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Abstract

Mallory-Denk Bodies (MDB) are important as investiga-
tors, suggesting MDB as an indicator of the histologic
severity of chronic hepatitis, causes of which include
hepatitis C, primary biliary cirrhosis (PBC), and nonalco-
holic fatty liver disease (NAFLD). Matteoni et a/ scored
MDB in patients with NAFLD as none, rare and many,
and reported that MDB plays a prominent role in this
classification scheme in an earlier classification system.
In this study, we evaluated 258 patients with chronic
hepatitis due to metabolic, autoimmune and viral etio-
logies. Liver biopsy samples were evaluated with hema-
toxylin and eosin, periodic acid-Schiff-diastase, Gordon
and Sweet’s reticulin, Masson’s trichrome, and iron
stains. Both staging and grading were performed. Ad-
ditionally, MDB were evaluated and discussed for each
disease. We examined patients with nonalcoholic stea-
tohepatitis (NASH; 50 patients), alcoholic hepatitis (10
patients), PBC (50 patients), Wilson disease (WD; 20
patients), hepatitis B (50 patients), hepatitis C (50 pati-
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ents) and hepatocellular carcinoma (HCC; 30 patients).
Frequency of MDB was as follows; NASH: 10 patients
with mild in 60% and moderate in 40% and observed
in every stage of the disease and frequently seen in
zone 3. PBC: 11 patients with mild in 10%, moderate in
70%, and cirrhosis in 20%, and frequently seen in zone
1. WD: 16 patients with moderate and severe in 60%
and cirrhosis in 40% and frequently seen in zone 1. Hep
B: 3 patients with mild in 66% and severe in 34%. Hep
C: 7 patients with mild in 40% and moderate in 60%
and observed in every stage. HCC: 3 patients with hep
B in 2 patients. We found that there is no relationship
between MDB and any form of chronic hepatitis regar-
ding histologic severity such as alcoholic steatohepatitis
and NAFLD and variable zone distribution by etiology.

© 2011 Baishideng. All rights reserved.
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HISTORICAL BACKGROUND OF

MALLORY-DENK BODIES IN HEPATOLOGY

Frank Burr Mallory first reported Mallory-Denk Bod-
ies (MDB) in patients with alcoholic cirrhosis in 1911,
Then, this pearl of pathology was reported in various he-
patic diseases such as the hepatitis B and C virus, Wilson’s
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disease, chronic cholestatic injuries, nonalcoholic fatty
liver disease (NAFLD), drug injuries, focal nodular hy-
perplasia, and hepatocellular carcinoma (HCC).

THE PATHOGENESIS OF VIDB
FORMATION IN CHRONIC HEPATITIS:
WHAT WE KNOW

MDB are an intracellular deposition of misfolded protein
aggregated into ubiquitin (Ub)-rich cytoplasmic inclu-
sions in ballooned hepatocytesm. MDB formation, which
consists of abnormally phosphorylated, ubiquitinated, and
cross-linked keratins and non-keratin components, are not
entirely interchangeable since not all ballooned hepatocytes
contain MDB. Both ballooning of hepatocytes and MDB
are the two hallmarks of ongoing inflammation (Figure 1).
To understand the pathogenesis of MDB, we first have to
know the development of ballooning of hepatocytes.

Ballooning or swelling of hepatocytes is induced by
oxidative stress and its products such as oxyradicals. The
swelling of hepatocytes could be explained by water ac-
cumulation in the cytoplasm as a response to accumulated
stress proteins such as heat shock proteins (HSPs) or fat.
HSPs ate the precursor of MDB and indicate hepatocytes
injury[2’3]. Currently, we do not know exactly whether bal-
looning are adaptive (physiological, reversible) or degen-
erative changes (pathological, most likely irreversible) of
hepatocytes against the changed environment.

Swelling of hepatocytes represents volume increase
(hydration) of the hepatocytes. It occurs against different
stressors, particularly oxidative stress. It is reported that
mild volume changes (up to 10% increase on the volume
of the hepatocytes) without the biochemical evidence
of free radicals are physiologic and adaptive. Hepatocyte
damage may not be observed. However, high grade swell-
ing (such as at least 30% increase on the volume of the
hepatocytes) could be degenerative and can cause hepa-
tocyte apoptosis, necrosis, and even death.

