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Summary. We evaluated cell proliferative activity and 
expression of carcinoembryonic antigen (CEA), carbo- 
hydrate antigen 19-9 (CA 19-9) and DU-PAN-2 in var- 
ious bile duct lesions in livers with hepatoliths, using 
histochemical and immunohistochemical methods. 
Histologically, the bile duct lesions were divisible into 
hyperplasia, dysplasia, adenocarcinoma in situ and inva- 
sive adenocarcinoma. All cases showed mucosal hyper- 
plasia in stone-bearing bile ducts. Livers with invasive 
adenocarcinoma frequently contained adenocarcinoma 
in situ and dysplasia, and livers with adenocarcinoma 
in situ occasionally harboured dysplasia. Proliferating 
cell nuclear antigen (PCNA) labelling index was low in 
hyperplasia (mean_+ SD = 20.5 + 8.7%), intermediate in 
dysplasia (35.4_+ 15.9%), and high in adenocarcinoma 
in situ (46.4+9.3%). The mean number of argyrophilic 
nucleolar organizer regions (AgNORs) was low in hy- 
perplasia (1.52), intermediate in dysplasia (2.26) and 
high in adenocarcinoma in situ (2.69). There was a sig- 
nificant positive correlation between PCNA labelling in- 
dex and AgNORs count. CEA was expressed on invasive 
adenocarcinoma cells and adenocarcinoma in situ cells 
in most cases and on dysplastic cells in about a half, 
while CEA was never present in hyperplastic epithelia. 
Expression of CA 19-9 was low in adenocarcinoma, in- 
termediate in dysplasia and rather high in hyperplasia. 
There was no significant difference in DU-PAN-2 ex- 
pression among these bile duct lesions. These data sug- 
gest that cell replicative activity is low in hyperplasia, 
intermediate in dysplasia and high in adenocarcinoma 
in situ, and that CEA appears in the following order: 
dysplasia, adenocarcinoma in situ, invasive adenocarci- 
noma. We suggest that carcinogenesis in biliary epithelia 
in livers with stones is a multi-step process through hy- 
perplasia, dysplasia and adenocarcinoma in situ to inva- 
sive adenocarcinoma. 
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Introduction 

Hepatolithiasis is a condition in which calculi are im- 
pacted in the intrahepatic biliary tree. It is not uncom- 
mon in East Asia including Japan, but rare in Western 
countries (Nakayama and Koga 1984). Most hepatoliths 
are brown pigmented stones composed mainly of calci- 
um bilirubinate (Nakayama and Koga J984), although 
a few cases of intrahepatic cholesterol stones have been 
reported (Strichartz et al. 1991). 

Carcinoma of the gall-bladder is known to be fre- 
quently associated with gall-stones, and the aetiological 
significance of gall-stones in gall-bladder carcinoma is 
well established (Albores-Saavedra et at. 1980; Warren 
and Balch 1940). In hepatolithiasis, a few studies have 
shown that livers with hepatoliths may be complicated 
by cholangiocarcinoma (Falchuk et al. 1976; Koga et al. 
1985; Nakanuma etal. 1985; Ohta et al. 1988; Sanes 
and MacCallum 1942). However, the aetiological signifi- 
cance of hepatoliths in cholangiocarcinoma has been de- 
bated (Falchuk et al. 1976; Koga et al. 1985; Nakanuma 
etal. 1985; Ohta etal. 1988; Sanes and MacCallum 
1942). Recently, a hypothesis has been proposed, based 
largely on morphology, that cholangiocarcinoma in he- 
patolithiasis develops via mucosal hyperplasia through 
dysplasia to cholangiocarcinoma (Nakanuma etal. 
1985; Ohta etal. 1988). However, this hypothesis has 
rarely been evaluated from the standpoint of cell kinetics 
or by examining the immunophenotypes of cancer-asso- 
ciated antigens. Our recent study using 55 livers with 
hepatoliths and 25 normal livers has demonstrated that 
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the mean  number  o f  argyrophil ic  nucleolar organizer  
regions ( A g N O R s )  increases in a step-wise manner  in 
the following order :  hyperplasia,  dysplasia, adenocarci-  
n o m a  in situ (non-invasive adenocarc inoma) ,  invasive 
adenocarc inoma.  However ,  the proliferative activity o f  
these lesions has no t  been evaluated by other  methods.  

