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Abstract
The histological features and type of mono-
nuclear cell infiltrate in gail bladders from six
patients with primary sclerosing cholangitis
were studied using routine staining techniques
and immunohistochemistry. Control studies
were performed using the gall bladders from six
patients (age and sex matched) with chronic
cholecystitis and four with primary biliary
cirrhosis. A range of histological abnormalities
was present in gall bladders from patients with
primary sclerosing cholangitis including a mild
to moderate degree of epithelial hyperplasia,
pseudogland formation, and mononuclear cell
infiltrate of the epithelium; moderate to severe
chronic inflammatory cell infiltrate and fibrosis
affecting the superficial and deep layers of the
gail bladder wail; and minimal smooth muscle
hypertrophy. These abnormalities were non-
specific and were also present in gall bladders
from patients with chronic cholecystitis and
primary biliary cirrhosis. Vasculitis and granu-
lomas were not present in the patients with
primary sclerosing cholangitis. Immuno-
histochemistry showed that the superficial and
deep mononuclear cell infiltrate in primary
sclerosing cholangitis gail bladders was
composed predominantly of lymphocytes, in
contrast to chronic cholecystitis where macro-
phages were found in similar or greater
numbers. Moreover, T lymphocytes (activated
and resting) were present throughout the lym-
phocytic infiltrate and were apposed to the
base and interdigitated between the biliary
epithelial cells in significantly greater numbers
than in chronic cholecystitis gall bladders. B
lymphocytes were present only in lymphoid
follicles. Comparative studies using liver
biopsy specimens from three of the primary
sclerosing cholangitis patients showed a
similar T lymphocyte portal tract infiltrate. We
conclude that a number ofnon-specific chronic
inflammatory histological abnormalities were
present in primary sclerosing cholangitis gall
bladders. Immunohistochemistry found other
features that were present in this disease - a
predominantly lymphocytic mononuclear cell
infiltrate of the superficial and deep layers of
the gall bladder wail and the presence of T
lymphocytes that infiltrated the biliary epi-
thelial cells. These findings support the
hypothesis that aberrant cell mediated immune
mechanisms may play a role in the patho-
genesis of both the intrahepatic and extra-
hepatic lesions in primary sclerosing
cholangitis.

Primary sclerosing cholangitis is an important
and increasingly recognised cause of the vanish-

ing bile duct syndrome.' The characteristic
cholangiographic features of multiple beads and
strictures are a result of chronic inflammation
and obliterative fibrosis that affects the whole
biliary tree.2 Although the aetiology remains
unknown, evidence suggests that humoral and
cell mediated immunological abnormalities play
a role in the pathogenesis ofthis disorder. Studies
have reported the presence of hyperglobu-
linaemia and circulating organ non-specific auto-
antibodies,23 high values of circulating immune
complexes in blood and bile,4" activation of the
complement pathway (C3),6 and impaired Fc
receptor mediated systemic clearance of circulat-
ing immune complexes.7 Cell mediated immuno-
logical abnormalities found in this disorder
include peripheral blood lymphocytes that are
sensitised to bile antigens,8 T lymphocyte infil-
trate of portal tracts and a deficiency in circulat-
ing suppressor/cytotoxic T cells,9 and defective
suppressor T cell function.' In addition,
aberrant expression ofHLA-DR antigens, which
are a prerequisite for antigen presentation and
initiation of the immune response, have been
shown on biliary epithelium in primary
sclerosing cholangitis."
The pathognomonic lesion of intrahepatic

primary sclerosing cholangitis is reported to be
inflammatory and fibrous obliteration of the
interlobular, septal, and segmental ducts with
the development of saccular and tubular biliary
dilatations.'2 However, the extrahepatic biliary
lesion in this disease, which may occur in isola-
tion, has been less well characterised. The aim of
this study was to review the histology and
determine the nature of the inflammatory cell
infiltrate within the extrahepatic biliary lesion in
primary sclerosing cholangitis.

