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Interpreting Serological Tests in Diagnosing
Autoimmune Liver Diseases
Pietro Invernizzi, M.D., Ph.D.,1 Ana Lleo, M.D.,1 and Mauro Podda, M.D.1

ABSTRACT

Autoimmune liver diseases (ALD) are characterized by immune-mediated injury
of bile ducts or hepatocytes, thus including cholangiopathies such as primary biliary
cirrhosis (PBC), primary sclerosing cholangitis, and autoimmune hepatitis. Further, ALD
variants manifesting with both hepatocellular and cholangiocellular damage are becoming
more common. Serum autoantibodies, together with imaging and histology, are critical to
the diagnostic process when ALD is suspected. Because an early diagnosis can influence
prognosis, the development of sensitive and specific tests for serum autoantibodies should
be a priority for researchers to ensure a more efficient noninvasive workup. Little
prognostic value has been observed for any of the ALD serum hallmarks, and a vigorous
effort to investigate new and old markers should therefore be undertaken in longitudinal
studies as in the recent paradigm of PBC-specific antinuclear antibodies. We review herein
the numerous ALD screening tests available in routine and specialized laboratories and
comment on their significance in clinical practice.

KEYWORDS: Autoimmune hepatitis, primary biliary cirrhosis, primary sclerosing

cholangitis, overlap syndromes, serum autoantibodies

The field of autoimmune liver disease (ALD) is
showing how the findings of basic science can influence
routine clinical practice in terms of diagnostic procedures,
clinical management, and prediction of outcome,
although more work needs to be done to translate
growing basic knowledge into clinical science. The diag-
nosis of ALD in a patient with liver disease requires the
exclusion of other causes of liver damage, viral, alcoholic,
toxic, genetic, metabolic, or nonalcoholic fatty liver dis-
ease, and a careful evaluation of clinical, biochemical,
histopathological, and cholangiographic characteristics
specific to each of the major ALD entities, autoimmune
hepatitis (AIH), primary biliary cirrhosis (PBC), and,
possibly, primary sclerosing cholangitis (PSC). Although
few of these disease features are individually diagnostic

and most of the criteria have limited sensitivity and
specificity, particular combinations of features can have
very high sensitivity and specificity—but this area is in
need of further development. Notably, with increasingly
precise diagnostic definition among conditions catego-
rized as ALD, increasing numbers of overlap cases are
being reported.1,2

The detection and interpretation of serum auto-
antibodies has a major diagnostic role and allows the
distinction of subsets of patients with different out-
comes. Since the first serum autoantibodies were de-
scribed in the1950s,3 continuing efforts have been made
to develop their molecular definition and improve their
diagnostic and prognostic utility in clinical practice. In
this current age of advanced molecular biology, we are
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realizing widening diagnostic possibilities offered by
new techniques for detecting autoantibodies.

ALD can be classified into two main entities
according to the cell type primarily affected by immune
injury: hepatocyte and cholangiocyte (Fig. 1). Although
the pathology of AIH is more uniform, that of auto-
immune cholangiopathies comprehends disease of the
intrahepatic (PBC) and extrahepatic (PSC) biliary ducts.
Whereas PBC is a prototypic autoimmune disease and a
prototypic model for the study of immunopathogenesis,
the inclusion of PSC among the autoimmune diseases is
controversial and criteria are only weakly fulfilled. In
the past, the term ‘‘autoimmune cholangitis’’ has been
proposed for a subset of PBC patients lacking antimi-
tochondrial antibodies (AMAs) by conventional meth-
odology but expressing certain antinuclear antibodies
(ANAs). However, more recent evidence suggests that
these patients are affected by a disease not far different
from classical PBC. The possibility that hepatocytes and
cholangiocytes can undergo simultaneous injury has led
to the nomination of different ‘‘overlap syndromes’’
involving AIH, and better clarification of these is a
high priority.

This article presents a concise review of the
literature on serum autoantibodies in ALD and discusses
the current and emerging evidence regarding their clin-
ical significance.

AUTOIMMUNE HEPATITIS
AIH is a chronic disease related to immune-mediated
destruction of hepatocytes consequential on loss of
immune tolerance against liver cells4 (Fig. 1). The
presence of ANA, smooth muscle antibody (SMA), or
liver-kidney microsome type 1 autoantibodies (anti-
LKM-1) facilitates diagnosis and discriminates two
distinct subtypes, AIH-1 and AIH-2. The different

serological reactivities for these two subtypes (ANA,
SMA in AIH-1 and anti-LKM-1 in AIH-2) are
virtually mutually exclusive; in rare cases of ‘‘double-
positive’’ serology, the clinical expression resembles that
of AIH-2.5 Table 1 shows their clinical, epidemiological,
and biochemical differences.

