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IgG subclasses of anti-pyruvate dehydrogenase (PDH) 
antibodies were determined in 72 patients with primary 
biliary cirrhosis. All isotypes were detected, but IgG3, 
IgG1, and IgG2 predominated independently or in asso- 
ciation. An average of 33.3 --- 19.1% of the anti-PDH IgG 
was IgG1 (mean optical density, 0.863 • 0.783, vs 0.053 
• 0.038 in the normal controls), 25.0 • 17.8 IgG2 (0.652 
• 0.656 vs 0.062 --- 0.030), 39.5 --- 23.4% IgG3 (1.140 • 
0.917 vs 0.010 • 0.023), and 2.4 • 7.4% IgG4 (0.060 • 
0.182 vs 0.012 • 0.007). Anti-PDH IgG were restricted to 
IgG1 in the family members of patients (0.180 • 0.403). 

KEY WORDS: Primary biliary cirrhosis; anti-pyruvate deshy- 
drogenase antibody; IgG subclasses. 

INTRODUCTION 

Primary biliary cirrhosis (PBC) is a slowly progres- 
sive, but often fatal, liver disease (1). This is dom- 
inated by an inflammatory destruction of septal and 
interlobular bile ducts (2). A variety of immune 
abnormalities is thus consistent with an ongoing 
autoimmune process. 

Given that they occur prominently in this condi- 
tion, a particular class of antimitochondrial antibod- 
ies (AMA), collectively termed anti-M2 antibodies 
(3), serves as a reliable marker. These IgG autoanti- 
bodies target a multienzyme complex located on the 
inner mitochondrial membrane (4). In fact, most of 
the PBC sera react with the acetyltransferase (5) 
and/or the pyruvate-dehydrogenase (PDH) compo- 
nents of the group (6). Since indirect immunofluo- 
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rescence (IFI) microscopy is influenced by observer 
interpretation, an enzyme-linked immunosorbent 
assay (ELISA) for detecting anti-PDH antibodies 
has recently been developed (7) and subsequently 
substantiated in PBC (6). 

There is also compelling evidence that IgG anti- 
body to certain antigens is restricted in its distribu- 
tion between the subclasses (8, 9). Antibody isotype 
determination may therefore provide insight into 
the understanding of the thymus-dependent or thy- 
mus-independent type of response to the corre- 
sponding immunogen (Maran et al., in press). 

In the study presented here, we had the opportu- 
nity to evaluate a sizable group of unselected pa- 
tients with PBC and some of their family members. 
Anti-PDH antibodies were analyzed using monoclo- 
nal antibodies (MAb) and found to belong not only to 
the IgG1 and IgG3 subclasses, but also to the IgG2 
and IgG4 in the patients, but not in their relatives. 
Though not significantly, their profiles were more or 
less related to the clinical presentation of the disease, 
which suggests that the evolution of isotypic re- 
sponse may parallel that of the disorder. 
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PATIENTS AND METHODS 

Patients  and Controls 

Seventy-two patients with PBC participated in the 
study. They all fulfilled the clinical, biochemical, and 
histological criteria for the disease (10). There were 
63 women and 9 men, ranging in age from 15 to 80 
years (mean 52.2 years). Routine laboratory testing 
was carried out and the results (serum bilirubine, 
alkaline phosphatase, and transaminases) were 
added to the database. Eighteen healthy first-degree 
relatives of seven of these patients were also inves- 
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tigated. Normal controls consisted of 20 subjects 
who were members of the clinical and laboratory 
staff or residents of an old people's home. They were 
approximately matched by age and sex with the 
patients. 

Methods 

Monoclonal Antibodies. Mouse anti-human IgG1 
(HP 6069), IgG2 (HP 6002 and HP 6014), IgG3 (HP 
6047), and IgG4 (HP 6025) MAb were purchased 
from Zymed. Their affinity has been previously 
tested and their specificity demonstrated (11). In the 
IgG2 antibody tests, HP 6009 and HP 6014 were 
mixed 50:50, since the reactivity of anti-IgG2 MAb 
is exceedingly biased by the light-chain type. 

Antigen. Purification of bovine heart PDH was 
performed using the technique described by Stanley 
and Perham (12). The enzyme preparation was dis- 
solved in 50 nM 3-(N-morpholino)propanesulfonic 
acid, pH 7.0, supplemented with 3 mM ethylenedia- 
minetetraacetic acid, 2 mM dithiothreitol, and 11% 
Triton X-100 to be stored at 4~ until required. 

