
&p.1:Abstract Mallory bodies (MBs) are eosinophilic cyto-
plasmic inclusions observed predominantly in alcoholic
liver disease. Although linked to disease activity, their
pathogenesis is still unclear. Since intermediate filaments
(cytokeratins) are major components of MBs, their cyto-
keratin polypeptide composition was analysed with
monospecific antibodies for cytokeratins 7, 8, 14, 18, 19,
and 20 by immunohistology. MBs were identified by
light microscopy and ubiquitin immunostaining. All
MBs were positive for cytokeratins 8 and 18. A signifi-
cant percentage of the MBs was strongly positive for
cytokeratins 19 and/or 20, which are not detectable in
hepatocytes of normal liver and, in the case of cytokera-
tin 20, in hepatocytes of diseases devoid of MBs. MBs
were essentially negative for cytokeratins 7 and 14. De
novo expression of cytokeratins 19 and 20 was indepen-
dent of the aetiology, occurring in all MB-associated dis-
eases analysed, and seemed to precede MB formation,
since in some hepatocytes a cytoskeletal-type staining
pattern for these cytokeratins was present. In hepatocel-
lular carcinomas cytokeratins 19 and 20 were frequently
detected, but their cellular distribution was less closely
associated with MBs. The ectopic expression of cyto-
keratins 19 and 20 appears to be related to MB formation
and may take part in the derangement of the intermediate
filaments during MB formation.

&kwd:Key words Intermediate filaments · Alcoholic liver
disease · Alcoholic hyalin&bdy:

Introduction

Mallory bodies (MBs) are unique eosinophilic condensa-
tions in the cytoplasm of hepatocytes. Since their first de-
scription in 1911 [19], they have remained one of the his-
tological hallmarks of alcoholic liver disease [13]. Over-
all, MBs are most frequently found in alcoholic liver dis-
ease, but they are not specific for it and may occur in oth-
er chronic liver diseases, such as primary biliary cirrhosis
(PBC) [26], Wilson’s disease [31], Indian childhood cir-
rhosis [24] and hepatocellular carcinoma [23]. Their pres-
ence has been associated with a high rate of hepatocellu-
lar necrosis and activated inflammatory response, sup-
porting the hypothesis that MBs may be indicators of dis-
ease activity. Experimentally, MB formation is induced in
mice by griseofulvin intoxication [4]. Although MBs are
found in severely damaged hepatocytes, these cells are
not necessarily prone to death, since hepatocytes contain-
ing MBs are viable and MB formation may cease and
revert after disappearance of the damaging agent [36].

MBs show a filamentous ultrastructure [7], represent-
ing aggregates of fimbriated rod-like structures that
measure 14–20 nm in diameter [8]. Biochemically they
reveal a mixed composition; their major constituents are
ubiquitinated intermediate filament proteins [cytokeratins
(CKs)], but they also contain unconjugated basic proteins,
RNA, glycogen, phospholipids, and nonacid carbohy-
drate, while both actin [4] and tubulin [25] appear to be
absent. A characteristic feature is their extremely low sol-
ubility, which may result from transglutaminase-mediated
covalent crosslinks of MB proteins including CKs [38].
Based on the fact that MBs are mainly composed of cyto-
keratins, there are three major hypotheses about their ori-
gin.

The first is that MBs represent condensation products
of pre-existing normal hepatocellular cytokeratins. This
idea is based on the observation that in most cases re-
ported by van Eyken et al. [33] and in the cases of Savo-
lainen et al. [30], MBs were immunoreactive only for the
hepatocellular cytokeratins CK 8 and CK 18, and also on
the fact that the intermediate filament proteins in MB ag-
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gregates appear to be linked to ubiquitin. Similarly, in
griseofulvin-induced MBs of mice, hepatocellular cyto-
keratins A and D (corresponding to human CK 8 and CK
18) have been detected [5, 12].

According to the second hypothesis, MBs may be
formed due to alterations in MB-associated proteins.
MBs and Alzheimer’s fibrils share many morphological
and structural homologies and are both associated with a
tau-phosphoprotein; it has been speculated that altered
phosphorylation of tau-proteins is important in MB for-
mation [16].