AIH Diagnostic Criteria

The capacity for diagnosis of AIH in clinical practice,
and particularly in epidemiologic studies, was improved
by the introduction of a set of descriptive criteria by the
International Autoimmune Hepatitis Group in 1993
(revised in 1999).6,7 This scoring system consists of

Figure 1 Primary targets of immune-mediated injury in autoimmune liver diseases. The illustration depicts the liver cellular
subpopulations (cholangiocytes and hepatocytes) known to be the target of autoimmune aggression in patients with primary biliary
cirrhosis (PBC), primary sclerosing cholangitis (PSC), and autoimmune hepatitis (AIH), respectively.

Table 1 Summary Comparison of Clinical, Serological,
Epidemiological, and Genetic Characteristics of
Autoimmune Hepatitis Subtypes4

Clinical Features Type 1 Type 2

Diagnostic

autoantibodies

SMA, ANA,

antiactin

Anti-LKM*

P450 IID6

Age (y) Bimodal (10–20,

45–70)

Pediatric (2–14)

Female (%) 78 89

Autoimmune

comorbidity (%)y
41 34

Gamma-globulin " þþþ þþ
IgA # No Occasional

HLA association B8, DR3, DR4 B14, DR3,

C4AQ0

Steroid response þþþ þþþ
Progression to

cirrhosis (%)

70 80

*There are various anti-LKMs as well as IID6 (see reference 10).
yThe comorbidities differ for the two types.4

ANA, antinuclear antibody; HLA, human leukocyte antigen; IgA,
immunoglobulin A; LKM, liver-kidney microsome; SMA, smooth
muscle antibody.
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several clinical, biochemical, and histological character-
istics in which autoantibodies are essential elements.
AIH can be definitely diagnosed when the cumulative
score is greater than 15 in untreated patients and greater
than 17 in treated patients and probably diagnosed on
lower scores. The 1999 criteria using the definite score
are highly sensitive (89%) and their overall specificity for
the exclusion of AIH is 89.5% (against 65% for the
original system). The criteria also seem to distinguish
AIH and PSC more clearly.6 A probable score has a
much lower specificity. More recently, a simplified
system has also been proposed, but its utility is still being
evaluated (A.W. Lohse et al, unpublished data). The role
of liver histology in the management of AIH remains
critical, and a patient with suspected AIH should
undergo percutaneous liver biopsy because histology
remains the ‘‘gold standard’’ for grading and staging8;
although no single histologic feature is sufficient to
prove the diagnosis, interface hepatitis, lobular hepatitis,
and prominence of plasma cells are strong pointers.

Serum Autoantibodies in AIH

In 2004, a subcommittee of the International Auto-
immune Hepatitis Group established procedures and
reference guidelines for more reliable serum autoanti-
body testing to overcome the previous lack of stand-
ardization.9 Although tests for serum ANA, SMA, and
LKM are critical for the diagnosis of AIH,10 suspected

cases should also be tested for autoantibodies to other
antigens, including soluble liver antigen/liver pancreas
antigen (SLA/LP), antineutrophil cytoplasmic antigens
(p-ANCA), and asialoglycoprotein receptor that can
occur in AIH-1 and liver-cytosol type 1 that can occur
in AIH-2. Finally, other much less specific autoanti-
bodies can also be detected in some patients,11,12

although they have limited if any clinical utility (Table 2).

ANA

ANAs were the first autoantibodies observed in AIH
sera (over 50 years ago) and are still the most sensitive
marker of AIH. Screening determinations of ANA are
routinely made by means of indirect immunofluores-
cence (IIF) on cryostat sections of composite blocks of
rodent multiorgan substrate panel that should include
liver, kidney, and stomach. For positive sera, the pattern
of nuclear staining then has to be assessed by use of
HEp2 cells. ANAs in AIH usually have a homogeneous
pattern that fades to a speckled pattern on remission.
Minimal titers for positivity are 1:40 for tissue sections
and 1:160 for HEp2 cells, but titers are usually much
higher. Of course, a positive ANA test of itself is not
specific for AIH because ANA positivity in sera occurs in
patients with other autoimmune diseases, viral diseases,
or even in older healthy subjects.13 However, in a woman
with a severe and acute liver disease and a hepatocellular
derangement of liver functional indices, the presence of a
homogeneous ANA IIF clearly indicates AIH.

