lymphocytes expressing CX3CR1 predominate
in portal tracts and within the biliary epithelium. Other
chemokine receptors like CXCR3 and CCR5 are mostly
expressed on Thi cells!****, In early PBC Thi cells
positive for the CXCR3 densely surround the damaged
bile ductules. As a consequence the ratio of CXCR3-/
CCR4-positive lymphocytes (Th1/Th2) is significantly
higher in early compared to late stage PBC'**®. In more
recent reports the significance of two other chemokines,
namely the IFN-y-inducible protein 10 (IP-10, CXCL10)
and monokine induced by IFN-y (MIG, CXCL9) has been
stressed. These are produced by macrophages, i.e., the
Kupffer cells in the liver and are also implicated in the
recruitment of Thl cells via the same receptor CXCR3.
Alternatively the sinusoidal endothelial cells may be
another site of their production™®"%, MIG and IP-10
are also secreted by biliary epithelial cells and activated
stellate cells™**?, Increased plasma IP-10 and MIG
levels have been reported in PBC patients accompanied
by an increase in their mRNA in the liver tissue. Most
importantly increased plasma levels were also found in
their first degree relatives!**!, The third CXC chemokine
I-TAC was not detected.

We recently reported a significant increase of
plasma MIG and IP-10 compared to normal controls.
The CXCR3A variant mRNA was found in PBLs from all
PBC patients as well as in normal controls. However
the CXCR3B variant mRNA was expressed in 4/20
(19%) normal controls and all 20 PBC patients. These
data suggest a possible pathogenetic implication of
MIG and IP-10 chemokines and their receptor in the
pathogenesis of PBC*. Recent papers demonstrated
that these chemokines and their receptors are also
involved in the hepatic recruitment of Tregs and the pro-
inflammatory Th17 and Tc17+ lymphocytes!*>%,
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There is also evidence that IP-10 is a pro-fibrotic
factor participating in the interactions between hepatic
stellate cells and NK cells which play a central role in the
regulation of hepatic stellate cells activity and fibrosis.
IP-10 blockade might be a future target for treatment
of liver fibrosis™",

THE ROLE OF APOPTOSIS IN PBC

Experimental and clinical evidence suggests that
apoptosis is the most important mechanism of biliary
epithelial cell damage. Apoptotic biliary epithelial cells
cells identified by the TUNEL reaction are frequently
described in PBC liver tissue!**®, Apoptosis markers
have been demonstrated within the portal tracts in liver
specimens from PBC patients™****” including a reduced
expression of the anti-apoptotic protein bcl-2M*1, Cells
responsible for apoptosis induction are the cytotoxic
CD8+ve T-cells. Biliary epithelia, unlike other cell types,
have a rather unique characteristic considering the
fate of the pyruvate dehydrogenase complex during
apoptosis. Glutathione fails to bind to the lysine-lipoyl
residue of the dehydrogenase complex and thereby the
autoreactive epitope is not cleaved**?,

PDC-E2 is a ubiquitous protein present in mito-
chondria of nucleated cells; biliary epithelial cells
translocate intact PDC-E2 to apoptotic bodies and create
an apotope, which is immunoreactive. PDC-E2 remains
intact and immunogenic during biliary epithelial cell
apoptosis; This allows biliary PDC-E2 to be exposed
to dendritic cells and its epitopes to be presented to T
cells in draining lymph nodes, leading to production of
AMAsY#81431 However in established transgenic mice
that constitutively express PDC-E2, aberrant expression
of PDC-E2 in the cytoplasm of BECs was not followed
by biochemical, serological or histological features of
PBC. The results indicated that PDC-E2 expression
BECs is not sufficient for the initiation of autoimmunity.
Additional factors may be required to establish a model
of PBC**,

ROLE OF REACTIVE OXYGEN SPECIES IN
PBC

There are few data on the significance of reactive
oxygen species (ROS) in bile ductular damage in PBC.
Biliary epithelial cells express low levels of glutathione-
S-transferase with a resultant decrease of intracellular
glutathione. On the other hand, lipid peroxidation seem
to be increased as reflected by increased perinuclear
expression of 4-hydroxynonenal™*.

Other antioxidants including vitamin E, retinol,
alpha-tocopherol, total carotenoids, lutein, zeaxanthin,
lycopene, alpha and beta-carotene are reduced in
PBCI**¢*8l Total serum antioxidant capacity (measured
with chemiluminescence) is reduced in PBC patients!*!,
In contrast, we have reported increased levels of
corrected total antioxidant capacity in PBC™ a fact that

August 6, 2015 | Volume 6 | Issue 3 |



Kouroumalis E et a/. Primary biliary cirrhosis

may reflect a compensatory but probably not sufficient
increase to counteract an increased ROS production.

In vitro studies further support the role of ROS as
an effector mechanism in bile duct damage in PBC.
Ursodeoxycholic acid (UDCA), the current drug of choice
in PBC treatment, is a potent ROS scavenger, inhibiting
mitochondrial oxidative stress and lipid peroxidation in
a dose-dependent manner!****¥, Indirect evidence for
the role of ROS comes from the rat bile duct-ligated
model. Lipid peroxidation is a late event in the bile
ligated model and a correlation seems to exist between
lipid peroxidation and the activation of inflammatory
cells™****!, In this model overproduction of Free radicals
is due to activation of NF-«B resulting in increased
production of the proinflammatory cytokines TNF-q,
IL-6 and IL-1b™®, Moreover, in vitro experiments
have shown that retention of several bile acids like
taurochenodeoxycholic acid and taurocholic acid lead to
hepatocyte damage producing hydroperoxide by mito-
chondria*’**®, The same bile acids induce hepatocyte
apoptosis in a time and concentration-dependent manner
due to ROS generation by mitochondria™®. These
findings are relevant to human PBC because increased
bile acid retention is a feature of at least late PBC.

A further connection of increased ROS and apoptosis
of biliary epithelia has been provided by Celli et
al*®” They demonstrated, that the reduction in the
intracellular level of the antioxidant molecule glutathione
leads to increased degradation of the anti-apoptotic
bcl-2 protein and therefore to an increase in biliary
epithelial apoptosis.

