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Aim: To compare cell phenotypes displayed by cholangiocarcinomas and adjacent bile duct lesions in
patients from an area endemic in liver-fluke infestation and those with sporadic cholangiocarcinoma.
Methods: 65 fluke-associated and 47 sporadic cholangiocarcinomas and 6 normal livers were studied.
Serial paraffin-wax sections were stained immunohistochemically with monoclonal antibodies character-
ising a Brunner or pyloric gland metaplasia cell phenotype (antigens D10 and 1F4), intestinal goblet cells
(antigen 17NM), gastric foveolar apomucin (MUC5AC), a gastrointestinal epithelium cytokeratin (CK20)
and the p53 protein.

Results: 60% of the 112 cholangiocarcinomas expressed antigen D10, 68% MUC5AC, 33% antigen
17NM and 20% CK20; 37% showed overexpression of p53. When present together in «
cholangiocarcinoma, cancer cells expressing D10 were distinct from those displaying 17NM or
MUC5AC. Many more fluke-associated cholangiocarcinomas than sporadic cholangiocarcinomas
displayed 177NM and p53 expression. Most cases of hyperplastic and dysplastic biliary epithelium
expressed D10 strongly. Pyloric gland metaplasia and peribiliary glands displayed D10 and 1F6, with
peribiliary gland hyperplasia more evident in the livers with fluke-associated cholangiocarcinoma; goblet
cells in intestinal metaplasia stained for 17NM. No notable association of expression between any two
antigens (including p53) was found in the cancers.

Conclusions: Most cases of dysplastic biliary epithelium and cholangiocarcinoma display a Brunner or
pyloric gland cell phenotype and a gastric foveolar cell phenotype. The expression of D10 in hyperplastic
and dysplastic epithelium and in cholangiocarcinoma is consistent with a dysplasia—carcinoma sequence.
Many more fluke-associated cholangiocarcinomas than sporadic cholangiocarcinoma display an
intestinal goblet cell phenotype and overexpress p53, indicating differences in the aetiopathology of the
cancers in the two groups of patients.

cholangiocarcinoma in the world.' Infestation with
the liver fluke Opisthorchis viverrini is endemic in the
region, and the incidence of cholangiocarcinoma is at least 12
times higher than in other parts of Thailand, where fluke
infestation is not endemic.” Studies have confirmed an
appreciable association between O viverrini infestation and
cholangiocarcinoma,' *> with at least two thirds of the cancers
in northeast Thailand being attributed to O viverrini infesta-
tion.* By contrast, Australia is among the countries with the
lowest age-standardised incidence rates for cholangiocarci-
noma.’ Known aetiological factors for sporadic cholangio-
carcinoma in Western countries include anabolic steroid
treatment and Thorotrast administration, with congenital
anomalies of the biliary tree, primary sclerosing cholangitis
and inflammatory bowel disease also contributing to the
risk.®
Tumours generally retain the phenotype of their tissue of
origin, but may also inappropriately express components
normally found only in another tissue. Bile duct epithelium
does not usually express MUC6 (a mucin secreted by gastric
mucous neck cells, pyloric glands, Brunner glands and
peribiliary glands), MUC5AC (a major secretory mucin of
gastric foveolar epithelium) or CK20 (cytokeratin 20—a
cytokeratin specific to gastrointestinal epithelium), but one
or both of these mucins and CK20 may be expressed by

North East Thailand has the highest incidence of

cholangiocarcinoma.” * The p53 tumour suppressor protein is
also expressed by some cholangiocarcinomas.’

In this investigation, we used monoclonal antibodies to
five gastrointestinal-specific antigens and to the p53 protein
to compare the cell phenotypes displayed by cholangiocarci-
nomas and adjacent bile duct lesions in patients with fluke-
associated and sporadic cholangiocarcinomas.