Table 2 Serum Immunoreactivities and Target Antigens in Autoimmune Hepatitis

Autoantibody Autoantigen Liver Disease* Clinical Features

ANA Centromere, ribonucleoproteins AIH, PBC, PSC, HCV, HBV, HDV,

NASH, drug-induced hepatitis

SMA (anti-G-actin,

anti-intermediate

filaments)

Monomeric/glomerular form

of actin, tubulin, vimentin,

desmin, cytokeratins

AIH, PBC, PSC, HCV, HBV, HDV,

NASH, drug-induced hepatitis

SMA (anti-F-actin) Native/filamentous form of actin AIH-1 Poor prognosis, young

patients

LKM-1 Cyp P450 2D6 AIH-2, HCV

LKM-3 UGT1A AIH-2, HDV, HCV, APECED

LC-1 Formiminotransferase

cyclodeaminase

AIH-2, HCV High level of disease activity,

younger patients

SLA UGA repressor tRNA-associated

protein

AIH, HCV Severe course, relapse after

drug withdrawal

ASGPR Asialoglycoprotein receptor AIH, PBC, HCV, HBV, HDV,

drug-induced hepatitis

High level of disease activity

Chromatin Chromatin AIH, HCV, HBV High level of disease activity,

relapse after drug withdrawal

CLA Cardiolipin AIH, HCV, HBV High level of disease activity

p-ANCA/p-ANNA Unknown AIH, PSC

*HCV can be associated with almost every autoantibody but usually at lower levels.
AIH, autoimmune hepatitis; ANA, antinuclear antibody; HBV, hepatitis B virus; HCV, hepatitis C virus; HDV, hepatitis D virus; LC-1, liver-cytosol
type 1; LKM, liver-kidney microsome; NASH, nonalcoholic steatohepatitis; p-ANCA, peripheral antineutrophil cytoplasmic antigen; p-ANNA,
peripheral antineutrophil nuclear antibody; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; SLA, soluble liver antigen; SMA,
smooth muscle antibody.
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Although several target nuclear antigens have
been reported for ANA in AIH, such as centromeres,
ribonucleoproteins, cyclin A, and histones,14–16 the most
frequent pattern is homogeneous and the reactants are
presumed to be nucleosome or histones. In the diag-
nostic work-up of AIH, ANA reflects AIH-1. However,
the molecular characterization of target nuclear antigen
specificity does not as yet provide any important addi-
tional information that increases diagnostic precision.
Moreover, ANA patterns or titers do not correspond to
different AIH phenotypes or predict the natural history
of the disease.

SMA

Serum SMA react with proteins of the cytoskeleton,
particularly with filamentous (F) actin, and perhaps with
others as well—monomeric globular (G) actin, myosin,
troponin, and tropomyosin.17 Their clinical significance
depends on their titer and antigenic specificity. The
detection of SMA is routinely based on IIF and prepa-
rations of rodent gastric mucosa, but composite blocks of
stomach, liver, and kidney are recommended. In 1976,
Bottazzo et al described three immunomorphological
patterns of IIF using SMA-positive sera; these were
SMAv (staining of vessels), SMAvg (staining of vessels
and renal glomeruli), and SMAvgt (staining of renal
tubular structures in addition to vessels and glomeruli).18

Like ANAs, SMAs have not been considered hitherto as
highly specific for AIH because of their presence in other
diseases, celiac disease, and viral diseases (chronic hep-
atitis C, infectious mononucleosis).19 However, when
detected by IIF at titers of more than 1:80, with an
SMAvgt pattern of staining, and in an appropriate
clinical context, they are quite sensitive for AIH-1, being
present in some 80% of cases.10 Overall, SMA positivity
or titers do not correlate with any major clinical or
prognostic features of patients with AIH-1 and it has
not yet been demonstrated that SMA has pathogenic
effects in AIH. However, the SMAvgt pattern by IIF
(specifying antibodies against F-actin) is the most spe-
cific for a diagnosis of AIH-1,20 more often found in
younger patients with severe disease, and their loss under
treatment correlates with improved laboratory test re-
sults but does not predict treatment outcome.21 A new
F-actin enzyme-linked immunosorbent assay (ELISA)
has been proposed as a useful diagnostic tool with similar
specificity but superior sensitivity for the diagnosis of
AIH, compared with standard SMA-IIF detection.
Because of its simplicity and operator independence,
the F-actin ELISA may become a preferred screening
technique for detection of these antibodies in patients
with suspected AIH.

