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In situ detection of lipid peroxidation in chronic
hepatitis C: correlation with pathological features
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Abstract
Ains-To assess the occurrence of lipid
peroxidation in chronic hepatitis C and to
evaluate its relation to pathological fea-
tures and liver iron concentrations.
Methods-Liver biopsy samples of 43
patients with untreated chronic hepatitis
C were studied by immunohistochemistry
using specific antibodies directed against
two major aldehyde metabolites of lipid
peroxidation, malondialdehyde (MDA),
and 4-hydroxynonenal (HNE).
Results-MDA and HNE adducts (alde-
hydes covalently linked to another mol-
ecule) were detected in the liver samples
in 77% and 30% of cases, respectively.
MDA adducts were detected both in the
extracellular matrix and sinusoidal celis
localised in areas ofperiportal and lobular
necrosis. HNE adducts appeared in the
cytoplasm of only a few hepatocytes.
Comparison of the semiquantitative as-
sessment of adducts (MDA and HNE
indexes) with the grading and the staging
of chronic hepatitis showed that the MDA
index was correlated with fibrosis score
(p < 0.001) and the grade of activity
(p < 0.01). There was also a tendency to
correlation with liver iron concentration
(p = 0.09). No correlation was observed
between the HNE index and pathological
features or liver iron concentration.
Conclusion-Lipid peroxidation products
are detectable in the liver ofchronic hepa-
titis C patients. The presence of MDA
adducts in areas of active fibrogenesis and
the correlation between the MDA index
and fibrosis score suggest a role for lipid
peroxidation in liver fibrosis.
( Clin Pathol 1997;50:401-406)
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A major and frequent complication of chronic
hepatitis C virus infection is the development
of liver fibrosis leading to cirrhosis in about
20% of cases.' The pathogenesis of hepatitis C
virus induced liver damage and liver fibrogen-
esis is unclear. Based on data obtained in
chronic hepatitis B virus infection, it has been
proposed that fibrosis could be the result of
necroinflammatory lesions (activity), but the
precise mechanisms linking hepatitis C virus
infection, chronic inflammation, and fibrosis
have not been determined.2" Among factors
involved in fibrogenesis, cytokines, growth fac-

tors, and iron overload have been considered.4`6
Furthermore, several recent studies have sug-
gested that lipid peroxidation might play a role
in the fibrogenesis observed in some chronic
liver diseases.8 It was therefore proposed that
there may be a link between tissue injury and
liver fibrosis by modulating collagen gene
expression.9'-2

Lipid peroxidation is caused by free radicals
leading to oxidative destruction of polyunsatu-
rated fatty acids constitutive of cellular
membranes." Their destruction leads to the
production of toxic and reactive aldehyde
metabolites such as malondialdehyde (MDA)
and 4-hydroxynonenal (HNE).'4 These highly
cytotoxic metabolites, produced in relatively
large amounts, can diffuse from their site of
origin to attack distant targets and form
covalent links with various molecules (ad-
ducts). Therefore, recognition of lipid peroxi-
dation is of interest, as the deleterious effects of
this process, including fibrogenesis, might be
prevented by administration of scavenging sys-
tems or antioxidants.1"
Most previous studies investigating lipid

peroxidation dealt with blood and tissue
extracts by indirect quantitative methods; the
thiobarbituric acid (TBA) test has been the
most commonly applied.'6 Using this proce-
dure, an increase in MDA was observed in
serum and liver of patients with chronic hepa-
titis C.8 17 Recently, specific antibodies against
MDA and HNE adducts have been raised.'8 19

These antibodies can be used to detect in situ
the presence of these lipid peroxidation derived
adducts and to specify their cellular localisa-
tion.
The aim of this study was to investigate the

role of lipid peroxidation in chronic hepatitis C
and its relation with liver fibrosis. To assess the
occurrence of lipid peroxidation, MDA and
HNE adducts were detected on liver biopsies
with an immunohistochemical procedure. The
presence of these adducts was then correlated
with the grade of activity and the stage of fibro-
sis assessed on the same biopsy. As iron
overload has been reported in chronic hepatitis
C, and as this molecule is a cofactor in lipid
peroxidation, the presence of these aldehyde
adducts was also correlated with liver iron

8 20concentration.