MATERIALS AND METHODS
Patients and tissue samples
Archival paraffin-wax-embedded tissue from surgical speci-
mens resected at the Khon Kaen University Hospital,
Thailand, during the period 1993-96 were used. These
included 27 hepatic lobectomies with intrahepatic cholangio-
carcinoma and 38 with extrahepatic cholangiocarcinoma.
Nineteen of the extrahepatic cancers were hilar, 11 primarily
at the common hepatic duct and 8 at the common bile duct.
Ages of the 44 male patients ranged from 25 to 80 years
(mean 52, median 53 years), and those of the 21 female
patients from 42 to 75 years (mean 56, median 54 years).
Archival blocks of paraffin wax from 47 surgical specimens
were also obtained from The Royal Melbourne Hospital,
Victoria, and The Princess Alexandra Hospital, Queensland.
These included 13 intrahepatic and 34 extrahepatic cholan-
giocarcinomas. Of the extrahepatic cancers, 13 were hilar, 9
were associated with the common hepatic duct, 8 with the
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common bile duct and the location of 4 was not precisely
known. Patients included 25 men aged 41-74 years (mean
61, median 64 years) and 22 women aged 30-80 years (mean
58, median 59 years). Six livers obtained from the Organ
Donor Registry of the Royal Melbourne Hospital that were
unsuitable for organ transplantation, served as normal controls.
These tissues were collected as approved by The Royal
Melbourne Hospital Clinical Research and Ethics Committee.

Figure 1
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Antigens studied

Preparation of the monoclonal antibodies identifying anti-
gens D10, 1F6 and 17NM and the tissue distributions of these
three antigens have been reported elsewhere.'*"* The epitope
recognised on antigen D10 has been highly conserved
throughout the evolution of terrestrial vertebrates."” Antigen
17NM is normally restricted to the mucous vacuole of
intestinal goblet cells and the goblet cells of intestinal

Immunohistochemically stained paraffin-wax sections, counterstained with Alcian blue for acid mucins and with haematoxylin, from livers of

transplant donors (A, B), and patients with sporadic (C) and fluke-associated (D-H) cholangiocarcinoma. (A) The typically limited focal exFression of

antigen D10 (arrow) in a normal intrahepatic bile duct. The inset shows a higher power view of the D10-positive cells. (B) Stror:ig stainin

or antigen

D10 in the acini of extramural peribiliary glands (arrows) and some cells in a saccule of Beale (S). The duct epithelium of the adjacent bile duct (D) is

unstained, but the antigen lies free in the lumen of both saccule and duct. (C) Antigen D10-positive epithelial cells budding from invaginations (arrows)

in the common bile duct. These buds are early stages in the development of per?bﬂiory glands or pyloric gland metaplasia. (D) Peribiliary gland

hyperplasia around an intrahepatic bile duct. The acini of the glands stain strongly for antigen D10. (E) Part of a small area of focal bi|iarg epithelial cell
I

hyperplasia staining strongly @r onti%en D10 and sharply demarcated from the normal epithelium on the left. (F) Large intrahepatic

le ducts with

extensive biliary epithelial ce erplasia staining stron or antigen . The epithelium ot these ducts also show areas or cell atypia not
i b'|'rK pithelial cell hyperplasi ining gly f igen D10. Th F'hl' f these d Iso sh f cell atypi

discernable at
(H) Serial section to the area outlined in (G) with goblet cells stained

this magnification. (G) An intrahepatic bile duct showin%inrmepithe“o
y Alcian blue for acid mucins and dysplastic epithelial cells expressing antigen

neoplasia with goblet cell metaplasia staining for antigen 17NM.

D10 (brown). Original magnification of figures: (F) x10; (D) x25; (A-C) x50; (E, G) x100; (H) and inset in (A) x250.
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metaplasia.”” " Expression of the human gastric mucin

MUCS5AC,"” CK20," and p53" were also investigated.

Immunohistochemistry

Microwave heating'® was used to enhance staining of
antigens 17NM, MUC5AC, CK20 and p53. Sections were
stained by a four-stage procedure as previously described,"
with 3-3’-diaminobenzidine as chromogen. Tris buffer con-
taining 10% fetal calf serum was used in place of the primary
antibody as a negative control. The monoclonal antibody to
MUCS5AC (clone 45M1, Novocastra Laboratories, Newcastle
upon Tyne, UK) was used at a dilution of 1/50, that to CK20
(clone Kg20.8, Dakocytomation Pty. Ltd., Botany, Australia)
at a dilution of 1/50 and that to p53 (clone DO-7, Novocastra
Laboratories) at a dilution of 1/100. After immunohisto-
chemical staining, sections were stained with Alcian blue (pH
2.5) for acid mucins,” and with haematoxylin.

For double labelling, sections were first stained for antigen
D10, treated with glycine buffer, pH 2.5, for 2 min, washed in
water, heated by microwave and then stained for the second
antigen by wusing the NovaRED substrate (Vector
Laboratories, Burlingame, California, USA) as chromogen.