ANTI-SLA/LP

Anti-SLA and anti-LP were independently described
in 198722 and in 1983,23 respectively, and were

considered different reactivities until Wies and col-
leagues demonstrated their identity24 and showed that
the specific target was the UGA suppressor tRNA-
associated protein.24 Anti-SLA/LP, which remains
the ‘‘shorthand’’ term for the reactant, is measurable
by ELISA with positivity in up to 30% of patients
with AIH-1.25 Anti-SLA/LP is a valuable and spe-
cific diagnostic marker for AIH-1 but can also be
detected in sera from patients with AIH-2 and PSC
by means of more sensitive test, a radioligand assay.26

Finally, we note that anti-SLA/LP is associated with
features of more severe disease in AIH.26–28

ANTI-LKM

Serum autoantibodies against LKM proteins were first
detected by IIF by Rizzetto et al in 1973.29 LKM
immunoreactivities are heterogeneous (see later) and
associated with several immune-mediated liver dis-
eases, including AIH-2,30 viral hepatitis C and hep-
atitis D,31,32 drug-induced hepatitis,33 and hepatitis in
AIRE deficiency. Subsequent studies have led to these
autoantibodies being subclassified as LKM-1, LKM-2,
and LKM-3, mainly according to the disease setting in
which they occur. The specific reactants for antibodies
to LKM-1 and LKM-3 are the cytochrome P450
isoform 2D6 (CYP2D6)34 and the uridine diphos-
phate glucuronosyltransferases, respectively.35 Serum
autoantibody to LKM-1 is the main serological
marker of AIH-2 and recognizes a reactant that is
highly enriched in proximal renal tubule and hepato-
cellular cytoplasm. LKM autoantibodies have been
extensively studied not only as markers of AIH-2 but
also to make differential diagnoses from other hepatic
diseases, to gain insight into the immunological mech-
anisms involved in AIH, and to assess disease out-
come. A pathogenic role of anti-LKM-1 is still
debated despite the development of close mouse mod-
els of AIH-2 based on immunization with human
CYP2D6 or adenoviruses transgenic for human
CYP2D.34,36

ANTI-LC1

Autoantibodies to LC1 are detected by IIF in the serum
of some 50% of patients with AIH-2 and much less
frequently in those with AIH-1 or chronic hepatitis
C.10,37 However, detection of anti-LC1 by means IIF
is limited by the frequent presence of anti-LKM1 in the
same serum; thus, anti-LC1 is best detected by means of
immunoblotting or counterimmunoelectrophoresis.35,38

However, they are the only detectable markers in some
10% of cases of AIH-2 and, even more interestingly,
correlate with AIH severity and progression.38,39 The
specific target of anti-LC1 has been identified as for-
miminotransferase cyclodeaminase, an enzyme involved
in folate metabolism that is mainly expressed in the
liver.39
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OTHERS AUTOANTIBODIES IN AIH

There are several other autoimmune reactivities includ-
ing p-ANCA and antiasialoglycoprotein receptor that
may be useful to extend the diagnosis of AIH in patients
without the usual classic autoantibodies, but testing for
these is seldom called for in clinical practice. Antibodies
to the asialoglycoprotein receptor are detectable in up to
90% of all patients with AIH-1, often coexisting with
other autoantibodies, but these lack specificity for the
diagnosis of AIH-1.40 However, as with anti-LC1, high
titers of antiasialoglycoprotein receptor are associated
with more florid inflammatory disease activity and may
be useful to monitor treatment responses.41 p-ANCAs
are detected by IIF at high titer and in up to 90% of
patients with AIH-1 but also occur to a lesser degree in
patients with PSC, PBC, or chronic viral hepatitis.42

The pathogenic role (if any) of these autoantibodies in
AIH is not clear. Their routine determination is not
recommended, but at least assays for ANCA are readily
available.

PRIMARY BILIARY CIRRHOSIS
PBC is a slowly progressive autoimmune disease of the
liver that primarily affects women.43 It is histopatholog-
ically characterized by portal inflammation and immune-
mediated destruction of the intrahepatic bile ducts, the
loss of which leads to decreased bile excretion and the
retention of toxic substances, particularly bile acids,
within the liver, causing additional hepatic damage.
Progressive fibrosis and cirrhosis eventually cause liver
failure (Fig. 1). Currently up to 60% of newly diagnosed
patients are asymptomatic at the time of diagnosis,44

being discovered by abnormal serum enzyme levels
in liver function tests done for other purposes.
Several clinical and experimental findings strongly
imply an autoimmune pathogenesis for PBC, which is
a model of autoimmune conditions because of its female

predominance, genetic predisposition, and the fact that
most cases show the presence of disease-specific auto-
antibodies. However PBC loses a little of its gloss as a
model autoimmune disease because the diagnostically
characteristic antimitochondrial reactivity still has no
defined role in pathogenesis.45,46

