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Mallory bodies in alcoholic liver disease:
identification of cytoplasmic filament/cell membrane
and unique antigenic determinants by monoclonal
antibodies
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SUMMARY Polyclonal and monoclonal antibodies have been produced to Mallory body protein
(MBP) extracted from isolated Mallory bodies (MBs). The polyclonal antibodies reveal a unique
determinant in MBs. The first monoclonal antibody (anti-JMBl) detects a second unique deter-
minant (JMB1) in MBs which is not detectable in normal hepatocytes. The second monoclonal
antibody (anti-JMB2) shows that MBs contain another determinant which is associated with the
cell and nuclear membranes and a cytoplasmic filament system of normal hepatocytes and bile duct
epithelium; this antigen is not detectable in the cell membranes or cytoplasmic filament systems of
hepatocytes which contain MBs. The third monoclonal antibody (anti-JMB3) reacts only with an

antigen (JMB3) in mesenchymal cells of alcoholic cirrhotic liver and its significance, at this time, is
unclear. It is suggested that the metabolism of JMB1, JMB2, and JMB3 antigens is deranged in
hepatocytes damaged by alcohol. It is concluded that the antigenic structure ofMBs is more complex
than hitherto realised and that all of these antigens are distinct from prekeratin (a component of
epidermal cell intermediate filaments).

Alcoholic cirrhosis is the commonest form of chronic
liver disease in the Western world.' It is generally
held that only about 30% of heavy drinkers progress
from acute to chronic liver disease.2 One of the
hallmarks of alcohol induced liver injury is the
formation of Mallory bodies (MBs). There is
evidence that these intracytoplasmic hepatocyte
inclusions evoke cell-mediated and humoral immune
responses and these reactions have been implicated
in the progression of acute alcoholic liver disease to
cirrhosis.3 4

Isolated MBs and intermediate filaments contain
proteins of similar electrophoretic mobility;5 inter-
mediate filaments (6-11 nm in diameter) form part of
the cytoskeleton of normal hepatocytes.5 MBs also
react with antisera to prekeratin,6 a component of
epidermal cell intermediate filaments. It has been
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postulated, therefore, that MBs result from an
unspecified defect in intermediate filament meta-
bolism in liver cells damaged by alcohol.6 More
recently, it has been shown that polyclonal anti-
bodies to Mallory body protein (MBP) raised in
animals react with MBs but not with epidermis or
any other tissue.7 It is evident, therefore, that
MBs contain at least one specific antigen in addition
to prekeratin. In this paper, using monoclonal and
polyclonal antibodies to MBP, it is shown that MBs
have a complex antigenic structure containing not
only unique antigens but also antigens which are
common to the cell membranes and cytoplasmic
filaments (possibly intermediate filaments) of normal
hepatocytes and bile duct epithelium. It is concluded
that a derangement of the metabolism of all of these
antigens occurs in hepatocytes damaged by alcohol.
Methods

The source of most reagents is detailed elsewhere.7
Rabbit anti-mouse IgG was prepared in this labora-
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tory and conjugated with fluorescein by standard
methods.8 All tissue culture reagents and containers
were purchased from Gibco-Biocult (Scotland)
except Costar plates (L. H. Engineering, Bells Hill,
Stoke Poges, Bucks. England).

PREPARATION OF MALLORY BODIES (MBS)
AND MALLORY BODY PROTEIN (MBP)
MBs were isolated from two alcoholic cirrhotic
livers by a modification of the methods of French
et al.9 and Okamura et al.10 as described earlier.7
Mallory body protein (MBP) was prepared from
isolated MBs as follows: 5 mg of isolated MBs in
0.5 ml of 1 % sodium dodecylsulphate containing
4 x 10-3M dithiotheritol were heated at 60°C for
20 minutes; 8 x 10-3M iodoacetamide was added,
the solution heated for another 20 minutes and
exhaustively dialysed against 001M phosphate
buffered saline pH 7.4 (PBS). Isolated MBs used in all
experiments were at least 950% pure as judged by
electron microscopy.7

ANTIBODY PRODUCTION
Specific polyclonal antibodies to MBP were pro-
duced in rabbits and characterised as previously
described.7

