Virchows Arch (1997) 431:119-124 © Springer-Verlag 1997

ORIGINAL ARTICLE

H.P. Dienes - A.W. Lohse - G. Gerken
P. Schirmacher - H. Gallati - H.F. Léhr
K.H. Meyer zum Blischenfelde

Bile duct epithelia as target cells in primary biliary cirrhosis
and primary sclerosing cholangitis

Received: 19 November 1996 / Accepted: 26 February 1997

Abstract Primary biliary cirrhosis (PBC) and primaryKey words Immunopathology of bile ducts -

sclerosing cholangitis (PSC) are chronic autoimmungdymphozyte subtyping - Epithelial cells as immune
mediated diseases of the biliary tree, resulting in a ldasgets

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 dhtroduction

the basement membrane; in PSC there is abundant peri-

ductular fibrosis with shrinkage and subsequent lossRyimary biliary cirrhosis (PBC) and primary sclerosy
the bile ducts. In order to see if the disparate histopatheholangitis (PSC) are liver diseases with progressive de-
ogy is paralleled by different immunohistology wstruction of bile ducts with a probable autoimmune aeti-
looked at a panel of epitopes on bile duct epithelia espgy. Knowledge of the underlying immune mechanisms
cially to see if biliary epithelial cells may present as tar PBC is extensive; the putative antigen has been identi-
gets for cell mediated immune respone. In PBC bile ddietd as an epitope of PDC E2 that has been shown to be
epithelial cells mostly expressed CD58 (lymphocyexpressed on bile duct epithelia in PBC [18, 20]. Several
function-associated antigen 3), CD80 (B7 BB1), armdfector mechanisms have been proposed: IgG and com-
CD95 (Fas). In PSC, however, these epitopes were oplgment components have been found to be deposited on
expressed in a few examples to a lower degree. Thehliée duct epithelial cells in PBC as a token of humoral
spective effector T lymphocytes were positive for CDEhmune response [10]. In agreement with this hypothesis
and CD28. Subtyping of the lymphocytes in the liver tiss the finding of a predominant B-cell infiltration around
sue further showed a predominance of CD4 positivetiie bile ducts in PBC [14]. However, a T-cell dependent
cells over CD8 cells up to 2-to-1 in both diseases. Detenmune reaction has been incriminated as the major
mination of lymphocytes by cytokines to Thl or Théhechanism of bile duct destruction and PDC E2-specific
subtype showed a majority of Thl lymphocytes in PBCcells have been isolated from livers with PBC [12].

and PSC. We conclude that in PBC bile duct epithelial Data on the immune reaction in PBS are sparse. The
cells may display features of target cells of a T cell-msgignificance of p-antinembophil cytoplasmic antigen
diated immune reaction with the Thl cells predomingANCA) in the serum of patients with PSC has not been
ing. In PSC other mechanisms of bile duct loss may pleyaluated. Some authors have found a high activity of
a role, since in this disease the majority of cells lack &K cells in the livers of PSC patients [8], however, their
sential epitopes that constitute targets of cell mediateievance is still obscure.

immunity. The morphology of the two diseases shows both com-
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In order to see if there are distinguishing immunologiable 1 Antibodies used It interleukin, TGF transforming
cal features that could explain liver morphology, biopsi@&Wwth factor/FN interferon, TNF tumour necrosis factc:)