Finally, MB formation may be due to an altered CK
expression profile. Since alcoholic liver disease is fre-
quently accompanied by extensive ductular proliferation,
investigators have analysed liver tissues with MBs for
the presence of bile ductular cytokeratins that are nor-
mally not expressed in hepatocytes. Reactivity for cyto-
keratin polypeptides CK 19 and CK 7 has been described
in some MBs and interpreted as evidence for a switch of
hepatocytes towards a bile ductular epithelial phenotype
during MB-related liver disease [15]. The presence of
bile duct-epithelia-type CKs in MBs has also been sug-
gested by Ray [29].

In this study we have analysed liver tissues from vari-
ous diseases associated with MBs at stages before and
after MB formation for the expression of potentially
MB-associated CKs. Our analysis demonstrates that

MBs are always strongly positive for CK 8 but negative
for CKs 7 and 14, and many contain not only the bile
duct-typical CK 19 but also CK 20, which is absent from
normal liver [20, 21]. The positivity of MBs for CK 19
and/or CK 20 is found in all types of MB-associated liv-
er diseases. De novo CK 19 and CK 20 expression in he-
patocytes is MB associated but not disease specific and
appears to precede MB formation in many cases.

Materials and methods

Biopsy materials and surgically excised liver tissues were fixed in
4% neutral buffered formalin and embedded in paraffin. For his-
tology and immunohistology 6 µm sections were analysed. The
histomorphology and immunohistology was characterized by at
least two histopathologists independently. Analysis of the sections
and photomicrography were performed with a Leica Diaplan mi-
croscope (Leica, Bensheim, Germany).

Immunohistological analysis was performed by the avidin–bi-
otin complex (ABC) method, as previously described [3, 22]. The
incubation conditions for the different cytokeratin antibodies (see
Table 1) had been optimized using paraffin-embedded control tis-
sues of known positive reactivity. For the detection of CK 7, anti-
body Ks 7.18 was used primarily; in selected cases, additional
staining using antibody OV-TL 12/30 was performed. The speci-
ficity of the CK 20 immunostaining was corroborated by the use
of four different monoclonal antibodies (Table 1; see [21]), which
all yielded identical results. In some liver specimen stained for CK
20 using microwave pretreatment, hepatocytes showed weak gran-
ular cytoplasmic background staining, which was not observed us-
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Cytokeratin Antibody Incubation conditions for Control Supplier [reference]
(clone) paraffin-embedded tissues tissues

7 Ks 7.18 Microwave; 0.001% trypsin; Liver (bile duct Progen Biotechnik,
dilution 1:500 epithelia) Heidelberg, Germany

7 OV-TL Microwave; 0.001% trypsin; Liver (bile duct Sanbio BV,
12/30 dilution 1:100 epithelia) Uden,

The Netherlands

8 CAM 5.2 Microwave; 0.001% trypsin; Liver tissue Becton-Dickinson,
dilution 1:50 Heidelberg, Germany

14 LL 001 Microwave; dilution 1:5 Skin Cymbus Bioscience,
Southhampton, UK
[27]

18 Ks 18.04 Microwave; 0.001% trypsin Liver tissue Progen Biotechnik
[5]

19 Ks 19.1 Microwave; 0.001% trypsin; Liver (bile duct Progen Biotechnik
dilution 1:10 epithelia)

20 IT- Microwave; 0.001% trypsin; Colon Progen Biotechnik
Ks 20.8 dilution 1:200; or 0.1% trypsin; (mucosa)

no microwave; dilution 1:10

20 IT-Ks Microwave; 0.001% trypsin Colon Progen Biotechnik
20.6 (mucosa)

20 IT-Ks Microwave; 0.001% trypsin Colon Progen Biotechnik
20.10 (mucosa)

20 IT-Ks Microwave; 0.001% trypsin Colon Progen Biotechnik
20.11 (mucosa)

&/tbl.b:

Table 1 Antibodies for cyto-
keratin expression analysis&/tbl.c:&tbl.b:
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Table 2 Hepatocellular cytokeratin expression in nonneoplastic
conditions. (+ to +++ relative frequency of MBs, − no MBs
present, n.d. not done, neg.negative, pos.expression, numbers in

bracketsestimated percentages of positive hepatocytes or MBs;
when no percentage is given, semiquantitative evaluation was im-
possible due to low overall number of MBs)&/tbl.c:&tbl.b:

Diagnosis n Case no. MBs Cytokeratin expression in MB- Cytokeratin expression
(relative free hepatocytesa in MBs
frequency)

CK 7b CK 14 CK 19 CK 20 CK 8c CK 19 CK 20

Normal liver 10 − neg. neg. neg. neg. – – –

Acute and 10 − n.d. neg. n.d. neg. – – –
chronic
hepatitis

Alcoholic 19/ 1 − neg. neg. neg. neg. – – –
liver 2 − neg. neg. neg. neg. – – –
disease 3 − neg. neg. neg. neg. – – –

4 − neg. neg. neg. neg. – – –

5 − neg. neg. pos. pos. – – –
(<1%) (<1%)

6 + n.d. neg. n.d. pos. n.d. n.d. pos.
(<1%)

7 + neg. neg. pos. pos. pos. (100%) pos. (10%) pos.
(<1%) (<1%)

8 +++ neg. neg. pos. pos. pos. (100%) pos. (40%) pos. (10%)
(<1%) (<1%)

9 + − ++ neg. neg. pos. neg. pos. (100%) pos. (60%) pos. (20%)
(<1%)

10 ++ n.d. neg. pos. (2%) pos. pos. (100%) pos. (30%) pos. (40%)
(<1%)

11 ++ n.d. n.d. pos. neg. n.d. pos. (80%) pos. (80%)
(<1%)

12 + n.d. n.d. neg. neg. n.d. pos. neg.
13 + n.d. (OV- n.d. pos. pos. (2%) n.d. pos. (60%) pos. (10%)

TL 20%) (<1%)
14 + n.d. n.d. pos. pos. n.d. pos. pos. (50%)

(<1%) (<1%)
15 +++ neg. (OV- n.d. neg. neg. pos. (100%) neg. pos. (3%)

TL 3%)
16 ++ neg. (OV- n.d. pos. (1%) neg. pos. (100%) neg. neg.

TL 20%)
17 +++ neg. (OV- n.d. pos. (1%) neg. pos. (100%) pos. (15%) pos. (4%)

TL 10%)
18 − neg. (OV- n.d. pos. (5%) pos. (2%) – – –

TL 20%)
19 +++ neg. (OV- n.d. pos. neg. pos. (100%) pos. (15%) pos. (3%)

TL 20%) (<1%)
PBC 4/ 1 + n.d. n.d. pos. neg. pos. (100%) pos. (50%) pos.

(<1%)

2 + neg. n.d. pos. neg. pos. (100%) pos. (50%) pos. (10%)
(<1%)

3 ++ neg. n.d. pos. neg. pos. (100%) pos. (60%) neg.
(<1%)

4 + neg. n.d. n.d. neg. pos. (100%) n.d. pos.

Wilson’s 1 ++ n.d. n.d. n.d. neg. n.d. n.d. pos. (40%)
disease

PSC 1 + neg. n.d. pos. neg. pos. (100%) pos. (80%) pos.
(<1%)

Indian child- 1 +++ neg. (OV- neg. pos. (2%) pos. (2%) pos. (100%) pos. (10%) pos. (20%)
hood TL 5%)
cirrhosis

a CK 8 and CK 18 were generally positive in hepatocytes in all cases tested
b As determined by antibody Ks 7.18; results for antibody OV-TL 12/30 are indicated in brackets
c For CK 18 similar results were obtained in four cases tested&/tbl.b:



ing the conventional technique with protease pretreatment (not
shown), For help in the identification of MBs [18] in some of the
cases of alcoholic liver disease, Indian childhood cirrhosis and he-
patocellular carcinoma, immunohistology was performed with a
rabbit polyclonal anti-bovine ubiquitin antibody (Dako), which
cross-reacts with human ubiquitin, at a dilution of 1:150 (pretreat-
ment of sections with 0.1% trypsin; no microwave heating).

For negative controls, which are particularly important in stud-
ies of dense proteinaceous material such as MBs, the primary anti-
body was replaced by phosphate-buffered saline. The monoclonal
antibody against CK 14 also served as negative control, since all
liver tissues of this study were completely negative. All negative
controls yielded the expected negative results, including lack of
staining in MBs.

