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STELLINGEN BEHOREND BIJ HET PROEFSCHRIFT: 

ETIOLOGIC AND CLINICAL STUDIES IN PRIMARY SCLEROSING CHOLANGITIS 

Hoewel voor het uiteindelijk begrijpen van de causa(e) van primaire scleroserende cholangitis 
een idiosyncratische denkwijze nodig lijkt, vergt het ontwarren hiervan een ontologische 
benadering. 

Het plaatsen van individueel afsluitbare fïetsboxen, dan wel het (veel goedkopere) niet zeuren 
over (kostbare) fietsen in het gebouw kan een belangrijke bijdrage leveren aan het oplossen van 
de toenemende verkeersproblemen rond publieke instellingen. 

In tegenstelling tot wat geregeld beweerd wordt, bevordert het vaak door de maag gaan de liefde 
van de gastroenteroloog niet. 

Galspuwende patiënten met obstructieve galwegaandoeningen hebben goedbeschouwd eigenlijk 
weinig te klagen. 

De genetische predispositie voor primaire scleroserende cholangitis volgt naar alle 
waarschijnlijkheid een oligogeen of genetisch heterogeen overervingspatroon met incomplete 
penetrantie. Gezien het zeldzame familiaire voorkomen van de ziekte en de lage prevalentie 
persé, zal het derhalve nog wel enige tijd duren aleer dit ontrafeld is. 

Het ontstekingsbeeld in de portale veldjes van de lever van patiënten met primaire scleroserende 
Cholangitis toont nauwelijks tekenen van activatie of proliferatie. Dit geeft steun aan de 
hypothese dat het ontstaan van de schade geruime tijd aan de klinische manifestatie vooraf gaat 

De bevinding dat er een verhoogd aantal 'gut-homing' lymfocyten in het portale 
ontstekingsinfiltraat aanwezig is bij patiënten met primaire scleroserende cholangitis vormt 
wellicht een pathofysiologisch aanknopingspunt voor de assocatie van deze aandoening met 
inflammatoir darmlijden. 



Er zijn duidelijke aanwijzingen dat bepaalde Chlamydia species een risicofactor vormen bij het 
ontstaan van primaire scleroserende cholangitis. 

De mediane tijdsduur tot overlijden of levertransplantatie van patiënten met primaire 
scleroserende cholangitis is -met 18 jaar- aanmerkelijk langer dan tot nu toe werd aangenomen. 

Het Amsterdamse classificatiesysteem van cholangiografische afwijkingen is een nuttig 
instrument ter bepaling van de individuele prognose van patiënten met primaire scleroserende 
cholangitis. 

Wanneer ter behandeling van een benigne dominante strictuur in een patiënt met primaire 
scleroserende cholangitis een endoprothese in de galwegen geplaatst wordt, dient deze na 1 week 
verwijderd te worden. 

Hoewel het plaatsen van een buis ter behandeling van knelpunten bij de doorstroming in 
patiënten met primaire scleroserende cholangitis zeer effectief is, blijft het een lapmiddel. Het 
zou goed zijn als de politiek zich dit bij het bedenken van tunnels voor de HSL en de Betuwelijn 
evenzo zou realiseren. 

Er zijn nog immer geen goede -laat staan vroege- indicatoren voor de ontwikkeling van 
cholangiocarcinoom in primaire scleroserende cholangitis. Brush cytologie is vooral van nut bij 
het uitsluiten van maligniteit. 

Cyriel Ponsioen 
Oktober 1999 
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(chapter I 

General introduction 

For many diseases in the field of gastroenterology and hepatology etiologic 
factors and pathogenetic mechanisms are known, and efficacious therapies are 

available. There are several disorders of unknown etiology, yet for which an 
established cure is available, or vice versa. There are some afflictions about which 
we have hardly any clue as to their cause and - consequently - do not have a 
rational therapy to retard or reverse the disease process. 

Many factors contribute to the level of understanding of the pathogenesis of a 
particular disorder. Many diseases exhibit classical patterns, e.g. most infections 
satisfy Koch's postulates; many hereditary diseases follow clear Mendelian modes 
of inheritance. Another important factor determining our level of understanding of 
a disease concerns statistics. Scientific research is basically nothing more than 
collecting data on observations in a proper and reproducible fashion, and 
subsequently testing hypotheses on data sets. In order to attain reliable answers one 
needs sufficiently large sample sizes, and - as important - sufficient funding. 
When a disease poses a substantial burden on a population, society will be more 
willing to channel sizeable funds to relieve this burden. When large numbers of 
potentially treatable patients hold the prospect of large profits, the same applies for 
pharmaceutical companies, who nowadays are indispensable contributors to 
progress in medical therapy. 

None of these issues applies to primary sclerosing cholangitis (PSC). This is a rare 
disease, so there are few patients to investigate and little interest from the major 
providers of funding for medical research. The relevant pathology lies hidden deep 
in the body's largest parenchymal organ, the liver. Only after the early 1970s, 
with the advent of endoscopic retrograde cholangio pancreatography (ERCP), did 
the true prevalence and spectrum of lesions of PSC become apparent. Before the 
availability of ERCP, the affected biliary tree could be reached only by 
laparotomy. 



Chapter I 

The adjective 'primary' indicates its pathogenesis is still elusive, let alone its 
etiology. It is regarded as a distinct entity, and not secondary to another disease 
process, such as gallstones. Most experts share the contention that it is an immune-
mediated disease, but this term is a rather imprecise description of the 
pathophysiological process responsible for PSC. Moreover, the phenomenon of 
mutual citing occurs, which reflects our general lack of understanding about the 
disease. Indeed, on carefully reviewing potentially relevant findings, the evidence 
in support of this contention appears, at most, to be circumstantial, and it is clear 
that other causes have not yet been sufficiently excluded. Thus, in order to make 
progress in elucidating the cause of PSC, one needs to have an open mind. There 
may be several different hypotheses of pathogenetic mechanisms that merit serious 
consideration and investigation. 

The aims of this thesis are to provide the reader with insights into several aspects 
of putative etiologic factors and pathogenetic mechanisms (part two), and clinical 
management (part three). 

Chapter II gives a current perspective of clinical aspects of PSC and proposes 
some directions for future research, some of which are considered in this thesis. 
Chapter III addresses aspects of the concept of genetic susceptibility in relation to 
inflammatory bowel disease (IBD), illustrated by means of a family case-report. 
In chapter TV an attempt is made to elucidate some aspects of the pathogenesis of 
the inflammation in and around the bile ducts in PSC by studying in detail the 
composition of the mononuclear cell infiltrate and the possible role of the biliary 
epithelium as antigen presenting cells. 

In chapter V the possibility of an etiologic role for hepatotropic Helicobacters is 
investigated. In certain strains of laboratory mice several newly recognised murine 
Helicobacters have been shown to induce chronic hepatitis, cholangitis, and 
hepatomas, a disease spectrum that resembles that of PSC. 

In chapter VI an extensive serological survey is presented. Twenty-two different 
common viruses as well as Mycoplasma pneumoniae and Chlamydia species are 
studied as possible predisposing factors for PSC. The association between PSC and 
Chlamydia species is reported. 

In chapter VII the possible association between PSC and Chlamydia species is 
further evaluated. An attempt at subtyping is made, and the presence of this micro
organism in liver tissue from PSC patients is explored. Furthermore, the putative 
role of anü-Chlamydia-specific heat shock protein antibodies is studied. 

10 



General introduction 

There are only three large studies on the natural history of PSC, none of these 
from The Netherlands. When asked about prognosis, these 1980s-based studies are 
usually cited. Chapter VIII describes the long-term natural history of 174 Dutch 
patients with PSC, being the shared second largest reported series in the literature. 
In addition, some of the clinical characteristics of the disease and the prognostic 
role of cholangiography are discussed. 

Dominant strictures in the major bile ducts are a well-recognised cause of sudden 
clinical deterioration with acute cholangitis and/or jaundice. Dilatation usually leads 
to prompt clinical improvement. The optimal mode, route, and duration of treatment 
of dominant strictures are, however, not established, and depend mainly on local 
expertise and habit. We prefer endoscopic stenting and advocate to limit the 
duration of treatment to 1-2 weeks. Experience with this mode of treatment over a 
four years period is analysed in chapter IX. 

Cholangiocarcinoma is the most dreaded complication of PSC, occurring in about 
10 % of patients. It is associated with a very poor prognosis. To date there are no 
reliable markers for cholangiocarcinoma and in the setting of PSC its presence is 
often difficult to differentiate from a common benign stricture. Chapter X 
investigates the value of brush cytology in detecting cholangiocarcinoma in PSC. 
Chapter XI provides a summary of this thesis in Dutch. 

One can imagine that it is particularly arduous to conduct prospective controlled 
trials, when dealing with a rare disease with an unpredictable and fluctuating 
clinical course. Consequently, much of the work presented in this thesis is 
descriptive or retrospective. However, when so little is known about the etiology 
and pathogenesis of a disorder, it is imperative to learn as much as possible from 
careful systematic observations, before embarking on interventional studies. As 
Louis Pasteur, one of the founders of modern medicine, who would undoubtedly 
have approved of our quest for microbials as risk factor for PSC, stated more than 
a century ago: "Le véritable savant n'a pas à s'inquiéter de ce qui peut être dans 
telle ou telle hypothèse. Son devoir et son but sont de chercher ce qui est. " 

i l 
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Chapter II 

SUMMARY 

Primary sclerosing cholangitis (PSC) is a cholestatic liver disease characterised by 
fibro-obliterative inflammation of the entire biliary tree. It is a slowly progressive 
disease with an undulating course, resulting in terminal biliary cirrhosis after a 
median period of about 12 years after diagnosis. The etiology of the disease is 
unknown and there is no effective therapy that can halt disease progression. Around 
8 % of PSC patients develop cholangiocarcinoma, which, by the time it is 
diagnosed, cannot be treated curatively. 

The purpose of this paper is to review the current knowledge about PSC and to 
speculate on future strategies to address the issues of etiology and therapy. 

14 
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INTRODUCTION 

Primary sclerosing cholangitis is a chronic progressive cholestatic liver disease 
characterised by patchy inflammation of the biliary tree leading to obliterative 

fibrosis. 

There are several important issues concerning PSC that remain to be resolved. 
First: the etiology is still unknown. Second: there is at present no therapy that has 
proven to be efficacious in halting disease progression. Third: there are no reliable 
markers that can indicate the development of a cholangiocarcinoma in an early -
curatively resectable- stage. 

The purpose of this review is to outline the current knowledge about PSC and to 
speculate on future strategies to address the above-mentioned issues. 

DIAGNOSIS 

The criteria for the diagnosis are listed in table 1(1). 

The diagnosis of PSC is usually made by cholangiography. Hepatic histologic biopsy 

findings can be non-specific with a considerable degree of sampling variability, 

because the disease may not be evenly and diffusely spread throughout the liver and 

the most characteristic lesion, the so called "onion-skinning", can easily be missed 
(2-4). 

We perform liver biopsy pro diagnosi only when endoscopic retrograde 

cholangiopancreatography (ERCP) fails or leaves considerable doubt. The histologic 

features of PSC can sometimes be compatible with autoimmune hepatitis (AIH), and 

together with the frequent finding of antinuclear- and anti-smooth muscle 

autoantibodies, have given rise to the issue of an overlap syndrome (5, 6). Whether 

this is a true entity or merely a reflection of the limitations of the scoring system for 

AIH, as suggested by the careful study of Boberg et al, remains to be resolved (7). 

When inflammatory bowel disease (IBD) is present, this can give a clue, given the 

well-known association of especially ulcerative colitis (UC) and PSC (8-10). 

There is a preponderance of HLA DR 52a of up to 55 % in PSC patients, but this 

has limited predictive value, inasmuch as the prevalence in the general population is 
around 30 % (11, 12). 

There is presently no specific serological marker available for PSC. Antibodies 
against neutrophils (pANCA) have been found in patients with PSC and UC in 60-86 

% and 33-83 % respectively, depending on the method used (13-16). The antigen(s) 

to which these pANCAs are directed have not been clearly distinguished, but 

15 
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recently Stoffel et al. reported that in about 40 % of sera from IBD and PSC 
patients, ANC A was directed against bactericidal/permeability-increasing protein 
(BPI) (17). 
Distinguishing between PSC and UC by determination of the ANCA titre and IgG 
subclass is not regarded to be helpful (16). Therefore, the presence of pANCA can 
give additional information pointing to PSC only if pre-existing IBD has been ruled 
out. 

So the mainstay of diagnosis is still cholangiography. The classical picture with the 
beading appearance of the bile ducts together with various strictures of different 
length and decreased arborization, is easily appreciated as illustrated in Figure 1. 
The broad spectrum of abnormalities that can be found is shown by the classification 
of Cholangiographie findings as proposed by Majoie et al. in 1991 and listed in 
Table 2 (18). In this series of 40 patients from our institution, there were two cases 
with only intrahepatic involvement. Here the differential diagnosis of primary biliary 
cirrhosis, systemic mastocytosis, polycystic liver disease, and liver cirrhosis 
resulting from other causes must be considered (19, 20). Three patients showed only 
extrahepatic abnormalities. In these cases the possibility of cholangiocarcinoma, 
ischemic injury, or previous bile duct surgery must be considered. 
Magnetic resonance cholangiopancreatography (MRCP) is a new imaging technique 
that is increasingly being applied in biliary and pancreatic diseases. So far its 
resolution is too limited to allow accurate diagnosis, especially of the intrahepatic 
biliary tree. 

Table 1. 

Criteria for Diagnosis of PSC 

1. Presence of typical Cholangiographie abnormalities of PSC (involving bile ducts segmentally 
or extensively) 

2. Compatible clinical, biochemical, and hepatic histologic findings (recognising that they are 
frequently non-specific) 

3. Exclude the following in most instances: 
Biliary calculi (unless related to stasis) 
Biliary tract surgery (other than simple cholecystectomy) 
Congenital abnormalities of the biliary tract 
AIDS-associated cholangiopathy 
Ischemic stricturing 
Bile duct neoplasms (unless PSC previously established) 
Exposure to irritant chemicals (such as floxuridine, formalin) 
Evidence of another type of liver disease, such as primary biliary cirrhosis or 
chronic active hepatitis 

Reproduced with permission from (1). 
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In general, PSC must be differentiated from other forms of sclerosing cholangitis 
such as: 1) ascending intestinal bacterial infections as a complication of stone disease 
or biliodigestive anastomosis; 2) opportunistic infections such as cryptosporidiosis 
and cytomegalovirus infection in the setting of immunodeficiency (21, 22); 3) 
vascular injury to the hepatic arterial tree after previous surgery, selective cytotoxic 
drug infusion, or in the case of paroxysmal nocturnal hemoglobinuria (23-25); 4) 
congenital abnormalities. The differential diagnosis is reflected in the exclusion 
criteria of Table 1. 

Table 2. 

Classification of Cholangiographie findings in PSC 

type of duct 
involvement/ 
classification 

Cholangiographie abnormalities 

intrahepatic 
I 
II 
III 

extrahepatic 
I 
II 
III 
rv 

Multiple strictures; normal calibre of bile ducts or minimal dilatation 
Multiple strictures, saccular dilatations, decreased arborization 
Only central branches filled despite adequate filling pressure; severe 
pruning 

slight irregularities of duct contour; no stricture 
segmental stricture 
stricture of almost entire length of duct 
extremely irregular margin; diverticulumlike outpouchings 

Reproduced with permission from (18). 
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Chapter II 

Fig. 1. ERCP showing the typical "beading" abnormalities of the intra- and extrahepatic biliary tree 
in a PSC patient. 

HlSTOPATHOLOGY 

Depending on the disease stage, the liver histologic picture can vary from some 
portal infiltration to frank biliary cirrhosis with ductopenia, and extensive 
periductular fibrosis with obliteration of the ducts, the so-called "onion-skinning", 
(see Fig. 2). 
The portal zones are infiltrated with small and large lymphocytes, some polymorphs, 

18 
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and occasional macrophages and eosinophils (26). Granulomas are scanty or absent. 
The ductal epithelium, which is normally cuboidal and regular, becomes atrophic 
and pleomorphic (4). The duct lumen becomes irregular and eventually the lining 
epithelium disappears. Together with the epithelial changes, the basement membrane 
of the duct becomes disrupted and re-duplicated. As the fibrosis increases, the duct 
converts to a nodular scar, a so-called "tombstone". 

Another feature characteristic of PSC is the saccular dilatation of septal bile ducts 
not invariably associated with stenosis distally (27). 
The histologic abnormalities of PSC have been divided into four stages, the so-called 
Ludwig classification (28). Stage 1 (portal) shows few duct lesions, along with 
portal inflammation and oedema; stage 2 (periportal) shows widespread duct lesions 
and portal tract expansion due to piecemeal necrosis and periportal fibrosis; stage 3 
(septal) shows bridging fibrosis; and stage 4 shows biliary cirrhosis. 

Fig. 2. Portal triad in a liver biopsy specimen of a PSC patient. 
Concentric periductular fibrosis (PF) and portal lymphocytic infiltration (LI) can be seen. 
Some of the lymphocytes are in close contact with the ductular epithelium (arrows). A, 
artery; B, bile duct. (Hematoxylin and eosin X 250). 

19 
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EPIDEMIOLOGY 

There are no direct data available concerning the prevalence of PSC, so it can only 
be generally inferred from the well-known association of PSC with UC. In an older 
series from the United Kingdom, the percentage of patients with UC who 
concomitantly had PSC was 2.4 % (29). In a more recent study from Sweden, a 
point prevalence for UC of 170 per 100,000 inhabitants was found (30). Of these, 
3.7 % had PSC. This would yield a prevalence of 6.3 per 100,000 inhabitants. In a 
later retrospective study of 305 Swedish PSC patients, 72 % had also UC (8). 
Adjusting for this proportion would yield a prevalence of 8 per 100,000 inhabitants. 
About two-thirds of patients are male. The median age at diagnosis is 36-39 years 
(8, 31). 

PSC is strongly correlated with IBD. Ulcerative colitis and Crohn's disease are 
found in 71-78 % and 2-13 % of PSC patients, respectively (8, 10, 32, 33). In 
contrast with these figures are data from Japan, where IBD is only found in 18 % of 
PSC patients (34, 35). 

SYMPTOMS 

The onset of complaints is usually insidious. Symptoms consist of fatigue, pruritus, 
intermittent right upper quadrant pain, and/or bouts of cholangitis accompanied by 
transient jaundice. These attacks can be precipitated by gallstones, which are now 
regarded to be part of the spectrum of PSC (36, 37). Not infrequently the diagnosis 
is made upon ERCP for suspected symptomatic gallstone disease. 
The time lag between the onset of symptoms or liver enzyme disturbances 
attributable to PSC and the actual diagnosis can be appreciable. In the previously 
mentioned series of 305 Swedish patients, the median delay was 52 months (range 0-
451) (8). 

As the disease progresses the symptoms become more chronic and eventually signs 
of portal hypertension caused by biliary cirrhosis, including ascites and variceal 
bleeding, may become apparent. 

NATURAL HISTORY AND COMPLICATIONS 

Natural history 

The progression of the disease can be highly variable and fluctuating. In our own 
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series, one patient is known with the disease for more than 21 years now and, 
without medication, is virtually symptom-free, with no signs of portal hypertension, 
whereas another patient progressed to intractable decompensated liver cirrhosis 
within 8 months after the onset of symptoms. This degree of variability is well 
known in the literature. 

There have been three retrospective series reported concerning the natural history of 
PSC, which contain more than 100 cases. All three series report an estimated 
median survival until death or liver transplantation of approximately 12 years (8, 32, 
38). 

Using multivariate regression analysis, independent prognostic variables were 
looked for. In the Swedish series of 305 patients, age, histological stage, and serum 
bilirubin were applied as independent variables in a formula, to obtain a prognostic 
index (8). In a multicenter study comprising 426 patients serum bilirubin, age, 
histological stage, and splenomegaly were identified as independent variables of a 
prognostic model (39). 

Complications 

When a tight stricture occurs in the common bile duct or the main branches to the 
left and right lobe, it is called a dominant stricture. The exact prevalence of these 
strictures is not known, but has been estimated to be around 10 % in a large group 
of patients with PSC (40). 
Patients who develop a dominant stricture commonly present with symptoms of 
progressive cholestasis, i.e. jaundice, pruritus, or cholangitis. 
Eventually, PSC leads to biliary cirrhosis, which can give rise to symptoms of 
decompensation such as ascites, encephalopathy, coagulopathy, and variceal 
bleeding. At present, terminal liver failure can be averted effectively by orthotopic 
liver transplantation (OLT) (41, 42). 
Suppurative cholangitis is a well-known complication of PSC and should prompt 
clinicians to perform ERCP to look for dominant extrahepatic strictures or stone 
disease. As mentioned earlier, biliary calculi can occur in a substantial part of PSC 
patients. 
Procedure-related suppurative cholangitis can be prevented effectively by the use of 
broad-spectrum antibiotics before and in the first 24 h after ERCP. Since the 
introduction of this regimen several years ago, we have encountered this 
complication only once in our clinic. 
A very disturbing complication of PSC is the development of cholangiocarcinoma. 
In the three larger studies mentioned earlier, this occurred in 6-8 % of patients. It is 
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possible that this may be an underestimation of the true incidence, inasmuch as not 
all patients that die from liver failure are autopsied. Also, long-standing duration of 
liver disease is not a prerequisite for the development of cholangiocarcinoma (43). 
Clinically as well as cholangiographically, cholangiocarcinoma can have a 
presentation similar to that of a dominant stricture. After diagnosis, the overall 
median survival is reported to be only 5 months (44). 

Detection of cholangiocarcinoma prior to OLT is important, because approximately 
70 % of patients with this complication, even when it is found incidentally in the 
resected liver, die within 1 year after OLT (31, 43, 45). Abu-Elmagd et al. found in 
their group of 169 transplanted PSC patients 18 cholangiocarcinomas (10.6%), for 
which the 5-year survival rate was 26.7% (46). Most transplant centres will reject 
PSC patients with cholangiocarcinoma because of these poor outcomes. In The 
Netherlands, a negative brush cytology of a suspicious stricture is a prerequisite for 
transplantation. 

The reliability of brush cytology for the detection of cholangiocarcinoma in general 
is however doubtful. In our experience, false negative and -especially after stenting-
false positive results are possible. The sensitivity is reported to range from 20 to 
100% (47-50). Because of the presence of thin-walled sacculations, we regard 
biopsy as too hazardous. In addition, the often-required sphincterotomy is 
unattractive in PSC patients, because the natural barrier against enteric pathogens is 
then destroyed. 

Recently, p53 protein overexpression was reported to be found in most 

cholangiocarcinoma specimens of PSC patients and not in liver tissue of PSC 

patients without cholangiocarcinoma (51). K-ras oncogene mutations have also been 

demonstrated in cholangiocarcinoma (52). Perhaps it will be possible in the future to 

detect cholangiocarcinoma in an earlier -still curatively resectable- stage with the 

help of such tumor markers, or at least with more reliability, so that the serious 

decision to perform an OLT can be based on more solid information. 