from both groups were subjected to immunostaining fﬂ}pe of antibody  Dilution Source
epitopes that might substantiate a role for bile duct epi-=
thelial cells as targets for cell mediated immune attack€D2 1:100 Virotec
CD4 1:200 DAKO, Hamburg
CD8 1:200 Immunotec
. CD28 1:10 Dianova
Materials and methods CD58 110 Autschbach et al. 1991 [2]
CD80 1:10 Dianova
Twenty-three patients with confirmed PBC were included withD95 1:50 Immunotec
available biopsies (21 females, 2 males). The diagnosis was aahA-I 1:100 Dianova
firmed by determination of antimitochondrial antibody type 2 iRILA-DR 1:200 Becton and Dickinson
the serum and by histopathology (histological staging showedL2 1:50 Dianova
with stage 1, 6 with stage 2, 12 with stage 3 and 4 with stageT&F3 1:100 Genzyme, Cambridge, Mass.
according to Scheuer [16]). The PSC patients were a group of|ER-y 1:500 Dienes et al. 1991 [6]
with established diagnosis (6 females, 6 males). They all had typ4 1:10 TEBU, Frankfurt/M.
cal lesions by imaging endoscopic procedures with strictures ando 1:10 TEBU, Frankfurt/M.
narrow segments in the large bile ducts ducts and typical histologkF-a 1:50 Boehringer Mannheim

cal lesions. Nine of them showed p-ANCA in the serum. Fresh

frozen liver biopsies were available from all patients. All biopsie.s

had at least four partal tracts with discernible and adequate bile

ducts. Cryostat sections were performed and incubated with bike duct epithelium and a couple of lymphocytes were
following antisera against HLA-I, HLA-Il, CD2, CD4, CD8, positive as well.

CD28, CD58 (LFA) [lymphocyte function-associated antigen 3], ; ;
CD80 (B1 BB7), CD95 (Fas), transforming growth factor, (TGF); The CD80 (B7 BB1) epitope was detected on bile

B, interferon (IFN)y, interleukin (IL)-2, tumour necrosis factorduct epithelial cells (Fig. 2), some Kupffer cells and on
(TNF)a, IL-4, IL-10. Antibodies and their working dilutions aresSome hepatocytes in active cases of PBC (stage 2 and 3).
summarized in Table 1. For negative controls the primary antibdg-more detail; 16 of 23 biopsies in PBC showed a weak
ies were omitted and additionally an irrelevant monoclonal anfl; moderate distinct staining of bile duct epithelial cells.

body directed against the core antigen of hepatitis B virus - . ;
used. e plasma membrane gave a positive reaction on apical

The sections were read without knowledge of their identi®nd lateral segments. In PSC only 2 of 12 biopsies con-
and scored semiquantitatively on a scale 0-3 taking staining inteained bile ducts with the same pattern (Fig. 3), whereas
sity and number of positive cells into account. The assessmentj{s gthers were negative.

cluded bile ductules, interlobular bile ducts (20—u@® diameter) f
and medium-sized ducts (>10@n in diameter). The other struc- The pattern for CD95(Fas) was similar to that of

tures assessed included endothelium, hepatocytes, sinusoidal@R80. In PBC 17 of 23 biopsies showed bile ducts posi-

ing cells and infiltrating inflammatory cells. Mononuclear cells dive (Fig. 4) for this epitope. In the same biopsy not all
}Ee‘lir}ﬂalng)ng?]tgr%ggtmiepgggmz JO;n%Eéi]Cﬁth‘fd L@N;L_gfce ducts stained evenly positive. The interlobular specimens
age'of the total amount of cells of each of the portal tracF:)ts in rjhepartlcular were decorated by .the antlbo.d'es and mono-
sections. 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,
(ﬂepatocytes reacted weakly to the antibody. Lympho-

In PBC almost all of the bile ducts were positive f tes were positive in almost all cases (the staining re-
HLA-I with a membranous staining of the bile duct epF~y ep L S ; : 9
sults for bile duct epithelia is summarized in Table 2).

thelium. Anti-HLA-1I also showed binding to the biliary
epithelial cells in 21 of the 23 biopsies with the interlob-

ular ducts being the most positive. : o o . . )
. . o Fig. 1 Florid bile duct lesion in primary biliary cirrhosis (PBO».