CURRENT VIEWS ON THE
PATHOGENESIS OF PBC

Every effort to elucidate the complex pathogenetic
mechanisms leading to the development of PBC should
account for two facts that are critical in the disease
pathophysiology. First, the main PDC auto-antigen is
an inner mitochondrial membrane component and
therefore any attempt of the immune cells to contact its
epitopes should overcome three different membranes.
This problem has been partly answered by the unique
characteristic of biliary epithelial cell apoptosis and the
retention of immunologically active antigens within the
apoptotic blebs as mentioned before. Moreover apoptotic
blebs does not seem to be an early phenomenon. The
initiation event in a genetically predisposed individual still
is not known. Second, PBC initially affects only the small
intrahepatic bile ductular cells, while the antigen is widely
distributed in many tissues including the extrahepatic
bile ducts.

Pathogenetical models proposed so far consider as
the crucial event the break down of T cell self tolerance
to PDC epitopes. The generation of antibodies against
PDC by themselves is not enough to damage the biliary
ductules,as already mentioned™**, The molecular
mimicry model of self-tolerance breakdown was pro-
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posed as a more logical approach compared with the
rather obscure concept of autoimmunity!**!,

According to this theory,bacterial or retroviral
infections, probably trigger an immune attack leading
to apoptosis of epithelial cells. This T-cell attack is
mediated by TLR interaction with a micro-organism
epitope cross-reacting with a self-PDC epitope. The
retroviral etiology of PBC has been reviewed in detail”'.

Endotoxins and PAMPs are potent activators of
the immune response. These bacterial products are
normally cleared by the liver and eliminated in bile!**?.
Lipid A is dephosphorylated and inactivated through the
action of alkaline phosphatase in bile™®, Lipid A, the
immunogenic constituent of gram-negative bacterial
LPS, and other PAMPs accumulate in hepatocytes and
biliary epithelium, thus contributing to small bile duct
inflammation!®#+'+1%3 pBC patients exhibit a strong
immune response to LPS™**'*”), The loss of tolerance to
bacterial products could be at least partly secondary to
cholestasis and, more specifically, to impaired alkaline
choleresis or a defect in transporters involved in the
generation of ductal choleresis!*®®.

Apart from bacterial antigens viruses have been
investigated as triggering agents in PBC.Thus viral
particles have been described within biliary epithelial
cells of PBC patients, and antibodies against retroviruses
have been found in their sera™®*’?. In a cohort of
patients genetic material of a human beta retrovirus
(95% homologous to the mouse mammary tumour
virus) has been identified in the lymph nodes of 75% of
patients™"!,

Epidemiological evidence may be interpreted as
supportive of viral implication in the pathogenesis of
PBC. Description of PBC clusters among individuals
who emigrated from low PBC to high PBC prevalence
areas and PBC cases among unrelated individuals living
in the same house are some of these. Furthermore,
in patients treated with tacrolimus PBC recurrence
after liver transplantation occurs earlier and is mere
severe, while the contrary is observed with cyclosporine
administration™”>"”%, However the retroviral etiology of
PBC remains debatable™’>.

In accordance with the molecular mimicry model,
Jones described an alternative pathogenetic model
where virals or bacterial epitopes with homology to
PDC are the initial trigger™®. Self-PDC reactive T cells
escape negative selection in the thymus, because of
the low affinity of their T cell receptor towards the the
complex of self-peptide and major histocompatibility
complex (MHC). An interesting feature of this model is
that the state of activation of APC may determine the
efficacy of antigen presentation and promote tolerance
breakdown™®,

As mentioned before,several other cells of the innate
immune system are implicated in the pathophysiology
of PBC. Granulomas common in PBC, increased levels
of polyclonal IgM, hyper-responsiveness to CpG oligo-
deoxynucleotides and increased numbers of NK cells
are related to innate responses. Bacterial and viral
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epitopes induce innate immune responses through
binding to TLRs. TLRs were described in cultured human
biliary epithelial cells™***””), These findings make
the inclusion of innate immunity mandatory in any
pathogenetic model of PBC.

Another finding connects senescence and shortened
telomere length as a unique feature of damaged BEC
in PBC. Significantly decreased telomere length in the
affected biliary epithelial cells compared to histologically
normal BEC in both PBC patients and controls has been
reported Immunohistochemistry confirmed cellular
senescence. These changes are not inconsistent with
the retroviral hypothesis, since viruses can directly
damage the DNA in susceptible individuals!”®,

PATHOGENESIS OF PBC: A UNIFYING
HYPOTHESIS

A significant increase of endothelins, particularly ET2
(and to a lesser extent of ET1) both in peripheral blood
and in the hepatic vein of PBC patients from the early
stages of the disease has been reported in our earlier
study™®, We then proposed a new hypothesis for the
pathogenesis of PBC. Here we modify our previous
hypothesis to incorporate new data that have emerged
since our previous publication!®”, We consider that
a primary defect is the overproduction by the liver
endothelial cells of ET2 (and to a lesser extent ET1). This
defect might be genetically controlled. It is possible that
the initiating event in genetically susceptible patients
is the effect of either a retrovirus or a pathogen like N.
aromaticivorans or PAMPs. The presence of scavenger
receptor type B capable of internalizing foreign antigens
has been described in endothelial cells. A strongly
antigenic component of gram positive bacteria namely
lipoteicholic acid, has been described in endothelial
cells of PBC patients!'®. ET2 may induce Kupffer cells
to produce pro-inflammatory cytokines, such as IL-1
and IL-6. This has been already described for mouse
peritoneal macrophages!*®*?, On the other hand, PAMPs
acting on the TLRs of the Kupffer cells may lead to the
production of TNF-o. and further augmentation of IL-1
and IL-6. ET2 has a similar peptide homology with CXC
chemokines and through ETB receptor on macrophages
is a strong chemoattractant of these cells"®”. Indeed
macrophages comprise 30% of the cells infiltrating
portal areas and are mostly found around damaged bile
ducts!*®, Electron microscopy verifies the presence of
activated macrophages that differentiate into epithelioid
cells near bile epithelial cells!'®,

Many cells at the periphery of epithelioid granulomas
are MCP2 and MCP3 positive and almost 60% co-express
CD68, a finding compatible with their macrophage
origin™®!, A possible link with the progression to cirrhosis
in stage 3 and 4 PBC is the observation that Kupffer cells
and myofibroblasts are increased and closely associated
in periseptal and periportal areas. This might be an
indication of an interaction between Kupffer and stellate
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cells leading to fibrosis™"’,

