
Autoantibodies in Primary
Bil iary Cholangitis
Kristel K. Leung, MD, FRCPC, Gideon M. Hirschfield, MB BChir, FRCP (UK), PhD*
KEYWORDS

� Antimitochondrial antibodies � Autoantibodies � Diagnosis � Cholangitis
� Biliary liver disease

KEY POINTS

� Antimitochondrial antibodies (AMAs) have a significant role in the diagnosis of primary
biliary cholangitis (PBC) and are highly specific and sensitive in the context of cholestasis.

� Patients with cholestasis who are AMA negative should have serology for PBC-specific
antinuclear antibodies sent.

� Patterns of serology in patients with PBC are not only helpful diagnostically but can also
provide prognostic and biologic insights into disease course.
Abbreviations

AMA antimitochondrial antibody
PBC primary biliary cholangitis
INTRODUCTION

Primary biliary cholangitis (PBC) is a chronic immune-mediated liver disease with an
estimated global prevalence of 14.6 per 100,000 population (range from 1.91 to
40.2).1,2 Geographic variation is noted with North American prevalence at 21.8 per
100,000, Europe at 14.6 per 100,000 and the Asian-Pacific region at 9.8 per
100,000.2 Most patients (85%) identify as women.2,3 PBC is characterized by an
immune-mediated destruction of small bile duct biliary epithelial cells, with a charac-
teristic nonsuppurative destructive cholangitis and ductopenia. There is subsequent
cholestasis, progressive liver fibrosis, and complications arise from end-stage liver
disease.4
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The diagnosis of PBC is generally based on 2 of 3 criteria being met: (1) an elevated
alkaline phosphatase (ALP) as a marker of elevated cholestasis parameters, (2) posi-
tive autoantibodies for antimitochondrial antibody (AMA) with a minimum titer of 1:40,
or specific antinuclear antibodies (ANAs) relating to PBC, and/or (3) liver histopathol-
ogy consistent with PBC.5 First-line treatment of PBC involves daily ursodeoxycholic
acid (UDCA), a hydrophilic bile acid that improves cholestasis parameters and delays
histologic and clinical progression to end-stage liver disease and its complications.6

Second-line treatment options (obeticholic acid, fibrates, and clinical trial therapies)
are available for those who have persistently elevated ALP and/or elevated conjugated
bilirubin despite UDCA treatment.7

This review focuses on the role of autoantibodies in the diagnosis of PBC, as well as
the relationship between autoantibodies with pathophysiology and prognostication,
along with a discussion regarding novel and other related disease autoantibodies.

The Role of Antimitochondrial Antibodies in Primary Biliary Cholangitis

Mitochondria and their components are known to be recognized as damage-
associated molecular patterns that activate the innate immune system and are impli-
cated in signaling with both the innate and active immune response in many dis-
eases.8,9 Although this has yet to be directly demonstrated in PBC, AMAs have a
clearly significant role in the diagnosis of PBC. Unlike most autoantibodies that are
found in multiple diseases, AMA is unique in that it is both a highly specific and sen-
sitive marker for PBC: more than 90% of patients with PBC have a positive AMA,
whereas 0.5% of healthy individuals without PBC are AMA positive, and AMA can
be found in up to 1% of individuals presenting with extrahepatic disorders.10–13

AMA was discovered in initial investigations searching for autoantibodies associated
with PBC. Walker and colleagues performed indirect immunofluorescence testing
(IFT) on PBC-sera-stained human gastric mucosa and thyrotoxic human thyroid,
and noted a granular cytoplasmic fluorescence pattern in these tissues that were
especially rich in mitochondria.14 The group then confirmed antimitochondrial reac-
tivity of the sera to subcellular fractions of rat mitochondria and not other subcellular
fractions.14

The target of AMA in PBC is a family of proteins called the 2-oxo-acid dehydroge-
nase complexes that participate in oxidative phosphorylation and decarboxylation of
keto acid substrates along the inner mitochondrial matrix.15 This includes the E2 sub-
units of the pyruvate dehydrogenase complex (PDC-E2), the branched-chain 2-oxo-
acid dehydrogenase complex, the ketoglutaric acid dehydrogenase complex, and
the anchoring dihydrolipoamide dehydrogenase-binding protein (E3) for PDC-E2.15

The E2 subunits exhibit lipoyl domain homology, and several studies have demon-
strated that the dominant epitope recognized by AMA is located within the lipoyl
domain. Most patients with AMA reactivity react against PDC-E2, along with reactivity
against the branched-chain 2-oxo acid dehydrogenase E2 complex, the ketoglutaric
acid dehydrogenase E2 complex, or both.15 AMA binding to epitopes within the lipoic
acid binding domain disrupts the domain and inhibits enzymatic function.16