Ir_1 the PSC specimens the reaction of th,e biliary €Rlfe duct epithelial cells are positive for CD58 (lymphocyte func-
thelium was less pronounced. The expression of HLAwn-associated antigen 3). Periportal hepatocytes display also a
antigens was weaker and less frequent. Nine of the 12nm@mbranous staining. (x4z9)
opsies were positive. HLA-Il was displayed on the mary. 2 cD8o in bile duct epithelia in PBC. There is only a faint
jority of the specimens (8 of 12), but the staining wasaction in a intermediate bile duct (x4 20)

mostly confined to the apical segment of the membragg. 3 positive staining for CD80 on a bile duct undergoing de-
of the epithelial cells. struction in PBC. (x38(:)

CD58 (LFA3) was expressed on the epithelial cells iy 4 cpos is positive on epithelia of a small bile duct in PBC.
the interlobular bile ducts (Fig. 1) in 18 of 23 cases (r420
PBC'_ Some Iy_mphocytes and endothellal cells were a’f? .5 CD95 on several small bile ducts in primary sclerosing
reactive, and in 2 cases the periportal hepatocytes alsflangitis gives only a mild reaction. (x4-0)
showed membranous staining for LFA3. In PSC, howeli’ll'. 6 There are numerous lymphocytes stained for CD28 in the

er, only very few bile ducts displayed the antigen. Onlydrtal tract of a biopsy from a patient with PBC. Some of them are
of 12 biopsies had a positive reaction in the interlobulafiltrating the bile duct epithelia (x42:)

Results
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Table 2 Staining scores of bile
duct epithelia (PBC primary
biliary cirrhosis,PSCprimary
sclerosing cholangiti-)

PBC (=23) Antigen PSCr=12)

Ductules Interlobular Medium Ductules Interlobular Medium

2Results are given as mean 2 6 (2-3) 2.9 (2-3) 2.5(2-3)  HLA- 1.4 (0-3) 1.5 (0-2) 1.1 (0-2)
score (range) . 25(2-3)  29(2-3)  26(1-3)  HLA-I 1.1(0-2) 1.0(0-1)  0.9(0-1)
Subgrouping of biopsies into 1 g (12 2.2 (0-3) 2.3(1-3) CD58(LFA3) 0.4 (0-1) 0.3(0-1)  0.3(0-1)
the four stages is disregarded im 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)
this table for reasons for clarity;1 9 (1-3)  2.5(1-3)  2.1(1-3) CD95(Fas) 0.4(0-1) 05(0-2) 0.3 (0-1)

instead mean values are givan

Subtyping of lymphocytes by antibodies against Chd the steps of the immune response involved [4, 8, 10,
and CD8 epitopes yielded a majority of CD4 positive T4, 18, 20], but for PSC few data are available. The dis-
cells in both PBC and PSC. In PBC 49% of T-celEases have different morphology although they have a
stained positive for CD4 and 26% for CD8 when the latemmon final pathway with loss of bile ducts. In PBC
stages 3 and 4 were estimated. In stages 1 and 2 thetbere is overt destruction of the bile duct epithelium with
relation was slightly lower. In PSC the total amount diisruption of the basement membrane, sometimes associ-
lymphocytes was lower compared to PBC. However, thted with granuloma formation, infiltration of the bile
relation of CD4 to CD8 was similar: 51% of 28%. Mostuct epithelial cells by lymphocytes and necrosis of bile
of the lymphocytes were concentrated to the portilct epithelium. In PSC the inflammation is generally at
tracts. CD4-positive lymphocytes were also observed alow level, there is no overt bile duct epithelial necrosis
filtrating the bile duct epithelial cells in PBC. and the basement membrane is often thickened instead of