Most of the previous studies came from animal mod-
els. A hepatocyte includes two big compartments, namely
wet (water) and cellular dry solids (fat, protein, nucleic
acids, anions and cations and other solutes) which are in
balance. Any intracellular solute (such as fat or abnormal
proteins) accumulation into the cytoplasm may cause wa-
ter movement, and water volume increase within the he-
patocyte. This may change hepatocyte membrane trans-
port system activation (such as ion channels) and may
increase intracellular metabolism (increase both protein
and glycogen synthesis and inhibit both proteolysis and
glycogenolysis). The only purpose of these mechanisms
is to maintain the functioning of both hepatocytes, and
the liver as an organ. The volume ratio between these two
compartments should be maintained at the same level
under normal conditions and also against stressors.

It is experimentally shown in rats that the initial re-
sponse of hepatocytes against iron, which is a well-known
strong oxidative agent, was the accumulation of increased
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Figure 1 Zone 1 distribution of Mallory-Denk Bodies in primary biliary cir-
rhosis (x 400). This distribution was observed in both early and later stages of
primary biliary cirrhosis, such as cirrhosis.

stress proteins, such as HSPs, within the cytoplasm. In-
creased stress proteins, along with the other elements of
the increased metabolic process, cause macromolecular
crowding and activate volume regulator mechanisms. To
maintain the ratio between wet (water) and increased dry
compartments (such as HSPs), volume regulator mecha-
nisms increase the hepatocyte hydration with increasing
water content of the cytoplasm (cloudy swelling). The
real mission of this regulatory system is to preserve the
intracellular environment and hepatocyte functioning,
This is an adaptation mechanism of hepatocytes against
oxidative stress (up to 10% increase on the volume of
the hepatocytes). However, too much increased water
within the cytoplasm of hepatocytes may cause degenera-
tive changes and disturbances in both normal hepatocyte
morphology and functioning, Then, hepatocyte apopto-
sis, necrosis and death may occur.

Additionally, we can discuss the toxic fatty liver ani-
mal model. Investigators used rats treated with CCl-4,
which is a well-known steatogenic oxidant agent. CCl-4 is
a cause of high grade hepatocyte swelling. This chemical
poison was injected into the rats daily (one injection per
day). Then the livers of the rats were examined for three
compartments (water, fat, and fat-free dry solids) at the
entry, after 1 injection, and after 6 injections. Investigators
observed that both fat and water were increased signifi-
cantly while fat-free dry solids were not changed or only
slightly changed. The highest grade increase of water was
seen after the sixth injection (25% water increase after
1 injection, and 48% water increase after 6 injections)
which was related to the increased hepatocyte hydration.
This means that there were many well-established bal-
looned hepatocytes in the liver of CCl-4 injected rats.

However, these protection mechanisms are not infi-
nite. A strong oxidative stress may cause high amplitude
ballooning of hepatocyte due to both increased hydration
and dry solids. One of the increased cellular dry solids
is stress protein, such as HSPs. HSPs, as examples of
misfolded proteins, are the indicators of cellular dysfunc-
tion. Under normal conditions, these potentially harmful
proteins are targeted by covalent attachment of multi-Ub
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Table 1 Analysis of our 258 patients for Mallory-Denk Bodies and staging of the disease 7 (%)

No.of MDB (+) Staging' in pts with MDB Comment
pts pts
NASH 50 10 (20) Mild in 60% and moderate in 40% MDB observed in every stage of NASH, predominantly in
zone 3
Alcoholic 10 5 (50) Mild in 40% and moderate in 60% MDB observed in every stage, predominantly in zone 3
(ASH)
PBC 50 11 (22) Mild in 10%, moderate in 70%, and cirrhosis in 20%  Frequently seen in later stages with predominantly in zone 1
WD 20 16 (80) Moderate and severe in 60% and cirrhosis in 40% Frequently seen in later stages with predominantly in zone 1
Hep B 48 3(6) Mild in 66% and severe in 34% Mild case with steatosis
Hep C 50 7 (14) Mild in 40% and moderate in 60% MDB observed in every stage
HCC 30 3 (10) Two cases with Hep B
Total 258 55 (21)

