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A contemporary perspective on the molecular characteristics of 
mitochondrial autoantigens and diagnosis in primary biliary 
cholangitis

Patrick S.C. Leung, Jinjung Choi, Guoxiang Yang, Elena Woo, Thomas P. Kenny, and M. 
Eric Gershwin
Division of Rheumatology, Allergy and Clinical Immunology, University of California at Davis 
School of Medicine, Davis, CA 95616, USA

Abstract

Primary biliary cholangitis (PBC) is an autoimmune hepatobiliary disease characterized by 

immune mediated destruction of the intrahepatic small bile ducts and the presence of 

antimitochondrial antibodies (AMAs). The mitochondrial autoantigens have been identified as the 

E2 subunits of the 2-oxo-acid dehydrogenase complex, including the E2 subunits of pyruvate 

dehydrogenase, branched-chain 2-oxo acid dehydrogenase complex, oxoglutarate dehydrogenase 

complex, E3 binding protein and PDC E1 alpha subunit. The AMA epitope is mapped within the 

E2 lipoic acid binding domain, which is particularly important for oxidative phosphorylation. In 

addition, lipoic acid, which serves as a swinging arm to capture electrons, is particularly 

susceptible to an electrophilic attack and may provide clues to the etiology of PBC. This review 

emphasizes the molecular characteristics of AMAs, including detection, immunochemistry and the 

putative role in disease. These data have significance not only specifically for PBC, but generically 

for autoimmunity.
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 Introduction

Antimitochondrial antibody (AMA) testing is a standard laboratory workup in patients 

suspected of hepatobiliary disease. In 1965, AMA was first detected in the sera of patients 

with primary biliary cholangitis (PBC) [1]. AMA is now a well-established serological 

marker of PBC. PBC is a female predominant chronic autoimmune cholestatic liver disease 

of unknown etiology [2]. Both genetics and environmental components are suspected to 

contribute to the pathogenesis of PBC [3-8]. Immunologically, PBC is characterized by high 
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titer of AMA and immune mediated destruction of intrahepatic bile ducts. Clinically, 

patients with advanced stage PBC are presented with fatigue, generalized pruritus, 

obstructive jaundice, osteoporosis, fat-soluble vitamin deficiencies and portal hypertension. 

In recent years, the course of primary biliary cholangitis has improved substantially with 

ursodeoxycholic acid (UDCA) therapy [9,10]. For the diagnosis of PBC, the patient must 

have at least two of the following three parameters: clinical and/or biochemical 

characteristics of cholestasis, AMA reactivity, and histological changes associated with 

cholestasis, particularly florid biliary lesions and portal granulomas (Table 1) [11]. AMA 

can be detected in over 95% of patients with PBC and can be detected even before clinical 

symptoms or biochemical abnormalities [12-14]. The fact that AMA is present many years 

before disease manifestation and its high titer is persistent throughout the disease suggests 

that AMA has a contributory role in the immunopathology of PBC [15,16]. AMA can also 

be readily detected in animal models of PBC [17-30] even before the appearance of liver 

pathology.

 Molecular identification of PBC mitochondrial autoantigens

The cDNA sequence and molecular identities of the AMA autoantigens were first reported 

in the late 1980s [31-33]. AMA recognizes components of the 2-oxo-acid dehydrogenase 

complex within the mitochondria. Subsequent antigen specific isotype studies, epitope 

mapping, analysis of murine and PBC patient-derived monoclonal antibodies have revealed 

that AMAs are directed against a highly specific epitope within the lipoyl domain of the E2 

subunits of the 2-oxo-acid dehydrogenase complex (2-OADC), with the E2 subunit of 

pyruvate dehydrogenase (PDC-E2) being the immunodominant mitochondrial antigen in 

PBC [33-44]. The other mitochondrial autoantigens in PBC include the E2 subunit of 

branched-chain 2-oxo acid dehydrogenase complex (BCOADC-E2), and E2 subunit of 

oxoglutarate dehydrogenase complex (OGDC-E2) (Table 2) [38,39]. Interestingly, AMA of 

IgA isotype can be found not only in the sera of patients with PBC, but also in their saliva, 

urine and bile [45-48], indicating the AMA of IgA isotype can be transported across the 

epithelial mucosa and hence has a role in mucosal immunity in PBC. The molecular 

identification of AMA autoantigens and their epitopes have generated specific reagents for 

the detection of AMA.

