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Abstract
Background—Liver/kidney microsomal
antibody type 1 (LKM1) is the marker of
type 2 autoimmune hepatitis (AIH) and is
detected in up to 6% of patients with hepa-
titis C virus (HCV) infection. It recognises
linear and conformational epitopes of
cytochrome P450IID6 (CYP2D6) and may
have liver damaging activity, provided
that CYP2D6 is accessible to eVector
mechanisms of autoimmune attack.
Methods—The presence of LKM1 in the
plasma membrane was investigated by
indirect immunofluorescence and confo-
cal laser microscopy of isolated rat hepa-
tocytes probed with 10 LKM1 positive sera
(five from patients with AIH and five from
patients with chronic HCV infection) and
a rabbit polyclonal anti-CYP2D6 serum.
Results—Serum from both types of pa-
tient stained the plasma membrane of
non-permeabilised cells, where the fluo-
rescent signal could be visualised as
discrete clumps. Conversely, permeabi-
lised hepatocytes showed diVuse
submembranous/cytoplasmic staining.
Adsorption with recombinant CYP2D6
substantially reduced plasma membrane
staining and LKM1 immunoblot reactiv-
ity. Plasma membrane staining of LKM1
colocalised with that of anti-CYP2D6.
Immunoprecipitation experiments
showed that a single 50 kDa protein recog-
nised by anti-CYP2D6 can be isolated
from the plasma membrane of intact
hepatocytes.
Conclusions—AIH and HCV related
LKM1 recognise CYP2D6 exposed on the
plasma membrane of isolated hepato-
cytes. This observation supports the no-
tion that anti-CYP2D6 autoreactivity may
be involved in the pathogenesis of liver
damage.
(Gut 2000;46:553–561)
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Liver/kidney microsomal antibody type 1
(LKM1) is the serological hallmark of type 2
autoimmune hepatitis (AIH),1 a severe form of
autoimmune liver disease which usually aVects
children, runs a poor course without adequate
immunosuppression, and often requires liver
transplantation.2 3 LKM1 is also present in up
to 6% of patients chronically infected with
hepatitis C virus (HCV).4

A basic fundamental requirement to hypoth-
esise a role for any autoreactivity in the
development and progression of immunologi-
cally mediated, organ specific damage is the
physical accessibility of the target antigen(s) in
the aVected organ by the supposed eVector
mechanisms—that is, autoantibodies and auto-
reactive T cells. LKM1 is suggested to have
direct liver damaging activity, but evidence on
the presence of its target antigen on the
hepatocyte plasma membrane—a prerequisite
for antibody accessibility—is so far
inconclusive.5

The main LKM1 autoantigen cytochrome
P450IID6 (CYP2D6)6 belongs to the P450
cytochrome family. CYP2D6, as well as the
other isoforms of cytochrome P450, are largely
located in the hepatocyte endoplasmic reticu-
lum. However, with this subcellular distribu-
tion, CYP2D6 would not be available as a tar-
get of a hypothetical liver specific autoimmune
process. A growing body of evidence indicates
that a massive flow of vesicles from the
endoplasmic reticulum through the Golgi
apparatus to the plasma membrane7 8 trans-
ports endoluminal or membrane bound pro-
teins, including cytochrome P450s, to the
plasma membrane.9 Several isoforms of cyto-
chrome P450,10–13 including CYP2D6,14 15 may
be exposed on the outer surface of the hepato-
cyte plasma membrane. However, the presence
of CYP2D6 on the hepatocyte plasma mem-
brane is controversial, as studies using LKM1
positive autoimmune sera failed to show its
presence on the hepatocyte surface.16 17 The
question of LKM1 involvement in immuno-
logically mediated liver damage therefore
remains open.18

Methods
PATIENTS AND SERA

LKM1 positive sera were obtained from five
patients suVering from type 2 AIH and from
five patients with HCV related chronic hepati-
tis C (table 1). All five autoimmune patients
fulfilled internationally agreed criteria for the
diagnosis of “definite” autoimmune
hepatitis,19 and were all negative for serum
HCV RNA sequences by “nested” reverse
transcription-polymerase chain reaction. The

