
&p.1:Abstract Primary biliary cirrhosis (PBC) and primary
sclerosing cholangitis (PSC) are chronic autoimmune-
mediated diseases of the biliary tree, resulting in a loss
of bile ducts. There are morphological features that
clearly distinguish them from each other: in PBC, there
is overt destruction of the bile ducts with disruption of
the basement membrane; in PSC there is abundant peri-
ductular fibrosis with shrinkage and subsequent loss of
the bile ducts. In order to see if the disparate histopathol-
ogy is paralleled by different immunohistology we
looked at a panel of epitopes on bile duct epithelia espe-
cially to see if biliary epithelial cells may present as tar-
gets for cell mediated immune respone. In PBC bile duct
epithelial cells mostly expressed CD58 (lymphocyte
function-associated antigen 3), CD80 (B7 BB1), and
CD95 (Fas). In PSC, however, these epitopes were only
expressed in a few examples to a lower degree. The re-
spective effector T lymphocytes were positive for CD2
and CD28. Subtyping of the lymphocytes in the liver tis-
sue further showed a predominance of CD4 positive T
cells over CD8 cells up to 2-to-1 in both diseases. Deter-
mination of lymphocytes by cytokines to Th1 or Th2
subtype showed a majority of Th1 lymphocytes in PBC
and PSC. We conclude that in PBC bile duct epithelial
cells may display features of target cells of a T cell-me-
diated immune reaction with the Th1 cells predominat-
ing. In PSC other mechanisms of bile duct loss may play
a role, since in this disease the majority of cells lack es-
sential epitopes that constitute targets of cell mediated
immunity.

&kwd:Key words Immunopathology of bile ducts ·
T lymphozyte subtyping · Epithelial cells as immune
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Introduction

Primary biliary cirrhosis (PBC) and primary sclerosy
cholangitis (PSC) are liver diseases with progressive de-
struction of bile ducts with a probable autoimmune aeti-
ology. Knowledge of the underlying immune mechanisms
in PBC is extensive; the putative antigen has been identi-
fied as an epitope of PDC E2 that has been shown to be
expressed on bile duct epithelia in PBC [18, 20]. Several
effector mechanisms have been proposed: IgG and com-
plement components have been found to be deposited on
bile duct epithelial cells in PBC as a token of humoral
immune response [10]. In agreement with this hypothesis
is the finding of a predominant B-cell infiltration around
the bile ducts in PBC [14]. However, a T-cell dependent
immune reaction has been incriminated as the major
mechanism of bile duct destruction and PDC E2-specific
T cells have been isolated from livers with PBC [12].

Data on the immune reaction in PBS are sparse. The
significance of p-antinembophil cytoplasmic antigen
(ANCA) in the serum of patients with PSC has not been
evaluated. Some authors have found a high activity of
NK cells in the livers of PSC patients [8], however, their
relevance is still obscure.

The morphology of the two diseases shows both com-
mon and disparate features: whereas both display en-
largement of portal tracts with a predominantly mononu-
clear inflammatory infiltrate, the typical lesions of bile
ducts in PBS consist of disruption of the basement mem-
brane of the bile ducts, granuloma formation and overt
destruction of biliary epithelium. In PSC, in contrast the
biliary basement membrane is intact and thickened and
bile ducts are encircled and clasped by periductular col-
lagen fibres. In morphological terms in PBC bile ducts
are blown up, whereas in PSC the bile ducts are stran-
gled by scarring collagen fibres.
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In order to see if there are distinguishing immunologi-
cal features that could explain liver morphology, biopsies
from both groups were subjected to immunostaining for
epitopes that might substantiate a role for bile duct epi-
thelial cells as targets for cell mediated immune attacks.