CD2, which is the natural ligand to CD58 (LFA3)destroyed.
was positively stained in the vast majority of the inflam- In order to see if the different morphology was re-
matory infiltrates in both PBC and PSC. Antibodies ftected in differences in immune factors in the tissue
CD28 stained a substantial part of the lymphocytic inf{espially if bile duct epithelium can present as target
trates in PBC and PSC. In PBC the CD28-positive (Fitells of immune attacks as can be suggested by the histo-
6) cells made up about 45% and in PSC 41% of thathology in PBC) we performed an analysis of immune-
mononuclear cells. In PBC and to a lesser degree in P&Bvant factors in the liver tissues. CD8 lymphocytes
Kupffer cells also reacted with this antibody, displayingave been thought to the possible effector cells [20].
a diffuse pattern. However, other groups using different techniques [13] or

The patterns of cytokines of the lymphocytes showadalysing larger groups of patients [10] demonstrated a
a high percentage of IFN-—positive cells in PBC (38@redominance of CD4-positive lymphocytes which is in
of lymphocytes) and in PSC (32% of lymphocytes). llkeeping with the results of the present study. Subtyping
2-positive cells represented 29% in PBC and about 3@%CD4-positive lymphocytes into Thl and Th2 popula-
in PSC. TNFa was less frequently detected making ugons by cytokine analysis yielded conflicting results.
only 23% in PBC and 19% in PSC. The cytokines of tNéhereas Spengler et al. [17] found a defect in IL-2-pro-
Th2 lymphocyte subtype (IL-4 and IL-10) were only seclucing lymphocytes, Lohr et al. [13] identified a majori-
ondary with IL-4-staining in 16% of the lymphocytes ity of Thl-lymphocytes after isolation from the tissue and
PBC and 18% in PSC. IL-10-positive lymphocytes wedetermination of the cytokines by cell culture techniques.
even less numerous with 15% only in PBC and 10% Timeir results showed that IFjNwas the most abundant
PSC. factor followed by IL-2 and TNFx. These results could

Kupffer cells also stained for cytokines in most casbs confirmed in the present study by typing the lympho-
of both diseases with TN&-being the most abundantcytes in situ with antibodies against the different cyto-
among the cytokines tested. T@Rvas another cytokine kines. IL-4 and IL-10 indicated that Th2 lymphocytes
that was analysed in the tissues. In biopsies with PB@re less frequent than IFNIL-2 and TNFe. This re-
and PSC Kupffer cells were positive in all cases, howdationship was found in PBC and PSC although the abso-
er, to a variable degree. In 10 of the 11 biopsies of PB@& numbers were lower in PSC.
the bile duct epithelial also displayed conspicuous stain-Summarizing the data from the literature appears to
ing for TGF whereas in PBC only 7 out of the 23 caseasdicate that the potential effector cells in PBC and PSC
had a similar reaction. are CD4-positive lymphocytes belonging mainly to the
Thl-subtype and the activated memory T-cell population
positive for CD45R0 [11, 14].

Discussion The importance of B cells in the pathogenesis of PBC
has already been evaluated [14,19], however, a relevant
PBC and PSC are regarded as chronic inflammatory livele of B cells would require a predominant Th2 lym-
diseases of autoimmune aetiology [7]. In PBC knowphocyte function, which we cannot confirm. The targets
edge of the immune mechanisms is quite advanced atthe immune attack in PBC have been identified as the
garding the target antigens on bile duct epithelial ceR®C E2 molecules that show enhanced expression on
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bile duct epithelium in PBC but not on normal bile ducimsitive lymphocytes of the Th1l subgroup being the pre-
and also not in PSC [20]. There is ample evidence tkdaiminant effector cells.
bile duct epithelial cells in PBC may act as target cells. In PSC, however, most of the cells lack, or express
They display HLA class | and Il epitopes on the plasnoaly weakly, the essential epitopes for a function as tar-
membrane [5, 20]. The also may express adhesion mglets-CD58 (LFA3), CD80 (B1 BB7) and CD95 (Fas).
cules ICAM-1 in the late stage [5] in the interlobulaFhese immune patterns are in accordance with the differ-
branches [1] and VCAM [20]. The bile duct epithelia ient morphology of both diseases. There are still open
PSC seem to behave in the same manner with expresgigestions as to the aetiology of granulomas in PBC and
of HLA-DR [5] and ICAM-1. Data on VCAM have notthe mechanisms of the disappearance of bile ducts in
been reported. PSC. Excess of extracellular matrix formation peri-

