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Fractionation of the liver membrane lipoprotein
(LSP) and characterisation of its antigenic
determinants by autoantibodies and a heterologous
anti-serum
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SUMMARY Sera from 50 patients with chronic active liver disease were investigated by
radioimmunoprecipitation test for autoantibodies against human and rabbit liver membrane
lipoprotein (LSP), and a human kidney equivalent protein. Twenty-one of 50 chronic active liver
disease sera were positive for autoantibodies against human liver membrane lipoprotein. Eleven of 50
sera reacted with rabbit liver membrane lipoprotein and four of 50 sera with human kidney
equivalent protein as well. In order to identify the antigenic determinants of these autoantibodies
'251-labelled human and rabbit liver membrane lipoprotein and human kidney equivalent protein
were fractionated by CsCl density gradient centrifugation. Distribution of labelled antigen fractions
in density gradients revealed two peaks with maximum radioactivity at 1.34 and 1. 11 g/ml. Density
gradient fractions were assayed for antigen activity by radioimmunoprecipitation test using
autoantibody positive sera of patients with chronic active liver disease. Anti-human and anti-rabbit
liver membrane lipoprotein and anti-human kidney equivalent protein positive human sera all
localised their corresponding determinants in the low density fractions (1X08-1.10 g/ml). An
antiserum against human liver membrane lipoprotein, raised in rabbits after short-term
immunisation, recognised the low density '251-human liver membrane lipoprotein subfraction. This
serum had previously been absorbed with human kidney homogenate, plasma, and blood cells. Thus,
organ-specific and non-organ-specific determinants were both localised in the low density liver
membrane lipoprotein subfraction. They could not be separated by the described fractionation
procedure. It is to be supposed that organ-specific determinants ofa low density membrane protein of
hepatocytes are targets of circulating autoantibodies in chronic active liver disease.

In recent years a soluble macromolecular protein
fraction from normal human liver has attracted the
attention of hepatologists. It was originally prepared
by homogenisation, differential ultracentrifugation,
and gel filtration on Sephadex G 100. The
concentrated first peak of Sephadex G 100 had been
rechromatographed on Sephadex G 200. The
concentrated first peak of Sephadex G 200 was used
for the immunisation of animals. After the absorption
of antisera with human kidney homogenate, human
plasma, and blood cells, these antisera reacted only
with the macromolecular protein fraction from the
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liver but not with equivalent protein fractions from
other organs.' Studies with antisera prepared in
different species led to the conclusion that the
macromolecular protein fraction contains a protein
with an organ-specific determinant which was
originally termed LP I. In later studies this
determinant was found to be membrane associated.2
McFarlane et al.' described a further purification of
the LP I containing liver protein fraction by Sepharose
6 B chromatography. Since then the term liver specific
membrane lipoprotein (LSP) has been used for this
antigen preparation in literature.

Recently, circulating autoantibodies against the
LSP antigen fraction were demonstrated in patient
sera by radioimmunoprecipitation (RIP). These
autoantibodies were frequently found in acute and
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chronic inflamatory liver diseases, irrespective of
HBsAg status, and were associated with disease
activity.47 In addition, cellular immune reactions
against the LSP antigen fraction have been observed in
acute and chronic inflammatory liver diseases.'8-5
As the LSP preparation used in different
immunological test systems contains different
antigenic determinants,716178 it remains unclear
whether or not autoantibodies in patient sera are
directed against an identical molecule with organ-
specific or non-organ-specific determinants ofthe LSP
fraction. Thus the aim of this study is a further
fractionation of the LSP fraction to allow a better
identification and characterisation of the antigenic
determinants by autoantibodies and heterologous
anti-LSP serum.

Methods

ANTIGEN PREPARATION
Human LSP, rabbit LSP, and the human kidney
equivalent protein (HKP) were prepared according to
McFarlane et al.3 Concentrated first peak of
Sepharose 6 B was radiolabelled with '25I using the
chloramine T method.'9 For detailed information see
Kakumu et al.5 and Manns et al.7 The specific activity
of labelled antigen was approximately 60 mCi/mg.