Endothelins also cause contraction of stellate cells thus
helping in the early appearance of portal hypertension in
PBC"®. In agreement with this hypothesis are findings
from our group indicating that disease specific antibodies
against liver sinusoidal cells circulate in PBC'®?, In
addition we reported that polymorphisms related to
endothelial cells were associated with PBC. Both eNOS
intron4 VNTR and eNOS exon7 G894T SNP were related
to increased risk in PBC while endothelin-1 rs2071942
“A” and rs5370 “T” alleles had a tendency for association
with disease progression!**”,

Bile ducts are supplied with blood only from hepatic
arteries; the epithelial cells receives blood from a
network of capillaries originating from the terminal
branches of the hepatic artery. It is called the peribiliary
vascular plexus (PVP) and drains into the sinusoids. This
specific vascular supply, is responsible for the extensive
involvement of the interlobular bile ducts in ischemic
injury™®".. Reduced perfusion of this network can cause
extensive bile duct damage™*”.

There is evidence that endothelins (ETs) and nitric
oxide are the principal regulators of circulation of the
PVP!*?, We therefore propose that patients with PBC an
initiating damage of the biliary epithelium is caused by
ischaemia due to ET2 induced vasoconstriction observed
from the ealy stages PBC. This finding was disease
specific since it was not observed in other chronic liver
disease patient with or without cirrhosis!’®.. Ischaemia
might then lead to apoptosis of bile ductular cells a
mechanism already reported in epithelial destruction of
PBC. As mentioned earlier, biliary epithelial cells undergo
a unique apoptosis with an antigenically active PDC
complex shed from mitochondria into the cytoplasm as
early as 6 h after induction of apoptosis possibly through
the action of caspase 3%, These immunoreactive
epitopes, are then taken up by peribiliary antigen
presenting cells expressing MHC 1I (this uptake might
be either genetically regulated or alternatively be
induced by proinflammatory cytokines™**!. This is a
mechanism that could explain the proposed similarities
between PBC and graft vs host disease (GVHD)!%"!
which is also attributed to endothelial cell injury™®.
Interestingly in graft vs host disease observed after
small bowel transplantation, increased levels of ET1
have been histochemically demonstrated in endothelial
and epithelial cells some days before GVHD, strongly
suggesting a pathogenetic significance’®. An additional
feature of this model is that increased secretion of
chemokines IP-10 and MIG possibly by endothelial or
Kupffer cells is an early event that leads to accumulation
of immune cells and also inactivation of NKT-cells by
IP-10 with resultant reduced apoptosis of liver sinusoid
endothelial cells!*”),

A possible role for TGF-B abnormalities have also
been incorporated in this model. It is TGF-B1 that
modulates FoxP3 expression and the regulatory activity
of CD4 cells®®". Could it be that TGF-3 influences the
development of Tregs? Differences in TGF-B isoforms
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Figure 1 Liver sinusoidal endothelial cells and Kupffer cells are mandatory in the pathogenesis of primary biliary cirrhosis with early and late events in
the unifying model. The fundamental early defect in primary biliary cirrhosis (PBC) is the overproduction of endothelin 2 (ET2) by endothelial cells (1) possibly driven
by a retrovirus or other microbial pathogens in genetically predisposed individuals. ET2 is a chemoattractant for Kupffer cells and also causes contraction of stellate
cells leading to early portal hypertension. ET2 leads to ischemic damage of biliary epithelial cells (BEC) (2) through constriction of the peribiliary vascular plexus with
resultant BEC mitochondrial dysfunction and eventually apoptosis leading to the vanishing bile duct syndrome. Apoptotic blebs containing immunologically active
mitochondrial antigens possibly generated through caspase cleavage, are presented by hyper-responsive liver dendritic cells (APC) (3) and lead to immune cell
accumulation and antimitochondrial antibody production. The second fundamental defect occurring later in the disease process is the production of reactive oxygen
species (ROS) driven by both bile acid accumulation as a result of the vanishing bile ducts and generation by Kupffer cells through ingestion of BEC apoptotic bodies.
ROS drives the accumulated Kupffer cells to produce more ROS and pro-inflammatory cytokines. Moreover, a relative antioxidant insufficiency allows ROS to cause
lipid peroxidation and further BEC apoptosis and mitochondrial dysfunction. CXCL chemokines produced by endothelial and Kupffer cells drive the accumulation of
various immune cells while IP-10 inhibits apoptosis of LSCs induced by natural-killer T (NKT)-cells and thus favors the fibrosis induced by transforming growth factor
(TGF)-B produced by Kupffer cells. However an increased TGF-B3 production may also explain the reduced Tregs found in PBC. In this model BECs are destroyed
by other mechanisms in addition to the initial ischemia. ROS damage, NK cell killing induced by interferon alpha (IFNa.) production by Kupffer cells, cytotoxicity
by CD8+ve cells and T-helper 17 (Th17) cell, are also implicated. All these lead to the development of the vanishing bile duct syndrome characteristic of PBC. H:
Hepatocyte; E: Endothelial cell; ET2: Endothelin 2; PVP: Peribiliary vascular plexus; PAMP: Pathogen-associated molecular patterns; ETA: Endothelin-A; TLR: Toll-like
receptors; IL: Interleukin; TNFou: Tumor necrosis factor alpha; KC: Kupffer cells; TGF-p: Transforming growth factor beta; BEC: Biliary epithelial cells; ROS: Reactive
oxygen species; LSEC: Liver sinusoid endothelial cells; Tregs: Regulatory T-cells; IP-10: Interferon gamma-induced protein 10; APC: Antigen presenting cells; MIG:
Monokine induced by gamma interferon; NKT: Natural killer T-cells; Anti-PDC: Anti-pyruvate decarboxylase antibodies; AMA: Antimitochondrial antibodies.

may lead to a deranged balance between Tregs and factor developed AMA positivity and features resembling
Th17 cells. We have also proposed that these findings PBC with increased levels of IL-17 and IL-23, cytokines
may be the causative link leading to Treg and/or  associated with Th17 cells!*",

