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Adhesion molecule expression in primary
sclerosing cholangitis and primary biliary cirrhosis

aetiology of both diseases is unknown, there is
evidence to suggest that immunological
mechanisms may be important. There is an
association of PSC with HLA-B8-DR3DRw52a,2 3 a haplotype that is associated with
other organ specific autoimmune diseases.
Abnormalities in lymphocyte subsets exist in
peripheral blood and liver in PSC,4 5 and
PBC.6 In PSC there is an increased percentage
of suppressor/cytotoxic T lymphocytes that
become activated on exposure to autologous
major histocompatability complex antigens.7
In both PSC and PBC increased expression of
class II antigens on biliary epithelium has been
shown.8 9 Infiltrating T cells have been
shown to be closely associated with areas of
bile duct destruction in both diseases.5 10
Further evidence of immune mediation has
come from the finding of circulating non-organ
specific and organ specific antibodies,l 11 12
and the association of PSC in 70% of cases
with ulcerative colitis, a putative autoimmune
disease.'2 Despite these studies the pathogenic
mechanisms of bile damage are not clear.
Cell adhesion molecules (CAMs) are known
to be important in a range of cellular interactions,13 especially antigen dependent cellular
cytotoxicity and leucocyte-endothelial interactions. Recognition by the TCR/CD3 complex on T cells of an antigen presented in
association with major histocompatability
complex molecules transiently stimulates
adhesiveness through a conformational change
in lymphocyte function associated molecule 1
(LFA-1), permitting regulation of adhesion
and detachment over a timescale of minutes.14
LFA- 1 on the surface of leucocytes can bind to
the ligands intercellular adhesion molecule-i
(ICAM-1),_5 ICAM-2,16 and ICAM-3.17
While expression of ICAM-2 and ICAM-3 is
largely constitutive, expression of ICAM- 1 can
be induced by proinflammatory cytokines such
(Gut 1995; 36: 604-609)
as interferon gamma and tumour necrosis
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factor alpha,18 which suggests it may have a
cholangitis, primary biliary cirrhosis.
role in regulating the inflammatory response.
Increased expression of MHC class II
molecules on biliary epithelium in PSC and
Primary sclerosing cholangitis (PSC) and PBC has been reported by others,'9 20 which
primary biliary cirrhosis (PBC) are both suggests that antigen presentation by these
chronic cholestatic liver diseases with progres- cells may participate in T cell activation.
sive destructive inflammatory fibrosis of Adhesion molecules have also been implicated
intrahepatic bile ducts, especially the septal in mediating leucocyte adherence to endoand interlobular bile ducts. Although certain thelium before diapedesis and emigration into
histological features can be used to distinguish tissue spaces. Members of the selectin family
the two diseases, such as the presence of a such as E-selectin (formerly ELAM-1)
granulomatous cholangitis lesion in PBC and a expressed on vascular endothelium have been
fibrous obliterative cholangitis lesion in PSC, shown to mediate the early phase of leucoin many cases distinguishing histological cyte adhesion by recognition of a variety of
abnormalities are not found in liver biopsy sialylated and fucosylated ligands on the
specimens from these patients.' While the leucocyte cell surface.2' 22 This is followed by a
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intercellular adhesion molecule-1 (ICAM1) expression in primary sclerosing
cholangitis (PSC) and primary biliary
cirrhosis (PBC). Expression of adhesion
molecules ICAM-1, lymphocyte adhesion
molecule-1 (LFA-1), vascular cell adhesion molecule (VCAM), and E-selectin
was examined together with HLA-DR in
16 liver biopsy specimens showing PSC
and 12 specimens showing PBC. These
were compared with biopsy specimens
showing large duct obstruction (n=7),
chronic active hepatitis (n=4), alcoholic
liver disease (n=4), and normal liver
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detected on biliary epithelium in five of
seven PSC specimens of histological stage
3 or 4, but not in nine early PSC specimens or in specimens from disease
controls. In PBC, ICAM-1 was positive on
three of 12 cases, two stage 2, and one
stage 3. Nine of 16 PSC specimens (three
of nine early, six of seven late disease) and
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three late disease) were positive for HLADR. LFA-1 stained infiltrating inflammatory cells in PSC, PBC, and disease
controls. In conclusion, ICAM-1 expression on biliary epithelium in PSC occurs
mainly in late stage disease and therefore
may be secondary to previous events
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Methods
PATIENTS