The role of molecular mimicry between pathogenic molecules andmitochondrial an-
tigens is of particular interest in PBC because human E2 PDC subunits share similar
epitope regionswith thoseofEscherichia colibacteria17.Notably, recurrent urinary tract
infections inwomenare associatedwith PBC,18 ofwhichE. coli is a commonly detected
pathogen. Thus, one concept (among many) involves E. coli PDC-E2 exposure leading
to the development and production of AMA.19,20 Although this may not be the only
mechanism in the breakdown in immunologic tolerance in PBC (as other chemicals, in-
fectious and drug triggers have been speculated about), AMA specificity to PDC-E2
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hints at a potential contributory role of AMAandPDC-E2 in the immune-mediated path-
ophysiology of PBC. Notably, the destruction of biliary epithelial cells in PBC is medi-
ated by infiltrative autoreactive T cells, of which some have found to be specific for
PDC-E2.21 Moreover, patients with PBC have abnormal expression of either PDC-E2
or cross-reacting molecules in the apical region of biliary epithelium.22 However, the
titer of AMA does not correlate with symptom duration, jaundice, or serum levels of
ALP or immunoglobulins; the titer may fluctuate and fall with treatment, although
without overt significance in termsof clinical outcomes.23–26 Patients positive for immu-
noglobulin G (IgG) AMA may have significantly more severe disease (as defined by
worse histology and elevated biochemical markers), whereas higher IgG and IgA
AMA titers were associated with higher Mayo risk score; however, none of the isotypes
or titer level was able to predict disease outcome.26 Furthermore,mitochondria are pre-
sent in all nucleated cells, including leukocytes and hepatocytes; yet the immune-
mediated damage seen in PBC is focused on bile duct epithelial cells. Future research
to further delineate theautoantigen andantibody interaction in bile duct epithelial ductal
cells will be relevant to understanding the pathophysiology underpinning PBC.
Due to the specificity and sensitivity of AMA in PBC, AMA is an important criterion

incorporated into diagnosing PBC. Thus, all patients being evaluated for unexplained
chronic cholestasis or suspected PBC should have autoantibody testing for AMA
(Fig. 1). Preferably, testing for AMA should be done using IFT on rodent kidney/liver
tissue and confirmation of fluorescence pattern using human larynx epithelial cancer
cell line (Hep-2) cells and solid-phase test systems such as enzyme-linked immuno-
sorbent assays (ELISAs) using bovine or porcine heart mitochondrial fractions.7

Confirmatory testing after IFT is usually required because other cytoplasmic anti-
bodies (such as cardiolipin antibodies and anti-liver kidney muscle antibodies) can
be misinterpreted for AMA.27

AMA may also be present for many years before the emergence of biochemical
cholestasis and/or other PBC-associated symptoms. In the study by Dahlqvist and
colleagues who followed AMA-positive patients without cholestasis or clinical evi-
dence of liver disease, 9 of 92 patients developed clinical features of PBC (with a 5-
year incidence rate of PBC of 16%).28 Longitudinal follow-up of PBC patients with iso-
lated AMA positivity demonstrate these patients often have less advanced histology
compared with symptomatic patients at diagnosis, yet remain at risk for progres-
sion.29 Notably, with increased availability of assays to evaluate for AMA, PBC-
specific ANA, and other autoantibodies in the modern era, PBC is now often diag-
nosed at much earlier stages. Most recently, in the Swiss PBC Cohort Study, 24 of
30 patients (80%) with isolated positive PBC serology (with AMA and/or PBC-
specific ANA) and normal ALP had histologic features of mild PBC, with 2 patients
with Nakanuma stage 3 of 4 disease.30 Notably, other liver enzymes were frequently
mildly elevated. Initiation of UDCA treatment in early stage PBC may be beneficial,
as evidenced by normalization of survival in early PBC patients to rates similar to
the general population (including those with normal baseline ALP) with treatment.31