ETIOLOGY AND PATHOGENESIS 

The etiology of PSC is essentially unknown. What are the hypothetical options and 
the evidence to support or discard them? For convenience in this discussion, we 
have divided the possible causes in non-immune versus immune mechanisms. 
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Non-immune mechanisms 
These mechanisms can be subdivided in infectious, toxic, ischemic, and genetic. 
Infectious mechanisms. Several viruses have been implicated in the etiology of PSC. 
In immunocompromised hosts, CMV has been found to be a cause of sclerosing 
cholangitis (22). However, a recent study from Mehal et al. ruled out CMV in 
immunocompetent PSC patients (53). Reovirus type 3, which also displays tropism 
for bile duct epithelium, has been detected in neonatal biliary atresia with a 
histologic picture of fibrous obliterative cholangitis (54). However, an attempt to 
associate this virus to PSC cases was negative (55). Therefore, the hypothesis of a 
viral origin as the cause of PSC has not been substantiated, although extensive viral 
screening, to our knowledge, has not been performed. 

The close association between PSC and IBD led Boden et al. in 1959 to believe that 
the pericholangitis they observed in UC patients, was the result of portal bacteremia 
(56). In a subsequent paper, they reported benefit from long term tetracycline 
therapy (57). In time, their hypothesis was refuted for the following reasons: Portal 
bacteremia was not reproduced in patients with UC who were submitted for surgery 
(58); portal vein phlebitis, a typical feature of portal bacteremia was not found in 
PSC (59, 60); the reported effect of long term tetracycline could not be reproduced 
(61); the portal infiltrate is not very consistent with pyemia, in that neutrophils are 
rather inconspicuous; liver abscesses are quite uncommon; and the 
reticuloendothelial system within the liver is regarded as an effective means of 
clearing enteric bacteria. 

Toxic mechanisms. What about toxic substances such as formylated peptides of 
bacterial endotoxins permeating through an inflamed colon lining? In a rat model, 
administration of these substances caused periportal inflammation with neutrophils 
and eosinophils (62). A strong argument against the role of bacterial metabolites and 
the portal bacteremia hypothesis is the natural history of PSC in relation to UC. PSC 
can occur without UC, can precede it by several years, and can develop years after 
proctocolectomy (63). 

Hepatotoxic bile acid metabolites such as lithocholic acid generated by the gut flora 
have also been implicated (64). However, the composition and concentration of bile 
acids in bile and portal blood were not found to be significantly abnormal in PSC or 
IBD patients (65). Furthermore, in contrast to animals, the human body can rapidly 
sulphate and thereby detoxify lithocholic acid (66). 

MDR2 gene knock-out mice lack the P-glycoprotein canalicular transporter for 
biliary phospholipids and develop a non-suppurative cholangitis, which resembles 
human chronic cholestatic liver diseases such as PSC (67). Although van Nieuwkerk 
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et al. could not demonstrate impaired phospholipid content of bile in PSC patients, 
this animal model may prove useful for intervention studies (68). 
Ischemic mechanisms. The bile ducts are supplied by the hepatic arterial tree. 
Accidental damage occurring during surgery or as a complication of cytotoxic drug 
infusion in the hepatic artery can lead to a form of sclerosing cholangitis (23, 24). 
However, no major vascular abnormalities were found in a study of peribiliary 
arteries and arterioles of 20 explanted livers from PSC patients who underwent OLT 
(69). 

Genetic mechanisms. There are incidental reports of familial occurrence of PSC 
(70-73). 

Certain HLA haplotypes are found with increased prevalence in PSC. Several 
investigators found a correlation of PSC with the HLA B8 and DR3 haplotype (74, 
75). Prochazka et al. reported a 100 % association in 29 PSC patients with end-stage 
disease with the HLA DRw52a allele, using serological HLA typing (76). This 
finding was not confirmed by a Swedish study of 21 patients (11). The association 
with the HLA DRw52a allele was only 52 % and was not statistically different from 
the 28 % prevalence in a healthy control group. Farrant et al. found comparable 
prevalences in 71 British PSC patients (77). The discrepancy was explained by the 
study methods used. In the former report, indirect serological criteria were applied, 
which overestimate the frequency of this allele. In our own series of 96 Dutch PSC 
patients, using very specific PCR-SSP techniques, HLA DRw52a was present in 42 
%. Overall, although the correlation is not very strong, these findings point to a 
certain degree of genetic susceptibility. 

As mentioned previously, pANCAs have been found in PSC in 60-86 % (13-16). In 
our own PSC population, pANCA was found in 74 % of patients. To determine 
whether this feature represented a genetic marker for disease susceptibility, Bansi et 
al. performed a screening for ANCA in unaffected first degree relatives of PSC and 
UC patients (15). Only 3 % had ANCA, which was attributable to UC, rheumatoid 
arthritis, and systemic lupus erythematosus, respectively. They concluded that 
ANCA is not a genetic marker for increased disease susceptibility to PSC or UC in 
the British population. 

Immune mechanisms 

Cellular immune factors seem to play a prominent role. This may be inferred from 
the composition of the portal infiltrate, which is composed mainly of T-lymphocytes, 
the majority of which are CD4-positive (78, 79), whereas neutrophils are scanty. 
Normal bile duct epithelium expresses HLA class-I antigens but not HLA class-II 
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antigens (80). In two studies, HLA DR expression was shown on biliary epithelial 
cells from PSC patients (81, 82). Evidence of activation of some of the T-cells 
surrounding the bile ducts, indicated by expression of interleukin-2 receptors or 
HLA DR, has been reported (79). The finding of HLA class-II expression however, 
is not unique, inasmuch as HLA DR is found also on bile duct epithelium in patients 
with extrahepatic obstruction (82, 83). Nevertheless, the presence of HLA class-II 
molecules on biliary epithelium is an interesting feature. Potentially, these molecules 
can present a putative alio- or autoantigen to class-II restricted T-lymphocytes, thus 
initiating an inflammatory response. 

Ueno et al. reported the development of immune-mediated cholangitis in rats after 
immunization with rodent bile duct cells (84). The histology showed similarities with 
human cholangiopathies. Das et al. found epitopes on extrahepatic biliary epithelia 
that cross-reacted with a monoclonal antibody developed against a 40 kD protein on 
colonic epithelial cells (85). Later, this group demonstrated that circulating IgG 
antibodies against this shared peptide were present in about two thirds of 16 PSC 
patients, and not in patients with other liver disorders such as primary biliary 
cirrhosis, secondary extrahepatic biliary stricture, or alcoholic liver cirrhosis (86). 
The putative pathophysiologic role of these antibodies has not been settled so far. 
These cellular and humoral immune abnormalities, the previously mentioned 
association with certain HLA haplotypes, the high prevalence of pANCA, and the 
close connection with inflammatory bowel disease all support the contention of an 
immunological disturbance as the underlying cause of PSC. 

TREATMENT 

Medical treatment 

At present, there is no medical treatment that has been proven to halt disease 

progression. An important drawback in medical intervention studies is the slow 

progression of PSC, with spontaneous fluctuations. Especially in the early phase of 

the disease, when medical intervention may be most beneficial, many patients are 

asymptomatic and their disease remains unnoticed. 

Several immunosuppressive agents such as prednisone, azathioprine, methotrexate, 

and penicillamine have been employed in PSC patients, all with limited beneficial 

effect (87-93). Other than a few small, uncontrolled reports of corticosteroid 

efficacy (94, 95), there are no prospective controlled trials evaluating its effect in 

PSC. Lindor et al. treated 12 PSC patients with prednisone 10 mg daily in 
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combination with colchicine 0.6 mg b.i.d. and compared the results with those of a 
historical control group (87). After 2 years, the authors concluded that this 
combination did not inhibit the long-term clinical or biochemical progression of 
PSC. A multicenter trial of corticosteroid therapy is currently underway in The 
Netherlands. 

So far, there are only a few case reports regarding the use of azathioprine in PSC 
(89, 90). 

Two papers from Kaplan and associates suggested a favourable effect of 
methotrexate (91, 96). Subsequently, these and other investigators could not confirm 
these results (92, 97). Penicillamine was tested in the Mayo Clinic in a randomised, 
placebo controlled trial including 70 PSC patients (93). After 3 years of follow-up, 
no beneficial effect on symptoms, biochemistry, histology, disease progression, or 
survival could be detected, whereas toxicity was appreciable. 
Considerable interest has arisen into the use of ursodeoxycholic acid (UDCA) in 
patients with PSC. Several small, controlled trials showed substantial improvements 
in standard liver function tests (98-101). Many clinicians currently treat their PSC 
patients with UDCA, despite the lack of convincing proof that this drug significantly 
reduces symptoms and improves patient survival. In The Netherlands, UDCA is not 
formally registered for the indication PSC. 

To our knowledge, there are only two randomised studies to date that evaluated the 
medium long term effect of UDCA treatment on clinical parameters, histology, and 
time until treatment failure (102, 103). They concluded that UDCA so far does not 
seem to have obvious clinical benefit. In all, in spite of some beneficial features, 
UDCA is probably not the drug that can halt disease progression in PSC. So far, its 
long term use is justified, in our view, only in patients who report amelioration of 
complaints upon UDCA therapy. 

Endoscopic treatment 

In the management of symptomatic dominant strictures, several approaches have 
been employed. 

Percutaneous transhepatic cholangiography with balloon dilatation and temporary 
stenting has been reported to improve clinical, laboratory, and radiological 
parameters (104). However, it can be a technically difficult procedure, particularly 
because the intrahepatic bile ducts are often not conveniently dilated. 
With the advent of endoscopic retrograde cholangiography, several series have been 
published, employing bougienage, balloon-dilatation and/or placement of an 
endoprosthesis (105-108). 
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Several authors have reported favourable results with endoscopic dilation (105, 106, 
109). 
Recurrent stricture formation is a well recognised problem, although the precise 
incidence has not been documented. Some investigators prefer to insert an 
endoprosthesis afterward, which is then left in place for several months (107). 
It is unknown how long an endoprosthesis should ideally be left in situ to achieve 
optimal dilatory effect, with a minimum of complications such as stent clogging or 
suppurative cholangitis (108). 
Because of the problem of stent clogging, we performed a trial in which the efficacy 
of short-term stent placement for symptomatic dominant strictures in PSC patients 
was evaluated (110). 
Sixteen patients received one or two stents for cholangitis, jaundice, or progressive 
cholestasis. The mean duration of stent placement was 9 (7-23) days. The median 
follow-up was 19 months (range 7-27). All patients showed a substantial decrease in 
cholestatic parameters, and 13 patients became asymptomatic and remained so 
during the follow-up period. No complications were noted. These results compare 
quite favourably with those of a historical control group in which 2-3 months of 
stenting was applied (108). We have adopted 1-week stenting as the standard 
treatment of symptomatic dominant strictures in PSC. 

Surgical treatment 

Surgical treatment of dominant strictures has not been very effective and may 
actually hamper future liver transplantation (111, 112). 
Orthotopic liver transplantation is, at present, the ultimate therapy for PSC and 
should be considered in patients with signs of decompensating liver cirrhosis, 
recurrent cholangitis caused by inaccessible strictures, or intractable pruritus. 
The 5-year survival rate in the largest combined series is reported to be 78 %, which 
is comparable with survival rates in series from Europe (42, 113). 
In recent years, some concern has arisen over the possible recurrence of PSC in the 
graft. Harrison et al. found significantly more histologic features suggestive of PSC 
in post-transplant liver biopsies > 6 months after OLT in patients receiving 
transplants for end-stage PSC compared with other indications (114). This difference 
did not disappear when case-controls were matched for Roux-Y anastomosis. Non-
anastomotic biliary strictures occur more frequently after OLT for PSC than for 
other liver diseases (115, 116). Recently, Sheng and colleagues found PSC-like 
Cholangiographie features in 25 % of 32 grafts in PSC patients versus 6 % of 32 
grafts of matched controls (117). 
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FUTURE PROSPECTS AND CONCLUSIONS 

The enormous possibilities of modern molecular biology will provide investigators 

with refined techniques to further unravel the pathophysiologic mechanisms involved 

in PSC. Detailed characterisation of the inflammatory response and the interactions 
between its cellular components may give important clues as to the pathogenesis of 

the disease. Identification of the antigenic targets to which the p-ANC As are 

directed, and confirmation of the results of the studies with the antibodies against the 
40 kD protein, may be of particular importance. 

In a few years, viral screening techniques using random PCRs will become 
available, and the question of a viral etiology may be resolved. 

Given the immune imbalance hypothesis, these developments may yield targets for 
specific anti-inflammatory therapies, analogous to those that are currently being 
developed for IBD. 

In the coming years more results of long term studies investigating the benefits of 
UDC A will become available, so that its value can definitively be determined. 

Comparative studies regarding the efficacy and safety of the various endoscopic 
treatment modalities for dominant strictures are awaited. 

The value of possible markers of early malignant degeneration such as mutations of 

p53 and K-ras must be studied. When early detection becomes feasible, the next step 
should be to investigate the role of OLT in these cases. 

In conclusion, despite a relative abundance of studies -given the rarity of PSC- in the 

past 25 years, the main issues are still unresolved. We do not know what causes the 

disease and there is no effective therapy other than expensive and burdensome OLT. 
However, evidence indicating that PSC reflects an autoimmune or immune 

imbalance disease is accumulating. Progress in immunology is developing rapidly, 
and major breakthroughs are to be expected. 
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SUMMARY 

This report describes a family in which the rare combination of hereditary 
hemochromatosis, ulcerative colitis, and primary sclerosing cholangitis was found. 
The gene encoding for hereditary hemochromatosis is located on the short arm of 
chromosome 6, as are the HLA-DR genes, which are important candidate genes for 
genetic susceptibility for inflammatory bowel disease. Subsequent to the index 
patient, who had all three diseases, a screening was done in his parents and siblings 
including HLA-DR, HLA-DQ and HFE typing, ANCAs, liver tests, and 
sigmoidoscopy with histology. On the basis of HLA and HFE typing three probable 
haplotypes could be distinguished. The youngest brother was found to have the same 
haplotypes as the index patient, and had biochemical iron overload. One sister had 
ulcerative colitis. The genetics of inflammatory bowel disease and hereditary 
hemochromatosis are discussed. 
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INTRODUCTION 

The pathogeneses of ulcerative colitis (UC) and primary sclerosing cholangitis 
(PSC), which is in about 75 % of cases associated with the former, are not 

known. Considerable evidence suggests that a common immune dysbalance 
underlies both diseases (1-6). Epidemiological and animal studies have shown a 
genetic predisposition for inflammatory bowel disease, including UC (7-14). For 
PSC the evidence is less abundant, but familial occurrence of PSC has been reported 
(15-18). 

Candidates for a role in genetic susceptibility for IBD and PSC are the HLA class II 
genes, since their products play a central role in the immune response. A recent 
meta-analysis of studies on associations of HLA haplotypes and inflammatory bowel 
disease reported that UC was positively associated with HLA-DR2(15) (odds ratio 
1.65, CI 1.22-2.25) and HLA-DR9 (odds ratio 1.54, CI 1.06-2.24), and negatively 
with HLA-DR4 (odds ratio 0.54 CI 0.43-0.68) (14). HLA-DR2(15) also conferred 
an increased risk for UC in a group of 70 Dutch patients (odds ratio 1.8 CI 1.1-3.0) 
(14). In PSC a 100 % association with the HLA-DR52a antigen was initially 
reported, but subsequent studies reported that about 50 % of PSC patients are HLA-
DR52a positive, which was not significantly different from the normal population 
prevalence of 28 % (19-21). In a series of 96 PSC patients from our own institution, 
the prevalence of DR52a was 42 %. In addition, positive associations with HLA-
DR3 have been reported (22, 23). 

The HLA-DR locus is situated on the short arm of chromosome 6, which is not far 
from the locus of the gene (called HFE) for hereditary hemochromatosis (HH) (24). 
HFE encodes a major histocompatibility complex class 1-like molecule that requires 
interaction with ß2-microglobulin for expression on the cell membrane. Two 
missense mutations have been identified, one resulting in a change in cysteine at 
position 282 to tyrosine (Cys282Tyr) and one resulting in an exchange of histidine at 
position 63 to aspartate (His63Asp). Patients with a typical HH phenotype have been 
found to be homozygous for the Cys282Tyr mutation in 82-100% (24-27). 
We here report the combination of HH, UC and PSC within one family, which 
allowed to delineate a HFE, HLA-DR and HLA-DQ genotype. 

F A M I L Y CASE 

The index case was a male patient of 44 years, who was referred by his family 
physician because of chronic fatigue and abnormal liver tests. He also complained of 
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increased loose stool frequency and five kilogram weight loss. No abnormalities 
were found on physical examination and the liver was not enlarged. Laboratory 
examination showed an ESR of 44 mm/hr, the aspartate amino transferase was 74 
U/L (N < 47), the alanine amino transferase was 160 U/L (N < 37), the alkaline 
phosphatase was 206 U/L (N 26-103), the y-glutamyl transpeptidase was 276 U/L 
(N < 68), the transferrin saturation was 1.04. Subsequently, he was found 
homozygous for the cysteine282tyrosine missense mutation in the HFE gen. 
A percutaneous liver biopsy showed increased iron load, but also signs of peri
cholangitis with mononuclear portal infiltration and one onion skin lesion, which is a 
pathognomonic sign of PSC. Mild inflammation of the left colon was found at 
sigmoidoscopy compatible with ulcerative colitis, which was corroborated by 
histology. A small bowel series was normal. 

The patient was diagnosed as suffering from a combination of hereditary 
hemochromatosis, primary sclerosing cholangitis, and ulcerative colitis. He was 
treated with repetitive phlebotomies and mesalamine 1000 mg thrice daily, upon 
which his fatigue and bowel complaints resolved completely. 
A detailed family history revealed a sister with ulcerative colitis and a father with 
prostate carcinoma. His mother and three brothers were apparently in healthy 
condition. 

Both parents and four siblings were screened for the presence of HH, PSC, and UC 
by careful history taking, transferrin saturation, HLA-H2 mutation analysis, 
antinuclear cytoplasmic antibodies (ANCA) as a subclinical marker of UC/PSC, 
alkaline phosphatase and Y"gmtamyl transpeptidase, and sigmoidoscopy with 
histology. The latter examination was not performed in the elderly parents. 
ANCAs detection was performed by indirect immunofluorescence on ethanol fixed 

human lymphocytes. Detection of a missense mutation of nucleotide 845 from G to 
A in the HFE = HLA-H2 gene was performed with an oligonucleotide ligation 
assay as previously described (28). 

HLA-DR and HLA-DQ genotyping for the HLA-DRB1, HLA-DRB3, HLA-DRB5, 
and HLA-DQB1 loci was performed on lymphocytes. Because both parents carried 
the HLA-DR52 antigen and HLA-DQ3 which can be further subdivided, PCR-
subtyping into HLA-DRB3*0101 (HLA-DR52a), HLA-DRB3*0202 (HLA-DR52b), 
and HLA-DRB3*0301 (HLA-DR52c) was performed. Further subtyping of HLA-
DQ3 was not done, as HLA-DR11, for which both parents were also positive, is 
usually in linkage disequilibrium in Caucasians with the HLA-DQ3 subtype HLA-
DQ?. 
The results of the family screening are shown in figure 1. No family member had 
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liver test abnormalities. The youngest brother had a high transferrin saturation and 
was consequently found homozygous for the Cys282Tyr mutation in the HFE gene, 
conform the index case. 

Using this information, three probable haplotypes could be distinguished within this 
family as shown in fig 1. 

ANCA + 
UC 
PSC 
HH 45y 

DR3 DR1S 
DR51 

DR52a 
DQ2 DQl 
C282T C282T 

Locus DRB1.. 
DRBS.. 
DRB3.. 
DQB1.. 
HFE.... 

DR3 

DR52a 
DQ2 
C282T 

i DR11 

DR52b 
DQ3 
WT 

ANCA-

44y 

DR11 

DR52b 
DQ3 
WT 

DR15 
DRS1 

DQl 
C282T 

ANCA-

40y 

DR52b 
DQ3 
WT 

DR52b 
DQ3 
WT 

ANCA-

HH 37, 

DR3 DR15 
DR51 

DR52a 
DQ2 DQl 
C282T C282T 

Fig 1. Family tree showing the three probable haplotypes and the various diseases present in the 
offspring. 
C282T = HFE mutation 
WT = wild type HFE 

DISCUSSION 

This family report describes the occurrence of the rare combination of ulcerative 
colitis, primary sclerosing cholangitis and hereditary hemochromatosis. Three 
probable chromosome 6 haplotypes derived from five loci could be identified within 
this family. Of the HLA-DR phenotypes that are known to be associated with UC, in 
this family the index patient carried HLA-DR15, but his sister who was also 
diagnosed as suffering from UC did not. Conversely, two other siblings carried the 
DR 15 phenotype but did not have signs of UC. The index patient also carried both 
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HLA-DR phenotypes that have been implicated in PSC, i.e. HLA-DR3 and HLA-
DR52a. Two siblings carried the HLA-DR3 and HLA-DR52a alleles without signs 
of PSC. Notably, the youngest brother had the same haplotypes as the index patient 
but suffered only from HH. 

These observations underscore the notion that the genetics of IBD and PSC are 
complex and not only involve incomplete penetrance but probably also oligogenic 
inheritance and/or genetic heterogeneity. The former concept implies a limited 
number of different genes acting together to result in the disease, in the latter model 
IBD is the result of multiple disease processes which could involve different genes 
and modes of inheritance (29, 30). 

In contrast, hemochromatosis is inherited as a recessive trait and is one of the 
commonest monogeneic diseases in Caucasians with a prevalence of 1:200 to 1:400 
in the US (31-33). Recent haplotype and linkage disequilibrium analysis estimated 
the single ancestral mutation to have occurred about 62 generations ago, and 
interestingly a conserved genomic region inherited from the disease founder of 6.5 
Mb is found in 9 % of HH-patients' chromosomes (34). This 6.5 Mb region does 
not encompass the HLA-DR locus. To our knowledge (confirmed by an extensive 
Medline search), there are no epidemiological data in the literature linking HH to 
UC or vice versa. 

In this family, the distribution of the three probable haplotypes did not correspond 
with the presence of either PSC or UC in 4 of the 5 siblings. Although it is not 
excluded that either PSC or UC might become apparent later in life, this is not 
likely, since both diseases have their clinical peak onset at a relatively young age, 
and all three unaffected individuals had negative ANCAs. It is more likely that the 
discordance between haplotypes and disease phenotypes reflects incomplete 
penetrance and oligogenic inheritance. These data further confirm the limited 
clinical relevance of testing for HLA haplotypes for the diagnosis of either UC or 
PSC. 

REFERENCES 

1. Greenwald BD, James SP. Immunology of inflammatory bowel disease. Curr Opinion 

Gastroenterol 1997; 13(4): 293-301. 

2. MacDermott RP. Etiology and pathogenesis of inflammatory bowel disease. Curr Opinion 

Gastroenterol 1997; 13(4): 302-306. 

3. Miliigen de Wit van AWM, Deventer van SJH, Tytgat GNJ. Immunogenetic aspects of 

44 



Family case report 

primary sclerosing cholangitis: implications for therapeutic strategies. Am J Gastroenterol 

1995; 90(6): 893-900. 

4. Chapman RW, Jewell DP. Primary sclerosing cholangitis - an immunologically mediated 

disease? West J Med 1985; 143: 193-195. 

5. Boberg KM, Lundin KE, Schrumpf E. Etiology and pathogenesis in primary sclerosing 

cholangitis. [Review]. Scand J Gastroenterol Suppl 1994; 204: 47-58. 