Results

The results are summarized in Tables 2 and 3. Hepa-
tocytes of both normal and diseased livers consistently
showed positive immunostaining for CKs 8 and 18,
whereas bile duct epithelium additionally expressed CKs
7 and 19. CK 20 was consistently absent in bile duct epi-
thelia and hepatocytes of normal liver. In several cases of
diseased liver very small proportions of (MB-free) hepa-
tocytes exhibited diffuse cytoplasmic staining for CK 19
and CK 20 (Table 2; see also below), while CK 7 (anti-
body Ks 7.18) was negative in hepatocytes (Table 2).
However, another monoclonal antibody against CK 7,
OV-TL 12/30, stained up to 20% of hepatocytes of liver
specimens with alcoholic liver disease (advanced fibro-
sis, cirrhosis; Table 2). These OV-TL 12/30-positive he-
patocytes were seen predominantly but not exclusively in
periportal and periseptal locations and often appeared in
continuity with strong OV-TL 12/30-positive proliferated
bile ducts (not shown). CK 14 was constantly negative.

Of the 19 specimens of alcoholic liver disease analy-
sed by immunohistology for various cytokeratins (Tables
1, 2), 13 contained MBs. The MBs were identified by
light microscopy and in selected cases (nos. 13, 15–20)
by immunohistological staining with anti-ubiquitin anti-
bodies (not shown). No specific signal was found for CK
14 in MBs. MBs were also negative for CK 7, with the
exception of a single case (19) showing staining of occa-
sional MBs with antibody OV-TL 12/30 (<1%) located
in fields of CK 7-positive hepatocytes (see above). All
MBs were strongly positive for CK 8; correspondingly,
the antibodies against CK 8 and against ubiquitin, a gen-
eral marker of MBs [18], stained similar numbers of
MBs in serial sections. CK 18, a common complex part-
ner of CK 8, also showed positive staining in MBs. A
strong reactivity was found for CK 19 in a proportion of
MBs (Fig. 1C, D). Surprisingly, reactivity for CK 20 was
also found in MBs, but again only in a subpopulation of
them (Fig. 1A, B). The pattern of CK 20 immunoreactiv-
ity was similar when four different monoclonal anti-hu-
man CK 20 antibodies that were directed against differ-
ent epitopes of the molecule were employed (see Table
1). When staining patterns of CK 19 and 20 were com-
pared in a case-by-case manner they were found to be
partly overlapping, but not identical. All tissues with
MBs appeared to contain some MBs positive for at least
one of these two cytokeratins (see Table 2). Overall, it
can be stated that minor but significant proportions of
MBs exhibit strong immunoreactivity for either CK 19
or CK 20 or both, with CK 19-positive MBs usually ex-
ceeding CK-20-positive MBs in amount.

When present, the immunoreactivities for CK 19 and
CK 20 were concentrated in the MBs themselves. In most
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Table 3 Cytokeratin expression in HCCs (n.d. not done, neg.
negative, pos. positive, numbers in brackets indicate estimated
percentage of positive cytoplasmic inclusions of percentage of tu-

mor cells; when no percentage is given, frequency could not be
evaluated due to overall + − +++ relative frequency of cytoplas-
mic inclusions)&/tbl.c:&tbl.b:

Case Grade Cytoplasmic CKs in MBs/pale inclusions CKs in MB-free
no. inclusions tumor cellsb

8/18 19 20 Other CKsa 19 20

1 G1–2 − – – – – pos. (<1%) pos. (<1%)
2 G2 − – – – – pos. (<1%) neg.
3 G1–2 − – – – – neg. neg.
4 G2–3 +++ pos. (100%) pos. (100%) pos. 14 neg. pos. (>90%) pos. (80%)

(pale inclusions) (>80%)
5 G2 +++ (MBs) pos. (100%) neg. neg. 7,14 neg. neg. neg.
6 G3 + n.d. pos. neg. 14 neg. pos. (3%) pos. (<1%)
7 G2–3 − – – – – pos. (15%) pos. (<1%)
8 Mostly fibro- + (MBs) n.d. pos. pos. 14 neg. pos. (<1%) pos. (15%)

lamellar
9 G3 + (MBs) n.d. neg. pos. (20%) 7,14 neg. pos. (5%) pos. (10–20%)