 Biochemistry of AMA autoantigens and significance of lipoic acid

The 2-oxo-acid dehydrogenase complex (2-OADC) is among the best biochemically 

characterized enzyme. 2-OADC consists of three related complexes, the PDC, OGDC and 

BCOADC, which are located in the mitochondrial matrix. These enzyme complexes, 

although similar in structure, are distinct in their catalytic function for the oxidation of their 

specific 2-oxoacids to their corresponding acyl co-enzyme A, with reduction of NAD+ to 

NADH. The subunits E1, E2 and E3 are spatially arranged for a series of biochemical 

reactions in which E1 decarboxylates the substrate and transfers its product to E2; E2 

produces acyl CoA through the reduction of the lipoic acid cofactor on E2 and E3 reoxidizes 

the lipoic acid, with the reduction of NAD+ to NADH (Figure 1). E3BP is responsible for 

binding of E3 to the core PDC.
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In PDC, the E2 subunits and E3BP are both autoantigens in PBC. Structurally, both PDC-E2 

and E3BP are composed of a central core region, a binding domain and lipoyl domain. There 

are two lipoyl domains in PDC-E2 and only one lipoyl domain in E3BP. High resolution 

structural analysis and modeling studies indicated that the lipoyl domains of PDC-E2 are 

exposed on the surface of the molecule with lipoic acid attached to a lysine residue, 

rendering lipoic acid exposed at the tip of the β-turn structure [49-51]. The antigenicity of 

the lipoyl domain may be partly explained by the distinct structure of the lipoyl domain 

together with the ability of lipoic acid to rotate by its “swinging arms” with respect to the 

bulk of the PDC-E2 molecule and the opening and closing of the lipoic acid S-S bond for 

electron transfer reduction acylation (Figure 1). Importantly, quantitative structure-activity 

relationship (QSAR) analysis demonstrated that when the lipoyl domain of PDC-E2 is 

modified with specific synthetic small molecule lipoyl mimics, some of the modified PDC-

E2 are more reactive to AMA than lipoyl PDC-E2 [52,53]. Further, QSAR analysis on a 

focused panel of lipoic acid mimics in which the lipoyl S-S bond are modified provided 

evidence suggesting direct alteration of the lipoyl ring by xenobiotics – that is, disruption of 

the S-S linkage activates the lipoic acid and makes it receptive for xenobiotic modification 

and subsequent AMA recognition [52-57]. Furthermore, mutagenesis analysis of the PDC-

E2 lipoyl domain revealed that specific amino acid residues are critical in maintaining the 

lipoyl loop conformation necessary for AMA recognition [58].

Biochemically, lipoic acid is a cofactor essential for the electron transfer function of the E2 

subunits of PDC-E2, BCOADC-E2, OGDC-E2 and E3BP. Fregeau, et al. studied the AMA 

reactivity to BCOADC-E2 and OGDC-E2 and showed that affinity-purified PBC antibodies 

to BCOADC-E2 and OGDC-E2 self-recognize and do not cross-react to either PDC-E2, 

BCOADC-E2 or OGDC-E2. Thus, the absence of cross-reactivity between the three antigens 

suggests that, despite their structural and functional similarity, they each have distinct 

epitopes and are recognized by different subpopulations of PBC-specific AMA. Fregeau, et 

al. also showed that affinity-purified PBC sera specifically inhibited the enzyme function of 

each of these antigens specifically. Epitope mapping demonstrated that epitopes in each 

antigen are within the lipoic acid binding domain suggesting the binding of AMA disrupts 

the lipoic acid domain and inhibits enzymatic function [37,38].