PBC Diagnostic Criteria

The diagnosis of PBC is based on the presence of two
out of three internationally accepted criteria: increased
enzymes indicating cholestasis (alkaline phosphatase) for
more than 6 months; detectable serum AMA, titer
greater than 1:40; and a compatible or diagnostic liver
histology43 (Fig. 2). The proposal of making a ‘‘definite’’
diagnosis only when all these of criteria are met may be
too narrow because, for example, patients seronegative
for AMA (but often positive for ANA) have a natural
history similar to that of their AMA-positive counter-
parts.47 The value of histological assessments is still a
question of debate, but we believe that liver biopsy
specimens are important for determining the stage of
the disease at presentation and during follow-up.48

Serum AMA: The Hallmark of PBC

AMAs are considered the diagnostic hallmark of PBC
as they are detected in up to 95% of affected individ-
uals.49 IIF is still the most widely used screening assay
for AMA, although immunoblotting has an overall
sensitivity of more than 90% and a specificity of
98%,50 and use of cloned mitochondrial antigens (see
later) containing the major autoepitopes in an ELISA
format can identify AMA in the sera of patients
previously defined as AMA negative.50,51 In addition,
we have generated and validated a bead assay for AMA
and thereby found that 20% of rigorously defined
AMA-negative patients have antibodies to one or

Figure 2 Diagnostic flow chart for autoimmune cholangiopathies. PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis;
AIH, autoimmune hepatitis; AMA, antimitochondrial antibodies; ERCP, endoscopic retrograde cholangiopancreatography; MRCP,
magnetic resonance cholangiopancreatography.
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more mitochondrial autoantigens.52 However,
although the presence of AMA is one of the three
diagnostic criteria in clinical practice, they are not
clinically useful during follow-up of patients as several
studies demonstrate that titers and patterns do not
correlate with disease stage or outcome.47,53–55 AMAs
recognize the highly conserved regions of 2-oxo-acid
dehydrogenase enzymes (OADC), particularly the di-
hydrolipoamide acetyltransferase (E2 component) of
the pyruvate dehydrogenase complex (PDC). Serum
AMAs react selectively against members of the
2-OADC family; these include PDC-E2, the E2 sub-
unit of branched chain 2-oxo-acid dehydrogenase
complex (BCOADC-E2), the E2 subunit of the ox-
oglutarate dehydrogenase complex (OGDC-E2), the
dihydrolipoamide dehydrogenase (E3)-binding protein
(E3BP), and the E1a subunit of the pyruvate dehydro-
genase complex (PDC-E1a) (Table 3).56 Although
AMAs are found in more than 90% of patients with
PBC, their specific pathogenic role has not been
defined.57 AMAs are often detectable for several years
before the onset of overt clinical disease.58

ANA in PBC: A Prognostic Marker?

Antibodies to nuclear antigens are found in �40% of
patients with PBC and more often in those without
AMA.59,60 Over the past few years, various nuclear
structures have been identified as specific targets of
ANA in PBC.1 The two most frequent IIF patterns
are the ‘‘nuclear rim,’’ which depends on autoantibody
recognition of gp210 and nucleoporin p62, proteins
localized within the nuclear pore complex (NPC), and
the ‘‘multiple nuclear dots’’ pattern, wherein the struc-
tures recognized are the Sp100 and promyelocytic leu-
kemia proteins. The nuclear rim and nuclear dot patterns

are highly specific for the disease61 (Table 3). Although
less specific, anticentromere autoantibodies (ACAs) are
found in �10% of sera of patients with PBC.62 PBC-
specific ANAs have been found more frequently in
patients with advanced disease in several cross-sectional
studies59–64 and, even more interestingly, the presence of
anti-NPC is associated with accelerated progression
toward advanced disease and, eventually, death.65,66

These findings have been confirmed from Japan,67,68

including data on a prognostic utility for ACA in PBC.
These data have obvious implications for the clinical
management of PBC given that the only accepted index
for estimating survival has been obtained and validated
in patients with advanced PBC and hence is of limited
use in early disease. For these reasons, anti-NPC and
ACA testing are important for identifying asymptomatic
patients with a likely unfavorable disease course and
warranting early therapy and overcoming some of the
major limitations of currently available prognostic in-
dicators such as the Mayo score.69 However, once PBC
has progressed to the advanced histological stages and
abnormal levels of serum bilirubin have been reached,
anti-NPC determinations do not seem to offer any
additional advantage over other prognostic models.66