10 G2 − – – – pos. (1–2%) neg.
11 G2 + (MBs) n.d. neg. neg. n.d. neg. neg.
12 G2 − – – – – neg. pos. (<1%)
13 G2 − – – – – pos. (<1%) pos. (<1%)
14 G4 − – – – – pos. (<1%) neg.
15 G2 + (MBs) n.d. pos. (100%) neg. n.d. pos. (90%) neg.
16 G2 − – – – – neg. neg.
17 G2 +++ (MBs) pos. (100%) pos. (4%) pos. (3%) 7 neg. neg. neg.

a CK 7 tested with antibody Ks 7.18
b CK 8 and CK 18 were generally positive in the cases tested&/tbl.b:
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cases, the remaining cytoplasm appeared negative, but
MB-carrying hepatocytes were also detected that showed
specific, lower or even strong cytoplasmic CK 19 or CK
20 positivity in a peripherally accentuated, cytoskeletal-
type (CK filament type) staining pattern (Fig. 1B, right).
Thus, in alcoholic liver disease MBs are frequently asso-
ciated with hepatocellular neoexpression of CK 19 and/or
CK 20 and the immunoreactivity for both cytokeratins is
predominantly concentrated in the MBs themselves.

MBs are most frequently found in alcoholic liver dis-
ease, but are not specific for it. In order to determine
whether CK 19 and CK 20 neoexpression was associated
with MB formation in general or only present in alcohol-
ic liver disease, we analysed a number of nonalcoholic
liver diseases with MBs, namely 4 cases of PBC (Fig.
2F, left), 1 case of primary sclerosing cholangitis (PSC),

1 case of Wilson’s disease (Fig. 2F, right), and 1 case of
Indian childhood cirrhosis (Fig. 2A–D). In all of these
cases the results were comparable to those observed in
alcohol liver disease, showing variably frequent immu-
nostaining for CK 19 and/or CK 20 in MBs (Fig. 2),
while general MB staining was obtained with antibodies
against CKs 8 and 18 and against ubiquitin (the last of
which was analysed in Indian childhood cirrhosis only;
not shown).

For control purposes 10 biopsy tissues without signif-
icant pathology and 10 tissues with acute or chronic hep-
atitis of various aetiology, all devoid of MBs, were incu-
bated with CK 20 antibodies. In none of these tissues
was hepatocellular reactivity found for CK 20 (Fig. 2G,
H). Thus CK 19 and CK 20 neoexpression was related to
MB formation, regardless of the underlying aetiology,
but CK 20 was not detected in liver tissues with diseases
not associated with formation MB.

During the analysis of CK 19 and CK 20 immunohis-
tology in these cases positivity of hepatocytes was found
to be mostly associated with the presence of MBs in the
same cells, suggesting some kind of pathogenic relation-
ship between these CKs and MBs. However, in several
cases, some hepatocytes were detected that stained for
CK 19 and/or CK 20 in a diffuse cytoplasmic pattern, but
apparently did not contain MBs (Table 2). Furthermore,
of 6 cases of alcoholic liver disease lacking MBs, 2

Fig. 1A–D Cytokeratin immunostaining in Mallory bodies (MBs)
of alcoholic liver disease. A CK 20 is concentrated in MBs (ar-
rows), but also found in a few hepatocytes devoid of MBs (arrow-
head). B Single CK 20-positive hepatocytes from two different
cases showing an almost exclusively MB-concentrated staining
pattern (left), or a combination of MB-concentrated and cytoskele-
tal type of staining (right). C High CK 19 expression in an MB.
Arrows depict bile ductules. D CK 19 is highly concentrated in
MBs (arrows) and also found in an MB-free hepatocyte with a cy-
toskeletal type distribution (arrowhead); on the left, a fibrotic por-
tal tract with bile ductules. A, C, D ×350, B ×800&/fig.c:



148



149

Fig. 3A–F Cytokeratin expression in hepatocellular carcinomas
(HCCs) with cytoplasmic inclusions. A HCC no. 4 with numerous
pale inclusions (H&E). B Almost all tumour cells of HCC 4 are
positive for CK 19. C Area of homogeneous CK 20 positivity in
HCC 4. D Area of mosaic CK 20 positivity in HCC 4. E Intense
staining for CK 8 in MBs of tumour cells in HCC 5. F HCC 5 with
absent reaction for CK 19 in MBs (arrows denote MBs, arrow-
headsdenote bile ductules). A–E ×280, F ×160&/fig.c:

Fig. 2A–H Cytokeratin expression in MBs of nonalcoholic liver
disease. A CK 8 expression in a patient with Indian childhood cirrho-
sis; MBs are strongly accentuated. B CK 20 expression in MBs (ar-
rowheads) and some damaged hepatocytes (arrows) in a patient with
Indian childhood cirrhosis; insert:magnification of a CK 20-positive
MB. C CK 19-positive MBs in a patient with Indian childhood cir-
rhosis (arrows). Note positive bile ductules in the upper left corner.
D CK 19-negative MBs in a patient with Indian childhood cirrhosis
(arrows). Note positive bile ductules on the left. E CK 7 expression
in a patient with Indian childhood cirrhosis; MBs are negative (ar-
row), while bile ductules are positive (asterisk). F CK 20 expression
in MBs of patients with primary biliary cirrhosis (left) and Wilson’s
disease (right). G No reactivity for CK 20 is detectable in a patient
with chronic active hepatitis. H No CK 20 reactivity in liver tissue
without significant pathology. A–F ×280, G insert in B ×800, H ×80&/fig.c:

▲



showed diffuse cytoplasmic expression of CK 19 and CK
20 in a few hepatocytes (Table 2, cases 5 and 18). These
findings suggest that CK 19 and CK 20 expression may
precede MB formation.

Since MBs were also detected in a significant number
of HCCs (6), we investigated a further 17 HCCs [6 with
MBs, 1 with pale inclusions (Fig. 3A), 10 without signif-
icant cytoplasmic condensations] for cytokeratin expres-
sion (Table 3). The association of CK 19 or CK 20 with
MBs was not as strict as that observed in the nonneoplas-
tic cases. Although at the cellular level intense specific
signals for CK 19 and CK 20 were sometimes detected
in MBs, most MB-negative cases also exhibited at least a
few tumour cells that were positive for CKs 19 and 20
with a diffuse or fibrillar cytoplasmic staining pattern.
Two cases (5 and 11) with significant MB formation
were negative for CK 19 (Fig. 3F) and CK 20, while the
reactivity of the MBs for CK 8 was intense (Fig. 3E). In
none of the cases was specific reactivity for CK 7 or CK
14 detectable. Furthermore, HCC 4 showed numerous
pale inclusions that were strongly positive for CK 19 and
CK 20; the immunostaining was, however, not restricted
to the inclusions but mostly extended over the whole tu-
mour cells (Fig. 3A–D).

Discussion

We have provided evidence that MB formation may be
associated with de novo expression of the nonhepatocel-
lular CKs 19 and 20, and that at least one of the two
cytokeratins is present in the majority of cases of non-
neoplastic liver diseases with MBs. This de novo expres-
sion most probably results from transcriptional activa-
tion, since none of the monospecific anti-CK 19 and an-
ti-CK 20 antibodies employed shows cross-reactivity
with polypeptide products of any of the other cytokeratin
genes [14, 20, 21]. To our knowledge, this is the first
study to show that the nonhepatic cytokeratin 20 can be a
significant constituent of human MBs. CK 20 is a partic-
ular CK polypeptide expressed in only a small spectrum
of epithelia, including gastric and intestinal epithelium,
but absent from human fetal and adult liver [22]. Al-
though biochemical confirmation is not yet available, we
were able to corroborate the specificity of the immuno-
staining by the use of four independent monoclonal anti-
bodies against CK 20. Interestingly, in nonneoplastic liv-
er parenchyma, CK 20 seems to be restricted to MBs and
single hepatocytes of MB-containing liver specimens,
suggesting a high degree of correlation between CK 20
expression and MB formation. However, it is evident that
CK 19 or CK 20 neoexpression alone is not a common
denominator of MB formation, since CK 19 and CK 20
containing MBs do not add up to the total number of
MBs in most analysed cases.