6. Ponsioen CI, Tytgat GN. Primary sclerosing cholangitis: a clinical review. Am J 

Gastroenterol 1998; 93(4): 515-23. 

7. Sundberg JP, Elson CO, Bedigian H, Birkenmeier EH. Spontaneous, heritable colitis in a 

new substrain of C3H/HeJ mice. Gastroenterology 1994; 107(6): 1726-35. 

8. Zlotogora J, Zimmerman J, Rachmilewitz D. Prevalence of inflammatory bowel disease in 

family members of Jewish Crohn's disease patients in Israel. Dig Dis Sei 1991; 36(4): 471-

5. 

9. Roth MP, Petersen GM, McElree C, Feldman E, Rotter JI. Geographic origins of Jewish 

patients with inflammatory bowel disease [see comments]. Gastroenterology 1989; 97(4): 

900-4. 

10. Benett I, Salh B, Haboubi NY, Braganza JM. Sclerosing cholangitis with hepatic 

microvesicular steatosis in cystic fibrosis and chronic pancreatitis. J Clin Pathol 1989; 42(5): 

466-9. 

11. Orholm M, Munkholm P, Langholz E, Nielsen OH, Sorensen IA, Binder V. Familial 

occurrence of inflammatory bowel disease. N Engl J Med 1991; 324(2): 84-8. 

12. Tysk C, Lindberg E, Jarnerot G, Floderus-Myrhed B. Ulcerative colitis and Cr ohn's disease 

in an unselected population of monozygotic and dizygotic twins. A study of heritability and 

the influence of smoking. Gut 1988; 29(7): 990-6. 

13. Thompson NP, Driscoll R, Pounder RE, Wakefield AJ. Genetics versus environment in 

inflammatory bowel disease: results of a British twin study [see comments]. BMJ 1996; 

312(7023): 95-6. 

14. Stokkers PCF. On genes and inflammatory bowel disease . Amsterdam: University of 

Amsterdam, 1999. 169 p. 

15. Record CO, Eddleston ALWF, Shilkin KB, Williams R. Intrahepatic sclerosing cholangitis 

associated with a familial immunodeficiency syndrome. Lancet 1973; ii: 18-22. 

16. Waldram R, Kopelman H, Tsantoulas D, Williams R. Chronic pancreatitis, sclerosing 

cholangitis and sicca complex in two siblings. Lancet 1975; i: 550-552. 

17. Quigley EMM, LaRusso NF, Ludwig J, MacSween RNM, Bimie GG, Watkinson G. 

Familial occurence of primary sclerosing cholangitis and ulcerative colitis. Gastroenterology 

1983; 85: 1160-1165. 

18. Jorge AD, Esley C, Ahumada J. Family incidence of primary sclerosing cholangitis 

45 



Chapter III 

associated with immunological diseases. Endoscopy 1987; 19: 114-117. 

19. Prochazka EJ, Terasaki PI, Park MS, Goldstein LI, Busuttil RW. Association of primary 

sclerosing cholangitis with HLA-DRw52a [see comments]. N Engl J Med 1990; 322(26): 

1842-4. 

20. Zetterquist H, Broomé U, Einarsson K, Olerup O. HLA class II genes in primary sclerosing 

cholangitis and chronic inflammatory bowel disease: no HLA-DRw52a association in 

Swedish patients with sclerosing cholangitis. Gut 1992; 33(7): 942-6. 

21. Farrant JM, Doherty DG, Donaldson PT, Vaughan RW, Hayllar KM, Welsh Kl, et al. 

Amino acid substitutions at position 38 of the DR beta polypeptide confer susceptibility to 

and protection from primary sclerosing cholangitis. Hepatology 1992; 16(2): 390-5. 

22. Schrumpf E, Fausa O, Forre O, al. e. HLA antigens and immunuregulatory T-cells in 

ulcerative colitis associated with hepatobiliary disease. Scand I Gastroenterol 1982; 17: 187-

91. 

23. Donaldson PT, Farrant JM, Wilkinson ML, Hayllar K, Portmann BC, Williams R. Dual 

association of HLA DR2 and DR3 with primary sclerosing cholangitis. Hepatology 1991; 

13(1): 129-33. 

24. Feder JN, Gnirke A, Thomas W, Tsuchihashi Z, Ruddy DA, Basava A, et al. A novel MHC 

class Mike gene is mutated in patients with hereditary haemochromatosis [see comments]. 

Nature Genetics 1996; 13(4): 399-408. 

25. Beutler E, Gelbart T, West C, Lee P, Adams M, Blackstone R, et al. Mutation analysis in 

hereditary hemochromatosis. Blood Cells, Molecules, & Diseases 1996; 22(2): 187-94; 

discussion 194a-194b. 

26. Jouanolle AM, Gandon G, Jezequel P, Blayau M, Campion ML, Yaouanq J, et al. 

Haemochromatosis and HLA-H [letter; comment]. Nature Genetics 1996; 14(3): 251-2. 

27. Jazwinska EC, Cullen LM, Busfield F, Pyper WR, Webb SI, Powell LW, et al. 

Haemochromatosis and HLA-H [letter; comment]. Nature Genetics 1996; 14(3): 249-51. 

28. Delahunty C, Ankener W, Deng Q, Eng J, Nickerson DA. Testing the feasibility of DNA 

typing for human identification by PCR and an oligonucleotide ligation assay. Am J Hum 

Genetics 1996; 58(6): 1239-46. 

29. Yang H, Rotter JI. Genetics of inflammatory bowel disease. In: Targan SR, Shanahan F, 

eds. Inflammatory bowel disease: from bench to bedside. Baltimore: Williams & Wilkins, 

1994:32-64. 

30. Duerr RH. Genetics of inflammatory bowel disease. Inflam Bowel Dis 1996; 2: 48-60. 

31. Dadone MM, Kushner JP, Edwards CQ, Bishop DT, Skolnick MH. Hereditary 

hemochromatosis. Analysis of laboratory expression of the disease by genotype in 18 

pedigrees. Am J Clin Pathol 1982; 78(2): 196-207. 

32. Edwards CQ, Griffen LM, Goldgar D, Drummond C, Skolnick MH, Kushner JP. 

46 



Family case report 

Prevalence of hemochromatosis among 11,065 presumably healthy blood donors. N Engl J 

Med 1988; 318(21): 1355-62. 

33. McLaren CE, Gordeuk VR, Looker AC, Hasselblad V, Edwards CQ, Griffen LM, et al. 

Prevalence of heterozygotes for hemochromatosis in the white population of the United 

States. Blood 1995; 86(5): 2021-7. 

34. Thomas W, Fullan A, Loeb DB, McClelland EE, Bacon BR, Wolff RK. A haplorype and 

linkage disequilibrium analysis of the hereditary hemochromatosis gene region. Human 

Genetics 1998; 102(5): 517-25. 

47 





(chapter IV 

Immunohistochemical analysis of inflammation in 
primary sclerosing cholangitis 

Cyriel IJ. Ponsioen*, Hilde Kuiper", Fiebo J. Ten Kate", Marc van Miliigen de 
Witc, Sander J. van Deventerd, Guido N. Tytgaf 

"Departments of Gastroenterology & Hepatology, Academic Medical Center, 
Amsterdam, The Netherlands 
Department of Pathology, Academic Medical Center, Amsterdam 
Department of Internal Medicine,Elisabeth Hospital, Tilburg, The Netherlands 
Department of Experimental Internal Medicine, Academic Medical Center, 
Amsterdam, 

Eur J Gastroenterol Hepatol 1999; 11: 769-74 



Chapter IV 

SUMMARY 

Objectives: There are only limited data about the nature of the mononuclear infiltrate 
surrounding the affected biliary canaliculi in primary sclerosing cholangitis (PSC). 
The aim of this study was to characterise the composition of the mononuclear 
infiltrate and to detect signs of activation/proliferation among the various 
subpopulations involved. Furthermore the putative role of the biliary epithelium as 
antigen presenting cells (APC) is assessed. 

Methods: Liver biopsies of 14 PSC patients were analysed. Seven liver specimens of 
non-inflammatory liver disease (NIL) patients with hepatocellular carcinoma or 
metastasis from colorectal carcinoma as well as eight liver biopsies of primary 
biliary cirrhosis (PBC) patients, served as controls. Paraffin embedded material was 
stained with GB7, anti CD3, anti CD20, anti CD45RO. Deep frozen sections were 
stained with anti CD4, anti CD8, anti CD25, anti CD86, anti HLADR, anti IFNy, 
anti IL4, anti ICAM1 and anti cc4ß7. Stainings were scored by 2 pathologists using a 
semiquantitative scale. 

Results: The portal infiltrate was found to consists mainly of CD3+CD45RO + 
cells. Few cells expressed activation or proliferation markers in any of the liver 
specimens. In the PSC-material, significantly more of the infiltrative lymphocytes 
were positive for the integrin a4ß7, as compared to hardly any positive cells in the 
NIL-group (p< 0.001) and < 10% in the PBC-specimens (p<0.01). 
Variable HLA-DR expression of the biliary epithelium was observed in all groups, 
however without co-expression of ICAM1 or B7.2. 

Conclusions: The portal infiltrate in PSC liver histology specimens appears to 
consist mainly of non-activated memory T-lymphocytes, a substantial proportion of 
which express the gut-homing integrin a4ß7. An antigen-presenting role for the 
biliary epithelium could not be demonstrated. 

Key words: Primary sclerosing cholangitis; Immunohistochemistry; Histology. 
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INTRODUCTION 

Primary sclerosing cholangitis (PSC) is a rare, chronic disease characterised by 
inflammation of the intra- and extrahepatic bile ducts leading to progressive 

sclerosis. Clinically, the disease is manifested by signs of intermittent jaundice, 
cholestasis, pruritus, fatigue, and sometimes cholangitis, ultimately leading to biliary 
cirrhosis. In approximately 10 % of cases, the course of the disease is complicated 
by the development of cholangiocarcinoma. 

The etiology and pathogenesis of PSC are unknown, but increasing evidence 
indicates that PSC is an autoimmune or immune dysbalance disorder. 
In the past 20 years, only a handful of papers regarding cellular immune 
abnormalities in PSC have been published. In their classic paper from 1981, Ludwig 
et al. described the intense lymphocyte infiltration in enlarged portal areas and 
around bile ducts (1). Whiteside and co-workers were the first to determine 
lymphocyte subpopulations by immunohistochemistry (2). The portal infiltrate 
appeared to consist for at least 80 % of T-cells in their series of rather advanced 
cases of PSC. There was a slight preponderance of CD4 over CD8 positive T-cells 
(1.26+0.1 SE). Only few T-cells appeared activated, as determined by the 
expression of the IL-2 receptor or HLA DR. 

PSC is often diagnosed in conjunction with ulcerative colitis, and less often with 

Crohn's disease. In these inflammatory bowel diseases (IBD) T-lymphocytic 

infiltrates are a prominent feature and are regarded to play a key role in the 

pathogenesis. 

Normally, lymphocytes continually patrol the body for foreign antigen by 

recirculating from blood, through tissue, into lymph, and back to blood. T-memory 

cells acquire an ability to recirculate through the tissues in which they first 

encountered foreign antigen (3,4). 

A certain subset of T-memory cells that has specific gut-homing properties has 

recently been described (5). These CD45RO + lymphocytes express the integrin 

a4ß7 (6) and their primary addressin is MAdCAM-1 (7, 8). 

The presence of so-called 'gut-homing' lymphocytes in the hepatic inflammation in 

PSC has so far not been assessed. 

Normal bile duct epithelium expresses HLA class-I antigens but not HLA class-II 
antigens (9). In two studies, HLA-DR expression was shown on biliary epithelial 
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cells from PSC patients (10, 11). Potentially, these HLA class-II molecules can 
present a putative alio- or autoantigen to class-II restricted T-lymphocytes, thus 
initiating an inflammatory response. However, it should be noted that HLA-DR was 
also found on bile duct epithelium in patients with extrahepatic obstruction (9, 10). 
To induce T-cell stimulation, HLA-DR expression on an antigen presenting cell 
(APC) is not enough. Binding of one or more co-stimulatory molecules such as 
ICAM-1 or B7.2 on the APC with their ligand on the T-cell surface is needed for 
effective stimulation. 

The purpose of this study was to further characterise the mononuclear infiltrate in 

native liver biopsy specimens of PSC patients by using immunohistochemical 

stainings. In addition, the presence of gut-homing lymphocytes was determined. 

Furthermore, the putative role of the biliary epithelium as APC's was studied by 

determination of HLA-DR staining and the presence of the co-stimulatory molecules 

ICAM-1 and B7.2. 

MATERIALS AND METHODS 

Patients 
Liver biopsy specimens (Quick Core 14 gage, William Cook, Bjaerverskov, 
Denmark) of 10 male and four female patients with a diagnosis of PSC established 

by endoscopic retrograde cholangiography and/or histology were used. Mean age 
was 40 ± 10 years, and 11/14 were known with IBD. The median duration of 

disease from diagnosis was 1 year (range 0-16). All patients had biochemical 

evidence of cholestasis. No patient had Child-Pugh B/C liver disease and none used 
ursodeoxycholic acid or other drug therapy for PSC. Histological staging was done 

according to the Ludwig scoring (1). Staging of the 14 PSC samples was as follows: 

stage I: n=5, stage II: n=0, stage III: n=7, stage IV: n=2. 
Seven liver resection specimens of non-inflammatory liver disease (NIL) patients 

with hepatic carcinoma or metastasis from colorectal carcinoma, as well as eight 

biopsies from primary biliary cirrhosis (PBC) patients, served as controls. The PBC 

control group was made up of three stage II, two stage III, and three stage IV graded 
liver biopsies. None of these used immunosuppressants and five were on 

ursodeoxycholic acid therapy. 
Immunohistochemistry 
Liver specimens were stored embedded in paraffin or deep frozen at -80°C. Paraffin 
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slices were deparaffinized in xylene for 15 minutes and rehydrated in ethanol. 
Endogenous peroxidase was blocked by 0.3% H202 in methanol for 20 minutes. 
Table 1 shows the various antigens that were stained, as well as the main cell type 
they are expressed on, and a brief outline of their function. For CD3 staining, 
enzymatic pretreatment was performed using 0.25 % pepsin in 0.01 M HCl for 15 
minutes at 37 °C. Granzyme B7 (GB7) slices were heated for 10 minutes at 100 °C 
followed by immersion in 10 mM citrate buffer at pH 6.0 to unmask the antigen. 
The primary antibodies for the paraffin slices were antiCD3 (DAKO, Glostrup, 
Denmark), antiCD45RO (DAKO), GB7 (Monosan, Uden, The Netherlands), and 
antiCD20 (DAKO). 

As secondary antibody to CD20, CD45RO and GB7 rabbit anti mouse, and for CD3 
swine anti rabbit biotinylated streptavidin horse radish peroxidase were used. 
Detection was rendered by 3,3 diaminobenzidine, which yields a brown staining. 
Deep frozen slices were dried overnight and fixed for 10 minutes in acetone at room 
temperature. The primary antibodies antiHLA-DR (Becton & Dickinson, San Jose, 
CA, USA), antiCD4 (Becton & Dickinson), antiCD8 (Becton & Dickinson), 
antiCD25 (DAKO), antiCD86 = antiB7.2 (PharMigen, San Diego, CA, USA), 
antiICAM-1 (Monosan), antilnterferon-y (anti-IFNy) (Genzyme, Cambridge, MA, 
USA), antiIL4 (Genzyme), and anticc4ß7 = Act-1 (Leukocyte, Boston, MA, USA) 
were incubated in phosphate buffered saline for 60 minutes. Endogenous peroxidase 
was blocked with 0.3 % H202 in PBS for 10 minutes. 

As secondary antibody rabbit anti mouse/HRP was used. Visualisation was obtained 
by amino-ethyl carbazole/H202, which results in a red staining. 
One tonsillary biopsy served as positive control for the antiCD25 staining. 
All specimens were scored by two pathologists, using a semi-quantitative scale, 
ranging from 0 = no positive cells, 1 = < 10 % staining cells, 2 = 10-50 % 
positive cells, 3 = more than 50 % positive staining cells, as percentage of the total 
population of mononuclear infiltrative cells or bile duct cells per portal tract in at 
least half of the portal tracts present in the slice. The relative contributions of CD4-
versus CD8-positive cells were scored using two serial slices. The scoring was 
either CD4 < CD8, CD4 = CD8, or CD4 > CD8. 
Statistics 

Statistical calculations were performed using the SPSS package version 6.1, (SPSS 
Inc., Chicago, IL, USA). Comparisons between groups were done using Mann-
Whitney U testing and within groups applying Wilcoxon rank sum testing. 
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Table 1. 

Reminder of human leukocyte differentiation antigens to which specific antibodies were directed 

antigen 

CD3 

CD4 

CD8 

CD20 

CD25 

CD45RO 

CD86 

IL4 

IFNy 

GB7 

HLA-DR 

ICAM-1 

CC4B7 

main cell types 

T-cell 

T-helper cells 

T-suppressor/cytotoxic 

B-cells 

activated T-cells 

mature T-cells 

Monocytes 

T-helper2 cells 

T-helper 1 cells 

T-cytotoxic cells 

Macrophages 

Endothelium 

memory T-cells 

designation 

T-cell receptor (TCR) 

co-recognition of MHC-II with TCR 

co-recognition of MHC-I with TCR 

B-cell activation/proliferation 

IL-2 receptor, binding leads to proliferation of T-cells 

co-stimulatory molecule 

MHCTI class molecule 

addressin 

gut-homing lymphocyte integrin 

RESULTS 

All PSC biopsies contained an adequate number (i.e. at least three) of portal tracts, 
but in 22 out of 224 slices an assessment of a specific staining could not be made 
due to the absence of sufficient portal tracts in that specific slice. In two of eight 
PBC biopsies assessment of positive staining of biliary epithelial cells could not be 
made due to the absence of original bile ducts. The NIL material contained adequate 
numbers of portal tracts exhibiting no or slight infiltration. 

All PSC specimens showed a mononuclear portal infiltrate of moderate to strong 
intensity in the hematoxylin-eosin staining. The control slices showed slight to 
moderate infiltration in the portal tracts. Figure 1 depicts the semi-quantitative 
distribution of the various cell types constituting the mononuclear portal infiltrate. In 
the PSC material the mononuclear infiltrative cells were almost all lymphocytes as 
ascertained with CD3 and CD20 stainings, with the vast majority being T-cells as 
compared to B-cells (mean rank 7.5 versus 0.0, p < 0.002, Wilcoxon). Almost all 
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lymphocytes stained positive for CD45RO, (Fig 2). There was a preponderance of 
CD4 lymphocytes over CD8 positive cells, though not significantly (mean rank 2.67 
versus 2.00, p = 0.27, Wilcoxon). 
There were no signs of activation of the lymphocytic infiltrate as indicated by the 
paucity of positive staining for CD25, GB7, IL4 and IFNy. Although only a 
minority of the CD4 positive cells stained with antiIL4 and antilFN-y, there seemed 
to be a preponderance of T-helperl versus T-helper2 lymphocytes (mean rank 4.5 vs 
0.0, p < 0.01, Wilcoxon). 

> 50% 

10-50X 

< 10X 

0 -1 

-1X0.002 H 
|— p-027—| 

-p<0.01 • 

—r -

CD, 
—r 

CD,, 
—r~ 

CD, CD, CD«RO CD2! 

— T " 

GB, IL* 

n 
—T" 

IFN, 

Fig 1. Composition of the mononuclear portal infiltrate in the PSC group. 
See text and table 1 for explanation of CD markers 
Medians depicted by horizontal line 
Comparisons by Wilcoxon signed rank test 

55 



Chapter IV 

.̂,'<:.-y;>'M.: :•;. !.rv-: : ;";?,;, ^ ^ 
•• ' '- ! '"?• • ' v ^ " • • ; • ' . - " • *' y ^ 7 : " : " / ' - ,-•>:•• . ' '•• . • • * - > , - • ^ V - ' T V ' S ' O - K ' . 

-•*•' 

Fig 2. Photomicrograph (80 x) of a portal tract in a liver biopsy from a PSC patient, stained for the 
presence of CD45RO. Virtually all mononuclear infiltrative cells stain positive. 

In seven out of nine assessable portal tracts in the PSC biopsies the Act-1 staining 
scored 10-50 % or more, compared to virtually nil in the NIL group (mean rank 
11.89 versus 4.14, p<0.001, Mann Whitney U), and < 10 % in the PBC 
specimens (mean rank 11.89 versus 5.75, p<0.01, Mann Whitney U), (Fig 3). 
There was no apparent association between the presence or number of Act-1 staining 
lymphocytes and comorbidity of IBD, but numbers were actually too small to draw 
any conclusions. 
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I p<0.01 1 

| - p<0.001 —| 

> 50X 

I 1 0 - 5 0 X 
o 

X < 10% -

-m-
PSC NIL PBC 

Fig 3. Distribution of Act-1 positive staining cells in portal infiltrate. 
PSC = primary sclerosing cholangitis 
NIL = non-inflammatory liver disease 
PBC = primary biliary cirrhosis 
Act-1 = antibody to integrin a4/ß7 
Medians depicted by horizontal line 
Comparisons by Mann-Whitney U test 

The bile duct epithelium. 

The biliary epithelium of all PSC specimens expressed variable degrees of staining 
with anti HLA-DR, as did the NIL-control material. However, hardly any 
expression of ICAM-1 and B7.2 was found on the biliary epithelium in the PSC 
specimens or the controls, (Fig. 4). 
For the PBC-controls, too few original bile ducts were present to reliably assess the 
ICAM-1 and B7.2 stainings. 
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Fig 4. Results of semiquantitative scoring for expression of HLA-DR, ICAM-1, and B7.2 on the 

biliary epithelium. 
• = primary sclerosing cholangitis specimens 
O = non inflammatory liver disease control specimens 

DISCUSSION 

The etiopathogenesis of PSC is still largely unknown. One of the steps to unravel the 

pathogenesis of this disease is to closely characterise the cellular infiltrate around the 

involved bile ducts. 

Our findings indicate that in PSC the portal infiltrate mainly consists of T-cells with 

a slight preponderance of T-helper cells over T-suppressor/cytotoxic cells. This is in 

keeping with the results of Whiteside and co-workers (2). Surprisingly, we could not 

demonstrate signs of activation of these inflammatory cells by four different 

immunohistochemical markers for T-cell activation, not even in the 5 Ludwig stage I 

graded biopsies. This suggests that the inciting immunological noxious event may 

precede the histological damage by quite some time. 

There is one paper in which the composition of the mononuclear portal infiltrate in 

children was studied (12). The results are in contrast to our findings in that up to 75 
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% of mononuclear cells expressed the IL-2 receptor (CD25). One possible 
explanation for this discrepancy is that these children may have had more active 
disease at the time of the liver biopsy, or that they may have been on the whole in an 
earlier phase of disease development. 

Our finding that about 10-50% of the infiltrative cells stained positive for the gut-
homing integrin a4ß7 compared to only occasional staining in the NIL- and PBC-
controls respectively, may be of particular interest. The link between IBD and PSC 
has up to now not been elucidated. If there is indeed an abnormal accumulation of 
gut-homing lymphocytes in PSC, this may point to a common pathophysiologic role 
for these T-lymphocytes belying both diseases. 