Furthermore, a delay in starting UDCA treatment once PBC is diagnosed is associated
with a lower probability of UDCA response, and thus, an increased risk for progression
in disease.32 These findings support the notion that patients who do not exhibit typical
clinical cholestasis but have AMA positivity should be evaluated by a hepatologist with
consideration for ultrasound and elastography (e.g., Fibroscan), as well as be evalu-
ated for other cholestatic liver diseases (see Fig. 1). Thus, in patients with AMA pos-
itivity with normal liver enzymes, these patients usually remain with a mild PBC
phenotype, but are at risk of PBC-associated complications and require risk stratifica-
tion, ongoing follow-up with annual liver bloodwork, and monitoring.29,33
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Fig. 1. Approach to persistent cholestasis and diagnosis of primary biliary cholangitis. ALP,
alkaline phosphatase; AMA, antimitochondrial antibody; ANA, antinuclear antibody; GGT,
gammaglutamyltransferase; IgM, immunoglobulin M; MRCP, magnetic resonance cholan-
giopancreatography; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis.
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Although both sensitive and specific for PBC, AMA can be seen in other hepatic and
nonhepatic conditions. AMA positivity has been reported in patients with acute liver
failure of any cause,13 as well as other liver conditions including autoimmune hepatitis
(AIH), hepatitis C, and alcohol-related liver disease.28,34 In one series examining sera in
patients with acute liver failure from multiple causes, AMAs were detected in 33% of
patients, with reactivity found against the same major antigens also seen in PBC.13

The authors concluded that this finding provides support for the hypothesis that oxida-
tive stress-induced liver injury can lead to the induction of AMAs. Interestingly, AMA
positivity waned with time from the initial onset of injury with only one patient retaining
AMA positivity at 24 months.13 AMAs have also been found in other autoimmune con-
ditions such as systemic lupus erythematosus (SLE), Sjogren syndrome, and chronic
graft versus host disease after allogeneic stem cell transplantation.28,35 It is unclear
whether AMA serologies persisted in these patients due to sparse longitudinal data.
Additionally for such studies, it must be recognized that different AMA assays are usu-
ally used making generalization difficult.
Antimitochondrial Antibody-Negative Primary Biliary Cholangitis and Primary
Biliary Cholangitis-Specific Antinuclear Antibodies

Depending on the laboratory assays used, 5% to 17% of patients with PBC do not
have AMA reactivity. Previously, several studies have demonstrated that this could
be partially overcome by using recombinant proteins for 2-oxo-acid dehydrogenase
complexes in ELISA or using IgG and IgA specific isotopes of AMA in an M2-
enhanced performance ELISA (MIT3), which incorporates the 3 immunodominant epi-
topes recognized by AMA.26,36–38 It is thought that AMA-negative PBC is a similar dis-
ease process to AMA-positive PBC involving abnormal expression of PDC-E2 and/or
molecular mimicry of PDC-E2. Tsuneyama and colleagues demonstrated that sera
from AMA-negative patients react similarly to sera from AMA-positive patients, with
intense staining of the apical region of the bile duct epithelial cells for PDC-E2, sug-
gesting similar disease processes.39 It has been previously proposed that a worse
prognosis exists for patients diagnosed with AMA-negative PBC compared with
AMA-positive PBC, with reduced transplant-free survival40 and worse bile duct dam-
age around portal areas on histopathology with increased levels of B-cell infiltrates in
early phases of bile duct damage.41 It is unclear whether this reflects diagnostic delay
or true pathogenic differences; as such, contemporary research is required to evaluate
this further. In clinical practice, it is important to manage patients with PBC the same
regardless of AMA serology.
Table 1
Prevalence, sensitivity, and specificity of primary biliary cholangitis autoantibodies

PBC Prevalence (%)

PBC Diagnosis

Autoantibody
Sensitivity
(%)

Specificity
(%)

AMA 95 73–10010 76–10010

ANA 50–5642,105 - -

AMA positive AMA negative

Anti-gp210 16–18105 15–4542,105 6–5542,106 62–10042,50,106

Anti-sp100 24–3159,105 13–5442,105 8–4242,106 64–10042,50,106

Anti-hexokinase-1 39–5666,67 12–4066,67 4567 9567

Anti-Kelch 19–2666,67 10–2966,67 2567 9567
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In the search for identifying other autoantibodies associated with PBC, researchers
have also documented ANA serology in PBC patients, with 50% to 56% of all PBC
having ANA positivity, and up to 85% of AMA-negative PBC patients having ANA pos-
itivity.42,43 Approximately half of AMA-negative PBC patients will have at least 1 of 3
PBC-specific ANA: namely sp100 (a transcription stimulating factor), promyelocytic
leukemia (a transcription coactivator), or gp210 (a nuclear pore glycoprotein).38,44,45