Proliferating cell nuclear antigen (PCNA) ,  also called 
cyclin, is a 36 k D a  nuclear protein associated with cell 
cycle (Mathews et al. 1984). P C N A  is an auxiliary pro-  
tein o f  D N A  polymerase-delta ,  and accumulates  in S- 
phase nuclei o f  proliferating cells (Bravo et al. 1987; Ce- 
lls and Celis 1985). Thus,  P C N A  is considered to be 
a marker  o f  cell replication. Recently, P C N A  immuno-  
staining has become possible in fixed, paraff in-embed-  
ded specimens (Garcia  et al. 1989; Hall et al. 1990). 

Nucleolar  organizer  regions (NORs)  represent loops 
o f  D N A  that  possess the genes for  r ibosomal  R N A .  
N O R s  are seen in metaphase  in D and G group  acrocent-  
ric ch romosomes  13, 14, 15, 21 and 22 in humans  (Fer- 
gusson-Smith and H a n d m a k e r  1961). N O R s  are asso- 
ciated with specific proteins.  The NOR-assoc ia t ed  pro-  
teins are R N A  polymerase  I (Williams et al. 1982), B23 
and C23 phosphopro te ins  (Buys and Osinga 1984; 
Lishwe et al. 1979; Ochs and Busch 1984), and they m a y  
have regulatory funct ions in control l ing the transcrip- 
t ion o f  genes for  r ibosomal  R N A  (Olson and T h o m p s o n  
1983). These NOR-assoc ia t ed  proteins are demonst rable  
by an argyrophil ic  technique for  N O R s  (AgNORs) .  In 
previous studies, A g N O R  counts  have been found  to 
be significantly greater in some mal ignant  neoplasma 
than in the normal  or  benign tissue counterpar t s  (Cains 
e ta l .  1989; Crocker  and M c G o v e r n  1988; Deschenes 
and Weidner 1990; Smith and Crocker  1988). Further-  
more,  the number  o f  A g N O R s  has been found  to corre- 
late with Ki67 positivity (Dervan et al. 1989), b romo-  
deoxyuridine labelling index (Tanaka et al. 1989), and 
certain phases o f  the cell cycle determined by flow cyto-  
met ry  (Crocker  et al. 1988; Giri et al. 1989). All o f  the 
latter three indicators represent cell proliferative activity. 
Thus,  the number  o f  A g N O R s  in any tissue is t hough t  
to reflect the replicative ability o f  const i tuent  cells. 

Several cancer-associated antigens have been recog- 
nized to be associated with cholangiocarc inoma.  It is 
well k n o w n  that  some cancer-associated antigens appear  
in the sera o f  patients with cholangiocarc inoma.  A m o n g  
these, ca rc inoembryonic  antigen (CEA),  ca rbohydra te  
antigen 19-9 (CA 19-9) and D U - P A N - 2  are representa- 
tive. C E A  is a wel l -known oncofetal  antigen. CA 19-9 
is a sialated Lewis a b lood  group  substance (Koprowski  
et al. 1981). D U - P A N - 2  is an oncodevelopmenta l  anti- 
gen defined by murine  monoc lona l  antibodies elicited 
to a h u m a n  pancreat ic  ductal  adenoca rc inoma  cell line 
(Metzgar  et al. 1982). 

