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SUMMARY The presence of immunoglobulins (Ig) G, A, and M and of complement fractions
(C3-C4) on the liver cell surface was investigated by direct immunofluorescence in 40 patients
with alcoholic liver disease.
IgG was detected on the liver cell membrane with a linear staining pattern in 29 patients. The

percentage of IgG-positive hepatocytes correlated with transaminase activities, independently of
the histological findings. IgA was demonstrable with a coarse granular staining pattern in 11 of
the 14 cases with established cirrhosis. The finding of IgG bound to the hepatocyte surface in
patients with alcohol-induced liver damage suggests that alcohol could be responsible for anti-
genic modifications of hepatocyte membrane with consequent triggering of a humoral immune
response.

The abuse of alcohol is considered one of the most
frequent causes of chronic liver disease. Following
intake of an excess of alcohol, a number of hepatic
functions may be altered, due in part to changes in
the hepatic redox state, and in part to adaptive
metabolic changes, resulting in activation of
hepatotoxic compounds with production of new pro-
teins.'-3
Although metabolic and structural alterations

associated with the hepatic metabolism of alcohol
have been extensively delineated, the mechanisms
responsible for alcohol-induced liver cell injury and
for its progression to cirrhosis have not yet been
clarified.4 Recently genetic and constitutional fac-
tors, including the immune system have been consi-
dered of importance.56 Indeed there are phenomena
that indicate immune participation in the
pathogenesis of liver disease due to alcohol.4
Immune response to liver specific autoantigens, such
as liver membrane antigen (LMAg) and liver
specific protein (LSP) and neoantigens, such as
alcoholic hyalin, or other autoimmune phenomena
are compatible with an immunological
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hypothesis.7-'0 However it must be noted that, at
present, no definite data exist on the nature of the
immune effector mechanism that might explain the
pathogenesis of alcoholic hepatitis.
The aim of this study was to investigate the in vivo

binding of immunoglobulins and complement to iso-
lated hepatocytes obtained from liver biopsies of
patients with histologically proven alcoholic
hepatitis.

Patients and methods

PATIENTS
This study was carried out over a period of five
months on a consecutive series of alcoholics admit-
ted to hospital for detoxication and assessment of
any associated liver disease. The group of patients
consisted of 40 subjects (27 men and 13 women)
aged between 32 and 66 yr (mean + SD = 45 + 9-8
yr) who were admitted with a history of high
alcoholic intake (100 to 220 g of alcohol per day) for
periods that ranged from 3 to 12 yr. All patients
gave informed consent to diagnostic laparoscopy
and liver biopsy. None of the patients was on
therapy before and during the study.

530



Detection of immunoglobulins G and A on the cell membrane of hepatocytes

LABORATORY INVESTIGATION
Laboratory investigation included routine tests as

well as more specific analyses. Each serum was

tested for hepatitis B surface antigen (HBsAg),
hepatitis Be antigen (HBeAg), antibody to HBsAg,
to HBeAg and to hepatitis B core antigen (anti-
HBs, anti-HBe, anti-HBc) by commercial radioim-
munoassay kits (RIA, Abbott laboratories). Anti-
body to liver specific protein (LSP) was tested on

serum samples (diluted 1/20) by RIA according to
Jensen et al."I Sera diluted 1/4 were also tested for
liver membrane antibody (LMA) by indirect
immunofluorescence on isolated rabbit hepatocytes
after the method of Hopf et al.'2 Non-organ-specific
autoantibodies, antinuclear antibody (ANA), anti-
smooth muscle antibody (SMA) and antimitochon-
drial antibody (AMA), were studied by indirect
immunofluorescence on sera diluted 1/10.

LIVER BIOPSY
Specimens obtained by Trucut needle (Steryl-lab,
Milan) during laparoscopy, were divided into two
parts: one was processed for histological diagnosis,
while the other was employed for immunological
studies on.isolated liver cell suspensions.

FoY histological examination the liver tissue was

fixed in 5% neutral formalin. Paraffin-embedded
sections were stained with haematoxylin and eosin,
van Gieson's, Gomori's, and Perls' stain and
periodic acid-Schiff after diastase digestion.
The histological diagnosis of alcoholic liver dis-

ease was based on the suggestions of an Interna-
tional Group.'3 The following groups were defined:
fatty infiltration alone or with minimal alcoholic
hepatitis; fully or advanced alcoholic hepatitis; liver
cirrhosis; cirrhosis with superimposed alcoholic
hepatitis. Furthermore, several specific histological
features were evaluated on each biopsy: steatosis,
ballooning degeneration, Mallory bodies, spotty
necrosis, intralobular inflammation with an infiltrate
of polymorphonuclear leucocytes, intralobular
inflammation with an infiltrate of mononuclear cells,
portal inflammation, piecemeal necrosis, hepatic-
vein fibrosis and portal fibrosis. The individual his-
tological changes were graded as absent, minimal,
moderate or marked.