'Mild: Stage 1; Moderate: Stage 2-3; Severe: Stage 4, and cirrhosis. MDB: Mallory-Denk Bodies; ASH: Alcoholic steatohepatitis; NASH: Nonalcoholic
steatohepatitis; PBC: Primary biliary cirrhosis; WD: Wilson disease; HCC: Hepatocellular carcinoma; pts: Patients.

chains. Then, a protective mechanism, the Ub-proteasome
pathway eliminates these products. When this control
system fails, under the strong oxidative stress, abnormal
cytokeratins (CKs) may become accumulated along with
HSPs (70, 90, and 25), Ub, tissue transglutaminase, pro-
teasome subunits, tubulin, and p62. Young, tiny and then
well-formed MDB were well established in ballooned
hepatocytes. This mechanism has not been fully under-
stood yet. There are two possible ways for this pathway to
fail: (1) production of these misfolded proteins exceeding
the capacity of this protective system or (2) inhibition of
the pathway. Well-established MDB might be a degenera-
tive rather than adaptive response of hepatocytes against
stronger stressors. Then, satellite cell activation occurs.
Sustained liver injury leads to fibrosis and cirrhosis.

In conclusion, there is no contrast of MDB patho-
genesis in hep B, hep C, PBC, NAFLD and the others.

DIFFERENCES IN THE FREQUENCY
AND ZONAL DISTRIBUTION OF MDB IN

PATIENTS WITH CHRONIC HEPATITIS

MDB are typical features of alcoholic steatohepatitis (ASH)
and NAFLD. NAFLD exhibits slightly less prominent
MDB than ASH". MDBs can also be detected after intes-
tinal bypass surgery for morbid obesity, in chronic choles-
tasis, PBS, Wilson disease (WD) and other types of copper
toxicosis, various metabolic disturbances, and hepatocel-
lular neoplasms. In idiopathic copper toxicosis and HCC,
MDBs may coincide with another type of cytoplasmic
inclusions.

MDB is not present in the majority of individuals
with hep C, or even in hep C patients with NAFLD (the
presence of MDB in patients with hep C is 7.1%). How-
ever, hepatocyte ballooning with MDB is much more
likely to lead to advanced fibrosis in these patients.

MDB in periportal liver cells have been reported in
patients with Wilson’s disease. MDBs are found in mice
by feeding them the hepatotoxic substances griseofulvin
and 3,5-diethoxycarbonyl- 1,4-dihydrocollidine.
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Figure 2 Mallory-Denk Bodies, located perinuclear, has been shown as a
larger picture in a patient with primary biliary cirrhosis (x 1000).

MDBs have not been observed in acute cholestasis,
acute viral hepatitis, acute toxic or drug-induced liver di-
seases.

OUR RESULTS: FREQUENCY OF MDB
IN DIFFERENT FORMS OF CHRONIC

HEPATITIC DISEASES

Two hundred and fifty-eight patients with hepatitis have
been examined at our pathology department. Outpatient
percutaneous percussion guided needle liver biopsies were
performed using Menghini soft tissue biopsy needles (1.4
or 1.6 mm, adult size, Hepafix, Braun, Melsungen, Ger-
many). Liver biopsy samples were evaluated with hema-
toxylin and eosin, periodic acid-Schiff-diastase, Gordon
and Sweet’s reticulin, Masson’s trichrome, and iron stains
by a single pathologist, unaware of the clinical and bio-
chemical data. We examined patients with nonalcoholic
steatohepatitis (NASH; 50 patients), alcoholic hepatitis (10
patients), primary biliary cirrhosis (PBC; 50 patients), WD
(20 patients), hepatitis B (50 patients) and hepatitis C (50
patients), and HCC (30 patients) for grading and staging
and MDB. Results were shown at Table 1. Furthermore,
the characteristics of MDB in each disease have been
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Figure 3 Mallory-Denk Bodies, located both perinuclear and intracytoplas-
mic, was observed in zone 1 in early stages of Wilson disease, but in every
zone at the later stages, such as cirrhosis (x 400, 1000, respectively). Hy-
drophobic degeneration was more exaggerated. The diameter of Mallory-Denk
Bodies was not homogenous in patients with Wilson disease.