Forty eight liver biopsy samples were collected
from the following groups of patients: PSC
(16 specimens from a total of 15 patients),
PBC (n= 12), normal histological tests (n=4),
alcoholic liver disease (n=4), chronic active
hepatitis (n=4; one resulting from hepatitis C,
three autoimmune), and large duct obstruction
(n=7). Diagnosis of PSC was established by
persistently abnormal liver enzyme activities,
liver histological examination, and endoscopic retrograde cholangiopancreatography
changes.28 29 Diagnosis of PBC was by
accepted clinical and pathological criteria.' 30
Specimens were classified into those showing
early disease (stage 1 or 2) and those showing
late disease (stage 3 or 4) according to the
criteria of Ludwig et al.31 32 The patients with
chronic active hepatitis were taking prednisolone. None of the others were taking any
immunosuppressive drugs. No patient was
taking ursodeoxycholic acid. One patient
with PSC had two liver biopsies, three years
apart.

E-selectin), 4B2 (anti-VCAM), and Tal 14.1
(anti HLA-DR, a gift from Dr D Mason, John
Radcliffe Hospital, Oxford). The mouse
monoclonal antibody DG99 (anti-pneumocystis) was used as a negative control, as well as
staining without the presence of primary antibody. After washing, slides were processed for
either APAAP or a three stage immunoperoxidase technique. For APAAP, sections were
incubated with rabbit antimouse immunoglobulin, (DAKO, High Wycombe, UK) at a
dilution of 1/40 for 30 minutes, then with a
complex of alkaline phosphatase coupled to
mouse antialkaline phosphatase immunoglobulin for 30 minutes. After further 10
minute incubations with rabbit antimouse Ig
and alkaline phosphatase conjugate, sections
were developed using napthol-AS-biphosphate
as substrate and new fuchsin as chromogen.
For immunoperoxidase staining, sections were
incubated with peroxidase labelled rabbit
antimouse immunoglobulin at 1/50 dilution
followed by peroxidase labelled swine
antirabbit, again at 1/50 dilution, and then
developed with 3,3'diaminobenzidine tetrahydrochloride. Sections were scored by a
histopathologist (KF) unaware of the identity
of sections or antibodies. Staining was scored
as either positive or negative; doubtful cases
were reviewed by two of the authors (KF, SB)
and a consensus reached.
As in similar studies,27 bile ducts were
analysed in three categories according to size:
proliferating bile ductules (the smallest duct
branches with a generally inconspicuous
lumen, usually confined to marginal zones in
portal areas), interlobular ducts (small ducts of
diameter 20-100 ,um), and larger ducts of
greater than 100 Kim diameter, usually septal
or trabecular ducts. Other structures assessed
were hepatocytes, endothelium, sinusoidal
lining cells, infiltrating inflammatory cells, and
the degree of duct damage.
This study conformed to local ethical
guidelines.
Results
Both APAAP and immunoperoxidases techniques showed similar sensitivity, but APAAP
gave rather higher background staining than
immunoperoxidase.

STUDY DESIGN

Liver biopsy specimens were snap frozen and
stored in liquid nitrogen. Immunohistochemistry was carried out using both three
stage immunoalkaline phosphatase and three
stage immunoperoxidase techniques. Frozen
sections were fixed in acetone for 10 minutes
and air dried for 15 minutes, then stained for
30 minutes with primary monoclonal antibodies. Optimal dilutions were established
using preliminary titration studies (data not
shown); pure antibodies were used at 1/1000,
diluted in phosphate buffered saline/5% fetal
calf serum/0 02% sodium azide, and supernatants were used neat or 1/10. Mouse monoclonal antibodies used included 1 8C 1 and
15.2 (anti-ICAM-1, British Biotechnology,
Oxford), MHM-24 (anti-LFA-1), IF1 1 (anti

