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Association of anti-BCOADC-E2 autoantibodies with increased
bilirubin levels in Chinese primary biliary cholangitis patients

Rohil Jawed*

ABSTRACT
Introduction: The clinical significance and prevalence of anti-mitochondrial antibodies (AMA)
other than PDC-E2 have not yet been thoroughly investigated in Chinese patients with primary
biliary cholangitis (PBC). This study aims to investigate the overall prevalence and clinical signifi-
cance of different AMAs in Chinese PBC patients. Methods: Enzyme-linked immunosorbent as-
says were developed using purified recombinant pyruvate dehydrogenase complex-E2 (PDC-E2),
branched-chain 2-oxo-acid dehydrogenase complex (BCOADC-E2), and 2-oxo-glutaric acid dehy-
drogenase complex (OGDC-E2) proteins. Serum samples from 1,096 PBC patients were tested for
antibody detection. AMA titers weremeasured in a subset of ten PBC patients both before and after
ursodeoxycholic acid (UDCA) treatment. Statistical analyses were performed using antibody results
and biochemical data from these PBC patients. Results: The overall prevalence of AMAs against
PDC-E2, BCOADC-E2, and OGDC-E2 was 86.13%, 84.21%, and 40.70%, respectively, among PBC pa-
tients. The prevalence of anti-BCOADC-E2 was much higher in Chinese patients compared with
Caucasian PBC patients. The presence of anti-BCOADC-E2 autoantibodies was significantly associ-
ated with elevated bilirubin concentration (P < 0.001). A significant decrease in anti-BCOADC-E2
titers was observed in half (5/10) of the PBC patients after UDCA treatment; among these patients,
two became negative after 15–30 months of UDCA treatment. Conclusions: In conclusion, our
results suggest that anti-BCOADC-E2, which may be a serological marker for the early diagnosis of
PBC, is the only AMA that is significantly affected by UDCA treatment.
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INTRODUCTION
Primary biliary cholangitis (PBC) is a chronic au-
toimmune genetic disorder characterized by the
occurrence of serum anti-mitochondrial antibodies
(AMA), lymphocytic infiltration of the portal tract,
progressive intrahepatic destruction of the interlob-
ular bile ducts, which eventually leads to cirrhosis
of the liver1. An increasing prevalence of PBC has
been observed worldwide, presumably due to im-
proved diagnosis, better care and survival of PBC
patients, as well as enhanced awareness and knowl-
edge of the disorder among clinicians2. The etiology
and pathogenesis of PBC are poorly understood. It is
possible that exposure to environmental factors trig-
gers the disease process in genetically susceptible in-
dividuals3.
AMA, a disease-specific autoantibody found in 90%
of PBC patients, is the characteristic serologi-
cal hallmark of PBC4. The target antigens are
members of the 2-oxo-acid dehydrogenase com-
plex (2-OADC), including pyruvate dehydrogenase
complex-E2 (PDC-E2), the branched chain 2-oxo-
acid dehydrogenase complex (BCOADC-E2), and the

2-oxo-glutaric acid dehydrogenase complex (OGDC-
E2). Each of the 2-OADC members has distinct anti-
genicity and shows no cross-reactivity5. The dom-
inant epitopes contain a lysine-lipoyl acid domain,
that can be recognized by both B and T cells and is
subject to xenobiotic modifications6. It is unknown
whether the presence of AMAs targeted to different
antigens is predictive or prognostic for a particular
clinical and biological profile of PBC.The clinical sig-
nificance and prevalence of AMAs other than PDC-
E2 have not been analyzed among PBC patients in
the Chinese population.
In this study, we examined the prevalence and
clinical significance of three different AMAs using
enzyme-linked immunosorbent assay (ELISA) and
investigated the association between these autoan-
tibodies and the clinical and biochemical features in
a large cohort of Chinese PBC patients.

METHODS
Subjects
This study was conducted on patient samples col-
lected from the member hospitals of the Jiangsu

Cite this article : Jawed R. Association of anti-BCOADC-E2 autoantibodies with increased biliru-
bin levels in Chinese primary biliary cholangitis patients. Biomed. Res. Ther. 2025; 12(7):7529-7536.