In the present study, we investigated the cell prolifera- 
tive activity o f  hyperplastic,  dysplastic and neoplastic 
intrahepat ic  bile duct  epithelia in livers with hepatoli ths 
by an immunos ta in ing  for P C N A ,  and correlated the 
data  with those obta ined f rom A g N O R s .  We also evalu- 
ated the expression of  CEA,  CA 19-9 and D U - P A N - 2  
on these bile duct  lesions immunohis tochemica l ly  in 
livers with hepatoliths.  

Materials and methods 

We retrieved 64 livers with hepatoliths from surgical and autopsy 
files in our laboratory and several institutions in Japan (20 autopsy 
cases and 44 surgically resected cases). Among the 64 cases, 35 
were men and 29 were women, and age range was 31 87 years 
with a mean of 56.2 years. Three to 12 liver tissue sections were 
obtained from the stone-bearing bile ducts in each case. The liver 
tissue specimens thus obtained were fixed in 4% formaldehyde 
solution and embedded in paraffin. Several 3-gm serial sections 
were cut from each paraffin block, and one of them was stained 
with haematoxylin and eosin. 

PCNA was demonstrated immunohistochemically by the three- 
step indirect immunoperoxidase method [avidin-biotin-peroxidase 
complex (ABC) method] as described by Hsu et al. (1981). In brief, 
deparaffinized sections were immersed in absolute ethanol contain- 
ing 1% hydrogen peroxide to abolish endogenous peroxidase activ- 
ity. The sections were treated at 4 ~ C overnight with a monoclonal 
antibody against PCNA (Novocastra Laboratories, Newcastle, 
UK) diluted 1 : 200. The sections were then treated for 40 rain with 
a biotinylated anti-mouse IgG (Vector Laboratories, Burlingame, 
Calif., USA) diluted 1:200, followed by the avidin-biotin-peroxi- 
dase complex (Vectastain ABC kit, Vector Laboratories) for 
30 min. Reaction products were developed by immersing the sec- 
tions in 3,3'-diaminobenzidine tetrahydrochloride solution contain- 
ing 0.1% hydrogen peroxide. Nuclei were counterstained by methyl 
green. Positive staining was abolished when the non-immune sera 
or phosphate-buffered saline was used as the first layer. 

In each specimen stained positively, the PCNA labelling index 
of the lesions was calculated. In each lesion 500 nuclei were ob- 
served, and nuclei expressing PCNA were counted. Nuclei with 
a clear brown colour were regarded as positive for PCNA. The 
labelling index was expressed as a percentage. 

Sections of 3 gm in thickness were stained for AgNORs as 
described by Crocker and Skillbeck (1987). Deparaffinized sections 
were incubated with the AgNOR staining solution for 30 min at 
room temperature in the dark room to avoid light. The staining 
solutions consisted of solution A [1% formic acid solution contain- 
ing 2% (w/v) gelatin] and solution B (50% silver nitrate solution). 
Solution A and solution B were mixed in a i : 2 ratio just before 
staining. The sections were then washed with deionized water, and 
immersed in 5% sodium thiosulphate solution for 5 min, washed 
with deionized water and counterstained with methyl green. They 
were dehydrated to xylene and mounted in synthetic medium. 

In each specimen, 8~100 epithelial cells of intrahepatic bile 
ducts, which were selected from the same area as used for the 
PCNA counting, were examined light microscopically with a x 100 
oil-immersion objective and • 10 oculars. Since AgNORs counts 
vary considerably with the staining procedure and counting criteria 
used, we standardized the procedure of AgNOR counting with 
a slight modification of the procedure of Howat et al. (1989), i.e. 
discrete argyrophilic black dots in nuclei with a clear margin were 
counted, but clustered subsidiary tiny dots without a clear margin 
were not. In each case, the mean number of AgNORs per nucleus 
was calculated. 

