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Abstract
Vessby, J. 2020. Studies of ulcerative colitis with concomitant primary sclerosing cholangitis.
Beyond the clinical phenotype. Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 1681. 50 pp. Uppsala: Acta Universitatis Upsaliensis.
ISBN 978-91-513-1009-1.

Inflammatory bowel disease (IBD) is a group of chronically relapsing immune-related disorders,
engaging the gastrointestinal tract. Symptoms vary depending on inflammatory phenotype,
but may include diarrhoea, bowel pain and weight loss. The two most common entities are
Crohn's disease and ulcerative colitis (UC). A minority of IBD patients, particularly UC, is
concomitantly affected by primary sclerosing cholangitis (PSC) – an inflammatory bile duct
disease with dismal prognosis. IBD with associated PSC has distinct clinical features, and is
regarded a unique IBD phenotype (PSC-IBD or PSC-UC). These features include higher rates
of pancolitis, a milder clinical course, and an unexplained increased risk of colorectal neoplasia.

This thesis aimed to compare immunological conditions in PSC-UC and UC, but also to
search for molecular differences, potentially facilitating PSC-UC diagnosis.

In paper I and II, we compared eosinophil and lymphocyte activation and regulation. PSC-
UC had down-regulated mucosal eosinophil activity, during both flare and remission. Compared
with UC, PSC-UC had a dampened, and less Th2 dominated mucosal immune response. This
was evident by a low quote of CRTH2/CXCR3 CD4+ cells and a cytokine milieu with no
upregulated Th2 cytokines. In contrast, PSC-UC had highly up-regulated cytokines in peripheral
blood. Among these, sCD40 stood out as being most important for inter-group separation
according to multivariate analysis.

In paper III, we gave a detailed description of colonic tissue factor (TF) expression. We found
discrepancies in TF depending on UC subtype and inflammatory status, where inflammation-
associated TF up-regulation was detected in UC only. Also, we identified stromal TF deposition
as a sensitive indicator of acute colitis.

In paper IV, PSC-UC and UC intestinal proteomes were compared using LC-MS/MS. After
detecting more than 7200 unique proteins in the discovery step, the top-five most distinctive
findings were chosen for verification. Of these, AGPAT1 was verified, being significantly
higher in PSC-UC. Despite phenotypical differences, the overall colonic proteome comparison
showed high degree of concordance.

In summary, this thesis demonstrates distinct immunological and molecular properties in
PSC-UC, implying phenotypical features beyond clinical observations. Moreover, serum sCD40
and colonic AGPAT1 are suggested possible PSC-UC biomarkers.
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Inflammatory bowel disease 

Clinical and epidemiological features 
Inflammatory bowel disease (IBD) is a group of idiopathic immune-related 
disorders of the gastrointestinal tract. The two dominating entities are ulcera-
tive colitis (UC) and Crohn’s disease (CD). Symptoms vary depending on IBD 
entity and inflammatory phenotype, but may include diarrhoea, rectal bleed-
ing, bowel pain and weight loss. IBD is chronically relapsing, and periods of 
inactive disease (remission) can suddenly turn into symptomatic inflammatory 
activity (flare) in a seemingly unpredictable way.  

Curative therapy is not yet available. Treatment strategies depend on IBD 
entity, disease intensity, and individual risk factors for disabling disease. Phar-
macological options include locally acting anti-inflammatory substances (5-
ASA, sulfasalazine), corticosteroids, anti-metabolites (azathioprine, mercap-
topurine), and targeted antibodies against mediators of the inflammatory pro-
cess (e.g. tumour necrosis factor (TNF)-α, integrins, interleukins(ILs))1, 2. Sur-
gical interventions are sometimes necessary, particularly in complicated CD, 
as a complement to pharmacological treatment 3. 

IBD debut often occurs between the ages of 20 and 40, with a fairly even 
gender distribution, in contrast to the female predominance seen in many other 
autoimmune conditions4. IBD has traditionally been regarded a disease of the 
western world, and the highest incidence rates are still found in North America 
and Scandinavia 5. However, since the turn of the 21st century, there has been 
a distinct increase in previously low-incidence areas, such as Asia, and South 
America 6. Hence, IBD can nowadays can be considered a global disease.  

