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Summary. A longitudinal study of intra and extra-
hepatic bile duct injuries was performed in an ani-
mal model of secondary sclerosing cholangitis in-
duced by formalin injection into the common bile
duct. Lymphocytic infiltration inside and around
the bile ducts occurred seven days after injection.
The disease later evolved to a fibrous cholangitis
of the small bile ducts. Septal intrahepatic and ex-
trahepatic bile duct involvement became evident
three months after formalin injection. The ductular
proliferation led to a progressive biliary cirrhosis
with portal to portal fibrous septa. After formalin
injection, bile duct cells expressed the Ia antigen
in the cytoplasm and/or on the membrane of bile
duct cells. The intensity of staining did not corre-
late with the duration or severity of the disease.
Lymphocytes infiltrating into and around the bile
duct were mainly T-cells. This study suggests that
a local cell-mediated immune response to the injec-
tion of a toxic agent induces pathological features
similar to those of sclerosing cholangitis in man.

Key words: Cholangitis — Major histocompatibility
complex antigen — Immunohistochemistry

Introduction

Sclerosing cholangitis (SC) is an uncommon dis-
case characterized by fibrosing inflammation of the
bile ducts (Barbatis et al. 1985; Chapman et al.
1980; International group 1983; Ludwig et al.
1981; Ludwig et al. 1984). It usually affects both
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the extra and intrahepatic areas of the biliary tree.
Selection criteria for SC are those of a long-stand-
ing disease including characteristic biological and
radiological alterations (Chapman 1985; Larusso
et al. 1984; Wiesner and Larusso 1980) and thus
the earlier topographical and morphological le-
sions in SC are not known. The isolated periductal
fibrosis reported in patients with ulcerative colitis
might be the first step in SC, but the subsequent
evolution of this lesion remains unclear (Mistilis
1965; Wee and Ludwig 1985).

The actiology of SC is unknown but several
reports suggest that an immune-mediated mecha-
nism plays a role in the pathogenesis of primary
sclerosing cholangitis (Bodenheimer et al. 1983;
Lindor et al. 1987; Mac Farlane et al. 1979). This
hypothesis has been recently reinforced by immu-
nohistochemical studies showing that bile duct
cells in SC express the HLLA Class II antigen
(Chapman et al. 1988) and that the lymphocytic
infiltration around bile duct lesions is mainly com-
posed of T-lymphocytes (Whiteside et al. 1985).

In the present study we report an experimental
model of SC in the rat. In this model, radiographic
and histological lesions characteristic of SC are
present three months after injection of a 2% for-
malin solution into the common bile duct. We de-
scribe the light microscopic features and the longi-
tudinal evolution of the intra and extra hepatic
biliary tree lesions. Using an immunohistochemical
method, we investigate the expression of the Ia
antigen on bile duct epithelium and the lymphocyte
subsets in damaged portal areas.

Materials and methods

36 Sprague-Dawley rats were anesthetized and after a midline
abdominal incision, underwent a 2 mm duodenotomy. A cathe-
ter was introduced into the common bile duct through the am-
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Table 1. List and specificities of monoclonal antibodies

Antibody against Clone Origin

Ta Ox6 Sera-lab
T-lymphocytes W3/13 Sera-lab
T helper cells W3/25 Sera-lab
T non-helper cells Ox8 Sera-lab

pulla. 0.15 ml of 2% formalin solution was injected and the
common bile duct was clamped just above the catheter. Five
min later, the clamp was removed and the duodenotomy closed.

A control group of 24 age-matched rats were given sterile
isotonic solution instead of formalin. Groups of 5 rats (2 from
the control group and 3 from the pathological group) were
killed on day 1, 2, 3, 7, 15, 30, 45, 60, 90, 180, 270 and 360
after injection.

Samples of the right and left liver lobes and of the common
bile duct were removed immediately after killing. Each sample
was divided into two parts, one of which was frozen in liquid
nitrogen and the other fixed in Bouin solution. Fixed tissue
was routinely processed, cut into serial sections and stained
with haematoxylin-eosin, Masson’s trichrome and reticulin, ac-
cording to Gordon and Sweet.

