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Abstract Hepatocytes are rich in mitochondria, whicblot analysis confirmed that in the conditions examined
play an important role in hepatic metabolism. In certaihe protein recognized by the mAM showed greater ex-
pathologic conditions (most often alcoholic liver diseaspjession. Immunohistochemical staining was helpful in
mitochondria became enlarged; nevertheless, evend@monstrating a toxic or a metabolic insult even in cases
these conditions they are hardly detectable on light rimi-which the histological picture was blurred by viral in-
croscopy. Recently an antimitochondrial antibodction.

(mAM), which recognizes a 60-kDa protein, has been

characterized. The purpose of the present study waKéy words Alcohol - Steatosis - Hepatitis -

study immunoreactivity of this antibody in a series dflitochondria - Megamitochondi 'a

liver biopsies. We studied 146 liver biopsies using an

MAM. In 8 cases an ultrastructural study was also done

and in 2 cases Western blot analysis was performbttroduction

Cases were divided as follows: alcoholic liver disease

(ALD, 31); steatosis (8); nonalcoholic steatohepatitidepatocytes are normally rich in mitochondria; mito-
(NASH, 1); hepatitis C virus (HCV)-related hepatitishondria occupy about 18% of the entire liver cell vol-
(83); hepatitis B virus (HBV)-related hepatitis (6); priume [22] and each hepatocyte contains about 800
mary biliary cirrhosis (1); sclerosing cholangitis (1)nitochondria. Mitochondria play an important part in he-
haemosiderosis (1); sarcoidosis (1); alpha-1-antitrypgiatocyte metabolism, being principally involved in oxi-
deficiency (1); nonspecific findings (12). All the patientdative phosphorylation and oxidation of fatty acids [10,
were investigated for alcohol or drug abuse, pharma@2]. In normal conditions mitochondria are not visible at
logical treatment, hyperlipidaemia, hypercholesteroldéght microscopic level, but in certain pathological condi-
mia and diabetes. Immunoreactivity was diffuse in cagéms, most frequently in alcoholic liver disease (ALD)
of ALD, NASH and steatosis, and in patients with drugnd steatohepatitis, mitochondria become enlarged and
abuse. Electron microscopic immunogold and Westeswollen (so-called megamitochondria or giant mitochon-
dria) and can be seen by light microscopy. Nevertheless,
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croscope. Sections with the primary antibody omitted served as
: negative controls.
Materlals and methods For Western blot analysis, proteins were extracted according to
the protocol previously described [14]. The same amount (30 ug)
For the study, 146 liver biopsies were retrieved from the files of protein from each sample was separated on 10% SDS-PAGE
the Departments of Histopathology of the University of Bologna aid transferred to 0.45-mm pore nitrocellulose paper with a Mini
the Ospedale Bellaria and of the Ospedale Generale of Treviso{tans-Blot Transfer Cell (Bio-Rad, Milan, Italy) as described by
aly). Towbin et al. [19].

The cases were classified as follows: alcoholic liver disease The nitrocellulose paper was washed for 2 h at room tempera-
(ALD) 31 cases; steatosis 8 cases; nonalcoholic steatohepatifie in TBST (Tris-HCI 20 mM, NaCl 150 mM, 0.05% Tween 20
(NASH) 1 case; hepatitis C virus (HCV)-related hepatitis 83 caseg; 0.1% BSA) containing 5% non-fat dry milk (Bio-Rad) to block
hepatitis B virus (HBV)-related hepatitis 6 cases; primary biliaionspecific binding. Immunodetection was carried out using a
cirrhosis (PBC) 1 case; primary sclerosing cholangitis (PSC)nibuse monoclonal anti-human mitochondrial antibody (BioGenex
case; haemosiderosis 1 case; sarcoidosis 1 case; alpha-1-antitrypr1) at a dilution of 1:500, overnight, at 4°C. After four 10-min
sin deficiency 1 case; nonspecific findings 12 cases. washes in TBST (Tris-HCI 20 mM, NaCl 150 mM, 0.05% Tween