Enzyme-Linked Imrnunosorbent Assay. Microtiter 
plates (Nunc) were coated with 100 ~l/ml of purified 
PDH. The incubation lasted 24 hr at 4~ and was 
followed by a saturation step with 0.2% phosphate- 
buffered saline (PBS) supplemented with bovine se- 
rum albumin and left 1 hr at room temperature (RT) 
and overnight at 4~ Triplicate wells were incubated 
with patient serum diluted 1:200 in PBS supple- 
mented with 0.05% Tween-20 and 1.5% gelatin (PBS- 
TG) for 30 min at RT. Following four washes in 
PBS-TG, antibody binding was detected with horse- 
radish peroxidase (HRP)-conjugated F(ab')2 anti- 
human IgG (Dakopatts) or mouse anti-human IgG 
subclass MAb. The latter were developed with a 
HRP-conjugated afffinity-purified F(ab')2 anti-mouse 
IgG. The optimal working dilutions for each MAb 
were defined as those giving comparable optical 
densities (OD) for approximately the same amounts 
of IgG subclasses. There were 1:2000 for anti-IgG1, 
1:200 for anti-IgG2 HP 6002, 1:2000 for HP 6014, 
1:5000 for anti-IgG3, and 1:1000 for anti-IgG4 MAb. 

Statistics. The results were averaged and, for the 
five assays, OD greater than three standard devia- 
tions (SD) above the mean of the normal sera were 
considered positive (n = 201 for total IgG, n = 20 for 
IgG subclasses). The percentage of each subclass in 
the total OD sum of all four IgG subclass anti-PDH 
antibodies was calculated. All the results are arith- 
metic means and SD. Comparisons were made with 

Table I. IgG Subclass Distribution of Anti-Pyruvate 
Dehydrogenase Antibodies in Patients with Primary Biliary 

Cirrhosis, Their Relatives, and Normal Controls a 

No. of positive (percentage) 

IgG Patients Relatives Controls 
subclass (n = 72) (n = 18) (n = 20) 

IgG1 61 (85) 6 (33) 1 (5) 
IgG2 54 (75) 0 (0) 1 (5) 
IgG3 58 (81) 0 (0) 1 (5) 
IgG4 5 (7) 0 (0) 0 (0) 

aOptical densities greater than three standard deviations above 
the mean of the normal controls were considered positive. 

the chi-square test with Yates' correction when 
required. 

R E S U L T S  

Of a total of 72 PBC patients screened, there were 
IgG antibodies to PDH in 66 (92%). As shown in 
Table I, IgG1 was found in 85, 33, and 5% of the 
patients, their relatives, and the controls, respec- 
tively (mean OD: 0.863 --- 0.783, 0.180 +__ 0.403, and 
0.056 --- 0.038); IgG2 in 75, 0, and 5% (0.652 --- 0.656, 
0.048 ___ 0.036, and 0.062 ___ 0.030); IgG3 in 81, 0, and 
5% (1.140 __. 0.917, 0.037 ___ 0.041, and 0.010 __. 
0.023); and IgG4 in 5, 0, and 0% (0.060 --- 0.182, 0.016 
_ 0.006, and 0.012 _-_ 0.007). Various combinations 
were encountered in the patients, but not in their 
family members (Table II). The results were also 
expressed as the proportions of the IgG contributed 
to by each subclass. An average of 33.3 --- 19.1% was 
IgG1, 25.0 ___ 17.8% IgG2, 39.5 -.+ 23.4% IgG3, and 
2.4 ___ 7.4% IgG4. Some patients, negative for IgG 
anti-PDH antibody in the global test, were positive 

Table II. Anti-Pyruvate Dehydrogenase IgG Subclass 
Combinations in Patients with Primary Biliary 

Cirrhosis (PBC) a 

Patients Relatives Controls 
IgG subclass combination (n = 72) (n = 18) (n = 20) 

IgG1 3 6 0 
IgG1 + IgG2 5 0 0 
IgG1 + IgG3 8 0 0 
IgG1 + IgG2 + IgG3 40 0 1 
IgG1 + IgG2 + IgG3 + IgG4 5 0 0 

IgG2 1 2 0 
IgG2 + IgG3 3 0 0 

IgG3 2 0 0 

aThe IgG1 + IgG2 + IgG3 combination was significantly more 
frequent (P < 0.01) than the remaining combinations in the PBC 
patients. 
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Table III. Relation of Anti-Pyruvate Dehydrogenase (PDH) Antibodies to Laboratory Features in 
63 Patients with Primary Biliary Cirrhosis 

No. of positive (percentage) 

Laboratory features IgG1 IgG2 IgG3 IgG4 

Serum bilirubin (rag/L) 
>2 (n = 13) 4 (31) 8 (62) 9 (69) 1 (8) 
1.5-2 (n = 4) 1 (25) 2 (50) 1 (25) 1 (25) 
1-1.5 (n = 8) 6 (75) 5 (63) 5 (63) 0 (0) 
<1 (n = 38) 26 (68) 26 (68) 28 (74) 1 (3) 