These antibodies carry high specificity for PBC (Table 1)46 and are particularly useful
in diagnosing suspected AMA-negative PBC because these patients may experience
a delay in diagnosis, and thus, a delay in appropriate care and treatment (see Fig. 1).
PBC-specific ANA can be detected by IFT on rodent tissue, followed by confirmation
with Hep-2 cell staining in various staining patterns depending on the nuclear antigen
target. Nuclear body antigens (eg, sp100) stain in a “multiple nuclear dots pattern”,
whereas nuclear envelope antigens (eg, gp210) stain with a “dotted or discontinuous
rim-like/membranous pattern.”47–49 Previously, multiple nuclear dots and/or rim-like/
membranous patterns were found in 31 of 101 (31%) AMA-positive patients and 17
of 22 (77%) AMA-negative patients.50 Hep-2 cells are usually avoided as an initial
test due to the presence of low-titer ANA antibodies in healthy subjects.27 ELISA
can also be used to confirm results of IFT.
The mechanisms behind development and production of ANA in PBC remains un-

known but is thought to be related to molecular mimicry with environmental or path-
ogenic antigens similar to the development of AMA,51 or to mimicry between the
nuclear proteins gp210 and sp100 to the E2 subunit of the PDC.52 Studies have
demonstrated human leukocyte antigen (HLA) alleles (including DRB1*rs9277535,
DRB1*03:01, DRB1*15:01, DRB1*01, and DPB1*03:01) with the presence of sp100 an-
tibodies, suggesting a significant genetic predisposition with the sp100 autoanti-
body.53 Moreover, a study in Japanese patients reported association between the
HLA alleles DRB1*04:04 and DRB1*08:03 with the presence of anti-gp210 and anti-
centromere antibodies, respectively.54 These specific ANA in PBC carry clinical signif-
icance. An sp100 autoantibody level may have prognostic utility with respect to the
development of fibrosis on liver biopsy,25 and positivity is associated with worse dis-
ease severity and worse prognosis in European studies55,56; however, this has not
been consistently seen in other populations, particularly in Japan.57 Of note, with
treatment with UDCA, anti-sp100 has been shown to decrease in some patients
(similar to AMA titer on UDCA treatment), suggesting modulation by UDCA in the
response to the sp100 antigen; however, the clinical significance of this decrease in
titer with treatment is not yet known.58 In patients with high gp210 antibodies, these
patients have worse cholestasis and impaired liver function59 and are associated
with more severe interface hepatitis lobular inflammation.57,60 In a study evaluating se-
rial anti-gp210 levels at diagnosis and with UDCA therapy, patients who had sustained
anti-gp210 levels despite treatment were at increased risk of progressing to liver fail-
ure.61 In another study evaluating newly diagnosed PBC patients, those with reactivity
to gp210 and/or p62 (a nucleoporin) exhibited an unfavorable disease course charac-
terized by decreased time to death, transplantation, and complication-free survival.62

More recently, a study evaluating clinical utility of specific ANA in PBC found that anti-
gp210 autoantibodies were significantly associated with elevated serum aminotrans-
ferase activity, bilirubin, and liver stiffness at presentation, as well as being indepen-
dently associated with death or liver transplantation, even when accounting for
other baseline determinants and UDCA treatment response.42

Besides the ANA described, other specific ANA targets in PBC include other nuclear
body proteins such as sp140 and small ubiquitin-like modifiers, and nuclear envelope
antigens such as the nucleoporin autophagy receptor p62.48,59,63–65 Of note, patients
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with PBC-specific ANA to nuclear body proteins often react to 2 to 3 proteins in the
family, suggesting clustering of autoantigens. Their exact contribution to PBC patho-
physiology remains to be elucidated in future studies.

Other Novel Autoantibodies in Primary Biliary Cholangitis

Although advances in IFT solid phase immunoassays can detect most patients with
PBC, a small proportion of patients remain both AMA and ANA negative. More
recently, anti-kelch-like 12 protein (anti-Kelch) and anti-hexokinase-1 antibodies
have been identified as potential new biomarkers for PBC, with a pooled prevalence
of 24.9% positive for anti-Kelch and 45.7% positive for anti-hexokinase-1 in AMA-
positive PBC patients, and 19.2% positive for anti-Kelch and 24.7% positive for hexo-
kinase-1 in AMA-negative PBC patients.66,67 The Kelch protein family participate in
numerous cellular processes, including cytoskeletal organization, ion channel gating,
transcription suppression, and targeting of proteins for ubiquitination.68 The higher
prevalence of hexokinase-1 in PBCmay be related to the fact that this enzyme is found
on the outer membrane of mitochondria and is responsible for phosphorylating
glucose, as well as being involved in the adaptive coupling of mitochondrial meta-
bolism to cell survival and sensitivity to apoptosis.69 Anti-hexokinase-1 status was
associated with lower transplant-free survival and time to liver decompensation.56

Other autoantibodies of interest include anti-p97/valosin containing protein antibodies
that have been found in approximately 13% of PBC patients.; The presence of these
autoantibodies seem to suggest a slower progressive disease course and decreased
mortality; however, further studies are required as the data is very preliminary.70