Patients and methods
STUDY GROUP
Forty three patients were studied. All patients
were positive for antibody to hepatitis C virus
by second generation tests. Serum viral load
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was quantified by branched DNA (second
generation bDNA Amplex Chiron, Chiron,
Emeryville, California, USA) in 33 patients.
Genotype determination was carried out by a
competitive oligonucleotide priming-
polymerase chain reaction procedure in 32
patients.2' All patients were hepatitis B virus
negative and had not received any antiviral
therapy at least six months before biopsy. Alco-
hol consumption was recorded in 41 of the 43
patients. Five histologically normal livers in
patients without hepatitis C virus infection
were used as controls. These were obtained
from surgical resections performed for
tumours in an otherwise normal liver.

LIVER BIOPSIES
Liver biopsy specimens were obtained for each
patient using a percutaneous procedure. The
liver sample was fixed, paraffin wax embedded,
and processed for histological study according
to standard procedures (haematoxylin and
eosin, Perl's blue, Masson's trichrome). Serial
sections were performed for the immunohisto-
chemical study. When enough tissue was avail-
able (n=21), the liver iron concentration was
determined.

Liver biopsies were examined by two pa-
thologists (VP, PB) in a simultaneous reading.
They were blind to the results of lipid
peroxidation immunostaining. For each liver
biopsy, the semiquantitative assessment of
grade of activity and stage of fibrosis according
to Metavir was recorded.22 The activity of
chronic hepatitis was graded as follows: AO, no
histological activity; Al, minimal activity; A2,
moderate activity; A3, severe activity. The
degree of disease activity was defined by the
integrated assessment of the major necroin-
flammatory lesions according to an algorithm
previously described.23 This grading is based
on the semiquantitative assessment of piece-
meal necrosis (0, absent; 1, mild; 2, moderate;
3, severe) and lobular necrosis (0, absent or
mild; 1, moderate; 2, severe). Fibrosis was
defined as follows: FO, no fibrosis; Fl, portal
fibrosis without septa; F2, portal fibrosis with
rare septa; F3, numerous septa without cirrho-
sis; F4, cirrhosis.

IMMUNOHISTOCHEMICAL STUDY

Antibodies
Polyvalent monospecific antisera were gener-
ated by immunising Watanabe heritable hyper-
lipidaemic rabbits with homologous low den-
sity lipoprotein (LDL) which had been
modified in vitro with either HNE or MDA.
LDL (1.020-1.057 g/ml) was prepared from
10 ml rabbit blood plasma by sequential ultra-
centrifugation by using 2.7 mM EDTA, 2 mM
benzamidine, 1 psM D-phenylalanyl-L-propyl-
L-arginine chloromethyl ketone, 0.01% apro-
tinin, 50 ,ug/ml chloramphenicol, and 100 jg/ml
gentamicin to counteract proteolysis. LDL was
dialysed against phosphate buffered saline
(PBS) containing 0. 1 mMEDTA, 1 mMphenyl-
methylsulphonylfluoride, and antibiotics.
HNE was generated by acid hydrolysis of

hydroxynonenal diethylacetal for one hour at

370C. Ten milligrams of purified LDL were
incubated with 20 mM (final concentration)
NaCNBH3, 20 mM EDTA, and 4 mM HNE
in PBS, pH 8.5 for 24 hours at room tempera-
ture. After formation of HNE-LDL adducts,
excess reagents were removed by extensive
dialysis against PBS. The extent of conjugation
of lysine residues was 34%, as estimated by the
trinitrobenzene sulphonic acid assay.24
MDA was generated by acid hydrolysis of

MDA-bis-dimethylacetal (Serva, Heidelberg,
Germany). MDA-bis-dimethylacetal (880 [tl)
was incubated with 120 gl of4N HCI and 4 ml
distilled water for 30 minutes at 370C and
titrated to pH 7.6. Ten milligrams of purified
LDL in PBS were incubated with 300 gl of
0.5 M MDA pH 8.5 for three hours at room
temperature. After formation of MDA-LDL
adducts excess reagents were removed by
extensive dialysis against PBS buffer. The
extent of conjugation of lysine residues was
78%, as estimated by the trinitrobenzene
sulphonic acid assay.24
Primary immunisation of Watanabe herit-

able hyperlipidaemic rabbits consisted of intra-
dermal injections of 200 ,ug of antigen in 500 ,ul
PBS suspended with 500 gl Freund's complete
adjuvant. For booster injections, 150 gg of
antigen were administered in Freund's incom-
plete adjuvant subcutaneously after two and
four weeks. Six weeks after the first immunisa-
tion, blood serum was collected. The specificity
of antibody was tested by Western blotting
using HNE or MDA modified and unmodified
proteins. The antibodies were specific for HNE
or MDA modified epitopes (adducts).