7529

https://crossmark.crossref.org/dialog/?doi=10.15419/92fgv495&domain=pdf&date_stamp=2025-7-31


Biomedical Research and Therapy 2025, 12(7): 7529-7536

Provincial PBC Collaboration Group (JSPPCG) as
part of a genome-wide association study7. PBC pa-
tients were recruited according to the guidelines of
the Declaration of Helsinki (2008). The diagnosis
of PBC was based on the following criteria: AMA
positive (PDC-E2, BCOADC-E2, or OGDC-E2); AMA
negative, anti-sp100 or -gp210 positive, with ele-
vated alkaline phosphatase; or antibody negative,
but with histological evidence and elevated alka-
line phosphatase. Since a liver biopsy was not con-
ducted for most patients, those who tested negative
for AMA, sp100, and gp210 antibodies and did not
undergo biopsy were excluded.
Biochemical test records for 780 of the 1096 PBC pa-
tients in this study were included at the time of dis-
ease onset (supplementary table 1). Of these 780
patients, 666were female (85.38%) and 114weremale
(14.62%). The median age of the patients was 55.9
years. Patients who had received ursodeoxycholic
acid (UDCA) at a daily dose of 13 to 15 mg/kg of
body weight and had at least 1 year of follow-up
were selected to evaluate their response to UDCA.
The biochemical response to treatment was evalu-
ated according to the Barcelona (BA) and Paris I (PA)
criteria8.

Cloning and expression of PDC-E2,
BCOADC-E2 and OGDC-E2
For plasmid construction, homologous recombi-
nation/ET cloning was used to insert gene into
the expression vectors9. pET28a with 6×His tag
was used to clone human PDC-E2, BCOADC-E2,
and OGDC-E2 with the following primers (PDC-
E2. FP: 5’-CAGCCATCATCATCATCATCA
CGGATCCAGTCTTCCCCCGCATCAGAA,
PDC-E2.RP: 5’-TGCTCGAGTGCGGCCGCAA
GCTTCATTACAACAACATAGT-
GATAG; BCOADC-E2. FP: 5’-
CATCATCATCATCATCACGGAT
CCGGACAGGTTGTTCAGTTCAA-3’; BCOADC-
E2.RP: 5’-GTGGTGGTGGTGGTGCTCG
AGTTCAATCTAGTAGCATAAAAGCTGG-3’;
OGDC-E2. FP: 5’-ACTTTAAGAAGGAGATATA
CCATGGATGACTTGGTTACAGTC-3’; OGDC-
E2.RP: 5’-GTGGTGGTGGTGGTGGTGCTC
GAGAAGATCCAGGAGGAGGACTCTG-3’).
RNA from human liver cells (HepG2) served as
the template for cDNA preparation by reverse
transcribed-polymerase chain reaction (RT-PCR) us-
ing the oligos (dT) primer. PCR was performed us-
ing the high-fidelity LA Taq polymerase (TaKaRa,

China). The DNA sequence of the constructed plas-
mid was verified by DNA sequencing analysis. Plas-
mids were transformed into BL21 competent cells.
The transformed cells were grown at 37◦C overnight
in Luria-Bertanimedium containing 50 µg/mL ampi-
cillin and induced with 1mM isopropylthiogalacto-
side (IPTG) overnight at 25◦C. PDC-E2 was puri-
fied from E. coli under native conditions by Ni-NTA
agarose (QIAGEN, Germany) with elution buffer (50
mMNaH2PO4, 300 mMNaCl, 250 mM imidazole, pH
8.0). The eluted proteins were loaded to the HiLoad
26/600 Superdex 75 PG column (GE Healthcare Bio-
Sciences AB, Sweden) for the final purification of
PDC-E2, BCOADC-E2 and OGDC-E2.

Enzyme-linked immunosorbent assay
(ELISA) for autoantibody analysis
Gel-purified proteins (antigens) (1 µg/mL) were sus-
pended in 50 mM carbonate buffer (pH 9.6) and
coated onto microtiter plates (Thermo-Fisher, USA)
overnight at 4◦C for enzyme-linked immunosorbent
assay (ELISA). After blocking with 1% bovine serum
albumin (BSA) in phosphate-buffered saline (PBS),
the plates were incubated with sera (1:2000 dilu-
tion) for 2 hours at room temperature and then
washed five times with PBS containing 0.1% Tween-
20 (PBST). Peroxidase-conjugated anti-human im-
munoglobulin (IgG, IgM, and IgA) antibody (Mil-
lipore, Temecula, USA) was added to the plates
(1:30,000 dilution, 100 µL/well) and then incubated
for 2 hours at room temperature. After washing
six times with PBST, 3,3′,5,5′-tetramethylbenzidine
(TMB) was added as the substrate, and 2 M sulfu-
ric acid was added as the stop solution. The opti-
cal density (OD) was measured using an ELISA plate
reader (Bio-Rad, USA) at 450 nm. Reactivity against
AMAs was also assessed using commercially avail-
able ELISA kits (Shanghai Kexin Biotech Co., Shang-
hai, China).

Statistical analysis
All statistical analyses were performed using SPSS
version 19.0 for Windows (SPSS, Inc., Chicago, IL).
Values were expressed as the mean ± SD. A P value
less than 0.05 was considered statistically significant
for all tests. The Mann-Whitney U-test was used to
compare quantitative variables between two groups,
and the χ2 test was used to compare categorical vari-
ables.