Abbreviations used in this paper: LKM1,
liver/kidney microsomal antibody type 1; AIH,
autoimmune hepatitis; HCV, hepatitis C virus;
CYP2D6, cytochrome P450IID6; SMA-T, smooth
muscle antibodies with a peritubular pattern; LC1, liver
cytosol antibody type 1; PBS, phosphate buVered saline;
SDS/PAGE, sodium dodecyl sulphate/polyacrylamide
gel electrophoresis; TBS, Tris buVered saline.
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typical LKM1 pattern was detectable by indi-
rect immunofluorescence on cryostat rat liver
and kidney sections.20 In addition, all sera rec-
ognised a 50 kDa microsomal protein ex-
tracted from human liver microsomes,
prokaryotically expressed recombinant human
CYP2D6 by Western immunoblotting,21 and
eukaryotically expressed CYP2D6 by
immunoprecipitation.22

As controls, we used sera from three patients
with chronic hepatitis C negative for LKM1
reactivity and sera of three healthy subjects. Fur-
ther controls were performed with serum from a
patient with type 1 AIH, positive for smooth
muscle antibodies with peritubular pattern
(SMA-T),23 and serum from a patient with type
2 AIH positive for liver cytosol antibody type 1
(LC1).24 Both these sera were also negative for
LKM1 and anti-CYP2D6 reactivity.

ISOLATED HEPATOCYTE PREPARATIONS

Male Sprague-Dawley rats (170–220 g) were
supplied by Harlan-Nossan (Corezzana, Italy)
and were used for all the experiments. Rat
hepatocytes were isolated by collagenase liver
perfusion as previously described.25 Dead
hepatocytes and cell debris were removed by
spinning the cell suspension (1 min at 1000 g)
through a 5 ml layer of 37.5% Percoll
(Pharmacia, Uppsala, Sweden) solution (d =
1.06) in Hanks buVer, pH 7.4. The hepato-
cytes were finally resuspended at a concentra-
tion of 2.5 × 105 cells/ml in a modified
Krebs/Henseleit/Hepes buVer, pH 7.4, con-
taining 120 mmol/l NaCl, 5 mmol/l KCl, 1
mmol/l CaCl2, 2 mmol/l MgSO4, 1 mmol/l
NaHPO4 and 25 mmol/l Hepes.

DETERMINATION OF HEPATOCYTE VIABILITY

Cell viability was estimated by Trypan blue
exclusion. At the beginning of the experiments,
hepatocyte viability was about 90%.

IMMUNOFLUORESCENCE ANALYSIS

For immunofluorescence analysis, hepatocytes
(250 000 cells/ml) were allowed to adhere to
collagen type IV coated glass coverslips placed
in six-well cell culture plates for a one hour
incubation at 37°C in a humidified chamber.
At the end of the incubation, the coverslips
were rinsed briefly with the incubation medium
and fixed for 10 minutes in freshly prepared
buVered 4% (v/v) formaldehyde solution in
phosphate buVered saline (PBS) pH 7.4. Fixed
cells were rinsed in PBS containing 3% (w/v)

bovine serum albumin. For some experiments
isolated hepatocytes were permeabilised in
PBS containing 0.1% (v/v) Triton X-100.

After fixation, the coverslips were covered
with 1 ml 10% (v/v) calf serum solution in
PBS and incubated for one hour at room tem-
perature. The reaction with the primary
antibodies was performed by incubating the
coverslips for 30 minutes at room temperature
with LKM1 positive sera diluted 1:50–1:200
in 1 ml PBS containing 1% bovine serum
albumin (PBS/BSA). The coverslips were then
washed three times with PBS/BSA and further
incubated with the secondary antibody con-
sisting of fluorescein labelled goat anti-human
IgG (Sigma Chemical Co, St Louis, Missouri,
USA; dilution 1:200) in PBS/BSA. Unbound
antibodies were removed by washing the
coverslips three times with 2 ml PBS. The
coverslips were finally mounted on to glass
slides using Vectashield mounting medium
(Vector Laboratories Inc, Burlingame, Califor-
nia, USA).

For double labelling experiments, the cells
were incubated with polyclonal anti-CYP2D6
rabbit serum raised against the whole CYP2D6
protein (Gentest, Woburn, Massachusetts,
USA; diluted 1:100) and with LKM1 positive
sera, as described above. The cells were then
stained with secondary antibodies consisting of
goat anti-rabbit IgG conjugated with Texas
Red (Molecular Probes, Eugene, Oregon,
USA; diluted 1:250) and fluorescein labelled
goat anti-human IgG (diluted 1:150).
Immunological cross reactivity between goat
anti-rabbit IgG and human immunoglobulin
and between goat anti-human IgG and rabbit
immunoglobulin was negligible.