Materials and methods

Twenty-three patients with confirmed PBC were included with
available biopsies (21 females, 2 males). The diagnosis was con-
firmed by determination of antimitochondrial antibody type 2 in
the serum and by histopathology (histological staging showed 2
with stage 1, 6 with stage 2, 12 with stage 3 and 4 with stage 4;
according to Scheuer [16]). The PSC patients were a group of 12
with established diagnosis (6 females, 6 males). They all had typi-
cal lesions by imaging endoscopic procedures with strictures and
narrow segments in the large bile ducts ducts and typical histologi-
cal lesions. Nine of them showed p-ANCA in the serum. Fresh
frozen liver biopsies were available from all patients. All biopsies
had at least four partal tracts with discernible and adequate bile
ducts. Cryostat sections were performed and incubated with the
following antisera against HLA-I, HLA-II, CD2, CD4, CD8,
CD28, CD58 (LFA) [lymphocyte function-associated antigen 3],
CD80 (B1 BB7), CD95 (Fas), transforming growth factor, (TGF)-
β, interferon (IFN)-γ, interleukin (IL)-2, tumour necrosis factor
(TNF)α, IL-4, IL-10. Antibodies and their working dilutions are
summarized in Table 1. For negative controls the primary antibod-
ies were omitted and additionally an irrelevant monoclonal anti-
body directed against the core antigen of hepatitis B virus was
used.

The sections were read without knowledge of their identity
and scored semiquantitatively on a scale 0–3 taking staining inten-
sity and number of positive cells into account. The assessment in-
cluded bile ductules, interlobular bile ducts (20–100 µm diameter)
and medium-sized ducts (>100 µm in diameter). The other struc-
tures assessed included endothelium, hepatocytes, sinusoidal lin-
ing cells and infiltrating inflammatory cells. Mononuclear cells of
the inflammatory infiltrate positive for CD2, CD28, IFN-γ, IL-2,
IL-4, IL-10 and TNF-α were counted and calculated as a percent-
age of the total amount of cells of each of the portal tracts in the
sections.

Results

In PBC almost all of the bile ducts were positive for
HLA-I with a membranous staining of the bile duct epi-
thelium. Anti-HLA-II also showed binding to the biliary
epithelial cells in 21 of the 23 biopsies with the interlob-
ular ducts being the most positive.

In the PSC specimens the reaction of the biliary epi-
thelium was less pronounced. The expression of HLA-I
antigens was weaker and less frequent. Nine of the 12 bi-
opsies were positive. HLA-II was displayed on the ma-
jority of the specimens (8 of 12), but the staining was
mostly confined to the apical segment of the membrane
of the epithelial cells.

CD58 (LFA3) was expressed on the epithelial cells in
the interlobular bile ducts (Fig. 1) in 18 of 23 cases in
PBC. Some lymphocytes and endothelial cells were also
reactive, and in 2 cases the periportal hepatocytes also
showed membranous staining for LFA3. In PSC, howev-
er, only very few bile ducts displayed the antigen. Only 4
of 12 biopsies had a positive reaction in the interlobular

bile duct epithelium and a couple of lymphocytes were
positive as well.

The CD80 (B7 BB1) epitope was detected on bile
duct epithelial cells (Fig. 2), some Kupffer cells and on
some hepatocytes in active cases of PBC (stage 2 and 3).
In more detail; 16 of 23 biopsies in PBC showed a weak
to moderate distinct staining of bile duct epithelial cells.
The plasma membrane gave a positive reaction on apical
and lateral segments. In PSC only 2 of 12 biopsies con-
tained bile ducts with the same pattern (Fig. 3), whereas
the others were negative.

The pattern for CD95(Fas) was similar to that of
CD80. In PBC 17 of 23 biopsies showed bile ducts posi-
tive (Fig. 4) for this epitope. In the same biopsy not all
ducts stained evenly positive. The interlobular specimens
in particular were decorated by the antibodies and mono-
nuclear cells and hepatocytes in the periportal areas re-
acted in the same manner.