CEA, CA 19-9 and DU-PAN-2 were investigated immunohisto- 
chemically using the ABC method (Hsu et al. 1981). The mono- 
clonat antibodies were purchased from the following suppliers : IgG 
class anti-CEA from Dako (Santa Barbara, Calif., USA), IgG class 
anti-CA 19-9 from Midori Juji (Tokyo, Japan) and IgM class anti- 
DU-PAN-2 from Kyowa Medecs (Tokyo, Japan). The anti-CEA 
antibody was diluted 1:200, and the anti-DU-PAN-2 antibody 
1:500. The anti-CA 19-9 antibody had been pre-diluted. Protease 
pre-digestion was performed in CEA immunostaining. Biotinylated 
secondary antibodies (anti-mouse IgG and anti-mouse IgM) were 
purchased from Vector Laboratories. Sections were incubated with 
the primary antibodies at 4 ~ C overnight, applied by biotinylated 
secondary antibodies for 40 min and followed by the avidin-biotin- 
peroxidase complex (Vectastain ABC kit) for 30 min. Reaction 
products were developed by immersing the sections in 3,3'-diamino- 
benzidine tetrahydrochloride solution containing 0.1% hydrogen 
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Fig. 1. Gross appearances of a liver with hepatoliths. The intrahe- 
patic bile ducts are dilated and contain brown pigmented stones 
(arrows). There is pcriductal fibrosis around the stone-containing 
bile ducts 

peroxide. Nuclei were counterstained by haematoxylin. Positive 
staining was abolished when the non-immune sera or phosphate- 
buffered saline was used as the first layer. 

In each lesion, the expression of CEA, CA 19-9 and DU-PAN-2 
was evaluated semi-quantitatively. The proportion of CEA-, CA 
19-9- and DU-PAN-2-positive cells in each lesion was divided into 
the following four groups: 0%, no cells stained; /-33% cells 
stained; 34-66% cells stained; 67-100% cells stained. In each case, 
the proportion of the antigen-positive cells was assessed carefully. 

For statistical analyses, Student's t-test was used to compare 
the mean values of PCNA labelling index and AgNOR count; 
Pearson's correlation test was used to determine the correlation 
between PCNA lebelling index and AgNOR count. P values less 
than 0.05 were considered significant. 

Results 

Among  the 64 livers with hepatoliths, 17 (all surgical 
cases) showed clear P C N A  immunoreactivi ty;  the other 
47 cases did not. We therefore selected these 17 cases 
for analyses of  cell replicative ability. Among  the 17 
cases, 10 were men and 7 were women with an average 
age of  53.2 years (range, 45-68 years). The 17 cases did 
not contain grossly recognizable tumours  (invasive ade- 
nocarcinoma) in the liver, so we did not  evaluate the 
cell proliferative activity of  invasive adenocarcinoma. 
Hepatoli ths were present as brown pigmented stones in 
all cases (Fig. 1). 

The bile ducts bearing hepatoliths showed dilatation, 
fibrous thickening of  ductal walls, periductal fibrosis 
(Fig. 1) and inf lammatory infiltrates. All the 17 cases 
showed hyperplasia of  epithelial cells lining stone-bear- 
ing bile ducts or in their vicinity although the degree 
of  hyperplasia varied f rom case to case as well as f rom 
area to area. The hyperplastic epithelia were columnar 
and showed focal micropapil lary configurations 
(Fig. 2A). Proliferated intrahepatic peribiliary glands 
were present in the duct walls as well as in the periductal 
tissue. There were no parasites in any cases. 

Among  these 17 livers 2 showed dysplastic change 
of  the bile duct epithelium lining the stone-bearing ducts 

Fig. 2A-C. Semi-serial sections of mucosal hyperplasia of intrahe- 
patic bile ducts with hepatoliths. A The bile duct epithelium is 
columnar. There are inflammatory infiltrates in the duct walls. 
L, lumina of bile ducts. Haematoxylin and eosin, x 200. B Prolifer- 
ating cell nuclear antigen (PCNA) immunoreactive cells are scat- 
tered in the hyperplastic epithelia. L, lumina of bile ducts. Immuno- 
stain for PCNA, x 200. C Argyrophilic nucleolar organizer region 
(AgNOR) dots are small and round, and the number of AgNORs 
is small. L, lumina of bile ducts. AgNOR stain, x 800 