The fluorescence localisation was deter-
mined with a laser scanner confocal micro-
scope Bio-Rad MRC 600 (Bio-Rad Instru-
ments, Watford, Middlesex, UK) equipped
with a Nikon Diaphot TMD-2S inverted fluo-
rescence microscope (Nikon, Tokyo, Japan)
and a Nikon Plan 60/1.40 oil immersion lens.
Nine to twelve focal frames, depending on the
cell thickness, were taken along the z axis at
1 µm intervals and then merged to obtain
reconstructed images.

To improve the characterisation of the intra-
cellular localisation, single median focal frames
of 1 µm thickness were also collected. All
images were obtained using the same condi-
tions of setting. In particular, black level was set
at 5.4 for red fluorescence and at 5.55 for green

Table 1 Clinical, immunological, and virological features of 10 LKM1 positive patients

Patient Sex Age (y) Diagnosis IAHG score
Recombinant
CYP2D6

Native
CYP2D6 LKM1 titre HCV RNA

1 F 26 Type 2 AIH 19 (d) Positive Positive <1:4000 Negative
2 F 8 Type 2 AIH 20 (d) Positive Positive <1:4000 Negative
3 F 26 Type 2 AIH 18 (d) Positive Positive 1:2000 Negative
4 F 18 Type 2 AIH 18 (d) Positive Positive 1:1000 Negative
5 M 23 Type 2 AIH 17 (d) Positive Positive 1:500 Negative
6 M 18 HCV related 7 Positive Positive <1:4000 Positive
7 F 32 HCV related 7 Positive Positive <1:4000 Positive
8 F 60 HCV related 5 Positive Positive 1:2000 Positive
9 F 29 HCV related 5 Positive Positive 1:1000 Positive
10 F 32 HCV related 6 Positive Positive 1:500 Positive

AIH, autoimmune hepatitis; IAHG, International Autoimmune Hepatitis Group; d, “definite” diagnosis of AIH; LKM1, liver/kidney
microsomal antibody type 1.
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fluorescence; gain level was 9.8 for both. No
electronic modification of background cut oV
was used.

EXPRESSION AND PURIFICATION OF HUMAN

RECOMBINANT CYP2D6

ëgt11 genomic DNA was extracted from a
phage clone containing a 1.2 kb insert coding
for CYP2D6 (a gift from Dr Yun Ma, UCL,
London, UK). Phage propagation was by
standard methods26 and DNA was purified
with a commercial kit (Quick!Spin; Bio101
Inc, Vista, California, USA). The CYP2D6
insert was amplified using 5 ng purified phage
DNA as a template and a primer pair with
homology to regions immediately upstream
and downstream of the phage cloning site (for-
ward 5'-TGGCGACGACTCCTGGAGCC
CG-3'; reverse 5'-TGACACCAGACCAACT
GGTAATGG-3'). A Rapid cycler (Idaho
Technology, Idaho Falls, Idaho, USA) was
used for the reaction, and the amplification was
carried out through 30 cycles as follows: dena-
turation at 98°C for 0 seconds, annealing at
56°C for 0 seconds and extension at 72°C for
80 seconds. The polymerase chain reaction
product containing the CYP2D6 insert was
then purified, digested with EcoRI, filled in,
and subcloned in pROS (a prokaryotic expres-
sion vector downstream of lacZ) following
standard procedures.26 Ligated plasmid DNA
from the pROS/CYP2D6 construct was trans-
fected in Escherichia coli cells (DH5á), and
transformed cells were isolated on selective
agar plates containing ampicillin. Some colo-
nies were isolated and analysed for expression
of the fusion protein; after exponential growth
in liquid culture medium, expression was
induced by adding isopropyl â-D-
thiogalactoside (5 mmol/l). After four hours,
cells were collected and lysates were prepared
and analysed by sodium dodecyl sulphate/
polyacrylamide gel electrophoresis (SDS/
PAGE; 7.5% gel). Coomassie staining of the
gel allowed visualisation of the induced protein
as a 91 kDa polypeptide. After transblotting on
a nitrocellulose sheet, immunoblot experi-
ments were performed with a monoclonal anti-
body specific for human CYP2D6 (BII/727; a
gift from Professor Urs A Meyer, Basel
University, Basel, Switzerland) which strongly
reacted with the 91 kDa fusion protein. This
fusion protein encodes amino acids 124–497 of
CYP2D6, corresponding to the most immuno-
reactive portion of the protein. To purify
recombinant CYP2D6, preparative SDS/
PAGE was performed with the bulk of the iso-
propyl â-D-thiogalactoside induced pROS/
CYP2D6 transformed E coli lysates; protein
bands were visualised by negatively staining
gels with 0.3 M CuCl2, the 91 kDa band was
excised, and the protein was electroeluted in
SDS running buVer. The eluted protein was
finally extensively dialysed against PBS.