Monoclonal antibodies were produced by the
technique of Kohler and Milstein.11 Balb C mice
were injected subcutaneously with 40 ,ug of MBP
with complete Freunds adjuvant in a final volume
of 0-4 ml. Two booster injections were given at
two-weekly intervals. Blood was taken from the tail
vein 10 days after the last injection and tested for
antibody to MBs by immunofluorescence on sections
from an alcoholic liver containing MBs (see below).
One of the animals which had developed antibodies
was boosted again; the spleen was aseptically
removed, made into a single cell suspension, and
resuspended in RPMI 1640 medium supplemented
with 10% fetal calf serum (FCS), penicillin (50 IU/
ml) and streptomycin (50 IU/ml). 108 of these cells
were fused with 107 mouse plasmacytoma cells,
P3-NSl/AG4.1 (NSI), using 50% polyethylene
glycol in supplemented RPMI 1640 medium. The
fused cells suspended in supplemented RPMI 1640
were plated out in a volume of 1 ml into 2 x 48
well Costar plates at a density of 2 x 106/ml and
incubated for 24 h at 37°C in 5% C02/95% air
atmosphere. One millilitre of selective medium for
hybrids (RPMI 1640 + 100% FCS containing
hypoxanthine, aminopterin, and thymidine) was
added to each well. Fourteen days later the medium
from each well was examined for antibody to MBs
by immunofluorescence on liver sections containing
MBs (see below). The wells producing antibody to

MBs had an average of 3-6 colonies per well. Each
colony was harvested and grown separately in
selective medium. These cultures were then cloned
by dilution in microtitre plastic plates. Ten days
later the colonies from the wells that received one
cell in the dilution plate were assayed. Those secret-
ing antibody were grown in large quantities in
25 cm2 Falcon flasks and the medium from these
flasks (stored at -20°C) was used without addi-
tional processing as the antibody source.

ABSORPTION EXPERIMENTS
Culture media containing monoclonal antibodies
were absorbed with MBs, MBP, and with a homo-
genate of normal liver as follows: 2 mg isolated
MBs of 95 % purity7 or 0 3 mg MBP, or 100 mg liver
homogenate (see below) were added to three
separate aliquots (300 F*l) of media; these mixtures
were incubated at 22°C for two hours, centrifuged at
10,000 x g for one minute, and the ability of the
supernatant to react with alcoholic cirrhotic or
normal liver was determined by indirect immuno-
fluorescence. Homogenates of normal liver were
prepared by homogenising 16 hour postmortem
liver tissue in 3 volumes of PBS in a polytron
homogeniser for 30 seconds at half power; insoluble
material was recovered by centrifugation at 10,000
x g for two minutes, washed x 3 in PBS and 100 mg
of this pellet was used in the absorption studies
detailed above.

IMMUNOFLORESCENCE
Liver tissue obtained at necropsy (within 24 hours
of death) or biopsy was frozen onto cryostat chucks
in liquid nitrogen. Seven micron cryostat sections
were dried at 37°C for one hour and fixed in acetone
at -20°C for 15 minutes and air dried at 22°C.
Polyclonal (diluted 1:20 in PBS) or monoclonal
antibodies (undiluted) were placed on the section for
one hour in a humidified atmosphere and the slide
washed with PBS; fluorescein labelled sheep anti-
rabbit IgG (diluted 1:20) or fluorescein labelled
rabbit anti-mouse IgG (diluted 1:15) respectively
was applied to the section for 30 minutes. After
further washing in PBS, the section was mounted in
70% glycerol/PBS and examined by ultra-violet
light from an HBO 200 source with incident illu-
mination on a Leitz Ortholux microscope. Controls
included incubating sections with normal rabbit
serum, monoclonal antibody to HLA (A, B, and C
heavy chains)," or fluorescent reagent alone.

Results
The sera of three out of four mice immunised with
MBP produced antibodies which reacted with MBs
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Fig. 1 Reaction of anti-JMBJ
with alcoholic cirrhotic liver.
Only MBs are stained in this
immunofluorescent preparation.
x 400.

in alcoholic cirrhotic liver by indirect immuno-
fluorescence. Three cloned hybrids resulting from
the fusion of spleen cells from one of these animals
with mouse myeloma cells produced three mono-
clonal antibodies with different specificities. Anti-
body from one clone (designated JMBI) reacted
only with MBs and no other liver constituent (Fig.
1) in alcoholic cirrhotic or normal livers. Antibody
from the second clone (designated JMB2) gave a
more complex pattern of staining: it reacted with
MBs (Fig. 2); it labelled the plasma and nuclear
membranes and a cytoplasmic filament system of
morphologically normal hepatocytes in alcoholic
cirrhotic liver (Fig. 2) and the same structures in

hepatocytes from structurally and functionally
normal livers (Fig. 3); however, it did not stain cell
membranes or cytoplasmic structures other than
MBs in hepatocytes which contained MBs (Fig. 2);
this antibody also stained the plasma membranes
and cytoplasm of interlobular bile ducts in normal
and in alcoholic cirrhotic livers (Fig. 4); finally, it
also labelled proliferating bile ductules in alcoholic
cirrhotic liver (Fig. 5). It should be noted that, with
the immunofluorescence method of detection,
it is impossible to determine whether the antigen
detected by the antibody produced by clone JMB2
is integral, or associated with cell membranes. Anti-
body from the third clone (designated JMB3) did