Nevertheless, there are several reasons to believe that
hepatocellular activation of CK 19 and CK 20 genes may
be a part of the spectrum of changes leading to interme-
diate filament derangement in MB formation and thus

may take part in their formal pathogenesis. First, MBs
contain cytokeratins as their major constituents [5, 36,
37], and CK 19 and/or CK 20 have been found in almost
all cases of nonneoplastic liver disease with MBs. More-
over, expression of CK 19 and CK 20 in hepatocytes was
mostly associated with the presence of MBs in the same
cells, the immunoreactivity being concentrated mainly
(but not exclusively) in the MBs themselves. Since de
novo expression of CK 19 and/or CK 20 was observed in
several MB-associated liver diseases of different
aetiology, but not in liver tissues without MB formation,
including normal liver as well as acute and chronic hepa-
titis, both events (CK 19/CK 20 expression and MB for-
mation) seem to be linked pathogenetically.

Secondly, the presence of CK 19 and CK 20 expres-
sion in some MB-negative hepatocytes of liver tissues
otherwise containing MBs and a few hepatocytes in a
case with significant alcoholic liver disease lacking MBs
suggests that de novo expression of CK 19 and/or CK 20
may precede MB formation. Thus, de novo expression of
CK 19 and CK 20 is not simply a direct consequence of
MB formation, but also seems to be connected with he-
patocellular dysfunction prior to MB formation.

There is currently no significant evidence for a mecha-
nism by which ectopically expressed CK 19 and/or CK
20 may contribute to MB formation, but a mechanistic
speculation is that addition of high amounts of these type
I CKs to the pre-existing CK 8 (type II) and CK 18 (type
I) may result in a disturbed type I/type II stoichiometry,
which may lead to increased proteolysis [17] and perhaps
facilitate crosslinking of CKs and associated cellular pro-
teins in hepatocytes. The basis for this hypothesis is the
fact that normal CK filaments are composed of equimolar
amounts of type I and type II CKs, the basic structural
subunit being a heterodimer [9, 11]. Excess CK mole-
cules of only a single type would not be able to assemble
into typical intermediate filaments. (It should be noted in
this context that MB filaments are not identical with in-
termediate filaments [8]). Altered stoichiometry of CK
proteins in MBs has also been suggested previously [29,
37]; however, proof is still lacking. Because of the high
degree of covalent protein crosslinks in MBs [38], protein
biochemical analyses of MBs are extremely difficult. In
fact, even in strong lysis buffers, most material of MBs
remains insoluble, and most of the material eventually
solubilized and loaded onto polyacrylamide gels does not
enter the gels during electrophoresis or remains at the in-
terphase between stacking and dissolving gel [37]. More-
over, immunohistochemistry alone does not allow sound
quantitative conclusions. Therefore our hypothesis of
possible CK imbalance due to excess amounts of type I
CKs currently remains speculative. Also, the finding that
some MBs lacked both CK 19 and CK 20 indicates that
these proteins are not required for MB formation; con-
versely, the presence of CK 19 and CK 20 in hepatocytes
does not necessarily indicate MB formation. Interestingly,
forced expression of only a single CK polypeptide in
NIH3T3 cells does not lead to the formation of filamen-
tous structures but to granular cytoplasmic aggregates up

150



to 1 µm in diameter [6]. Furthermore, recent experimental
data indicate that forced overexpression of CK 8 or CK
18 alone in tumour cell lines leads to abnormal cytoplas-
mic CK aggregates, while cotransfection of both cyto-
keratins yields normal CK filaments [32]. Whether this
phenomenon correlates with the up to 7-fold overexpres-
sion of CK-mRNA in experimental models of MB forma-
tion [10] is currently unknown.