In PSC only 5 of the 12 biopsies showed positive bile
ducts for the CD95 (Fas) epitope (Fig. 5). In three of the
biopsies with negative staining for bile ducts; however,
hepatocytes reacted weakly to the antibody. Lympho-
cytes were positive in almost all cases (the staining re-
sults for bile duct epithelia is summarized in Table 2).
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Fig. 1 Florid bile duct lesion in primary biliary cirrhosis (PBC).
Bile duct epithelial cells are positive for CD58 (lymphocyte func-
tion-associated antigen 3). Periportal hepatocytes display also a
membranous staining. (×420)&/fig.c:

Fig. 2 CD80 in bile duct epithelia in PBC. There is only a faint
reaction in a intermediate bile duct (×420)&/fig.c:

Fig. 3 Positive staining for CD80 on a bile duct undergoing de-
struction in PBC. (×380)&/fig.c:

Fig. 4 CD95 is positive on epithelia of a small bile duct in PBC.
(×420)&/fig.c:

Fig. 5 CD95 on several small bile ducts in primary sclerosing
cholangitis gives only a mild reaction. (×420)&/fig.c:

Fig. 6 There are numerous lymphocytes stained for CD28 in the
portal tract of a biopsy from a patient with PBC. Some of them are
infiltrating the bile duct epithelia (×420)&/fig.c:

Table 1 Antibodies used (IL interleukin, TGF transforming
growth factor, IFN interferon, TNF tumour necrosis factor)&/tbl.c:&tbl.b:

Type of antibody Dilution Source

CD2 1:100 Virotec
CD4 1:200 DAKO, Hamburg
CD8 1:200 Immunotec
CD28 1:10 Dianova
CD58 1:10 Autschbach et al. 1991 [2]
CD80 1:10 Dianova
CD95 1:50 Immunotec
HLA-I 1:100 Dianova
HLA-DR 1:200 Becton and Dickinson
IL2 1:50 Dianova
TGF-β 1:100 Genzyme, Cambridge, Mass.
IFN-γ 1:500 Dienes et al. 1991 [6]
IL4 1:10 TEBU, Frankfurt/M.
IL10 1:10 TEBU, Frankfurt/M.
TNF-α 1:50 Boehringer Mannheim

&/tbl.b:

▲
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Subtyping of lymphocytes by antibodies against CD4
and CD8 epitopes yielded a majority of CD4 positive T-
cells in both PBC and PSC. In PBC 49% of T-cells
stained positive for CD4 and 26% for CD8 when the late
stages 3 and 4 were estimated. In stages 1 and 2 the cor-
relation was slightly lower. In PSC the total amount of
lymphocytes was lower compared to PBC. However, the
relation of CD4 to CD8 was similar: 51% of 28%. Most
of the lymphocytes were concentrated to the portal
tracts. CD4-positive lymphocytes were also observed in-
filtrating the bile duct epithelial cells in PBC.

CD2, which is the natural ligand to CD58 (LFA3),
was positively stained in the vast majority of the inflam-
matory infiltrates in both PBC and PSC. Antibodies to
CD28 stained a substantial part of the lymphocytic infil-
trates in PBC and PSC. In PBC the CD28-positive (Fig.
6) cells made up about 45% and in PSC 41% of the
mononuclear cells. In PBC and to a lesser degree in PSC,
Kupffer cells also reacted with this antibody, displaying
a diffuse pattern.

The patterns of cytokines of the lymphocytes showed
a high percentage of IFN-—positive cells in PBC (38%
of lymphocytes) and in PSC (32% of lymphocytes). IL-
2-positive cells represented 29% in PBC and about 30%
in PSC. TNF-α was less frequently detected making up
only 23% in PBC and 19% in PSC. The cytokines of the
Th2 lymphocyte subtype (IL-4 and IL-10) were only sec-
ondary with IL-4-staining in 16% of the lymphocytes in
PBC and 18% in PSC. IL-10-positive lymphocytes were
even less numerous with 15% only in PBC and 10% in
PSC.