Secondary Hepatitis in Patients with Primary Biliary Cholangitis (Overlap/Primary
Biliary Cholangitis with Features of Autoimmune Hepatitis)

A common clinical scenario is one where a patient presents with features of both PBC
and AIH, including elevated transaminase activity and cholestatic liver chemistry, who
is found to have AMA positivity along with serology or histology with features of AIH. In
a recent study by Haldar and colleagues, 32 of 499 PBC patients (6.4%) had features
of PBC with clinically classified overlapping AIH.42 Such patients have been reported
to have suboptimal responses to UDCA therapy, higher rates of decompensated liver
disease complications (including bleeding and ascites), and lower transplant-free sur-
vival.71–73 Whether patients with features of both PBC and AIH represent a high-risk
PBC phenotype versus the coexistence of 2 disease entities is debated, as some
studies show these patients benefit from initiation of UDCA alone, whereas other
studies show augmented results with the addition of immunosuppression.74 It is key
to recognize that bile acid metabolism can affect immune responses, raising the
concept that hepatitis activity in cholestatic liver disease could be secondary to the
underlying biliary process. Two relevant articles recently demonstrated how bile acids
can impact the balance of Th17 and Treg cells through the production of mitochondrial
reactive oxygen species and modulating expression of key transcription factors as
well as function.75,76 Future studies are required to further understand and charac-
terize these patients in objective ways.
Currently hepatology societal guidance suggests concurrent AIH with PBC can be

diagnosed if 2 of 3 criteria are present: (1) elevation of ALT levels greater than 5 times
upper limit the normal (ULN), (2) elevation of serum IgG levels greater than 2 times ULN
or positive anti-smooth muscle antibody (SMA), and (3) moderate-to-severe interface
hepatitis on histology.7,77 Of note, the presence of anti-double stranded DNA (dsDNA)
or anti-p53 (an important tumor-suppressor protein) has been associated with PBC-
AIH overlap. In particular, double positivity for AMA and anti-dsDNA are reported to
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be present in 38% to 50% of AIH-PBC overlap patients, compared with 4% to 10% of
PBC only patients and 26% of AIH only patients,78–80 whereas autoantibodies to p53
were found in 50% of AIH-PBC overlap patients compared with 2% of PBC only pa-
tients.79 Neither of these autoantibodies are specific to PBC, as anti-dsDNA are char-
acteristically seen in SLE,81 and anti-p53 are seen in variety of solid organ cancers82

as well as SLE, rheumatoid arthritis, dermatomyositis, autoimmune thyroiditis, and
type 1 diabetes.79 Evaluation of other PBC-specific autoantibodies including anti-
Kelch and anti-hexokinase-1 are not significantly associated with PBC-AIH overlap.80

Further investigation and larger scale studies are required to evaluate the role of auto-
antibodies and other serum biomarkers in so-called PBC-AIH overlap.
Other Nonspecific Autoantibodies in Primary Biliary Cholangitis and Disease
Associations

Patients with PBC will frequently test positive for other autoantibodies that associate
with other rheumatological conditions, some of which may occasionally be concur-
rently present with PBC.83 PBC is commonly associated with autoimmune thyroid dis-
ease; however, the presence of thyroid disease does not influence the natural history
or progression of PBC.83,84 Patients with PBC often have concurrent reactivity to thy-
roid disease antibodies, with increased anti-thyroglobulin antibody in 55% of patients
and anti-thyroid peroxidase antibody in 46% of PBC patients without any known thy-
roid disease seen in one study.85

PBC is also associated with celiac disease, with variable prevalence of celiac dis-
ease diagnosis among PBC patients ranging from 1% to 12%.86–88 However, the
question as to whether to screen PBC patients for celiac disease is debated.89

Some studies have demonstrated that not all PBC patients who screen positive for au-
toantibodies for celiac disease (such as anti-endomysium antibodies and transgluta-
minase antibodies) with have truly elevated titers of celiac autoantibodies, nor
histologic patterns suggestive of celiac disease.90,91 Bizzaro and colleagues
concluded that a true association was present in only 2% of patients, and in most
cases, false positives were due to substrate variability in the assay.
Commonly, patients with PBC also have autoantibodies for non-PBC-specific ANA