BILE DUCTS AND DUCTULES

Most biopsy specimens contained more than
three portal tracts. In general, all bile ducts or
ductules in any specimen were either positive
or negative. A few specimens showed focal
positivity, with roughly equal numbers of
positive and negative staining ducts or
ductules. Biliary epithelium was negative for
anti-VCAM and E-selectin in all cases. ICAM1 was not detected on duct and ductular
epithelium in normal controls or in patients
with chronic active hepatitis, large duct
obstruction, or alcoholic liver disease. ICAM- 1
staining was seen in the bile ductules and
smaller ducts of five of 16 PSC specimens
(Table I). These patients were all histological
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second wave of adhesion events involving
immunoglobulin superfamily members such as
ICAM- 1 and vascular cell adhesion molecule 1
(VCAM-1) on vascular endothelium, binding
to integrins LFA-1 and VLA-4 respectively on
the leucocyte cell surface. This 'second wave'
is crucial to leucocyte sticking and diapedesis
across endothelium into surrounding tissues.23
24 This process of migration of leucocytes into
tissues is crucial to immune surveillance.
Recent studies have examined the expression of adhesion molecules in liver inflammation,25 and there have been conflicting reports
of the extent and significance of ICAM- 1
expressed in livers of patients with PSC and
PBC,26 27 which may result, in part, from differences in severity of disease in different
studies. The aim of this study was to discover if
adhesion molecules are expressed on biliary
epithelium at a disease stage consistent
with a role in pathogenesis of cell mediated
damage.

605

Bloom, Fleming, Chapman

606

TABLE I Immunohistochemical data on patients with PSC
Patient

Associated
IBD

ICAM ducts
>100 ,um

ICAM
ducts/ductules

HLA-DR
ducts/ductules

2
2
1
1
2
2
1
1
1

CD
UC
UC
CD
UC
UC
CD
CD
UC

Focal +ve
Focal +ve
ND
Neg
ND
ND
ND
-ve
-ve

-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve

+ve
+ve
-ve
-ve
-ve
-ve
-ve
+ve
-ve

3
3
3
3
3
3
3

UC
CD
UC
None
UC
UC
UC

-ve
+ve
+ve
Focal +ve
+ve
-ve
ND

+ve
+ve
+ve
-ve
+ve
-ve
-ve

+ve duct
+ve
+ve
+ve
+ve
-ve
-ve

*Biopsy specimens taken from the same patient three years apart. ND=Not detected.
+ve=positive, -ve=negative. CD=Crohn's disease, UC=ulcerative colitis.

stage 3, and all expressed HLA-DR on bile
ducts and ductules. Specimens from two
patients with early PSC (patients 1 and 2,
Table I) and one patient with late PSC (Table
I, no 13), showed focal positivity for ICAM-1
on septal bile ducts but were negative on proliferating ductules: these patients bile ducts
stained positive for HLA-DR. One patient had
two liver biopsy specimens examined, the first
at diagnosis (Table I, no 1) and the second
some three years later (Table I, no 1 1). During
this time his biopsy appearances had gone from
stage 2 to stage 3 and he developed ICAM
positivity on bile ductules (Fig lA and B).
Two of seven early PBC specimens showed
staining of proliferating ductules and medium
sized interlobular ducts with anti-ICAM
(Table II, nos 18 and 19, and Fig 2) although
larger sized ducts (that is, septal/trabecular)
were not seen in four cases. One of five late
PBC specimens showed positive staining of

Figure 2: ICAM-1 antibody staining proliferating ductule
and interlobular bile duct (arrowed) in PBC patient 18,
Table II).

proliferating ductules but not interlobular
ducts with anti-ICAM (Table II, no 28).
HLA-DR EXPRESSION

HLA-DR was absent from biliary epithelium
of normal controls and patients with alcoholic
liver disease, but was present on the bile ducts
of six of seven cases of large duct obstruction
(see Table 3). HLA-DR was expressed on biliary epithelium in a case of chronic active
hepatitis resulting from hepatitis C and was
expressed weakly and focally in one of three
cases of 'autoimmune' chronic active hepatitis.
Bile ductular epithelium was positive for
MHC class II expression in three of nine
specimens of early PSC (Table I, nos 1, 2, 8):
in all three, ductules were negative for ICAM.
In advanced PSC, six of seven specimens
showed ductal expression of HLA-DR and also
of ICAM-1 (Table I and Fig 3).
In PBC, bile ducts and ductules were
positive for HLA-DR in three of seven early
specimens examined and three of five late
specimens. Two of these were also positive for
ICAM (Table II, nos 18, 28).
PARENCHYMAL, ENDOTHELIAL,
INFLAMMATORY, AND SINUSOIDAL CELL
STAINING

In normal liver, hepatocytes were negative to
ICAM-1. There was membranous staining of
hepatocytes of varying intensity with ICAM-1
antibodies (Fig 4) in PSC, PBC, and disease
control biopsy specimens. In general, intensity
of staining correlated with degree of inflammatory infiltrate. No other antibodies stained
TABLE II Immunohistochemical data on PBC patients
Patient