(Fig. 3A). Structurally, the dysplastic epithelial cells 
showed piling up of  nuclei and micropapil lary projec- 
tions into the ductal lumina (Fig. 3A). Cytologically, the 
dysplastic epithelial cells showed increased nucleo-cyto- 
plasmic ratio, loss of  nuclear polarity and nuclear hy- 
perchromasia (Fig. 3A). These atypical features were, 
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Fig. 3A-C. Semi-serial sections of mucosal dysplasia of intrahepat- 
ic bile ducts with hepatoliths. A The bile duct epithelia show atypi- 
cal features such as piling up of nuclei and nuclear hyperchromasia, 
but are not regarded as malignant. L, lumina of bile ducts. Haema- 
toxylin and eosin, x 200. B PCNA immunoreactive cells are present 
in places in the dysplastic epithelia. L, lumina of bile ducts. Immu- 
nostain for PCNA, x 200. C AgNOR dots show mild deformity, 
and the number of AgNORs is moderate. L, lumina of bile ducts. 
AgNOR stain, x 800 

Fig. 4A-C. Semi-serial sections of adenocarcinoma in situ (intra- 
ductal adenocarcinoma) of intrahepatic bile ducts with hepatoliths. 
A The epithelia show atypical features easily recognized as malig- 
nant. No invasion into underlying duct walls is present. L, lumina 
of bile ducts. Haematoxylin and eosin, x 200. B Many PCNA 
immunoreactive cells are present in the malignant epithelia. L, lu- 
mina of bile ducts. Immunostain for PCNA, x 200. C AgNOR 
dots show deformity, and the number of AgNORs is rather large. 
AgNOR stain, x 800 

however,  rather  mild and there was no definite evidence 
that  these cells were mal ignant  (Fig. 3A). 

A m o n g  the 17 livers with hepatoliths,  5 showed non-  
invasive intraductal  adenoca rc inoma  (carc inoma in situ) 
in bile duct  epithelia lining s tone-bearing ducts 
(Fig. 4A). Structurally, these ca rc inoma cells projected 

into bile duct  lumina,  where papil lary and tubular  con- 
f igurations were evident (Fig. 4A). Cytologically,  the 
ca rc inoma cells showed increased nucleo-cytoplasmic ra- 
tio, loss o f  nuclear polar i ty  and nuclear hyperchromasia ,  
all o f  which were regarded as mal ignant  (Fig. 4A). No  
invasion into underlying bile duct  walls was present. In 
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Fig. 5. Scattergram of PCNA labelling index. PCNA labelling index 
is low in hyperplasia, intermediate in dysplasia and high in carcino- 
ma in situ 

3 of the 5 cases, there were also dysplastic epithelial 
lesions contiguous with or in the vicinity of the carcino- 
ma in situ. 

PCNA was recognized in the nuclei as a brown colour 
(Figs. 2 B, 3 B, 4 B). The number of PCNA-positive cells 
was low in hyperplasia (Fig. 2 B), intermediate in dyspla- 
sia (Fig. 3 B) and high in carcinoma in situ (Fig. 4B). 
The PCNA labelling index of the 17 cases is shown in 
Fig. 5; it was low (mean _+ SD =: 20.5 _+ 8.7) in hyperpla- 
sia, intermediate (35.4_+15.9) in dysplasia and high 
(46.4_+ 9.3) in carcinoma in situ. Statistically, there were 
significant differences in PCNA labelling index between 
hyperplasia and dysplasia (P<0.05) as well as between 
hyperplasia and carcinoma in situ (P< 0.01). No statisti- 
cal difference was found between dysplasia and carcino- 
ma in situ (P>0.05). 