ADSORPTION OF THE LKM1 POSITIVE SERA WITH

RECOMBINANT CYP2D6

LKM1 positive sera (dilution of 1:40) were
incubated overnight on a rotor wheel in PBS
containing 0.1 mg/ml purified recombinant

CYP2D6. After centrifugation for 10 minutes
at 14 000 rpm in a bench centrifuge, the pellet
was discarded and the supernatant was tested
in immunofluorescence experiments on cryo-
stat sections of rat liver and kidney sections.
Adsorbed sera were diluted to a final concen-
tration of 1:200 and tested by immunoblotting
on human liver microsomes and recombinant
human CYP2D6. Finally, adsorbed sera were
also tested at a dilution of 1:100–1:200 on iso-
lated rat hepatocytes and analysed by confocal
laser microscopy.

IMMUNOBLOT EXPERIMENTS WITH HUMAN SERA

Human liver microsomal proteins were pre-
pared as previously described.28 Microsomal
protein or purified recombinant CYP2D6
(20 µg or 10 ng respectively per lane) were
separated by SDS/PAGE in 7.5% polyacryla-
mide minigels (Mini-Protean II System; Bio-
Rad Laboratories, Richmond, California,
USA) and transblotted on to nitrocellulose fil-
ters, which were then incubated in blocking
solution (Tris buVered saline (TBS) containing
3% bovine serum albumin) for one hour at
room temperature. The filters were then cut
into strips, and each strip was incubated over-
night at 4°C with non-adsorbed and pread-
sorbed LKM1 positive sera (final dilution
1:200). After incubation, the strips were
washed three times in TBS containing 0.1%
Tween 20, and subsequently incubated for two
hours at room temperature in blocking solution
containing peroxidase conjugated rabbit anti-
human IgG (dilution 1:1000; Dako, Copenha-
gen, Denmark) as secondary antibody. After
further washing, the colorimetric reaction was
developed with 4-chloro-1-naphthol for 10
minutes at room temperature.

IMMUNOPRECIPITATION OF ANTIGENS

RECOGNISED BY HUMAN LKM1 POSITIVE SERA ON

HEPATOCYTE PLASMA MEMBRANES

IgG from autoimmune and HCV related
LKM1 positive human sera were allowed to
bind to Protein A-Sepharose (Sigma Chemical

Figure 1 Immunoblotting reactivity of a representative
liver/kidney microsomal antibody type 1 (LKM1) positive
serum with recombinant human CYP2D6 (rCYP2D6)
and human liver microsomes (HLM). Serum reacts with a
91 kDa polypeptide, corresponding to rCYP2D6 expressed
in Escherichia coli and with a 50 kDa polypeptide
corresponding to native human CYP2D6 (A). After
preadsorption with rCYP2D6, the reactivity with
rCYP2D6 is completely lost, whereas a faint 50 kDa band
is still visible with native CYP2D6 (B).
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Co) by incubating the sera overnight at 4°C
with 20 mmol/l Tris/HCl buVer, pH 7.4,
containing 150 mM NaCl, 5 mM EDTA, 1%
Triton X-100, 1 mM phenylmethanesulphonyl
fluoride, and 0.05% aprotinin (RIPA-PTK
buVer). Sepharose beads were then centrifuged
at 14 000 rpm for one minute, and two
additional washings with PBS were performed
to eliminate unbound antibodies and RIPA-
PTK buVer. The beads resuspended in 200 µl
Krebs/Henseleit/Hepes buVer, pH 7.4, were
added to isolated hepatocyte suspensions (0.25
× 106cells/ml) and incubated for 20 minutes at
20°C with gentle shaking on a rocking
platform.