IMMUNOFLUORESCENCE ON ISOLATED LIVER
CELLS
Liver cells were mechanically isolated according to
Hopf et al,'4 with some minor modifications.5
Briefly, the tissue was gently fragmented in a Petri
dish using two injection needles. The resulting cell
suspension was filtered through a small nylon wool
column to remove residual debris and macrophages.
All treatments were done under a plastic chamber

with continuous oxygen supply (95 %) at a tempera-
ture of 22°C. Hepatocytes in suspension were
counted and the total number of liver cells obtained
from each case ranged from 105 to 2 x 105. The
viability of the cell population was assessed by phase
contrast microscopy. The hepatocyte suspension
contained numerous parenchymal cells which
appeared round and refractile. Cellular debris was
always scanty. Erythrocytes and lymphocytes were
also observed and could be easily differentiated
from parenchymal cells by their size and specific
refractiveness.
The cells were incubated for 10 min at 220C with

FITC-conjugated antisera, washed and mounted in
a liquid medium and examined by fluorescence mic-
roscopy (Leitz Orthoplan, Ploempak 2) using a K
490 interference filter.

ANTISERA
Rabbit antihuman IgG, rabbit antihuman IgA and
rabbit antihuman IgM sera were purchased from
Behringwerke (Marburg), while goat antihuman
complement components sera (anti-C3 and anti-C4)
were purchased from Meloy Laboratories. In all the
direct immunofluorescence studies we used F(ab)2
fragments prepared by hydrolysis with pepsin
according to Winchester,"6 since the use of whole
antibody could result in non-specific binding to
immunoglobulin-Fc receptors on liver cells.'7
Briefly, the IgG fraction was purified from each
commercial preparation by ammonium sulphate
precipitation and DEAE-cellulose chromatography.
The IgG solutions were then equilibrated with 0 1 M
and 0-2 M sodium acetate buffer (for rabbit and goat
IgG respectively) prior to pepsin treatment. After
digestion, rabbit F(ab)2 fragments were purified on a
1 x 10 cm bed of DEAE cellulose, while goat F(ab)2
fragments were purified using gel filtration through
Sephadex G-150. The purity of F(ab)2 fragments
was assessed by Ouchterlony agarose gel
immunodiffusion after their concentration at one
mg/ml: no precipitation line was observed with anti-
rabbit and antigoat gamma-chain (Cappell), while a
precipitation line was obtained with antirabbit and
antigoat lambda-chain (Cappell). Immunoelec-
trophoresis of F(ab)2 preparations against serial
dilutions of human whole serum (dilution 1/4; 1/8;
1/16) confirmed the monospecificity of the anti-
bodies employed in this study.

Antisera were then conjugated with fluorescein
isothiocyanate (FITC) after the method of Arnold
and Mayersbach.'8 Labelled antisera had a molar
FITC/protein ratio ranging from 2 5 to 3-9 and were
employed at a protein concentration of 0 1 mg/ml.

Prior to immunological studies on isolated
hepatocytes, rabbit antihuman IgG and IgA F(ab)2
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Hepatocyte membrane-bound IgG and IgA and serum antibody to liver specific protein (LSP), antibody to liver membrane
antigen (LMA), and antinuclear antibody (ANA) in relation to liver histology in 40 patients with alcoholic liver disease.

Liver histology

Fatty liver alone or with Alcoholic Cirrhosis Cirrhosis with Total
minimal alcoholic hepatitis hepatitis alcoholic hepatitis
(1 ) (15) (12) (2) (40)

Hepatocyte membrane-bound
IgG 9 11 7 2 29
IgA - 2 9 2 13

Autoantibodies in serum
aiiti-LSP - 1 1 1 3
ANA 2 - - - 2
LMA 3 9 7 - 19

Simultaneous presence of
LMA and membrane-bound IgG 1 6 4 - 11

No of cases is shown in parentheses.

fragments FITC-conjugated were further purified by
immunoadsorption on human IgG and IgA respec-
tively and immobilised by glutaraldehyde after the
method of Avrameas and Ternynck.'9

CONTROLS
Blocking of anti-IgG, IgA and IgM/FITC staining
was obtained by previous incubation with unlabelled
antihuman antibodies. Monospecific antisera were
also tested on isolated hepatocytes obtained during
cholecystectomy in five patients with no history of
alcohol intake.

Results

HISTOLOGY
The results of the histological examination are
summarised in the Table. Eleven patients had minor
abnormalities with increased fat content or minimal
alcoholic hepatitis or both; 15 had alcoholic
hepatitis, and cirrhosis was observed in 14 (two with
concomitant hepatitis).

AUTOANTIBODIES
Antibodies to liver specific antigens, (anti-LSP)
were detected by radioimmunoassay in three cases
while antibody to liver membrane antigen (LMAg)
were found in 19 cases (see Table). ANAs were
detected in two cases, but AMA and SMA were
found in none.