AgNORs appeared as dark brown dots with a clear 
margin in nuclei of bile duct epithelial cells (Figs. 2 C, 
3C, 4C). In hyperplastic bile duct epithelia, AgNOR 
dots were small and round (Fig. 2C). In malignant cells 
of carcinoma in situ, AgNOR dots were large and irregu- 
lar in shape (Fig. 4 C). AgNOR dots in dysplastic epithe- 
lia showed an intermediate morphology between malig- 
nant and hyperplastic cells (Fig. 3C). The mean and 
standard deviation of the number of AgNORs is shown 
in Fig. 6. AgNOR counts were low in hyperplastic epi- 
thelia (mean __ SD = 1.52 ___ 0.23), moderate in dysplastic 
epithelia (2.26_ 0.27) and rather high in carcinoma in 
situ (2.69 _+ 0.37). Statistically, AgNOR counts of dyspla- 
sia and carcinoma in situ were significantly higher than 
those of hyperplasia (P< 0.005). There was no signifi- 
cant difference in counts between dysplasia and carcino- 
ma in situ (P>0.05). 

The correlation between PCNA labelling index and 
AgNOR counts is shown in Fig. 7. There is a significant 
positive correlation between the two. 

All 64 livers were analysed for the cancer-associated 
antigens. Ten harboured grossly recognizable invasive 
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Fig. 7. Correlation diagram between PCNA labelling index and 
AgNOR counts. There is a significant (P<0.05) positive correla- 
tion between the two. Circles, triangles and squares represent hyper- 
plasia, dysplasia and carcinoma in situ, respectively. 

adenocarcinoma, 6 showed non-invasive intraductal 
adenocarcinoma (carcinoma in situ), and 9 showed dys- 
plasia alone. Among the 10 livers with invasive adeno- 
carcinoma, 8 had areas of adenocarcinoma in situ in 
the vicinity of invasive adenocarcinoma, and 6 contained 
areas of dysplasia in the vicinity of invasive or non- 
invasive adenocarcinoma. Among the 6 adenocarcino- 
mas in situ, 4 showed mucosal dysplasia in the vicinity 
of carcinoma in situ. All cases showed mucosal hyperpla- 
sia of the affected intrahepatic bile ducts. No parasites 
were found. 

Table 1 shows expression of CEA, CA 19-9 and DU- 
PAN-2 on the hyperplastic, dysplastic, adenocarcinoma 
in situ and invasive adenocarcinoma lesions. In invasive 
adenocarcinoma, many carcinoma cells contained CEA, 
and CEA was localized diffusely in the cytoplasm 
(Fig. 8A). In adenocarcinoma in situ, many carcinoma 
cells expressed CEA in the supranuclear or apical cyto- 
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Table 1. Immunohistochemical findings of carcinoembryonic antigen (CEA), carbohydrate antigen I9-9 (CA 19-9) and DU-PAN-2 in 
hyperplastic, dysplastic, carcinoma in situ and invasive adenocarcinomatous epithelia of intrahepatic bile ducts in hepatolithiasis 

Bile duct lesions No. of cases 
(No. of cases) 

CEA-positive cells ~ CA 19-9-positive cells b DU-PAN-2-positive cells c 

0% 1-33% 34-66% 67-100% 0% 1-33% 34-66% 67-100% 0% 1-33% 34-66% 6%100% 

Invasive adenocarcinoma 1 0 4 5 0 8 1 1 5 3 1 1 
(n = so)  

Adenocarcinoma in situ 1 3 5 5 2 9 2 2 3 9 2 1 
(n = 14) 

Dysplasia (n = 19) 9 8 2 0 1 6 6 6 4 6 4 5 
Hyperplasia (n = 64) 64 0 0 0 0 1 5 58 13 19 18 14 

" Localization of CEA is diffuse in the cytoplasm in invasive adenocarciiloma, supranuclear or apical cytoplasm in adenocarcinoma 
in situ, and apical cytoplasm in dysplasia 
b, c Localization of CA 19-9 and DU-PAN-2 is diffuse in the cytoplasm in any lesions 

plasm (Fig. 8 B). In dysplasia, about half the cases ex- 
pressed CEA in the apical cytoplasm (Fig. 8 C). In hyper- 
plasia, CEA was absent in all 64 cases. Non-lesional 
biliary epithelium was negative for CEA in all cases. 