Methods

PATIENTS
The case records of 26 patients with primary
sclerosing cholangitis attending the Sir Charles
Gairdner Hospital Gastroenterology/Liver Unit
were reviewed. The diagnosis was based on the
presence of typical cholangiographic features in
patients who had not undergone previous bile
duct surgery, other than simple cholecystec-
tomy.`' Fourteen of these patients (58%) had
associated ulcerative colitis. Cholecystectomy
had been performed in eight and the gall bladder
specimens from six of these patients were avail-
able for study. The clinical characteristics of
these patients are shown in Table I. Only one
patient had ulcerative colitis. None of the
remaining five had symptoms suggestive of
ulcerative colitis and fibreoptic colonoscopy or
sigmoidoscopy with colonic biopsy specimen
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TABLE I Clinical, biochemical, and histological data ofpatients with primary sclerosing cholangitis at the time of
cholecystectomny

PatientNo

1 2 3 4 5 6

Sex M M F M F F
Age (years) 70 72 44 49 64 44
Indication for Possible chole- Recurrent Recurrent Possible chole- Possible chole- Recurrent

cholecystectomy docholithiasis pancreatitis pancreatitis docholithiasis docholithiasis pancreatitis
ERCP changes IH+EH IH IH+EH IH IH IH+EH
Ulcerative colitis No No No No No Yes
Bilirubin ([mol/l)* 14 13 24 156 8 7
ALP (N 100-350 U/i) 716 489 169 1273 920 1179
Liver biopsy staget ND ND I II III ND
Cholelithiasis No No Yes No No No

ERCP=endoscopic retrograde cholangiopancreatographic; IH=intrahepatic; EH=extrahepatic; ALP=serum alkaline phosphatase;
ND=not done.
*Normal range 0-17 Wmol/l.
tStaged according to LaRusso et al."

was normal in four of these. One patient refused
to have this procedure performed. Gall bladder
specimens from six patients (age and sex
matched) with chronic cholecystitis and from
four with primary biliary cirrhosis were obtained
as controls. Liver biopsy specimens from three
primary sclerosing cholangitis and all four
primary biliary cirrhosis patients were available
for comparative studies. All specimens had been
fixed in formalin and embedded in paraffin wax.

IMMUNOHISTOCHEMISTRY
The formalin fixed, paraffin embedded gall
bladder and liver biopsy specimens were sec-
tioned (5 [im), dewaxed, and blocked with 3%
H202 in Tris buffered saline (TBS) (20mM Tris,
500mM NaCl, pH 7T6) for five minutes and then
20% normal swine serum in TBS for 20 minutes.
The three stage immunoperoxidase technique
was then performed to identify the type of
mononuclear cell infiltrate within the sections.
Briefly, sections were incubated with optimally
diluted primary antibody overnight (Table II)

TABLE II Primary antibodies used in three stage immunoperoxidase technique

Antibody Reactivity Source Dilution

Monoclonal Strong; lymphocytes variable; Dakopatts 1:100
2811+PD7/26 macrophages

Monoclonal L26 Strong; B cells Dakopatts 1:100
Monoclonal UCHL1 Strong; activated T cells; some resting T Dakopatts 1:100

cells
Polyclonal muramidase Strong; monocytes/macrophages Dakopatts 1:400

TABLE iII Histological features ofgall bladders in primary sclerosing cholangitis (PSC) and
chronic cholecystitis (CC)

Patients with PSC Patients with CC

Histological features 1 2 3 4 5 6 1 2 3 4 5 6

Epithelium
Papillary hyperplasia* 1 1 2 1 0 1 1 0 0 1 2 0
Pseudoglands 1 1 1 1 1. 1 0 0 0 2 2 2
Mononuclear cell infiltratet + + + + + + + + - + + -

Inflammation
Severity 1 3 1 2 2 2 2 2 1 1 2 1
Sitet S+D S SS S S S S D S D S+D
Follicles - +.-+. + + + - - - - -

Smooth muscle hypertrophy 1 0 1 1 1 1 2 1 1 1 2 1
Fibrosis

Severity 1 3 1 2 2 2 1 2 3 2 1 1
Site S+D D D D D D D S+D D S D D

*0=absent, 1 =mild, 2=moderate, 3=severe.
t+ =present, - =absent.
fS=predominantly superficial, D=predominantly deep.

and washed in two changes of TBS for five
minutes. Rabbit anti-mouse peroxidase con-
jugated antibodies (Dakopatts) diluted 1/30 in
TBS were added for 45 minutes, after which the
sections were washed in TBS and then incubated
with swine anti-rabbit peroxidase conjugated
antibodies (Dakopatts) diluted 1/30 in TBS for a
further 45 minutes. After washing in TBS the
sections were covered with fresh diamino-
benzidine (DAB) substrate (6 mg DAB in 10 ml
TBS with 10 1l of 30% H202) for eight minutes,
washed in TBS, counter stained with haema-
toxylin, dehydrated, and mounted. Control
lymph node sections and sections without
primary antibody were included in each assay
run.

