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Background : Promyelocytic leukemia protein (PML) is a primary biliary cirrhosis (PBC)-
specific autoantigen. Anti-PML antibody is analyzed using cultured cells with patient sera,
however, PML expression has rarely been examined in liver tissues. Methods : In the pre-
sent study, PML expression was examined immunohistochemically in paraffin embedded
liver needle biopsy specimens obtained from 20 cases of PBC, 10 cases of autoimmune
cholangitis, 36 cases of autoimmune hepatitis and from 5 cases of noninflammatory livers.
Results : Variable PML immunopositivity was detected in the bile duct epithelial cells of 18
(90.0%) of 20 PBC cases and in all 10 cases (100.0%) of autoimmune cholangitis, whereas
it was only present in 6 (16.7%) of 36 cases of autoimmune hepatitis (p<0.001). In contrast,
hepatocyte PML immunopositivity was higher in autoimmune hepatitis (33/36 cases, 90.8%),
than in PBC (10/20 cases, 50.0%) or autoimmune cholangitis (3/10 cases, 30.0%) (p<0.05).
Conclusions : Our data indicate that the differential expression of PML is closely related to
autoimmune liver diseases type, and suggest that the overexpression of PML protein in bile
duct cells is associated with the development of autoantibodies in patients with PBC or
autoimmune cholangitis. Furthermore, PML immunoreactivity may be useful for the diagno-
sis of autoimmune cholangitis and overlap syndrome.
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Primary biliary cirrhosis (PBC) is an autoimmune liver dis-
ease that selectively affects the small intrahepatic bile ducts and
variably hepatocytes.1 The etiology and pathogenesis of PBC
are obscure, however, the presence of autoantibodies including
antimitochondrial antibodies (AMAs) supports the autoimmune
mechanism of PBC.2 AMAs react with autoantigens in mito-
chondria, such as, the 2-oxoacid dehydrogenase complexes (2-
OADC)3 and the E2 component of pyruvate dehydrogenase com-
plex (PDC-E2), the latter of which is aberrantly expressed in the
small intrahepatic bile ducts in PBC.4,5 In addition to AMAs,
several antinuclear antibodies (ANAs) have been described in
PBC patients,2,6 and the associated nuclear antigens have been
cloned and characterized. These include centromeric proteins,7

proteins of the nuclear pore complex,8 nuclear dot (ND) proteins
(including Sp100) and promyelocytic leukemia protein (PML).9,10

Sp100 was the first antigen identified as a target for PBC-specific
anti-ND antibodies,11 and PML is known to colocalize with Sp100
in NDs.12 Assays for anti-Sp100 antibodies have been performed
in various liver and rheumatic diseases.13 In European patients,
anti-Sp100 antibodies were detected in a group of patients with
liver diseases, namely in PBC patients at a frequency of about
30%. They were also found to be present in the sera of patients
with rheumatic autoimmune diseases, but with a frequency of
≤3%. Anti-PML antibody decorates a special type of nuclear
body named ND10 or PODs.6,8,10,14 NDs are distributed in a
speckled pattern and on average 10 dots (about 0.3 to 1 m in
diameter) are present per nucleus, excluding nucleoli.14 Anti-ND
antibodies have been mostly detected by the ELISA using phage
display,15 however immunofluorescent staining patterns of anti-
ND antibodies have not been analyzed in PBC patients. There-
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fore, the immunostaining patterns of ANAs might be a diagnos-
tic adjunct in autoimmune liver diseases.

Autoimmune hepatitis and PBC have characteristic clinico-
pathologic features and are treated with different medications.
However, nonspecific clinical features and limited biopsy speci-
mens showing mild pathologic changes make definite diagnosis
difficult in some cases. In addition, autoimmune cholangitis 16,17

and overlap syndrome of autoimmune hepatitis18,19 have led to
further confusion in the diagnosis and treatment of autoimmune
liver diseases. Among the varied diagnostic criteria of autoim-
mune liver diseases, the pertinent autoantibody types are most
helpful for differential diagnosis.