IBD classification 
IBD diagnosis is based on clinical grounds, including a medical history, blood 
tests and endoscopy. The latter is of particular importance for diagnosis, as 
well as validation of disease extent, focal inflammatory patterns, and histolog-
ical characteristics. In 5-15% of IBD cases, clinicians cannot distinguish be-
tween UC and CD, which are thus labelled as IBD unclassified (IBD-U) 7. 
IBD-U is more frequent in children than in adults. A considerable proportion 
of IBD-U patients is later re-classified to either UC or CD 8. 
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UC is characterized by a continuous inflammation confined to the colon 
(colitis). Starting from the rectum – which is affected in 95% of UC cases - 
there is a variable extent of inflammation. At diagnosis, limited disease – dis-
tal from the left colonic flexure -  is seen in approximately 70 % of UC pa-
tients, whereas a more extensive phenotype is observed in the remaining pro-
portion. Disease progress is eventually observed in one out of three patients 
with limited (distal) disease 9. Histology findings include distorted crypt ar-
chitecture and inflammatory infiltrates - composed of lymphocytes, plasma 
cells, and neutrophils –in general limited to the mucosal layer. Other features 
include basal plasmacytosis and mucin depletion 10.   

Inflammation in CD may affect any section of the gastrointestinal tract, 
from the mouth to the anus. In approximately 50% of cases, CD presents as 
isolated colitis, in another 20-25%, both colon and ileum are affected 11, 12.The 
disease has a progressive nature, and is complicated by strictures, fistulas or 
abscesses in about one-third of the patients12. Unlike UC, CD is associated 
with significant morbidity and impact on quality of life. Microscopic key find-
ings in CD are a patchy inflammatory appearance (also noticeable macroscop-
ically) with focal crypt irregularities and granulomas. Mucin depletion is rare 
or mild. In contrast to UC, the inflammation is not confined to the superficial 
layers, and transmural lymphoid aggregates can sometimes be found in resec-
tion specimens 10.     

Pathogenesis of IBD 
IBD pathogenesis is considered a complex interplay between several predis-
posing factors. The current explanatory model includes genetic susceptibility, 
environmental factors influencing the commensal microbiota, a weakened gut 
barrier function, and a dysregulated intestinal immune response 13.  

Immune cells in IBD 
Many different types of immune cell are involved in the immunopathogenesis 
of IBD including innate cells of myeloid origin (macrophages/monocytes, 
neutrophils, eosinophils, mast cells), innate lymphoid cells (ILCs), dendritic 
cells, epithelial cells, and cells of the adaptive immune system (T- and B-
cells), 14. This thesis, focuses on four specific cell types, namely, the neutro-
phil granulocyte, the eosinophil granulocyte, the macrophage, and the T-cell. 
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The neutrophil granulocyte 
Neutrophils constitute the majority of circulating leukocytes, and are among 
the first immune cells recruited to sites of injury. At the affected tissue, resi-
dent sentinel cells, such as macrophages and endothelial cells, produce pro-
inflammatory mediators which initiate neutrophil recruitment. Once extrava-
sated, neutrophils follow a hierarchy of chemotactic molecules (using 
CXCR receptors) to reach the site of inflammation15. Neutrophils are ag-
gressive in nature, using a wide range of killer mechanisms as effectors of 
acute inflammation. Moreover, they also contribute to chronic inflammatory 
conditions 16.  

Neutrophil infiltration is a prominent feature in IBD, and their presence 
defines acute inflammation. At the intestinal locus, the epithelial barrier is 
weakened by neutrophil released proteases, resulting in increased mucosal in-
flux of luminal antigens, such as commensal bacteria , which fuels the inflam-
matory reaction by further recruitment of circulating neutrophils 17. Following 
the acute inflammatory phase, neutrophils turn to a resting phenotype, as 
shown in studies on remissive UC 18. Recent data also suggest a role for neu-
trophils in tissue repair 19.  

Several neutrophil-derived proteins are associated with the inflammatory 
process in IBD. Especially calprotectin has gained an important role in IBD 
diagnostics and disease monitoring.  