All the patients were investigated for the presence of HBV ap@ and 0.1% BSA), the second of which also contained 0.1% Tri-
HCV viral markers, hyperlipidaemia, hypercholesterolaemia agsh X-100, the nitrocellulose paper was incubated for 2 h at room
qllabetes. Accurate histories were taken to define daily consurgmperature with an anti-mouse biotinylated antibody at 1:500 di-
tion of alcohol, therapy and drug abuse. Alcohol abuse was canion. After four 10-min washes in TBST, the nitrocellulose paper
sidered when a daily consumption of alcohol greater than 80 g wWass incubated for 1 h at room temperature with an avidin—alkaline
demonstrated clinically [12]. ~ phosphatase conjugate (Biomeda) diluted 1:1000. After four 10-

Tissues from all but 3 cases were from needle biopsies; immin washes in TBST, the colour reaction was developed using the
case of ALD and 1 case with non-specific findings tissues hB&IP/NBT substrate system. For Western blot analysis 1 tissue
been obtained by wedge biopsies performed during cholecystegjgecimen from a case of steatosis, a fragment of liver parenchyma
my; in 1 other case with nonspecific findings the tissue availakigjacent to a cavernous haemangioma and a fragment of cardiac
was liver tissue adjacent to a cavernous haemangioma. TissH@scle obtained at autopsy (positive control) were utilized.
were formalin fixed and routinely processed to paraffin. From
each block serial sections were cut and stained with haematoxylin
and eosin (H&E), Sirius red, and PAS after diastase digestion. =
munohistochemistry was performed following a previously dgﬂsmts
scribed method [7].

The antiserum used was a monoclonal antimitochondrial anfihe clinical data of the patients are summarized in Table

body (Biogenex 113/1; diluted 1:500). In the case of alpha-1-anti- St
tripsyn deficiency, polyclonal anti-alpha-1-antitrypsin antibody" In all cases (31) of ALD, H&E examination showed

(Dako A012; diluted 1:300) was also applied. Positive and nedR® typical features of alcoholic hepatitis, namely centro-
tive controls were added in each batch of slides. obular steatosis, mild lobular inflammatory infiltration

For electron microscopy, tissues from 8 biopsies were fixedmaimy composed of neutrophils and lipid-laden macro-

glutaraldehyde and conventionally embedded in epoxy resin. b _ ; ; .
trathin sections were stained with uranyl acetate and lead cit eages (so-called lipogranulomas), and pericellular fi

and examined in a Philips 400T transmission electron microsco;ﬁ!.o_s's- Mallory bodies were observed. Oxyphilic chang-
For immunoelectron microscopic investigation, Karnovsk§S in hepatocytes were focally observed in 19 cases. Cir-

(2% glutaraldehyde, 1% formaldehyde)-fixed samples were dehftosis was present in 7 of these cases. Following H&E

drated in graded ethanols and infiltrated with pure hydrophilic 'Sraining megamitochondria appeared as intracytoplas-
in Unicryl (BioCell, Cardiff, Wales) in Eppendorf tubes. Polyme\rfnicy round to oval, brightly eosinophilic structures

ization was achieved by UV irradiation for 72 h at 4°C as prevj-_. o
ously described [15]. Uitrathin sections were cut with glass knivéé'g- 1); these were randomly distributed throught the

and placed on nickel grids. The immunogold labelling was pgrarenchyma. Megamitochondria were observed in all
formed according to the protein A-gold technique [1]. Briefly, thegses of ALD under study. Immunohistochemistry re-

sections were treated with PBS containing 1% ovoalbumin and |p; 0 0 0 _
cubated with the antimitochondrial monoclonal antibody dilute aled between 20% and 90% (average 60%) of hepa