Although nuclear autoantigens have been characterized in
autoimmune liver diseases, their immunologic responses against
target proteins in liver tissues have not been clarified. Further-
more, the distribution of antigens has not been investigated in
the liver tissues of autoimmune liver diseases. In the present study,
PML expression was examined in liver biopsy specimens of auto-
immune liver diseases, namely, PBC, autoimmune cholangitis,
and autoimmune hepatitis. The results obtained were compared
with those of normal liver and chronic viral hepatitis livers to elu-
cidate the implication of PML expression in autoimmune liver
diseases.

MATERIALS AND METHODS

Materials

All 100 cases of liver needle biopsies enrolled were selected from
the files of the Department of Pathology, Asan Medical Center.
They included 20 cases of PBC, 10 cases of autoimmune cholan-
gitis, 36 cases of autoimmune hepatitis, 12 cases of chronic hep-
atitis B, and 12 cases of chronic hepatitis C. Autoimmune liver
diseases were; PBC, autoimmune cholangitis, and autoimmune
hepatitis according to clinical, laboratory and histopathologic
characteristics. PBC was diagnosed when suggested by clinical
findings, AMA was positive and histopathologic features were
compatible with PBC.1,20 Autoimmune cholangitis was diagnosed
when AMA was negative, but the other clinicopathologic features
were as those of PBC.16-18 And, a diagnosis of autoimmune hep-
atitis was made according to the guidelines issued by the Interna-
tional Autoimmune Hepatitis Group.21 Patients with chronic
B viral hepatitis were positive for hepatitis B viral proteins and
HBV DNA, but serologically negative for HCV and autoanti-
bodies, and those with C viral hepatitis were positive for HCV

RNA or anti-HCV antibody, but negative for any autoantibodies.

Histopathology and immunohistochemistry

Liver needle biopsy specimens were fixed in 10% buffered for-
malin and embedded in paraffin. Specimens were stained with
hematoxylin and eosin or Masson’s trichrome for light microscop-
ic examinations. For immunohistochemistry, serial 4 m sections
were placed on poly-L-lysine coated slides. Sections were deparaf-
finized and rehydrated using xylene and ethanol. Slides were treat-
ed for antigen retrieval by boiling twice in a boiled citrate buffer
pH 6.0 for 5 min, then cooled to room temperature over 20 min,
kept in Tris buffer, and incubated with the primary antibody for
the PML (Santa Cruz, SM-3, California, USA) at a 1:100 dilution
for 1 h. Biotinylated secondary antibody was applied for 10 min,
and after a wash in the buffer, the slides were incubated in strep-
tavidin conjugated to horseradish peroxidase in Tris-HCl buffer
for 10 min. Substrate-chromogen solution, which was prepared
from DAKO DAB chromogen tablets, was then applied for 5 min
and the slides were then counterstained in Meyer’s hematoxylin
solution for 5 min. Specimens were mounted using a non-aque-
ous, permanent mounting medium.

Histopathologic features were analyzed according to a previ-
ously described chronic hepatitis grading system.22 PML expres-
sion was graded according to the sum of; its staining intensity
in nucleoplasm and the number of NDs in hepatocytes and bile
duct epithelial cells as: ‐, negative; +, mild; ++, moderate to
strong.

RESULTS

Clinical features

The clinical features of patients with autoimmune liver dis-
eases, including PBC, autoimmune cholangitis and autoimmune
hepatitis are summarized in Table 1. No significant difference in
age or sex was observed for the autoimmune liver diseases. Serum
levels of GOT and GPT were increased in 19 of 20 cases of PBC,
in 8 of 10 cases of autoimmune cholangitis, and in all cases of
autoimmune hepatitis. Serum alkaline phosphatase and/or gamma
glutamyltransferase levels were elevated in all cases of PBC and
autoimmune cholangitis, and in 34 (94.4%) of 36 cases of autoim-
mune hepatitis. The pattern of hyperglobulinemia was variable:
in cases of PBC, IgM and IgG levels were enhanced, whereas in
autoimmune cholangitis IgG and IgA were enhanced. In autoim-
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mune hepatitis, IgG levels were markedly increased. Significant
ANA elevation was detected in 13 (68.4%) of 19 PBC cases exam-
ined, in 8 (80.0%) of 10 cases of autoimmune cholangitis, and
in 34 (97.1%) of 36 cases of autoimmune hepatitis. In PBC cases,
speckled and nuclear membrane patterns of ANA were detected
in 6 (46.2%) of 13 cases, each, and a homogeneous nuclear stain-
ing pattern was observed in 1 (7.7%) of 13 cases. In cases of auto-
immune cholangitis, a speckled pattern was predominantly detect-
ed (7/8, 87.5%), a homogenous pattern in 2 (25.0%) cases, and
a nuclear membrane pattern in 1 (12.5%) case. In 34 cases of
autoimmune hepatitis, a speckled pattern was observed in 22
(64.7%) cases, a homogeneous pattern in 14 (41.2%) cases, and
a nuclear membrane pattern in 2 (5.9%) cases. In the other 2
cases of autoimmune hepatitis, anti-smooth muscle antibody was
positive.

