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REVIEW

Antigens of the human liver
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INTRODUCTION

Early interest in the identification of human liver antigens was related to their potential value as
serological markers of liver cell destruction and was confined mainly to those antigens which were
demonstrably liver-specific. More recently this interest has widened to include organ-specific
antigens which are possible targets of immune attack in relation to various liver diseases, as well as
antigens of broader tissue distribution, since immune reactions against shared antigens might be
involved in idiopathic autoimmune diseases of a systemic nature (Shulman & Centeno, 1973;
McFarlane et al., 1976).

Many antigenic components have now been identified both in the 'soluble' fraction of human
liver (Greene, Halbert &Jequier, 1972; Meyerzum Buschenfelde& Miescher, 1972; Espinosa, 1973;
Brand, 1974; Sugamura & Smith, 1976; Mihas et al., 1977) and in association with intracellular
organelles including microsomes (Ben-Yoseph, Shapira & Doniach, 1974) and mitochondria
(Sayers & Baum, 1976; Labro et al., 1978). However, the antigens of greatest current interest are
undoubtedly those associated with the hepatocyte plasma membrane since these are more likely
targets of damaging immune reactions in vivo than are wholly intracellular components.

LIVER-SPECIFIC MEMBRANE LIPOPROTEIN (LSP)

In 1972, Meyer zum Biischenfelde & Miescher reported the presence of two liver-specific antigens,
LPI and LP2, in 150,000-g supernatants ofnormal human liver. LP2 was identified as a cytoplasmic
component ofapproximate molecular weight 190,000, while LP 1-which, through common usage,
has become known as LSP-was defined as a high molecular weight, species-non-specific lipopro-
tein associated with the plasma membrane (Meyer zum Buschenfelde & Miescher, 1972; Hopf,
Meyer zum Biischenfelde & Freudenberg, 1974). Studies in our laboratories (McFarlane et al.,
1977) have shown that LSP is a far more complex component than was at first recognized. It has an
apparent molecular weight (by gel filtration) of more than 20 x 106, contains phospholipids and
triglycerides, and shows multiple protein-containing components on SDS-polyacrylamide gel
electrophoresis (McFarlane et al., 1977; Meyer zum Buschenfelde & Hiitteroth, 1979). Moreover,
Hutteroth & Meyer zum Biischenfelde (1978) have suggested that it contains at least two liver-speci-
fic determinants, one of which is species-cross-reactive and the other human-specific.

The difficulties which have been encountered in attempting to elucidate the structure of human
LSP and identify and characterize its associated antigenic determinants are related to its labile
nature, differences in preparative techniques employed in different laboratories and inter-species
variations in responses of animals immunized with this material. In earlier studies, antisera raised
against crude LSP preparations showed immunofluorescent staining of isolated rabbit hepatocytes
(Hopf et al., 1974; McFarlane et al., 1977), Recently, Meyer zum Buischenfelde et al. (1979) found
that antisera raised in either rabbits or sheep against more highly purified LSP (by gel filtration over
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Sepharose 6B) do not exhibit surface immunofluorescent staining of rabbit hepatocytes but do react
against rabbit LSP on immunoelectrophoresis. Furthermore, on crossed immunoelectrophoresis
against human LSP, the sheep antiserum gave two precipitin peaks while the rabbit antiserum gave
only one. In our laboratories, antisera raised in guinea-pigs against human LSP, prepared in an
identical manner, also failed to react against isolated hepatocytes but gave two lines on immunodif-
fusion against the immunizing material-one line showing complete identity with a line obtained
against an extract of purified rabbit liver plasma membranes (De Kretser et al., 1979).