CA 19-9 was expressed diffusely in the cytoplasm. 
The proportion of CA 19-9-positive cells was low in 
invasive adenocarcinoma (Fig. 9A) and adenocarcinoma 
in situ (Fig. 9 B), intermediate in dysplasia (Fig. 9 C) and 
rather high in hyperplastic bile duct epithelia (Fig. 9 D; 
Table 1). The staining intensity of  CA 19-9 was rather 
weak in carcinoma and dysplasia, and stronger in hyper- 
plasia and non-lesional biliary epithelia (Fig. 9A-D). 

DU-PAN-2 was expressed diffusely in the cytoplasm. 
The proportion of DU-PAN-2-positive cells was almost 
equal in invasive adenocarcinoma (Fig. 10A), adenocar- 
cinoma in situ (Fig. 10B), dysplasia (Fig. 10C) and hy- 
perplasia (Table 1). 

D i s c u s s i o n  

Livers with hepatoliths are characterized by dilated bile 
ducts with stones, chronic inflammatory infiltrates 
around the affected ducts, periductal fibrosis, prolifera- 
tion of epithelial cells lining bile ducts, and proliferation 
of intrahepatic peribiliary glands (chronic proliferative 
cholangitis) (Nakanuma et al. 1988; Terada and Nakan- 
urea 1988). All our cases showed these features with 
hyperplastic epithelial cells lining stone-bearing ducts or 
stone-free ducts in the vicinity of stone-bearing ducts. 

The histological findings of  the present study are es- 
sentially similar to the earlier studies, supporting the 
earlier hypothesis (Nakanuma etal .  1985; Ohta etal .  
1988). The present study examined cell proliferative ac- 
tivity in these biliary lesions using the simple methods 
of PCNA and AgNOR. These two procedures can be 
performed in formalin-fixed, paraffin-embedded archi- 
val material, making retrospective study possible. 

In the present study, 64 cases with hepatoliths were 
immunostained for PCNA: however, PCNA was clearly 
recognizable in only 17 cases. In the other 47 cases, 
PCNA seems to have been degraded during prolonged 

fixation or by other factors, and we did not use them 
for cell proliferative analyses. We analysed cell prolifera- 
tive activity in the 17 cases by PCNA and correlated 
PCNA data with AgNOR scores. We did not analyse 
AgNOR counts in the 47 PCNA-negative cases because 
a previous study has reported AgNOR scores in various 
bile duct lesions in hepatolithiatic and normal livers. 
The present study revealed that the PCNA labelling in- 
dex and AgNOR counts were low in hyperplastic epithe- 
lia, intermediate in dysplastic epithelia and high in carci- 
noma in situ epithelia suggesting that cell proliferative 
activity was low in hyperplastic epithelia, intermediate 
in dysplastic epithelia and high in carcinoma in situ. 
This step-wise increase in PCNA labelling index and Ag- 
NOR counts suggests a multi-step carcinogenetic process 
in bile duct epithelia in hepatolithiasis; with a progres- 
sion from hyperplasia through dysplasia to carcinoma 
in situ, in the presence of chronic proliferative cholangi- 
tis. There was a significant positive correlation between 
PCNA labelling index and AgNOR counts, supporting 
the view that PCNA and AgNORs represent cell prolif- 
erative activity. 