The effector-target cell binding complex encompassasctular fibrosis) may be one of the main factors.
further epitopes and ligands to provide a tight connection
between the lymphocytes and targets and additional afgknowledgement The study was supported by the Deutsche
vation of the effector cells. These are mainly CD grschungsgemeinschaft SFB 311 (Immunpathogenese)
(LFA3) and CD80 (B1 BB7). The binding of CD58 to
CD2 mediates adhesion and signal transduction for—
cell activation [3], thus constituting an essential compBeferences
nent of ".“m“.”e response in vivo. We. have .d.emonStr?‘tFiFjAdams DH, Hubscher SG, Shaw J, Johnson GD, Babbs C,
for the first time that this molecule is positive on bile™ Rothlein R, Neuberger JM (1991) Increased expression of in-
duct epithelium in PBC, however, it is expressed only in tercellular adhesion molecule 1 on bile ducts in primary biliary
a minority in of cells in PSC CD2-positive lymphocytes ﬂrzggis%alnd primary sclerosing cholangitis. Hepatology
are in the. majority. The d|_splay of these epitopes Is O Autschbach F, Meuer SC, Moebius U, Manns M, Hess G,
related with the degree of inflammation and stronger Vis- \jeyer zum Biischenfelde K-H, Thoenes W, Dienes H-P
ible in stages 2 and 3 of PBC than in the end stage. In(1991) Hepatocellular expression of lymphocyte function-as-
PSC only a few cases (4 of 12) showed positive bile i(icgtgdzggntigen 3 in chronic hepatitis. Hepatology
ducts that stained for LFA3. LLS—

. . . Berke G (1994) The functions and mechanisms of action of

CDSO (B1 BBY) Is.a.mOther molecule that med'.ates _adg’- cytolytic I)Smphczcytes. In: Paul WE (ed) Fundamental immu-
hesion to CD28-positive lymphocytes and provides im- nology. Raven Press, New York
portant costimulatory signals for T-cell proliferation [9].4. Bjoérkland A, Festin R, Mendel-Hartvig |, Nyberg A, L6of L,
Previous sludies on ths important epitope on isolated Puem TS oot and e g Miproones,
b”'ary eplth_ellum_ showed negatlve_ results [11] even af- killg.r cellg and ¥ecruitment of primed memory T cells. Hepa-
ter stimulation with IFNy. Immunohistology on a small  tojogy 113:1106-1111
group of liver biopsies also gave negative staining. Hovg. Bloom S, Fleming K, Chapman R (1995) Adhesion molecule
ever, in the present experiment, in 15 biopsies of 23, theexpression in primary sclerosing cholangitis and primary bili-
bile duct epithelia were positive for the anti-CD80 anti- géﬁgghgf;sﬂeeg;?%g;%%%fer M. Rossol S. Gallati H. Ramm.
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and tended to be visible only in stages 2 and 3 of the dis-ocalization of interferon producing cells in the liver of pa-
ease on interlobular bile ducts with a few exceptions on tients with chronic hepatitis B. Hepatology 13:321-326
the medium-sized ones. In PSC only 2 of 12 biopsies Freilich BL, Hu K-Q, Vierling JM (1994) Immunopathog-
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cells may undergo apoptosis via the Fas-mediated pag'_n Janeway CA Jr, Bottomly K (1994) Signals and signs for lym-
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; ; ; ; ; ; ; cyte and immunoglobulin deposits in patients with primary
displayed this epitope on their epithelial cells in PBS (19 biliary cirrhosis. Hepatology 12:306-313
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