EXAMINATION OF SECTIONS
Routine haematoxylin and eosin stained sections
were reviewed blindly by two of us (KBS, GPJ).
The presence, site, and severity (grade 0 to 3) of
the following histological features were noted:
biliary epithelial abnormalities (hyperplasia,
pseudoglands, mononuclear cell infiltrate);
inflammatory cell infiltrate (mononuclear cells,
polymorphs); smooth muscle hypertrophy;
fibrosis; vasculitis; and granuloma. The
immunoperoxidase sections were also viewed
blindly and the site, cell type, and severity of the
mononuclear cell infiltrate in each gall bladder
was estimated and graded using a scale from 0 to
3 (0=absent, 1 =mild, 2=moderate, 3=severe).
A semiquantitative method was used to estimate
the number of labelled cells that infiltrated the
biliary epithelium. The number of infiltrating
labelled cells in two high power fields was
counted and the mean cell number calculated.
Those two areas of biliary epithelium that were
most severely affected by the inflammatory cell
infiltrate were chosen for each section.

STATISTICS
Statistical analysis was performed using the
Mann-Whitney U test (two tailed) and X2 with
Yates's correction.

Results
The histological features present in the haem-
atoxylin and eosin stained sections of gall blad-
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Figure 1: Haematoxylin and eosin staining ofa primary sclerosing cholangitis gall bladder
showing a dense mononuclear cell infiltrate in the superficial layers. (Original magnification
x250.)

ders from patients with primary sclerosing
cholangitis compared with those from patients
with chronic cholecystitis are found in Table III.
No distinguishing features characteristic of pri-
mary sclerosing cholangitis were identified.
Epithelial changes of papillary hyperplasia and
pseudogland formation were present in both
disorders. Although mononuclear cell infiltra-
tion of the epithelium was present more fre-

B % sJ--F.Pis

Figure 2: Haematoxylzn and eosin staining ofa primary biliary cirrhosis gall bladder
showing: (A) superficial granulomas. (Original magnification x 100.) (B) Granuloma
involving the biliary epithelium. The arrow shows an epithelioid histiocyte. (Original
magnification x400.)

quently in primary sclerosing cholangitis, it was
also found in chronic cholecystitis. The site and
severity of inflammation within the gall bladder
wall was also similar in both disorders, although
follicles were present more often in primary
sclerosing cholangitis. However, the difference
was not significant (p>O 1). The cell infiltrate in
primary sclerosing cholangitis gall bladders
was predominantly mononuclear cells with
occasional polymorphonuclear cells (Fig 1).
Smooth muscle hypertrophy and fibrosis were
also present to the same degree in primary
sclerosing cholangitis and chronic cholecystitis
gall bladders. The presence and severity of
histological abnormalities in primary sclerosing
cholangitis gall bladders did not correlate with
the presence of extrahepatic cholangiographic
abnormalities. Vasculitis and granulomas were
not found in these gall bladders. A similar range
of histological features was present in the four
primary biliary cirrhosis gall bladders, although
in one, multiple epithelioid granulomas were
present in the superficial layers and affected the
biliary epithelium (Fig 2).
Immunohistochemical staining of gall blad-

ders from patients with primary sclerosing
cholangitis showed that the inflammatory cell
infiltrate was composed predominantly of
lymphocytes (Table IV). Most of these cells were
T lymphocytes (active and resting), while B
lymphocytes were present only in lymphoid
follicles (Fig 3). Comparative studies using liver
biopsy specimens from three primary sclerosing
cholangitis patients found a similar T lympho-
cyte infiltrate in portal tracts. In contrast, macro-
phages were found in equal or greater numbers
than lymphocytes in the inflammatory cell infil-
trate in chronic cholecystitis gall bladders. Gall
bladders from patients with primary biliary
cirrhosis had less severe inflammation than those
from patients with primary sclerosing
cholangitis, although lymphocytes were the pre-
dominant cell type. All four liver biopsy speci-
mens from patients with primary biliary cirrhosis
had a T lymphocyte infiltrate within the portal
tracts which was similar to the findings in
primary sclerosing cholangitis.
T lymphocytes were frequently found infiltrat-

ing the biliary epithelium of primary sclerosing
cholangitis gall bladders, whereas B lymphocytes
and macrophages were not present. T lympho-
cytes were apposed to the base and interdigitated
between the epithelial cells (Fig 4). The number
ofT lymphocytes per high power field infiltrating
the biliary epithelium in primary sclerosing
cholangitis gall bladders (mean 21 5) was signifi-
cantly more than in chronic cholecystitis gall
bladders (mean 1-2; p<001) (Fig 5). Primary
biliary cirrhosis gall bladders also had fewer T
lymphocytes per high power field infiltrating the
biliary epithelium (mean 6), but the difference
was outside the range of significance (p=0052).
This result was due mainly to the primary biliary
cirrhosis patient with multiple superficial granu-
lomas who had a mean of 14 T lymphocytes per
high power field.