That cc4ß7-expressing T-cells may actually have clinical significance in IBD is 
highlighted by the study of Hesterberg et al., who demonstrated rapid resolution of 
chronic colitis in the cotton-top tamarin using an antibody to a4ß7 (13). 

Our study confirms the presence of HLA-DR expression on the biliary epithelium of 
PSC patients, as reported earlier (10, 11). HLA-DR molecules are capable of 
presenting alio- or autoantigens to class-II restricted T-helper lymphocytes, who in 
turn may initiate an immune response. 
For effective T-cell stimulation, presentation of an antigen attached to an HLA-DR 
molecule on an antigen presenting cell (APC) to the T cell receptor of a CD4 
positive T-cell is not enough. One or more co-stimulatory bindings, such as between 
intercellular adhesion molecule-1 (ICAM-1) on the APC and lymphocyte function-
associated antigen-1 (LFA-1) on the T-cell, or between B7,l/B7,2 on the APC and 
CD28/CTLA-4 on the T-cell, are necessary for induction of activation or 
proliferation (14). 

Two previous studies have determined the amount of ICAM-1 expression on biliary 
epithelium of PSC patients. Adams et al. found an increased expression of ICAM-1 
on bile ducts in end-stage PSC patients (15). In contrast, Broomé and colleagues 
found no ICAM-1 expression despite the presence of HLA-DR on bile ducts of PSC 
patients with moderately advanced disease (16). The discordance with the former 
study was explained by the differences in fibrotic and inflammatory activity. 
Leon and co-workers did not find B7.1 or B7.2 expression in liver sections from 
patients with PBC or allograft rejection (17). We found HLA DR expression of the 
biliary epithelium in our PSC samples, but could not demonstrate co-expression of 
the co-stimulatory molecules ICAM-1 and B7.2. Although we did not test for all the 
known co-stimulatory molecules ( for example B7.1 ), these findings suggest that the 
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biliary epithelial cells do not function as APC's. The HLA-DR expression should 
then be regarded as an epiphenomenon secondary to biliary obstruction, as has been 
suggested earlier (9, 10). Alternatively, interaction between MHC-II bound antigen 
with T-cells in the absence of co-stimulation may lead to subsequent 
unresponsiveness or apoptosis (14, 18). In this sense down-regulation of B7 
expression on the biliary epithelial cell might provide a self-defence mechanism by 
which chronic activation of MHC-II restricted T-lymphocytes is circumvented. 
Although this remains speculative, it would also explain the apparent absence of 
markers of activation of the T-cellular infiltrate. 

In conclusion, our data indicate that the mononuclear portal tract infiltrate in PSC 
patients mainly consists of mature T-lymphocytes, which are not activated. There 
appears to be abnormal presence of gut-homing lymphocytes in the portal infiltrate 
as compared to controls. 
An antigen presenting role for the biliary epithelium could not be demonstrated. 
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Chapter V 

SUMMARY 

Background & Study Aims: The cause of primary sclerosing cholangitis (PSC) is 
unknown. Recently, several novel murine hepatotropic Helicobacters have been 
described The aim of this study was to study the presence of these hepatotropic 
Helicobacters in bile and by serology in PSC patients. 

Patients & Methods: Bile aliquots from 34 patients with well-established (PSC) were 
subjected to culture and PCR. Serum IgG antibodies against H. hepaticus, H. bills, 
H. pullorum, and H.rappini from 16 PSC patients were determined. All results were 
compared with a control group of 24 patients, who underwent endoscopic retrograde 
cholangiopancreatography for unrelated disorders. 

Results: All bile cultures were negative. PCR analysis revealed a 400 bp 
Helicobacter-speciûc amplicon in 12/34 PSC patients and 12/24 controls (odds ratio 
0.55, CI 0.16-1.80). In 3 samples a 1200-bp was sequenced showing high homology 
with H. hepaticus in 1 PSC patient and 1 control, and with H. pylori in 1 PSC case. 
Serum antibody titers against H. hepaticus, H. bills, H. pullorum and H. rappini 
were similar in both groups. 

Conclusion: This controlled study could not incriminate hepatotropic Helicobacters as 
a risk factor for primary sclerosing cholangitis. 

Key words: primary sclerosing cholangitis; polymerase chain reaction; Helicobacter 

hepaticus; Helicobacter bilis; Helicobacter pullorum; Helicobacter rappini 
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INTRODUCTION 

Primary sclerosing cholangitis (PSC) is a chronic progressive disease 
characterised by fibro-obliterative lesions that can be distributed throughout the 

entire biliary tree. Its etiology is essentially unknown. In the past several bacterial 
pathogenetic causes have been implicated, but were never proven. Based on the high 
correlation with inflammatory bowel disease, Boden et al. postulated portal 
bacteremia (1). They treated their PSC patients with long-term tetracycline with some 
success (2). However, their results could not be confirmed by others and portal 
bacteremia has never been demonstrated in colitis patients (3-6). Moreover, extensive 
histologic studies have never revealed micro-organisms in the periductular mainly 
lymphocytic portal infiltrate in the liver. Another argument against this hypothesis -
and also against the theory that toxic substances generated by colonic bacteria would 
easily permeate through an inflamed bowel wall and induce a toxic cholangiolitis- is 
the fact that PSC can occur without inflammatory bowel disease, precede it, or 
become manifest many years after proctocolectomy (7). 

Recently, two novel Helicobacter species have been isolated in mice: Helicobacter 

hepaticus and Helicobacter bills (8, 9). Both micro-organisms colonize the bile, liver, 

and intestine of mice. Infection leads to chronic hepatitis and, interestingly, H. 

hepaticus infection in A/JCr mice is associated with liver tumors (10-12). In 

immunodeficient mouse strains, H. hepaticus infection is linked with inflammatory 

bowel disease (13). 

Because these infections in laboratory animals bear some striking similarities to PSC 

in humans, we endeavoured to detect the presence of Helicobacter species by culture 

and polymerase chain reaction (PCR) in bile from PSC patients and controls. 

Moreover, antibodies against these species were measured in serum. 

MATERIALS AND METHODS 

Bile samples were collected during endoscopic retrograde cholangiopancreatography 
(ERCP) from 34 PSC patients and 24 controls. 

In the majority of cases bile samples were contaminated with megluminejoxitalamate, 
which was used as a contrast agent to opacify the biliary tree. The bile specimens 
were immediately stored at -18 °C for a maximum of 48 hours, and further on kept at 
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- 20 °C for 1-81 months. 
Corresponding sera stored at - 80 °C were available from 16 PSC patients and 22 
controls. 
The randomly selected control group consisted of five patients with pancreatic head 
tumor, three patients with chronic pancreatitis, 10 cases of choledocholithiasis, two 
cholangiocarcinomas, one gallbladder cancer, two ampullary tumors, and one 
metastatic bile duct stenosis. 
Bile samples were cultured as previously described (14). 
Bile specimens were subjected to PCR analysis using Helicobacter-speciüc 16S 
rRNA primers as described previously (15). As initial primer a 400-bp 
oligonucleotide specific for all known Helicobacter spp was chosen. A second PCR 
amplification using a 1200 bp primer was performed on all positive samples. Positive 
samples were subsequently cloned and sequenced. 
Antibodies against the outer membrane protein (OMP) of H. hepaticus, H. bills, and 
H. pullorum, as well as against whole cell sonicate (WCS) of H. bills, H. pullorum, 
and H. rapplnl were determined on the available 16 PSC and 22 control sera with an 
ELISA technique. ELISA tests were performed utilising Immulon 2 HB flat bottom, 
96 well, microtiter plates (Dynex Technologies, Inc., Chantilly, VA, USA). Wells 
were coated with 100 ng of bacterial antigen in carbonate buffer, pH 9.6. Antigens 
used included whole cell sonicate and outer membrane protein antigen preparation of 
pooled Helicobacter bills and pooled H. pullorum bacterial strains. Additional plates 
were coated with a whole cell sonicate antigen preparation of pooled H. rapplnl 
strains and an outer membrane protein antigen preparation of H. hepaticus 3B1 
strain. 
Antibody to H. pylori was tested using the H. pylori IgG ELISA kit (Wampole 
Laboratories, Cranbury NJ, USA) according to manufacturer's instructions. For our 
in-house ELISA, sera from PSC patients was diluted 1:200 in phosphate buffered 
saline (PBS). Sera were tested against each antigen preparation. One hundred ^1 of 
diluted sera was placed into each well. A negative control well was included on each 
plate. A known anti-//, pullorum and anti-//, hepaticus serum was used as a positive 
control. Plates were incubated for 1 hour at 37°C and then washed 5 X with PBS 
containing 0.05 % Tween20 (Sigma Chemical Co., St. Louis, MO 63178) using 
semi-automated equipment. Anti-human IgG alkaline phosphatase conjugate (Sigma) 
was diluted 1:1000 in PBS and 100 \x\ added to each well. Plates were incubated 
again for 1 hour at 37°C and then washed 5 X. Alkaline phosphate substrate, p-
nitrophenyl phosphate 5 mg (Sigma) in 10 ml of 10 % diethanolamine, pH 9.8, was 
then added, 100 yd per well. An automated ELISA reader, Dynatech MR 7000 
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(Dynex Technologies, Inc.) was used to read the plates with a double filter setting at 

450 X and 540 X. Plates were read after a 15-minute incubation period at room 

temperature. 

Statistical analysis 
Odds ratios were determined and confidence intervals calculated as described by 
Mehta et al (16). To check for possible confounders, Chi-square testing and 
stepwise forward logistic regression analysis were performed using the SPSS 
Package 8.0 (SPSS Inc., Chicago, 111, USA). Results of the serology were analysed 
using independent sample f-test. When necessary, loge-transformation was 
performed to correct for skewness of sample distribution. 

RESULTS 

Cultures of the bile samples were negative in all specimens. 

PCR testing with the 400-bp primer was positive in 12/34 PSC bile specimens (35 %) 

and in 12/24 control samples (50 %). The odds ratio was 0.55 with a confidence 

interval of 0.16-1.80. Neither Chi-square testing nor stepwise forward logistic 

regression analysis revealed any significant confounding influence of factors such as 

sex, age of the patients, age of the samples, or previous CBD cannulation. Testing 

the 24 400-bp Helicobacter positive samples in the 1200-bp assay revealed 7/24 

positive results (4 PSC specimens, 3 controls). Sequencing and cloning of specific 

Helicobacter amplicons was successful in three specimens. One amplicon from a 

control sample was typed as H. hepaticus, one from a PSC specimen was typed H. 

hepaticus-like, and another one from a PSC patient was typed H. pylori-like. 

Nine of 16 PSC (56 %) sera and 11 out of 22 control (50%) sera were positive in the 

H. pylori ELISA, so no difference was found in detectable antibodies against H. 

pylori between the two groups. The mean antibody titers against H. hepaticus-OMP, 

H. bilis-OMP and -WCS, H. pullorum-OMP and -WCS, and H. rappini-WCS in the 

PSC sera were not different from those in the control group. The results are depicted 

in figure 1. Height of the titers did not correspond with positive 400-bp status of the 

patient (data not shown). 
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Fig 1. mean serum titers ± SEM of antibodies against H. hepaticus, H. bilis, 
H. pullorum and H. rappini in the control- and PSC- groups. OMP=outer 
membrane protein; WCS=whoIe cell sonicate. 

DISCUSSION 

The genus Helicobacter has experienced considerable expansion over the last decade 
(17). Apart from H. pylori, there are only anecdotal reports of some members of this 
genus causing disease in humans. Helicobacter rappini and H. pullorum have been 
associated with gastro-enteritis (18, 19). In addition, using sensitive PCR techniques, 
high homology to the 16S rRNA sequence of H. rappini and H. pullorum was found 
in gallbladder tissue in 4 of 23 Chilean patients with chronic cholecystitis and in liver 
tissue and bile in 2 of 8 PSC patients (15, 20). The two most recently added species 
to the Helicobacter genus, H. hepaticus and H. bilis were isolated from the liver, 
biliary tract and intestine of laboratory mice and are responsible for inducing chronic 
hepatitis, hepatocellular tumors and enterocolitis (9-12, 21). So far these two micro
organisms have not been implicated in human disease. The present study was initiated 
to test the hypothesis that chronic or past infection with one of the above-mentioned 
Helicobacter spp could be involved in the pathogenesis of primary sclerosing 
cholangitis. Since neither the PCR nor the serology have been validated and lack a 
golden standard with cut-off values in humans, a control group was introduced. Our 
results indicate that neither H. hepaticus, H. bilis, H. pullorum, nor H. rappini can be 
considered as a risk factor in PSC. Helicobacter specific 16S rRNA sequences were 
found in 22 of 58 bile specimens. This finding did not correspond with H. pylori 
seropositivity (Chi-square p=0.428) Only in three samples specific Helicobacter 
amplicons could be determined. This leaves 19 400-bp samples unexplained. It may 
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be that the PCR using the 400-bp primer is not entirely specific for Helicobacter spp. 
or that the sensitivity of the 1200-bp amplification is too low. 
The negative results of the bile cultures were in a way anticipated, since the initial 
freezing of the specimens was done without adding DMSO to prevent cell lysis. 
Furthermore, bile acids are known to inhibit growth of Helicobacter spp.. The 
negative culture results are in accordance with the findings of Rudi et al who also 
failed to culture and amplify various Helicobacter spp. from bile (22). Although we 
could only demonstrate the presence of a Helicobacter hepaticus-like organism in one 
PSC patient, this does not mean that a pathogenetic role for hepatotropic 
Helicobacters is entirely ruled out. It may be that an initiating noxious event in the 
form of a subclinical infection of the biliary tree induces a chronic immune response 
in genetically susceptible individuals, which in turn leads to overt disease only after 
many years. This hypothesis would comply with the general contention that PSC is 
an autoimmune disease. Traces of such an initiating infection could possibly be 
demonstrated by specific serum IgG antibody determination. However, antibody 
testing in humans against novel Helicobacters has not been validated. Moreover, H. 
pylori serum antibodies may become negative months to several years after 
eradication of the organism. Many PSC patients will have used antibiotics, which 
would constitute a possible negative confounder. 
In conclusion: The results of this controlled study cannot incriminate Helicobacter 
hepaticus, H. bilis, H. pullorum, or H. rappini as a risk factor for PSC. The 
possibility of a previous infection initiating a chronic autoimmune response is not 
ruled out. 
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Chapter VI 

SUMMARY 

Background/Aims: The aetiology of primary sclerosing cholangitis (PSC) is 
unknown. It is generally believed to be a primary immune mediated disease. The role 
of micro-organisms has been studied only to a limited extent. We tested the 
hypothesis that past or persisting infection with common viruses or atypical bacteria 
might play a causal role in genetically susceptible hosts. 

Methods: Serological screening for antibodies against 22 viruses as well as 
Chlamydia spp. and Mycoplasma pneumoniae by complement fixation, ELISA, or 
immunofluorescence was carried out in 41 well-established PSC patients. Also, faecal 
cultures for adenoviruses and enteroviruses were performed. AU sera tested in 1997 
for these micro-organisms at our laboratory served as background reference group. 
Results: There was a markedly increased seroprevalence of Chlamydia-LPS 
antibodies compared to the 1997 reference group. All other micro-organisms tested 
showed normal antibody profiles that did not differ from the 1997 reference group. 
Conclusions: Our findings suggest an association between PSC and past or persisting 
infection with Chlamydia spp.. 

Key words: Primary sclerosing cholangitis; Pathogenesis; Aetiology; Serology; 

Infection 
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INTRODUCTION 

Primary sclerosing cholangitis (PSC) is a progressive cholestatic liver disease, 
characterised by chronic inflammation of the biliary tree. The resulting sclerosis 

leads to obliteration of parts of the intrahepatic radicles and to dominant strictures in 
the extrahepatic bile ducts. Terminal liver failure ensues eventually after a median of 
12 years after diagnosis, which necessitates liver transplantation (1-3). Around 10 % 
of PSC patients develop cholangiocarcinoma, which is usually beyond surgical cure 
by the time it is diagnosed. 

The aetiology of PSC is unknown. Most authors nowadays regard PSC as an immune 
dysbalance disease, given the close association of PSC with inflammatory bowel 
disease (IBD). 

In the past, this same relationship has led Boden et al. to believe that PSC was the 
result of portal bacteremia in ulcerative colitis (4). Subsequently these authors 
reported favourable effects of long term tetracycline therapy (5). Later on, their 
hypothesis was refuted for several reasons: Portal bacteremia could not be found in 
patients with ulcerative colitis during surgery (6); portal vein phlebitis, a feature 
typical of portal bacteremia was not found in PSC patients (7, 8); the beneficial effect 
of tetracycline could not be reproduced (9); and most importantly, bacteria were 
never found in the portal infiltrate surrounding the bile duct(ule)s, nor is the 
composition of the inflammatory peribiliary infiltrate suggestive of chronic pyemia, 
in that polymorphonuclear white blood cells are scarce. 

Alternatively, several viruses have been implicated as a cause of PSC. Reovirus type 
3 was found in neonatal biliary atresia, which histologically displays fibrous 
obliterative cholangitis (10). However, a subsequent attempt to detect this virus in 
PSC material was negative (11). Cytomegalovirus infection of the biliary tree in 
immunocompromised patients can give a cholangitis picture resembling the 
abnormalities encountered in PSC (12). However, Mehal et al. ruled out chronic 
cytomegalovirus infection in immunocompetent PSC patients (13). 
Thus, so far a microbiologic agent has never been substantiated in PSC. Yet the 
possibility of a pathophysiologic role for some viral or bacterial micro-organism has 
not been ruled out either. Extensive viral screening has never been done. Moreover, 
PSC is a chronic disease with an insidious onset and it may be that the inciting 
noxious event precedes the onset of overt disease by many years. It is also 
conceivable that this injury consists of an infectious agent, which in genetically 
susceptible individuals elicits auto-antibodies, which co-react with certain constituents 
of the bile duct epithelium. These auto-antibodies could result from a variety of 
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mechanisms including (1) incorporation of host antigens into viral structures or virus-
induced alteration of host antigens, (2) virus-induced alterations in immunoregulatory 
mechanisms, (3) cross reactivity (molecular mimicry), and (4) induction of anti
idiotype antibodies which stimulate host cell receptors (14). Note that the responsible 
micro-organism need no longer be present in these pathogenetic mechanisms (hit and 
run phenomenon). 

The aim of the present case-control study was to test the hypothesis that a previous or 
persisting infection with a relatively common virus or atypical bacterium is a risk 
factor for the development of PSC. For this purpose a serological profile for 
routinely tested viruses and atypical bacteria was performed in a cohort of PSC 
patients and compared with a reference population from our laboratory. In addition, 
faecal samples of these PSC patients were cultured for adenoviruses and 
enteroviruses. 

MATERIALS AND METHODS 

Patients 
Cases consisted of 41 consecutive PSC patients, whose diagnoses were established 
by ERCP (n=39), liver biopsy (n=2), or both (n=16). Cases were accrued from 
our GI outpatient clinic. Their median age was 46 years, range 21-76 years, 25 
(61 %) of them were male. The median duration of overt disease at the time of serum 
sampling was 4 years (range 0-17). Twenty-one patients had concurrent ulcerative 
colitis and 9 suffered from Crohn's disease. One patient used azathioprine and one 
patient was on low-dose prednisolone, both for control of colitis. 
Because for some of the micro-organisms tested no data are available regarding the 
prevalence in the general Dutch population, a background reference control group 
was constructed comprising more than 5000 sera from all patients, that were 
routinely analysed for the micro-organisms described below during 1997 in our 
laboratory of virology. 

Serologic testing 
Serological screening by complement fixation test (CFT), enzyme linked 
immunosorbent assay (ELISA), or immunofluorescence (IF), for antibody titers 

against a panel of viruses and atypical bacteria that are routinely tested in our 
laboratory were performed on all 41 PSC patients. These encompassed the following 

micro-organisms: 
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CFT: Chlamydia spp., Mycoplasma pneumoniae, adenovirus, respiratory syncytial 
virus, influenza A, influenza B, parainfluenza 1-3, Coxsackie B 1-6, 
cytomegalovirus, herpes simplex virus, varicella zoster virus, mumps, measles. All 
antigens and control antigens as well as complement were from Virion (Virion Ltd., 
Rüschlikon, Switzerland). Amboceptor was obtained from Behring Diagnostics, 
Marburg, Germany. A titer of 8 or more was regarded as positive. 
ELISA: Chlamydiae species (IgG, IgM,and IgA) (anti-LPS, Medac, Hamburg, 
Germany), mumps (IgG and IgM) (Virotech, Hamburg, Germany), measles (IgG 
and IgM) (Virotech), cytomegalovirus (IgG and IgM) (ImX, Abbott Laboratories, 
Wiesbaden, Germany), hepatitis A (total antibody) (ImX), hepatitis B (HBsAg) 

(ImX), hepatitis C (total antibody) (ImX). 
IF: Epstein Barr virus VCA IgG, IgM and anti EBNA (Gull, Laboratories, Salt 
Lake City, UT, USA). 
Cut-off values for the ELISAs and IF assays were used as indicated by the 
manufacturer. Five anti-LPS positive and five negative Chlamydia samples of the 
PSC group were tested for antibodies against Bartonella by an in-house ELISA at 
the National Institute of Public Health and the Environment, Bilthoven, The 
Netherlands, in order to check for false positivity due to Bartonella henseli or 

quintana infection. 
To check for aspecific elevation of immunoglobulin levels, quantitative 
measurements of IgG, IgM, and IgA were performed on all PSC sera using a Dade-
Behring nephelometer. 

Faecal cultures 
Faeces samples from all 41 PSC patients were cultured for presence of adenoviruses 
and enteroviruses, utilising tertiary monkey kidney cells, VERO cells, and diploid 
human embryonic fibroblasts. 

Statistical analysis 
To explore the possibility of increased seroprevalence of antibodies against one or 
more of the above mentioned micro-organisms, differences in proportion of positive 
sera between cases and controls were determined. Odds ratios were calculated with 
exact 95 % confidence intervals (95% CI) according to Mehta et al (15). Difference 
in age distribution between groups was assessed using Mann-Whitney U testing to 
allow comparison of data sets with non-normal distribution. For statistical 
calculations the SPSS 8.0 package was used (SPSS Inc., Chicago, IL, USA). 

77 



Chapter VI 

RESULTS 

Serological screening 

CFT: Three of the 41 PSC patients had sera that showed anti-complementary 
activity. In the remaining 38 patients occasional positive titers were encountered in 
all CFTs as would be expected in a random sample. The proportions of positive 
results did in none of the CFTs outmatch the outcomes in the 1997 background 
reference population (data not shown). The results of the 20 different CFT assays 
are shown in table 1. 

Table 1. 