Th17 deregulations reported in PBC. The presence of The proposed model requires that additional aspects
increased local levels of TGF-B3 (and the concomitant have to be verified in future. An important point is
relative lack of TGF-B1) in conjunction with increased that the increased concentration of ET2 we reported
levels of IL-6 may shift the balance towards an increased was also observed in the systemic circulation.The
activity of the proinflammatory Th17 cells adding to the vasoconstriction and the consequent ischemic injury
CD8 cytotoxic lymphocytes destructive mechanism, therefore ought to be present in other organs away
while at the same time leading to functionally defective from the liver and PVP. This liver selectivity might be
Treg. The increased presence of TGF-B3 instead of due to increased expression or increased affinity of
TGF-B1 could be a further mechanism that favors Th17 ET receptors for ET2 in the PVP of PBC patients, also
activity since one can postulate that TGF-B3 could either genetically determined, but this explanation requires
be associated with functionally defective Tregs or could further research.

directly favor the increase of Th17. Further evidence for Our proposed model is diagrammatically presented
such a hypothesis is provided by a report that mice with in Figure 1 and pathophysiological abnormalities are
mutation of the gene encoding the FoxP3 transcriptional subdivided into early and late events. This hypothetical
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model has several advantages. An interaction between
innate and adaptive immunity in the pathogenesis of
PBC is described. The initiating event involves innate
immunity while adaptive immunity causes perpetuation
of the disease even after disappearance of the initiating
event. It also integrates the role of infective agents
whether retroviral or bacterial and the similarity of PBC
with GVHD. Interaction of endothelial and Kupffer cells
with stellate cells allows for the development of fibrosis
and cirrhosis.

In this model AMA production is a secondary
phenomenon rather than pathogenetically related to
bile ductular damage. Therefore the existence of AMA
negative PBC is also explained as well as the presence
of many other autoantibodies both disease and non-
disease specific. Most importantly, it is recurrence
with the idea of a complex genetical predisposition
as it offers many levels for genetic control as outlined
before. Candidates are endothelial cells (and possibly
Kupffer cells), the perivascular plexus and ET receptor
expression and affinity and peribiliary antigen presenting
cells that might be genetically hyper-responsive.
Furthermore some of them may be estrogen dependent,
thus explaining the extreme female prevalence of the
disease, but this requires further research.

CLINICAL MANIFESTATIONS

The typical PBC is characterized by a gradual long term
disappearance of small intrahepatic bile ductules and a
parallel long term increase in fibrosis, resulting in biliary
cirrhosis over a period of 10-20 years. Ten percent
to twenty percent of patients, are presented with
fluctuating or persistent biochemical and histological
evidence of auto-immune hepatitis. These patients
have a more rapid progression of liver fibrosis and liver
failure. A small minority of patients, develop a very
rapid onset of vanishing bile duct syndrome with serious
cholestatic jaundice and quick progress to cirrhosis in
less than 5 years®?®!, At diagnosis, many patients
are asymptomatic diagnosed at a routine check by an
increase in cholestatic liver enzymes. Approximately
30% of them will remain asymptomatic for many years.
The rest will develop symptoms within the next 4 years.
The commonest symptom at presentation is fatigue
followed by pruritus (21% and 19% respectively)?**%°,
Severe fatigue impairs quality of life and appears in up
to 80% of PBC during the course of the disease but it is
not correlated with disease severity!??*°,

However symptoms of autonomic dysfunction like
orthostatic hypotension, excessive daytime somnolence
and sleep disturbance have been reported®®. The
pathophysiological mechanisms of chronic fatigue in
PBC are not clear. Treatment is particularly difficult.
UDCA is often ineffective while liver transplantation can
not ameliorate the symptom. The second commoner
symptom is pruritus in 20% to 70% of patients and can
be debilitating at times*'?". The severity of cholestasis
and the histological stage of the disease do not correlate

Roishidenge ~ WJGPT | www.wjgnet.com

41

Kouroumalis E et a/. Primary biliary cirrhosis

with the intensity of pruritus. In our population pruritus
is extremely rare at any stage of the disease for un-
known reasons. The pathophysiology is obscure and
the molecules that may be responsible for itching in
cholestasis have not been identified. Proposed causative
agents include bile salt metabolites, progesterone
metabolites, histamine and endogenous opioids but the
existing evidence for the implication of these agents is
Weak[211,212].

Cutaneous manifestations with various degrees
of severity are common in PBC patients. We have
described fungal infections of the skin even in the earlier
histological stages. Plantar mycoses, onychomycoses,
and interdigital mycoses were more frequent in PBC
patients compared to normal controls. Dermographism
and melanosis were also very common. In as many
as 38.7% of patients the presenting symptom was a
dermatologic lesion®*!,

An increased portal pressure defined as the
difference between the wedge and free pressure in
the hepatic veins is frequently found in PBC. A reliable
predictor of survival is the stability or improvement of
this pressure gradient™****), Cirrhosis is present only at
stage 4, but variceal hemorrhage has been described
early in the disease due to early development of nodular
regenerative hyperplasia®*®..

A relative lack of intestinal bile acids leads to
malabsorption of calcium and vitamin D and hence to
osteoporosis. This is usually a late finding. Decreased
osteoblastic and increased osteoclastic activity have
been incriminated in the progress of osteoporosis in PBC
patients®!7*%,

Regarding breast cancer, both increased risk****%
and equal risk™®"! compared to a healthy women have
been reported in PBC patients. The incidence of hepato-
cellular carcinoma in advanced PBC is more or less
similar to other types of cirrhosis and is more frequent in
male patients. The incidence of hepatocellular carcinoma
(HCC) amongst patients with a diagnosis of PBC is
estimated at 0.36 per 100 person years. An increasing
risk for HCC has been observed in the most advanced
stages of PBC**?*Y, As with other autoimmune diseases
PBC has been reported to be associated with many
immune-mediated diseases. Thyroid abnormalities
are often reported in PBC, sometimes preceding its
diagnosis”*'. Other autoimmune diseases develop in
approximately 33% of patients with PBC (for example
scleroderma, Hashimoto’s disease, Raynaud syndrome,
and Sjoégren’s syndrome), as do cholestasis or pruritus
during pregnancy**#¢%8],