Additional antigens have been identified in the PDC including the E3 binding protein 

(previously called Protein X) and the E1α subunit [43,59]. Almost all anti-PDC-E2 sera 

react with E3BP, suggesting the presence of cross-reactive epitopes [43]. Fregeau, et al. have 

found that 66% of PBC sera reacted with purified PDC-E1α and Kuroda, et al. found that 

levels of anti-PDC-E2 sera strongly correlated with levels of anti-E1 sera [59,60]. Like the 

other autoantigens of PBC, AMA is directed against the functional domain of PDC-E1α but 

this enzyme does not contain lipoic acid [61].

 Other autoantigens in PBC

In addition to mitochondrial autoantigens, nuclear antigens are also present in PBC patients. 

53% of PBC patients carried antinuclear antibodies (ANA), mainly against gp210 and sp100 

[62]. Patients with persistent high titer anti-gp210 antibodies are associated with more severe 

interface hepatitis lobular inflammation, and progression to end stage liver failure [63-65]. 
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Screening of protein microarrays with serum samples from patients with PBC have 

identified six novel PBC autoantigens, including hexokinase-1 (HK1), Kelch-like protein 7, 

Kelch-like protein 12 (KLHL12) zinc finger and BTB domain-containing protein 2, and 

eukaryotic translation initiation factor 2C, subunit 1 [66]. These new autoantigens may serve 

as useful serological biomarkers for the diagnosis of PBC. Interestingly, another study using 

an independent cohort of serum samples from patients with PBC and controls validated the 

specificity of anti-KLHL12 antibodies and anti-HK1 antibodies in both AMA-positive and 

AMA-negative PBC patients. In addition, antibodies to KLHL12 and anti-HK1 have higher 

sensitivity than anti-gp210 and anti-sp100 [67].

 Detection of AMA

There are five common strategies for detecting AMA: indirect immunofluorescence (IIF), 

immunoblotting, enzyme linked immunosorbent assay, (ELISA), luminex beads assay and 

enzyme inhibition assay (EI). These strategies are based on the specific recognition of AMA 

to mitochondrial proteins. The readouts of these methods range from identifying AMA 

specificities from cellular level to the molecular level and can be applied accordingly 

depending on the goal of the study and facility available.

 Indirect immunofluorescence (IIF)

IIF is a routine method for AMA detection. Indirect immunofluorescence is a two-step 

technique in which unlabeled primary antibodies first bind to the target antigen in the 

substrate followed by binding of fluorescent-labeled secondary antibodies to the primary 

antibodies. Detection of AMA by immunofluorescence can be performed using rat 

multiorgan (kidney, liver, stomach) substrates or HEp-2 cells and examined by fluorescent 

microscopy [68]. Positivity in HEp-2 cells show granular cytoplasmic staining (Figure 2). 

However, it may be difficult to discern AMA from concurrent antibodies e.g. liver/kidney 

microsomal antibodies when using HEp-2 cells [69]. With the multiorgan substrate, AMA 

will preferentially stain distal over proximal renal tubules as well as the gastric cells. The 

screening serum dilution for PBC-specific AMA begins with sera dilution of 1/40 and 

subsequent higher dilutions to determine the titer [68].

Accuracy of results from IIF largely depends on the observer’s skill in recognizing the 

characteristic patterns for AMA. The method is time-consuming and requires extra attention 

in the preparation of sera, tissue substrate, and the fluorescent antiserum samples. Undiluted 

sera, high fluorescein-protein ratio, and fixed tissues can all cause non-specific binding 

[68,70]. To circumvent these constraints, commercial AMA detection kits included with 

HEp-2 cells fixed on a microscope slide, pretested reagents and positive control sera samples 

are available (e. g. INOVA Diagnostics). It should be noted that low specificity of IIF is one 

of its disadvantages in screening for AMA. For example, in a study performed by 

Provenzano, et al., 16 non-PBC patients had positive AMA by IIF but only 3 were confirmed 

to be AMA positive by immunoblotting. In addition, over the course of two years, 18 out of 

34 patients with positive AMA by IIF were subsequently diagnosed as PBC [69]. In spite of 

such limitations, IIF is still a sufficiently sensitive method that will be useful in diagnosis 

when utilized with other assays [71].
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 Immunoblotting

Immunoblotting, also known as Western blotting, tests the reactivity of antibodies in sera 

with different antigens separated out by their molecular weight via gel electrophoresis. 