Light microscopic features and immunohistochemical
analysis

In cases of PBC, bile duct damage with or without granulomas
(stage 1) was present in 1 case, a variable degree of bile duct loss
and ductular proliferation (stages 2, 3) in 17 cases (Fig. 2A), and
cirrhosis (stage 4) in 2 cases. In contrast to moderate to severe
portal activity, lobular activity was minimal in 10 cases, mild
in 9 cases, and moderate in 1 case. In autoimmune cholangitis,
portal activity was minimal in 2 cases, mild in one, moderate in
4, and severe in 2 cases. The degree of fibrosis was variable rang-
ing from portal fibrosis in 2 cases, periportal fibrosis in 4 cases,
septal fibrosis in 2 cases, and cirrhosis in 2 cases. In autoimmune

hepatitis, portal activity was minimal in 6 cases, mild in10 cases,
moderate in 17 cases, and severe in 3 cases. Lobular activity was
minimal in 2 cases, mild in 14 cases, moderate in 8 cases and
severe in 12 cases. The degree of fibrosis was portal in 7 cases,
periportal in 21 cases, and septal in 8 cases.

PML immunoreactivity results are summarized in Table 2.
Normal hepatocytes and bile duct epithelial cells were negative
for PML, whereas sinusoidal endothelial cells and Kupffer cells
were strongly positive for PML, and showed diffuse nucleoplas-
mic or multiple nuclear dot staining patterns (Fig. 1).

In 18 (90.0%) of 20 PBC cases, intralobular bile duct epithe-
lial cells were variably positive for PML, whereas hepatocytes were
negative in 10 cases (50.0%) and weakly positive in 10 (50.0%)
PBC cases (Fig. 2B). All (100%) 10 cases of autoimmune cholan-
gitis revealed mild to moderate immunopositivity for PML in
interlobular bile duct epithelial cells, whereas liver cells were nega-
tive for PML in 7 (70%) cases of autoimmune cholangitis (Fig. 3).
PML expression in bile duct epithelail cells was not detectable
in 13 (54.2%) cases and weak in 11 (45.8%) of 24 cases of chronic
viral hepatitis.

In 30 (83.3%) of 36 autoimmune hepatitis cases, PML immu-
noreactivity was not detected in biliary epithelial cells, and was
weak to moderately positive in 6 (16.7%). The PML expression
in hepatocytes was closely correlated with the degree of inflam-
matory reaction and hepatocyte damage. Thirty-three (91.7%)
of 36 cases of autoimmune hepatitis were variably positive for the
PML in hepatocytes (Fig. 4). In viral hepatitis cases, 17 (70.8%)
of 24 were positive for PML in hepatocyte. But, no significant
difference was observed in PML expression between autoimmune

Diagnosis
(No. of cases)

Age (years) Sex (M:F)
Abnormal LFT (%) Hyperglobulinemia (%) Pattern of ANA (%)

GOT/GPT AP/GT IgG IgM IgA Sp Ho Me

PBC (20) 46.2 1:19 95.0 100.0 60.0 80.0 57.1 46.2 7.69 46.2
AC (10) 49.2 2:8 80.0 100.0 85.7 14.3 83.3 83.3 16.7 16.7
AH (36) 46.4 1:35 100.0 94.4 71.4 29.2 33.3 62.5 31.3 6.3

PBC, primary biliary cirrhosis; AC, autoimmune cholangitis; AH, autoimmune hepatitis; AP, alkaline phosphatase; GT, gamma glutamyl transferase;
Sp, speckled; Ho, homogeneous; Me, membranous.