The eosinophil granulocyte 
The eosinophil granulocyte is an immunological multi-tasker, involved in in-
itiation, propagation and resolution of immunological response. Eosinophil 
activation and infiltration is typically seen in allergies and helminthic infec-
tions, where migration to inflammatory sites mainly is mediated by Th2 re-
sponses (see T-cell section) 20. Eosinophils are extremely responsive to their 
environment, and express a spectrum of receptors important for  innate im-
mune responses 21. When stimulated, eosinophils secrete an array of pro-in-
flammatory granule proteins, including eosinophil cationic protein (ECP) 22 
and eosinophil peroxidase (EPO) 23. Furthermore, they produce reactive oxy-
gen species and cytokines, such as transforming growth factor (TGF)-β1, IL-
4 and IL-5. IL-5 is central for eosinophil maturation, their release into periph-
eral blood 24, as well as for their recruitment to intestinal mucosa 25. In addition 
to their role in early innate immune defence, eosinophils act as antigen pre-
senting cells, which stimulate and activate T-cells 21. Furthermore, they are 
involved in fibroblast proliferation and deposition of extracellular matrix 26.  
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Figure 1. Electron microscope image of an eosinophil granulocyte, with its bilobed 
nucleus and many dark-coloured granules. Photo: Malgorzata Karawajczyk 

A role for eosinophils in IBD pathology was proposed more than 60 years ago 
27. During the following decade, a correlation between increased numbers of
intestinal eosinophils in inflamed UC and macroscopic tissue damage was re-
ported 28. According to morphological and immunohistochemical findings in
UC, intestinal eosinophils are activated during inflammation 18, 29. This can be
measured as increased intraluminal release of pro-inflammatory granule pro-
teins 30, 31, which are detectable in stool samples 32.

Unlike neutrophils, eosinophils remain abundant during IBD remission. 
Furthermore, in remissive UC, but not CD, eosinophils exhibit a phenotypical 
shift toward higher proportions of (cell surface marker) CD44 positive cells 
18. CD44 signaling is responsible for eosinophil production of TGF-β, an
important mediator for tissue remodeling and fibrotic response 33. Intestinal
eosinophils are therefore considered to have a dual role in IBD pathology,
including mucosal repair during the quiescent phase 18, 33, 34.

Longitudinal IBD studies on eosinophil related outcomes are scarse. Pe-
ripheral eosinophilia is reported to be associated with worse outcome in UC 
35, 36, and, interestingly, with a higher risk for primary sclerosing cholangitis 
35. However, this association was contradicted by a recent study where eosin-
ophil-dominated mucosal histology at diagnosis correlated to a higher flare-
free survival 37.

The T-cell 
As part of the adaptive system, T-cells are highly specific and confer long 
lasting immunity (memory). Following activation, naïve T-cells cells differ-
entiate into either cytotoxic T-cells (CTL) or T-helper (Th) cells. 

The CTLs are characterized by their surface marker CD8, and their T-cell 
receptors recognize peptides presented by class I major histocompatibility 
complex (MHC I) expressing cells. After an activation signal given by a Th1 
cell, the CTL is primed and ready to kill infected cells, parasites or cancer 
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cells. Subsequently, most CTLs undergo apoptosis, whereas few become 
long-lived memory cells 38. 

Th cells are characterized by their surface marker CD4, and interact with 
MHC II/peptide complexes on antigen presenting cells (APCs), usually a den-
dritic cell. T-cell/APC interaction leads to APC cytokine production, which 
stimulates T cell differentiation into different subsets 39. The three main Th 
cell subsets areTh1, Th2 and Th17. Th1 cells are often defined by their pro-
duction of IFN-γ and IL-2. Th1 cells are involved in cell mediated immunity 
and delayed-type hypersensitivity reactions, and are important for immunity 
against intracellular pathogens. Th2 cells orchestrate humoral immune re-
sponses and can activate B-cells, eosinophils, and mast cells. Th2 cells are 
distinguished by their role in the defence against multi-cellular parasites, and 
by their involvement in allergies and atopic illnesses. Th17 cells are consid-
ered pro-inflammatory and of importance for the defence against extracellular 
pathogens. They produce IL-17, a strong neutrophil attractant. The Th cell 
subsets are often characterized by their ‘signature’ cytokines,  which are se-
creted in large amounts 40 (Figure 2). Since this description assumes simplifi-
cations, it is important to point out that there is certain heterogeneity within 
Th subsets, as well as a degree of plasticity between groups 41. 