Dyslipidemia was found in 69.4% of our patients,
in 60% of their first degree relatives and in 40.9%
of the study controls.Multivariate analysis confirmed
the association with the presence of at least another
autoimmune disease while a cancer history was mere
frequently reported in patients than in controls (P
= 0.033)"®, Coeliac disease is far more common in
PBC compared to inflammatory bowel diseases and
has been reported in up to 6% of PBC patients'*,
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However this is not true in all populations and criteria
for diagnosis should always include duodenal and small
bowel biopsies. In our series of patients a very high
proportion of false positive results of celiac disease
associated antibodies was found. Twenty-one percent
of PBC patients and 35% of patients with AMA negative
PBC had anti-gliadin antibodies while the corresponding
numbers for anti-transglutaminase were 10% and
18% respectively. By contrast anti-reticulin and anti-
endomysial antibodies were not detected. Duodenal
and small bowel biopsies performed in two thirds of
patients with either AMA positive or AMA negative PBC
patients with at least one antibody present, failed to
confirm histologicaly even a single case of celiac disease
and therefore in our patient population an increased
risk for celiac disease could not be demonstrated. In
accordance with our findings a high prevalence of false-
positive anti-gliadin and anti-tissue transglutaminase
antibodies has been reported in chronic liver disease'**”.

DIAGNOSIS

Presence of serum AMAs, elevations of cholestatic
enzymes mainly of alkaline phosphatase and increased
levels of IgM immunoglobulin in serum, are the criteria
used for diagnosis of PBC. The M2 subclass of AMAs is
considered highly specific for PBC. The presence of two
criteria indicate a probable diagnosis, but a definitive
diagnosis requires all three!**"**,

Histology compatible with PBC, although usually not
necessary for diagnosis, is mandatory for identification
of the histological stage of the disease.

Various other autoantibodies are frequently found
in PBC. Most prominent are the antinuclear antibodies
(ANAs) reported in 30% of PBC patients™****!, The so-
called “multiple nuclear dots” ANA pattern corresponds
to the Sp100 and Sp140 antigens, pro-myelocytic
leukemia nuclear body proteins and small ubiquitin-like
modifiers’®***"! is considered specific for PBC. A second
immunofluorescence pattern of AMAs, the “nuclear
membrane” (rim) pattern, corresponds to ANEAs, such
as gp210 and nucleoporin p62%**°. Earlier reports
indicated that the anti-gp210 antibodies are specific for
PBC and their presence is associated with more severe
and active disease”®***!. An increased expression of
gp210 on the nuclear envelope of bile ductules and
portal mononuclear cells and peri-portal hepatocytes was
reported by Nakamura et a/**! who also confirmed their
association with active disease. We also reported that
46.9% of patients with PBC have detectable ANEAs and
21% of them had detectable anti-gp210 antibodies in a
subgroup of PBC patients with histologically advanced
disease with poor prognosis””,

The role of serum surrogate markers in PBC diagnosis
is doubtful to say the least. We recently reported on
simple biochemical markers of liver fibrosis in patients
with PBC and other chronic liver diseases. Significantly
increased levels of hyaluronan and collagen IV, were
found in all chronic liver diseases compared to controls,
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but laminin was increased only in HBV and HCV cirrhosis.
Serum Hyaluronan was significantly increased in late PBC
compared to early stage disease (154.5 ng/mL; 95%CI:
55.3-764.4 and 54.5 ng/mL; 95%CI: 27.3-426.9
respectively, P < 0.05). The areas under the curve for
late PBC were relatively high for hyaluronan and collagen
IV (0.74 and 0.70 respectively) and low for leptin
and laminin (0.63 and 0.59 respectively). Moreover
hyaluronan had 96% sensitivity and 90% Negative
Prognostic Value for late stages of PBC. However no
single measurement could differentiate between early
and late stage PBC. Serum hyaluronan nonetheless
proved to be a useful serum marker for sequential follow
up studies in PBC?*, Other surrogate markers like APRI,
Forns, Fibroindex and FIB-4 do not offer any advantage
over the single biochemical measurements we used>**!,

Other non invasive techniques, namely transient
elastography, supersonic shear imaging and acoustic
radiation force impulse elastography have been tested
in patients with PBC, in an effort to establish advanced
fibrosis!******), It is doubtful however that their use can
replace the gold standard of liver biopsy particularly in
early PBC. The evolution of fibrosis over the years might
be a field where these techniques can assist in the
follow up of these patients.

PATHOLOGY

PBC is histologically classified into 4 stages according
to Ludwig™®*® or Scheuer classification™’. In early
stages, lesions mostly progress in small interlobular bile
ductules. Swelling and degeneration of their epithelium
finally leading to necrosis is a prominent feature of
early PBC**®. There is extensive infiltration of the portal
tracts with mononuclear cells, including macrophages
and eosinophils mostly around affected bile ductules.
In some cases granulomas or aggregates of epithelioid
cells are found either in portal tracts or within the
lobule. Granulomas can be found in any histological
stage. Occasionally mild Kupffer cell hyperplasia or
infiltration of sinusoids by lymphocytes can be found. A
histological finding associated with disease progression
is the presence of periportal hepatitis. In later stages,
the injured bile ducts gradually disappear probably
through apoptosis and fibrosis and ultimately cirrhosis
develop. A useful finding in diagnosis is an excessive
accumulation of copper within hepatocytes present from
the early stages. As already mentioned a liver biopsy
may not be necessary for diagnosis.This is true but
staging of the disease still requires a liver biopsy since
neither serum surrogate markers nor elastography can
replace an adequate liver tissue sample. In particular
elastography, although relative simple to perform, can
only assess fibrosis and not the other parameters a liver
biopsy can provide. Moreover the distinction between
stages II and Il in the METAVIR scale is extremely
difficult™*>*,

Kakuda et a/®*°! analyzed the usefulness of a
new histological classification system in predicting
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retrospectively the clinical outcome of patients with PBC.
The prognostic performance of this system, which was
developed a few years ago by this Japanese team>**?%
was compared to those of the Scheuer’s and Ludwig’s
classical systems. They concluded that, while the place of
liver biopsy in PBC remains clearly limited for diagnostic
purposes, an accurate histological examination of the
liver based on the evaluation of several individual lesions
of prognostic relevance may be useful to predict the
long-term prognosis and the outcome under UDCA
treatment.