Discussion
Gall bladder involvement in primary sclerosing
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TABLE IV Immunohistochemical typing ofgall bladder mononuclear cell infiltrate

Lymphocytes T lymphocytes B lymphocytes Macrophages

Patients Site* Severityt Site Severity Site Severity Site Severity

Primary sclerosing cholangitis
1 S+D 1 S+D 1 NP 0 D 1
2 S+D 3 S+D 3 CF 1 D 2
3 S 1 S 1 NP 0 NP 0
4 S 2 S 1 CF 1 S 0
5 S 2 S 2 CF 1 S+D 1
6 S 2 S 2 CF 1 S+D 1

Chronic cholecystitis
1 S 2 S 2 CF 1 S 3
2 S 2 S 1 CF 1 S 2
3 D 1 D 1 D 1 NP 0
4 D 1 D 1 NP 0 S+D 2
5 S+D 1 S+D 1 NP 0 S+D 1
6 S+D 1 S+D 1 S 1 S+D 0

Primary biliary cirrhosis
1 S+D 1 S+D 1 CF 1 D 1
2 S+D 1 S+D 1 NP 0 D 1
3 D 1 D 1 NP 0 S+D 1
4 S 2 S 2 NP 0 S 3

*S=predominantly superficial, D=predominantly deep, CF=centre of follicle, NP=not present.
t°=absent, 1 =mild, 2=moderate, 3=severe.

cholangitis has been recognised since the first
reports of this disorder were published,'4 but few
detailed histological studies have been per-
formed. An early study of gall bladders in
primary sclerosing cholangitis found that the
striking feature of this lesion was the presence of
lymphoid aggregates and abundant plasma cells
within the lamina propria.'5 A case report
described the presence of mucosal ulceration,

Figure 3: Immunoperoxidase staining ofa primary sclerosing cholangitis gall bladder showing
a predominant T lymphocyte mononuclear cell infiltrate: (A) Positive T lymphocyte staining
using UCHL 1. (B) Negative B lymphocyte staining using L26. (Original magnification
x400.)

granulomatous inflammation, and fibrosis within
the gall bladder wall,'6 and another found elon-
gated mucosal papillary folds, pseudoglandular
invaginations, and noticeable chronic inflamma-
tory fibrosis, principally involving the serosa. 7 A
more recent study of gall bladder disease in
primary sclerosing cholangitis patients found
that 26% had gall stones, 15% had probable
primary sclerosing cholangitis affecting the gall
bladder, and 4% had neoplasms (benign and
malignant).'8 Detailed histological features were
not reported, however, and no pathognomonic
features of the disease were identified.
Only one of the six primary sclerosing

cholangitis patients in this study had ulcerative
colitis, although asymptomatic disease may have
been present in one other patient who refused
fibreoptic sigmoidoscopy. This finding is not
representative of the proportion of patients with
ulcerative colitis in the total primary sclerosing
cholangitis population, which was 58%. As a
consequence, those patients without ulcerative
colitis included in this study may be somewhat
atypical, although the ulcerative colitis in this
disorder is usually only mildly symptomatic and
has prolonged periods ofremission.2 In this study
no histological abnormality present in routine
haematoxylin and eosin stained sections of
primary sclerosing cholangitis gall bladders was
identified as being specific for this disorder. The
severity and type of inflammation, fibrosis,
smooth muscle hypertrophy, and epithelial
abnormalities in primary sclerosing cholangitis
were similar to those present in chronic
cholecystitis and primary biliary cirrhosis. The
presence of lymphoid follicles associated with
moderately severe chronic inflammation was the
only feature that tended to occur more frequently
in primary sclerosing cholangitis gall bladders,
similar to the findings of Thorpe et al. '5
Granulomatous inflammation was not present in
any primary sclerosing cholangitis gall bladder in
contrast with a previous report.'6 One primary
biliary cirrhosis gall bladder, however, had
multiple granuloma within the submucosa and
epithelial cell layer. Extrahepatic granuloma in
this disease have previously been reported in
liver hilar lymph nodes, omentum, and lung."'
The presence of gall bladder granulomas in
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Figure 4: Immunoperoxidase staining ofa primary sclerosing cholangitis gall bladder showing
positive staining ofT lymphocytes: (A) Numerous T lymphocytes apposed to the base ofbiliary
epithelial cells. (Original magnification x 100.) (B) High powerfield ofT lymphocytes
infiltrating the biliary epithelium. The arrow shows a T lymphocyte interdigitating between
epithelial cells. (Original magnification x400.)