 

 
 

Figure 2. T cell subsets and corresponding ‘signature’ cytokines. 

 
Regulatory T-cells (Tregs) constitute a separate Th subtype with the ability to 
suppress and mute the function of other immune cells. They control the re-
sponses to self and foreign antigens, thus acting to prevent autoimmune dam-
age. The two cytokines mostly associated with Tregs are IL-10 and TGF-β, 
both considered anti-inflammatory. 

The intestinal immune system is constantly faced with the task of maintain-
ing tolerance toward commensal organisms and ‘benign’ luminal content. 
This requires balance between regulatory and effector T-cells, and a lost equi-
librium is believed to contribute to IBD pathogenesis 14, 42. While CD is pri-
marily associated with Th1 immune responses, UC has been characterised 
with a predominant Th2 pattern. Th17 associated response is implicated in 
both UC and CD 41, 43. The theory of an overactive Th2 response in UC is, 
however, not unchallenged, and these models are constantly being refined. 
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The intestinal macrophage 
The intestinal macrophage is one of the innate cell types harbouring the layer 
of connective tissue beneath the epithelium, called the lamina propria. To a 
dominating part, gut resident macrophages are renewed by blood-circulating 
monocytes 44, 45 Macrophages belong to the antigen presenting mononuclear 
phagocytes, and due to their subepithelial position, they play an important role 
in scanning material breaching the gut barrier. By influencing Treg differen-
tiation (mainly) via IL-10 production, macrophages prevent excessive inflam-
mation in response to harmless microorganisms. They also produce a variety 
of signal substances important for epithelial proliferation and integrity mainte-
nance. During inflammation, monocyte differentiation shifts to a potently pro-
inflammatory macrophage phenotype, which promotes adaptive effector cells, 
but also orchestrates the recruitment of innate immune cells 46.  

In diseases characterized by a chronic, uncontrolled, inflammatory milieu, 
such as IBD, there is a shift of balance between anti- and pro-inflammatory 
macrophage phenotypes. New developments in IBD research especially point 
out a defective monocyte maturation into pro-resolving macrophages. This re-
sults in accumulating immature phenotypes with impaired bacterial clearance 
and excessive cytokine production 47. 

IBD and tissue factor 
Inflammation and coagulation  
IBD patients are at increased risk of thromboembolic complications. The over-
all risk for venous thromboembolism (VTE) is approximately twice the risk 
of non-IBD individuals 48, with the highest rates observed at the time of flare, 
and shortly thereafter 49, 50.  

Several of the molecules and cytokines involved in pro-inflammatory re-
sponses promote coagulation and thrombosis. These include CRP 51, TNF-α, 
and IL-6 52, which exert their effect by reducing natural anticoagulant path-
ways and impairing the fibrinolytic system. Conversely, coagulation/antico-
agulation pathways exert an influence on the inflammatory response, where 
components of the coagulation system appear to promote inflammation, while 
anticoagulants function to dampen elevation of cytokine levels 53 (Figure 3). 
This potentially vicious cycle of inflammation-coagulation interdependence 
is, however, not specific to IBD – a fact that has recently gained relevance due 
to the thrombotic presentations associated with COVID-19 infections 54. 
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Figure 3. The crosstalk between inflammation and coagulation, and the impact of 
anticoagulant pathways. 

Tissue factor – cellular expression and functions 
Tissue factor (TF) is a transmembrane glycoprotein and the primary initiator 
of the coagulation cascade. TF is constitutively expressed on cells within, and 
surrounding, the blood vessels. When exposed to vascular damage or stress, 
TF forms a complex with its ligand, factor VII (FVII), which is  then activated 
into FVIIa. This initiates the coagulation cascade, subsequently leading to 
thrombin activation and clot formation 55. An intact physical barrier between 
TF and blood is critical for a controlled haemostasis. Under normal circum-
stances, TF is almost exclusively exposed upon vascular injury, and cells in 
direct blood contact, such as blood cells and endothelial cells (EC), have min-
imal TF expression. Moreover, large amounts of TF are localized to cells in 
vulnerable and highly circulated organs, such as the heart and brain, providing 
a haemostatic barrier 56, 57. 