DENSITY CENTRIFUGATION
For further fractionation labelled LSP and HKP were
submitted to ultracentrifugal flotation in a CsCI
gradient. A gradient was established as follows; CsCI
was dissolved in 0.01 M Tris, pH 8, containing
0.02M NaCI, 0. 1 M EDTA, and 01%N BSA at densities
of 1.28 g/ml (solution 1), 1-16 g/ml (solution 2)
108 g/ml (solution 3), and 1.04 g/ml (solution 4).
Densities were determined from their refractive
indices by a Zeiss refractometer. The CsCI density
gradient was prepared in 12 ml tubes by sequentially
overlaying 4.0 ml of solution 1, containing 6 jg of
labelled antigen protein, 4.5 ml ofsolution 2, 2.5 ml of
solution 3, and 10 ml of solution 4. Tubes were
centrifuged in a Beckman SW 41 rotor at 30000 rpm
for 24 hours. After centrifugation fractions were taken
by bottom puncture of the tubes and measured for
density and radioactivity. Antigen activity of density
gradient fractions was tested by RIP after labelled LSP
or HKP had been fractionated.

SERA
Sera were obtained from patients with liver diseases,
and diagnoses were confirmed by liver biopsy. Control
sera were obtained from healthy blood donors who
had no clinical or laboratory signs of liver diseases
including negative B virus serology. Rabbit anti-

human LSP serum was produced by short-term
immunisation as described elsewhere.'7 Heat
inactivated rabbit serum was absorbed twice with
equal volumes of human kidney homogenate and
25 mg lyophilised human plasma protein per ml serum
for 30 minutes at 37°C and then 16 hours at 4°C. The
incubates were centrifuged for 10 minutes at 50000g in
a Sorvall RCZ-B centrifuge.

RADIOIMMUNOPRECIPITATION TEST WITH
HUMAN ANTI-LSP ANTOANTIBODIES
Patients' sera were tested for anti-LSP autoantibodies
by RIP according to Manns et al.7 This test is similar to
the one described by Kakumu et al.5
The different gradient fractions of labelled LSP or

HKP were assayed for antigenic activity by RIP as
follows: fractions of the CsCI gradient were diluted in
Tris/EDTA buffer, pH 8, containing 0.25% BSA to
32000 cpm. 100 gg of antigen protein (32000 cpm),
approximately 1 gg protein, were incubated with
50 gil of serum from patients with chronic active liver
disease (dilution 1:10). These were positive for anti-
LSP autoantibody as tested by RIP according to
Manns et al.;7 using concentrated Sepharose 6 B first
peak as labelled antigen. After the addition of another
500 gl of Tris/EDTA buffer, containing 0.25% BSA
the mixture was left at 4°C for 72 hours. Then 100 gl
anti human IgG produced in rabbits (Hyland
Travenol Laboratories, Munich, Germany), diluted to
give optimal precipitation, were added as a second
antibody. After 48 hours at 4°C tubes were centrifuged
and precipitants were counted in a Beckman gamma
counter. All fractions were tested within the same
assay procedure with a serum pool from healthy blood
donors instead of anti-LSP autoantibody serum as
first antibody. Each fraction was tested twice. Results
are expressed as positive/negative ratio (P/N). This
means that the counts per minute precipitated by a test
serum were compared with the counts per minute
precipitated by the normal human serum pool within
the same assay procedure. A P/N ratio exceeding 2.1
was regarded as positive. Specific activity precipitated
was 15-25%.

RADIOIMMUNOPRECIPITATION TEST
WITH HUMAN ANTI-LSP AUTOANTIBODIES
Different fractions of the CsCl gradient were assayed
for antigen activity by rabbit anti-human LSP serum
previously absorbed twice with human kidney
homogenate and human plasma. CsCl density
fractions were diluted with Tris/EDTA buffer to
16000 cpm/100 gl. One hundred microlitres of
labelled antigen were incubated with 50 g1 of
heterologous anti LSP serum diluted 1:100 and 500 gl
Tris/EDTA containing 0.25% BSA. After 72 hours at
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4°C 100 gl of anti-rabbit IgG raised in goats, diluted
and thus giving optimal precipitation (Behring Werke,
Marburg, Germany), were added. After 48 hours at
4°C tubes were centrifuged and precipitants were
counted in a Beckman gamma counter. All fractions
were assayed in the same procedure by rabbit
preserum 1:10 instead of heterologous anti-LSP
serum as first antibody. Anti-LSP serum and
preserum were tested in two independent experiments.
Means were taken to calculate results as percentage
cpm precipitated:
Percentage CPM precipitated:
(cpm rabbit anti-LSP serum-cpm preserum) X 100