Stage

HLA-DR

ICAM ducts
> 100 ,um

ICAM

ND

ND
ND
ND

-ve
+ve
+ve
-ve
-ve
-ve
-ve

-ve
+ve
-ve
-ve
+ve
+ve
-ve

ND
-ve
-ve
-ve
-ve

-ve
-ve
-ve
-ve
+ve

-ve
+ve
+ve
-ve
+ve

ducts/ductules

ducts/ductules

Early disease

1 (A) and (B): Section of stage 2 PSC stained with
anti-ICAM (4a) showing negative proliferating bile
ductules and interlobular bile ducts. Three years later
disease has progressed to stage 3 and smaUl bile ducts
(arrowed) have become positive (patients 1 and 11,
Table I).

Figure

17
2
2
18
19
2
2
20
1
21
22
2
1
23
Late disease
24
3
25
3
4
26
27
3
4
28

+ve
+ve
-ve

Abbreviations as in Table I.
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Early disease
1*
2
3
4
5
6
7
8
9
Late disease
10
11*
12
13
14
15
16

Stage
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TABLE H1

Summary of ICAM-1 and HLA-DR staining
ICAM +ve
No Ducts

HIA -DR +ve
Ductules ducts/ductules

9
7
7
5

2/9
4/7
2/3 (4 ND)
0/4 (1 ND)

0/9
5/7
2/7
1/5

3
4
3/7
3/5

CAH
ALD
Normal

4
4
5

0
0
0

0
0
0

1
0
0

7

0

1

6

LDO =large duct obstruction, CAH=chronic active hepatitis,
ALD=alcoholic liver disease.

hepatocytes. There was weak endothelial staining in portal tracts and hepatocytes lobules

W&WI

.VW,A, W~Jb UVA

-~
Figure 4: Membranous staining of hepatocytes by
anti-ICAM-1 in PSC (patient 4, Table I).

Discussion
Cell adhesion molecules play a key part in
facilitating intercellular events between
immune effector and target cells. In particular
the interaction of the leucocyte surface molecule LFA-1 with its ligands ICAM 1, 2, and 3
has received considerable interest. 15 17 After
antigen specific recognition by the TCR/CD3
complex, intracellular signals are generated,
which transiently convert LFA- 1 to a high
avidity state, and provides a mechanism for
regulating cell adhesion and de-adhesion in an
antigen specific manner within a time course of
minutes.33 This greatly facilitates the delivery
of the 'lethal hit' by the cytotoxic T cell.
Expression of adhesion molecules on liver
parenchymal cells, sinusoidal and vascular
endothelium has been reported to be increased

in acute and chronic inflammatory liver
disease,25 34 and we find similar expression in
our patients with PSC and PBC. Although we
did not detect any difference in endothelial
staining by anti-E-selectin and anti-VCAM in
patients compared with controls, we examined
specimens with mainly portal tract changes,
whereas increased expression of E-selectin and
VCAM has been reported in parenchymal liver
inflammation. 34 We were particularly interested to examine expression on biliary epithelial cells, as the finding of increased expression
of MHC class II molecules by the biliary
epithelium in PSC8 suggests that biliary
epithelial cells may participate in presenting
antigen to T cells. In addition, phenotypic
analysis of T cell subsets in the liver shows
CD8 + cells around proliferating ductules and
medium/large bile ducts.5 This does not prove
that these cells mediate cytolytic activity; it is
possible for instance that cytokines released in
situ by activated CD8 + lymphocytes initiate or
sustain destructive processes. Nevertheless,
defining the co-stimulatory molecules participating in interaction between biliary epithelium and neighbouring lymphocytes at various
stages of disease is of considerable interest.
Recent studies of cell adhesion molecules in
PSC and PBC,25-27 have reported conflicting
a27 report a series of 13
results. Adams etal
patients with PBC and seven patients with
PSC studied at liver transplantation and found
that patients with end stage PSC and PBC
expressed ICAM on interlobular bile ducts and
proliferating bile ductules although larger bile
ducts were negative. In contrast, Broome et
al126 found ICAM on interlobular bile ducts of
only one of 13 patients with PSC of varying
histological grades and severity as assessed by
Child-Pugh class, and on three of 10 patients

Figure 3: HLA-DR expressed on biliary epithelium in stage
3 PSC (patient 2, Table I).