Monocytes are the dominating source of TF in circulating blood 58. A vari-
ety of inflammation related signals such as lipopolysaccharides (LPS) 59 and 
vascular endothelial growth-factor (VEGF) 60 may induce TF on monocytes, 
as well as on ECs. TF can also be induced through direct cell-cell contact be-
tween CD40 receptor-expressing T-cells 61. Furthermore, there is support for 
minor TF contributions from several other blood cells, such as platelets, neu-
trophils, eosinophils and T-cells.  
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In addition to being an initiator of blood coagulation, TF is recognized as a 
signalling receptor. The TF/FVIIa complex formation activates intracellular 
pathways in several different cell types. These, in turn, are associated with 
several biological functions such as angiogenesis, tumour growth, and apop-
tosis 62, 63. Extracellular, blood borne forms of TF, also exist, which can be 
formed either by alternative splicing (as TF), proteolytic cleavage, or via ex-
tracellular vesicles released by activated cells. Of these, only the extracellular 
vesicles appear to have pro-coagulant capacity, whereas all three forms are 
believed to be involved in other biological processes 64, 65. These circulating 
forms of TF will not be further discussed in this thesis. 

Observations in IBD 
A limited number of immunohistochemistry (IHC) reports focusing on in vivo 
TF expression on IBD have been published. Of these, two studies investigated 
mixed IBD populations 66, 67, whereas one focused on active UC 68. They all 
observed TF up-regulation at sites of mucosal inflammation, mainly localized 
to a sub-epithelial cell population. This cell layer was later identified as peri-
cryptal sheath cells - a distinct, TF-expressing, non-myofibroblast cell entity 
69. 

TF signalling function is believed to be mediated by TF in complex with 
FVIIa or FVIIa/FXa, amplifying inflammatory cascades via protease-acti-
vated receptor (PAR) related pathways 63. Involvement of PAR signalling in 
IBD pathogenesis is supported by experimental observations 70, 71, and a role 
for TF in IBD pathogenesis has subsequently been proposed 72.  
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The PSC-IBD phenotype 

Primary sclerosing cholangitis 
Primary sclerosing cholangitis (PSC) is a chronic liver disease characterized 
by bile duct inflammation, leading to scarring and impaired bile flow. The 
disease course is unpredictable with a broad pathological spectrum, involving 
infections, jaundice, liver cirrhosis and failure 73. Diagnosis relies on typical 
cholangiographic changes. Liver tests occasionally suggest bile duct injury, 
but may as well be normal. Currently, no biomarker for PSC exists. Median 
age at diagnosis is 41 years, but the disease can occur at any age 74. PSC is 
considered to have a male predominance 75. although female incidence rates 
may be underestimated due to a more benign disease course in women. 76, 77. 
Evidence suggests increasing PSC incidence over the last decade 78, 79. How-
ever,  PSC is still considered a rare disease, with incidence rates of 0.5-1.3 per 
100,000 in the westernized world 75, 78, 79.   

Pharmacological PSC therapies have been proven ineffective in. Liver 
transplantation is the only existing curative treatment. Repeated endoscopic 
balloon dilatation, in patients with dominant biliary strictures, may improve 
transplant-free survival80. PSC diagnosis is associated with impaired quality 
of life 81 and 4-fold mortality rates compared to a background population 75. 
The dismal prognosis is mainly attributed to a high risk for gastrointestinal 
cancer, and cholangiocarcinoma (CCA) in particular, for which the risk is 160- 
to 400-fold greater than in the general population. 75, 82 One third  of CCA 
cases is discovered at, or within one year after, PSC diagnosis 75, 76, 82.  

Epidemiology 
IBD is by far the strongest risk factor for PSC. The prevalence of IBD in PSC 
subjects is approximately 70 %, however, with large variance across different 
studies 74, 75, 83. Of these, approximately 80% are classified as UC,  while the 
remaining have a clinical presentation of CD or IBD-U 84. Conversely, PSC is 
an uncommon extra-intestinal manifestation of IBD. In a Swedish population-
based cohort study, the overall PSC prevalence in IBD patients was 2.2% (1.7 
in UC, and 3.0% in CD) 85. However, estimates vary considerably, and data 
must be put in relation to the diagnostic challenge. Indeed, a study on long-
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term IBD found radiological PSC-like lesions in 7.5 % of subjects. A majority 
of these patients had subclinical PSC with no biochemical abnormalities 77. 