Thus it appears that LSP contains multiple antigenic specificities, the identification of which
depends to a large extent on the method of preparation and the animal species immunized. It is
probably inappropriate, therefore, to describe LSP as a lipoprotein since this implies that it is a single
entity. We suggest that it would be more accurate to describe this component as: the largest
molecular species obtainable, by gel filtration over Sepharose 6B, from 100,000-g supernatants of
fresh normal liver, comprised of a number of antigenic determinants at least one of which is
liver-specific, plasma-membrane-associated and species-cross-reactive. Large size, organ speci-
ficity, plasma-membrane localization and species-cross-reactivity are the salient points of this
definition and are required for maintenance of fidelity to Meyer zum Buschenfelde's original
description and for ensuring continuity between studies conducted in different laboratories. It will
be recognized that this is an open-ended definition which avoids the complications inevitable in
attempting to relate multiple antigenic specificities to what may prove not to be a single entity. At
the same time it allows for expansion of the nomenclature as new antigenic determinants become
identified.

THE LMA/LM-Ag SYSTEM

Hepatocytes isolated from liver biopsy specimens from patients with HBsAg-negative chronic
active hepatitis (CAH) were found by Hopf, Meyer zum Buschenfelde & Arnold (1976) to have IgG
bound to their surfaces in a linear pattern as determined by staining with fluoresceinated anti-
human IgG. Sera from these patients showed, by indirect immunofluorescence, a similar linear
staining pattern of the surfaces of isolated rabbit hepatocytes; direct evidence, however, that the
IgG found on patients' liver cells has the same specificity as the antibody which binds to rabbit
hepatocytes has not yet been obtained. These findings were confirmed by Tage-Jensen et al. (1977)
and this new autoantibody was designated: liver membrane antibody (LMA).

The characteristics of LMA are that it is directed against a species-non-specific antigen on the
hepatocyte surface and is found mainly in the sera of patients with HBsAg-negative CAR. Hopf et

al. (1976) reported that the linear pattern of fluorescent staining produced by LMA-positive sera on
rabbit hepatocytes could be abolished by absorbing the sera with human LSP implying that the
antigen against which LMA is directed is a component of LSP. More recent studies in our

laboratories revealed that high titres of anti-LSP antibodies could be detected by radioimmunoas-
say in the sera of patients with either HBsAg-negative or HBsAg-positive CAH (Jensen et al., 1978).
This finding was confirmed by Kakumu et al. (1979) and by Gerber et al. 1979) and has stimulated
much discussion regarding the identity of the antigen(s) against which LMA and anti-LSP are

directed. The situation is complicated further by the recent observation (De Kretser et al., 1979) that
sera from patients with either HBsAg-negative or HBsAg-positive CAH contain antibodies which
react on immunodiffusion against a component present in both purified rabbit liver plasma
membranes and human LSP.

Meyer zum Buschenfelde et al. (1979) have now reported the purification ofan antigen (LM-Ag)
by affinity chromatography, using immunoglobulin from LMA-positive, HBsAg-negative sera.

These sera were selected by the criterion that the LMA could not be absorbed by LSP and, as a

control, an affinity column coupled to immunoglobulin from LMA-negative, HBsAg-positive sera

was employed. The authors found that an antigen could be extracted from both rabbit and human
liver 100,000-g supernatants by the LMA-positive, but not by the LMA-negative column and, by
absorption experiments, showed that this antigen is present on the surface of isolated rabbit
hepatocytes. It is not known whether the sera used for affinity chromatography contained anti-LSP
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antibodies nor, apparently, was it determined whether purified LSP would bind to the column from
which LM-Ag was obtained. On the other hand, on immunoelectrophoresis, purified LM-Ag
migrated in the pre-albumin region in contrast to LSP which migrates in the gammaglobulin region
and this supports the authors' suggestion that LM-Ag is distinct from LSP.

On balance, the present evidence suggests that there may be at least two species-cross-reactive
antigens associated with the liver cell membrane. One of these is a target for immune reactions in
patients with either HBsAg-negative or HBsAg-positive CAH, stimulates antibody responses when
injected into animals and is present in purified LSP. The other, LM-Ag, is a target for antibodies
found mainly in the sera ofpatients with HBsAg-negative CAH and either does not readily produce
antibody responses in animals or is not a component of purified LSP (although it may have been
present in the crude LSP preparations used in earlier studies). The relationship between these
antigens and the murine cell membrane liver-specific antigens studied by Behrens & Paronetto
(1978) is as yet unknown.