The anatomical terms chosen in the study are those usually
accepted: “interlobular bile duct” was used for the smallest
branches (less than 100 pm in diameter) lined with cuboidal
epithelium and always accompanied by an hepatic artery and
a portal vein radicle. “Septal bile duct” was used to denote
branches lined with cylindrical epithelium, whose diameter usu-
ally exceeded 100 um. “Segmental bile ducts” signified the
ducts formed by the merger of the septal bile ducts several
centimeters from the hilum. The definitions of morphological
manifestations are those currently in use (International group
1983).

Immunohistochemistry. The 1a antigen and lymphocyte antigens
were localized using monoclonal antibodies (Table 1) and the
avidin-biotinylated peroxidase complex (Vector labs, Burl-
ingame, California). Briefly, serial frozen sections (4 pm thick)
were fixed in cold acetone for 10 min, washed in phosphate-
buffered saline (PBS) and covered with the purified monoclonal
antibody at the appropriate dilution for 30 min. Antibodies
were all of the IgG1 subclass and were produced by mouse
hybridomas. The avidin-biotin-peroxidase complex technique
(Hsu et al. 1981) was used for immunostaining. After washing
in three changes of PBS, a biotin-conjugated adsorbed rat anti-
mouse IgG was applied prior to the avidin-conjugated horse-
radish peroxidase (Vector). The sections were then incubated
in diaminobenzidine and counterstained with Mayer’s haema-
lum.

For contro! sections, PBS or non-immunized serum were
used as primary antibodies.

Results

The sequential analysis of livers in the control
group showed no significant changes. The only
modification was a slight dilatation of the interlo-
bular bile duct lumen in rats killed on day 1, 2
and 3 after injection of isotonic serum. Dilatation
or narrowing of the intra or extrahepatic biliary
tree were never observed.
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Fig. 1. Interlobular bile duct, 7 days after formalin injection.
Lymphocytes are present inside and around the bile duct epithe-
lium (HES x400)

Fig. 2. Interlobular bile duct, 2 months after formalin injection.
Fibrous cholangitis with moderate mononuclear cell infiltration
and ductular proliferation in the periportal area. (HES x 250)

After formalin injection, the earliest changes
occurred on day 7 after injection. A mild lympho-
cytic infiltration in the portal tracts was noted
with, in some cases, lymphocytes inside the epithe-
lial layer of the bile ducts (Fig. 1). No acute necro-
sis of the bile duct epithelium was noted but clarifi-
cation of the cytoplasm and abnormal nuclear ori-
entation were frequent. Hepatic lobules and central
veins displayed no abnormalities.
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Fig. 3a, b. Retrograde cholangiogram. a Cholangiogram from rat of the control group killed three months after isotonic serum
injection. b Three months after injection of formalin. Note the irregular beading and strictures of the intra and extrahepatic

bile ducts

Rats sacrificed on days 15 and 30 after formalin
injection also displayed non specific epithelial
changes in the interlobular bile duct cells. Neither
fibrous cholangitis nor obliterative fibrous cholan-
gitis were noted. Portal tracts contained many
fibroblasts, macrophages and lymphocytes with a
few polymorphonuclear leukocytes. Venules and
lymphatics were slightly dilated. No changes were
observed in the hepatic lobule. Extrahepatic bile
ducts were normal or showed a mild lymphocytic
infiltrate in the submucosa.

On day 60 after injection of formalin, pleo-
morphic and fibrous cholangitis of the interlobular
bile ducts with mild-to-moderate obliteration was
observed. Moderate periductal lymphocytic infil-
tration and proliferation of ductules were present
(Fig. 2). Septal and extrahepatic bile ducts were
intact.

Advanced lesions, three months after injection,
were characterized by distal and proximal alter-
ations of the biliary tree (Fig. 3). Lesions included
fibrous obliterative cholangitis (Fig. 4a) with occa-
sional total destruction of interlobular bile ducts
and the formation of a nodular scar (Fig. 4b). The

inflammatory infiltrate decreased. In the inner part
of the parenchyma near the hilum, numerous tubu-
lar and saccular cholangiectases were noted. They
were characterized by large dilated septal or seg-
mental bile ducts with semicircular crests. The epi-
thelial lining was elongated or had been destroyed
(Fig. 4c). In the portal tracts, fibrous deposits,
ductular proliferation and excessive dilatation of
lymphatics occurred. Lobular changes included
cholestasis, Kupffer cell hyperplasia and a mild
piecemeal necrosis.