In some hepatocytes a cytoskeletal-type staining pat-
tern for CK 20 and CK 19 was present beside positive
MBs. This may suggest that newly synthesized CK 20
and CK 19, when accompanied by appropriately synthe-
sized type I CK 8, may first (totally or partly) be assem-
bled into a normal intermediate filament network, which
subsequently may become rearranged into MBs. More-
over, out data on hepatocellular carcinomas show that
CK 19 and CK 20 may exist without association with
MBs but most probably as regular intermediate fila-
ments. False incorporation of the hepatocellular CKs
may also be a process that potentially promotes MB for-
mation. Precipitation or resorption of the existing inter-
mediate filaments by the introduction of ‘false’ or inap-
propriately expressed intermediate filament proteins is
generally believed to be a degeneration-associated phe-
nomenon occurring in cell types as diverse as myogenic
cells, squamous epithelial of the skin and neurons [35].
Expression of a truncated cytokeratin leads to the disrup-
tion of the intermediate filament network of epidermal
cells in vitro and in vivo [2, 34].

Owing to the previously reported CK 19 expression in
MB-carrying hepatocytes, it has been suggested that MB
formation may be the consequence of a switch of hepa-
tocytes towards a bile duct-like phenotype [15]. Results
presented in this paper argue against this assumption,
since MB-carrying hepatocytes can express CK 20,
which is not present in normal biliary epithelium, and do
not resemble biliary epithelial cells by any morphologi-
cal characteristics. Furthermore, although alcohol-dam-
aged hepatocytes may switch on expression of the bile-
duct-typical CK 7 ([33] and present results with antibody
OV-TL 12/30), most MBs were negative with the anti-
bodies against this CK employed. MBs were also nega-
tive for CK 14. This does not, however, fully exclude the
possibilities that CK 7 and/or CK 14 might also be MB
components, since antigenic epitopes could be masked.

In normal liver both of the CK 7 antibodies we used
strongly stained bile ducts only, but conspicuous discrep-
ancies were found in diseased liver in that OV-TL 12/30
but not Ks 7.18 stained subpopulations of hepatocytes
and very occasionally also MBs. Both antibodies have
been well characterized at the protein level by Western
blotting, showing specific reactivity for CK 7 [1, 28], but
OV-TL 12/30 displayed a broader reactivity pattern in
several normal tissues and carcinomas as compared to
other established CK 7 antibodies [28]. These discrepan-
cies may be due to epitope masking under certain condi-
tions including conformational alteration of CK 7 in cer-
tain cell types or to higher sensitivity of OV-TL 12/30,
then implying underrepresentation of CK 7 staining for

all CK 7 antibodies except OV-TL 12/30. In contrast OV-
TL 12/30 may crossreact with another yet unknown pro-
tein, giving an additional false-positive reactivity of the
antibody.

It is interesting to note that CK 20 neoexpression in
nonneoplastic hepatocytes is relatively closely associated
with the MB formation in the context of a distinct spec-
trum of liver damage, whereas in neoplastic hepatocytes
of hepatocellular carcinomas it is a more widespread
phenomenon, less clearly coupled with MBs. The pres-
ent data confirm and extend our previous observations
that the focal expression of CK 20 is a fairly typical fea-
ture of the CK pattern of hepatocellular carcinomas [21].
The ability of hepatocytes to switch on the expression of
CK 20, which is typical of some endodermal tissues
[20], may appear reasonable in view of the endodermal
embryonic derivation of the liver. Interestingly, in the rat,
bile ducts express CK 20 [20].

Although altered expression of CKs, including CK
19 and CK 20 neoexpression, may be relevant for MB
formation, it is unlikely to be the only relevant pathoge-
netic process. A tau-protein with altered phosphoryla-
tion is associated with MBs and thus represents an anal-
ogy with neurofibrillary tangles of Alzheimer’s disease
[16]. Since this process is unlikely to lead to transcrip-
tional activation of CK 19 or CK 20, it will have to be
tested whether both events are independent or whether
altered tau-phosphorylation can be a consequence of de
novo CK 19 or CK 20 expression. Recently it has been
reported that after rechallenge of griseofulvin-treated
mice CKs appeared in MBs prior to phosphorylated tau
[10].

Currently it is not possible to conclude that transcrip-
tional activation of CK genes is the initial impetus that
finally leads to MB formation. Nevertheless, it seems to
be one of several important events ultimately leading to
cytokeratin intermediate filament derangement (and thus
MB formation). The present data contribute to the char-
acterization of molecular events in MB-associated hepa-
tocellular damage that eventually should successfully
identify the molecular convergence of the damaging pro-
cesses that occur during different hepatic diseases.
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