The cells were centrifuged at 400 g for three
minutes, and two additional washings with
PBS at 400 g for three minutes were performed
to remove any unbound beads. The hepato-
cytes were lysed by 45 minutes of incubation in
ice cold RIPA-PTK buVer. The beads attached

to plasma membrane fragments were precipi-
tated by centrifugation at 14 000 rpm for one
minute and resuspended in 100 µl RIPA-PTK.
The protein from plasma membranes were
solubilised in 0.1 ml Laemmli’s buVer and
boiled for three minutes to separate the Sepha-
rose beads. Aliquots of 1 µg protein were
subjected to SDS/PAGE (9% gel) and then
blotted on nitrocellulose filters (Amersham
Life Science, Amersham, Buckinghamshire,
UK), by using a Bio-Rad transblot device and
a transfer buVer containing 20% methanol, 48
mmol/l Tris/HCl, and 39 mmol/l glycine. The
filters were then incubated at 4°C overnight in
TBS containing 5% low fat milk/0.05% Tween
20, to block non-specific binding, and subse-
quently exposed for one hour at 37°C to either
rabbit polyclonal anti-CYP2D6 antibodies
(1:100 dilution) or goat anti-glucose-6-
phosphatase antibodies (kindly provided by Dr
A Burchell, Dundee, Scotland, UK; 1:1000

Figure 2 Confocal microscope images of plasma membrane staining by liver/kidney microsomal antibody type 1 (LKM1)
positive sera in freshly isolated rat hepatocytes. The hepatocytes were probed with LKM1 positive sera (diluted 1:50) and
fluorescein labelled goat anti-human IgG (diluted 1:200). The images correspond to: (A) non-permeabilised hepatocytes
exposed to the serum of a healthy control; (B) permeabilised hepatocytes probed with the serum of a LKM1 positive subject;
(C–F) non-permeabilised hepatocytes probed with LKM1 positive sera from a patient with AIH (C,D) or a patient with
chronic HCV infection (E,F). Images D and F were obtained by merging nine focal frames taken along the z axis at 1 µm
intervals. Images B, C, and E show the focal frame corresponding to the median optical section of the hepatocytes.
Fluorescence is shown in pseudocolours increasing from blue to red and white. Original magnifications are 30 × for images
A, B, E, and F and 60 × for images C and D.
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dilution) in TBS containing 2% milk and
0.05% Tween 20. Filters were washed four
times with TBS containing 0.05% Tween 20
and then incubated with the anti-rabbit horse-
radish peroxidase conjugated antibodies or
anti-goat horseradish peroxidase conjugated
antibodies (1:5000 or 1:10.000 dilution re-
spectively) in TBS containing 2% milk and
0.05% Tween 20. After the incubation, filters
were again washed four times with TBS
containing 0.05% Tween 20, and immunoreac-
tive proteins were detected by the enhanced
chemiluminescence plus kit (Amersham Life
Science) on an x ray film (Eastman-Kodak,
Rochester, New York, USA).

In some experiments bound antibodies were
stripped from nitrocellulose filters which were
then reprobed with a diVerent antibody. For
this, membranes were incubated at 50°C for
30–40 minutes with occasional agitation in
stripping buVer (100 mmol/l 2-mercapto-
ethanol; 2% SDS; 62.5 mmol/l Tris/HCl pH
6.7), then washed three times for 15 minutes
using large volumes of TBS containing 0.05%
Tween 20. This procedure allowed the com-
plete removal of both primary and secondary
antibodies. The observed loss of protein in the

filters after stripping was usually less then
10%. The usual blocking and probing steps
followed.

Results
Reactivity of LKM1 positive sera with surface
antigen(s) of freshly isolated rat hepatocytes
was investigated by indirect immunofluores-
cence and confocal laser microscopy using the
sera from five patients with type 2 AIH and five
patients with LKM1 positive chronic HCV
infection. All the sera showed the typical
LKM1 pattern by indirect immunofluores-
cence on rat liver and kidney tissue sections.
When tested in immunoblots, the same sera
recognised a 50 kDa polypeptide using human
liver microsomes as substrate, and specifically
reacted with recombinant CYP2D6 (table 1
and fig 1).