Kupffer cells also stained for cytokines in most cases
of both diseases with TNF-α being the most abundant
among the cytokines tested. TGF-β was another cytokine
that was analysed in the tissues. In biopsies with PBC
and PSC Kupffer cells were positive in all cases, howev-
er, to a variable degree. In 10 of the 11 biopsies of PSC
the bile duct epithelial also displayed conspicuous stain-
ing for TGF-β whereas in PBC only 7 out of the 23 cases
had a similar reaction.

Discussion

PBC and PSC are regarded as chronic inflammatory liver
diseases of autoimmune aetiology [7]. In PBC knowl-
edge of the immune mechanisms is quite advanced re-
garding the target antigens on bile duct epithelial cells

and the steps of the immune response involved [4, 8, 10,
14, 18, 20], but for PSC few data are available. The dis-
eases have different morphology although they have a
common final pathway with loss of bile ducts. In PBC
there is overt destruction of the bile duct epithelium with
disruption of the basement membrane, sometimes associ-
ated with granuloma formation, infiltration of the bile
duct epithelial cells by lymphocytes and necrosis of bile
duct epithelium. In PSC the inflammation is generally at
a low level, there is no overt bile duct epithelial necrosis
and the basement membrane is often thickened instead of
destroyed.

In order to see if the different morphology was re-
flected in differences in immune factors in the tissue
(espially if bile duct epithelium can present as target
cells of immune attacks as can be suggested by the histo-
pathology in PBC) we performed an analysis of immune-
relevant factors in the liver tissues. CD8 lymphocytes
have been thought to the possible effector cells [20].
However, other groups using different techniques [13] or
analysing larger groups of patients [10] demonstrated a
predominance of CD4-positive lymphocytes which is in
keeping with the results of the present study. Subtyping
of CD4-positive lymphocytes into Th1 and Th2 popula-
tions by cytokine analysis yielded conflicting results.
Whereas Spengler et al. [17] found a defect in IL-2-pro-
ducing lymphocytes, Löhr et al. [13] identified a majori-
ty of Th1-lymphocytes after isolation from the tissue and
determination of the cytokines by cell culture techniques.
Their results showed that IFN-γ was the most abundant
factor followed by IL-2 and TNF-α. These results could
be confirmed in the present study by typing the lympho-
cytes in situ with antibodies against the different cyto-
kines. IL-4 and IL-10 indicated that Th2 lymphocytes
were less frequent than IFN-γ, IL-2 and TNF-α. This re-
lationship was found in PBC and PSC although the abso-
lute numbers were lower in PSC.

Summarizing the data from the literature appears to
indicate that the potential effector cells in PBC and PSC
are CD4-positive lymphocytes belonging mainly to the
Th1-subtype and the activated memory T-cell population
positive for CD45RO [11, 14].

The importance of B cells in the pathogenesis of PBC
has already been evaluated [14,19], however, a relevant
role of B cells would require a predominant Th2 lym-
phocyte function, which we cannot confirm. The targets
of the immune attack in PBC have been identified as the
PDC E2 molecules that show enhanced expression on
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PBC (n=23) Antigen PSC (n=12)

Ductules Interlobular Medium Ductules Interlobular Medium

2.6 (2–3) 2.9 (2–3) 2.5 (2–3) HLA-I 1.4 (0–3) 1.5 (0–2) 1.1 (0–2)
2.5 (2–3) 2.9 (2–3) 2.6 (1–3) HLA-II 1.1 (0–2) 1.0 (0–1) 0.9 (0–1)
1.8 (1–2) 2.2 (0–3) 2.3 (1–3) CD58 (LFA3) 0.4 (0–1) 0.3 (0–1) 0.3 (0–1)
1.2 (0–2) 1.9 (2–3) 1.7 (1–3) CD80 (BB7) 0.2 (0–1) 0.3 (0–1) 0.2 (0–1)
1.9 (1–3) 2.5 (1–3) 2.1 (1–3) CD95 (Fas) 0.4 (0–1) 0.5 (0–2) 0.3 (0–1)