RESULTS
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Higher Prevalence of AMA to BCOADC-E2 
in Chinese PBC Patients
The overall prevalence of AMA to PDC-E2, 
BCOADC-E2, and OGDC-E2 is summarized in 
Table 1. In this study, 1081 patients were im-
munoreactive to at least one of the three 2-OADC 
components. Anti-PDC-E2 was the most frequently 
detected AMA, while anti-OGDC-E2 was the least 
prevalent among the three 2-OADC components. 
Notably, the prevalence of anti-BCOADC-E2 was 
84.21% in Chinese PBC patients, which was much 
higher than the prevalence observed in Caucasian 
PBC patients (64.32%)10. Approximately one-third 
of patients were simultaneously reactive to PDC-E2, 
BCOADC-E2, and OGDC-E2.

Increased bilirubin concentration is asso-
ciated with anti-BCOADC-E2
The biochemical results at disease onset were sum-
marized according to the reactivity of various AMAs 
(Table 1). There were no s tatistical d ifferences in 
most of the biochemical indices among AMAs, ex-
cept that increased total bilirubin (TB) and alka-
line phosphatase (ALP) concentrations are signifi-
cantly associated with anti-BCOADC-E2 positivity 
(P < 0.001 and P = 0.003, respectively), and that in-
creased protein concentration is significantly corre-
lated with anti-OGDC-E2 positivity (P = 0.007).

Titer analysis of AMAs during UDCA treat-
ment
In the course of evaluating our AMA antibody ELISA 
assay, we unexpectedly found inconsistent anti-
BCOADC-E2 results in a patient’s blood samples col-
lected at two different times. To assess whether anti-
BCOADC-E2 titer can be affected by UDCA treat-
ment, we performed a semi-quantitative analysis of 
AMA titers in PBC patients during the course of 
UDCA treatment. In ten initially anti-BCOADC-
E2-positive patients studied, seven were positive 
for anti-PDC-E2 prior to treatment, and four were 
positive for anti-OGDC-E2 (Table 2 ). Over 15–
30 months of treatment, steady decreases in anti-
BCOADC-E2 titers were observed in five patients 
(Figure 1). Among them, two patients became neg-
ative for anti-BCOADC-E2 after 2 0–23 m onths of 
treatment. We compared the changes in PDC-E2 
and OGDC-E2 antibody titers in these patients in 
parallel. A decrease in antibody titers for all three 
AMAs (PDC-E2, BCOADC-E2, and OGDC-E2) was

observed in patient 1. A decrease in anti-PDC-
E2 was also observed in patient 9, in parallel with
the decrease in anti-BCOADC-E2. No significant
changes in PDC-E2 and OGDC-E2 antibody titers
were detected in the remaining patients analyzed
(Supplementary Figures S1 & S2).