1:20. Following incubation with a secondary antibody (dilutefPCytes with intense granular staining (Fig. 2) in all
1:20), sections were treated with a protein A-15 nm colloidal got#ises. Positive granules varied in size. The larger ones

complexes diluted 1:20. After counterstaining, the ultrathin segere round to oval in shape and were identical in mor-
tions were observed in a Philips 400T transmission electron mi-

Table 1 Clinical data ALD =

alcoholic liver diseasdyASH= No. of cases Male/female Age (mean) Associated pathology
nonalcoholic steatohepatitis,
A1AT= Alpha 1-antitrypsin de- ALD 31 21/10 22-79 (46) . _
ficiency, HBV hepatitis B virus, Steatosis 8 5/3 21-62 (42) Hyperlipidaemia
HCV hepatitis C virus, hypercholesterolaemia (4),
PBCprimary biliary cirrhosis, corticosteroids (1)
PSCprimary sclerosing cholan- NASH o 1 01 70 Diabetes
gitis; figures in round brackets HBV-elated hepatitis 6 4/2 26-73 (44) o _
show no. of case=) HCV chronic hepatitis 83 37/46 26/67 (48) ALD (8), hyperlipidemia (4),
drug abuse (5)

PBC 1 0/1 50

PSC 1 0/1 30

Sarcoidosis 1 0/1 62

Haemosiderosis 1 1/0 72 Corticosteroid

Non-specific 12 5/6 28-74 (42) ALD (1)

A1AT 1 0/1 62 -




Fig. 1 Alcoholic liver disease (ALD): megamitochondriarfow) Fig. 4 a Hepatitis C virus (HCV)-related hepatitis, mAM stains
present as roundish intracytoplasmic structures. Haematoxylin-esxe hepatocytes around the necroinflammatory foci and Kupffer
sin, x40(: cells.b HCV-related hepatitis associated with alcohol abuse: im-

Fig. 2 ALD: immunohistochemical positivity with antimitochon-munoreaCtIVIty with mAM is similar to that of ALD. x15

drial antibody (mAM) is widely distributed throughout the hepatiEig. 5 Nonspecific findings: mAM stains numerous intracytoplas-
parenchyma. x£9 mic granules. The same patient admitted a heavy daily alcohol

i EQ
Fig. 3 ALD: same case as Fig. 1. Positive hepatocytes show Icr(])_nsumptlon. X280

tense granular staining. Granules vary in size, the larger ones were
identified as megamitochondriarfow). x25C
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phology and distribution to the megamitochondria identiny have a history of alcohol or drug abuse. On immuno-
fied on H&E (Fig. 3). Positive hepatocytes were randorhistochemistry 1-10% of the hepatocytes were immuno-
ly distributed throughout the liver parenchyma; neverthgtained in 5 cases. Positivity was mainly located around
less, they were more numerous around the centrolobaler necroinflammatory foci. In 1 case only the positivity
veins. reached 60% of hepatocytes.

In the 8 cases of steatosis panacinar macrovesiculaiThe case of PBC showed typical findings of PBC
steatosis was observed on H&E. In addition, lipogranulstage 2/3. The patient was found to have antimitochon-
mas were present in 5 cases. Mild pericellular fibrogisial antibodies; she was not receiving pharmacological
was also seen in 3 cases, but pericentral fibrosis wastedatment, and neither metabolic alterations nor alcohol
sent. Four patients presented with hyperlipidaemoadrug abuse were demonstrated. About 20% of the he-
and/or hypercholesterolaemia. One patient was bejafocytes were immunoreactive. Positive hepatocytes
treated with corticosteroids, and 1 patient was obese. Texe mainly located in the periportal zone.
remaining 2 patients had normal serological values forThere was 1 case of primary sclerosing cholangitis.
cholesterol and lipids. No alcohol or drug abuse wé@sm H&E, typical findings of PSC were observed. The
demonstrated in these patients. Immunohistochemigpatient presented without hypertriglyceridaemia or hy-
showed that in 5 cases 20-50% of the hepatocytes wmsecholesterolaemia; nor was alcohol or drug abuse sus-
immunostained with the mAM. Positive hepatocytgsected.
were randomly distributed through the parenchyma, al- About 15% of hepatocytes were stained immunohisto-
though more numerous in the centrolobular area. Meghemically; the distribution was similar to that seen in
mitochondria were demonstrated in 4 cases. In the cases of PBC immunoreactivity and was mainly confined
maining 3 cases only scattered hepatocytes were imnwuperiportal hepatocytes.
nostained. These 3 cases corresponded to the patientdild portal inflammatory infiltration was present in
with normal serological values of cholesterol and tiihe case of alpha-1-antitrypsin deficiency, together with
glycerides and the obese patient. a slight lobular inflammation. Intracytoplasmic eosino-