(cpm supernatant + precipitant)-cpm preserum

Results

AUTOANTIBODIES AGAINST LSP
ANTIGEN FRACTION
Fifty sera from patients with chronic active liver
disease (CALD) were tested for autoantibodies
against human LSP, rabbit LSP, and HKP. The
antigen fractions were prepared according to
McFarlane et al.3 Autoantibodies against these
antigen preparations were determined by RIP.'
Twenty-one of 50 sera were positive for anti-human
LSP. The 29 sera, negative for anti-human LSP, were

negative for anti-rabbit LSP and anti-HKP as well.
From the 21 anti-human LSP positive sera 11 reacted
with rabbit LSP and four with HKP. There was no
correlation between autoantibody positive sera and
HBsAg status (Table).
Table Autoantiblodies against LSP antigen fraction
on serafrom patients with chronic active liver disease

Anti-HLSP Anti-RLSP Anti-HKP

HBsAg positive 10/26 5/26 3/26
HBsAg positive 11/24 6/24 l/24
Total 21/50 11/50 4/50

HLSP: human liver specific protein.
RLSP: rabbit liver specific protein.
HKP: human kidney equivalent protein.
HBsAg: hepatitis B virus surface antigen.

DISTRIBUTION OF LABELLED ANTIGENS IN
CsCI DENSITY GRADIENTS
Human LSP, rabbit LSP, and HKP were labelled with
'Iodine using the chloramine T l method and
submitted to ultracentrifugal flotation in CsCl density
gradient as described in materials and methods.
Radioactivity (CPM) is distributed in two peaks with
maximum radioactivity at densities 132-1.34 and
1.11-1.14 g/ml. A similar distribution pattern was
obtained for human, and rabbit LSP fraction as well as
for HKP. Results obtained for human LSP fraction
and HKP are shown in Fig. 1.
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Fig. 1 Six jg of labelled human liver specific protein (A) or the kidney equivalent protein (B) were submitted to
ultracentrifugalflotation in a discontinuous CsCI gradient. Both labelled antigen preparations distributed in two peaks with
maximum activities at 1 34 and 1 11 g/ml.
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The different density gradient fractions were
applied to SDS polyacrylamide gel electrophoresis.
Gel columns were subdivided in 85 slices by gel slicer
and individual slices were counted for radioactivity.
Results obtained for different gradient fractions are
shown in Fig. 2.

DENSITY GRADIENT FRACTIONS ASSAYED
FOR ANTIGEN ACTIVITY BY
RADIOIMMUNOPRECIPITATION WITH
SERA POSITIVE FOR AUTOANTIBODIES
AGAINST HUMAN LSP FRACTION
Individual fractions of CsCI density gradients were
tested by RIP using autoantibodies against human
LSP fraction from patients with chronic active liver
disease. Maximum antigen activity was found in the
low density fraction (1.08-1.10 g/ml) for all sera
tested, indicating that the relevant target antigen is of
lipoprotein nature. Results ofthree representative sera
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are given in Fig. 2A. The four chronic active liver
disease sera reacting with HKP (Table) reacted with
the low density fractions of CsCI density gradient of
HKP as well. Figure 2B shows one representative anti-
HKP positive serum and two sera that reacted neither
with HKP nor with fractions of CsCI density gradient
of labelled HKP but with the low density fractions of
human LSP. Thus organ-specific and non-organ-
specific determinants of the LSP fraction were both
localised in the low density fractions of CsCI density
gradient.

DENSITY GRADIENT FRACTIONS OF
HUMAN LSP TESTED BY
RADIOIMMUNOPRECIPITATION WITH
HETEROLOGOUS ANTI-HUMAN LSP SERUM
Rabbit anti-human LSP serum previously absorbed
with human kidney homogenate and human plasma
recognised the low density 251-LSP subfraction when
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Fig. 2 Localisation ofantigen activity in density gradient fractions by radioimmunoprecipitation (RIP) with anti-LSP
autoantibodies. Dotted line: upper limit ofnormal range. A: CsCI density grandient of 12"I liver specific protein. B: CsCI density
gradient of 125I human kidney equivalent protein.
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tested by radioimmunoprecipitation test (Fig. 3).
Negative results were obtained with LSP preparations
from other species. Absorption of antiserum was
proved by testing density gradient fractions of
1251-HKP under equivalent conditions. All these
studies gave negative results. Thus absorbed rabbit
anti-human LSP serum obtained after short-term
immunisation recognises a species- and organ-specific
determinant which is localised in the low density
subfraction of the human LSP preparation.