and thrombophilia-associated autoantibodies.92 Among the ANA family of autoanti-
bodies, patients with PBC may exhibit positivity for anti-centromere, anti-nuclear en-
velope, anti-Sjögren’s-syndrome-related antigen A (SSA) (both ro-52 and ro-60), anti-
Sjögren’s-syndrome-related antigen B (SSB) (La), anti-double stranded DNA (dsDNA),
anti-single strand DNA (ssDNA), anti-histone, anti-topoisomerase I (aka. scl-70), anti-
Smith, anti-Jo-1, and anti-U1RNP antibodies.85,92,93 Anti-nuclear envelope antibodies
target proteins of the nuclear lamina, the innermost layer of the nuclear envelope.
These anti-lamin and anti-lamin receptor antibodies present with a smooth membrane
fluorescence pattern on IFT in 6% to 9% of PBC patients94; however, their role is un-
clear, and anti-lamin antibodies are often also found in other autoimmune conditions
such as SLE and chronic fatigue syndrome.95 Anti-centromere antibodies present with
a discrete speckled centromere pattern with IFT staining and are seen targeting the
centromere–kinetochore macrocomplex in up to 30% of patients with PBC, while
also being seen in a third of patients with systemic sclerosis (SSc) and 10% of those
with Sjogren’s syndrome.47,57,96 In patients with both PBC and SSc, 9% to 30% have
anti-centromere antibodies.97–99 The importance of anti-centromere antibodies in
PBC disease course is debated, with some data suggesting no difference, whereas
others point to a higher risk for ductular reaction, progression to portal hypertension
and cirrhosis.57,100,101 It is also seen in practice that sometimes patients with AMA-
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negative PBC are anti-centromere positive with consistent PBC histology, and in this
scenario, anti-centromere reactivity helps reach the PBC diagnosis.
Thrombophilia-associated autoantibodies (such as those reacting to cardiolipin,

beta2-glycoprotein 1, phosphatidylserine, and prothrombin) also have notable pres-
ence in sera of PBC patients, with a range of 2% to 70% positivity reported depending
on the specific antigen target.102–104 The presence of these thrombophilia-associated
autoantibodies have been reported (but not validated) with later PBC stage, with anti-
prothrombin IgM associated with worse prognosis.The underlying mechanisms have
yet to be elucidated92, and additional studies are required to validate these findings
and evaluate this association further.

SUMMARY

Testing for autoantibodies is essential to the diagnosis of PBC, as well as evaluation of
related disease processes and potential prognostic factors. Future efforts to further
characterize autoantibody profiles in PBC will be important in advancing our under-
standing of the pathophysiological mechanisms while providing new ways to risk
stratify patients and possibly insights into therapeutic targets.

CLINICS CARE POINTS
� PBC is an archetypal autoimmune disease. Patients can be diagnosed accurately by
appropriate use of immune serology. In particular upto 90-95% of patients are anti-
mitochondrial antibody positive.

� Where patients are AMA negative, other serologic profiles based on anti-nuclear antibody
patterns can be diagnostic. Some serologic findings, in particular gp210 reactivity, are
associated with worse prognosis for patients.
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67. Norman GL, Reig A, Viñas O, et al. The prevalence of anti-hexokinase-1 and
anti-kelch-like 12 peptide antibodies in patients with primary biliary cholangitis
is similar in Europe and North America: a large international, multi-center study.
Front Immunol 2019;10:662.

68. Dhanoa BS, Cogliati T, Satish AG, et al. Update on the Kelch-like (KLHL) gene
family. Hum Genomics 2013;7(1):13.

69. Robey RB, Hay N. Mitochondrial hexokinases: guardians of the mitochondria.
Cell Cycle 2005;4(5):654–8.

70. Miyachi K, Hosaka H, Nakamura N, et al. Anti-p97/VCP antibodies: an autoan-
tibody marker for a subset of primary biliary cirrhosis patients with milder dis-
ease? Scand J Immunol 2006;63(5):376–82.

71. Silveira MG, Talwalkar JA, Angulo P, et al. Overlap of autoimmune hepatitis and
primary biliary cirrhosis: long-term outcomes. Am J Gastroenterol 2007;102(6):
1244–50.

72. Yang F, Wang Q, Wang Z, et al. The natural history and prognosis of primary
biliary cirrhosis with clinical features of autoimmune hepatitis. Clin Rev Allergy
Immunol 2016;50(1):114–23.

73. Chazouillères O, Wendum D, Serfaty L, et al. Long term outcome and response
to therapy of primary biliary cirrhosis-autoimmune hepatitis overlap syndrome.
J Hepatol 2006;44(2):400–6.

74. Freedman BL, Danford CJ, Patwardhan V, et al. Treatment of overlap syndromes
in autoimmune liver disease: a systematic review and meta-analysis. J Clin Med
2020;9(5):1449.