In the case of NASH H&E examination showed feghilic globules were observed, which stained with PAS
tures superimposable on those seen in alcoholic hepafier diastase digestion. The intracytoplasmic globules
tis. Megamitochodria were detected, but were extremélymunostained with anti alpha-1-antitrypsin antiserum,
rare. The patient was affected by diabetes type Il, andbut were negative with the mAM.
alcohol or drug abuse was demonstrated. Immunohistodn haemosiderosis numerous hepatocytes contained
chemistry with mAM revealed granular positivity in 30%rownish granules, which were stained with Perls meth-
of the hepatocytes. The type and distribution of immuned, and immunoreactivity was observed in 10% of the
reactivity was similar to that observed in alcoholic hephepatocytes; the same cells as showed iron overload
titis. Megamitochondria were also demonstrated. were decorated.

All cases (83) of HCV-related chronic hepatitis In the case of sarcoidosis typical intraparenchymal gi-
showed the features of chronic hepatitis [5, 16]. Steataaig cell granulomas were present. The patient was affect-
was present in 45 cases. In none of these cases werdy previously characterized pulmonary sarcoidosis,
megamitochondria observed on H&E. Seven of theséich had been treated with corticosteroids. Positivity
cases presented with cirrhosis, and 8 patients had a dadg observed in 60% of the hepatocytes. In addition, rare
alcohol consumption of over 80 g; 4 patients had hypenegamitochondria were found.
lipidaemia or hypercholesterolaemia; 5 patients were in-In the 12 cases with nonspecific findings minute
travenous drug abusers. Histories were negative in themeeroinflammatory foci were present, scattered through-
maining patients. Immunohistochemistry with mAMbut the liver parenchyma. In addition, 2 cases showed fo-
stained 1-10% of the hepatocytes in 62 cases. The ste#t-sinusoidal dilatation. These patients underwent liver
ing was finely granular. Positive hepatocytes were malmepsy because of mild alterations in ALT and AST. Se-
ly located around the necro-inflammatory foci (Fig. 4ajological studies failed to reveal HBV- or HCV-related
No megamitochondria were observed. In 21 cases immarkers, hyperlipidaemia, or hypercholesterolaemia. On
nostaining was obtained in 40—-90% of hepatocytes. Tiemunohistochemistry, all cases showed only scattered
pattern of immunoreactivity was similar to that observdgpatocytes with finely granular positivity. In 1 case pos-
in ALD (Fig. 4b). This group of 21 cases included the dfivity was observed in 80% of the hepatocytes and
patients presenting high alcohol consumption, hyperlimegamitochondria were seen (Fig. 5). This same patient
idaemia, hypercholesterolaemia and intravenous dadmitted a daily alcohol consumption of over 80 g.
abuse. Histories were negative in 4 cases with diffuseln addition, antimitochondrial antibody gave a focal
imunostaining with mAM. No relationship was observeidhmunoreactivity in duct and in Kupffer cells of numer-
between steatosis and immunostaining with mAM. ous cases investigated in the present study. Positive