Figure 5: Infiltrating mononuclear cells (arrowed) staining
with anti-LFA-1 in PSC (patient 14, Table I).

with anti-VCAM and anti-E-selectin in many
biopsy specimens with no detectable difference
in staining between inflamed and control
specimens. Antibodies to ICAM-1 stained vascular endothelium in all specimens. Infiltrating
inflammatory cells were also uniformly positive
for HLA-DR. Dual staining with LFA-1 and
ICAM-1 to look for LFA-1 positive lymphocytes adhering to ICAM-1 positive ducts was
not performed and comparing serial sections
was technically unsatisfactory. Generally, however, infiltrating inflammatory cells, where
present, expressed LFA-1 in all sections (Fig
5). All sections showed expression of ICAM-1,
E-selectin, and VCAM on sinusoidal cells. We
found very similar staining of sinusoidal cells
with anti-HLA-DR agreeing with other
studies.8 This sinusoidal cell staining was not
perceptibly increased in either PSC or disease
controls compared with normal specimens.
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not participate in mediating immune interactions with biliary epithelial cells.
It is interesting to compare these results with
those found in inflammatory bowel disease, as
although the expression of ICAM-1 is upregulated in the intestinal lamina propria in both
ulcerative colitis and Crohn's disease, ICAM- 1
has not been found on colonic epithelium35
despite expression of MHC class II antigens on
intestinal epithelium in inflammation36 and
other evidence suggesting a role for the colonic
epithelial cell as an antigen presenting cell.37
This raises the possibility that other, as yet
unidentified, accessory molecules may participate in mediating adhesion and cellular cytotoxicity between biliary epithelial cells and
immune effector cells in inflammatory liver
disease.
We are grateful to Andrew Heryet for his expertise in immunohistochemistry. SB is an MRC training fellow.
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with PBC despite almost 1 00% positivity for
HLA-DR on biliary epithelium. If the high
frequency of ICAM expression found on the
biliary epithelium by Adams et al is a feature of
end stage liver disease rather than PSC in
itself, the discordance in these results might
result from differences in severity of the liver
disease in the two populations. In support of
this, pre-cirrhotic PBC patients studied by
Adams et al showed much weaker staining of
biliary epithelium with anti-ICAM, with the
amount of staining being correlated to the
degree of inflammation.
Our principal result in this paper is that five
of seven (70%) of specimens from patients
with histological stage 3 or 4 PSC express
ICAM-1 on proliferating bile ductules and
interlobular bile ducts, while of the patients
with stage 1 or 2 disease none expressed
ICAM-1 on bile ductules or small ducts. In
PBC, however, we find ICAM to be expressed
on bile ducts in two of seven cases of early
disease (although larger - that is, septall
trabecular ducts, were absent from four specimens) and in only one of five patients (20%)
with stage 3 or 4 disease. This difference in
expression of ICAM-1 by biliary epithelium in
histologically advanced PSC compared with
PBC is surprising and suggests that there may
be something specific about the mechanism of
bile duct damage in PSC.
From published studies, it is uncertain
whether ICAM expression on biliary epithelium is an early event in the development of
disease or a secondary response to inflammation. We suggest that our finding of ICAM
only in advanced PSC and expression of HLADR, which seems to predate expression of
ICAM- 1 on biliary epithelium makes a primary
role for ICAM in bile duct damage less likely.
HLA-DR was found to be expressed in most
cases of large duct obstruction, which agrees
with previous studies.8
The dissociation between HLA-DR and
ICAM expression is interesting because both
MHC class II molecules and pairs of 'costimulatory' molecules such as ICAM-1/LFA1 are required for presentation of exogenous
antigen to a T cell. One possibility, which we
have not investigated here, is that the variable
expression of ICAM-1 is related to the
cytokine profile in situ: it might be that HLADR expression is related to local interferon
gamma, while ICAM-1 is related to interleukin
2 or tumour necrosis factor alpha concentrations. The fact that ICAM is not expressed on
biliary epithelium early in the disease suggests
that it does not participate in primary pathogenesis of biliary destruction. The presence of
LFA-1 on infiltrating inflammatory cells raises
the possibility that ligands for LFA-1 other
than ICAM-1 may participate in antigen
specific immune interactions. Alternatively,
other ligand receptor pairs of adhesion molecules may be involved. Others have examined
the distribution in hepatic inflammation of
CD2 on infiltrating mononuclear cells and its
ligand LFA-3 and have found that the staining
pattern of LFA-3 closely mirrors that of
ICAM-1,25 implying that this probably does
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