75. Hang S, Paik D, Yao L, et al. Bile acid metabolites control TH17 and Treg cell
differentiation. Nature 2019;576(7785):143–8.

76. Paik D, Yao L, Zhang Y, et al. Human gut bacteria produce TH17-modulating bile
acid metabolites. Nature 2022;603(7903):907–12.

77. Chazouillères O, Wendum D, Serfaty L, et al. Primary biliary cirrhosis–
autoimmune hepatitis overlap syndrome: clinical features and response to ther-
apy. Hepatology 1998;28(2):296–301.

http://refhub.elsevier.com/S1089-3261(22)00042-3/sref60
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref60
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref60
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref61
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref61
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref61
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref62
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref62
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref62
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref63
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref63
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref64
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref64
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref64
https://doi.org/10.3390/diagnostics11040587
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref66
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref66
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref66
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref67
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref67
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref67
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref67
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref68
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref68
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref69
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref69
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref70
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref70
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref70
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref71
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref71
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref71
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref72
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref72
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref72
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref73
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref73
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref73
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref74
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref74
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref74
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref75
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref75
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref76
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref76
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref77
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref77
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref77


Leung & Hirschfield626
78. Muratori P, Granito A, Pappas G, et al. The serological profile of the autoimmune
hepatitis/primary biliary cirrhosis overlap syndrome. Am J Gastroenterol 2009;
104(6):1420–5.

79. Himoto T, Yoneyama H, Kurokohchi K, et al. Clinical significance of autoanti-
bodies to p53 protein in patients with autoimmune liver diseases. Can J Gastro-
enterol 2012;26(3):125–9.

80. Nguyen HH, Shaheen AA, Baeza N, et al. Evaluation of classical and novel au-
toantibodies for the diagnosis of primary biliary cholangitis-autoimmune hepati-
tis overlap syndrome (PBC-AIH OS). PLoS One 2018;13(3):e0193960.

81. Wang X, Xia Y. Anti-double stranded DNA antibodies: origin, pathogenicity, and
targeted therapies. Review. Front Immunol 2019;10. https://doi.org/10.3389/
fimmu.2019.01667.

82. Soussi T. p53 Antibodies in the sera of patients with various types of cancer: a
review. Cancer Res 2000;60(7):1777–88.

83. Floreani A, Cazzagon N. PBC and related extrahepatic diseases. Best Pract Res
Clin Gastroenterol 2018;34-35:49–54.

84. Floreani A, Mangini C, Reig A, et al. Thyroid dysfunction in primary biliary chol-
angitis: a comparative study at two european centers. Am J Gastroenterol 2017;
112(1):114–9.

85. Nakamura H, Usa T, Motomura M, et al. Prevalence of interrelated autoanti-
bodies in thyroid diseases and autoimmune disorders. J Endocrinol Invest
2008;31(10):861–5.

86. Kingham JG, Parker DR. The association between primary biliary cirrhosis and
coeliac disease: a study of relative prevalences. Gut 1998;42(1):120–2.

87. Lawson A, West J, Aithal GP, et al. Autoimmune cholestatic liver disease in peo-
ple with coeliac disease: a population-based study of their association. Aliment
Pharmacol Ther 2005;21(4):401–5.

88. Callichurn K, Cvetkovic L, Therrien A, et al. Prevalence of celiac disease in pa-
tients with primary biliary cholangitis. J Can Assoc Gastroenterol 2021;
4(1):44–7.

89. Narciso-Schiavon JL, Schiavon LL. To screen or not to screen? Celiac anti-
bodies in liver diseases. World J Gastroenterol 2017;23(5):776–91.

90. Bizzaro N, Tampoia M, Villalta D, et al. Low specificity of anti-tissue transgluta-
minase antibodies in patients with primary biliary cirrhosis. J Clin Lab Anal 2006;
20(5):184–9.

91. Floreani A, Betterle C, Baragiotta A, et al. Prevalence of coeliac disease in pri-
mary biliary cirrhosis and of antimitochondrial antibodies in adult coeliac dis-
ease patients in Italy. Dig Liver Dis 2002;34(4):258–61.

92. Agmon-Levin N, Shapira Y, Selmi C, et al. A comprehensive evaluation of serum
autoantibodies in primary biliary cirrhosis. J Autoimmun 2010;34(1):55–8.

93. Hu C-J, Zhang F-C, Li Y-Z, et al. Primary biliary cirrhosis: what do autoantibodies
tell us? World J Gastroenterol 2010;16(29):3616–29.