All 6 cases of HBV-related hepatitis presented th@upffer cells were seen adjacent to necroinflammatory
typical features of chronic hepatitis, as described el$eei. Positivity was observed in proliferating ductules.
where [18]. Oxyphilic changes of the hepatocytes wereOn electron microscopy, the monoclonal antimito-
observed focally in 2 cases. None of the patients had blgendrial antibody specifically labelled mitochondria,
pertriglyceridaemia or hypercholesterolaemia; nor dide gold particles being mostly localized over the mito-
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i 23
kDa 60 — _

Fig. 6 ALD: immunoelectron
microscopic labelling for mAM.
Intense gold particle label is
present over a megamitochon-
drion. Background staining is
virtually absent. TEM, x23,0(:0

Fig. 7a, b Immunoelectron mi-
croscopic labelling for mAM.
aALD. TEM x44,000b liver
adjacent to cavernous haeman-
gioma. Compared with liver ad-
jacent to a cavernous haeman-
gioma, the ALD mitochondria
show an increased gold label-
ling. TEM x24,0(:

Fig. 8 Western blot analysis.
The 60-kDa protein from liver
with steatosisléane 1) appeared
more intensely labelled than
liver parenchyma adjacent to a
#_ cavernous haemangiomlarfe

T ERE,
Y 2) and cardiac muscléafe 3

chondrial matrix. Nonspecific labelling was found omto account their size the positivity did not exceed that
poorly infiltrated clear cytoplasmic areas, which corref the neighbouring mitochondria of normal size. Inter-
sponded to the extracted glycogen deposits in the cestingly, mitochondria of liver biopsies from patients
ventionally processed samples. The monoclonal antimiith a clinical history of alcohol abuse or toxic/metabol-
tochondrial antibody cross-reacted with residual bodies disease showed increased gold particle labelling
of Kupffer cell and mast cell granules. (Fig. 7a). On these occasions an average of 9 gold parti-

Among the samples investigated the degree of labaks/mitochondrion per section was counted. In contrast,
ling varied widely; although a few mitochondria wereitochondria from HBsAg and HCV-related hepatitis
virtually unreactive, most of them (up to 24 per mitadisplayed a lower positivity, that is to say 4 gold parti-
chondrion per section) were coated with numerous galés/mitochondrion per section, which was similar to that
particles. As expected, megamitochondria displayedfoaind in mitochondria from hepatocytes with nonspecif-
heavy gold particle decoration (Fig. 6); however, taking findings (Fig. 7b).
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In Western blot analysis, mouse monoclonal anti-hibeen extensively studied on H&E and by ultrastructural
man mitochondrial antibody recognizes a band wivestigation [2, 3, 6, 17, 20]. According to Chedid et al.
60 kDa in extracts from livers and from cardiac musclg] the presence of megamitochondria in ALD is indica-
The 60-kDa protein from liver with steatosis (lane 1) afive of a good prognosis, as such patients experience a
peared more intensely labelled than that of liver pardaw incidence of cirrhosis. Immunohistochemistry dem-
chyma adjacent to a cavernous haemangioma (laneoi@dtrating megamitochondria could thus be helpful in
and of cardiac muscle (lane 3) (Fig. 8). An experimentéwaluating patients with ALD.
which the nitrocellulose paper was incubated without the A totally different type of immunoreactivity was ob-
anti-human mitochondrial antibody showed that the fais¢rved in PBC, PSC, haemosiderosis, nonspecific illness,
bands heavier than 60 kDa were due exclusively to #wed HCV- and HBV-related chronic hepatitis. In these
reaction of anti-mouse biotinylated antibody or to avtases only occasional hepatocytes revealed finely granu-
din—alkaline phosphatase conjugate. lar immunostaining. Positive hepatocytes were mainly
located around necroinflammatory foci. Most probably
the positive hepatocytes correspond to the hepatocytes
Discussion rich in enlarged mitochondria, with the “oxyphilic” fea-

