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Antibodies to a human liver membrane lipoprotein
(LSP) in primary biliary cirrhosis
D TSANTOULAS, A PERPERAS, B PORTMANN, A L W F EDDLESTON, AND
ROGER WILLIAMS
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SUMMARY Antibodies reacting with a human liver-specific membrane lipoprotein (LSP) have been
detected using a sensitive and specific radioimmunoassay in 19 (51 %) of 37 patients with primary
biliary cirrhosis. The anti-LSP antibodies were found only in the later stages of the disease as
judged by histological criteria, being present in 73 % of those in stage IV, 44% of those in stage III,
and none of those in stage I or II. Although there was no relationship between percentage binding
and standard liver function tests, there was a close correlation between percentage binding of
1251-LSP by serum and the extent of piecemeal necrosis of periportal hepatocytes on liver biopsy.
The timing of the anti-LSP response makes it very unlikely that it is involved in the pathogenesis
of the early bile duct damage but the results of this and other studies suggest that antibodies to this
hepatocyte membrane lipoprotein may be an important cause of periportal liver cell necrosis in
both primary biliary cirrhosis and chronic active hepatitis and could be one of the factors deter-
mining progression to cirrhosis in both these conditions.

The earliest histological lesion in primary biliary
cirrhosis consists of a lymphocytic and plasma cell
infiltrate with granuloma formation often associated
with damaged interlobular bile ducts.' Although
these appearances are suggestive of an intense
inflammatory process, the mechanisms responsible
for the injury to the bile duct epithelium are not
understood. The presence in the serum of an anti-
body reacting with mitochondria has pointed to the
possible importance of autoimmunity in patho-
genesis, but, as this antibody is directed at an antigen
located on the inner membrane of the mitochon-
drion2 and has no organ specificity, it seems unlikely
that it could be effective in vivo in producing the
localised liver lesion. It is more likely to be a
consequence of the disease, perhaps being produced
in response to an unusual microbial infection.3
Immune responses specifically directed at biliary
antigens have recently been detected4 but the
antigens involved are also found in other organs
and it is again not clear what role these reactions
have in pathogenesis. An unusual feature of the
disease is the very high levels of circulating immune
complexes, containing predominantly IgM antibody5
and it has been postulated that they could be
involved in the bile duct injury.6
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Whatever the initial events, with progression of
the disease the inflammatory infiltrate becomes
more diffuse and cirrhosis eventually develops. In
some cases the portal infiltrate breeches the limiting
plate of the liver lobule and is associated with
piecemeal necrosis of periportal hepatocytes,7 a
feature which is more characteristic of chronic
active hepatitis. Indeed, Doniach8 suggested that
primary biliary cirrhosis and chronic active hepatitis
may be at the opposite ends of a spectrum of
autoimmune liver disease, sharing as they do
several histological and immunlogical abnormalities.
In chronic active hepatitis the periportal liver cell
injury is associated with cellular and humoral
immune responses to a liver-specific membrane
lipoprotein (LSP) and there is strong circumstantial
evidence that these may be responsible for the liver
damage.9 Similar results have been reported in a
small number of patients with primary biliary
cirrhosis1011 but the test systems used have been
cumbersome and relatively insensitive.

In this study we have used a newly developed,
sensitive, and specific radioimmunoassay12 to
measure the levels of antibody to LSP in the sera of
37 patients with primary biliary cirrhosis and have
analysed the results in relation to the histological
findings on liver biopsy.
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Thirty-seven patients (29 females and eight males)
with histological, biochemical, and immunological
evidence of primary biliary cirrhosis were investi-
gated. Their mean age was 56 years (range 37-72
years). Liver biopsy specimens at a date close to that
of the serum sample (within six months) were
examined independently by one of us (BP) without
previous knowledge of biochemical or immunologi-
cal test results. Each biopsy was assessed on a scale
0-3 for intensity of lymphocyte and plasma cell
portal tract infiltrate and degree of piecemeal
necrosis of hepatocytes, and was also classified
according to the stage of the disease,' including
the presence of cirrhosis.