Table 1. Clinical summary of study cases with autoimmune liver diseases

Diagnosis (No. of cases)

No. of cases (%) with PML immunoreactivity

Bile duct epithelial cells Hepatocytes

- + ++ - + ++

Primary biliary cirrhosis (20) 2 (10.0) 10 (50.0) 8 (40.0) 10 (50) 10 (50.0) 0 (0.0)
Autoimmune cholangitis (10) 0 (0.0) 9 (90.0) 1 (10.0) 7 (70.0) 2 (20.0) 1 (10.0)
Autoimmune hepatitis (36) 30 (83.3) 5 (13.9) 1 (2.8) 3 (8.3) 17 (47.2) 16 (44.5)
Chronic viral hepatitis (24) 13 (54.2) 11 (45.8) 0 (0.0) 7 (29.2) 7 (29.2) 10 (41.6)

Table 2. PML immunoreactivity in autoimmune liver diseases and chronic viral hepatitis
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hepatitis and chronic viral hepatitis, and no difference in PML
expression was evident between B and C viral hepatitis. 

PML expression in bile duct epithelial cells in PBC and in
autoimmune cholangitis was significantly elevated compared
with that in autoimmune hepatitis (p<0.001). In contrast, PML
expression in hepatocytes was significantly higher in autoimmune
hepatitis than in either PBC or autoimmune cholangitis (p<0.05),
but no significant difference in hepatocyte PML immunoreactivi-
ty was observed between autoimmune hepatitis and chronic viral
hepatitis.

DISCUSSION

In the present study, we did not detect PML immunopositivi-

Fig. 1. Expression of the promyleocytic leukemia antibody in nor-
mal liver. Kupffer cells are strongly positive for PML. Hepatocytes
and bile duct epithelial cells are negative for the PML.

Fig. 2. Expression of the PML in a representative case of PBC. (A) Stage II PBC shows partial loss of bile ducts with granuloma formation.
(B) Damaged bile duct epithelial cell are diffusely positive, but the hepatocytes are weakly positive for the PML, only at periportal area.

A B

Fig. 3. Expression of the PML in a representative case of autoimmune cholangitis. (A) Bile duct epithelial cells show dot shaped PML nuclear
bodies in addition to the diffuse nucleoplasmic positivity for the PML. (B) Hepatocyte nuclei are negative for the PML in the same case.

A B
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ty in the bile duct epithelial cells of formaline-fixed control liver
tissue using monoclonal antibody PG-M3. Moreover, because
PML is a well-characterized target protein in the autoimmune
sera of PBC patients, analyses for PML in autoimmune sera by
immunofluorescent stainng or immunoblotting have been exten-
sively performed.9,12 However, the distribution of PML in liver
tissues is less well charaterized.23-25 Terris et al.25 using polyclon-
al anti-PML antibody, detected massive nuclear protein accumu-
lation in portal tracts and lobular parenchyma in the presence of
inflammatory liver diseases as compared with weak immunos-
taining in normal livers. In addition, the overexpression of PML
was similar in hepatocytes and in biliary cells in non-viral inflam-
matory liver diseases like PBC and autoimmune or toxic hepati-
tis. Weak positive PML staining has been described in a few bile
duct epithelial cells on paraffin sections and two to three dots
were observed in liver cell nuclei on frozen sections using a poly-
clonal antibody.23 However, the monoclonal anti-PML antibody
used in this study detects only the 67KD PML isoform. Thus,
antibody type may explain the differences in PML expression
observed in the present and previous studies.

