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Abstract
M-30 and 4HNE adducts are two markers of active liver disease. M-30 is a serologic marker and
4HNE adducts are histologic markers. M-30 is a marker for apoptosis because it is a fragment of
cytokeratin-18 left over from proteolysis by caspase 3. 4HNE is a marker of oxidative stress because
it results from lipid peroxidation. Both markers are commonly found in nonalcoholic steatohepatitis
and in alcoholic hepatitis. Liver biopsies from patients with steatohepatitis, 11 alcoholic and 11 non-
alcoholics were stained for 4HNE and M-30. Almost all of the biopsies in both groups showed 4HNE
and M-30 positive aggresomes in hepatocytes. Mallory Denk bodies (MDB) stained variably positive
for M-30, whereas 4HNE was present in aggresomes independent of MDBs. However, they were
sometimes located in hepatocytes which also contained MDBs as shown by confocal microscopy of
double stained biopsies. The results indicate that the formation of M-30 and 4HNE aggresomes occurs
through different pathways of liver cell injury in both types of steatohepatitis.
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INTRODUCTION
Two markers of activity, M-30 and 4-hydroxynonenal (4 HNE) adducts, have been observed
in nonalcoholic and alcoholic steatohepatitis (NASH) and (ASH) in prior studies. 4HNE
adducts were visualized in liver biopsies by immunohistochemical stains in ASH (1) and NASH
(2). 4HNE is a reliable marker of lipid peroxidation (3) and both malondialdehyde and 4HNE
are increased in the liver of rats fed ethanol chronically intragastrically (4–7). In human biopsies
4HNE adducts were found in 78.3% of fatty liver and 100% of NASH patients (2). 4HNE
adducts were located in the cytoplasm of hepatocytes in NASH as well as in sinusoidal cells,
mainly in Zone 3. In ASH, 92.5% of biopsies had 4 HNE adducts, when 4HNE adducts were
located in the hepatocytic cytoplasm and sinusoids. 4HNE adducts were associated
significantly with MDBs (1). The question here is are 4HNE adducts found in Mallory bodies
(MDBs) and were they found in macrophages?
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Elevated levels of M-30 have been found in the serum of patients with NASH and acute hepatic
injury (8–10) but have not been reported in biopsies of ASH. M30 has not been reported in the
liver biopsies of either NASH or ASH. M-30 is a degradation product of cytokeratin 18 in liver
cells (11–14) and it is derived from cleavage of CK18 by caspase 3 and 7 during the early
stages of apoptosis (15). Antibodies to M-30 label early apoptotic cells (16). The presence of
M30 in serum was first reported in hepatitis C (17). It is not clear whether M-30 antigen
aggregate occurs in MDBs in NASH and ASH livers. In the present study, ASH and ASH liver
biopsies were stained for the presence of 4HNE and MDBs. The results showed that M-30
localized in MDBs. 4HNE adducts were localized in aggresomes and phagasomes, but not in
MDBs.

Method
Archived liver biopsies from patients with active ASH and NASH from Harbor-UCLA Medical
Center and the Department of Medicine were collected over a 15 year period. The liver biopsies
from UC Davis were collected upon enrollment of alcoholic patients with clinical features of
active ASH in a prospective study. They were fixed in zinc formalin buffered at pH 7.4. Four-
micron thick sections were cut from zinc formalin-fixed, paraffin-embedded liver biopsies and
mounted on poly-L-lysine-coated slides. The sections were deparaffinized in xylenes and
hydrated gradually through graded alcohols. They were washed in 100%, 95% and 70% ethanol
for 5 minutes each, and finally washed in PBS pH 7.4. Antigen retrieval was done treating the
slides with CITRA (Biogenex, San Ramon, CA), and microwaving them. They were blocked
with 5% normal second antibody host serum.

4HNE and ubiquitin double staining was performed using primary antibodies; mouse and
rabbit. The slides were incubated with 4HNE mouse monoclonal antibody (1:4 dilution) (Jaica,
Japan), overnight at 4ºC. The binding of this antibody to the antigen was detected using
fluorescein (FITC) - conjugated donkey anti mouse (1:100 dilution) (Jackson immunoresearch,
West Grove, PA, USA) for one hour at room temperature. The sections were then incubated
with polyclonal rabbit anti-ubiquitin antibody (1:50 dilution) (DakoCytomation, Switzerland)
(1:50 dilution) overnight at 4ºC. The signal was detected by Texas red donkey anti rabbit
antibody (1:100 dilution) (Jackson immunoresearch, West Grove, PA, USA) for one hour at
room temperature. DAPI was used to stain the nuclei. The slides were examined using a Nikon
400 fluorescent microscope with a triple color band cube to detect simultaneously FITC for
4HNE, Texas red for ubiquitin and DAPI for nuclei. A yellow fluorescence indicated co
localization of the two different antigens. Selected cases were visualized using a Leica confocal
microscope.

M30 was detected by the avidin-biotin-peroxidase complex (ABC) method. The slides were
treated in the same way as the 4HNE and ubiquitin slides, except that 3% hydrogen peroxide
in methanol was used in order to block endogenous peroxidase activity before incubating the
slides with primary antibody. The slides were incubated with mouse monoclonal anti M30
(1:50 dilution) (Roche, Germany) overnight at 4ºC. They were then incubated with a biotin-
conjugated donkey anti-mouse antibody (1:100 dilution) (Jackson Immunoresearch, West
Grove, PA, USA) for one hour at room temperature.