Table 2 Staining scores of bile
duct epitheliaa (PBCprimary
biliary cirrhosis, PSCprimary
sclerosing cholangitis)&/tbl.c:&tbl.b:
a Results are given as mean
score (range)
b Subgrouping of biopsies into
the four stages is disregarded in
this table for reasons for clarity;
instead mean values are given&/tbl.b:



bile duct epithelium in PBC but not on normal bile ducts
and also not in PSC [20]. There is ample evidence that
bile duct epithelial cells in PBC may act as target cells.
They display HLA class I and II epitopes on the plasma
membrane [5, 20]. The also may express adhesion mole-
cules ICAM-1 in the late stage [5] in the interlobular
branches [1] and VCAM [20]. The bile duct epithelia in
PSC seem to behave in the same manner with expression
of HLA-DR [5] and ICAM-1. Data on VCAM have not
been reported.

The effector-target cell binding complex encompasses
further epitopes and ligands to provide a tight connection
between the lymphocytes and targets and additional acti-
vation of the effector cells. These are mainly CD58
(LFA3) and CD80 (B1 BB7). The binding of CD58 to
CD2 mediates adhesion and signal transduction for T-
cell activation [3], thus constituting an essential compo-
nent of immune response in vivo. We have demonstrated
for the first time that this molecule is positive on bile
duct epithelium in PBC, however, it is expressed only in
a minority in of cells in PSC CD2-positive lymphocytes
are in the majority. The display of these epitopes is cor-
related with the degree of inflammation and stronger vis-
ible in stages 2 and 3 of PBC than in the end stage. In
PSC only a few cases (4 of 12) showed positive bile
ducts that stained for LFA3.

CD80 (B1 BB7) is another molecule that mediates ad-
hesion to CD28-positive lymphocytes and provides im-
portant costimulatory signals for T-cell proliferation [9].
Previous studies on this important epitope on isolated
biliary epithelium showed negative results [11] even af-
ter stimulation with IFN-γ. Immunohistology on a small
group of liver biopsies also gave negative staining. How-
ever, in the present experiment, in 15 biopsies of 23, the
bile duct epithelia were positive for the anti-CD80 anti-
bodies. The positive reaction was only weak-to-moderate
and tended to be visible only in stages 2 and 3 of the dis-
ease on interlobular bile ducts with a few exceptions on
the medium-sized ones. In PSC only 2 of 12 biopsies
showed an equal positive reaction. This diverging result
from the other study may be due to a different antibody
but also to the small number (5 patients) examined.

In order to explore whether the bile duct epithelial
cells may undergo apoptosis via the Fas-mediated path-
way, we looked for the expression of CD95, a prerequi-
site for this immune-mediated mode of cell death. The
medium-sized and interlobular bile ducts in particular
displayed this epitope on their epithelial cells in PBS (19
of 23), whereas small ductules and larger medium-sized
ducts gave weaker or negative results. In PSC only a mi-
nority of the specimens were positive (5 of 12) with only
a mild positive reation on the bile ducts and on lympho-
cytes. These data in agreement with a previous report
[15] and further support the notion that in PBC bile duct
epithelia may be destroyed due to a cell-mediated im-
mune attack.

The present findings give support to the concept that
bile duct epithelial cells in PBC may present as target
cells for cell-mediated immune mechanisms with CD4-

positive lymphocytes of the Th1 subgroup being the pre-
dominant effector cells.

In PSC, however, most of the cells lack, or express
only weakly, the essential epitopes for a function as tar-
gets-CD58 (LFA3), CD80 (B1 BB7) and CD95 (Fas).
These immune patterns are in accordance with the differ-
ent morphology of both diseases. There are still open
questions as to the aetiology of granulomas in PBC and
the mechanisms of the disappearance of bile ducts in
PSC. Excess of extracellular matrix formation peri-
ductular fibrosis) may be one of the main factors.

&p.2:Acknowledgement The study was supported by the Deutsche
Forschungsgemeinschaft SFB 311 (Immunpathogenese)
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