Briefly, proteins are resolved by SDS-PAGE, transferred onto membranes and incubated 

with primary antibodies. Secondary antibodies conjugated with enzymes are added to bind 

to the primary antibodies. After washing off non-specific bindings, a chromogenic substrate 

is added to visualize enzyme labeled secondary antibody bound protein complexes. The 

degree of positivity can be measured by the band intensity of the target protein. Sources of 

antigen include mitochondrial preparations isolated from bovine heart and more recently 

recombinant autoantigens. Immunoblotting is a highly sensitive and specific method, 

depending on the source of antigen used. Recombinant proteins are preferred over crude 

mitochondria from bovine heart, which can result in greater background (Figure 3). AMA 

ELISA against PDC-E2, BCOADC-E2, OGDC-E2, E3BP and PDC E1α have been 

demonstrated to be highly selective in the detection of AMA reactivity to each of these 

mitochondrial autoantigens [40,42,58,61,72,73]. Higher sensitivity can be achieved with the 

use of recombinant hybrid molecules, such as MIT3, which co-expresses the three 

immunodominant epitopes of PDC-E2, BCOADC-E2, and OGDC-E2 [73]. By 

immunoblotting, 91% of PBC sera reacted against the recombinant protein, compared to 

81% against the recombinant fusion protein of PDC-E2 [73]. The difference in sensitivity 

can be attributed to the fact that there is a small percentage of PBC patients with AMA 

reacting only to BCOADC-E2 and/or OGDC-E2 [40,74,75]. This is also true for ELISA 

showing lower sensitivity when recombinant PDC-E2 is used alone and higher sensitivity 

with the recombinant molecule containing all three antigens [74]. Overall, immunoblotting 

is a highly sensitive and specific method. However, it is not the most practical assay for 

clinical laboratories since it is time-consuming and involves a laborious and complicated 

technique.

 Enzyme-linked immunosorbent assay (ELISA)

Enzyme-linked immunosorbent assay (ELISA) is a quantitative method that can measure the 

titer of antibodies and reactivity of sera to the target antigen. The technique is similar to 

immunoblotting, in which the target antigen is first coated onto well plates and incubated 

with primary antibodies, which are then bound by enzyme-conjugated secondary antibodies. 

In the detection step, positivity is determined by adding a chromogenic substrate in each 

well and the color intensity measured as optical density (OD). Positive AMA in ELISA is 

defined by OD value of 2-10 SD above the mean control depending on the laboratory [75]. 

ELISA is one of the most practical assays for AMA screening in clinical laboratories 

because it is rapid, objective, automated, and can test a large number of samples at once. 

Recently, sensitive ELISAs using MIT3 or a mixture of purified PDC and MIT3 as antigenic 

targets have been developed [76]. In the IgG and IgA MIT3-based ELISAs, the sensitivity 

and specificity for AMA detection in PBC patients was higher than IIF and the conventional 

anti-M2. This MIT3 ELISA could detect the presence of AMA in nearly half of the AMA-

negative sera by IIF [74]. Dähnrich et. al. developed an ELISA for AMA detection (anti-

M2-3E), using a mixture of purified PDC and the recombinant hybrid MIT3. Their data 

demonstrated a 93.6% of sensitivity for AMA detection compared with 91.3%, 83.8%, and 

87.3% for MIT3, purified PDC, or IIF, when all specificities are set to 98.8% [76]. Gabeta, 
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et al. found positive AMA in 12/27 patients with negative AMA by IIF through IgG MIT3 

ELISA, and 13/27 through IgG/IgA MIT3 ELISA [74]. The availability of recombinant 

proteins using cloned antigens from human sources greatly increased the sensitivity of 

ELISA (94%, compared with 84% by IIF) in the detection of AMA, with 73% of PBC 

patients with negative AMA by IIF showing positive reactivity [75].