Discussion

At present investigations on humoral and cell-
mediated immune reactions are performed with the
whole LSP fraction as antigen. These antigen fractions
are prepared by the technique described by McFarlane
et al.3 In order to define and identify antigenic
determinants within the LSP fraction, human LSP,
rabbit LSP, and HKP were fractionated by density
gradient centrifugation. All fractions were tested by
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-1.1 Fig. 3 Localisation ofLSP
activity in CsCl density gradient by
radioimmunoprecipitation (RIP)
with anti-human LSP serum
prepared in rabbit. The antiserum
was previously absorbed with
kidney homogenate, plasma, and
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radioimmunoprecipitation test using autoantibodies
of sera from patients with chronic active liver disease
and absorbed rabbit anti-human LSP serum.
The 21 sera containing anti-human LSP auto-

antibodies (Table) recognised only a low density
25I-human-LSP-subfraction (1.08-1 10 g/ml)
obtained after CsCI density gradient centrifugation.
Labelled rabbit LSP and HKP were also submitted to
CsCI density gradient centrifugation. The distribution
of I251-rabbit LSP and '25P-HKP in CsCI density
gradients was similar when compared with human
LSP. The 11 sera positive for anti-rabbit LSP and the
four anti-HKP positive sera reacted with the low
density subfraction of rabbit LSP and HKP,
respectively. Thus autoantibodies in sera from
patients with chronic active liver disease predomi-
nantly react with organ-specific determinants of LSP
fractions of different species. Only four of 21 anti-
human LSP positive sera reacted with non-organ-
specific determinants of the low density LSP
subfraction. It can be concluded from these data that

18

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.23.1.14 on 1 January 1982. D

ow
nloaded from

 

http://gut.bmj.com/


Fractionation of liver membrane lipoprotein (LSP) 19

species-specific and non-species-specific determinants
of a low density protein are targets for autoantibodies
in human inflammatory liver diseases.

Heterologous anti-LSP serum, originally used to
identify the organ-specific determinant, reacted with
the low density gradient fractions of human LSP as
well. This serum, obtained after short-term
immunisation, detects an organ- and species-specific
determinant, which is in accordance with previous
investigations, when crossed immunoelectrophoresis
was used to characterise heterologous anti-LSP sera. 7
In this study, sera from rabbits with experimentally
induced chronic hepatitis were shown to contain anti-
LSP antibodies reacting with non-species-specific
determinants.
The techniques used so far have been unable

physically to separate the organ-specific and non-
organ-specific determinants. The possibility that
organ-specific and non-organ-specific determinants
are both located on an identical molecule of a
lipoprotein nature should be considered. Further
studies are needed to clarify whether or not antibodies
in patients' sera and heteroimmune sera are partially
directed against identical determinants. Recently
DeKretser et al.20 demonstrated the membrane-
association of an LSP determinant which was
recognised by absorbed heterologous anti-serum and
autoantibodies. In immunodiffusion studies guinea-
pig anti-LSP serum and sera from patients with
HBsAg positive and negative chronic active hepatitis
reacted with one precipitin line with total rabbit LSP
fraction and a plasma membrane fraction isolated
from normal rabbit liver. These studies confirm the
membrane association of a liver-specific determinant
and give evidence that autoantibodies are directed
against at least one organ-specific determinant
detected by heteroimmune sera.
The data that are presented describe a low density

liver protein fraction as target antigen of human
autoantibodies in chronic active liver disease. This
protein fraction bears a liver specific determinant
detected by human autoantibodies and absorbed
heterologous antiserum.

Although, in addition to our studies, biochemical
and immunochemical characterisation of the low
density liver protein fraction may be necessary, it has
become less speculative that an organ-specific
determinant of the liver cell membrane is involved in
immune processes of human inflammatory liver
diseases. Nevertheless, it has to be proved whether
there is, in fact, a causal link between the described
immune phenomena and hepatocellular injury.

We thank Miss U Dang for excellent technical
assistance. This work was supported by the Deutsche
Forschungsgemeinschaft Me 244/13. Some of these

data have been presented at the 15th meeting of the
European Association for the Study of the Liver
(EASL), 4-6 September 1980, Belgrade, Yugoslavia.
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