Immunostaining of non-permeabilised
hepatocytes with LKM1 positive sera and fluo-
rescein conjugated goat anti-human IgG re-
sulted in extensive fluorescence labelling of the
cells. At high magnification, discrete distribu-
tion of the fluorochrome on the hepatocyte
surface was observed in the absence of any
cytoplasmic staining (fig 2). No appreciable
diVerence in the fluorescence pattern was
observed with LKM1 positive sera from
patients with type 2 AIH or with LKM1 posi-
tive chronic hepatitis C, while no fluorescence
labelling was obtained using sera from healthy
controls. The plasma membrane localisation of
the epitopes recognised by LKM1 antibodies
was confirmed by the analysis of sequential
focal frames taken at 1 µm intervals which
showed a ring distribution of the fluorescence
on the cell surface. This pattern was very
diVerent from the diVuse submembranous/
cytoplasmic staining observed when the same
sera were allowed to react with permeabilised
hepatocytes. Furthermore, the analysis of pixel
intensity distributions in a series of focal
sections taken at the same level in non-
permeabilised hepatocytes stained with LKM1
positive sera showed two narrow peaks corre-
sponding to the cell surface (fig 3A). Con-
versely, a much broader pixel distribution leav-
ing an empty area corresponding to the cell
nucleus was appreciable in permeabilised

Figure 3 Frequency distribution of the pixels referring to cellular fluorescence in optical
sections from hepatocytes stained with liver/kidney microsomal antibody type 1 (LKM1)
positive serum (diluted 1:40) and fluorescein labelled goat anti-human IgG (diluted
1:200). (A) Typical distribution in non-permeabilised hepatocytes; (B) distribution in
hepatocytes that were permeabilised before fixation as reported in the Methods section.
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Figure 4 EVect of the preadsorption of liver/kidney microsomal antibody type 1 (LKM1) positive sera with recombinant human CYP2D6 on the surface
staining of isolated rat hepatocytes. LKM1 sera were preadsorbed as described in the Methods section with human recombinant CYP2D6.
Non-permeabilised rat hepatocytes were stained with native (A) and preadsorbed (B) sera at the same dilution (1:200). Original magnification × 10.
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hepatocytes (fig 3B). A similar diVuse cytoplas-
mic fluorescence, but without any labelling of
the plasma membranes, was observed when the
sera from two patients with AIH, one of which
had high titres of SMA-T and the other had
high titres of LC1, were used for immunofluo-
rescence staining of both permeabilised and
non-permeabilised cells.

Adsorption of the sera from patients infected
with AIH or HCV with 0.1 mg/ml human
recombinant CYP2D6 removed the immuno-

blotting reaction with recombinant CYP2D6
and substantially reduced the reactivity with
the 50 kDa band when human liver micro-
somal proteins were used as antigenic substrate
(fig 1). CYP2D6 adsorbed sera did not display
any appreciable immunostaining of hepatocyte
plasma membranes when allowed to react with
non-permeabilised hepatocytes (fig 4).

Staining of non-permeabilised hepatocytes
with a rabbit anti-CYP2D6 polyclonal serum
gave a cell surface fluorescence distribution
similar to that of LKM1 positive sera, and
double labelling experiments with LKM1 posi-
tive sera (green fluorescence) and rabbit
anti-CYP2D6 (red fluorescence) showed colo-
calisation of their targets. Confocal microscope
examination of the same cells for both green
and red surface fluorescence disclosed an
indistinguishable pattern (fig 5A,B), and elec-
tronic merging of the two images showed that
cell surface spots reacting with LKM1 positive
sera colocalised with those recognised by rabbit
anti-CYP2D6 (fig 5C).

To confirm further CYP2D6 plasma mem-
brane localisation, antigens located on the
outer surface of plasma membranes were
immunoprecipitated by exposing intact hepa-
tocytes to LKM1 IgG coated Protein
A-Sepharose beads. After removal of unbound
Sepharose, the cells were lysed, and plasma
membrane fragments bound to Sepharose par-
ticles were precipitated by centrifugation. The
resulting precipitates were then subjected to
SDS/PAGE under non-reducing conditions
and the Western blot filters stained using either
rabbit anti-CYP2D6 or a polyclonal serum
against glucose-6-phosphatase. Figure 6 shows
that anti-CYP2D6 serum stained a single band
at 50 kDa when plasma membranes were
immunoprecipitated with human LKM1 posi-
tive serum that was either autoimmune (lanes 2
and 3) or HCV related (lanes 4 and 5). No
staining was observed when Protein
A-Sepharose alone was used for immunopre-
cipitation (lane 1). When similar filters were
probed with anti-glucose-6-phosphatase anti-
bodies, a very faint band of about 38 kDa was
observed, indicating negligible contamination
of microsomal proteins.Figure 5 Confocal microscope images of the same focal

section of adjacent rat hepatocytes allowed to react with
rabbit anti-CYP2D6 serum and liver/kidney microsomal
antibody type 1 (LKM1) positive human serum. The cell
preparation was double stained with goat anti-human IgG
labelled with fluorescein and with goat anti-rabbit IgG
complexed with Texas Red. The same median cell optical
section shows the green fluorescence due to fluorescein in
(A) and the red fluorescence of Texas Red in (B). (C)
Result of the electronic merging of images (A) and (B).
Original magnification × 30.