Immunohistochemical procedure
The immunohistochemical procedure was per-
formed on serial paraffin wax embedded
sections using an automated immunostainer
(Techmate 500, Dako, Carpinteria, California,
USA) with the avidine-biotin-peroxidase
method. For immunohistochemical detection
ofMDA modified epitopes, slides were pronase
treated (0.01% in Tris NaCl, 25 minutes)
before immunostaining. All primary antibodies
were used at a 1:100 dilution.

Localisation and intensity of staining were
assessed by the two pathologists in a simultane-
ous reading, blind to the results of grading and
staging. The intensity of the staining (MDA or
HNE index) was graded from 0 to 3: 0, no
staining; 1, mild (punctuated labelling); 2,
moderate (dense labelling in few cells or in few
extracellular foci); 3, strong (dense and homo-
geneous labelling in many cells or diffuse
extracellular staining). This evaluation con-
cerned the mean intensity of the signal on the
whole slide. A global lipid peroxidation index
was defined by adding the values ofMDA and
HNE indexes.

Negative controls were normal sheep serum
or PBS instead of primary antibodies. Positive
controls for lipid peroxidation detection were
fixed, paraffin wax embedded rat liver samples
from acute hepatitis induced by CCl4. These
liver samples were removed 48 hours after an
intraperitoneal injection of 100 gl/100 g body
weight of CCl4 in male Wistar rats. In this
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model, substantial necrosis of centrilobular
areas was present 48 hours after CCI4 injection,
and it has been shown previously that lipid
peroxidation is the major factor responsible for
liver necrosis.25

LIVER IRON CONCENTRATION
Liver iron concentration was measured in
deparaffinised liver biopsies from 21 patients
using the colorimetric assay of Barry and
Sherlock.26 Results were expressed in gmol/g of
dry weight (dry weight > 0.60 mg for correct
chemical iron determination). The normal
range (1.2-19.5) was determined in 147
patients with chronic hepatitis C without iron
overload using Perl's staining method.

STATISTICAL ANALYSIS
Quantitative data are presented as mean (SD).
Correlations between data were performed
using Spearman and Pearson's tests.

Results
STUDY GROUP
The study group consisted of 17 women and
26 men, mean age 48 years (range 28-74); 29
patients denied any alcohol consumption.
Eleven patients were genotype lb, five were
genotype la, three were genotype 2a, seven
were genotype 3a, four were genotype 4, two
were genotype la+lb, and one could not be
determined. Twenty nine of the 33 patients
were hepatitis C virus RNA positive.

Metavir fibrosis grading was as follows: FO,
one patient; Fl, 18 patients; F2, 14 patients;
F3, eight patients; F4, two patients. Six patients
had no activity (AG), 15 had mild activity (Al),
11 had moderate activity (A2), and 11 had
severe activity (A3).
The mean liver iron concentration deter-

mined in 21 patients was 15.1 (14.5) gmol/g
(range 4-7 1).

IMMUNOHISTOCHEMICAL STUDY
In rat liver samples with CC14 induced damage,
immunohistochemical study detected strong
staining in areas of centrilobular necrosis both
with anti-HNE and anti-MDA antibodies (data
not shown). No staining was observed in portal
tracts and periportal areas. In control experi-
ments, where non-immune serum was used
instead of anti-adduct antibody, no staining
was observed.
MDA or HNE adducts or both were

detected immunohistochemically in 35 of 43
patients (81 %). MDA adducts were detected in
33 of the 43 patients (77%). Staining was
graded mild in 23 cases, moderate in nine
cases, and strong in one case. Immunostaining
was observed both in the extracellular matrix
and sinusoidal cells. When staining was mild, it
was restricted to the periportal areas (fig 1A).
In cases of moderate or strong staining, a more
diffuse portal labelling was observed, display-
ing a thin extracellular network (fig 1B). In
these cases, patches of lobular staining were
also present, localised in the sinusoidal cells in
contact with lobular necrosis foci (fig 1 C). No
staining was observed in hepatocytes.