 Luminex bead assay

The bead assay using the Luminex principle is a highly sensitive and specific assay 

comparable to ELISA. The assay uses beads pre-coated with target antigens, to which 

primary antibodies from a serum sample are added and attached. Detection antibodies are 

used to capture the primary antibodies and visualize them under a dual-laser flow-based 

detection instrument. The method is quantitative as the readout is in pixel intensity and can 

be titered out by sera dilution. The bead assay has its advantages over other assays in that it 

allows for higher throughput screening of multiple serum samples, increased antigen 

specificity and sensitivity and the spatial presentation of conformational epitopes. Oertelt, et 

al. developed a bead assay with PDC-E2, BCOADC-E2 and OGDC-E2. Using this method, 

6 out of 30 AMA-negative patients were found to react with at least one of the three 

mitochondrial antigens in PBC [77].

 Enzyme inhibition assay (EI)

One of serological assays to detect AMA is PDC enzyme inhibition. Mackay et. al. 

demonstrated that the binding of serum autoantibodies to mitochondrial autoantigens in vitro 
inhibited the enzymatic function of PDC [78]. Such inhibitory function was also found to 

affect the function of other 2-OADC enzymes [79,80]. The standard assay of the enzyme 

inhibition was performed in cuvettes and PDC activity was determined by the 

spectrophotometric measurement of the formation of NADH from NAD+ in the presence of 

the substrate pyruvate and the cofactors cocarboxylase, NAD+, and coenzyme A. (Pyruvate 

+ NAD+ + CoA → Acetyl-CoA + NADH + H+ + CO2). The inhibitory effect of the PBC 

serum on the enzyme activity was measured by adding test serum pre-incubated with PDC 

[44,81]. However, this assay is time-consuming and labor-intensive. An automated enzyme 

inhibition (EI) microtiter plate assay kit manufactured by TRACE Scientific (Victoria, 

Australia), which provides quick and reliable titration of multiple samples without loss of 

specificity [82] is commercially available. This assay is based on the extent to which anti-

PDC antibody can inhibit the catalytic activity of PDC complex in vitro. The substrate 

reagent (250μl), consisting of sodium pyruvate, magnesium acetate, cocarboxylase, CoA, 

and NAD, is added to flat-bottomed microtiter wells. Subsequently, undiluted serum sample 

(4μl) is added to each well and incubated for 1 min at 37°C before adding the “enzyme 

reagent” consisting of pyruvate dehydrogenase and dithiothreitol. The rate of reaction can be 

monitored by measuring the rate of increase in absorbance at 340 nm as NADH is formed as 

an end product of the catalytic degradation of pyruvate. The rate of reaction for both macro- 

and microassays can be calculated as: (final absorbance - initial absorbance)/time. The 

percentage of inhibition is calculated as: {(control rate - final rate)/control rate} × 100. The 

control rate is derived from wells that do not contain anti-PDC antibody (100% activity, 

equivalent to 0% inhibition) [80]. The level of inhibition of catalytic activity of PDC for 

discriminating between PBC sera and non-PBC sera is considered 30% as a positive cutoff 

Leung et al. Page 6

Expert Rev Mol Diagn. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(PDC activity < 70%). Jensen et al. reported that the automated enzymatic mitochondrial 

antibody assay differentiated PBC patients from healthy controls with a sensitivity of 83% 

and a specificity of 100%. This kit method was also compared to a commercial ELISA, 

which had a sensitivity of 73% and specificity of 100% [83]. Comparative studies of three 

AMA detection methods (IIF, ELISA, and EI) reported that the sensitivity and specificity of 

the EI kit assay are relatively close to one another, especially in specificity (100%) [84,85]. 