Results of CFT assays in 38 assessable PSC patients 

Assay 
Distribution of titers 

<8 8 16 32 64 >128 

Chlamydia spp 35 2 1 

Mycoplasma pneumoniae 33 3 2 

Adenovirus 21 12 4 1 

Respiratory syncytial virus 22 12 4 

Influenza A 11 15 11 1 

Influenza B 22 10 6 

Parainfluenza 1 37 1 

Parainfluenza 2 36 2 

Parainfluenza 3 25 9 4 

Coxsackie 1 13 19 3 3 

Coxsackie 2 19 12 3 4 

Coxsackie 3 26 9 1 2 

Coxsackie 4 31 4 2 1 

Coxsackie 5 30 4 4 

Coxsackie 6 18 16 1 3 

Cytomegalovirus 22 2 7 3 3 1 

herpes simplex 16 5 9 7 1 

Varicella zoster virus 13 17 4 2 1 1 

Mumps 38 

Measles 10 10 8 6 2 2 
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IF: Epstein Barr IgG -and IgM- as well as anti EBNA titers displayed normal 
seropatterns. 
ELISA: IgG and IgM titers for mumps, measles and cytomegalovirus showed 
normal seroprevalence patterns. Hepatitis serology: There was an occasional 
positive test result for hepatitis A. All available sera proved negative for the hepatitis 
B and C assays. Table 2 lists the outcomes of the ELIS As, IF, and hepatitis serology 
in the PSC patients. 

Table 2. 

Listing of the number of positive outcomes of ELISAs and IF in the PSC group 

Infectious agent 
Available 

Sera 

IgG 

n (%) 
IgM 

n (%) 
IgA 

n (%) 

HBsAg 

n (%) 

Total AB 

n (%) 

Mumps 41 37 (90) 0 (0) 

Measles 41 40 (98) 0 (0) 

Cytomegalovirus 41 23 (56) 0 (0) 

Chlamydia anti-LPS 41 31 (76) 12 (29) 33 (80) 

Hepatitis A 33 12 (36) 

Hepatitis B 26 0 (0) 

Hepatitis C 34 0 (0) 

Epstein Barr VCA 

anti EBNA 

28 

28 

25 (89) 0 (0) 

22 (78) 

Among all antibody profiles explored in the PSC group, only the proportion of 
positive anti-LPS titers for Chlamydiae species was much higher than expected. 
Six hundred and seventy patients suspected of harbouring a respiratory or genital 
Chlamydia infection were screened with the anti-LPS test in 1997. The outcomes in 
the PSC-group were compared with the results in this reference group (REF) of 670 
patients. The two groups were no different in male/female ratio and age distribution, 
see table 3. The odds ratios for the presence of IgG-, IgM-, and IgA- antibodies for 
the PSC patients versus the reference group were 2.4 (95% CI: 1.1-5.4), 1.9 (95% 
CI: 0.9-4.0), and 6.7 (95% CI: 3.0-17.0), respectively, see figure 1. 
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Fig. 1. Proportion of patients positive for anti-LPS IgG-, IgM-, and IgA- antibodies in the 
PSC group (n=41) compared to all 1997 tested patients (n=670) suspected of having active 
Chlamydia spp. infection (REF). 
* = difference statistically significant 

Table 3. 

PSC- and Reference-cohort characteristics 

PSC REF 

N 

Median age (range) 

Male/Female (%) 

41 

46 (21-76) 

26/15 (63/27%) 

670 

36 (0-97) n.s. *) 

342/328 (51/49%) n.s. **) 

PSC = primary sclerosing cholangitis cohort 
REF = reference set of 1997 sera tested for Chlamydia 
*) = age not significantly different by Mann-Whitney U test for samples with non-
normal distribution. 
**) = gender distribution not significantly different by Chi-square test. 

Finally, quantitative measurements of total IgG-, IgM-, and IgA- levels in the PSC 
sera revealed mild to moderate elevations of the serum IgG-, IgA-, and IgM-
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concentrations in 44 %, 24 %, and 32 %, respectively. Only for the total serum IgM 

concentration this might constitute a confounder (p=0.052). 

Faecal cultures 
All 41 faeces cultures of the PSC-group were negative for adenoviruses and 

enteroviruses. 

DISCUSSION 

This is the first study to present an extensive serological survey of antibody profiles 
against a large number of infectious agents in PSC patients. The results show first of 
all that there is suggestive evidence of an association between PSC and 
seroprevalence of Chlamydia-specïRc anti-LPS antibodies. Compared with a 
reference group the odds ratios for a positive IgG- or IgA- anti-LPS titer were 
significantly elevated in the PSC cohort. It should be noted that the reference group 
was not a random sample from the population, but consisted of patients who were 
suspected of an active respiratory or genital Chlamydia infection. We chose this 
group as reference cohort, because there are no data available on the normal 
seroprevalence of the LPS-ELISA of Chlamydial infections in the general Dutch 
population. The seroprevalence in this reference group may be assumed to be higher 
than expected in the general population. Hence, the difference in outcome between 
the PSC cohort and a random population sample would probably be even more 
striking. 

Two observations argue against a non-specific confounding effect related to 
disturbed liver function in the PSC cohort: 1) Elevated total IgG-, IgM-, and IgA-
serum concentrations were found in only a minority of PSC cases. 2) The other 
ELISAs performed in the PSC patient group (measles, mumps and cytomegalovirus) 
did not reveal high proportions of positive titers. Moreover, the Medac test is 
supposed to be specific in recognising antibodies against a Chlamydia species-
specific epitope in the LPS molecule. Weak cross-reactivity was found only with 
laboratory recombinant mutants of enterobacteriaceae and occasionally with 
Bartonella quintana (16-19). Cross reactivity with the latter micro-organism was 
checked in five anti-LPS positive and five anti-LPS negative PSC sera. The results 
of the Bartonella IgG- and IgM- ELISAs were all but one negative in these 10 sera, 
so there was no correlation with the anti-LPS results. 
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Secondly, the negative results for the other ELIS As, especially with regard to the 
IgM assays, as well as the normal CFT profiles, both indicate that in PSC there is 
no persisting infection with either of the 22 common viruses tested, nor involvement 
of Mycoplasma pneumoniae. 

In conclusion, our findings suggest an association between PSC and previous or 
persisting infection with Chlamydia spp. Further research should focus on 
serological subtyping the involved Chlamydia, and on finding evidence of persisting 
presence of the micro-organism in or around the affected bile ducts. 
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ABSTRACT 

Background/Aims: The etiology of primary sclerosing cholangitis (PSC) is unknown. 
We recently found evidence of elevated seroprevalence of Chlamydia antibodies. 
This finding was retested against three control groups. Moreover, serological 
subtyping in Chlamydia trachomatis and Chlamydia pneumoniae was carried out. In 
addition, Chlamydia specific heat shock proteins were assessed. Finally, the presence 
of Chlamydias in liver tissue of PSC patients was looked for. 
Methods: Anti-lipo polysaccharide (LPS) antibodies were determined by ELISA in 
41 well-established PSC patients and three race matched control groups ( an 
inflammatory bowel disease (IBD) group, n=35; a non-IBD patients group, n=39; a 
healthy blood donor (BD) group, n=40 ). Subtyping in Chlamydia trachomatis and 
Chlamydia pneumoniae serotypes by specific anti-major outer membrane protein 
(MOMP) assays was done in the four groups. Immunohistochemical staining using 
specific markers for Chlamydias, was done on liver biopsies of 14 PSC patients. 
Furthermore, Chlamydia-heat shock proteinóO (HSP60) antibodies were determined 
in the PSC- and BD-groups. 

Results: Seroprevalence of anti-Chlamydia-anli-LPS antibodies was markedly 
elevated in the PSC patients compared to the IBD-, the non-IBD-, and the BD-
groups. The outcomes in the C. trachomatis and C. pneumoniae anti-MOMP assays 
did not correlate with the anti-LPS positive PSC sera. HSP60 antibodies were 
significantly elevated in the PSC-group compared to the BD-group. The presence of 
Chlamydias in liver tissue could not be demonstrated. 

Conclusions: Our findings suggest an association between PSC and (previous) 
infection with Chlamydia. This supports the hypothesis of an aberrant immune 
response directed towards certain constituents of the bile duct, possibly incited via 
mimicry by a Chlamydia infection. 

Key words: primary sclerosing cholangitis; Chlamydia; pathogenesis; autoimmune 

disease; serology; immunohistochemistry. 
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INTRODUCTION 

The aetiology of primary sclerosing cholangitis (PSC) is unknown. It is generally 
believed to be a primary immune mediated disorder. This notion comes from the 
close association of PSC with inflammatory bowel disease. Only few reports have 
been published concerning the possible role of microbiological agents in the aetiology 
of PSC. Portal bacteremia in ulcerative colitis has been suggested, but never 
demonstrated (1-4). As far as viruses are concerned, only reovirus type 3 and 
cytomegalovirus have been studied in PSC. Both agents were ruled out as a likely 
cause of PSC (5, 6). 

We recently performed a large serological survey comprising 22 different common 
viruses, as well as Chlamydia species and Mycoplasma pneumoniae. A clear 
association between PSC and Chlamydia spp.was found (Chapter VI). 
The aim of the present study is to further substantiate this association. We therefore 
performed a case-control study comparing the serological results in the PSC cohort to 
three different control groups. Furthermore, serological subtyping into C. 
trachomatis and C. pneumoniae was performed in an attempt to identify the 
prevailing subspecies. Immunohistochemistry on liver biopsies from PSC patients 
was done in an attempt to demonstrate the organisms in portal tracts. Lastly, the 
putative role of Chlamydia-specific heat shock protein 60 was studied. 

MATERIALS AND METHODS 

Patients 
Cases consisted of 41 consecutive PSC patients, accrued from our GI outpatient 
department. The diagnosis of PSC was established by ERCP (n=39), liver biopsy 
(n=2), or both (n=16). All cases were Caucasian, their median age was 46 years 
(range 21-76), 25 of them were male. Median duration of overt disease at the time of 
serum sampling was 4 years (range 0-17). Concurrent inflammatory bowel disease 
(IBD) was present in 30 patients. One patient used azathioprine and one patient was 
on low-dose prednisolone, both for control of colitis. 

Two race matched control groups were constructed, collected from the same GI 
outpatient clinic as the case-group. One IBD control group (IBD) consisted of 35 
Caucasian patients with endoscopically established inflammatory bowel disease, 
without liver test abnormalities, nor a history suggestive of liver disease. A second 
non-IBD control group (non-IBD) consisted of 39 randomly selected Caucasian 
patients with general GI complaints, who did not have a history suggestive of IBD, 
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nor of liver disease. All patients in this group had normal liver tests. A third control 
group was assembled from 40 healthy blood donors (BD), in order to estimate the 
prevalence of Chlamydia antibodies in the general population. Age and gender 
characteristics of the various groups are shown in table 1. 

Table 1. 

Patient groups age and sex characteristics. 

Cases 

PSC n=41 

Controls 

IBD n=35 Non-IBD n=39 BD n=40 

Median age (range) 46 (21-76) 35 (21-65) 40 (21-76) 36 (21-61) 

Gender m / f 

(%) 
25/16 

(61/39) 

13/22 11/28 3 3 / 7 

(37/63)*) (28/72) *) (82/18) *) 

PSC = primary sclerosing cholangitis 
IBD = inflammatory bowel disease 
non-IBD = general GI outpatients 
BD = healthy blood donors 
*) = gender distribution significantly different from PSC group by Chi-square testing 

Serologic testing 
The presence of IgG-, IgM-, and IgA- antibodies against Chlamydia spp. was 
determined using a broad Chlamydia-spccific anti-lipopolysaccharide (LPS) assay 
(Medac, Hamburg, Germany). 
For characterization into serotypes the following assays were used: Chlamydia 
trachomatis (IgG and IgA): Merlin anti-major outer membrane protein (MOMP) 
ELISA, (Labsystems Oy, Helsinki, Finland), Chlamydia pneumoniae (IgG and IgA): 
Elegance anti-MOMP ELISA, (Bioclone, Marrickville, Australia). For all three 
assays cut-off values were used as specified by the manufacturers. 
Anti Chlamydia-speciüc heat shock protein (HSP) titers were determined in the PSC-
and BD- groups by ELISA after coating with the Chlamydia HSP60 Cpn60 
(StressGen Biotechnologies Co., Victoria, BC, Canada). 
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Immunohistochemistry 

In vivo presence of Chlamydiae species was assessed by immunofluorescence 
staining of 10 liver biopsies from the PSC group and 4 other PSC patients, all 
biopsied in 1994, using 14 gauge Quick-Core biopsy needles (William Cook, 
Bjaerverskov, Denmark). Paraffin sections were incubated with 1:25 diluted 16.3B6 
and 1:400 diluted RR402, both generously provided by the National Institute of 
Public Health and the Environment, Bilthoven, The Netherlands. 16.3B6 is a broad 
anti Chlamydia-LPS antibody and RR402 is a specific Chlamydia pneumoniae 
membrane protein antibody. As second and third step goat-anti-mouse biotin and 
streptavidine horse radish peroxidase (HRP) were applied, respectively. Visualisation 
was made possible by diamino-benzidine staining. Chlamydia pneumoniae infected 
and non-infected Hep2 cells served as positive and negative controls, respectively. 
For detection of Chlamydia trachomatis, deep frozen sections from 14 PSC patients, 
who were all part of the PSC serum group, were used. After fixation in acetone, the 
specimens were incubated with a C. trachomatis monoclonal antibody (Siva 
Microtrak, Behring Diagnostics Inc., Cupertone, CA, USA), in a 1:10 dilution at 
room temperature for 1 hr. Labelling was done with rabbit-anti-mouse IgG, and 
conjugation with HRP. Peroxidase activity was made visible with amino-ethyl-
carbazole H2O2. C. trachomatis infected and non-infected McCoy cell suspensions 
served as positive and negative controls, respectively. Six deep frozen surgical liver 
biopsies from patients with liver metastases from colorectal cancer, primary 
cholangiocarcinoma, or hepatocellular carcinoma served as additional controls. 

Statistical analysis 

To investigate the association of PSC with the presence of serum antibodies to 
Chlamydia species, differences in proportion of positive sera in the three assays 
between cases and controls were determined. Odds ratios (OR) were calculated with 
exact 95 % confidence intervals (95% CI) according to Mehta et al. (7). 
To assess whether a positive anti-LPS test result represented in fact seropositivity for 
either C. trachomatis or C. pneumoniae antibodies, correlations between the three 
assays were estimated by Phi-coefficients. 
The putative role of Chlamydia-specific HSP was assessed by comparing the anti-
HSP titers of the PSC group with the BD group with the use of Mann-Whitney U 
testing. 
The proportion of liver tissue specimens in the PSC group that showed positive 
staining with the C. trachomatis monoclonal antibody was compared with the control 
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group using Chi-square testing. 
For statistical analysis the SPSS 8.0 package (SPSS Inc., Chicago, IL, USA) and 

Epilnfo version 5 (Centers for Disease Control, Atlanta, GA, USA) were used. 

RESULTS 

Comparison with control groups 

The results of the Medac anti-LPS Chlamydia ELISA assay in the PSC group were 

compared with the outcomes for the three control groups and odds ratios (OR) were 

calculated (see figure 1 and table 2). No significant differences were observed 

regarding the proportions of patients positive for IgG between the groups. In 

contrast, the proportion of IgM positive samples in the PSC group (29 %) was much 

higher compared to the control groups (IBD: 6%, non-IBD: 18%, and BD: 0%, 

respectively). This difference was statistically significant for the comparison of the 

PSC group versus the IBD- (OR = 6.8) and the donor (OR = not applicable) 

groups. When the Ig A results between the PSC group and the control groups were 

compared, the odds of a positive titer in the PSC group were much higher compared 

to the IBD- (OR = 7.9), the non-IBD- (OR = 6.6), and the donor groups (OR = 

19.5). 

Table 2. 

Odds ratios and confidence intervals for the presence of IgG-, IgM-, and IgA- antibodies in the anti-

LPS assay for the PSC cohort versus the control groups 

IgG IgM IgA 

OR (95% CI) OR (95% CI) OR (95% CI) 

PSC vs. IBD 1.8 (0.6-5.6) 6.8(1.3-66.3)*) 7.9(2.5-25.8)*) 

PSC vs. non-IBD 1.2(0.4-3.7) 1.9 (0.6-6.4) 6.6 (2.2-20.7) *) 

PSC vs. BD 1.5 (0.5-4.5) n.a. (3.4 - °° ) *) 19.5 (5.6-70.2) *) 

OR (95% CI) = odds ratio with 95 % confidence interval 
n.a. = not applicable; OR cannot be calculated because no positive results were encountered in the BD 
group 
*) = difference significant 
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broad anti-LPS assay 

C. trachomatis anti-MOMP assay 

C. pneumoniae anli-MOMP assay 

Fig 1. Proportion of positive sera in the three assays per immunoglobulin subclass. 
* = difference statistically significant from PSC group. 

91 



Chapter VII 

Characterization into serotypes 
The Merlin anti-MOMP IgG for Chlamydia trachomatis was found positive in 9/40 
PSC patients (one sample missing). The IgA showed positive titers in 15/40 PSC 
patients. The degree of correlation with the anti-LPS outcomes was very small and 
non-significant (Phi = 0.164, p = 0.29 and Phi = -0.01, p =0.95 for IgG and IgA 
respectively). The Elegance ELISA, which is specific for Chlamydia pneumoniae, 
showed for the IgG assay 31/41 positive titers, and for the IgA 30/41 positive test 
results, proportions which were almost identical to the Medac test findings. 
However, the correlations with the Medac assay results were only weak as estimated 
by Phi-coefficients (Phi=0.21, p=0.186 for IgG, and Phi=-0.30, p=0.056 for IgA, 
respectively). The results of the two anti-MOMP ELIS As are depicted in figure 1. 
When calculating the odds ratios between the PSC group and the various control 
groups, the significant differences observed in the anti-LPS test were not retained in 
the C. trachomatis or the C pneumoniae assay. The odds ratios with 95% confidence 
intervals are listed in table 3. 

Table 3. 
Odds ratios and 95 % confidence intervals for the presence of IgG-, and IgA- antibodies in the C. 
trachomatis and C. pneumoniae anti-MOMP assays 

C. trachomatis C. pneumoniae 

IgG IgA IgG IgA 

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

PSC vs. ffiD 0.6(0.2-1.9) 1.9(0.6-6.2) 0.77 (0.2-2.6) 1.4(0.5-4.3) 

PSC vs. non-IBD 0.5(0.2-1.5) 0.8 (0.3-2.2) 0.6 (0.2-2.0) 1.7(0.6-4.9) 

PSC vs. BD 1.9(0.5-8.0) 3.9(1.1-15.3) *) 0.6(0.2-1.9) 1.6(0.6-4.7) 

*) = difference significant 
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Heat shock protein antibodies 
Anti Chlamydia-specific heat shock protein titers in the PSC group were significantly 
higher compared to the outcomes in the BD group, (median 320 OD versus 190 OD, 
Mann-Whitney U: p< 0.001). This is shown in figure 2. 

Q 

o 

8> 
X 

p<0.001 

I ' I 
1 I I 1 

PSC 

39 

blood donors 

Fig 2. Box plots of anti-HSP titers in the PSC- and BD-groups 
OD = optical density units 
3 cases missing 

Immunohistochemistry 
The anti-LPS immunohistochemical staining was dubious in one out of 14 PSC 
patients, but otherwise negative. The Chlamydia pneumoniae specific staining yielded 
several positive cells in the portal tracts in only one of 14 patients, who was not in 
the PSC serum group. The C. trachomatis specific antibody staining yielded no 
apparent positive staining portal tracts cells. Interestingly, slight to moderate diffuse 
cytoplasmic staining of the bile duct epithelium, mainly at the apical side, was 
observed in 8/14 PSC specimens. An example is shown in figure 3. This 
phenomenon was seen in one of the six control liver specimens only, which came 
from a female with cholangiocarcinoma. However, the difference in proportion of 
positive samples between the PSC liver tissue specimens and the controls did not 
reach a statistically significant level (p = 0.12). 
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Fig 3. Portal tract of PSC patient with diffuse cytoplasmic staining of the biliary epithelium mainly at 
the apical side after incubation with the Chlamydia trachomatis antibody ( 210 x ). 

DISCUSSION 

The results of this study confirmed our earlier observation of increased 

seroprevalence of anti-LPS Chlamydial antibodies in a PSC cohort, when compared 

with three matched control groups. This applies in particular to IgA antibodies. 

The Medac anti-LPS assay detects antibodies against an epitope on the LPS molecule 

that is shared by all subtypes of the genus Chlamydiales. To find out if the anti-LPS 

positive sera in fact represented seropositivity for either C. trachomatis or C. 

pneumoniae, specific assays for these subtypes were run on all sera. With regard to 

C. pneumoniae, a high proportion of positive sera was observed in the PSC group, as 
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well as in the three control groups. However, the correlations between the outcomes 
for the anti-LPS assay and both anti-MOMP ELISAs for the individual patients were 
only weak and not statistically significant. 
There are several possible explanations for the observed discrepancies. 

1) Lower specificity of the anti-LPS assay compared to the anti-MOMP ELISAs. If 
this were the case, the outcomes for the former test might represent seropositivity for 
other Chlamydia spp.. Some years ago, a novel Chlamydia species named C. 
pecorum, was described (8, 9). Moreover, very recently, Ossewaarde and Meijer 
found molecular evidence for the existence of yet additional members of the order 
Chlamydiales (10). 

2) Alternatively, positive anti-MOMP IgA titers may largely represent past infection, 
whereas IgA reactivity in the anti-LPS assay may represent persisting infection. Yet, 
presence of Chlamydiae spp. by immunohistochemical staining in liver tissue 
specimens was not apparent. 

The low number of positive IgM sera compared to IgG and IgA outcomes and the 
lack of positive immunohistochemical staining in the liver biopsies, both argue 
against persisting Chlamydia infection. We hypothesized that a relatively trivial 
micro-organism such as Chlamydia may give rise to autoantibodies that cross-react 
with certain constituents of the bile duct system in genetically susceptible hosts. 
Moreover, PSC is a chronic disease with an insidious onset and it may well be that an 
inciting noxious event precedes the onset of overt disease by many years. 
Autoantibodies could result from a variety of mechanisms including (1) incorporation 
of host antigens into viral or bacterial structures or pathogen-induced alteration of 
host antigens, (2) pathogen-induced alterations in immunoregulatory systems, (3) 
cross-reactivity (molecular mimicry), and (4) induction of anti-idiotypic antibodies 
which stimulate host cell receptors (11). For these pathogenetic pathways the 
responsible micro-organism need not be present anymore ( hit and run phenomenon 
). Recently, in BALB/c mice it was shown that Chlamydia can induce heart disease 
through antigenic mimicry of a heart muscle-specific protein (12). In this respect, our 
finding of slight to moderate staining of bile duct epithelium at the brush border side 
in 8 out of 14 liver biopsies from PSC patients after incubation with the C. 
trachomatis immunohistochemical antibody, may be of interest. 
Another interesting feature of Chlamydia is the ability to elicit anti heat shock 
proteins which are involved in tubal damage (13, 14). In our study there was a 
striking difference in the prevalence and height of the titers of anti-HSP60 between 
the PSC-group and the BD-group. 
In conclusion, our findings suggest an association between PSC and previous 
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infection with Chlamydia spp.. This supports the hypothesis of the development of an 

auto immune response to certain constituents of the bile ducts in genetically 

susceptible individuals as the pathophysiologic mechanism that leads to PSC, in 

which Chlamydiae may play a role as the inciting noxious agent. Further research 

should focus on more sensitive techniques such as in situ hybridization and PCR to 

determine traces of the presence of Chlamydia spp. in portal tracts, on subtyping the 

involved Chlamydia, and on the possible role of anti-Chlamydial-USP antibodies in 

mediating chronic inflammation. 
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Chapter VIII 

ABSTRACT 

Background-The median survival of primary sclerosing cholangitis (PSC) has been 

estimated to be 12 years. Cholangiography is the golden standard for diagnosis, but 
is hardly used in estimating prognosis. 