In most PSC-IBD cases, IBD diagnosis precedes PSC by several years - in 
median 10 years 86. However, the temporal relationship between IBD and the 
hepatobiliary disease is complex as IBD may appear many years after PSC 
diagnosis, or even after liver transplantation for PSC 87.  

Clinical characteristics  
Since the first reports on a deviating IBD phenotype in PSC patients, obser-
vations have accumulated into the concept of a unique phenotype, called PSC-
IBD 88. PSC-IBD has higher rates of extensive colits or pancolitis, as well as 
a  right-side predominant inflammation when compared with a non-PSC IBD 
population 88, 89. Rectal sparing colitis and back-wash ileitis are also a consid-
ered typical PSC-IBD features, albeit with a large reported variation of data 
84, 88. Even ‘CD-like’ PSC-IBD have colonic involvement in most cases, and 
severe inflammatory behaviour (stricturing, fistulas) is rare compared with 
non-PSC CD 85, 86, 90. PSC associated IBD is often considered more similar to 
‘classic’ UC than to CD. Therefore, in comparative studies, UC is often used 
as the reference group, and PSC-associated IBD hence referred to as PSC-UC. 

Endoscopic and histological scores are lower in PSC-UC compared with 
UC, with a declining tendency in the distal direction 91, 92. The phenotype also 
includes a mild or even asymptomatic course 93. At the same time, PSC-UC 
patients have higher likelihood of subclinical endoscopic and histological ac-
tivity 92, 94, and also, consistency between endoscopic and histological grading 
is poorer  95 (Figure 4).  

Today, diagnostic and prognostic biomarkers for PSC-IBD are lacking, and 
no diagnostic tool is available to define an IBD as being PSC-type in a patient 
without a PSC-diagnosis. There is also a lack of evidence regarding pheno-
type-specific activity markers, however, recent data support the usefulness of 
faecal calprotectin 95. 
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Figure 4. Phenotypic features of inflammatory bowel disease in patients with con-
comitant PSC. 

PSC-IBD and colorectal neoplasia 
Compared with UC, PSC-IBD runs an unexplained approximately 3-fold 
elevated risk of dysplasia and colorectal cancer (CRC), predominantly in 
the proximal colon 96-99. The risk is solely attributable to PSC-UC, which, 
unlike PSC-CD, is independently associated with a higher risk of neo-
plastic findings 100. IBD diagnosis at young age (<40 years) has also been 
found to increase the risk 101. Observations indicate a faster transition from 
low grade dysplasia to CRC in PSC-IBD, compared with UC 99. Since the 
risk of CRC is elevated already at the time for PSC-IBD diagnosis 102, cur-
rent guidelines recommend colonoscopy at the time of diagnosis, and an-
nually thereafter 103. 

Linking IBD and PSC 
The co-occurrence of PSC and IBD suggests an etiological link between liver 
and gut. The gut-homing lymphocyte hypothesis, as proposed by Grant et al, 
constitutes an immunological model for such an association 104. Here, long-
lived memory T cells, originally activated in the gut, are recruited to the liver 
due to aberrant inflammation-induced expression of adhesion molecules and 
chemokines, normally restricted to the gut. The gut-homing lymphocyte 
model is supported by findings of gut-specific endothelial adhesion molecules 
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(MAdCAM-1 and CCL25) in human PSC livers 105. Moreover, 20% of T-lym-
phocytes in PSC livers express CCR9+, which in turn is associated with a co-
expression of the gut integrin α4β7 106. The theory is further supported by a 
report showing clonal overlap between gut- and liver-infiltrating memory T 
cells in PSC 107, and by observations confirming the existence of MAdCAM-
1 expressing lymphocytes in PSC liver 108.  

Gut microbiota have been suggested important for the gut-liver axis in PSC. 
Several studies have reported intestinal dysbiosis in PSC, independently of 
coexisting IBD, with a deviant and depleted microbial taxa compared with UC 
and healthy controls 109-111. Translocation of bacteria/antigen across an in-
flamed and leaky gut exposes the liver via the portal circulation, and can thus 
trigger hepatic inflammation.112, 113.  