primary biliary cirrhosis suggests that lympho-
cytes may also be sensitised to extrahepatic
biliary epithelium as well as intrahepatic bile
ducts and this finding requires further investiga-
tion.
Damage to the hepatic artery and peribiliary

vascular plexus has been associated with
the development of cholangiographic features
characteristic of primary sclerosing cholangitis.
Hepatic artery infusion with 5-fluorodeoxy-
uridine in patients with hepatic metastases
from colorectal adenocarcinoma has resulted in
multiple biliary strictures typical of primary
sclerosing cholangitis.2` The infusion is thought
to produce toxic hepatic arterial damage and
narrowing which results in ischaemic strictures
of the intrahepatic and extrahepatic bile ducts.
Hepatic artery embolisation with alcohol in an
animal model has produced similar biliary
lesions.2' Moreover, a patient with polyarteritis
nodosa that affected the hepatic artery exten-
sively was reported to have the cholangiographic
features of primary sclerosing cholangitis.22 It
was postulated that vasculitis of the peribiliary
vascular plexus resulted in multiple biliary stric-
tures and dilatations. Severe occlusive phlebitis
has also been described in a primary sclerosing
cholangitis gall bladder.'7 This lesion was

thought to be a specific feature of the disease and

l

Primary Chronic Primary
scierosing cholecystitis biliary
cholangitis cirrhosis

Figure 5: The number ofT lymphocytes per high powerfield
infiltrating the biliary epithelium in pnrmary sclerosing
cholangitis, chronic cholecystitis, and primary biliary
cirrhosis gall bladders. indicates mean number.

was implicated in its pathogenesis. Vasculitis was
not found in any primary sclerosing cholangitis
gall bladder in the present study, however, and
this suggests that while hepatic artery damage
may produce secondary ischaemic biliary stric-
tures, it is unlikely to play a role in the patho-
genesis of the disorder.
The portal tract mononuclear cell infiltrate

present in both precirrhotic and cirrhotic
patients with primary sclerosing cholangitis has
previously been shown to consist predominantly
of T lymphocytes.923 The ratio of T4 (helper/
inducer) to T8 (suppressor/cytotoxic) cells with-
in this infiltrate was similar to that found in
primary biliary cirrhosis patients. T lymphocytes
have also been shown to infiltrate the epithelium
of large and medium sized intrahepatic bile ducts
in primary sclerosing cholangitis.2923 Similar T
lymphocyte infiltration occurs in other diseases
which result in the vanishing bile duct syndrome;
namely primary biliary cirrhosis,24 chronic graft
rejection,25 and grafts versus host disease.26 It has
been postulated that in all these disorders bile
duct antigens co-expressed with either class 1 or 2
major histocompatibility antigens induce an
immune response directed at bile ducts or are a
target for immune effector cells, or both. In this
study, infiltrating T lymphocytes (activated and
resting) were found within the extrahepatic
biliary epithelium as well as the portal tracts in
patients with primary sclerosing cholangitis.
This suggests that lymphocytes in this disease are
sensitised to a biliary antigen that is present in
both the extrahepatic and intrahepatic bile ducts
and is consistent with the distribution of the
biliary lesions in this disorder. Moreover, infil-
trating T lymphocytes were present in the gall
bladder wall and biliary epithelium of three
primary sclerosing cholangitis patients with
cholangiographic abnormalities that were limited
to the intrahepatic biliary tree. This also suggests
that cholangiography may not always detect the
presence of extrahepatic disease, especially if the
extrahepatic lesion consists predominantly of
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inflammatory changes without any appreciable
fibrosis and stricturing.

In conclusion, this study has shown that a wide
range of non-specific histological features of
chronic inflammation and fibrosis were present
in routine haematoxylin and eosin stained
sections of primary sclerosing cholangitis gall
bladders. Immunohistochemistry found other
features that were present in the disease, and
these consisted of a lymphocytic mononuclear
cell infiltrate that affected all layers of the gall
bladder wall and the presence ofT lymphocytes
(activated and resting) which infiltrated the
biliary epithelium. These findings support the
hypothesis that lymphocytes in primary scleros-
ing cholangitis are sensitised to a biliary antigen
and may play a role in the pathogenesis of both
the intrahepatic and extrahepatic lesions in
this disorder. Further studies investigating T
lymphocyte subtypes and biliary epithelial
expression of class 1 and 2 major histocom-
patibility antigens in optimally fixed primary
sclerosing cholangitis gall bladders are planned.
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Scholarship and the study was supported by a grant from the Sir
Charles Gairdner Hospital Research Foundation. We thank Fran
Geste for typing the manuscript.
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