DISCUSSION
PDC-E2 was first identified and cloned in 1987 by
Gershwin and his colleagues as the main M2 anti-
genic component of AMA. Later, other members of
the 2-OADC complex (BCOADC-E2 and OGDC-E2)
were confirmed as constituents of the ‘M2’ family of
mitochondrial antigens5,11. Antibodies to PDC-E2
are the most frequently detected antibodies in Chi-
nese PBC patients, with prevalence similar to that
observed in Caucasian PBC patients. The prevalence
of anti-BCOADC-E2 is much higher in Chinese PBC
patients (84.21%) than in Caucasian PBC patients
(64.32%)10. Our results indicate ethnic or geograph-
ical variations in the prevalence of AMA antibodies
against PDC-E2, BCOADC-E2 and OGDC-E2.
Currently, possible reasons for the higher anti-
BCOADC-E2 positivity in Chinese PBC patients may
include the high prevalence of hepatitis virus infec-
tion in China, limited access to AMA testing in non-
metropolitan clinics, and inadequate medical train-
ing among clinicians in rural areas, which may lead
to delayed or missed diagnoses among many PBC
patients12. Due to financial difficulties, many PBC
patients cannot afford UDCA treatment and opt for
herbal treatments13. These factors may increase
the percentage of patients without proper treatment,
thus contributing to higher anti-BCOADC-E2 posi-
tivity.
In this study, we compared the initial biochemical re-
sults of PBC patients with their AMA status. As re-
ported previously by the Gershwin group, anti-PDC-
E2 positivity did not correlate with any biochemi-
cal index14. However, surprisingly, we found sig-
nificant association of anti-BCOADC-E2 status with
bilirubin concentration. PBC patients positive for
anti-BCOADC-E2 antibody showed increased initial
total bilirubin and direct bilirubin concentration in
the blood, compared to patients negative for anti-
BCOADC-E2 antibody. Although our cohort is large
and the statistical association is robust, further vali-
dation in independent datasets is needed to confirm
the generalizability of this finding.
We further performed semi-quantitative analysis
of three AMA antibody concentrations during the
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Figure 1: Titers analysis of anti-BCOADC-E2 during the UDCA treatment. Serum samples of the same
patients were collected at different time points during UDCA treatment. A series of dilution of each serum sample
at different time point were analyzed in triplicates in the same plate per antibody. Optical Density (OD450) value
of serum samples of ten PBC patients before (0 month) and after UDCA treatment were plotted against the time
after treatment (months). Each sample was analyzed in duplicates or triplicates. Data are represented as mean ±
SD.
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UDCA treatment. To our surprise, steady decrease
in anti-BCOADC-E2 titer was observed in five out
of ten patients. After 15–30 months, two patients
became negative for anti-BCOADC-E2. A previous
study by the Gershwin group also analyzed these
three antibodies in 20 patients over 7–28 years. They
found no significant changes in antibody titers for
PDC-E2, BCOADC-E2 and OGDC-E2 between sera
collected at the beginning and end of observation.
However, a few significant changes were observed
in the study, inwhich the anti-IgG and anti-IgM anti-
bodies to BCOADC-E2 showed a decrease, although
authors did not elaborate in detail14. In their report,
the authors did not mention clearly whether the ini-
tial patient samples were collected at the beginning
of the UDCA treatment. Different from their report,
the initial blood samples analyzed in our time course
analysis were collected when AMA was first found
to be positive in the patient and/or within the first
month of initial UDCA treatment. Blood samples in
our study were collected in a relatively short period
(15–30 months) after disease diagnosis and UDCA
treatment. Although our findings show a reduction
in anti-BCOADC-E2 titers in some PBC patients dur-
ing the early stage of UDCA treatment, the mecha-
nisms underlying this immunological change remain
unclear. UDCA is known to exert anti-inflammatory
and immunomodulatory effects, including improved
bile flow and reduced hepatocyte stress, which may
indirectly attenuate autoimmune responses. It is
possible that these effects contribute to the observed
decline in autoantibody titers, though further mech-
anistic studies are needed.
Although the titer analysis of autoantibodies dur-
ing UDCA treatment consisted of ten patients, mul-
tiple longitudinal samples were collected per indi-
vidual (3–5 time points each), resulting in a total of
approximately 38 samples. This repeated-measures
design enabled us to assess within-patient changes
over time, providing richer insights into the dynam-
ics of change in titer during UDCA response. Never-
theless, we acknowledge that the limited number of
patients restricts generalizability, and the observed
trends in antibody changes post-UDCA treatment
are preliminary and require confirmation in larger,
prospective studies.
The exact role of AMA in the immunopathology and
pathogenesis of PBC remains obscure. Some inves-
tigators believe that serum AMA is not linked to
the progression of PBC, as the AMA titer does not
change significantly over the course of the disease15.
In our study, we report for the first time that one
of the PBC-specific AMA antibodies, BCOADC-E2,

showed a significant decrease in antibody titer dur-
ing the early stage of UDCA treatment. From the
limited number of patients studied, we did not find
any correlation between the decrease or loss of anti-
BCOADC-E2 and changes in specific biochemical in-
dices (data not shown).

CONCLUSION
In conclusion, PBC-specific AMAs other than anti-
PDC-E2 were evaluated for the first time in Chinese
PBC cohorts. Higher prevalence of anti-BCOADC-
E2 and OGDC-E2 antibodies were observed. A sig-
nificant correlation between anti-BCOADC-E2 sta-
tus and initial serum bilirubin concentration of PBC
patients was found in Chinese PBC patients. Loss
or significant decrease in anti-BCOADC-E2 antibody
was found in half of PBC patients after the UDCA
treatment. Further studies need to be performed to
analyze the clinical significance.

ABBREVIATIONS
ALB - albumin, ALP - alkaline phosphatase,
ALT - alanine aminotransferase, AMA - anti-
mitochondrial antibodies, ANA - anti-nuclear an-
tibodies, AST - aspartate aminotransferase, BA -
Barcelona criteria, BCOADC - branched chain 2-
oxo-acid dehydrogenase complex,DB - direct biliru-
bin, E2 - enzyme subunit, GGT - gamma-glutamyl
transferase, OGDC - 2-oxo-glutaric acid dehydroge-
nase complex, PA - Paris I criteria, PBC - primary
biliary cholangitis, PDC - pyruvate dehydrogenase
complex, SD - standard deviation, TB - total biliru-
bin,TP - total protein,UDCA - ursodeoxycholic acid
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