Autoimmune Cholangitis

The term ‘‘autoimmune cholangitis’’ was first introduced
to describe a PBC-like disease seropositive for ANA and
later an AMA-negative PBC possibly with serum ANA
or SMA, or both.70 However, the term became broad-
ened to cover (1) serum ANA and/or SMA positivity
and/or hypergammaglobulinemia; (2) serum AMA neg-
ativity by IIF; (3) biochemical and/or histological fea-
tures of cholestatic and hepatocellular injury; and (4) the
exclusion of chronic viral, metabolic, or toxic liver dis-
ease.71 This definition could include PBC with non-
typical presentations, small duct PSC, idiopathic
adulthood ductopenia, and transitional stages of the
classic diseases. It is worth noting that although AMA
and, particularly, the PBC-specific anti-M2 may not be
detected by IIF, they may be demonstrable by other
assays such as ELISA or immunoblotting using purified
bovine or porcine heart mitochondria or recombinant
mitochondrial antigens. The present opinion is that
cases of autoimmune cholangitis represent a subset of
PBC and should be managed accordingly.

PRIMARY SCLEROSING CHOLANGITIS
PSC is a rare but important cause of chronic liver disease
and is characterized by chronic inflammation and ob-
literative fibrosis of the intra- and/or extrahepatic biliary
tree, which leads to bile stasis, hepatic fibrosis, and,
ultimately, cirrhosis, end-stage liver disease, and the
need for liver transplantation72,73 (Fig. 1). Its natural

Table 3 Mitochondrial and Nuclear Autoantigens in
Primary Biliary Cirrhosis

Mitochondrial Antigens

E2 subunits of 2-OADC PDC-E2*

OGDC-E2*

BCOADC-E2*

Pyruvate dehydrogenase complex E3BP*

PDC E1a*

Nuclear Antigens

Nuclear pore complex gp210*

nucleoporin 62*

Multiple nuclear dots Sp100

PML

Centromeres CENP A, B, and C

*Specific molecules detectable by immunoblot or enzyme-linked
immunosorbent assay, other than indirect immunofluorescence.
BCOADC, branched-chain 2-oxo-acid dehydrogenase complex;
E3BP, dihydrolipoamide dehydrogenase (E3)–binding protein; 2-
OADC, 2-oxo-acid dehydrogenase complex; OGDC, oxoglutarate
dehydrogenase complex; PDC, pyruvate dehydrogenase complex.
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history is further complicated by the predisposition to
cholangiocarcinoma and other malignancies.74

The etiopathogenesis of PSC is unknown,
although there is evidence that immune-mediated
mechanisms play some role.75,76 This is indicated by
its association with ulcerative colitis (UC) in the majority
of patients,77,78 the presence of serum autoantibodies,
and defined human leukocyte antigen susceptibility
alleles.79 It has been debated whether PSC is an atypical
autoimmune disease or an immune-mediated inflamma-
tory disease.80,81 It has been considered an ‘‘autoimmune
disease with atypical features’’ because the autoimmune
diseases concept fails to explain several important differ-
ences between PSC and classical autoimmune diseases.
For example, there is the predominance of affected
males, the absence of disease-specific autoantibodies,
and the poor response to immunosuppressive medica-
tions. Interestingly, there are reports, mostly from Japan,
of PSC-like biliary strictures associated with autoim-
mune pancreatitis,82,83 sharing the major features of the
latter, and a raised level in serum of immunoglobulin G4
(IgG4) and IgG4-bearing plasma cells in the lesions; as
with patients with autoimmune pancreatitis, these pa-
tients are highly responsive to corticosteroids.

PSC Diagnostic Criteria

PSC is characteristically accompanied by a cholestatic
biochemical pattern and the results of liver function tests
remain normal until the later stages (Fig. 2). Although
their diagnostic applicability has not been studied in
detail, it seems that detectable autoantibodies are not
sensitive or specific enough to be of much use in the
diagnosis of PSC.84 Up to 80% of patients have atypical
perinuclear ANCA (p-ANCA) in their serum, but such
ANCA can also be found in patients with AIH or
inflammatory bowel diseases without PSC. Imaging
techniques (endoscopic retrograde cholangiopancreatog-
raphy [ERCP] or magnetic resonance cholangiopan-
creatography [MRCP]) that demonstrate strictured
and dilated tracts within intrahepatic or extrahepatic
bile ducts are more useful. In the case of ‘‘small duct’’
PSC (typically characterized by the absence of ERCP or
MRCP alterations), or PSC-AIH overlap syndrome,
liver histology is crucial in establishing the diagnosis.
The wider availability of invasive and noninvasive chol-
angiography has led to a perceptible increase in the rate
of diagnosis of PSC in children.85