CEA expression was high in adenocarcinoma, inter- 
mediate in dysplasia, and absent in hyperplasia and non- 
affected intrahepatic bile ducts. The localization of CEA 
was diffuse in the cytoplasm in invasive adenocarcino- 
ma, supranuclear or apical cytoplasm in adenocarcino- 
ma in situ and apical cytoplasm in dysplasia. These find- 
ings reflect that CEA is specific for dysplastic and neo- 
plastic epithelia, and that it appears in apical cytoplasm 
in pre-neoplastic lesions and increases by malignant 
transformation of  bile duct epithelia in hepatolithiasis. 
These findings also suggest multi-step carcinogenesis in 
bile duct epithelia in hepatolithiasis. 

Expression of CA 19-9 was curious; it was rather 
low in neoplastic epithelia, intermediate in dysplastic ep- 
ithelia, and rather high in hyperplastic epithelia and non- 
affected bile duct epithelia. CA 19-9 is known to be 
expressed in normal biliary epithelial cells (Atkinson 
et al. 1982). Although it is unclear why pre-neoplastic 
and neoplastic epithelia expressed less CA 19-9 than did 
the hyperplastic epithelia, it is conceivable that the struc- 
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Fig. 8. Expression of carcinoembryonic antigen (CEA) on invasive 
adenocarcinoma (A), adenocarcinoma in situ (B) and dysplastic 
(C) epithelia in hepatolithiasis. Invasive carcinoma cells express 
CEA diffusely in the cytoplasm (A), while adenocarcinoma in situ 
and dysplastic cells express CEA in the apical cytoplasm. L, lumina 
of bile ducts. Immunostain (ABC method) for CEA; A-C, x 200 

> 

Fig. 9. CA 19-9 expression on invasive adenocarcinoma (A), adeno- 
carcinoma in situ (B), dysplasia (C) and hyperplastic (D) epithelia 
in hepatolithiasis. CA 19-9 expression is diffuse in the cytoplasm 
in any lesions. The intensity of CA 19-9 expression is rather weak 
in neoplastic and dysplastic epithelia (A-C), while it is rather strong 
in hyperplastic epithelia (D, large arrows) and proliferated intrahe- 
patic peribiliary glands (D, small arrows). L, lumina of bile ducts. 
Immunostain (ABC method) for CA 19-9. A x200; B x80; C 
x200; D • 
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There was no significant difference in the expression 
o f  D U - P A N - 2  in the epithelium o f  hyperplastic,  dysplas- 
tic, adenoca rc inoma  in situ and invasive adenocarc ino-  
m a  bearing ducts. D U - P A N - 2  is k n o w n  to be normal ly  
expressed in the intrahepat ic  biliary tree (Borowitz  et al. 
1984). The present findings suggest tha t  in situ expres- 
sion o f  D U - P A N - 2  is no t  a reliable marker  o f  neoplasia. 

Our  cell kinetic da ta  and  immunopheno typ i c  findings 
suggest tha t  carcinogenesis in biliary epithelia in hepato-  
lithiatic livers progresses in a multi-step manner  f rom 
hyperplasia  th rough  dysplasia and adenoca rc inoma  in 
situ to invasive adenocarc inoma.  

Fig. 10. DU-PAN-2 expression on invasive adenocarcinoma (A), 
adenocarcinoma in situ (B), and dysplastic (C) epithelia in hepato- 
lithiasis. DU-PAN-2 expression is diffuse in the cytoplasm in any 
lesions. The intensity of DU-PAN-2 expression is rather weak in 
any lesions. L, lumina of bile ducts. Immunostain (ABC method) 
for DU-PAN-2. A-C x 200 

ture o f  carbohydra tes  alters during carcinogenesis in he- 
patolithiasis, resulting in a decreased expression o f  C A  
19-9 in neoplastic biliary epithelia. These observat ions  
imply that  immunohis tochemica l  expression o f  C A  19-9 
is no t  a reliable marker  for  discriminat ion between be- 
nign and  mal ignant  biliary lesions. Fur ther  s tudy on the 
expression o f  C A  19-9 on hyperplastic,  pre-neoplast ic  
and neoplastic biliary epithelia is needed. 
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