RADIOIMMUNOASSAY FOR ANTI-LSP
ANTIBODIES

This is described elsewhere.'2 In brief, duplicate
25 1±l samples of serum previously inactivated for
30 minutes at 56°C and diluted 1 in 20 in a borate/
EDTA buffer are incubated for three hours at 4°C
with 2.5 ng1251-labelled liverspecific membrane lipo-
protein. One milligram of dried staphylococcal
cells (Sigma) is then added and incubated for
another hour at 4°C to facilitate precipitation of
the antibody-1251-LSP complexes formed. Protein
A, which is contained in the staphylococcal cell
walls, avidly binds to the Fc region of IgG ;13
850 ,ul of a borate/EDTA buffer are then added to
each tube to bring the final volume to 1.0 ml.
After centrifugation at 20 000Xg for five minutes,
05 ml of the supernatant are removed and this
and the reaction mixture (including the pellet)
are each counted in a gamma counter. The per-
centage of the 1251-LSP bound by antibody in the
pellet is calculated according to the formula:

cpm lower 0.5 ml - cpm upper 0.5 ml X 100
cpm lower 0-5 ml + cpm upper 0-5 ml

Blank samples not containing serum showed
binding values of consistently less that 5%.

STATISTICAL METHODS
Bivariate linear regression analysis was used to
calculate r values when percentage 1251-LSP binding
was being compared with the results of tests in
which an ordinal scale of measurement was avail-
able-for example, biochemical tests of liver
function. As the histological findings were assessed
on an interval scale, for comparisons using these
results, r values were determined from the non-
parametric Spearman correlation coefficient.
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Fig. 1 The relationship between the results of the
radio-immunoassy for antibodies to LSP in serum
expressed as percentage binding of '25I-LSP and the
extent ofpiecemeal necrosis ofperiportal hepatocytes
on liver biopsy in 37 patients with primary biliary
cirrhosis. The dotted line indicates the upper limit of
the normal range.

Results

The mean percentage binding of 1261-LSP by serum
from 15 normal blood donors was 12.7±2.6%(SD)
giving an upper limit of the normal range of 20.6%
(mean+3SD). Binding values above this level were
present in 19 (51%) of the 37 patients with primary
biliary cirrhosis.
When the binding of labelled LSP was analysed

in relation to histological appearances on liver
biopsy, a highly significant correlation was found
with the extent of piecemeal necrosis of periportal
hepatocytes (Fig. 1) (r+0.58, P<0-001) but not
with the intensity of the portal tract infiltrate
(r+0-29, P>0-05). Both piecemeal necrosis and
high binding values were features found in the later
stages of the disease (Figs 2 and 3), 73% of those
with stage IV changes having increased 1211-LSP
binding and 45% moderate or severe piecemeal
necrosis compared with 44% and 11% respectively
in stage III and none of those in stages I or II. As
stage IV is defined by the presence of cirrhosis,
these differences also reflected a relationship be-
tween this histological feature and the presence of
both anti-LSP antibodies and periportal liver cell
change. The correlation between 1251-LSP binding
and piecemeal necrosis, however, was also independ-
ent of the presence of cirrhosis, the extent of piece-
meal necrosis in stage IV cases with increased LSP
binding being significantly higher than in those at
the same stage but with normal binding values
(Fig. 3, P<0-05 by Wilcoxon rank sum test).
There were no significant correlations between the
binding of 1251-LSP and the serum levels of aspartate
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than that found in chronic active hepatitis (97%),9
: but higher than that in an inactive cirrhosis such

as haemochromatosis (0%).9
In considering the importance of these results,

. *. two questions arise: does this antibody contribute
to the liver damage, and why is it produced in some

..* patients with primary biliary cirrhosis but not in
S

: * others?