BILIARY TRACT ANTIGENS

Because ofthe technical problem ofdissecting workable amounts of bile duct and bile ductule tissue
away from the surrounding hepatic parenchyma, investigations of biliary antigens have been
confined to studies on bile-on the assumption that components derived from the biliary tract may
be shed or secreted into the lumens of the bile ducts. Hardwicke et al. (1964) showed that although
the major part of the protein in bile is comprised of albumin and globulin, a significant proportion
can not be accounted for in terms of plasma proteins. Subsequently, Yoon, Shim & Kil (1966)
identified, in normal human bile, three 'bile-specific' components (distinct from plasma proteins)
which were designated biliprealbumin, biliproalbumin and oxl-biliprotein on the basis of electro-
phoretic mobility. Similar findings were reported by Englert, Wales & Straight (1970) and by
Espinosa (1976) who identified a total of four such 'bile-specific' proteins.

In our laboratories, the antigenic composition of a protein fraction of normal human gall-
bladder bile, against which in vitro cellular immune responses were demonstrable in patients with
primary biliary cirrhosis (Eddleston et al., 1973; McFarlane et al., 1979), has been investigated. This
bile protein fraction, obtained by ammonium sulphate fractionation and gel filtration over Sephar-
ose 6B, was found to contain three distinct antigens. Antigens I and II are glycoproteins with
approximate molecular weights of 170,000 and 260,000 respectively, while antigen III is a lipopro-
tein with an approximate molecular weight of 790,000 as determined by gel filtration (Wojcicka,
1979). Immunofluorescence studies revealed that antigen II is associated with the canalicular
portion of the hepatocyte membrane while antigen III appears to be derived from the membranes of
intrahepatic bile duct epithelial cells. All three antigens exhibit broad, but distinct patterns of
cross-reactions with other tissues and in this respect are similar to the antigens described by
Espinosa (1976). The relationship between these antigens and a biliary glycoprotein (BGP I), which
cross-reacts with carcinoembryonic antigen (Svenberg, Hammarstrom & Zeromski, 1979) and
which appears to be associated with the bile canaliculi, is unknown.

NEOANTIGENS

In recent years several abnormal antigenic liver cell constituents have been identified in association
with certain diseases of the liver. These neoantigens are immunogenic components which are not
found in histologically normal tissue but which appear in diseased liver as a result of some
exogenous or endogenous stimulus and include substances such as hyalin and abnormal forms of
ferritin. The immunogenic properties ofhyalin have been studied by Leevy and his co-workers who
have described both cellular (Zetterman, Luisada-Opper & Leevy, 1976; Kakumu & Leevy, 1977)
and humoral (Kanagasundaram et al., 1977) immune responses to this material in patients with
alcoholic liver disease, while abnormal ferritins, physicochemically and immunologically dis-
tinguishable from normal liver ferritin, have been identified in rat and human hepatocellular
carcinoma (Alpert, Coston & Drysdale, 1973; Bullock, Bomford & Williams, 1979).

Of particular interest are novel antigens which appear on the hepatocyte surface. Early studies
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of such neoantigens were concerned with the mechanism of liver cell destruction in acute type B viral
hepatitis. The hepatitis B virus is thought not to be directly cytopathic since its presence can be
detected in hepatocytes from infected subjects who have no evidence of liver disease (Hadziyannis et
al., 1972; Krawczynski et al., 1972). Rather, hepatocellular destruction in acute hepatitis appears to
be related to a host immune response against viral determinants and extensive studies have now
established that hepatitis B viral antigens, or virus-altered host antigens, are expressed on the
surfaces of hepatocytes from infected patients (Alberti et al., 1976; Ray et al., 1976; Huang &
Neurath, 1979).