Fig. 2 Reaction of anti-JMB2
with alcoholic cirrhotic liver.
MBs are intensly stained (smiall
arrows) ; these cells do not
show membrane or cytoplasmic
filament labelling in contrast
with the surrounding
hepatocytes (large arrows)
which do not contain MBs. It
should be noted that the intensity
Of the reaction with the latter
hepatocytes is variable. x 400.
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Fig. 3 Reaction of anti-JMB2
with nornmal liver. Plasma and
nuclear melmbranes and a
cytoplasm2iic,filamnent system
(arrows) within hepatocytes are
stained. Sinusoidal cells are
negative. v 400.

Fig. 4 Reaction of anti-JMB2
with alcoholic cirrhotic liver.
This monoclonal antibody also
labels the cell membranes of
structurally normal interlobular
bile ducts. x 250.

Fig. 5 Staining ofproliferating
bile ductules in an alcoholic
cirrhotic liver. The cell
membranes of the cells lining
these ductules shows a strong
reaction with anti-JMB2. , 400.
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Fig. 6 Reaction of anti-JMB3
with alcoholic cirrhotic liver.
Many 'mesenchymal' cells are

labelled. The hepatocytes are

entirely negative. x 400.

not label MBs but reacted only with mesenchymal
cells in the fibrous septa and sinusoids of alcoholic
cirrhotic livers (Fig. 6); it did not react with any cell
type in normal liver.
The antigens defined by antibodies produced by

these three clones will subsequently be referred to as

JMBI, JMB2, and JMB3 antigens and the anti-
bodies themselves as anti-JMBI, anti-JMB2, and
anti-JMB3. The specificities listed above were

derived by testing each antibody on two alcoholic
cirrhotic and seven normal livers.
Normal rabbit serum and the fluorescent reagents

alone did not stain normal or alcoholic cirrhotic
liver by the indirect immunofluorescence procedure.
The monoclonal antibody to HLA (A, B, and C
heavy chains) reacted only with vascular structures
in the liver; these results will be reported in detail
elsewhere (unpublished observations).'3 These
observations indicate that the reactivity of anti-
JMBI and anti-JMB2 with MBs is not due to non-

specific antibody binding properties of MBs.
The reactivity of anti-JMBI, anti-JMB2, and

rabbit antiserum to MBP7 were compared by
immunofluorescence on three alcoholic cirrhotic
livers containing MBs. In two cases (those referred to
above) there was intense staining of MBs by both
monoclonal antibodies but the MBs in the third
case did not react. The MBs in all three livers reacted
equally well with polyclonal rabbit antibody. All
three of these livers, by routine pathological ex-
amination, were in all respects similar.
The effects of absorbing anti-JMBI, anti-JMB2,

and anti-JMB3 with MBs, MBP, and normal liver
homogenate are shown in the table. The ability of
anti-JMBI and anti-JMB2 to react with MBs is

Table Absorption of anti-JMBI, anti-JMB 2, and
anti-JMB3 with MBs, MBP, and nornial livers*

Antibody Absorbent Staining reactiont

Anti-JMBl Nil T + +
MBs -ve
MBP
Normal liver

Anti-JMB2 Nil
MBs -ve
MBP +
Normal liver -ve

Anti-JMB3 Nil +t --
MBs + + +
MBP -ve
Normal liver -ve

eMonoclonal antibodies were absorbed as described in the Methods
section.
-The absorbed antibodies were tested by immunofluorescence on
sections of an alcoholic cirrhotic liver containing MBs; the unabsorbed
monoclonal antibodies-that is, absorbent =nil-gave the staining
reactions described in paragraph 1 of the Results section.

completely abolished by absorption with isolated
MBs and markedly reduced by absorption with
MBP. Normal liver did not absorb the reactivity of
anti-JMB1 with MBs in tissue sections but com-
pletely abolished the reactivity of anti-JMB2
not only with MBs but with all cell membranes and
cytoplasmic filaments. (It is probable that the entire
reactivity of anti-JMBI and anti-JMB2 for MBs
could be completely absorbed by higher concentra-
tions of MBP. MBs, on the other hand, are particu-
larly effective absorbents, as they are particulate).
The reactivity of anti-JMB3 for mesenchymal cells in
alcoholic cirrhotic liver was unaffected by absorp-
tion with MBs but was completely abolished by
absorption with MBP and normal liver.
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Discussion