Figure 6 Immunoprecipitation of antigens recognised by
human liver/kidney microsomal antibody type 1 (LKM1)
sera on hepatocyte plasma membranes. Plasma membrane
antigens of isolated hepatocytes were immunoprecipitated by
using human LKM1 positive sera from either autoimmune
or HCV related hepatitis patients complexed with Protein A
coated Sepharose beads. The precipitated proteins were
submitted to SDS/PAGE and visualised using a rabbit
polyclonal anti-human CYP2D6 serum. Lane 1, control
beads without attached LKM1 serum; lanes 2 and 3, two
diVerent LKM1 positive sera from patients with
autoimmune hepatitis; lanes 4 and 5, two diVerent LKM1
positive sera from patients with hepatitis C virus (HCV)
hepatitis. G6Pase, glucose-6-phosphatase.

50 kDa

1 2 3 4 51 2 3 4 5

G6Pase CYP2D6
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Discussion
In this study, we show that LKM1 positive sera
react with discrete clumps on the outer plasma
membrane surface of non-permeabilised
freshly isolated rat hepatocytes and provide
several lines of evidence indicating that the
antigenic target of LKM1 reactivity on the liver
cell membrane is CYP2D6. Firstly, cell surface
staining is observed only with LKM1 positive
sera, and not with control sera containing
unrelated autoantibodies such as SMA-T and
LC1; secondly, the plasma membrane staining
is specifically abolished by adsorption with
recombinant human CYP2D6; thirdly, double
staining experiments show that anti-CYP2D6
raised in rabbit colocalises on the plasma
membrane with LKM1 signal; fourthly, LKM1
coated beads specifically immunoprecipitate
isolated hepatocytes through binding of a 50
kDa plasma membrane protein which is recog-
nised by rabbit anti-CYP2D6.

The expression of surface antigens recog-
nised by LKM1 positive sera was first observed
by Lenzi and co-workers29 using indirect
immunofluorescence staining of freshly iso-
lated rat hepatocytes, well before the identifica-
tion and characterisation of CYP2D6 as the
LKM1 molecular target. This finding was con-
firmed by two additional papers showing
LKM1 positive sera reacting with the plasma
membranes of either isolated rat14 or human15

hepatocytes. Two other papers, however,
reached opposite conclusions.16 17 In particular,
Yamamoto and co-workers17 were unable to
detect plasma membrane immunofluorescence
staining of cultured rat and human hepatocytes
by the whole serum of two AIH patients as well
as by aYnity purified antibodies against the
254–271 amino acid peptide of CYP2D6, the
main linear epitope recognised by autoimmune
LKM1 positive sera. No explanation has been
produced for these conflicting reports, and
since then the issue as to the presence of the
LKM1 target on the surface of hepatocyte
plasma membrane has remained unsettled.

At variance with previous studies using
whole and uncharacterised LKM1 positive
sera14 29 or aYnity purified LKM1
antibodies,15 17 we used extensively character-
ised LKM1 positive sera and a polyclonal anti-
CYP2D6 antibody in double staining and
immunoprecipitation experiments.

The discrepancies between our findings and
those of Yamamoto and co-workers17 may be
due to our use of freshly isolated rat hepato-
cytes instead of 24 hour cultured cells. Snap
frozen rat liver sections are the conventional
antigenic substratum for LKM1 detection,
because rat hepatocytes express CYP2D1, the
rat orthologue of human CYP2D6. In view of
the fact that cytochrome P450 levels decrease
by 60–70% during short term culture of freshly
isolated hepatocytes,30 31 and that the plasma
membrane content of cytochrome P450 is
about 10% of that in microsomes,15 it is possi-
ble that CYP2D6 plasma membrane levels
have fallen below immunofluorescence detec-
tion limits after a 24 hour cell culture.