shown in Figures 1-5. MDB showed zone 1 distribution
in PBC and its distribution, located perinuclear, observed
in both early and later stages, such as cirrhosis. MDB, lo-
cated both perinuclear and intracytoplasmic, was observed
in zone 1 in early stages of WD, but in every zone at the
later stages, such as cirrhosis. Hydrophobic degeneration
was more exaggerated in WD and the diameter of MDB
was not homogenous in patients with WD. Perinuclear
localized MDB in patients with HCC depends on hepa-
titis B, which is responsible for MDB. Lastly, tiny and
uniform distribution of MDB was seen in patients with
NASH. Although patients with PBC and WD showed
MDB frequently in later stages, we found that there is
no relationship between MDB and any form of chronic
hepatitis regarding histologic severity, such as in ASH and
NAFLD. Moteover, zone distribution of MDB is very
variable by etiology, such as zone 1 in PBC and WD as
zone 3 in ASH and NAFLD. Of the 3 hepatitis B patients
with MDB, 2 showed steatosis with mild fibrosis. Most
probably, MDB in these cases was caused by steatosis due
to metabolic reasons.

MDB IN NAFLD

In an earlier classification system, Matteoni ¢ a/” scored
MDB in patients with NAFLD as none, rare and many.
MDB plays a prominent role in this classification scheme
as well as follows; Type 1: Fatty liver alone, Type 2: Fat
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Figure 4 Perinuclear location of Mallory-Denk Bodies in patients with
hepatocellular carcinoma depends on the cause (x 1000). In this case,
hepatitis B is responsible from Mallory-Denk Bodies.

Figure 5 Tiny and uniform Mallory-Denk Bodies was seen in patients with
nonalcoholic steatohepatitis (x 1000).

and inflammation, Type 3: Fat and ballooned hepatocytes,
and Type 4: Fat and ballooned hepatocytes and either
MDB or fibrosis.

The Kleiner system is widely accepted and, as such, has
superseded the previous classification system (Matteoni
¢t als system), Although this system includes several pa-
rameters, there are four main histologic features as steato-
sis, inflammatory infiltration, ballooning degeneration of
hepatocytes, and fibrosis are more important than others.
Also, significantly, presence or otherwise of MDB is of
much less consequence in the Kleiner system.

Frequency of MDB is very variable, reported from 7%
to 90% in adult patients with NAFLD" ", Furthermore,
it was not demonstrated or uncommon in pediatric pa-
tients with NAFLD!"™".

DIAGNOSTIC CRITERIA OF MIDB

Technical difficulties on the showing of MDB may be
the most important reason for the differences. To better
understand this issue and its contradictions, we must be
aware of some basic knowledge about MDB. MDB are
intracellular depositions in ballooned hepatocytes which
reflects a peculiar morphological manifestation of liver
cell injury[w’zo}.
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Figure 6 Shows development of Mallory-Denk Bodies in ballooned hepa-
tocytes. MDB: Mallory-Denk Bodies; HSPs: Heat shock proteins; HCC: Hepa-
tocellular carcinoma.

Three stages are demonstrated according to the devel-
opment rank of MDB in ballooned hepatocytes: (1) mis-
folded proteins such as CKs, Ub, protein p62, and high
and low molecular weight HSPs; (2) pre-MDB (young/
tiny form) positive ballooned hepatocytes; and (3) mature
or well-established MDB positive ballooned hepatocytes.

Misfolded proteins present the earliest stage of MDB
and induced in response to a variety of cellular injuries.
They are indicators of cellular dysfunction. Normally, these
potentially harmful proteins are targeted by covalent attach-
ment of multi-Ub chains. Then, a protective mechanism,
which is the Ub-proteasome pathway, eliminates these
products. When this control system fails, the CKs become
accumulated in MDB along with HSPs, Ub, tissue transglu-
taminase, and p62. Then, mature MDB in ballooned he-
patocytes is well established. There are two possible ways
for this pathway to fail: (1) production of these misfolded
proteins exceeding the capacity of this protective system
(overexpression); and (2) inhibition of this pathway.