Proportion of cells expressing antigen

The proportion of cancer cells stained was subjectively
recorded as —, no cells stained; 1+, occasional cells stained;
2+, numerous cells stained; 3+, most cells stained. For p53,
strong staining of most cancer cell nuclei was regarded as
positive, and cholangiocarcinoma with only focally positive
cells as negative.

Statistical analysis

The significance of differences in the number of cancers
staining for antigen in different groups of patients was
determined using the x? test with Yates’ correction.”

RESULTS

Antigen expression in normal bile duct epithelium and
peribiliary glands

Occasional microscopic foci of D10-positive epithelial cells
were seen in some large bile ducts in four of the control livers
(fig 1A), and a limited focal expression of MUC5AC in an
occasional large bile duct and saccule of Beale in two
(table 1). The acinar cells of peribiliary glands consistently
expressed D10 and 1F6 (fig 1B).
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Various stages in the budding of D10-positive cells and
glands from the epithelium of large bile ducts were seen in
sections of livers with cholangiocarcinoma (fig 1C).
Peribiliary gland hyperplasia, highlighted by D10 expression,
was present in both groups of cancers, but was most
pronounced in livers with fluke-associated cholangiocarci-
noma (fig 1D).

The antibody to antigen 1F6 gave high background
staining of sections of the specimens from Thailand, and no
results for 1F6 are given in this group of patients.

Antigen expression in hyperplastic, metaplastic and
dysplastic biliary epithelium

Focal and extensive areas of epithelial cell hyperplasia were
present in the bile ducts of livers with both fluke-associated
and sporadic cholangiocarcinomas (table 1), and generally
stained strongly for antigen D10 (fig 1E,F); such epithelium
was most extensive in the livers with fluke-associated
cholangiocarcinoma. Pyloric gland metaplasia stained for
D10 and 1F6. The occasional goblet cells seen in hyperplastic
and dysplastic epithelium and the numerous goblet cells in
intestinal metaplasia stained for antigen 17NM (fig 1G,H).
Dysplastic epithelium predominantly expressed D10 and
MUC5AC (table 1).

Cholangiocarcinoma histology

We found no difference in the frequency of the histological
types of cholangiocarcinoma, either between the intrahepatic
and extrahepatic cholangiocarcinoma or between the two
groups of patients. Of the 112 cholangiocarcinomas studied,
25 were papillary, 8 papillo-tubular and the remainder
comprised 39 well differentiated, 24 moderately differen-
tiated and 16 poorly differentiated tubular adenocarcinomas.
Five of the cholangiocarcinomas (three fluke-associated and
two sporadic) were mucinous and five had a cholangiolocel-
lular growth pattern in part of the tumour.

Antigen expression in cholangiocarcinoma

D10, MUC5AC and 17NM were the most commonly
expressed antigens (table 2). In five livers with carcinoma
in situ, both the carcinoma in situ and invasive cholangio-
carcinoma stained for D10 in two cases, but neither the in
situ nor the invasive carcinoma stained in the other three
(fig 2A—C). Double labelling confirmed that cancer cells
staining for D10 were distinct from those expressing 17NM or
MUCS5AC (fig 2B-D). Cholangiocarcinoma expressing p53

Table 1 Antigen expression in non-neoplastic biliary epithelium of livers from transplant
donors and patients with fluke-associated or sporadic cholangiocarcinoma
D10 1F6 17NM MUCSAC  CK20 p53
Donor livers
Duct epithelium 4/6* 0/6 0/6 2/6 0/6  0/6
Peribiliary glands 5/5 5/5 0/5 2/5t 0/5 0/5
Livers with CC
Normal duct epithelium 9/35 (26)* 0/17 0/35 2/33 (6)t 0/34 0/34
Hyperplastic duct epithelium ~ 13/16 (81) 0/8 5/17 (29}t 0/14 0/15 0/14
Intestinal metaplasia 2/4 (50) 0/1 4/4 (100) 3/4 (75) 0/3 0/3
Dysplastic duct epithelium 6/7 (86) 0/5 1/7 (14t  4/7 (57) 1/7  0/7
Peribiliary glands 47/47 (100)  14/21(67) 0/47 2/45 (4)  0/44 0/44

CC, cholangiocarcinoma.

antigens studied.

(see fig 1A).