94. Miyachi K, Hankins RW, Matsushima H, et al. Profile and clinical significance of
anti-nuclear envelope antibodies found in patients with primary biliary cirrhosis:
a multicenter study. J Autoimmun 2003;20(3):247–54.

95. Nesher G, Margalit R, Ashkenazi YJ. Anti-nuclear envelope antibodies: clinical
associations. Semin Arthritis Rheum 2001;30(5):313–20.

96. Kajio N, Takeshita M, Suzuki K, et al. Anti-centromere antibodies target
centromere–kinetochore macrocomplex: a comprehensive autoantigen
profiling. Ann Rheum Dis 2021;80(5):651–9.

http://refhub.elsevier.com/S1089-3261(22)00042-3/sref78
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref78
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref78
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref79
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref79
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref79
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref80
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref80
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref80
https://doi.org/10.3389/fimmu.2019.01667
https://doi.org/10.3389/fimmu.2019.01667
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref82
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref82
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref83
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref83
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref84
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref84
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref84
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref85
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref85
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref85
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref86
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref86
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref87
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref87
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref87
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref88
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref88
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref88
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref89
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref89
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref90
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref90
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref90
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref91
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref91
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref91
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref92
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref92
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref93
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref93
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref94
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref94
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref94
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref95
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref95
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref96
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref96
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref96


Autoantibodies in Primary Biliary Cholangitis 627
97. Bernstein RM, Callender ME, Neuberger JM, et al. Anticentromere antibody in
primary biliary cirrhosis. Ann Rheum Dis 1982;41(6):612–4.

98. Chan HL, Lee YS, Hong HS, et al. Anticentromere antibodies (ACA): clinical dis-
tribution and disease specificity. Clin Exp Dermatol 1994;19(4):298–302.

99. Hansen BU, Eriksson S, Lindgren S. High prevalence of autoimmune liver dis-
ease in patients with multiple nuclear dot, anti-centromere, and mitotic spindle
antibodies. Scand J Gastroenterol 1991;26(7):707–13.

100. Rigamonti C, Shand LM, Feudjo M. Clinical features and prognosis of primary
biliary cirrhosis associated with systemic sclerosis. Gut 2006;55(3):388–94.

101. Shi TY, Zhang LN, Chen H, et al. Risk factors for hepatic decompensation in pa-
tients with primary biliary cirrhosis. World J Gastroenterol 2013;19(7):1111–8.

102. Zachou K, Liaskos C, Rigopoulou E, et al. Presence of high avidity anticardioli-
pin antibodies in patients with autoimmune cholestatic liver diseases. Clin Im-
munol 2006;119(2):203–12.

103. Mankaı̈ A, Manoubi W, Ghozzi M, et al. High frequency of antiphospholipid an-
tibodies in primary biliary cirrhosis. J Clin Lab Anal 2015;29(1):32–6.

104. Gabeta S, Norman GL, Gatselis N, et al. IgA anti-b2GPI antibodies in patients
with autoimmune liver diseases. J Clin Immunol 2008;28(5):501.

105. Muratori L, Granito A, Muratori P, et al. Antimitochondrial antibodies and other
antibodies in primary biliary cirrhosis: diagnostic and prognostic value. Clin
Liver Dis 2008;12(2):261–76.

106. Hu S-L, Zhao F-R, Hu Q, et al. Meta-analysis assessment of gp210 and sp100
for the diagnosis of primary biliary cirrhosis. PLoS One 2014;9(7):e101916.

http://refhub.elsevier.com/S1089-3261(22)00042-3/sref97
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref97
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref98
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref98
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref99
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref99
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref99
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref100
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref100
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref101
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref101
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref102
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref102
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref102
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref103
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref103
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref104
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref104
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref105
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref105
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref105
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref106
http://refhub.elsevier.com/S1089-3261(22)00042-3/sref106

	Autoantibodies in Primary Biliary Cholangitis
	Key points
	Introduction
	The Role of Antimitochondrial Antibodies in Primary Biliary Cholangitis
	Antimitochondrial Antibody-Negative Primary Biliary Cholangitis and Primary Biliary Cholangitis-Specific Antinuclear Antibodies
	Other Novel Autoantibodies in Primary Biliary Cholangitis
	Secondary Hepatitis in Patients with Primary Biliary Cholangitis (Overlap/Primary Biliary Cholangitis with Features of Auto ...
	Other Nonspecific Autoantibodies in Primary Biliary Cholangitis and Disease Associations

	Summary
	Clinics care points
	References