Mallory bodies in alcoholic liver disease14 and in
griseofulvin treated mice"5 have a prominent fila-
mentous component; the filaments have a diameter
of 14-20 nm.'6 Because of this, several investigators
have attempted to show that they are derived from
one of the three cytoplasmic filamentous components
of normal hepatocytes-namely, microfilaments,
microtubules, and intermediate filaments.'6 Micro-
filaments have a diameter of 4-6 nm and contain
actin. The dimensions of these filaments and the
fact that MBs do not contain actin7 16 argue against
a derivation of MBs from this filament class. Simi-
larly, it appears unlikely that MBs are composed of
microtubules, as they are physically (mean diameter
22 nm) and antigenically different from MBs; the
former contain tubulin and the latter do not.'6
As MBs contain prekeratin antigens, a component
of epidermal cell intermediate filaments, and the
fact that isolated MBs contain polypeptides similar
in size to prekeratin(s),"5 it has been suggested that
MBs arise from a disturbance of intermediate
filament metabolism. It seems unlikely, however,
that MBs are solely composed of intermediate fila-
ment proteins, as they are physically larger than this
filament class (diameter 6-1 l nm). The results report-
ed in this and a previous7 paper confirm this conclus-
ion and demonstrate the antigenic complexity ofMBs.
As shown here MBs contain a unique determinant

-JMB1-which is quite separate from the unique
determinant defined by polyclonal antibodies to
MBP7. JMBI antigen can be demonstrated only in
frozen sections, while the polyclonal antibody
still recognises MBs in paraffin-embedded liver
tissue7 and, as shown here, the polyclonal antibody
reacted with MBs in all three cases of alcoholic liver
disease, while anti-JMBI reacted only with MBs
in two cases. The nature of these unique antigens
is unknown but they may be conformational and
dependent on the quaternary structure of MBs.
This seems unlikely, as anti-JMBl and the poly-
clonal antibody were produced against MBP, a
reduced and denatured protein ofapparent molecular
weight of 53,000 daltons.7 It is possible that these
apparently unique antigens are derived from a
component or product of normal hepatocytes which
is present in low concentration and cannot be
detected by our present reagents and that it accumu-
lates in hepatocytes damaged by alcohol.
MBs also contain a third antigen defined by

monoclonal antibodies-JMB2. This antigen is
present in a cytoplasmic filamentous system and is
also associated with the cell and nuclear membranes
of normal hepatocytes. JMB2 differs from prekeratin
in that the latter cannot be demonstrated in normal

liver cells by immunological procedures, although it
is clearly present in MBs.616 It has been shown,
however, that intermediate filaments are closely
associated with the plasma membranes of hepato-
cytes and can be found in small numbers scattered
in their cytoplasm.16 It is possible, therefore, that
anti-JMB2 detects a new intermediate filament
antigen present in hepatocytes and bile duct epithelial
cells. This conclusion has been substantiated by more
recent work from this laboratory.'7 It is interesting
to note that JMB2 cannot be detected in the cell
membranes or cytoplasmic filaments in cells which
contain MBs. This observation probably indicates
that the metabolism and/or secretion of this antigen
is disrupted in these cells leading to its accumulation
as part of MBs. This hypothesis is in some respects
analogous to the concept of a-1-antitrypsin accumu-
lation in hepatocytes of patients with a genetic
deficiency of this anti-proteinase.18
The interpretation of the reactivity of the third

monoclonal antibody-anti-JMB3-is not clear.
As it does not react with MBs and only with mesen-
chymal cells of alcoholic cirrhotic liver, it could be
directed against a contaminant in MBP. This ex-
planation seems unlikely because the reactivity of
anti-JMB3 for mesenchymal cells is completely
abolished by absorption with MBP and normal
liver but not by MBs themselves. The most likely
interpretation of these observations is that the extrac-
tion of MBP from MBs, reveals a determinant which
is occluded in intact MBs but is revealed in mesen-
chymal cells which have 'processed' MB after
digestion. It would also follow that normal liver
also contains JMB3 in concentrations which cannot
be detected by our present reagents. Finally, the
nature of the mesenchymal cells which contain
JMB3 has not yet been determined and the charac-
terisation of this antigen and its significance in
alcoholic liver disease remain to be clarified.

In summary, it can be concluded from this paper
that MBs contain unique determinants (defined by
polyclonal antibodies to MBP); a second deter-
minant-JMBI-which may also be unique as it is
not detectable in normal hepatocytes; a third de-
terminant-JMB2-which may derive from an
abnormality in intermediate filament metabolism.
The significance of the JMB3 antigen for alcoholic
liver disease remains to be clarified.

JB, KAF, and A McM thank the Wellcome Trust
for grant support.
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