NATURAL HISTORY BEFORE UDCA

TREATMENT

The introduction of the UDCA in the treatment of PBC
has altered the natural course of the disease. Before
UDCA, an increasing serum bilirubin after a relatively
stable phase, was an ominous sign and death was the
final event after a few months*>. Bilirubin above 2
mg/L, was associated with a median survival of 4 years
and for levels over 6 mg/L, it was only 2 years. At a
multicenter European study of 236 patients, (54% on
stage 1-2 and 19% on stage 3), were followed up for a
period of 4 years. Almost half of the patients developed
histologically-proven cirrhosis™®*. In another large study
of 770 patients from the Northeast England liver failure
appeared in 15% of them within a 5-year follow up'®*.
Very high rates of histological deterioration was reported
in three large 4 years follow up studies of untreated
patients with a median 2 years for advanced fibrosis to
develop and the probability of remaining in the early
stage of only 29% (95%CI: 15%-52%)%***% In a
additional report of 256 patients prospectively studied
for 5.6 years the appearance of esophageal varices was
31%%*7,

TREATMENT OF PBC

Medical management in PBC is aimed at two specific
goals; first treatment of symptoms (jaundice, fatigue
and pruritus) and complications (ascites, metabolic
bone disease, hypercholesterolemia, malabsorption,
anemia and vitamin deficiencies) resulting from chronic
cholestasis. The second aim focuses on suppressing the
underlying pathogenetic process that revolves around
the destruction of intralobular bile ducts™®,

Treatment PBC patients is not disease specific
and virtually has not changed over the last 25 years.
Standard treatment is the long term administration of
the secondary bile acid UDCA. The first trial looking
at UDCA in PBC was conducted by Poupon et a/?**
in 1987 and demonstrated dramatic improvement in
liver biochemistries in PBC patients receiving 12-15
mg/kg per day of UDCA. Several independent cohort
analyses showed that survival in UDCA-treated PBC
patients (13-15 mg/kg per day) was significantly
longer than expected from natural history models
of the disease®*?*?!, The effect of UDCA on survival
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has been studied with either observational studies or
Markov models. Two hundred and sixty-two patients
who received 13-15 mg/kg UDCA daily were followed
up for 1-20 years (mean 8 years). Transplantation free
survival rates were 84% and 66% at 10 and 20 years.
By contrast, there was a significantly high probability of
death or liver transplantation in patients treated in the
late stages of the disease with a relative risk of 2.2,

We also reported similar results in our cohort of
patients with the favourable outcome more prominent
when UDCA was commenced in histological stage 1-2
of the disease®®*, Although these comparisons are
indirect, they further support a sustained beneficial
effect of UDCA on survival in PBC patients. Withdrawal
of UDCA even after more than 6 years of treatment was
followed by immediate biochemical rebound™®.

In addition to survival, a large number of randomized
controlled trials were performed to assess the effect
of UDCA on progression of fibrosis. In these trials the
dose of UDCA administered was usually 13-15 mg/kg per
day™®?l, In an early report, UDCA treated patients
were followed for 6 years and compared with untreated
patients. There was a significant reduction of cirrhosis
development (13% vs 49%)"’?.. Similar results were
reported in another study where treated patients
had a 5-fold lower rate of advancement of fibrosis or
development of cirrhosis. In a 4-year follow up 76%
of the treated patients were still in early stages as
compared to only 29% of placebo controls®®’®!, UDCA
was equally effective in reducing the rate of esophageal
varices appearance in a 4-year study of 180 patients.
Only 16% of patients developed varices compared to
58% on the placebo arm®’

On the other hand, a recent Cochrane systematic
review of 16 randomized trials of 1447 patients in
total has concluded that UDCA has a significant effect
on reducing jaundice, ascites and liver biochemistries
but had no significant effect on mortality or liver
transplantation! in accordance with earlier meta-
analyses™®*””). However, other meta-analyses that
excluded short duration trials (< 2 years) and trials using
suboptimal UDCA doses,less than 13 mg/kg per day
confirmed in fact the beneficial effect on transplant-free
survival of UDCA (13-15 mg/kg per day) in early stage
PBC patients™®®,

Not all patients respond to UDCA treatment. Age is
associated with response while male sex is a predictor of
non-response to UDCA®’?, Biliary enrichment of UDCA
by at least 40% is usually regarded as a surrogate of
a therapeutic response; it rarely exceeds 50% with
standard doses, but can reach as high as 65%-75%
with very high doses (30 mg/kg per day)?®’.. Several
studies tried to define the best way to assess if a
response to UDCA therapy has occurred in patients with
PBC. The Barcelona criteria suggests that a decrease
of 40% in serum alkaline phosphatase (ALP) level is a
predictor of favourable response to UDCAP*?, Corpechot
et al”®, looking at the efficiency of several combinations
of threshold lab biochemistries in predicting outcomes

August 6, 2015 | Volume 6 | Issue 3 |



Kouroumalis E et a/. Primary biliary cirrhosis

of 292 patients with PBC established the Paris I criteria
(ALP < 3 time the upper limit of normal (ULN), aspar-
tate aminotransferase (AST) < 2 ULN and bilirubin
< 1 mg/dL after 1 year of UDCA). A transplant-free
survival rate of 90% at ten years was observed in
patients fulfilling these criteria and only 51% for those
who did not®!, The same group recently established
the better validated Paris II criteria which defined the
best biochemical response in early stage (histological
stage 1-2) as ALP and AST < 1.5 ULN, with a normal
bilirubin®®!, The suboptimal therapeutic response
evaluated by different biochemical criteria has been
recently reviewed by Corpechot. Normalization of all
biochemical abnormalities is achieved in 20% of patients
after 2 years treatment with UDCA™*¥,

The biochemical response to UDCA should be
monitored every 3 to 6 mo. Improvement in liver tests
may be observed as early as the first month, and 90%
of the improvement usually occurs within the first year.
In patients with non-advanced disease, the maximum
response is observed after 3 years and maintained in
the long-term despite slight and marginal increases in
bilirubin and aspartate aminotransferase”®*..