Similar mechanisms may be involved in drug hypersensitivity reactions affecting the liver. A
growing list of drugs, including the anaesthetic halothane and the laxative oxyphenisatin, have been
implicated in acute and chronic hepatitis-like illnesses in a small percentage of patients (Zimmer-
man 1978a, 1978b). Neither halothane nor many of the other agents which give rise to these
inflammatory hepatic lesions, are predictably hepatotoxic and the accompanying clinical and
histological features are suggestive of hypersensitivity reactions against the drug, its metabolites, or
host components altered by the drug (Klatskin, 1975; Klatskin & Smith, 1975). If host immune
responses against drug haptens or drug-altered host antigens are involved, it should be possible to
demonstrate the presence of such neoantigens on the surface of hepatocytes. Indirect evidence for
the involvement of halothane-altered liver cell surface constituents has been derived recently from
studies by Vergani et al. (1978) who found that sera from patients with halothane hepatitis
contained antibodies which reacted against surface components of liver cells obtained from rabbits
treated with halothane.

The processes which lead to the expression of drug- or virus-related neoantigens on the
hepatocyte surface are not known. Drugs could produce such alterations by direct action on the
plasma membrane but such a mechanism does not seem to operate in the case of the hepatitis B virus
which appears to make its presence known from within the cell. A more likely hypothesis is that
these neoantigens arrive on the cell surface during the normal process of plasma membrane
turnover.

Current concepts of plasma membrane biogenesis fall, broadly, into two schools: (a) the
membrane flow concept, which postulates a continuity between the endoplasmic reticulum (ER)
and the plasma membrane, and (b) the direct synthesis concept by which membrane constituents are
inserted directly from the cytosol. The evidence in support of each school has been reviewed by
Morre, Kartenbeck & Franke (1979) who propose an intermediate concept in which membrane
flow (including membrane retrieval and re-utilization) accounts for the bulk of the plasma mem-

brane, with these endomembrane-derived elements being modified by additions and deletions
during transit or after insertion.

The evidence in favour of vectorial migration of membrane components from the ER to the
plasma membrane is now considerable and points to a mechanism whereby membranes of secretory
vesicles such as the Golgi apparatus, formed by 'budding' from the ER (Jamieson & Palade, 1967;
Claude, 1970), interact and fuse with the plasma membrane during exocytosis. In this way, new

membrane segments may carry different specificities into the plasma membrane (Masur et al., 1971).
Studies on viruses have established that such a flow mechanism can account for the appearance of
viral determinants on the cell surface (Rifkin & Quigley, 1974; Ehrnst & Sundqvist, 1976; Rothman
& Lenard, 1977) and it is interesting that electron microscopical studies have shown alterations in,
and association of viral components with, the ER of hepatitis B virus-infected liver cells (Huang &
Groh, 1973; Gudat et al., 1975).

A similar mechanism could operate in the production of drug-related cell surface neoantigens. It
has been shown that the metabolism of many drugs (including halothane) by the liver involves their
conversion to reactive intermediates which bind covalently to the ER (Mitchell & Jollows, 1975;
Uehleke & Werner, 1975) and it is conceivable that such endomembrane-bound drug haptens (or
drug-altered host components) could be transported to the plasma membrane and expressed on the
cell surface as neoantigens.

CONCLUSION

To date, little attention has been devoted to possible functional characteristics of human liver cell
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antigens. A number of intracellular immunogenic components have been identified as enzymes
(Greene et al., 1972; Rose, Milisauskas & Sampson, 1975), others may be carrier proteins associated
with the various metabolic functions of the hepatocyte or export proteins in incomplete or
zymogenic forms. Even where antigens have been highly purified and characterized, little is known
about the number or nature of the antigenic sites (epitopes) on these molecules. With the plasma-
membrane-associated antigens such information would be ofconsiderable interdisciplinary interest
since some epitopes may prove to be receptor sites for vitamins, hormones and various metabolites
involved in functions unique to the liver. Progress in this area should help to solve many of the
questions which have been raised in recent years concerning the mechanisms of liver damage in
acute and chronic diseases of the liver.
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