In extrahepatic bile ducts, pathological features
congisted of flattening of epithelial cells lying on
a loose fibrous tissue layer with mild chronic in-
flammation. Some, but not all of the vessels of
the submucosae displayed a mild degree of periar-
teritis or a hyaline thickening of the media. Total
occlusion of the vascular Jumen was never present
(Fig. 5).

Nine months after surgery, portal tract fibrosis
expanded into the lobule with portal to portal thin
fibrous septa. One year after formalin injection,
biliary cirrhosis was evident.

The results of immunocytochemical investiga-
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Fig. 4a—c. 3 months after formalin injection. a Fibrous oblitera-
tive cholangitis of a septal bile duct. (HES x 250). b Nodular
scar: interlobular bile duct is totaly destroyed and replaced
by an oedematous fibrous tissue (HES x 160). ¢ Cholangiec-
tases with semicircular crest (arrow) (HES X 250)

tion showed that in control rat liver Ia antigen After formalin injection Ia antigen was ex-
expression was restricted to the sinusoidal lining pressed on bile duct epithelium from day 7 after
cells and to a few spindle cells and macrophages injection. The Ia antigen was expressed in the cyto-
in the portal tracts. Bile duct cells never expressed plasm and/or on the membrane of cells of some
Ia antigen after isotonic solution injection. bile ducts (Fig. 6), whilst other bile ducts were
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completely negative. Staining intensity did not cor-
relate with the duration and the severity of the
lesions. The Ia antigen expression was not modi-
fied in the lobules after formalin injection.

The amount of mononuclear cell (MNC) infil-
trate varied widely according to the stage of the
disease, with numerous MNC in the early inflamm-
tory phase and with a few MNC at the later fibrous
stage of the disease. T-cells were the predominant
cells infiltrating into and around the bile ducts
(Fig. 7) forming at least 80% of the MNC, but
the percentage of the T-cell subtypes varied accord-
ing to the portal tract. T-helper cells predominated
in the infiltrates and in cells invading the bile duct
but T suppressor cells were also increased around
the ducts, often in close contact with them.

Discussion

Although histological findings do not permit diag-
nosis of SC, a wide range of interlobular bile duct
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Fig. 5a, b. Extrahepatic bile duct wall, 6 months after
formalin injection.

a The wall of extrahepatic bile duct is thickened by a
loose and inflammatory fibrosis. The vascular wall of
the peribiliary vessels is thickened (arrow) (HES x 60).
b Higher magnification of small vessels of the
peribiliary plexus. Hyaline thickening of the arterial
wall without complete occlusion of the lumen

(HES x230)

abnormalities has been found. Ludwig et al.
(1986), who studied fresh whole liver from patients
with primary sclerosing cholangitis at the time of
transplantation, provided a morphological descrip-
tion of medium and large bile ducts in SC. These
authors consider that the combination of cholan-
giectases and intrahepatic bile duct obliteration is
pathognomonic of sclerosing cholangitis. As we
observed similar lesions in this study, we may justi-
fiably conclude that the present surgical procedure
provides a valid experimental model of sclerosing
cholangitis. Furthermore, the absence of acute in-
flammation or bile duct epithelium necrosis and
the shape and distribution of the lesions lead us
to exclude a suppurative cholangitis or passive di-
latation of previously normal duct segments as
causative factors. To our knowledge, this is the
only experimental model of sclerosing cholangitis.
However, as the formalin injection used here is
the predisposing factor, the term secondary scler-



170
v - = e ¢
r. . ’ !“’ ¥ *P LY J
pe > B .
¥ ¥ . '
e . &

4
%
-

7 a lr !’"ﬁ 4 = /—'

Fig. 6. Immunostaining of the Ia antigen in a bile duct. Epitheli-
al cells display immunoreactivity on membrane and cytoplasm.
(Immunostaining x 250)

Fig. 7. Demonstration of T-lymphocytes in a portal tract, 15
days after formalin injection. Note the presence of an intra-
epithelial T-cell. (Immunostaining x 320)
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osing cholangitis must be used for the present dis-
order.

In this rat model, early lesions are located in
the interlobular bile duct, far from the site of for-
malin injection, whereas the entire distance be-
tween interlobular bile duct and Vater’s papilla is
involved by the end stage of the disease. In man,
topographical and morphological data concerning
early lesions in sclerosing cholangitis are not avail-
able. Liver biopsies from patients with chronic ul-
cerative colitis show the high frequency of isolated
intrahepatic bile duct lesions, which are indistin-
guishable from primary sclerosing cholangitis;
some of these patients develop typical radiological
sclerosing cholangitis with extrahepatic bile duct
involvement a few years later (Blackstone and
Nemchausky 1978; Wee and Ludwig 1985). Our
results are consistent with such an evolution in this
experimental model.