HNE adducts were detected in 13 of the 43
cases (30%). Ten of the 13 cases (77%) that
displayed HNE adducts also showed MDA
adducts. The staining was mild in 12 cases and
moderate in one case. It was mainly intracellu-
lar and appeared in the form of small granules
or vesicles in the cytoplasm of hepatocytes (fig
1D). No specific topographical distribution of
labelling was observed and immunostaining
was not co-localised with lobular or periportal
necrosis.
The five histologically normal livers of

control patients showed no labelling with anti-
HNE antibody. Mild extracellular staining was
observed in portal tracts with anti-MDA
antibody.

CORRELATION BETWEEN LIPID PEROXIDATION AND
BIOLOGICAL AND HISTOLOGICAL DATA

There was a significant correlation between the
presence and the intensity ofMDA adducts in
the liver and both the grade of activity
(p < 0.01) and the stage of fibrosis
(p < 0.001). No correlation was observed
between the HNE index and the grade of
activity or the stage of fibrosis. The lipid
peroxidation index was significantly correlated
only with the stage of fibrosis (p < 0.01). The
values of MDA, HNE, and lipid peroxidation
indexes according to the grade of activity or the
stage of fibrosis are reported in table 1.
MDA and HNE indexes were not signifi-

cantly different in the group of patients with
genotype lb versus patients with other geno-
types (MDA 0.92 (0.9) v 1.15 (0.56); HNE
0.23 (0.57) v 0.37 (0.49)). There was no
correlation between MDA, HNE, or lipid per-
oxidation indexes and age or sex of the patients.
Although lipid peroxidation, MDA, and HNE
indexes were higher in alcohol consumers than
in abstinent patients, these differences were not
statistically significant (lipid peroxidation 1.75
(1.29) v 1.14 (0.88); MDA 1.25 (0.87) v 0.90
(0.67); HNE 0.50 (0.67) v 0.28 (0.45)).
Although not significant, there was a ten-

dency to correlation between MDA index and
liver iron concentration (p = 0.09). The liver
iron concentration was 10.6 (3.2) gmol/g in the
14 patients with an MDA index of 0 or 1, and
17.4 (17.5) gmol/g in the seven patients with
an MDA index of 2. There was no correlation
between HNE index and liver iron concentra-
tion (14.6 (7.6),mol/g in patients with an
HNE index of 0 compared with 15.9
(22.4) jimol/g in patients with an HNE index
> 0). No correlation was observed between
lipid peroxidation index and liver iron concen-
tration (14.2 (8.9) pmol/g in patients with a
lipid peroxidation index of 0 or 1 compared
with 16.1 (19.5) Ftmol/g in patients with a lipid
peroxidation index > 1). Furthermore, liver
iron concentration was correlated neither with
the grade of activity nor the stage of fibrosis.

Discussion
Lipid peroxidation, a free radical induced
mechanism, is implicated in the pathogenesis
of several acute and chronic human disorders,
including liver pathology.6.8 27 The deleterious
consequences of this mechanism are related in
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Figure 1 Immunohistochemical detection of malondialdehyde (MDA) and 4-hydroxynonenal (HNE) in chronic hepatitis
C. (A) Immunostaining ofMDA adducts in chronic hepatitis C with mild activity (Al) and portalfibrosis (El). A
moderate MDA adduct immunostaining (grade 2) is observed in the periportal extracellular matrix (arrow). The centre of
the portal tract is not labelled (magnification x25). (B) Immunostaining ofMDA adducts in chronic hepatitis C with
severe activity (A3). A strong MDA adduct immunostaining (grade 3) is detected in periportal ar-eas both in the
extracellular matrix and in sinusoidal cells (arrow) (magnification xlOO0). (C) Immunostaining ofMDA adducts in
chronic hepatitis C with lobular necrosis. MDA adducts are observed in sinusoidal cells located in an area of lobular necrosis
(mild staining, grade 1) (magnification x200). (D) Immunostaining ofHNE adducts in chronic hepatitis C. A mild
intracellular HNE adduct immunostaining (grade 1) is detected in the cytoplasm of a few hepatocytes in the form of either
small granules close to steatosis vacuoles or intracytoplasmic vesicles (magnification x400).

part to the formation of aldehyde products
such as MDA and HNE that bind to various
molecules, impairing their functions.'4

We investigated the presence of MDA and

HNE adducts in liver samples from patients
with chronic hepatitis C virus infection by an
immunohistochemical procedure. Using this
technique, we detected at least one marker of
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Table 1 Malondialdehyde (MDA), 4-hydroxynonenal
(HNE), and lipid peroxidation indexes in patients with
chronic hepatitis C according to the grade of activity (A)
and the stage offibrosis (F)22