ANCA

Various autoantibodies can be simultaneously present in
patients with PSC, but there is growing evidence that
only ANCAs are diagnostically relevant. There are two
well-established IIF patterns of ANCA: diffuse cyto-
plasmic fluorescence accentuated between the nuclear

lobes (c-ANCA) or homogeneous fluorescence of the
perinuclear cytoplasm (p-ANCA). ANCAs recognize
different cytoplasmic constituents of neutrophil granu-
locytes and are valuable diagnostic and prognostic
markers in systemic vasculitides, particularly Wegener’s
granulomatosis and related conditions.86,87

Reported frequencies of p-ANCA in PSC range
from 33%88 to 88%.89 Classical p-ANCAs are clearly
different from the so-called atypical p-ANCAs, which
are almost exclusively found in patients with inflamma-
tory bowel disease, PSC, or AIH.42,90,91 The perinuclear
immunofluorescence produced by atypical p-ANCA
actually represents rim-like staining of the nuclear pe-
riphery92 so that atypical p-ANCAs react with the
nuclear envelope rather than with cytoplasmic antigens,
a reversion to the older notion of ‘‘granulocyte-specific
ANA,’’ whereas the recently introduced and more accu-
rate term is ‘‘peripheral antineutrophil nuclear antibodies
(p-ANNA)’’93. Unlike that in systemic vasculitides, the
pathogenetic role of ANCA in PSC is not clear. Im-
munoblotting has shown that the antigens recognized by
atypical p-ANCA/p-ANNA are probably located in the
neutrophil nucleus and may be represented by the
50-kDa myeloid-specific nuclear envelope protein.94

The utility of p-ANCA and p-ANNA in the
clinical management of patients with PSC is still doubt-
ful. Serum titers of antineutrophil antibodies do not
correlate with disease activity, extent, or duration. Fur-
thermore, ANCAs do not identify clinical subgroups of
PSC as defined by the occurrence of dominant strictures
or bacterial cholangitis or the coexistence of UC. A few
studies have found a correlation between serum end-
point titers of antineutrophil antibodies and clinical
indices in PSC, such as ANCA being associated with
decreased serum albumin and increased serum alkaline
phosphatase levels, so suggesting a more severe disease
course.95

Other Autoantibodies in PSC

The multiple nonspecific autoantibodies observed in
PSC are probably a consequence of chronic inflamma-
tion and an immunogenetic bias toward vigorous im-
mune responses. ANAs of ill-defined pattern can be
detected in a substantial portion (53%) of PSC patients
and SMAs in 13% to 20%, whereas AMAs are never
present. Over 60% of PSC patients have anticardiolipin
antibodies, and concentrations seem to correlate pos-
itively with histological changes and disease severity.96

Recent evidence points to biliary epithelial cells being a
target of autoantibodies: in one unconfirmed study,
63% of patients had antibodies to biliary epithelial cells,
which induced the expression and production of CD44
and IL-6.97 CD44 is an adhesion molecule that inter-
acts with hyaluronic acid and is involved in a wide
variety of physiological and pathological processes.98
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Because anti-CD44 is reported to reduce experimental
arthritis,99 CD44 inhibition may be therapeutic in
PSC. Current studies are attempting to confirm these
speculative theories.

OVERLAP SYNDROMES
The term ‘‘overlap syndrome’’ is used by hepatologists to
describe variant diseases in which the biochemical and
histological characteristics of AIH are associated with
either PBC or PSC. One estimate is that in 18% of
patients with one ALD there are coexisting features of a
second ALD.100 These overlap syndromes usually arise
with both hepatocellular and cholangiocellular dysfunc-
tion and, when left untreated, progress toward liver
cirrhosis and failure. More specifically, the AIH-PBC
overlap syndrome is found in 10% of adults with AIH or
PBC, and the AIH-PSC overlap syndromes is found in
6% to 8% of children, adolescents, or young adults with
either AIH or PSC.100 In addition to overlap syndromes,
there are rare instances of apparent full transition from
PBC to AIH, AIH to PBC, or AIH to PSC. In some
instances of overlap syndrome, the coexistence is evident
at initial presentation, or one of the overlap partners
precedes the other; in the latter case PBC usually
precedes AIH. In any event, more data are needed on
the clinical characteristics and outcomes. The diagnosis
and clinical management of overlap syndromes should be
based on that required for each of the individual diseases:
for example, UDCA is used for chronic cholestasis,
immunosuppressants for AIH, and liver transplantation
is indicated for end-stage disease.