Values are the number (%) of specimens of liver with tissue staining for antigen/number of specimens tested that
contain the tissue. Livers from patients include those with fluke-associated and sporadic CC combined, except that
results for antigen 1F6 expression include only those with sporadic CC. Intact normal bile duct epithelium was

found in only 35 of the 112 livers with CC. Serial sections of some lesions were not available to stain for all six

*Antigen D10 was present as occasional microscopic foci of D10-positive cells in the regional or larger bile ducts

+TMUC5AC was focally present in an occasional saccule of Beale or large bile duct in these two livers.
$Only occasional goblet cells staining for 17NM were present in these lesions.
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Table 2 Antigen expression in fluke-associated and sporadic cholangiocarcinoma

n* D10 1F6  17NM MUC5AC CK20 p53

Fluke-associated

Intrahepatic 27 17 (63) 11 (47) 19 (70) 4(15) 12 (44)

Extrahepatic 38 26 (68) 18 (47)t 26 (68) 10 (26) 18 (47)

Total 65 43 (66) 29 (45)% 45 (69) 14(21) 30 (46)s
Sporadic

Intrahepatic 13  5(38) 1 1(8) 6 (46) 2 (15) 2(15)

Extrahepatic 34 19 (56) 3 7 (21)t 25 (73) 6(18) 9 (2¢)

Total 47  24(51) 4 8 (17)t 31 (66) 8(17) 11 (23)°

*“Total number of cancers examined in each group.

Values are the n (%) of cancers expressing antfigen in each subject group.

12 significant difference (0.050>p>0.025) in the numbers of positive cancers in these two subject groups.
1y significant difference (0.005>p) in the numbers of positive cancers in these two subject groups.
§y2 significant difference (0.025>p>0.010) in the numbers of positive cancers in these two subject groups.

showed most cell nuclei staining for p53 in both cholangio-
carcinoma and carcinoma in situ when present (fig 2E).
Antigen 1F6 was present either in a supranuclear position
(fig 2F), or as granules throughout the cytoplasm of cancer
cells. Besides being present in the cytoplasm of cancer cells,
antigen D10, 17NM and MUC5AC were also seen extruded
into glandular lumina (69% of cholangiocarcinoma) or lying
free in the stroma (38% of cholangiocarcinoma; fig 2G,H).

Of the 67 cholangiocarcinomas that expressed antigen D10
(table 2), 31% showed 1+ tumour cells staining for D10, 41%
2+ cells staining and 28% 3+ cells staining. For the other
antigens expressed by cholangiocarcinoma, the correspond-
ing figures were 51%, 30% and 19%, respectively, for 17NM,
13%, 62% and 25%, respectively, for MUC5AC, and 45%, 50%
and 5%, respectively, for CK20.

In both groups of patients, the extrahepatic cholangiocar-
cinoma tended to express the various antigens studied more
often than the intrahepatic cholangiocarcinoma (table 2), but
in no case was the difference statistically significant. Much
greater proportions of fluke-associated cholangiocarcinoma
expressed antigen 17NM and p53 than in the sporadic
cholangiocarcinoma (table 2). We found no statistically
significant association of expression of any two of the
antigens investigated in individual tumours.

DISCUSSION

In contrast with the general absence of the five antigens
studied in bile ducts of normal livers, the epithelial cell
hyperplasia and dysplasia present in the large ducts of livers
bearing cholangiocarcinoma strongly expressed antigen D10.
This de novo expression suggests that it is these tissues, with
possibly a contribution from the D10-positive, hyperplastic
peribiliary glands®' that give rise to D10-positive cholangio-
carcinoma.

Brunner glands and pyloric gland metaplasia in chronic
gastritis and inflammatory disease of the small bowel
characteristically express D10 and 1F6."°'" Brunner glands
and pyloric gland metaplasia have similar cytology and
secretory profiles of neutral mucins and biologically active
substances (such as trefoil peptides, epidermal growth factor,
etc) that have a role in the maintenance and repair of
gastrointestinal mucosa.* The presence of D10 and 1F6 in
pyloric gland metaplasia and peribiliary glands suggests that
these glands have a similar role in the biliary tree.

The only differences found between the two groups of
cholangiocarcinoma were the markedly greater proportions
of fluke-associated cholangiocarcinoma that expressed 17NM
and stained for p53 than in the sporadic cholangiocarcinoma.
As there was no statistically significant association in
expression of 17NM and p53 in individual cancers, the
increases are probably independent events. A greater
prevalence of intestinal metaplasia in livers with fluke
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infestation can account for the higher frequency of expres-
sion of 17NM observed in the fluke-associated cholangio-
carcinoma, if such metaplasia contributes to an increased risk
of transformation.”