Aims-To assess the natural history of Dutch PSC patients and to evaluate the 
prognostic value of a Cholangiographie classification system. 

Patients-174 patients with established PSC from a university hospital and three 
teaching hospitals seen from 1970 through 1999. 

Methods-Charts were reviewed for validity and time of diagnosis, concurrent 

inflammatory bowel disease, interventions, liver transplantation, and occurrence of 
cholangiocarcinoma, and death. Follow-up data were obtained from the charts and 

from the attending clinician or family physician. Median follow-up was 76 months 

(range 1-300). The earliest available cholangiography was scored as to the severity of 

sclerosis, using a radiological classification system developed in our institution. 

Survival curves were computed by the Kaplan-Meier method. Cholangiographie 

staging was used to construct a prognostic model, applying Cox proportional-hazards 
analysis. 

Results- The estimated median survival from time of diagnosis to death from liver 

disease or liver transplantation was 18 years. Cholangiocarcinoma was found in 18 

(10 %) of patients. Fourteen patients (8 %) underwent liver transplantation. 

Cholangiographie scoring was inversely correlated with survival. A combination of 

intrahepatic and extrahepatic scoring, together with the age at ERCP proved strongly 
predictive for survival. 

Conclusions-The observed survival is considerably better than reported in earlier 

series from Sweden, the UK, and the USA. Classification and staging of 
Cholangiographie abnormalities has prognostic value. 

Keywords: primary sclerosing cholangitis; cholangiocarcinoma; natural history; 
survival; liver transplantation; prognosis 
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INTRODUCTION 

Primary sclerosing cholangitis is a chronic progressive cholestatic disease, 
characterised by patchy inflammation of the biliary tree, resulting in obliterative 
fibrosis. The etiology is unknown and to date there is no therapy that can 
effectively halt disease progression. Many patients are nowadays treated with 
ursodeoxycholic acid, which in a considerable proportion of patients improves 
biochemical cholestatic parameters, and to a lesser extent alleviates cholestatic 
symptoms such as pruritus and fatigue. However, there are two randomised 
placebo controlled studies published so far, which evaluated medium long-term 
ursodeoxycholic acid treatment. Neither showed clear benefit on clinical 
parameters, histology, and delay in time until treatment failure (1, 2). Whether 
higher doses could yield more favourable outcomes, remains to be seen. Dominant 
strictures in the major draining bile ducts are treated by endoscopic or 
percutaneous balloon dilatation or temporary stent placement. Several groups have 
reported favourable results of dilatation in terms of remission of symptoms and 
improvement of cholestatic biochemical parameters (3-9). Whether it also delays 
disease progression is not known. 

Regarding the natural history of PSC three larger independent studies containing 
more than 100 cases have been published so far (10-12). They are concordant in the 
estimated median survival, which is about 12 years. All three studies report an 
incidence of cholangiocarcinoma (CCA) of 6-8 %. When counselling patients, we 
usually rely on these 1970-1980s based series. 

Two studies have been published that assessed the value of cholangiography in 
predicting prognosis. Both concluded that high-grade intrahepatic strictures were 
indicative of a poor prognosis (13, 14). However, the Cholangiographie abnormalities 
encountered in PSC are not widely used to assess disease stage, probably because 
there is no uniformly accepted classification system. In 1984, Li-Yeng et al. were the 
first to propose a classification of the Cholangiographie findings in PSC, based on a 
series of 19 patients (15). Several years later, Majoie et al. from our institution 
proposed a modification of this system of radiographic findings (16). 
The aims of the present study were to assess the natural history of Dutch PSC 
patients, and to evaluate the predictive value of our Cholangiographie classification 
system. 
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PATIENTS AND METHODS 

Patients 

The records from all 181 patients, who were filed with a diagnosis of primary 
sclerosing cholangitis between 1970-1999 from one tertiary referral centre and three 
teaching hospitals, were retrieved. 

The diagnosis was reviewed together with cholangiograms and histology results, 
whenever available. Seven patients were excluded, because they lacked sufficient 
evidence for the diagnosis of primary sclerosing cholangitis. Three of these patients 
had a Klatskin tumour, and four had complicated gallstone disease. From the 
remaining 174 patients the following data were recorded: age at diagnosis, sex, 
concurrent IBD, cholecystectomy, ABO blood type, endoscopic retrograde 
cholangiopancreatography (ERCP) findings, age at index ERCP (AGEERCP), 
disease duration until index ERCP, liver biopsies, total follow-up (FU) time, follow-
up from index ERCP, clinical status at end of follow-up, occurrence of 
cholangiocarcinoma (CCA), and orthotopic liver transplantation (OLT). Follow-up 
data were extracted from the charts, and obtained from the attending clinicians, the 
primary care physician, the patient, or from one of the liver transplantation centres in 
the Netherlands. 

Natural history assessment 

Cumulative survival from time of diagnosis to death from liver disease or OLT was 
estimated by Kaplan-Meier analysis. The same method was applied to assess the 
survival of patients with a cholangiocarcinoma from time of diagnosis of this 
complication to death. 

Cholangiographie scoring 

All available cholangiograms were retrieved and scored by two investigators applying 
the scoring system proposed by Majoie et al., see table 1. We introduced one extra 
type 0 score for both the extrahepatic and intrahepatic compartments, to provide for 
the occurrence of no apparent visible abnormalities. Survival curves were computed 
to assess whether increasing intra- and extrahepatic scorings were correlated with 
poorer prognosis 

Prognostic model computation 

A variable based on the Cholangiographie scoring system was delineated using 
Kaplan-Meier and univariate Cox proportional-hazards analysis. Subsequently, using 
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backward regression, 'age at index ERCP, 'duration of disease until index ERCP', 

sex, concurrent IBD, and cholecystectomy were introduced in the regression analysis 

as possible covariates. 

The assumption of proportionality for a Cox regression model fit was checked as 

described previously (17). For statistical calculations the SPSS package version 8.0 

(SPSS inc., Chicago, IL, USA) and S-plus version 4.5 (MathSoft, Seattle, WA, 

USA) were used. 

Table 1. 

Classification of Cholangiographie findings in PSC 

type of duct 
involvement/ Cholangiographie abnormalities 
classification 

Intrahepatic (IHD) 
0 no visible abnormalities 
1 Multiple strictures; normal calibre of bile ducts or minimal dilatation 
II Multiple strictures, saccular dilatations, decreased arborization 
III Only central branches filled despite adequate filling pressure; severe pruning 
Extrahepatic (EHD) 
0 no visible abnormalities 
1 slight irregularities of duct contour; no stricture 
II segmental stricture 
III stricture of almost entire length of duct 
rv extremely irregular margin; diverticulumlike outpouchings 

Reproduced after modification with permission from (16). 

RESULTS 

General characteristics 
Among the 174 patients 105 (60 %) were male. Their mean age at time of diagnosis 
was 40.4 ± 14.8 year. One hundred fourteen patients (66 %) were known with 

concurrent IBD ( ulcerative colitis n=83, Crohn's disease n=28, indeterminate 

colitis n=3 ). Thirty-nine patients (22 %) underwent cholecystectomy, which not 

infrequently revealed the diagnosis of PSC. 
The ABO blood type distribution closely matched the normal distribution in the 
Dutch population (18). The general characteristics are summarised in table 2. 

105 



Chapter VIII 

Table 2. 
General characteristics of PSC cohort (n=174) 

mean age at diagnosis ± SD 40.4 + 14.8 

Male 105 60 
Inflammatory bowel disease 114 66 

UC 83 48 
CD 28 16 
Indeterminate 3 2 

Cholecystectomy 9 22 
ABO type n = 114 

0 53 46.5 
A 47 41.2 
B 11 9.6 

AB 3 2.6 

Natural history assessment 

Follow-up data were complete within 12 months from data entry closure, which was 
in July 1999, in 161 cases. The median follow-up time was 76 months, range 1-300 
months. During the follow-up there were 32 deaths (18.4 %), six of which were non-
liver disease related. An event was defined as 1) death from liver disease or 2) OLT. 
The estimated median survival from time of diagnosis until death from liver disease 
(n = 26) or OLT (n = 14) was 18 years (95 % CI: 15-21 years). The Kaplan-Meier 
curve is shown in figure 1. The 14 transplanted patients (8%) underwent OLT after a 
median disease duration of 95 months (range 2-221 months). At a median of 44 
months (range 5-117 months) after OLT, all were alive. Cholangiocarcinoma 
occurred in 18 patients (10 %), which accounted for 14 (54 %) of the liver disease 
related deaths. Biliary obstruction caused by a secondary cholangiocarcinoma was the 
initial mode of presentation in 6 cases. The other 12 patients developed CCA a 
median time of 27 months (range 9-258 months) after the diagnosis of PSC was 
made. One patient was lost to follow-up after a diagnosis of CCA was made. The 
estimated median survival in the remaining 17 patients was 9 months (95 % CI: 7-11 
months). The survival curve is depicted in figure 2. 
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9 12 15 1£ 
Time since diagnosis (in years) 

Fig 1. Kaplan-Meier plot + 95% CI (----) of cumulative survival of the entire PSC cohort (n = 
174) 
Estimated median survival until death from liver disease or OLT was 18 years, 95 % CI: 
15-21 years. 
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6 9 12 15 
Time since diagnosis of CCA (in months) 

Fig 2. Kaplan-Meier plot of cumulative survival of patients (n=17) after a diagnosis of 
cholangiocarcinoma (CCA) was made. Estimated median survival = 9 months, 95 % CI: 
7-11 months. 

Cholangiographie scoring 

From 133 patients ERCPs were available, either initial (n=78) or within 2-257 
months after diagnosis. Mean age at the time of ERCP was 42.6 ± 14.0 years. There 
were 83 males (62%) in this subgroup. Figures 3 and 4 show two typical examples of 
the Cholangiographie spectrum of PSC. 

The cumulative survival from time of index ERCP for the various intrahepatic- and 
extrahepatic types is displayed in figures 5 and 6, respectively. As can be seen in 
figure 6, the differences in survival between EHD stage 0 and I, and EHD stage III 
and TV were negligible and not significant (p=0.91 and p=0.58 respectively). From 
a morphological standpoint, these differences can also be very subtle. Therefore, 
stage 0 and I were combined to stage I', and stage III and IV were grouped into stage 
III'. 
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Fig. 3 Cholangiography showing type I intrahepatic, and type 0 extrahepatic 
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Fig 4. Cholangiography showing type II intrahepatic, and type III extrahepatic 
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Survival curves for IHD O-lll 

Time since index ERCP (in years) 

Fig 5. Survival curves for intrahepatic types O-III. 
Type 0: n=9; type I: n=66; typell: n=40; typelll: n=18 

Survival curves for EHD 0-IV 

-- V, - V, 

1 I 
0 

III IV 

II 1 
IV 

Time since index ERCP (in years) 

Fig 6. Survival curves for extrahepaic types 0-IV 
type 0: n=13; type I: n=22; type II: n=70; type III: n=17; type IV: n=10 

111 



Chapter VIII 

Computing a prognostic model 

The assumption was made that both intra- and extrahepatic abnormalities would 
reflect disease severity. Hence, both intra- and extrahepatic scoring would be 
expected to play a role in determining prognosis. Extensive univariate Cox 
proportional-hazards analysis yielded a single parameter that had the strongest 
association with survival. This categorical parameter (SUMIHDEHD') was 
composed of the sum of the intrahepatic scoring (IHD) and the modified extrahepatic 
scoring (EHD'). The range of possible values for SUMIHDEHD' was 1-6. Since the 
difference of the survival curves for the values 3 and 4 was almost nil (p = 0.91), 
these values were taken together. The resulting categorical parameter 
SUMIHDEHD" contained 5 possible values (1-5), and had a highly significant 
overall log likelihood ip = 0.0008). Table 3 lists the resultant SUMIHDEHD" score 
as a function of IHD and EHD. 

Table 3. 

Resultant SUMIHDEHD" score from IHD and EHD 

(combination 0-0 non-existent, because it would preclude a diagnosis of PSC) 

IHD 

0 I II III 

0 - 2 3 3 

EHD I 1 2 3 3 

II 2 3 3 4 

III 3 3 4 5 

IV 3 3 4 5 

In order to assess the influence of other variables such as 'age at index ERCP' 
(AGEERCP), 'duration of disease until index ERCP', gender, concurrent IBD, and 
cholecystectomy, backward regression was done including these variables in the 
model. Only AGEERCP moderately improved the significance of the overall 
likelihood (p = 0.0003). However, independent contribution to the predictive power 
of the model was only borderline significant (p = 0.06). 
The assumption of proportionality for a Cox regression model fit was tested and 
found valid (p = 0.84). 
Figure 7 shows the predicted survival curves for the three categories of 
SUMIHDEHD" present in the cohort, along with the Kaplan-Meier plots of the 
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actual observed survival in these categories. The curves were truncated at 15 years 
to avoid misinterpretation of the increasingly unreliable right-hand side. 
The prognostic index (PI) based on the survival function was as follows: 

PI = 1.13*X3 + 1.98*X4 + 0.024*Y 
Where Xs=0 and X»=0 if SUMIHDEHD" = 2 

Xs= 1 and X<=0 if SUMIHDEHD" = 3 
Aj=0andX4=l if SUMIHDEHD" = 4 
Y = AGEERCP in years 
(SUMIHDEHD" score 1 and 5 not present in the cohort) 

\ ^t 

Kaplan-Meier 
Cox-model 

Time since index ERCP (in years) 
15 

Fig7. Actual observed survival and predicted survival by the Cox model 
for the various categories of SUMIHDEHD' ' at mean of covariate AGEERCP 

Higher scores were associated with considerably poorer prognosis. The relative 
risk at death from liver disease or OLT of SUMIHDEHD" score 3 vs. score 2 was 
3.1 (95% CI 0.7-13.4). The relative risk of SUMIHDEHD" score 4 vs. score 2 
was 7.3 (95% CI 1.5-34.7). Each 10-year increment of AGEERCP was associated 
with a relative risk of 1.3. 
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Median survival vs. prognostic index 

200 

5 
'5 

150 

100 

1.0 1.5 2.0 2.5 3.0 3.5 

PI 

Fig 8. Plot of the median estimated survival based on the prognostic index (PI). 

After calculation of the PI, the estimated median survival can be determined from the 
graph in figure 8. For example, the patient, whose cholangiogram is shown in figure 
4, was at the time of the ERCP 48 years old. Her SUMIHDEHD" score = If. Thus, 
her PI = 3.13. From figure 8 it can be read that her estimated median survival would 
be 80 months. 

DISCUSSION 

The results of this cohort study, which is the second largest (together with the Mayo 
clinic series) reported, containing the longest follow-up so far, show that the median 
survival appears to be considerably better than reported previously. There are three 
published, individual studies involving over 100 patients (10-12). They report cohorts 
mainly from the 1970s and 1980s from the USA, the UK, and Sweden. All three 
report a median survival of approximately 12 years. In contrast, we found a 50 % 
better median survival of 18 years. The reasons for this discrepancy with the earlier 
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series may be multifactorial. Selection bias may play a role. However, the general 
patient characteristics were rather similar in all four series. In the study from the 
Mayo Clinic, the date of referral was taken as time of diagnosis, which may have 
given rise to a considerable underestimation of total disease duration. Moreover, 
death from any cause was regarded as an endpoint. However, when the six non-liver 
related death causes in our series were included as endpoint in the survival analysis, 
the estimated median survival was 17.5 years, still much longer than in the Mayo 
cohort. The King's college and Sweden studies used the same endpoints as in the 
present study. The Swedish study defined base-line time as the date of diagnosis, as 
we did. The British study defined base-line as the time of the first symptom 
consistent with -in retrospect- the diagnosis of PSC. Compared with our series, as 
well as with the Swedish cohort, this could give rise to a substantial increase in 
median survival time, inasmuch as parameters such as elevated liver function tests 
may precede the diagnosis of PSC by many years. Yet, the median survival in our 
series was 50 % longer than the median survival in the series from King's college. 
Alternatively, the time frame studied may be of influence. The series from the USA, 
the UK, and Sweden contained cohorts mainly from the 1970s-1980s, while our 
cohort also spanned 1990-1999. Substantial therapeutic advances aimed at slowing 
down disease progression have not been made in the last decade, but perhaps the 
diagnosis is made earlier nowadays. 

The prevalence of cholangiocarcinoma in the above-mentioned studies was 6-8 %. In 
our series the prevalence of secondary cholangiocarcinoma was somewhat worse at 
10 %. This may be as a result of the longer follow-up in our series. The actual 
prevalence may even be somewhat higher, since not all patients who died were 
autopsied. 

Several prognostic models have been proposed to predict the course of PSC and to 
tailor the timing for OLT (19, 20). Independent variables for these models are age, 
histological staging and serum bilirubin. However, hepatic histologic biopsy findings 
can be non-specific, with a considerable degree of sampling variability, because the 
disease may not be evenly spread throughout the liver, and the pathognomonic onion
skin lesion can easily be missed (21-23). Thus, for diagnosis liver biopsy is usually 
not done, and histological staging may be quite variable. Likewise, serum bilirubin 
level at presentation may be a rather fluctuating indicator of disease stage. For 
instance, when a patient presents with suppurative cholangitis caused by a bile-
plugged distal dominant stricture, but otherwise patent biliary tree, the elevated 
serum bilirubin may soon revert to a normal level, when the obstruction is relieved. 
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The mainstay of diagnosis is cholangiography, so it seems obvious to develop 
predictors based on Cholangiographie abnormalities. Two studies have been 
performed that assessed the prognostic value of cholangiography (13, 14). Both 
concluded that high-grade intrahepatic strictures indicated poor prognosis. However, 
grading of intrahepatic strictures in these studies was rather detailed and may be 
difficult to reproduce, because the degree of narrowing of strictures may vary 
considerably, depending on the amount of contrast injected in the biliary tree. The 
modified classification of Cholangiographie findings of Majoie et al. uses a more 
qualitative appreciation of the abnormalities in the biliary tree in PSC patients (16). 
So far, this classification has not been evaluated clinically in terms of predicting 
prognosis. We recently evaluated this radiographic scoring system and found it well-
applicable in the vast majority of PSC patients, providing it was supplemented by two 
type 0 categories, (unpublished data). Survival analysis for each individual category 
revealed that the difference between extrahepatic type 0 and I, as well as the 
difference between extrahepatic type III and IV, were negligible. On morphological 
grounds, the difference between stage 0 and I can indeed be very minor. Stage III 
and rv both imply serious involvement of almost the entire extrahepatic duct. Hence, 
it seemed prudent to combine stage 0 and I to category I', and stage III and IV to 
category III'. On the assumption that both the intrahepatic scoring and the 
extrahepatic scoring would have influence on disease severity and -consequently-
survival, a variable was delineated representing both scorings. The resulting variable 
SUMIHDEHD" showed that there was a clear inverse correlation of combined 
morphologic scoring with survival. Moreover, a prognostic index could be computed 
on the basis of SUMIHDEHD". The predicted survival plots for the various 
categories of SUMIHDEHD" closely matched the actual observed cumulative 
survival curves. However, the definitive value of our model can only be assessed 
after cross-validation. 

PSC is nowadays regarded as an immune dysbalance disease, occurring in genetically 
susceptible hosts. Important candidate genes that may play a role in predisposing an 
individual to chronic inflammation are those of the human leukocyte antigen DR 
locus, situated at the short arm of chromosome 6. One of the simplest and oldest 
means to search for common genetic background features is determination of the 
ABO blood type. Information on ABO blood type was available in 70 % of patients 
in our series. There was no evidence of a prevailing particular ABO phenotype. 

In conclusion: the survival of Dutch PSC patients is considerably better than reported 
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previously. The Amsterdam radiographic classification system reflects disease stage, 

and has the potential to serve as a predictor in determining prognosis. This may 

prove useful in patient counselling, stratifying patients in therapeutic trials, and 

patient selection and timing for liver transplantation. 
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SUMMARY 

Background and Study Aims: Symptomatic dominant strictures in primary sclerosing 
cholangitis are often treated with endoscopic stent therapy, but the optimal treatment 
duration is not well established. After a promising pilot study, we now report our 
four year experience with short term endoscopic stent therapy for relief of dominant 
strictures. 

Patients and Methods: Between January 1994 and October 1997, 32 patients with 
symptomatic primary sclerosing cholangitis with a dominant stricture at endoscopic 
retrograde cholangiopancreatography (ERCP) were treated with insertion of a 7- or 
10-Fr polyethylene endoprosthesis, which was extracted after a mean of 11 days 
(range 1-23 days). Primary endpoints were changes in complaints and cholestasis 
after two months, and time interval until a repeat endoscopic treatment was deemed 
necessary. A secondary endpoint was the occurrence of treatment-related 
complications. 

Results: Cholestatic complaints improved after two months in 83% of patients. Mean 
scores for pruritus, fatigue, and right upper quadrant pain decreased from 0.94, 1.0, 
and 0.87 to 0.26, 0.39, and 0.26, respectively. All improvements were significant. 
Of 14 patients presenting with jaundice, 12 regained normal serum bilirubin levels 
two months after short term endoscopic stenting. The mean levels of conjugated 
bilirubin, alkaline phosphatase, and y-glutamyl transpeptidase dropped significantly 
from 36 umol/L, 309 U/L, and 426 U/L to 7 |j.mol/L, 205 U/L, and 258 U/L, 
respectively. The reintervention-free proportions after one and three years were 80% 
and 60%. Seven transient procedure-related complications occurred in 45 therapeutic 
ERCPs. 

Conclusions: Short term endoscopic stenting for symptomatic dominant strictures in 
primary sclerosing cholangitis is effective and safe, and the beneficial effect is 
sustained for several years. 
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INTRODUCTION 

During the course of primary sclerosing cholangitis (PSC), many patients 
experience, at some point in time, the sudden development or worsening of 

complaints such as pruritus, right upper quadrant pain (RUQP), fever with rigors, 
and fatigue. When these symptoms do not subside within a few days, they may well 
be caused by a dominant stricture. 

A dominant stricture in PSC is defined as a narrow stricture arising in either the 
common bile duct, the common hepatic duct, or the left or right main hepatic duct, 
impeding normal bile flow. The prevalence of these strictures is not well known, but 
in a large series the frequency was estimated at 10 % (1, 2). Most experts agree that 
some form of dilatation is indicated when a symptomatic dominant stricture occurs, 
to relieve the obstruction. Depending on technical expertise, some favour the 
percutaneous route, but mostly the endoscopic approach, e.g., stenting or balloon 
dilatation is preferred (2-7). It is unknown how long an endoprosthesis should be left 
in situ to achieve optimal dilatory effect. Furthermore, stent therapy in PSC is 
accompanied by a substantial risk of suppurative cholangitis due to stent clogging (6). 
Therefore, the stenting period should be as short as possible. To determine the 
efficacy of short term stent placement for symptomatic dominant strictures in PSC, a 
pilot study was initiated in our institution in 1994 (8). Sixteen patients were treated 
with endoscopic stent therapy for a median of nine days. An intended stenting period 
of one week was chosen for practical reasons and because it is known from clinical 
observation that stent clogging in the first few weeks is extremely rare. The results 
after a median follow-up of 19 months compared favourably to those in a historical 
control group, in which stents were inserted for a duration of about 3 months (6). 
The aim of the present study is to report our four years experience with short term 
stent placement for dominant strictures in PSC in a consecutive series of patients. 