The patterns of PML expression observed in the present study
differed according to inflammatory liver disease type. Further-
more, PML expressions differed significantly in different cell types
in hepatitis and autoimmune cholangiopathy, including PBC,
although degrees of portal activity were similar. These findings
suggest that PML expression can be increased regardless of the
degree of inflammatory cell infiltration in patients with PBC
and autoimmune cholangitis, thus the PML overexpression may
not be a secondary phenomenon against inflammatory cytokines,
but may be specifically induced in the bile ducts of PBC and
autoimmune cholangitis cases. However, the factors that provoke

PML expression have not been identified.
In cases of viral and autoimmune hepatitis, PML overexpres-

sion was much more intense in hepatocytes near portal tract inter-
faces, which indicates that portal inflammatory cells induce PML
expression in hepatocytes. PML overexpression may be induced
by the interferon produced by inflammatory cells in inflamma-
tory liver diseases or by direct viral stimulation. This assumption
is supported by the finding that interferon greatly enhances the
PML synthesis as well as that of Sp100 protein in PBC patients26

and in persistent viral hepatitis cases.27

High PML immunopositivity in the bile duct epithelial cells
of PBC cases may be associated with the high prevalence of anti-
PML antibodies in PBC patients, although no the immunoassay
using patient sera was performed in the present study. Anti-PML
antibodies were detected simultaneously with anti-Sp100 anti-
bodies in 86% of PBC patients, indicating the specificity of anti-
PML antibodies in PBC.11

In contrast to autoimmune hepatitis cases, PBC and autoim-
mune cholangitis cases displayed a similar immunoreactive pat-
tern for PML. Autoimmune cholangitis is histopathologically
similar, but differs immunologically from PBC in some respects
i.e., the absence of AMA, lower serum IgM and aspartate amino-
transferase, a more frequent and higher SMA titer and a signifi-
cantly higher frequency of ANAs.28 In our series, cases of autoim-
mune cholangitis and PBC showed similar immunoreactivity
for PML. This result supports that bile duct damage is a common
pathogenetic mechanism of PBC and autoimmune cholangitis.
However, ANA immunoreactivity patterns using patients’ sera
differed for PBC and autoimmune cholangitis: the frequency of
a speckled pattern was much higher in autoimmune cholangitis.
These nuclear speckles represent PML nuclear bodies, in which

Fig. 4. Expression of the PML in a representative case of autoimmune hepatitis. (A) Ballooned hepatocytes are diffusely and strongly positive
for the PML. (B) In the same case, bile ducts are intact and negative for the PML, while endothelial cells are strongly positive for the PML.

A B
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PML is a major component.29 Thus, a higher incidence of a speck-
led ANA pattern is closely related with a higher frequency of
anti-PML antibody in autoimmune cholangitis. 

During the late stage of autoimmune cholangitis, which is
associated with destruction of bile ducts and ductular prolifera-
tion, the expression of PML was significantly increased in pro-
liferating ductules and in damaged bile ducts. PML overexpres-
sion in newly bile ductules may be related with cellular prolifer-
ation and inflammatory response. In contrast, PML overexpres-
sion in normal appearing or damaged bile ducts during the early
stage of autoimmune cholangitis, can be explained by either anti-
genic expression due to autoimmune response or to the effects of
cytokine production by portal inflammatory cells. Polyclonality
of immune response to Sp100 argues for the direct participation
of Sp100 in the autoimmunization process and in the maintenance
of the immune response, i.e., an antigen-driven mechanism. A
further indication of an antigen-driven process is provided by the
frequent co-occurrence of autoantibodies against sp100 and PML,
which suggests that these proteins, like small nucleo-ribonul-
ceoprotein particles and mitochondrial multienzyme complex-
es, participate in the autoimmune event in the form of a highly
structured protein complex. Molecular mimicry as a triggering
mechanism, however, cannot be excluded.1 PML has a close struc-
tural similarity with the viral EBNA-5 protein in NDs, and there-
fore, Sp100 and EBV proteins are at least transiently, components
of NDs.

In summary, this study indicates that the differential overex-
pressions of PML in hepatocytes and bile duct epithelial cells are
related to autoimmune liver disease type and that the detection
of PML in interlobular bile duct epithelial cells is helpful for the
diagnosis of AMA-negative PBC (autoimmune cholangitis) and
overlap syndrome of autoimmune liver diseases.
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