The more common overexpression of p53 found in the
fluke-associated cancers was consistent with a reported
difference between cholangiocarcinoma in European and
Asian patients.” Marked differences in p53 expression have,
however, also been reported between US patients from an
area with a high incidence of cholangiocarcinoma and those
in the general population.* It is not clear therefore to what
extent fluke infestation or other environmental factors may
be responsible for the difference in p53 expression between
the two groups of patients.

Our observations confirmed the frequent expression of the
MUCS5AC in dysplasia of the bile duct epithelium and
cholangiocarcinomas reported by others.” > The MUC6 mucin
is expressed by most peripheral and hilar cholangiocarcino-
mas, focally by non-dysplastic and non-neoplastic biliary
epithelium, and by most examples of dysplastic biliary
epithelium.” * These investigators also found that MUC5AC
and MUC6 were expressed more often by hilar than by
peripheral cholangiocarcinoma, but the differences were not
statistically significant. These observations on expressions of
MUC5AC and MUC6 in the biliary epithelium and in
cholangiocarcinomas are in keeping with our findings on
the three gastrointestinal mucins studied here.

Intrahepatic cholangiocarcinomas are reported to retain
the cytokeratin profile of normal bile duct epithelium (ie,
CK7, 8, 18 and 19), but with 23% of the cancers also
expressing CK20,* a proportion similar to that found in both
patient groups in the current study. Although CK20 indicates
a metaplastic change towards a gastrointestinal phenotype,
there was no significant association between expression of
CK20 and antigen 17NM in individual cholangiocarcinomas.

This investigation has shown that most cholangiocarcino-
mas display a Brunner or pyloric gland cell phenotype and a
gastric foveolar cell phenotype, with intestinal goblet cell and
gastrointestinal-specific cytokeratin phenotypes less com-
monly expressed. Fluke-associated cholangiocarcinomas
more commonly display the intestinal goblet cell phenotype
and overexpression of p53 than sporadic cholangiocarcino-
mas, suggesting some differences in aetiopathology. The
novel expression of antigen D10 in hyperplastic and
dysplastic biliary epithelium, and its presence in populations
of cancer cells distinct from those expressing MUC5AC or
17NM indicates a likely origin of the cholangiocarcinoma
from dysplastic epithelium.
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Figure 2 Immunohistochemically stained paraffin-wax sections, counterstained with Alcian blue for acid mucins and with hqemqfoxr“n, from livers of
patients with fluke-associated (A-C, E, G, H) and sporadic (D, F) cholangiocarcinomas. (A) Expression of antigen D10 (brown colour) by

micropapillary adenocarcinoma in a large intrahepatic bile duct. (B) Intraepithelial neoplasia double labelled for antigens 17NM (deep purple) and
D10 (brown). Goblet-cell mucin vacuoles express antigen 17NM (arrows) and most other tumour cells antigen D10 (crossed arrows). (C) Invasive

adenocarcinoma deeper in the same section as in (B), with some cancer cells staining deep purple for antigen 17NM (arrows) and others brown for
antigen D10 (crossed arrow). (D) Cholangiocarcinoma of the common hepatic duct showing some cancer ceﬁs staining brown for antigen D10 (crossed
arrows), and others (on both sides) staining deep purple for MUC5AC (arrows). (E) Most cancer cell nuclei staining for p53 protein in a serial section to
that in (B). (F) Papillary cholangiocarcinoma of hepatic duct showing supranuclear staining of cancer cells for antigen 1F6 (brown). (G) Intrahepatic
mucinous cholangiocarcinoma with antigen 17NM (brown) in both the cytoplasm of cancer cells and large pools ofgsecreted mucus (asterisks). Aﬁ:ion
blue staining of the mucus has merged with the brown-staining 17NM in some areas. This tumour did not express antigen D10. (H) Serial section to that
in (G) showing predominantly intracellular mucin stained for MUC5AC (brown). Secrefed strands of brown-staining MUC5AC can also be seen in the

lakes of Alcian blue-positive mucin (asterisks). Original magnification of figures: (G, H) x50; (A, B, D, E) x100; (C, F) x250.
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