A positive predictive value of EI assay is 100%, which means that subjects with a positive EI 

result truly have PBC [84]. To conclude, the EI assay is a useful test for the detection of 

AMA and the diagnosis of AMA-positive PBC. Furthermore, the EI assay kit method is an 

economical method that offers simplicity, rapidity and objectivity .

Diagnosis of PBC is based largely on clinical data and laboratory work up. Earlier studies 

have shown that there are about 5%-10% of patients who show the clinical and pathological 

features of PBC but are negative for AMA by IIF. However, Nakanuma et al. reported that 

majority of IIF AMA negative positive sera reacted positively to recombinant 2-OADCE2 

polypeptides [86]. Similar observations were reported in a Greek study using ELISA against 

MIT3 [74] and a study by Dahnrich et. al. using a mixture of MIT3 and purified PDC [76]. 

More recently, Bizzaro et. al. studied 100 IIF AMA negative PBC sera and 104 sera samples 

from patients with other chronic liver diseases by an ELISA (PBC screen INOVA) and 

purified coating antigens of gp210 and sp100. Among the 100 IIF AMA negative PBC sera, 

43 were positive by PBC screen assay and 11/100 recognized MIT3 [87]. This study 

demonstrated that a combination of recombinant antigens including MIT3 and new 

laboratory methods could markedly improve the sensitivity of AMA detection over IIF. With 

improved sensitivity and specificity using recombinant proteins, the diagnosis of PBC can be 

made before the patient becomes symptomatic with liver biochemistry and/or AMA.

 AMA and Pathogenesis of PBC

While the specificity of AMA in PBC is well established, is there any association of AMA 

with severity of disease in PBC? Using IIF, 95 AMA positive PBC patients from Greece 

were assayed for IgG subclass. IgG1, IgG2, IgG3 AMA were detected but not IgG4. In 

addition, there was a positive correlation between IgG3 and the Mayo risk score (r=0.55, 

p=0.009). Spearman’s correlation suggests that IgG3 is associated with a more severe 

disease course [88]. Using recombinant MIT3 ELISA, Gabeta et. al. reported that IgG and 

IgA AMA titers are positively associated with Mayo risk score in a cohort of 103 patients 

with PBC but none of the isotypes could be used to predict disease outcome [74]. Analysis 

of AMA reactivity by IIF and PDC-E2 ELISA between serum samples from AMA positive 

PBC patients and individuals with AMA without clinical or biochemical evidence of disease, 

showed that high-titer IIF-AMA and high-avidity anti-PDC-E2 were associated with 

established PBC [89]. In another study, the presence of intense granular staining of PDC-E2 

and an autophagy marker, microtubule-associated protein-light chain 3β in damaged small 

bile ducts of PBC patients suggests that dysregulated autophagy together with abnormal 

expression of mitochondrial antigens may be involved in the bile duct pathology of PBC 

[90]. However, other studies suggest that the levels of AMA do not correlate with disease 

stage and prognosis of PBC [91,92]. Recently, Tana et. al. studied whether autoantibody 

levels changed over time and correlated with clinical outcomes in a cohort of patients with 
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PBC [93]. They observed that over time changes in AMA do not correlate with clinical 

outcomes in PBC.

On the other hand, other observations suggest that AMA plays a significant role in the 

development and progression of PBC and is not an epiphenomenon. First, AMAs can be 

detected before the clinical symptoms or biochemical abnormalities that are indicative of 

PBC. Second, AMA-autoantigen complexes can be detected in biliary cells in PBC. The 

deposition of immune complexes is related to severe organ damage in many antibody-

mediated chronic autoimmune diseases. In PBC patients, but not in disease controls, AMA-

IgA has been reported to co-localize with PDC-E2 both inside the cell cytoplasm and in the 

apical membrane of cholangiocytes, suggesting that IgA AMA/PDC-immune complexes are 

deposited in the epithelium [94,95]. These immune complexes lead to cellular dysfunction 

and subsequent biliary injury [96]. Third, PDC-E2 are present in the apoptotic blebs of 

human intrahepatic bile duct cells but not in the blebs of other epithelial cell lines [97,98]. 