The mechanism that triggers fibrogenesis is un-
known. In human, secondary SC has been reported
after intra-arterial chemotherapy (Kemmeny et al.
1985; Shea et al. 1986). The pathogenesis is unclear
but an ischaemic mechanism is thought to be in-
volved (Marymont et al. 1985). Although the injec-
tion route of formalin is different here, we also
noted slight vascular lesions of peribiliary vessels
but we have never observed complete occlusion
whatever the stage of the disease. Thus, while we
cannot exclude an ischaemic mechanism, we do
not think that this is the essential pathogenic mech-
anism.

Our study is consistent with others in human
SC (Barbatis et al. 1985; Nakanuma et al. 1986)
in showing a close relationship between bile duct
cells and lymphocytes during the early stages of
the disease. Furthermore the presence of numerous
T-cells in the infiltrate as well as into the bile duct
suggests that, in the present model, cellular immu-
nity has a predominant part in the reaction trig-
gered by the formalin injection.

In man, the emergence of the expression of the
major histocompatibility complex (MHC) class 11
antigen on epithelial cells is characteristic of sever-
al auto-immune diseases, for example, diabetes
(Bottazo et al. 1985), Graves disease (Hanafusa
et al. 1983) or primary biliary cirrhosis (Ballardini
et al. 1987). MHC class II expression enables the
cells to present auto-antigens to T-lymphocytes
which may participate in the immune response.
Such an aberrant expression also has recently been
reported on bile duct epithelium in primary SC
(Chapman et al. 1988, Van Den Oord et al. 1986)
drawing a parallel with an auto-immune process.
The significance of aberrant MHC Class II expres-
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sion by bile duct cells is, in fact, not pathogno-
monic of an auto-immune process: similar expres-
sion is reported in non-immune cholestatic diseases
or in chronic or acute cholangitis (Chapman et al.
1988; Van Den Oord et al. 1986). These results
are in accord with our observation in a non auto-
immune model of SC, and suggest therefore that
MHC Class II expression is a secondary phenome-
non to inflammation or cholestasis rather than a
primary event. MHC Class II product synthesis
might be induced by lymphocytes because intra-
und peri-ductal lymphocytes are a common finding
and because it has been demonstrated that in the
gut, intra-epithelial lymphocytes modulate the Ia
expression on epithelial cells (Cerf-Bensoussan
ct al. 1985).

Lastly, this study shows that formalin injection
induces SC. Light microscope study and immuno-
histochemical results suggest that cellular immuni-
ty is involved. The aberrant expression of MHC
Class II on bile duct cells might be a secondary
phenomenon in SC.

References

Ballardini G, Mirakian R, Bianchi FB, Pisi E, Doniach D,
Bottazo GF (1987) Aberrant expression of HLA-DR anti-
gens on bile duct epithelium in primary biliary cirrhosis.
Relevance to pathogenesis. Lancet 11:1009-1012

Barbatis C, Grases P, Shepherd HA, Chapman RW, Trowell
1, Jewell DPJ, McGee JO (1985) Histological features of
sclerosing cholangitis in patients with chronic ulcerative co-
litis. J Clin Pathol 38:778-783

Blackstone MO, Nemchausky BA (1978) Cholangiographic ab-
normalities in ulcerative colitis associated pericholangitis
which resemble sclerosing cholangitis. Am J Dig Dis
23:579-585

Bodenheimer HC, LaRusso NF, Thayer WR, Charland C, Sta-
ples C, Ludwig J (1983) Elevated circulating immune com-
plexes in primary sclerosing cholangitis. Hepatology
3:150-154

Bottazo F, Dean BM, McNally JM, McKay EH, Swifft PGF,
Gamble DR (1985) In situ characterization of auto-immune
phenomena and expression of HLA molecules in the pancre-
as in diabetes insulitis. N Eng J Med 313:353-360

Cerf-Bensussan N, Guaroni A, Kurnick J, Bann A (1985) Intra-
epithelial lymphocytes module Ia expression by intestinal
epithelial cells. J Immunol 132:2244-2251