Today there is a more or less general agreement
that a biochemical response to a dose of 13-15 mg/kg
per day of UDCA delays progression of disease in the
majority of patients. Major changes in the natural
history of PBC have been achieved, mainly resulting in
decreased rates of liver transplantation and prolonged
survival due to earlier diagnosis of the disease and
hence timely intervention with UDCAR*26%271:281,286.287]

An increasing use of UDCA is accompanied by
a similar decrease in the number of patients trans-
planted®®?**), UDCA has very few adverse effects
even after many years of treatment. A slight weight
gain not exceeding an average of 2 kg, is reported by
many patients particularly those who have stopped
smoking. It is possible that an alteration of bile acid pool
composition might lead to signaling through the TGR5
pathway and subsequent weight gain®®. Administration
of UDCA in patients with pruritus may in fact cause
deterioration of pruritus and it is recommended that
a low dose of 200-400 mg/d should initially be given
with a gradual increase in 4-8 wk up to the usual daily
dosage. UDCA is not approved for use during the first
trimester of pregnancy, although embryotoxicity has not
been reported in humans. A humber of retrospective
studies found no serious side-effects in women with
PBC who started gestation during UDCA therapy
and who continued the treatment throughout their
pregnancy'***?, Breast feeding with UDCA treatment is
also not approved, but was incidentally reported to cause
no detrimental effects in the newborn™,

Despite the favourable response of most patients to
UDCA, there is a number of patients with incomplete
response to the drug. Various combinations with
additional drugs have been tested. Recent studies
aimed at combining other agents to UDCA have shown
promise. Bezfibrate has proved to have an additional
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anticholestatic effect in combination with UDCARP**2%%!,

Two meta-analyses showed different results. A Cochran
meta-analysis concludes that the addition of bezafibrate
offers no advantage over UDCA alone®, while
favorable results were reported in a very recent meta-
analysis™”,

Immunosuppressants such as colchicine or metho-
trexate demonstrated a sustained clinical response. The
addition of methotrexate was reported to improve both
liver biochemistry and histology™®®***! although some
studies reported no effect from this combination*%%,
Furthermore, in a 10-year study, the addition to UDCA
of either methotrexate or colchicines offered no survival
advantage to that predicted by the Mayo model. However
pre-cirrhotic patients taking methotrexate showed no
progression therefore verifying that the drug is a useful
addition to UDCA at least in some patients?***%%,

Non responders could be treated with a combination
of UDCA and budesonide but there is not a general
consensus for that treatment. In newly diagnosed
PBC patients a combination of UDCA and budesonide
improves liver biochemistry and histology but whether
this is accompanied by a clear survival benefit remains
to be established**>**®,

Chrorambucil has also been tried. Despite im-
provement in some outcome measures such as serum
bilirubin levels in PBC patients treated with chlorambucil,
a Cochrane systemic review concluded that evidence
is inadequate for the usage of chlorambucil in PBC
patients. Bone marrow suppression was a serious side-
effect with this drug®®”’.

Tetrathiomolybdate was also investigated and the
agent was efficacious for the management of PBC.
Only biochemical endpoints were used without a proof
of histological improvement. Hence, as the authors
suggest longer clinical trials to examine transplant-free
survival and histological progression are needed*®®.

Novel treatment options have also been suggested
for non-responders to UDCA; B cell depletion using
rituximab was investigated with promising results that
require verification by additional studies?®**>'",

The T cell receptor, cytotoxic T lymphocyte antigen
4 (CTLA-4) acts as a co-stimulatory molecule in T-cell
activation which in turn leads to biliary damage. Recent
evidence supports the utilization of an optimized course
of therapy by means of CTLA-4 Ig to potentially aid
in the therapy of PBC patients*'?. However the most
promising new treatment since the introduction of UDCA
is a derivative of chenodeoxycholic acid, obeticholic acid
(OCA). The effect of obeticholic acid is mediated through
its action in bile acid homeostasis, acting as a potent
farnesoid X receptor (FXR) ligand®**'*, FXR is the key
nuclear receptor for homeostasis and entero-hepatic
circulation of bile acids. Obeticholic acid is approximately
100 times more potent FXR activator than cheno-
deoxycholic acid, the strongest natural activator of
FXR known so far’®™). Activation of FXR promotes bile
acid secretion by activating bile acid transporters in
the apical membrane of hepatocytes together with a
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parallel reduction in bile acid uptake at the basolateral
membrane. FXR agonists also reduce bile acid synthesis
modulating the transcription of cholesterol 7-alpha-
hydroxylase, the rate-limiting enzyme in bile acid
synthesis, via induction of the suppressor protein small
heterodimer partner and activation of the fibroblast
growth factor 19 (FGF-19) enterohepatic signaling,
which mediates bile acid feedback regulation***'"),

Since OCA and UDCA exert their secretagogue
effects on bile acids through distinct mechanisms,
there is a potential for synergistic therapeutic effects.
Experimental evidence indicates that OCA has also
antifibrotic properties consistent with FXR agonist effects
in vivoP'®**1, Clinical evaluation of OCA is currently
ongoing, but phase-1I efficacy and safety data in
PBC have already been reported. One hundred sixty-
five patients with persistently high ALP levels (> 1.5
x ULN) were randomized to receive either a placebo
or OCA at 10, 25 or 50 mg once daily for 12 wk while
maintained on the usual UDCA treatment Results were
initially presented as abstracts and very recently as a full
paper™****!l, Seventy percent of patients demonstrated a
25% reduction in ALP in the three OCA arms compared
with a 3% change from baseline in the placebo group
was reported. In addition, levels of aminotransferases,
gamma-glutamyltransferase (GGT) as well as C4 sterol
used as a surrogate marker of bile acid synthesis and
the primary bile acids cholic acid and CDCA, were all
significantly decreased while FGF-19 concentrations
increased™®?!, Biochemical improvement was maintained
for an additional 12 mo open label extension of the initial
trial. However an 85% incidence of pruritus with a dose
response relationship was also observed but only 13%
were forced to withdraw from the extended trial due to
severe pruritus.

In another study, 59 UDCA-naive patients were
randomized to either a placebo or OCA at 10 or 50
mg once daily as monotherapy for 12 wk®”\. A 50%
reduction in ALP levels from baseline compared with
no change in the placebo group was noted. Similar
results were reported with aminotransferases, GGT and
IgM levels significantly decreased in the OCA groups,
but pruritus was seen in > 70% of patients and led to
treatment discontinuation in up to 38% of cases.