HEPATITIS B VIRAL ANTIGENS
Only one patient was found positive for HBsAg and
for anti-HBc and anti-HBe. (not shown in Table).
Five other cases had circulating anti-HBs, while six
cases (two positive for anti-HBs) were positive for
anti-HBc.

IMMUNOFLUORESCENCE ON ISOLATED
HEPATOCYTES
When hepatocytes from alcoholic patients were
incubated with fluoresceinated antisera, IgG, depo-
sited in a linear fashion on the liver cell membrane
(Fig. 1), was detected in more than half of the cases
studied (Table). The linear pattern of antigen-
antibody complex on the liver cell surface was not
modified by different times or temperatures of incu-
bation.

Fig 1 Linear immunofluorescence staining for IgG on the liver cell membrane in (a) a case with fatty liver and (b)
alcoholic hepatitis; (c) coarse granular staining pattern ofmembrane IgA in a case with inactive cirrhosis. Original
magnification x 250.
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Fig 2. Correlation between the percentage ofIgG-positive
hepatocytes and serum AST activities.

The percentage of positive cells ranged from 9%
to 80%. This phenomenon correlated with biochem-
ical signs of liver disease activity, as assessed by
statistical analysis (Fig. 2), but it was independent of
histological diagnosis (Table). In fact, when the
patients were subdivided on the basis of their histol-
ogy, membrane-bound IgG was detected in 81% of
those with fatty liver or minimal alcoholic hepatitis,
73% of those with alcoholic hepatitis and 64% of
those with cirrhosis. Moreover, no significant corre-
lation was found between the presence or absence of
membrane-bound IgG and any of the several
specific histological features considered; nor was

there any correlation with the presence of non-

organ specific autoantibodies or antibodies to LSP
and to LMAg in serum, or previous hepatitis B virus
infection.
IgM and complement components were not

detected on the liver cells, whereas IgA was demon-
strable with a coarse granular pattern in the majority
of the patients with liver cirrhosis (Fig. 1).

Isolated hepatocytes from control cases (surgical
biopsies) produced negative results for the presence
of immunoglobulins or complement on the cell sur-

face.

Discussion

The mechanisms responsible for alcoholic hepatitis
are still to be completely defined. Current
hypotheses suggest the presence of toxic reactive
metabolites as the basis of hepatocellular injury.
The suggestion that immunological reactivity may
play a role in the pathogenesis of alcoholic hepatitis
is intriguing. Indeed, recent studies point to the

importance of immunological mechanisms in
hepatitis due to alcohol ingestion.2022

In the present study antibodies of IgG class, react-
ing in vivo with the membrane of hepatocytes,
showed a linear pattern of distribution on the liver
cell surface. This immunofluorescent pattern could
be interpreted as the consequence of antibody reac-
tion with an antigen homogeneously distributed on
the liver cell membrane. Although the nature of
such antigen and its relation with structural mem-
brane proteins remains undefined, the lack of
antibody-induced antigenic redistribution (with cap
or patch formation) could be due to an alteration in
microtubules induced by alcohol intake, as
described by Baraona et a123 in ethanol-fed rats.
As to the relation between ingestion of alcohol,

hepatitis and presence of IgG on the hepatocyte sur-
face, it may be suggested that alcohol itself, or its
metabolites, could alter the antigenicity of liver cell
membrane constituents, triggering a humoral
immune response that appears to be distinct from
autoantibodies directed against liver specific protein
(LSP) or liver membrane antigen (LMAg). In this
study the presence of membrane-bound IgG corre-
lated with transaminase activities and this suggests
that the antibody could be involved in the
pathogenesis of liver cell damage. However, a
cytolytic effect of antibodies demonstrable on the
liver cell surfaces needs a more precise definition.
Indeed, the absence of complement components on
the hepatocyte membrane is against the hypothesis
of a direct immune effect, even if it does not exclude
the possibility of an antibody-dependent cytotoxic-
ity system.' Alternatively, the correlation between
membrane-bound IgG and transaminase activities
could be coincidental, with alcohol as the common
factor in producing the two variables. At present the
major question is whether such cytophilic antibody
has to be considered as only a marker of alcohol-
induced alterations on the liver cell structures rather
than an important part in the cytolytic effector sys-
tem.
The finding of IgA bound in a granular fashion to

the hepatocyte membrane is another interesting
aspect of alcohol-induced liver disease. Its restric-
tion to active or inactive cirrhosis and the granular
appearance of the antibody deposition represent an
intriguing observation. The finding could be related
to the increase of circulating IgA dimers complexed
with intestinal antigens, previously reported in
alcoholic cirrhosis.24 25
The precise delineation of putative antigen(s) for

the membrane-bound antibodies and the possible
pathogenetic role for IgG and IgA in producing liver
cell injury will be sought in further experiments
involving elution of these antibodies.

* * * * *
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