Autoantibodies in Overlap Syndromes

AIH-PBC OVERLAP SYNDROME

The biochemical features of patients with the AIH-PBC
overlap syndrome include high serum levels of trans-
aminases plus markers of cholestasis plus increased levels
of immunoglobulins M and G. Histologically, features
of both diseases are evident, interface hepatitis and bile
duct destruction. Serologically, there is positivity for
SMA and AMA. However, the presence of ANA in
the serum of a patient with AIH-PBC overlap syndrome
is ‘‘tricky’’: ANAs are found in �40% of patients with
PBC and/or patients with AMA,59,60 but these are
usually ‘‘PBC-associated ANAs’’ (anti-nuclear pore
complex, anti-sp100, or ACA) and are not at all in-
dicative of AIH-associated ANA. In practice, reliable
criteria for a diagnosis of AIH-PBC overlap syndrome
are signs of hepatocellular and cholangiocellular injury
with combined biochemical and histological features of
AIH and PBC. The autoantibody profile may help to
identify which is the more dominant member of overlap,
which is usually PBC rather than AIH.

AIH-PSC OVERLAP SYNDROME

The diagnosis of AIH-PSC overlap syndrome is likewise
based on clinical and histological criteria, together with
radioimaging data. A literature review published some
years ago revealed a histology-based overlap between
AIH and PSC in 6% of patients with AIH.101 Kaya et al
devised a scoring system for the diagnosis of AIH-PSC
overlap syndrome,102 but it is possibly biased by patients’
age and the range of autoantibodies considered, and a
call for more and better validated data was made.103 An
observed overlap of AIH in up to one third of children
with PSC is of interest; such children usually have high
levels of gamma globulins, interface hepatitis on liver
biopsy, and an autoantibody profile as seen in AIH-1,
prompting the term ‘‘autoimmune sclerosing cholangi-
tis’’ (ASC) to describe this pediatric AIH-PSC overlap
syndrome. These patients with ASC commonly suffer
from UC and are often ANCA positive,104 but patients
with AIH alone also occasionally develop UC and
express an ‘‘atypical’’ ANCA positivity.

FUTURE DIRECTIONS
Specific serology has proved to be a mainstay of diag-
nostic testing for AIH and PBC, but a disease-relevant
reactant has yet been identified in PSC. The goal of
identifying more accurate and disease-specific and sen-
sitive serum markers for each of the ALDs and the
overlap syndromes justifies continuing effort. Success in
the near future will require better molecular character-
ization of the present autoantigenic reactants and better
standardization among laboratories. Commercially pro-
vided assays are readily available for the various serum
autoantibodies, but stringent quality assurance testing is
needed to ensure that laboratories obtain high qualitative
standards. Furthermore, new technological advances are
now allowing the development of increasingly auto-
mated detection methods associated with more rapid,
accurate, and reliable autoantibody assays.105 This will
not only decrease the likelihood of human error in
biological testing and allow better standardization but
also reduce the time and cost involved in performing the
individual assays.

Serologists should remain on the alert for new
serologic markers in ALD that may have not only better
sensitivity and specificity for diagnosis but also greater
relevance for pathogenesis than the traditional markers
in use at present. With the ultimate goal of predicting
and possibly preventing autoimmunity, it will be impor-
tant to assess the predictive role of ALD-specific auto-
antibodies, and the possibility of high-throughput
investigation of multiple autoantigen reactivities will
allow screening of healthy populations for autoimmune
potential. However, although population screening for
PBC-associated autoantibodies might be cost effective,
this is less evident be for AIH-associated autoantibodies.
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Finally, autoantibodies not only may predict the devel-
opment of a specific ALD when found in healthy
subjects but also may predict its clinical manifestations,
severity, and rate of progression.

ABBREVIATIONS
ACA anticentromere autoantibody
AIH autoimmune hepatitis
ALD autoimmune liver disease
AMA antimitochondrial antibody
ANA antinuclear antibody
ANCA antineutrophil cytoplasmic antigen
ASC autoimmune sclerosing cholangitis
BCOADC branched-chain 2-oxo-acid dehydrogen-

ase complex
CYPs cytochromes
ELISA enzyme-linked immunosorbent assay
ERCP endoscopic retrograde cholangiopancrea-

tography
IgG4 immunoglobulin G4
IIF indirect immunofluorescence
LKM liver-kidney microsome
MRCP magnetic resonance cholangiopancreato-

graphy
NPC nuclear pore complex
OADC 2-oxo acid dehydrogenase enzymes

complex
OGDC oxoglutarate dehydrogenase complex
p-ANNA peripheral antineutrophil nuclear

antibody
PBC primary biliary cirrhosis
PDC pyruvate dehydrogenase complex
PSC primary sclerosing cholangitis
SLA/LP soluble liver antigen/liver pancreas

antigen
SMA smooth muscle antibody
UC ulcerative colitis
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