Chapman WG, Marborgh BA, Rhodes J, Summerfield JA,
Dick R, Scheuer PJ, Sherlock S (1980) Primary sclerosing
cholangitis: a review of its clinical features, cholangiography
and hepatic histology. Gut 21:870-877

Chapman RW (1985) Primary sclerosing cholangitis. J Hepatol
1:179-186

Chapman RW, Kelly PMA, Heryet A, Jewell DP, Fleming KA
(1988) Expression of HLA-DR antigens on bile duct epithe-
lium in primary sclerosing cholangitis. Gut 29:422-427

Hanafusa T, Pujol-Barrel R, Chiovato R, Russel RCG, Dom-

17

iach D, Bottazo GF (1983) Aberrant expression of HLA-
DR antigen on thyrocytes in Graves disease: relevance for
auto-immunity. Lancet 11: 11111115

Hsu SM, Raine L, Fanger H (1981) Use of Avidin-Biotin-Per-
oxiase complex (ABC) in immuno-peroxidase techniques.
A comparison between ABC and unlabelled antibody (PAP)
procedure. J Histochem Cytochem 59:577-580

Review by an international group (1983) Histopathology of
the intrahepatic biliary tree. Liver 3:161-175

Kemeny MM, Battinflora H, Blayney DW (1985) Sclerosing
cholangitis after continuzous hepatic artery infusion of
FUDR. Ann Surg 202:240-252

Larusso NF, Wiesner RH, Ludwig J, McCarty RL (1984) Pri-
mary sclerosing cholangitis. N Eng J Med 310:899-903

Lindor KD, Wiesner RH, LaRusso NF, Homburger HA (1987)
Enhanced autoreactivity of T-lymphocytes in primary scler-
osing cholangitis. Hepatology 7:884-888

Ludwig J, Barham S, Larusso N, Elveback L, Wiesner R, Mac
Call J (1981) Morphologic features of chronic hepatitis asso-
ciated with primary sclerosing cholangitis and chronic ulcer-
ative colitis. Hepatology 6:632-640

Ludwig J, Czaja A, Dickson E, Larusso N, Wiesner R (1984)
Manifestations of non suppurative cholangitis in chronic
hepatobiliary diseases: morphologic spectrum, clinical cor-
relations and terminology. Liver 4:105-116

Ludwig J, Mac Carty R, Larusso N, Krom R, Wiesner R (1986)
Intrahepatic cholangiectases and large-duct obliteration in
primary sclerosing cholangitis. Hepatology 6: 560568

McFarlane 1G, Wojcicka BM, Tsantoulas DC, Portmann BC,
Eddlestone AL, Williams R (1979) Leukocyte migration in-
hibition in response to biliary antigens in primary biliary
cirrhosis, sclerosing cholangitis, and other chronic liver dis-
eases. Gastroenterology 76:1333-1340

Marymont JV, Dakhil SR, Travers H, Housholer DF (1985)
Chemical cholecystitis associated with hepatic arterial che-
motherapy delivered by a permanently implanted pump.
Hum Pathol 16:986-990

Mistilis SP (1965) Pericholangitis and ulcerative colitis. 1.
Pathology, etiology and pathogenesis. Ann Intern Med
63:1-16

Nakanuma Y, Hirai N, Kono N, Ohta G (1986) Histological
and ultrastructural examination of the intrahepatic biliary
tree in primary sclerosing cholangitis. Liver 6:317-325

Shea WIJ, Demas BE, Goldberg HI, Hohn DC, Ferrel LD,
Kerlan RK (1986) Sclerosing cholangitis associated with he-
patic arterial FUDR chemotherapy: radiographic-histolo-
gig correlation. AJR 146:717-721

Van Den Oord JJ, Sciot R, Desmet VJ (1986) Expression of
MHC products by normal and abnormal bile duct epitheli-
um. J Hepatol 3:310-317

Wee A, Ludwig J (1985) Pericholangitis in chronic ulcerative
colitis: Primary sclerosing cholangitis of the small bile
ducts? Ann Intern Med 102:580-587

Whiteside TL, Lasky S, Si L, Vanthiel DL (1985) Immunologic
analysis of mopnonuclear cells in liver tissues and blood
of patients with primary sclerosing cholangitis. Hepatology
5:468-474

Wiesner RH, Larusso NF (1980) Clinicopathologic features of
the syndrome of primary sclerosing cholangitis. Gastroen-
terology 79:200-206

Received April 15, 1988 / Accepted September 30, 1988