Furthermore, a triad containing AMA positive sera, monocyte-derived macrophages and 

apoptotic biliary cell blebs could mount a burst of inflammatory cytokines and chemokines 

[99]. This further highlights the contribution of AMA in the perpetuation of autoimmune 

injury in PBC.

 Expert Commentary

Primary biliary cirrhosis has recently been renamed as primary biliary cholangitis (PBC) by 

the European Association for the Study of the Liver (EASL), the American Association for 

the Study of Liver Disease (AASLD), the Asian Pacific Association for the Study of the 

Liver (APASL) and the American Gastroenterological Association (AGA) [100]. The 

diagnosis of PBC is based largely on clinical data and laboratory work up. With the advent 

in molecular biology and identification of autoantigens in PBC, the diagnosis of PBC is 

greatly improved using recombinant proteins and can be made before the patient becomes 

symptomatic with liver biochemistry and/or AMA. Over the years, research laboratories 

have been using immunoblotting and ELISA based on recombinant proteins as the preferred 

methods for AMA determination over IIF due to their increased sensitivity and specificity. 

Assays, which are automated, standardized, rapid, and simple are preferred for more reliable 

detection of PBC-specific AMA. New types of ELISA and bead assays are simple, efficient, 

and have increased sensitivity to detect AMA in previously AMA-negative PBC patients.

Although AMA are highly reliable for the diagnosis of PBC, some limitations and 

precautions are noted below. Firstly, the high titer of AMA and the sensitivity of the test 

demand extreme caution to avoid cross-contamination of sera and false positives. Secondly, 

about 5-10% of PBC patients are AMA negative. Other clinical diagnostic features are also 

critical for differential diagnosis. Thirdly, neither the titer nor the specificity of autoantigens 

are related to the severity of the disease and therefore cannot be used to monitor the clinical 

course or give any indication on prognosis. Most importantly, positive and negative antibody 

controls should be included in the assays. All factors taken together, the availability of 

cloned autoantigens and their recombinant proteins are nevertheless extremely valuable 

diagnostic tools for PBC.
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 Five Year View

An accurate and early diagnosis is critical in the clinical management of PBC. Early 

detection and subsequent treatment can slow progression, delay liver failure and improve the 

survival rate of PBC. AMA is a serological marker in PBC that can be detected years before 

any clinical symptoms of PBC. Although AMA is not associated with the severity of PBC, 

combination of AMA and discovery of other biomarkers in PBC [67,101-104] will increase 

the sensitivity and specificity in the diagnosis, disease prediction and prognosis of PBC. 

Finally, increasing knowledge on antigen specificity of AMA to lipoylated and non-

lipoylated forms of the mitochondrial autoantigens, lipoic acid, xenobiotics and isotypes of 

the Ig molecule [52,58,101,105], may lead to discovery of AMA subpopulations which can 

be of indicative value for disease progression and prognosis.
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Key Issues

1. AMA is a serological hallmark of PBC and was first detected in the 

sera of patients with primary biliary cirrhosis by indirect 

immunofluorescence.

2. AMA can be detected in over 95% of patients with PBC and can be 

detected even before clinical symptoms or biochemical abnormalities. 

However, the titer of AMA is not associated with the severity of PBC 

or the prognosis of PBC.

3. The major PBC mitochondrial autoantigens have been cloned, 

expressed and identified as the E2 subunits of the 2-oxo-acid 

dehydrogenase complex (2-OADC), which includes the E2 subunits of 

pyruvate dehydrogenase (PDC-E2), branched-chain 2-oxo acid 

dehydrogenase complex (BCOADC-E2), oxoglutarate dehydrogenase 

complex (OGDC-E2), E3 binding protein and PDC E1 alpha subunit.