tures described in chronic active hepatitis by Lefkowitch
Specificity of the antimitochondrial antibody used in thet al. [9]. In contrast in the cases of HCV-related chronic
present study has been tested previously with the imrhepatitis associated with ALD, metabolic disorders and
nogold technique [11] and Western blot analysis [13]Jrug abuse, the type and distribution of immunostaining
The same mAM has been used to detect mitochondri@rere similar to those observed in cases of ALD, NASH
rich tumours [4, 11, 13, 18]. Specificity was also comnd steatosis uncomplicated by viral infection. Steatosis
firmed by the results obtained with electron microscoyy a common finding in HCV-related hepatitis [5, 16].
and immunogold in the cases studied here. The antibddhe cause and significance of steatosis in HCV-related
specifically labelled the internal matrix of the mitochorhepatitis are not known. However, in alcoholics with
dria. On average, four gold particles were normally lohronic HCV infection the histopathological features of
calized in each mitochondrion. More numerous gold pahronic viral hepatitis can mask those of alcoholic injury
ticles (nine on average) were localized in mitochondfial]. In 21 cases in which the biopsy was performed to
in cases of ALD, steatosis and drug abuse. grade and stage HCV-related hepatitis, diffuse immuno-

These findings probably explain why, on light microseactivity for antimitochondrial antibody prompted fur-
copy, little or no immunostaining is normally obtained ither clinical investigations which disclosed hyperlipidae-
hepatocytes. Most probably the reaction is not detectablim, and alcohol or drug abuse in 17 of these cases. Only
with light microscopy, but is visible on electron microsn 4 cases was no explanation for the diffuse immuno-
copy only. In contrast, when the protein is expressstining apparent. The same antibody failed to stain he-
more vigorously mitochondria became clearly visiblgatocytes with steatosis in cases without toxic or meta-
with immunohistochemistry, presenting as intracytoplalselic damage. Immunohistochemical staining with anti-
mic granules of variable size. mitochondrial antibody may be helpful in the diagnosis

In the present series the antimitochondrial antibodyan associated toxic injury or metabolic disorder.
showed diffuse positivity in all cases of ALD steatosis Interestingly, no immunostaining was observed in
and NASH and in biopsies from drug abusers. The databules of alpha-1-antitripsin deficiency. Globules of al-
obtained indicate that the 60-kDa protein recognized plya-1-antitrypsin deficiency are easily distinguished
the monoclonal antibody is probably overexpressed from megamitochondria, as they are PAS after diastase
these conditions. In particular toxic (e.g. from alcohol positive. Nevertheless, immunostaining with antimito-
drugs) or metabolic (e.g. from lipids and cholesterathondrial antibody could be an additional feature useful
damage seems to stimulate the appearance of the profeindifferential diagnosis.

Mitochondria contain numerous enzymes involved in It seems that immunostaining with antimitochondrial
cellular metobolism. By screening the molecular weighntibody can be helpful in demonstrating megamitochon-
of these enzymes we found four with molecular weighdsia; furthermore it discloses diffuse positivity in cases
of aproximately 60 kDa, namely ATP synthetase alplod ALD, metabolic disorders or drug abuse. This may be
chain, glutamate dehydrogenase, sterol-26-hydroxylagpparent even in cases in which a complete histological
and amine oxidase (flavin containing) A. The presepicture of ALD is not evident or is blurred by viral infec-
MAM may recognize one of these proteins. tion.

In ALD and NASH, immunohistochemical staining
with antimitochondrial antibody reveal megamitochorf\cknowledgements Prof. V. Eusebi and Dr. C.M. Betts are
dria and granular positivity in numerous hepatocyteganked for their critical reviews of this paper.

Specifically, it was helpful in identifying megamitochon-

dria in cases of ALD, in which they were extremely rare
on H&E, and in 4 cases of steatosis, in which they were
not seen on H&E-stained sections. The distribution and
possible significance of megamitochondria in ALD has
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