The observation that normal hepatocytes
express CYP2D6 on the outer surface of the

plasma membrane is not completely unex-
pected, as several P450 isoforms have already
been described on the hepatocyte
surface8 11 14 15 and in highly purified secretory
fractions of Golgi apparatus obtained from rat
hepatocytes.9 Moreover, Loeper and
co-workers32 have recently reported that
human CYP2D6 expressed in yeast is exposed
on the external aspect of the plasma membrane
where it is functionally competent.

Cloning and expression in bacteria of
recombinant CYP2D6 allowed the study of
LKM1 reactivity in both AIH positive and
HCV positive sera. While nearly all AIH
LKM1 positive sera recognise CYP2D6, only a
fraction of HCV related LKM1 positive sera do
so.21 33 34 The interpretation of these findings
was that AIH sera more often contain antibod-
ies that react with linear epitopes than do
LKM1 positive HCV sera. The latter were
thought to recognise mainly the entire protein
folded in its native conformation. The recent
availability of CYP2D6 expressed in a eukaryo-
tic system allowed the direct demonstration
that AIH related and HCV related LKM1
positive sera react similarly with conforma-
tional CYP2D6 epitopes.22 35 To cover the
whole spectrum of LKM1 reactivity, the sera
used in this study, from either AIH or HCV
patients, were chosen on the basis of their abil-
ity to recognise CYP2D6 extracted from
human liver and its prokaryotic and eukaryotic
recombinant forms.

The residual weak reactivity of CYP2D6
adsorbed sera in immunoblots against native
microsomal preparations is probably due to
antibodies recognising linear epitopes in the
denatured protein that had not been removed
by recombinant CYP2D6. Nonetheless,
CYP2D6 adsorbed sera failed to display any
significant immunostaining of hepatocyte
plasma membranes when incubated with non-
permeabilised hepatocytes. This suggests that
the epitopes recognised by LKM1 positive sera
on the hepatocyte surface are mostly confor-
mational. It is should be noted that rat
CYP2D1 and human CYP2D6 share 82%
amino acid sequence, analogous enzymatic
activities, and conserved tertiary structure,36

thus the conformational epitopes recognised by
LKM1 antibodies on CYP2D1 are probably
identical with those present on CYP2D6.
Moreover, the main linear epitope recognised
by autoimmune LKM1 and spanning
CYP2D6 amino acids 257–269 is conserved in
rat CYP2D1 (10 identical and one similar
amino acid residues out of 13).

Other cytochrome P450 isoenzymes have
been found to be targets for autoimmune
response in hepatitis associated with dihydrala-
zine (CYP1A2), tienilic acid (CYP2C9), or
halothane treatment (CYP2E1)37–39 as well as in
alcoholic liver disease (CYP2E1, CYP3A4),40

hypersensitivity reactions to aromatic anticon-
vulsants (CYP3A),41 42 autoimmune polyendo-
crine syndrome type I (CYP11A1),43 and
Addison’s disease (CYP17, CYP21).44 45 In
addition, plasma membrane cytochrome P450s
have been shown to be the target of immuno-
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toxic reactions associated with halothane or
tienilic acid induced hepatitis.11–13

In organ specific autoimmune diseases such
as autoimmune haemolytic anaemia and
myasthenia gravis, the presence of autoantigens
on the cell membrane enables an autoantibody
mediated immune attack to occur. It is thus
conceivable that LKM1 is also involved in the
causation of liver specific injury. The fact that
the target antigen of LKM1 reactivity is
expressed on the cell surface of normal hepato-
cytes suggests that, under physiological cir-
cumstances, unresponsiveness or immunologi-
cal tolerance to CYP2D6 is a necessary and
common condition, probably maintained by
mechanisms that actively prevent the matura-
tion or the stimulation of autoreactive lym-
phocytes. The breakdown of the immunologi-
cal tolerance to CYP2D6 is the hallmark of two
diVerent liver diseases, namely type 2 AIH, a
cryptogenic liver disorder, and LKM1 positive
chronic hepatitis C, which is characterised by
the presence of circulating HCV. In both
conditions, loss of B and T cell tolerance to
CYP2D6 similarly occurs, as documented by
the appearance of LKM1 antibodies46 47 and
LKM1 specific autoreactive T cells.48 49 The
demonstration that LKM1, in both AIH and
HCV infection, reacts with its target antigen
exposed on the cell surface of non-
permeabilised normal hepatocytes suggests
that similar mechanisms of injury may prevail
in vivo leading to perpetuation of liver damage
in both conditions.
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