Biotin-streptavidin peroxidase binding was performed by adding streptavidin/HRP (Dako
cytomation, Denmark) (1:50 dilution) for 30 minutes at room temperature. The brownish signal
was developed using a peroxidase substrate kit (Vector, Burlingame, CA). The slides were
counterstained with hematoxylin, dehydrated and mounted. The stained slides were examined
under light microscopy for immunoperoxidase staining.
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RESULTS
M30 and 4HNE aggresomes had different locations in the liver cell cytoplasm. M-30 was
located within MDBs as well as in smaller aggresomes (Fig. 1). MDBs were found in 100%
of ASH biopsies and stained positive for the presence of M-30 in 100% (Table 1). Liver
cytoplasmic aggresomes were found in 45% of ASH cases and 18% were in macrophage
secondary lysosomes of the ASH cases (Table I).

MDBs were present in 40% of NASH biopsies and all the MDBs stained for M30 (Fig 2, Table
1). M30 was also found in the liver cell cytoplasm in small aggresomes in 40% of the biopsies.
It was also in macrophages in scars and in the Kupffer cells in 30% of biopsies (Fig 2, Table
1).

4HNE was found in aggresomes in the cytoplasm of 55.1% hepatocytes and in secondary
lysosomes in 55.5% of ASH patient biopsies (Fig 3, Table 1). MDBs were unstained by the
antibody to 4HNE in ASH biopsies as determined by Confocal microscopy (Fig. 3, Table 1).

4HNE was found in liver cell cytoplasmic aggresomes in 72.7% of NASH patients (Fig 4,
Table 1). 4HNE aggresomes were numerous, small and closely packed within the liver cell
cytoplasm. MDBs did not stain for 4HNE (Fig 4). Some liver biopsies showed numerous MDBs
and 4HNE aggresomes (Fig 4). Macrophages contained secondary lysosomes that stained
positive for 4HNE in 54.5% of NASH patient biopsies (Fig. 4, Table I).

DISCUSSION
There were no obvious differences between NASH and ASH pathology using the two
parameters measured. M-30 was found in MDBs, liver cell aggresomes and secondary
lysosomes in macrophages in both diseases. 4HNE was found in liver cell aggresomes and
secondary lysosomes in macrophages in both diseases. 4HNE was absent in MDBs in both.
The implications are that oxidative stress and apoptosis are present in both ASH and NASH
and that 4HNE adducts are not always associated with MDB formation.

M30 antigen, a product of early apoptosis, was found in both aggresomes and MDBs. M30
was found in secondary lysosomes in macrophages in the majority of the liver biopsies from
ASH and NASH patients. Apoptosis was frequently found in both ASH (18–20) and NASH
(21) biopsies. An increase in M30 antigen in the serum is used as a biomarker of liver disease
severity in NASH and fulminating hepatitis (9–10).

The present study determined that M30 was localized in both MDBs and separate aggresomes
of liver cells. The implication of this observation is that M30 a degraded protein, is incorporated
into aggresomes. M30 it is a peptide that results from proteolysis. It persists in aggresomes as
an insoluble protein fragment which has survived because the liver cells failed to complete the
apoptotic process.

The question regarding the location of 4HNE adducts in liver cells and macrophages, was
answered by the finding that 4HNE was in both liver aggresomes and in secondary lysosomes
in macrophages when 4HNE forms adducts, which interfere with the function of the adducted
proteins (22,23).

Adducts form with proteasome subunits and inhibit proteolysis by the proteasome in
experimental alcoholic liver disease (22). The finding that 4HNE adducts are sequestered in
aggresomes and secondary lysosomes implies that 4HNE adducts are insoluble and resist
proteolysis by the proteasome in ASH and NASH.
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Fig 1.
M-30 was present in MBs (arrows) (A-E) and in smaller aggresomes (C) in ASH patients’ liver
biopsies compared to the control (F). Immunoperoxidase stain. ×260 (F), ×520 (B,E), ×780
(A, C, D).
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Fig 2.
M-30 was present in MDBs (arrows) in NASH patients’ liver biopsies (A). M-30 stained
aggresomes were present in hepatocytes and macrophages (arrow heads) (A-D). Some livers
were negative for any positive staining for M30 in the presence of steatosis (E) or steatohepatitis
(F). Immunoperoxidase ×260 (B, C, D), ×520 (A, E, F).
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Fig 3.
4HNE positive aggresomes were found in hepatocytic cytoplasm of ASH biopsies (arrow) (A-
C). MDBs stained negative with the 4HNE antibody where they were formed in ASH (A). This
was confirmed by confocal microscopy (E-F). 4HNE aggresomes were also found in
macrophages in secondary lysosomes (arrow head) A, (arrows) (C). ×218(B), ×436 (C-D),
×654 (A), ×1090 (E-G).
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Fig 4.
4HNE positive aggresomes were found in hepatocytic cytoplasm in the NASH patient biopsies
(arrow heads) A and B and (arrow) C. MDBs failed to stain positive for 4HNE (arrow) B, D-
F. Macrophages contained 4HNE positive secondary lysosomes in scarred areas (arrow head)
C-D. Numerous MBs were found in the absence of 4HNE aggresomes in some cases (F).
Immunocytochemistry stain (x130 F, ×520 A, B, E, ×780, C, D).
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