Alkaline phosphatase (U/L) 
>200 (n = 36) 23 (64) 21 (58) 22 (61) 2 (6) 
150-200 (n = 11) 8 (73) 8 (73) 9 (82) 0 (0) 
120-150 (n = 11) 9 (82) 7 (64) 8 (73) 1 (9) 
<120 (n = 5) 2 (40) 4 (80) 3 (60) 0 (0) 

Transaminase (U/L) 
>160 (n = 11) 6 (55) 4 (36) 3 (27) 0 (0) 
120-160 (n = 3) 2 (67) 2 (67) 3 (100) 0 (0) 
80-120 (n = 13) 8 (62) 8 (62) 11 (85) 2 (15) 
<80 (n = 36) 26 (72) 26 (72) 20 (72) 1 (3) 

aThe rank order of anti-PDH antibodies differed from one patient group to another, but this did not 
reach significance (chi-square test with Yates' correction). 

for IgG1 or IgG1 plus IgG3 (three and four patients, 
respectively). Only two patients, negative for all the 
subclass-specific assays, were positive for the global 
test. The main biological characteristics were then 
examined according to the presence or absence of 
each IgG subclass antibody and the patient group 
was divided into four subgroups according to the 
level of serum bilirubin, alkaline phosphatase, and 
transaminases (Table III). The rank order of fre- 
quency was IgG3 (69% positive), IgG2 (62%), IgG1 
(31%), and IgG4 (8%) in patients with the highest 
levels of serum bilirubin but not in the remainder; 
IgG1 (64%), IgG3 (61%), IgG2 (58%), and IgG4 (6%) 
in those with the highest levels of alkaline phospha- 
tase but not in the remainder; and IgG1 (55%), IgG2 
(36%), IgG3 (27%), and IgG4 (0%) in those with the 
highest levels of transaminases but not in the remain- 
der. No significant differences could, however, be 
demonstrated between the patient subgroups. 

D I S C U S S I O N  

Quantitation of IgG subclasses used to be contro- 
versial, owing to different binding characteristics of 
the anti-isotype MAb required in the assay panel 
(13). The recent availability of thoroughly defined 
MAb allowed obviation of the technical problem 
(11). This is exemplified by the former discrepancy 
between the results obtained using the global test and 
the four IgG subclass assays. Our results tend to be 
more homogeneous, but some patients, negative for 

IgG anti-PDH antibody in the screening test, were 
positive for at least one of the IgG subclasses. 

All isotypes of anti-PDH IgG could be detected, 
but IgG3, IgG1, and IgG2 (independently or in asso- 
ciation) were produced predominantly in the PBC 
patients. Presentation of our results as a percentage 
value, rather than an OD level, makes it possible to 
evaluate the proportions of the IgG contributed to by 
each subclass. Again, the rank order was IgG3, 
IgG1, IgG2, and IgG4. We were not able to show a 
substantial difference between those with the highest 
levels of serum bilirubin, alkaline phosphatase, or 
transaminases and the remainder. These data are 
consistent with the results of Sundin (14), who con- 
firmed the anti-PDH IgG subclass distribution by 
measuring the inhibitory capacity of sera on PDH 
enzyme, and those of Zhang et  al. (15), who tested 
subclass-specific fractions in the AMA IIF assay. 

A skewed pattern has also been found in a variety 
of autoantibodies, e.g., anti-Ro/SSA (8), anticardio- 
lipin (16), antineutrophil cytoplasmic antigens (17), 
anti-denatured type II collagen (18), and antikeratin 
antibodies (19). Conversely, various autoantibodies, 
such as antibodies to double-stranded DNA (9), Sm 
(20), RNP (21), and acetylcholine receptor (22), were 
found to be restricted to IgG1 and IgG3 isotypes. 

For many years, circumstantial evidence has been 
accumulating to indicate that autoantibody produc- 
tion is the result of polyclonal activation. However, 
there are also arguments to support the concept of 
antigen induction (23). As suggested by our PBC 
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data, chronic antigenic stimulation with protein an- 
tigen leads to progressively increased proportions of 
IgG2 and IgG4. Following the genomic arrangement 
Of y3, yl ,  y2, and y4, a switch from predominantly 
IgG3 and IgG1 to predominantly IgG2 and IgG4 may 
thus occur. 

In this respect, it is interesting that anti-PDH IgG 
were restricted to IgG1 in the family members of the 
patients and that IgG subclass combinations could 
not be found in these healthy relatives. However, the 
levels of IgG1 antibody were lower in relatives than 
in patients. Mitochondrial and other tissue antibod- 
ies have been described previously in relatives of 
patients with PBC (24), whereas a few instances of 
familial occurrence of the disease have thus far been 
reported (25). This raises the question of whether 
PBC is due to a putative environmental agent inter- 
acting with a genetically determined abnormal im- 
mune response. 
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