Lipid
peroxidation

MDA index HNE index index

Activity
AO orAl (n=21) 0.76 (0.62) 0.19 (0.4) 0.95 (0.4)
A2 (n= 11) 1.00 (0.88) 0.55 (0.5) 1.03 (1)
A3 (n= 11) 1.55 (0.52) 0.36 (0.67) 1.04 (1)
p* < 0.01 NS NS
Fibrosis
FO or Fl (n=19) 0.65 (0.67) 0.31 (0.48) 1.0 (1.03)
F2 (n=14) 1.07 (0.53) 0.36 (0.63) 1.5 (0.94)
F3 or F4 (n=10) 1.67 (0.45) 0.30 (0.48) 1.8 (0.94)
p* < 0.001 NS <0.01

Values are mean (SD). *Spearman and Pearson's tests.

lipid peroxidation in 81% of patients infected
by hepatitis C virus. These results are concord-
ant with previous studies performed on blood
or tissue extracts, and suggest that lipid peroxi-
dation occurs in chronic hepatitis C.8 17 Using
immunohistochemistry, we were also able to
elucidate the tissular and cellular localisation of
these aldehyde products in relation to patho-
logical features.

This procedure revealed that MDA adducts
are the major detectable aldehyde adducts in
the liver, and the intensity of staining is corre-

lated with the severity of chronic hepatitis.
Although MDA and HNE are both products of
lipid peroxidation, we observed that, for a given
case, the intensity and localisation ofMDA and
HNE adducts were different. It is of note that
production of lipid peroxidation byproducts
does not imply their in situ immunohisto-
chemical detection. In fact, we used antibodies
that detect only MDA or HNE adducts but not
free HNE and MDA. In order to be detected,
these products have to be immobilised onto the
tissue by binding to intracellular or extracellu-
lar molecules, a mechanism which differs
according to the nature of the lipid peroxida-
tion byproducts. MDA is a dialdehyde of short
half life that reacts preferentially with amino
groups of proteins, inducing the formation of
intermolecular and intramolecular bridging. In
contrast, HNE reacts with thiol groups"4 and
has a relatively long half life. The different
immunostaining patterns observed between
MDA and HNE reflect both their different
biochemical properties and their different half
lives.
The correlation between MDA index and

the grade of activity of chronic hepatitis
suggests that lipid peroxidation is involved in
the pathogenesis of the necroinflammatory
reaction. However, whether lipid peroxidation
is the cause or the consequence of the liver
damage remains to be elucidated. The pres-
ence of MDA adducts in occasional cases with
no or mild activity may suggest a causative
mechanism.

In vitro studies have shown that lipid peroxi-
dation products stimulate collagen production
by regulating collagen gene transcription in
fibroblasts and hepatic stellate cells.9 In chronic
hepatitis C virus infection, we observed a

strong association between the MDA index or
the lipid peroxidation index and the stage of

fibrosis. Furthermore, MDA adducts were
preferentially detected in sinusoidal cells in
close contact with areas of active fibrogenesis.
These data suggest a causative relation between
lipid peroxidation and liver fibrosis in patients
with chronic hepatitis C virus infection.

In chronic hepatitis C, iron overload has
been noted in some studies.8 Although slight,
this overload has been evoked as a factor of
resistance to interferon therapy.28 29 This is of
interest as iron exerts its cytotoxic effects
through enhanced formation of free radicals
and lipid peroxidation stimulation. Although
we observed a slight increase in liver iron con-
centration in our patients, a tendency to corre-
lation was noted between liver iron concentra-
tion and the MDA index. If these results are
confirmed in a larger samples of patients, it
could be postulated that enhanced lipid
peroxidation observed in chronic hepatitis C is
linked in part to iron overload.

In conclusion, this study shows that lipid
peroxidation products can be detected in liver
biopsies of patients with chronic hepatitis C
virus infection. There is experimental evidence
showing that lipid peroxidation can be pre-
vented by administration of scavengers of free
radicals or antioxidants.'5 It has been shown
that lipid peroxidation products can stimulate
fibrogenesis by inducing collagen gene expres-
sion thius, detection and prevention of lipid
peroxidation could be of major interest in pre-
venting fibrosis and cirrhosis in this disease.
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kindly provided by H Esterbauer and G Waeg, University of
Graz, Austria.
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