PATIENTS AND METHODS 

From January 1994 through September 1997, 77 PSC patients underwent one or 
more endoscopic retrograde cholangiopancreatographies (ERCP) for suspicion of a 
symptomatic dominant stricture. In one patient, adequate depiction of the biliary tree 
could not be obtained due to failed cannulation. In 44 of 76 patients (58%) one or 
sometimes multiple dominant strictures were observed. Patients with 
cholangiocarcinoma (n=6), prior endoscopic treatment within six months (n = 5), 
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impossibility to pass a guidewire through the stricture (n=2), and those without an 
obvious dominant stricture (n=26) were excluded.-A total of 37 patients had a 
dominant stricture amenable to endoscopic treatment. Five patients were treated by 
balloon dilatation as part of a study. The remaining 32 patients were treated by short 
term placement of a 10-Fr polyethylene, Amsterdam-type endoprosthesis for an 
intended period of one week. If direct placement of a 10-Fr stent was technically 
impossible, initial dilation with Soehendra dilators, nasobiliary catheters, and/or 
temporary placement of a 7-Fr endoprosthesis for one week, were performed. 
All patients were kept overnight in the hospital and received antimicrobial 
prophylaxis with a combination of intravenous gentamycin and amoxicillin before, 
and for 24 h after, the ERCP. 
Primary endpoints: 

These included changes in liver tests pre-and 2-months post-ERCP. Before ERCP 
serum was sampled for determination of conjugated bilirubin (cbili, normal range < 
7 umol/L), alkaline phosphatase (AF, normal range 26-103 U/L), and gamma-
glutamyl-transpeptidase (yGT, normal range < 60 U/L). This was repeated two 
months after the procedure. 

As parameters pertaining to increased cholestasis, the degrees of pruritus, fatigue, 
RUQP, and the occurrence of cholangitis (defined as sudden fever, RUQP, and 
increase in liver tests) were assessed prior to the ERCP and two months later. These 
parameters were scored using a semiquantitative scale, which is outlined in Table 1. 
The time interval until a renewed ERCP with endoscopic treatment was performed, if 
necessary, was also assessed. Follow-up data were collected from the charts or by 
inquiring of the referring physician. All patients were seen back on our outpatient 
clinic at least once after two months, and all repeat ERCPs were done in our unit. 

Table 1. 

Semiquantitative scoring of cholestatic complaints 

0 1 
Pruritus 

Fatigue 

Cholangitis 

RUQ pain 

None 

None 

Sometimes Daily Wakes me up/need Intolerable 
medication 

Cannot do everything Have to rest < 50% daytime in Fully bedridden 
bed 

No fever Fever 

None Sometimes Daily Wakes me up/need Intolerable 
analgesics  

RUQ=right upper quadrant 
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Secondary endpoints: 
The occurrence of procedure-related complications such as suppurative cholangitis, 
hydropic gallbladder, bleeding, pancreatitis, and perforation were recorded and 
graded according to Cotton (9). 

Statistical analysis 
For statistical analysis, the SPSS 7.0 package (SPSS Inc., Chicago, IL, USA) was 
used. Differences in serum biochemical cholestatic parameters before and after the 
treatment were compared by the paired samples two-tailed Mest. To correct for 
skewness or differences in variance, log transformation was performed when 
necessary. Changes in complaints were compared using the Wilcoxon paired signed 
rank test. Values of p < 0.05 were considered significant. Long term patency of the 
therapy was estimated by Kaplan-Meier survival analysis. 

RESULTS 

Patient characteristics: 

There were 19 men and 13 women, 18 (56%) of whom had a concurrent diagnosis of 

inflammatory bowel disease. Twenty-two patients were already known to have a 

diagnosis of PSC. The mean age was 41 years. Nineteen patients used 

ursodeoxycholic acid at the time of the intervention. Two patients used prednisolone 

and one was on azathioprine for coexisting inflammatory bowel disease. Medical 

therapy had been started more than three months before the intervention and was not 

altered during the follow-up in these three patients. At entry, four patients had liver 

cirrhosis Child B/C. All but two patients had intrahepatic involvement to a variable 

degree on cholangiography. 

Endoscopic intervention: 
A total of 45 therapeutic ERCPs were performed in 32 patients. In 21 patients, 
insertion of a 9, 11, 14, or in two cases because of peripheral dilated branches a 19-
cm-long, 10-Fr polyethylene Amsterdam-type endoprosthesis was successful in one 
step. Six patients initially received a 7-Fr stent, which was exchanged after one week 
for a 10-Fr endoprosthesis. Sphincterotomy was performed in 10 cases, only when 
pre-cut papillotomy had to be performed for access to the common bile duct or to 
facilitate stent insertion. In two patients, sphincterotomy had been performed in the 
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past. In one case, a common bile duct stone was found and extracted. In five cases, it 
proved possible to insert only a 7-Fr endoprosthesis, despite 1-4 attempts. 
Mean in situ time of the endoprostheses was 11 days (range 1-23). Figure 1 shows 
the effect on a distal common bile duct stricture of one-week stenting with a 10-Fr 
endoprosthesis. Upon removal of the endoprosthesis, a control cholangiogram was 
done. All patients showed improvement of the luminal diameter of their dominant 
strictures. 

Fig 1. Detail of a cholangiogram showing a dominant stricture (-> ) in the distal common bile in a 
PSC patient: Before therapy (left panel). With a 9-cm 10-Fr stent in situ (middle panel). After 
removal of the stent one week later (right panel). Improvement of the stricture is easily 
appreciated. 
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Effect on complaints: 
Data on cholestasis related complaints, i.e., pruritus, fatigue, cholangitis, and right 
upper quadrant pain were complete in 30 cases. 
Half of the patients presented with some degree of pruritus, 70 % experienced 
fatigue, 50 % had right upper abdominal pain, and in six cases acute cholangitis was 
the presenting clinical picture. Acute cholangitis at entry was not correlated with 
prior ERCPs or cholecystectomy, (Chi-square test, Fisher exact: p = 0.172 and/? = 
1.0, respectively). Two months after short term stent therapy, cholestatic complaints 
had improved in 25 (83%) of patients. One patient complained of more intense 
itching, one experienced more fatigue, one patient had an episode of acute 
cholangitis, and two still had right upper quadrant pain. For the whole group the 
mean scores of the various complaints improved considerably. Mean pruritus scores 
at t=0 and t=2 months were 0.94 and 0.26, respectively (p<0.0l). Mean fatigue 
scores at t=0 and t=2 months improved from 1.0 to 0.39, respectively (p< 0.002). 
Mean pain score lowered from 0.87 to 0.26 (p<0.002). Mean cholangitis score 
dropped from 0.19 to 0.03 (/7=0.056), (Figure 2). 
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Fig 2. Mean scores (+SEM) of cholestatic complaints before, and two months after, stent therapy. 
Data shown are for 30 of 32 patients whose data sets were complete. Comparisons by 
Wilcoxon signed rank test. 
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Effect on serum biochemical cholestatic markers: 

All but two patients who had elevated conjugated bilirubin levels at entry (n= 14) had 
normal levels after two months. These two patients both had advanced liver cirrhosis. 
Alkaline phosphatase and yGT levels dropped substantially in 81 % and 71 % of cases, 
respectively. Mean levels for serum conjugated bilirubin, alkaline phosphatase, and 
vGT before and at t=2 months decreased from 36 pmol/L, 309 U/L, and 426 U/L to 
7 nmol/L, 205 U/L, and 258 U/L, respectively. The improvements were all 
significant, (p< 0.001, n = 30; p< 0.001, n = 32; and p< 0.002, n = 30; paired 
samples f-test), (Figure 3). 
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Fig 3. Mean serum levels (+SEM) of cholestatic parameters before stenting and at two months. Data 
shown are for all patients whose data sets were complete (cbili: nmol/L, n=30; AP: U/L, 
n=32; yGT: U/L, n=30). Comparison of means by paired sample f-test. 

Long-term effects: 
No patient was lost to follow-up. Median follow-up was 35 months (range 9-54). 
Figure 4 shows the Kaplan-Meier plot for the cumulative proportion of patients that 
remained free of endoscopic reintervention. At one and three year, 80% (95% 
confidence interval (95% CI) 66-93%) and 60% (95% CI 41-79%) of patients, 
respectively, were still free of renewed endobiliary therapy. 
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Fig 4. Kaplan-Meier survival curve of interval until renewed stent therapy was necessary. Estimated 
"survival" of the therapy after one year was 80% (95% CI 66-93%), and after three years 
60% (95% CI 41-79%). 

Complications: 
Seven (15%) transient, procedure-related complications graded as mild to moderate 
were recorded in 45 therapeutic ERCPs. Two ERCPs were complicated by 
perforation of the biliary tract, which was treated conservatively and healed without 
further sequelae. Three patients experienced mild to moderate pancreatitis, which 
was treated conservatively. In two patients the endoprosthesis had to be extracted 
after one day because of painful hydrops of the gallbladder, confirmed by 
ultrasonography. There were no bleeding complications. 
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DISCUSSION 

The results of this retrospective analysis show that short term stenting of symptomatic 
dominant strictures in PSC is effective, reasonably safe, and that the beneficial effect 
is considerably long lasting. 

These outcomes compare favourably with those of a historic control group from our 
institution (6). In this group of 25 patients with symptomatic dominant strictures 
between 1985-1994, stent therapy was employed for a median of three months. 
Endoscopic therapy was successful in 21 (84%). In 16 of these patients (76%), one 
or more stent episodes was followed by sustained clinical and biochemical 
improvement during a median follow-up of 29 months (range 2-120). Early 
procedure-related complications occurred in 15 (14%) of 105 therapeutic and stent-
extraction ERCPs. However, during stent therapy, 50% of patients developed 
suppurative cholangitis or jaundice as a result of stent clogging, necessitating stent 
exchange. To minimize this risk would imply shortening the duration of the stent 
therapy as much as possible. However, it is not known how long an endoprosthesis 
should be left in situ to achieve optimal dilatory effect. For this reason, a pilot study 
with 16 PSC patients with symptomatic dominant strictures was performed, leaving 
the endoprosthesis in situ for only 1-2 weeks (8). During a median follow-up of 19 
months serum biochemical cholestatic parameters decreased substantially and 81% of 
patients became asymptomatic. Transient procedure- related complications occurred 
in 7% of procedures. These results are corroborated by the present evaluation of our 
four years experience with short term stenting. Short term stenting is as good as 
leaving an endoprosthesis in situ for several months and is not associated with 
ascending cholangitis or jaundice due to stent clogging. 

The fact that short term stenting is effective in keeping the majority of dominant 
strictures open for many months suggests that there must be a fair amount of rigid 
scar tissue in these strictures, the bands of which are effectively breached by the 
dilating effect of the endoprosthesis. If a dominant stricture were composed mainly of 
edematous inflammatory tissue, early stricture recurrence would, rather, be the rule. 
The long term results are quite favourable, so we do not advocate "surveillance" 
ERCPs for recurrent stricture formation as in some centers (10). ERCP is only 
repeated when there is clinical suspicion of recurrent stricture formation. Also, the 
policy of repeated endoscopic balloon dilatation at one-year intervals as employed by 
Johnson et al. and Wagner and co-workers does not seem to be necessary when short 
term stenting is used instead (3, 11). ERCP is still an intervention that bears some 
potentially serious risks for the patient and, although suppurative cholangitis is 
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encountered only occasionally with the routine use of prophylactic antibiotics, this 
complication can be particularly detrimental to the vulnerable biliary tree of PSC 
patients. We therefore hold the view that ERCP should only be done in PSC patients 
on strict indications such as suspicion of a symptomatic dominant stricture, 
choledocholithiasis, or jaundice. 

Is one-week stenting of dominant strictures in PSC short enough? In two patients who 
both received a 7-Fr endoprosthesis through a mid-CBD stricture, these had to be 
extracted within 24 h, because of the occurrence of a painful hydrops of the 
gallbladder. Both have no signs of recurrent stricture formation after a follow-up of 
10 and 16 months. We are currently undertaking a prospective randomized study to 
find out whether single-procedure balloon dilatation of dominant strictures in PSC 
performs as good as short term stenting. 

Although on theoretical grounds quite conceivable, it is not known whether relieving 
biliary obstruction slows down disease progression, but since endoscopic therapy 
such as short term stenting gives such excellent results in palliation of symptoms and 
biochemical improvement, randomized trials addressing this issue are not feasible. 
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SUMMARY 

Background and study aims: Around 10 % of patients with primary sclerosing 
cholangitis (PSC) develop cholangiocarcinoma, which is cholangiographically often 
indistinguishable from a benign dominant stricture. The aim of the present study was 
to assess the value of brush cytology in discriminating between benign and malignant 
dominant strictures in primary sclerosing cholangitis. 

Patients and Methods: The results of all brush cytology specimens from dominant 
strictures from patients with established primary sclerosing cholangitis taken, at 
endoscopic retrograde cholangiopancreatography between 1987-1996, were 
compared with histological diagnosis or clinical status of the patients at least 2 years 
later. 

Results: A total of 47 brush cytology samples, taken between 1987 and 1996, from 
43 PSC patients could be included. Between 1993-1996 p53 immunocytochemical 
examination was done in 27 brush cytology specimens and K-ras mutation analysis 
in 25 patients. The sensitivity, specificity, positive predictive value, and negative 
predictive value of brush cytology for detection of malignancy were 60%, 89%, 
59%, and 89%, respectively. These figures were not improved by adding the results 
of p53 and K-ras analysis. Logistic regression analysis did not reveal any additional 
benefit of p53 or K-ras analysis either. Prior stenting did not adversely affect 
specificity. 

Conclusions: The sensitivity and positive predictive value of brush cytology for 
dominant strictures in PSC are rather poor. The specificity and negative predictive 
value are reasonably good. There was no additional value from p53 
immunocytochemistry and K-ras mutation analysis. Prior stenting did not affect the 
results. 
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INTRODUCTION 

Primary sclerosing cholangitis (PSC) is a chronic inflammatory disease of the 
biliary tree, whose etiology is unknown. The fibrosing inflammation leads to 

strictures which, when they arise in the extrahepatic bile ducts and are tight enough 
to impede biliary flow and increase cholestasis, are called dominant strictures. The 
most dismal sequela of PSC is the occurrence of cholangiocarcinoma. In larger 
series the incidence is estimated to be 6-8 %, but this may be an underestimate as 
not all of the patients in these studies who died of liver failure have been autopsied 
(1-3). Following a diagnosis of cholangiocarcinoma the prognosis is in general very 
poor, and the median survival is reported to be only five months, regardless of 
therapy (4). The only treatment which may offer a chance of cure is orthotopic liver 
transplantation (OLT). However, even when a cholangiocarcinoma is found 
incidentally in the explanted liver, the 1-year survival rate after OLT is only 30 % in 
most series (5-7), with the exception of that of Abu-Elmagd et al. who reported a 5-
year survival rate of 26.7 % (8). Most transplantation centers will reject PSC 
patients with known cholangiocarcinoma because of the general opinion that these 
poor outcomes do not outweigh the substantial morbidity and mortality that 
accompany OLT. This highlights the importance of accurate diagnosis whenever a 
suspicious dominant stricture is encountered, as well as that of early detection which 
might improve the above-mentioned survival rates. 

The difficulty in diagnosing cholangiocarcinoma in PSC is that its presenting 

symptoms and Cholangiographie appearance often are quite similar to those of a 

benign dominant stricture, see figure 1. The mainstay of discrimination between 

benign and malignant dominant strictures is brush cytology. However, the reliability 

of brush cytology is somewhat doubtful. The sensitivity of brush cytology in the 

detection of cholangiocarcinoma in general is reported to be around 50 % (9-13). 

With regard to PSC-related dominant strictures, its value has, so far, not been 

established. 

Recently, p53 tumor suppressor gene overexpression has been demonstrated in 

tumor tissue from 11 of 14 PSC patients with cholangiocarcinoma and not in liver 

tissue of PSC patients without cholangiocarcinoma (14). Moreover, several groups 

have described K-ras mutations at codon 12 in cholangiocarcinomas (15, 16). 

Detection of these tumor markers may putatively enhance the accuracy of brush 

cytology. 
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Fig 1. Cholangiographie appearance of a dominant stricture arising in PSC; benign or malignant? 

The aim of this study was to assess the value of brush cytology in discriminating 
between benign and malignant dominant strictures in PSC. The possible role of p53 
overexpression and K-ras codon 12 permutation measurements was also evaluated. 
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PATIENTS AND METHODS 

Between 1987 - 1996, 108 patients with established PSC underwent one or more 
endoscopic retrograde cholangiopancreatography (ERCP) procedures at our 
department. Brush cytology samples were taken from dominant strictures on 63 
occasions in 43 patients. When the occasions of brush cytology sampling in one 
patient were separated by more than 2 years from each other, the findings were 
regarded as unrelated. This resulted in 47 assessable brush preparations. 
A dominant stricture was defined as a narrow stricture arising either in the common 
bile duct, the common hepatic duct, or the main hepatic duct to the left or right liver 
lobe. In most cases, the indication for carrying out ERCP was suspicion of a 
symptomatic dominant stricture, with or without jaundice. In 12 out of 47 cases the 
brush cytology specimen was taken from a stricture in which a 10-Fr polyethylene 
endoprosthesis had been in situ within 3 weeks prior to the sampling. 

Brush cytology specimens were sampled with a Geenen brush (Wilson-Cook 

Medical Inc., Winston-Salem, NC, USA) which has a length of 13 mm and a radial 

diameter of 3 mm, and they were immediately immersed in 5 ml of Roswell Park 

Memorial Institute solute. Shedding of the epithelial cells was promoted by 

vortexing for 1 minute. Several cytospin preparations on organosilan-coated slides 

were made and stained with Giemsa or PAP stains. Cytospin slides for tumor 

markers were wrapped in alufoil and stored at -20 °C. 

From 1993 through 1996, nuclear overexpression of p53 protein was analyzed by 

immunocytochemistry on 27 brush specimens, using the rabbit polyclonal antibody 

CM1, as previously described (17). Results were scored in a blinded fashion. 

Sections of colon tumor with known p53 mutation served as positive controls. As a 

negative control, one slide of each patient was put through the same procedure but 

leaving out the primary antiserum. 

From 1993 through 1996 25 brush specimens underwent K-ras mutation analysis by 
means of a two-step polymerase chain reaction technique as previously described 
(18). The results were again scored in a blinded fashion. Cell suspensions with 
mutant : wild type ratios of 1:100 and 1:1000 served as positive controls. Cells from 
the human colon cancer cell line SW 480 with a homozygous GGT to GTT mutation 
at codon 12, were taken as mutant in these suspensions. For the wild type control 
cells, the human colon cancer cell line HT 29 was applied. Water was used as 
control for contamination and placental DNA for aspecific hybridization. All PCR 
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products were hybridized with oligonucleotides with the wild type sequence to 
control for amplification of the DNA samples. 

Histological proof of adenocarcinoma, by percutaneous puncture, at laparotomy, or 
at autopsy within two years from the brush sampling served as positive endpoint. 
When no histological findings were available, absence of cholangiocarcinoma at the 
time of the brush sampling was assumed when at least two years after sampling the 
patient was clinically well and anicteric without stent therapy. 

Statistical analysis 

Categorical variables were analyzed by cross tabulation and logistic regression 

analysis employing the SPSS package, version 7.5, (SPSS Inc., Chicago, IL, USA). 

RESULTS 

All 47 brush preparations contained sufficient cells for analysis. 

The 37 brush outcomes that stated no abnormalities, reactive changes, or some 

atypia were scored as 0, whereas the 10 specimens that were staged as 

adenocarcinoma or suspicious for carcinoma were scored as 1. 

The correlation between the brush cytology results and the definitive outcome is 

shown in table 1. Follow-up disclosed 10 malignancies. The sensitivity, specificity, 

positive and negative predictive values according to Bayes' theorem (which takes 

into account the influence of prevalence) are presented in table 2. 

Table 1. 

Cross-table for results from brush cytology alone, compared with the definitive outcome. 

Final outcome 

1 0 Total 

Brush result 

1 6 4 10 

0 4 33 37 

Total 10 37 47 
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Table 2. 

Diagnostic performance of brush cytology alone or in combination with p53 and K- ras analysis. 

Brush alone Brush with p53 

and K-ras 

Brush alone 

n=47 n=23 n=23 

Sensitivity 0.60 1.0 1.0 

Specificity 0.89 0.79 0.95 

Positive predictive value 0.59 0.49 0.80 

Negative predictive value 0.89 1.0 1.0 

Tumour prevalence 0.21 0.17 0.17 

With regard to the total of 63 brush specimens, in seven patients repeated sampling 
(up to 5 times) was done within 6 months. Two of these patients had inconsistent 
results. These numbers were too limited to draw any conclusion. 
Table 3 shows the distribution of results when the outcomes of the p53 and K-ras 

analyses were added. 
A brush cytology result was scored as 1 when either the cytology, the p53 or the K-
ras was positive, and scored as 0 when none of the three examinations was positive. 
The diagnostic performance is shown in table 2. 
Stepwise forward logistic regression analysis showed no additional diagnostic value 
from either tumor marker variable. 
The differences, especially in sensitivity and negative predictive value, are explained 
by selection bias. To demonstrate this, the performance of the cytology results alone 
in the subgroup of 23 patients in which all three diagnostic tests had been 
performed, is also shown in table 2. 
There was no dependent relation between prior stenting and cytology result (Fisher's 
exact test, p=1.0), and forward logistic regression revealed no influence of the 
presence or absence of prior stenting on the predictive value of the brush cytology 
result. 
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Table 3. 
Cross-able for pooled positive results from brush cytology, p53, and K- ras. 

Final outcome 
1 ° Total 

Combined result 
1 
0 

4 4 
0 15 

8 
15 

Total 4 19 23 

DISCUSSION 

Our results show that the sensitivity and positive predictive value of brush cytology 
investigation for detection of cholangiocarcinoma in dominant strictures in PSC 
patients are rather poor. The specificity and negative predictive value are reasonably 
good. The occurrence of false-negative results may be a result of the sampling 
method. False-positive brush cytology results may be explained by the fact that the 
bile duct epithelium is inherently inflamed in PSC, giving rise to reactive cells in the 
brush specimen that may not always be easily differentiated from neoplastic cells. 
No additional accuracy was gained by determination of the tumor markers p53 and 
K-ras. In our patient group the presence of prior stenting did not give rise to an 
increased false-positive rate. 