MODE OF ACTION OF UDCA

Endogenous primary bile acids cholic acid and CDCA
in both serum and bile are significantly decreased by
the oral administration of UDCA, with a parallel marked
increase in UDCA concentration, which then accounts
for up to 50% of the circulating bile acid pool®*****!,
UDCA interrupts the enterohepatic circulation of
endogenous bile acids increasing therefore their fecal
elimination¢3*®, It also facilitates the endogenous
secretion of bile acids into bile by promoting insertion
and possibly activation of two bile carriers (the bile salt
export pump bile salt export pump and the conjugate
export pump, multidrug resistance-associated protein 2)
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into the canalicular membrane of the hepatocyte. UDCA
also protects hepatocytes from apoptosis induced by
bile acid. This is attributed to inhibition of mitochondrial
membrane permeability transition, and stimulation
of a survival pathway™®, Another mechanism by
which UDCA probably acts is the restoration of ductal
expression of the anion exchanger 2, which is thought
to compensate for defective biliary alkaline secretion
thus contributing to the reduction of cytotoxicity of
endogenous bile acids against cholangiocytes (the
so called “biliary HCO3-umbrella hypothesis”)**!,
Enhancement of defenses against oxidative stress is also
a mechanism by which UDCA protects cholangiocytes
and hepatocytes. In chronic cholestasis there is an
excessive production of peroxide and hydroxynonenal
protein adducts which is probably counteracted by an
UDCA-induced enhancement of liver glutathione levels
and the upregulation of J-glutamylcysteine synthetase
and methionine S-adenosyltransferase!™**'3%I1, In
experimental animals™®® and patients with PBC****®,
additional oxidative stress protective mechanisms,
namely Nrf2-mediated hepatocellular transport,
detoxification and anti-oxidative stress systems, have
been induced by UDCA. UDCA may also exert hepatic as
well as systemic anti-apoptotic effects. In vitro UDCA and
tauroursodeoxycholic acid can prevent apoptosis caused
by different agents like hydrophobic bile acids, ethanol,
TGFb1, Fas ligand and okadaic acid in both hepatic
and non-hepatic cells™, In patients with PBC, UDCA
also exerts anti-apoptotic properties in cholangiocytes
and so may inhibit the availability of mitochondrial
antigens in dendritic cells and macrophages®*’. The
mechanisms involved in the anti-apoptotic properties of
UDCA include targeting of mitochondrial function and
integrity, reduction of endoplasmic reticulum stress, and
interactions with various survival signals in the cAMP,
Akt, NF-xB, MAPK and PI3K signaling pathways?*'>*¥,

We have demonstrated in HepG2 cells that UDCA
modulates caspase activation and apoptosis in a
concentration-dependent, while activation of the caspase
cascade does not always correlates with increased
apoptosis. We therefore concluded that serum UDCA
concentrations should adjusted through dosage modi-
fications to achieve the required effect’**.,

UDCA is an extraordinary molecule since apart
from the action mentioned above it seems likely, that
it exerts anti-inflammatory®*®! and immunological
protective effects as well. UDCA strongly reduced MHC
class 1 expression in the liver in PBC**1. In several
experimental models, UDCA exerted immunosuppressive
properties by interfering with B-and T-cell functions.
UDCA inhibited CpG-induced immunoglobulin production
by B cells®*®! cytokine (IL-2, IL-4, IFN-J) release by
mononuclear cells when challenged with LPS®*! and
intrahepatic TNF-a and MIP-2 in the concanavalin A
model of liver damage in experimental animals®®*®.
These findings suggest that UDCA modifies TLR TLR4
and TLR9 signaling pathways, therefore reducing
inflammation", The anti-inflammatory properties of
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UDCA might, in addition, be mediated by activation of
the vitamin D receptor in cholangiocytes to promote the
secretion of antimicrobial peptides in human bile!**>*>?,

UDCA administration in PBC blunts the accumulation
of endotoxin in bile and suppresses the immune reaction
against lipid A'**'%*'%7] The mechanisms involved in
UDCA-induced tolerance to endotoxin are both a reduced
intestinal absorption of gut-derived endotoxin'*** and
protection against endotoxemia by enhancing the
transport of LPS across hepatocytes from blood to
bileP>®], LPS is inactivated in alkaline bile by alkaline
phosphatase as it becomes less active in a lower pH
milieu™®?,

In many autoimmune mediated liver diseases
an important pathogenetic role in the initiation and
perpetuation of the hepatocyte injury is played by
the NKT-cells®®. UDCA corrects NKT-cell activity by
inhibiting prostaglandin E2 production in PBC. Since,
as mentioned before, a reduced function of NKT-cells
induced by IP-10 inhibits liver stellate cell apoptosis,
restoration of NKT activity is evidently favourable in
PBCP*,

Two additional mechanisms have been proposed
by us to further explain the beneficial effect of UDCA
in PBC. We have suggested that an increase in ET2
observed from the early stages of the disease may be
the initiative mechanism causing ischemic damage to
cholangiocytes. UDCA treatment caused a significant
reduction of ET2, possibly interrupting the early
detrimental effect of ET2"”°". A second mechanism may
involve the CXCL chemokines. As mentioned before,
PBC patients have increased levels of the chemokines
IP-10 and MIG both in plasma and the liver"®. These
chemokines are important for the attraction of cells
cytotoxic for cholangiocytes.

We recently reported a significant serum decrease of
these chemokines after UDCA administration. Moreover
we demonstrated using flow cytometry a significantly
lower CXCR3 expression in normal controls (13.5%)
compared to PBC (37.2%), which was decreased
(28.1%, P < 0.01) after UDCA treatment, a finding that
might indicate a new additional mechanism of action for
UDCA!™*Y,

TRANSPLANTATION

Liver transplantation is the only curative treatment
of PBC which is a very frequent indication for liver
transplantation in the United States”®®. The indications
are the same with any other cirrhosis and include
refractory ascites, hepatic encephalopathy, and portal
hypertension leading to hepatorenal syndrome, spon-
taneous bacterial peritonitis. However in PBC there are
two additional indications unique in this disease. These
are intractable pruritus and debilitating fatigue.

Liver transplantation improves long term survival
in PBC patients. An earlier study of 161 PBC patients
showed a significant improvement (P < 0.01) of out-
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comes when expected patient survival through utilization
of the Mayo natural history model was compared to
actual survival. Moreover the 2 year survival was 74%
for transplanted patients as compared to 31% for non-
transplanted patients®™*”), These survival figures have
been considerably improved in recent years™®.,
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