* 0 0* . In chronic active hepatitis there is increasing
evidence that anti-LSP antibodies may produce
tissue damage, the first indication coming from the

diseas, iv work of Meyer zum Buschenfelde and his colleagues
Stogeofdisease in 1972,14 who induced in rabbits inflammatory

e relationship between percentage binding liver lesions similar to those found in chronic active
' and the stage of the disease as judged hepatitis by prolonged immunisation with a mixture

lly. The dotted line indicates the upper limit of human liver-specific antigens including the
nal range. membrane lipoprotein. At this time LSP could not

be isolated in a stable form but immunisation with
ono a fraction depleted of the lipoprotein was relativelyineffective in inducing the liver damage,'4 thus

implicating LSP in the pathogenesis of the liver
* 00 0 0 00 lesion. Direct comfirmation of this has come re-

cently from Dr R Butler (personal communication)
0 who produced the same lesion by immunisation with

* * .°.°.°* .°. purified, stable LSP prepared by the method

described by McFarlane et al.1' Evidence that
anti-LSP antibodies can damage liver cells in vitro
comes from Gonzales et al.16 who demonstrated
that isolated rabbit hepatocytes incubated with
sera from patients with chronic active hepatitis

11 111 Iv became susceptible to damage by normal lympho-
Stage of disease cytes and also showed that this reaction could be

~e extent ofpiecemeal necrosis ofperiportal blocked by prior absorption of the sera with LSP.
!s in relation to the stage of the disease as These results have been confirmed in a different
istologically in liver biopsies from 37 patients assay system by Vogtenlcwho showed that LSP-
lry biliary cirrhosis. *0-normal,O =increased asysstmbVgen7wohwdtatLP
inding. coated avian red blood cells incubated with

from patients with chronic active hepatitis had

increased 51Cr release when cultured with normal
lase, alkaline phosphatase, bilirubin, IgM, lymphocytes. Finally, Jensen et al.9 demonstrated
iondrial antibodies. a close correlation between the extent of periportal
several patients were taking part in one piecemeal necrosis on liver biopsy and anti-LSP

ouble-blind trials of treatment, details of antibody titre in untreated chronic active hepatitis,

^apy were available in only 21 out of the suggesting that these cytotoxic mechanisms may be

ts, but in these there was no evidence of an operative in vivo. The present finding of an associa-

the treatment on '251-LSP binding. tion between the binding of '25I-LSP by serum and

SP antibody was detected in three out of the extent of piecemeal necrosis on liver biopsy in
its receiving azathioprine, in four of eight primary biliary cirrhosis offers further support for
ited with penicillamine and in three of nine this concept while the lack of correlation with

ven no anti-inflammatory or immuno- the intensity of the primary inflammatory infiltrate

ve drugs. in the portal tracts underlines the specificity of the
association with periportal liver cell damage.

n The detection of anti-LSP antibodies and the
associated piecemeal necrosis are both features

portion of patients' sera with 1251-LSP which are found in the later stages of primary biliary

ealues over the upper limit of the normal cirrhosis and, although they may be of great im-
primary biliary cirrhosis (51%) is lower portance in accelerating liver damage and possibly
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determining progression to cirrhosis, they must also
be secondary in some way to the primary disease
process. The absence of an anti-LSP response in
patients with severe hepatic necrosis after an over-
dose of paracetamol! argues against the proposition
that this autoantibody is simply produced as a
result of liver cell damage. Eddleston and Williams'8
have suggested that in acute and chronic hepatitis,
T cells responding to viral-induced neo-antigens on
the liver cell surface are responsible, by a 'helper'
effect, for stimulating B cells responsive to unaltered
liver membrane antigens including LSP. Granu-
lomas usually contain activated T lymphocytes and
Sanchez-Tapias et al.,19 in an analysis of mono-
nuclear cells released from disrupted liver biopsies
showed the presence of such cells in liver tissue
in primary biliary cirrhosis. It is possible that
expansion of the initial granulomatous lesion
eventually brings these activated T lymphocytes
into close contact with periportal liver cells and
the T cells would then be able to exert their 'helper'
effect to stimulate anti-LSP production. Other T
cells with suppressor effects normally act to limit the
intensity of antibody responses20 and the defect in
suppressor cell function recently demonstrated in
some patients with primary biliary cirrhosis by
Woltjen and Zetterman21 may further enhance the
anti-LSP response.

We are grateful to the Wellcome Trust who
supported this work
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