Pathogenesis of MDB is thought to include lipid
peroxidation, oxidative stress, free radicals, bile retention,
defective protein synthesis and copper accumulation
(Figure 6). There are many modalities to detect MDB
such as immunostaining using cytokeratin and Ub, and
special staining methods for other misfolded proteins.
The other one, the historically important hematoxylin and
eosin, is not suitable for detecting misfolded proteins or
small/tiny MDB. Almost all previous studies interested in
NAFLD used hematoxylin and cosin staining for show-
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ing both mature and young forms of MDB. This is a cost
effective and an easily available method. Furthermore,
there is more evidence and experience about its safety in
the medical literature. On the other hand, the immunos-
taining method is relatively new and expensive. Immunos-
taining demonstrates not only mature form of MDB but
also both its young forms and misfolded proteins such as
CKs, Ub, p62 protein and HSPs in ballooned hepatocytes.
The question is which one is the best to use in general
practice and clinical trials? We have to look at the current
medical literature to give the correct answer for this ques-
tion. However, there is no growing body of evidence on
this issue. A study from Denmark used immunostaining
for the cell stress protein Ub in 148 fine needle liver biop-
sies, which included 88 biopsies from patients with clini-
cally diagnosed or suspected alcoholic liver disease and
60 selected biopsies from non-alcoholics™. They showed
that MDB in ballooned hepatocytes by both hematoxylin
and cosin and immunostaining (Ub) in all of 33 biopsies
with alcoholic hepatitis. Of the 55 biopsies from alcoholic
patients without alcoholic hepatitis (without MDB or pre-
MDB in hematoxylin and eosin stained sections), Ub (+)
cells were found in eight (14.5%) by immunostaining, Fi-
nally, they studied 60 selected biopsies from non-alcoholic
patients, and demonstrated a few Ub (+) cells in two out
of ten patients with PBC, but none in biopsies with hepa-
titis. According to the study results, as Ub/immunostain-
ing is a highly sensitive and specific tool in the detection
of MDB and MDB precursors in alcohol-using patients,
its use in other forms of hepatitis is limited.

p62 is another misfolded protein and encoded by an
immediate-carly response gene that rapidly responds to
a variety of extracellular signals, particularly oxidative
stress. Then, protein p26 binds non-covalently to Ub.

These results may also represent a sampling error of
liver biopsy. The method of liver biopsy we chose (such
as percutancous ot ultrasound guided or CT guided or
laparoscopic), the type of biopsy needle, the average length
of the biopsies performed, and how many samples are
obtained or number of biopsies performed would be im-
portant.

POSSIBILITIES IN THESE DIFFERENCES
AND MANAGEMENT

Both environmental factors and genetic differences be-

tween the study groups may play a role in these differenc-
es™. These remarkable differences may be induced by dif-
ferent levels of alcohol consumption and an incomplete
patient history of alcohol consumption in these studies.
Ignored alcoholic liver disease is a significant cause of
MDB in some. Incomplete examination of Wilson’s dis-
ease, such as just measuring serum ceruloplasmin levels or
with no examination of hepatitis C virus infection, may
play a role. This is especially relevant with Wilson’s disease
and hepatitis C because both microvesicular and mac-
rovesicular fatty changes and glycogen nuclei are shown in
both diseases.
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ALCOHOLIC LIVER DISEASE

MDB is found in 70% to 75% of patients with alcoholic
liver disease™”. Men and women who drink more than
80 g and 40 g of ethanol/d, respectively were accepted
at substantial risk for the development of liver disease
in the previous studies. Recent studies showed that the
risk of liver disease begins at 30 g of ethanol/d™". This
finding has led to a general recommendation that the
maximal safe level of ethanol consumption is 20 g/d or
two “drinks” per day for men and 10 g/d for women.
However, it should be kept in mind that disease severity
does not correspond to classic dose dependency.

Although one of the major criteria for the diagnosis
of NAFLD is no excessive alcohol consumption in all
previous case seties, there has been no certain agreement
on this issue, and a wide range of alcohol consumption
was generally allowed. Thus, these remarkable differences
on the frequency of MDB might be explained with the
generously allowed alcohol consumption in previous se-
ries. It must also be considered that patients sometimes
underreport ethanol intake.

CONCLUSION

Frequency (MDB) is reported as very variable. Both en-
vironmental factors and genetic differences between the
study groups, and technical difficulties for showing of
MDB and its early stage components may play a role in
these remarkable differences.
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