Our results are in accordance with those of earlier studies investigating common bile 
duct strictures in general. Most studies of brush cytology in bile duct strictures 
report sensitivities around 50 % and specificities close to 100 % (9-13), although it 
is difficult to group these studies together, because of differences in design and in 
the proportion of the various underlying malignancies. Moreover, most studies 
contain methodological weaknesses, which are immanent with regard to a diagnostic 
issue which lacks a uniformly assessable "gold standard". Finally, it is difficult to 
compare the results of a diagnostic test for cholangiocarcinoma arising in PSC with 
those in the setting of primary cholangiocarcinoma or extrinsic bile duct 
malignancies such as pancreatic carcinoma or metastatic carcinoma. 
What can be inferred from these studies is that brush cytology is the method of 
choice for the detection of biliary malignancy. It is clearly superior to exfoliative 
bile cytology (9, 12), and equals endobiliary forceps biopsy, probably because the 
success rate of the latter technique is less than that of brush cytology (11, 13). In 
PSC, the extrahepatic bile duct is often narrowed entirely or at multiple levels, 
which will even more adversely affect this success rate. Moreover, because of the 
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presence of thin-walled sacculations, biopsy-taking may be hazardous. On the other 
hand, when forceps biopsy seems feasible and safe, for instance in a distal common 
bile duct stricture, it may be worthwhile to also attempt this. 
The finding of K-ras mutations and p53 tumor suppressor protein in 
cholangiocarcinoma attains biological significance when detection of these mutations 
can augment the detection of malignancy. Unfortunately, we could not demonstrate 
this in our study. Both measurements gave rise to false-negative and false-positive 
results. K-ras mutations have also been observed in premalignant disease states such 
as pancreatic ductal cell mucinous hyperplasia and chronic pancreatitis (19). Since 
PSC can be regarded as a premalignant condition, this would imply that K-ras codon 
12 mutation analysis is not a useful marker for malignant degeneration. As 
mentioned earlier, overexpression of p53 has already been demonstrated in 
cholangiocarcinomas arising in PSC, and was found negative in a control group of 
end-stage PSC patients without cholangiocarcinoma (14). To ascertain whether the 
occurrence of false-negative and false-positive results arises because of the sampling 
method or abundant overexpression of the normal protein, which is theoretically 
possible, would require concomitant histology taking and gene sequencing. 
How can the diagnostic yield of brush cytology in dominant strictures in PSC be 
improved? As for cholangiocarcinoma in general, repeated brushing up to three 
times on the same occasion may increase the sensitivity, as suggested by Rabinovitz 
et al. (10). The additional value of p53 immunocytochemistry and K-ras mutation 
analysis, and of newer tumor markers such as aspartyl(asparaginyl)beta-hydroxylase 
is yet to be established (20). 

At present, the moderate sensitivity of brush cytology for cholangiocarcinoma 
precludes its use as a surveillance technique for the detection of early cancer. 
However, the specificity and negative predictive value are reasonably good. This 
implies that when the decision on whether to carry out a liver transplant is to be 
made, brush cytology can be used to rule out malignancy in dominant strictures. 
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Samenvatting 

(voor de niet-medicus) 

Deze dissertatie behandelt een aantal onderwerpen alle de ziekte primaire 
scleroserende cholangitis (PSC) betreffend. Dit is een vrij zeldzame chronische 

ontsteking van de gal wegen van onbekende origine. Het voorkomen in Nederland is 
niet precies bekend. Grof geschat zijn er zo'n 500 patiënten. De ontsteking leidt tot 
littekenvorming, welke verspreid door de gehele galboom aanleiding geeft tot 
vernauwingen (stricturen). De galstuwing die hier weer het gevolg van is wordt 
verantwoordelijk gehouden voor de klachten die PSC-patiënten kunnen ervaren. 
Typische symptomen (doch niet exclusief voor PSC) zijn moeheid, jeuk, pijnsteken 
in de rechter bovenbuik en in het ergste geval een combinatie van bovenstaande 
klachten met hoge koorts. In laatst bedoelde situatie is er meestal sprake van een 
zogenaamde acute cholangitis, waarbij er een afsluiting in de verzamelgalwegen zit 
met een bacteriële ontsteking van de gal takken hierachter. 

De diagnose wordt meestal gesteld met behulp van endoscopische retrograde 
cholangiopancreaticografie (ERCP). Hierbij wordt met een endoscoop vanuit de 
twaalfvingerige darm de uitgang van de galwegen binnengedrongen met dunne 
cathetertjes. Hierdoorheen kan contrastvloeistof gespoten worden, waarmee als het 
ware een afgietsel van de galwegen verkregen wordt op van buiten gemaakte 
röntgenfoto's. 

De chronische galstuwing als gevolg van de langzaam toenemende verbindweefseling 
van de galwegen leidt op den duur tot levercirrhose. Na verloop van 10-20 jaar treedt 
leverfalen op en is een levertransplantatie noodzakelijk. Een klein deel (+ 10%) van 
PSC-patiënten ontwikkelt op enig moment gedurende het ziektebeloop 
galgangkanker. Hoewel redelijk zeldzaam is dit toch een gevreesde complicatie, 
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omdat er eigelijk geen adequate behandeling voor bestaat. Zelfs na ogenschijnlijk 
radicale chirurgische verwijdering zoals in het geval van levertransplantatie, 
overlijden de meeste patiënten bij wie zich een galgangcarcinoom heeft ontwikkeld 
binnen enkele jaren aan uitzaaiingen. 
Onze kennis aangaande PSC vertoont vele belangrijke open plekken. De oorzaak 
(etiologie) en ontstaanswijze (pathogenese) zijn nog vrijwel onbekend. Er is 
(dientengevolge) geen afdoende behandeling om de klachten en het voortschrijden 
van de ziekte tegen te gaan, laat staan de aandoening te genezen. Er zijn geen 
betrouwbare vroege indicatoren van de ontwikkeling van galgangcarcinoom, die ons 
in staat stellen om deze complicatie in een vroeg stadium op te sporen, waarin 
curatieve chirurgie wellicht nog mogelijk is. 

In voorliggende dissertatie worden deze drie essentiële vraagstukken 
achtereenvolgens behandeld. Deze samenvatting beoogt een beknopt overzicht te 
geven van de verschillende studies met de belangrijkste resultaten en conclusies. 

Het proefschrift bestaat uit drie delen. 

Deel I: Inleiding. 

Hierin wordt een algemene inleiding {hoofdstuk I) alsmede een uitgebreide weergave 
van de huidige kennis omtrent alle klinische aspecten van PSC {hoofdstuk II) 
geboden. 

Deel II: Studies naar de etiologie en pathogenese van PSC. 

Hoofdstuk III. A family with hereditary hemochromatosis, ulcerative colitis, and 
primary sclerosing cholangitis. 

Hierin wordt een familie beschreven, waarin een geval van PSC, twee gevallen van 
colitis ulcerosa (chronische dikke darm ontsteking) en twee gevallen van hereditaire 
hemochromatose (erfelijke ijzerstapeling) voorkomen. De index-patiënt had alle drie 
aandoeningen. Deze zeldzame combinatie werd aangegrepen om na te gaan of er een 
bepaalde combinatie van genen gevonden kon worden welke samenging met de 
aanwezigheid van de verschillende ziektes in deze familie. Bij het samenstellen van 
deze combinatie, haplotype geheten, werd gebruik gemaakt van het bekende op de 
korte arm van chromosoom 6 gelegen gen dat codeert voor hereditaire 
hemochromatose. De andere genen die bepaald werden maakten alle deel uit van de 
zogenaamde HLA locus, welke eveneens gelegen is op de korte arm van 
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chromosoom 6. Op deze plek zitten genen die coderen voor eiwitten die te maken 

hebben met het immuun apparaat. 
Er konden drie verschillende haplotypes vastgesteld worden. Echter, er was geen 
eenduidige samenhang met het voorkomen van colitis ulcerosa en/of PSC en deze 

haplotypes. 

Hoofdstuk IV. Immunohistochemical analysis of inflammation in primary sclerosing 

cholangitis. 

Er zijn maar weinig gegevens bekend over de cellulaire samenstelling van de 
ontstekingsreactie rondom de aangetaste kleine galgangetjes in PSC. Het doel van de 
studie die in dit hoofdstuk beschreven wordt, was om deze samenstelling in detail te 
beschrijven en hierbij tekenen van activatie van de ontstekingscellen op te sporen. In 
het bijzonder werd ook gekeken of er in de ontstekingsreactie ook zogenaamde 'gut-
homing' lymfocyten konden worden aangetroffen. Dit zijn lymfocyten die een soort 
postcode (integrine) op hun celoppervlak hebben, dat herkend kan worden door 
bepaalde eiwitten (adressines) die voorkomen in kleine bloedvaatjes van 
darmweefsel. Voorts werd nagegaan of er aanwijzingen te vinden waren dat de 
galgang epitheelcellen kunnen functioneren als antigeenpresenterende cellen (APCs). 
APCs brengen lichaamsvreemde eiwitten (antigeen) in contact met cellen van het 
afweersysteem. 
Microscopische coupes van leverweefsel van 14 PSC-patiènten werden gekleurd met 
een scala aan antistoffen tegen celmembraaneiwitten van verschillende subtypes van 
lymfocyten, witte bloedcellen die met de specifieke afweer te maken hebben. Voorts 
werden deze coupes gekleurd met een viertal verschillende antistoffen tegen 
activatiemerkstoffen, alsmede kleuringen voor APC-eigenschappen. Als 
controleweefsels werden levercoupes van 7 patiënten met leverkanker alsmede van 8 
patiënten met primaire biliaire cirrhose gekleurd met dezelfde antistoffen. 
Conclusies: De ontsteking rond de kleine galgangetjes in PSC blijkt voornamelijk te 
bestaan uit niet-geactiveerde rijpe T-lymfocyten. Een substantieel deel van deze 
cellen heeft het 'gut-homing' integrine a4ß7 op het celoppervlak. Wellicht dat hun 
aanwezigheid duidt op een rol voor deze lymfocyten in de relatie van PSC met 
inflammatoire darmziekten. Een rol voor de galgangepitheelcellen als APCs kon niet 
worden aangetoond. 

Hoofdstuk V. Helicobacter species in primary sclerosing cholangitis. 
Zoals reeds eerder opgemerkt is de oorzaak van PSC onbekend. Recent zijn enkele 
nieuwe Helicobacter bacteriën beschreven bij laboratoriummuizen. Twee van deze 
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nieuwe Helicobacter species -H. hepaticus en H. bilis- kunnen in deze muizen een 
ziektebeeld teweeg brengen dat verwantschap vertoont met de pathologie zoals die bij 
PSC aangetroffen wordt. Het doel van de studie was om met behulp van zeer 
gevoelige PCR technieken in galmonsters van 34 PSC-patiënten de aanwezigheid van 
kernmateriaal van deze bacteriën te detecteren. Tevens werd in serum de 
aanwezigheid van antistoffen tegen Helicobacter hepaticus, H. bilis, H. pullorum en 
H. rappini bepaald. Aangezien normaalwaarden voor al deze bepalingen ontbreken, 
werden de resultaten afgezet tegen dezelfde bepalingen in een controlegroep 
bestaande uit 24 patiënten die om uiteenlopende redenen een ERCP ondergingen. 
Resultaten: In 1 PSC-patiënt en in 1 controle patiënt werden 1200 basepaar DNA 
sequenties gevonden die een sterke gelijkenis vertoonden met H. hepaticus. 
Gemiddelde serum antistof titers tegen de 4 Helicobacters waren in de PSC-groep en 
de controle-groep vrijwel hetzelfde. 

Conclusies: In deze studie konden geen aanwijzingen gevonden worden dat 
Helicobacter hepaticus, H. bilis, H. pullorum, of H. rappini een risicofactor vormen 
bij primaire scleroserende cholangitis. 

Hoofdstuk VI. A serological survey of infectious agents as risk factor for primary 
sclerosing cholangitis; are Chlamydiae involved? 

De rol van micro-organismen in de ontstaanswijze van primaire scleroserende 
cholangitis is maar in beperkte mate onderzocht. 
Het doel van deze studie was om de hypothese te toetsen dat een doorgemaakte of 
persisterende infectie met een relatief gewoon virus of atypische bacterie een 
oorzakelijke rol kan spelen bij het ontstaan van PSC in personen met een zekere 
genetische ontvankelijkheid. 
Hiertoe werd in 41 PSC-patiënten een serologische screening gedaan op antistoffen 
tegen 22 verschillende virussen, alsmede tegen Chlamydia species en Mycoplasma 
pneumoniae. Daarnaast werden ontlastingkweken verricht op adenovirussen en 
enterovirussen. De gevonden seroprevalenties werden afgezet tegen een achtergrond 
referentie groep die bestond uit alle meer dan 5000 monsters die in 1997 in het 
virologisch laboratorium waren getest op deze micro-organismen. 
Resultaten: De gevonden antistofprofielen in de PSC-groep weken niet af van de 
achtergrond groep behoudens voor wat betreft de antistoftiters tegen Chlamydia 
species. Met name het percentage PSC-patiënten met positieve monsters voor IgG- en 
IgA-antistoffen was significant hoger dan in de referentiegroep van 670 patiënten die 
in 1997 op verdenking van een Chlamydia infectie waren getest. 
Conclusies: De resultaten suggereren een associatie tussen PSC en doorgemaakte of 
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persisterende Chlamydia infectie. 

Hoofdstuk VII. The role of Chlamydiae in primary sclerosing cholangitis. 
Voortbordurend op de resultaten van de studie beschreven in hoofdstuk VI, worden 
hier de resultaten gepresenteerd van een zogenaamde case-control studie. Hierbij 
werden de verschillen in voorkomen van bepaalde risicofactoren in het eerder 
genoemde cohort PSC-patiënten vergeleken met meerdere, gekozen controle-groepen 
en uitgedrukt als 'odds-ratios'. Het doel was om de eerder gevonden associatie van 
antistoffen tegen Chlamydia jperies-in-het-algemeen te bevestigen. Daarenboven 
werd getracht om na te gaan tegen welk subtype deze antistoffen gericht waren met 
behulp van specifieke antistofbepalingen. Voorts werd bekeken of bepaalde 
Chlamydia-specifieke heat-shock-proteins (HSP) bij PSC-patiënten in verhoogde mate 
voorkwamen. Deze HSPs kunnen ondermeer bij eileider infecties met Chlamydia 
trachomatis aanleiding geven tot verbindweefseling en onvruchtbaarheid. Als laatste 
werd nagegaan of de aanwezigheid van Chlamydia materiaal in leverweefsel 
aangetoond kon worden. 

De controlegroepen bestonden uit een groep patiënten met inflammatoire darmziekte 
(n=35), een groep patiënten met maagklachten (n=39), alsmede een groep gezonde 
bloeddonoren (n=40). 

De Chlamydia-brede antistof bepaling zoals gebruikt in hoofdstuk VI was veel vaker 
aantoonbaar in serum van PSC-patiënten in vergelijking tot de drie controlegroepen. 
Specifieke bepalingen op antistoffen tegen Chlamydia trachomatis en C. pneumoniae 
lieten geen verschillen zien tussen de vier groepen. De correlaties met de Chlamydia-
brede antistoftest waren laag. HSP-antistof titers waren in de PSC-groep veel hoger 
dan in de bloeddonor-groep. De aanwezigheid van Chlamydia micro-organismen in 
leverweefsel kon niet worden aangetoond. Wel werd een diffuse aankleuring gezien 
van het cytoplasma van galgang epitheelcellen met de C. trachomatis-specifieke 
kleuring. 

Conclusie: De eerder gevonden associatie van PSC met Chlamydia antistoffen werd 
bevestigd. Subtypering van de antistofreactie in humorale afweer tegen Chlamydia 
trachomatis of C. pneumoniae was niet mogelijk. Chlamydia bacteriën werden niet 
aangetroffen in leverweefsel. Deze bevindingen steunen de hypothese dat een of 
andere doorgemaakte Chlamydia infectie, aanleiding geeft tot een aberrante 
immuunreactie, een auto-immuunziekte tot gevolg hebbend. 
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Deel III: Klinische studies. 

Hoofdstuk VIII. Natural history of primary sclerosing cholangitis and prognostic 
value of cholangiography in a Dutch population. 
De mediane overleving van PSC wordt geschat op 12 jaar. Cholangiografie is de 
gouden standaard voor de diagnose, maar wordt nauwelijks gebruikt om een schatting 
van de prognose te maken. 
Het doel van deze studie was om het natuurlijk beloop van Nederlandse PSC-
patiënten te beschrijven en tevens te bezien of een in 1991 in het AMC 
doorontwikkeld cholangiografisch classificatie systeem gebruikt kan worden om de 
prognose van een individuele patiënt te berekenen. 
Er konden 174 PSC-patiënten geïdentificeerd en getraceerd worden. Van deze 
patiënten werd een aantal gegevens verzameld, met name overleving, moment van 
eventuele levertransplantatie en optreden van galgangkanker. De vroegst beschikbare 
ERCP werd gescoord volgens voornoemd classificatie systeem. 
Resultaten: De geschatte mediane overleving vanaf tijdstip van diagnose tot 
overlijden of levertransplantatie was 18 jaar. Galgangkanker trad op in 18 patiënten 
(10%). Veertien patiënten (8%) ondergingen levertransplantatie, allen met succes. 
Gebruikmakend van het cholangiografische classificatie systeem kon een parameter 
geconstrueerd worden, die een sterke voorspellende waarde had ten aanzien van de 
overleving. 
Conclusies: De mediane overleving is aanzienlijk beter dan eerder is gerapporteerd in 
buitenlandse studies. Cholangiografische classificatie en stagering van afwijkingen 
heeft voorspellende waarde ten aanzien van de overleving van individuele patiënten. 

Hoofdstuk IX. Four years experience with short term endoscopic stent therapy in 
primary sclerosing cholangitis. 

Wanneer in de verzamelgalwegen een belangrijke vernauwing ontstaat, gaat dit vaak 
gepaard met een toename van klachten zoals pijn in de leverstreek, moeheid, 
geelzucht en eventueel koorts. Zo'n vernauwing wordt een dominante strictuur 
genoemd. Tot nu toe werden deze stricturen vaak behandeld door er gedurende 
enkele maanden een plastic buisje (stent) in te plaatsen, waardoor de vernauwing 
wordt opgerekt. Een belangrijk nadeel van deze behandeling is dat er een bacteriële 
galwegontsteking kan optreden, vooral als het buisje dichtslibt met galmodder. 
Enkele jaren terug werd op onze afdeling een proefstudie verricht, waarbij een 
dergelijk buisje voor deze indicatie al na 1 week verwijderd werd. Hierdoor werd het 
risico op dichtslibben voorkomen. De resultaten waren dermate veelbelovend, dat we 
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vanaf die tijd deze korte-duur stenttherapie tot standaard behandeling verhieven. 
Onderhavige studie beschrijft retrospectief de vier-jaars ervaring met deze therapie in 
32 opeenvolgende patiënten. 
Er werd gekeken of de klachten waarmee de patiënten bij aanvang van de 
stenttherapie kwamen twee maanden later veranderd waren. Ditzelfde gold voor 
enkele laboratoriumwaarden die een afspiegeling zijn van galstuwing. Voorts werd 
nagegaan hoe lang de patiënten baat hadden van de korte-duur stenttherapie, oftewel 
hoe lang het duurde tot er een nieuwe oprekbehandeling moest geschieden. Als 
laatste werd het optreden van complicaties van de behandeling geregistreerd. 
Resultaten: De klachten van de patiënten waren na twee maanden verbeterd in 83 % 
van de gevallen en waren in geen enkel geval verslechterd. De gemiddelde waarden 
voor de biochemische galstuwingswaarden waren alle verbeterd na twee maanden. 
Het percentage patiënten dat geen hernieuwde behandeling nodig had, was na 1 en 3 
jaar 80% respectievelijk 60%. Zeven milde en voorbijgaande complicaties traden op 
in 45 therapeutische ERCPs. 

Conclusies: Korte-duur stenttherapie voor dominante stricturen in PSC is effectief, 
veilig, en het effect houdt meerdere jaren aan bij de meerderheid van de patiënten. 

Hoofdstuk X. Value of brush cytology for dominant strictures in primary sclerosing 
cholangitis. 
Ongeveer 10% van patiënten met PSC ontwikkelt op een gegeven moment 
galgangkanker. Röntgenologisch zijn deze tumoren meestal niet te onderscheiden van 
gewone en veel vaker optredende benigne dominante stricturen. De gebruikelijke 
manier om informatie te verzamelen omtrent de aard van een strictuur is door met 
een klein borsteltje cellen ter plaatse af te borstelen en onder de microscoop te 
beoordelen. Het doel van de studie was om de waarde van borstel-cytologie ter 
differentiëring van benigne en maligne dominante stricturen in PSC te bepalen. 
Hiertoe werden de resultaten van alle 47 opeenvolgende borstel-cytologie preparaten 
die tussen 1987 en 1996 in PSC-patiënten tijdens ERCP waren afgenomen, 
vergeleken met de uiteindelijke uitkomst van deze patiënten. Daarnaast werd 
nagegaan of aanvullende kleuring van de borstelpreparaten met bepaalde 
tumormerkstoffen (p53 en K-ras) een toegevoegde waarde had in de detectie van 
carcinoom. 

Resultaten: De sensitiviteit en positief-voorspellende waarde van een borstel-uitslag 
was 60% respectievelijk 59%. De specificiteit en negatief-voorspellende waarde was 
89% respectievelijk 89%. Toevoeging van de uitslag van de tumormerkstoffen gaf 
geen verbetering van deze getallen. 
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Conclusies: De huidige matige sensitiviteit van borstel-cytologie ter detectie van 
galgangkanker maakt deze bepaling ongeschikt voor screenings- en 
bewakingsprogramma's. De redelijk goede specificiteit en negatief-voorspellende 
waarde maken dat borstel-cytologie zich wel leent ter uitsluiting van maligniteit in 
een dominante strictuur wanneer het besluit tot levertransplantatie genomen dient te 
worden. 
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Dankwoord 

Vier jaren ervaring met een promotieonderzoek is slechts een korte duur op een heel 
leven. Maar ondertussen is het wel een zeer intensieve en veeleisende periode, opdat 
de voorliggende 150 bladzijden op fatsoenlijke wijze gevuld raken. Enfin, de 
gebruikelijke litanie van de promovendus is hier wederom van toepassing. 
Niet minder clichématig en derhalve net zo waar is de bewering dat een doctorstitel 
verwerven een doorgaans eenzame klus is die je echter nooit alleen klaart. De vele 
in deze dissertatie genoemde namen mogen hiervan getuigen. Zij allen, de beide 
promotores, de leden van de promotiecommissie, de successievelijke co-auteurs, 
alsmede de 'geacknowledgde-den' ben ik daarom uiteraard veel dank verschuldigd. 
Maar er is meer. Om een dissertatie te verwezenlijken zijn vier ingrediënten 
essentieel: materiaal, geld, weergave en, allerbelangrijkst, tijd. 
'Materiaal' dat zijn -niet oneerbiedig bedoeld- alle patiënten die hun medewerking 
verleend hebben. 'Geld' dat was de genereuze bereidheid van Pauline Wertheim en 
Fiebo Ten Kate om hun laboratoria ter beschikking te stellen voor de onmetelijke 
hoeveelheden serologische en histologische bepalingen. 'Weergave' dat zijn de 
artistieke inspanningen van mijn zus Marjoeska voor de omslag en de linguistische 
fijnbesnaardheden van Tony Jones en Anne-Marie. 'Tijd' dat waren de vele avonden 
en weekenden die ik met mijn gezin had moeten doorbrengen en die door Anne-
Marie onvoorwaardelijk en met engelengeduld werden opgevangen. 
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There are many issues regarding primary sclerosing cholangitis that 
are unsolved. The etiology is still elusive, there is no effective therapy 
available, and current treatment of complications is unsatisfactory. 
This thesis provides an overview of the current knowledge about pri
mary sclerosing cholangitis and discusses several of the most exigent 
questions of etiology and clinical management. 