4. The AMA epitopes are mapped within the E2 lipoic acid binding 

domains, with PDC-E2 as the major mitochondrial autoantigen.

5. There are five common strategies for detecting AMA: indirect 

immunofluorescence, immunoblotting, enzyme linked immunosorbent 

assay, luminex beads assay and enzyme inhibition assay. Among these 

methods, ELISA and bead assays with recombinant mitochondrial 

autoantigens are simple, efficient, and have increased sensitivity that 

can even detect AMA in previously AMA-negative PBC patients.
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Figure 1. 
Biochemistry of pyruvate dehydrogenase in decarboxylation and acetyl transfer. PDC is 

located near the mitochondrial inner membrane within the mitochondrial matrix. The 

subunits E1, E2 and E3 are spatially arranged for a series of biochemical reactions. Inside 

the mitochondria, E1 decarboxylates pyruvate, the acetyl group is transferred to one of the 

lipoic acids on PDC-E2. The opening and closing of the S-S bond together with the 

swinging arm of the lipoic acid moiety allow for transfer the acetyl group to coenzyme A to 

form acetyl-coA through the reduction of the lipoic acid cofactor on E2. The reduced form 

of lipoic acid (lipoamide) is re-oxidized to the disulfide form, as 2 e− + 2 H+ are transferred 

to a disulfide on E3 (disulfide interchange), which subsequently transfer 2 e− + 2 H+ to 

reduce FAD to FADH2. FADH2 is then re-oxidized by transferring its electron to NAD+, to 

yield NADH + H+. Through this process, lipoic acid is also re-oxidized.
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Figure 2. 
Immunofluorescence of AMA positive PBC sera on HEp-2 cells. Note the presence of 

strong cytoplasmic staining in the cells.
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Figure 3. 
Immunoblot analysis of PBC sera. Mitochondrial extract was resolved on SDS-PAGE, 

transferred to nitrocellulose membrane and probed with AMA positive sera. Note AMA 

reactivity to PDC-E2, E3BP, BCOADC-E2 and OGDC-E2 (lane A), AMA reactivity to 

PDC-E2, BCOADC-E2 and OGDC-E2 (lane B), AMA reactivity to PDC-E2 and OGDC-E2 

(lane C) and AMA reactivity to OGDC-E2 only (lane D). Note: To minimize background, 

recombinant proteins are preferred over mitochondrial extracts for AMA detection.
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Table 1

Criteria for Diagnosis of PBC*

- Detection of antimitochondrial antibody reactivity in bodily fluids

- Clinical and/or biological characteristics of cholestasis

○ Pruritus

○ Increased IgM levels

○ Increased alkaline phosphatase

○ Increased cholesterol

○ Elevated levels of gamma-glutamyl transpeptidase (GGT)

○ Antinuclear antibodies, anti-smooth muscle antibodies, rheumatoid factor (not necessarily present)

○ Elevation of serum bilirubin indicates disease progression and worsening prognosis

- Histological changes associated with cholestasis

○ Florid biliary lesions

○ Portal granulomas

○ Lymphocytic inflammation

*
Positive diagnosis of PBC is required with at least two of the three above criteria
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Table 3
Comparison of AMA Detection Methods

Methods Sensitivity Specificity Remarks

Immunofluorescence 43.8-100% 83.3-100% [75,76,106]

ELISA: 72.9-100% 76.5-100% [106]

Purified PDC 83.8% 98.8% [76]

MIT3 91.3% 98.8% [76]

M2-3E* 93.6% 98.8% [76]

Cloned proteins from humans 94.0% 100% [78]

Immunoblotting 85.0-94.9% 84.8-100% [106]

Enzyme inhibition 72-100% 100% [83-85]

*
M2-3E is a mixture of purified PDC and MIT3 containing a combination of three E2-subunits.
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