Bile acids (BAs) and BA metabolites may also contribute to PSC/PSC-IBD 
pathogenesis. BAs and secondary BA exhibit potent signalling potential, with 
multiple effects on gut and liver 114. A recent integrative study of colonic mu-
cosal transcriptome found several differences in physiological processes in 
PSC-IBD compared with UC, including bile acid homeostasis 115.  
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Present investigations 

Aims of the thesis 
The overall aim of this thesis was to study PSC-UC from an immunological 
perspective, and to search to for molecular and cellular features potentially 
facilitating PSC-UC diagnosis. 

The specific aims were to explore and compare PSC-UC and UC regarding 
the following aspects: 
 

• The accumulation and activation of eosinophils, and its relation to the 
cytokine environment (Paper I). 

 
• The accumulation and activation of T-cells, and its relation to the cy-

tokine environment (Paper II). 
 

• Colonic TF expression and distribution (Paper III).  
 

• The intestinal proteome (Paper IV).  

Patients and methods 
Patients 
Patients were recruited at the Gastroenterology Unit, Uppsala University Hos-
pital, Sweden, as part of a PSC-IBD study cohort. All IBD patients had previ-
ously been classified as UC, and all patients had their diagnosis prior to re-
cruitment. Diagnoses (UC and PSC) were based on established clinical, endo-
scopical, histological, and (for PSC) radiological criteria. No patient had a 
history of fistulas, structuring, or inflammatory involvement proximally of the 
colon (except for backwash ileitis). All UC subjects had normal liver function 
tests, including alkaline phosphatase. All PSC subjects had large duct PSC, 
and none of them had clinical signs of cirrhosis, or had undergone liver trans-
plantation. All patients were biologic-naïve. For paper III and IV, patients on 
cortisone treatment the last 4 weeks were excluded.  
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Controls were recruited among patients without inflammatory bowel dis-
ease who were examined for anaemia, bleeding, or abdominal pain. For all 
controls, colonoscopy and histological assessment were normal. 

Grouping 
For paper I and II, IBD patients were grouped as ‘active’ or ‘remissive’ based 
on (total) Mayo score, a disease activity index for ulcerative colitis 116 (Table 
1). A total Mayo score of ˃ 3 was classified as active disease. For Paper III+IV, 
both endoscopic and histological remission were required for a patient to be 
grouped as ‘remissive’. 
 

Table 1. Mayo score for assessment of ulcerative colitis activity 

 

Collection of samples 
During colonoscopy, six adjacent biopsies were taken at each location. Biop-
sies were prepared in pairs for routine histology and archiving, flow cytome-
try, and cytokine analysis, respectively. Peripheral blood was collected and 
used for flow cytometry and cytokine analysis. For summary of sample col-
lection and methodological workflow, see Figure 5. 
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Figure 5. Sample collection and methods used. Each paper represented by its corre-
sponding Roman numeral. Letter symbols represent colonic sampling sites; A=rec-
tum, B=sigmoid colon, C= ascending colon, D= caecum. 

Flow cytometry 
Single cells were obtained from intestinal biopsy samples by enzymatic diges-
tion 117. In short: washed biopsy samples are incubated in calcium-free salt 
solution to remove bindings between epithelial cells; remaining tissue is dis-
sociated by collagenase and DNAse, and then filtered through a nylon mesh. 
From heparinised blood, white blood cell suspensions were obtained by hae-
molysis with hyposaline NaCl. Cell suspensions were incubated with fluoro-
chrome-conjugated monoclonal antibodies (mAbs), after which flow cytome-
try assay was performed. 

Eosinophils and neutrophils were identified using forward scatter (FSC) 
and side scatter (SSC) in combination with specific surface marker properties: 
CD15lowCCR3high for eosinophils, and CD15highCCR3- for neutrophils, as pre-
viously described 117. As eosinophil activation markers, CD69, CD44, and 
CD66b were used, whereas CD66b was used for neutrophils. T lymphocytes 
were identified using FSC and SSC properties together with expression of 
CD4 or CD8. As T-cell activation markers, CD25, CD69, CD71, CXCR3, and 
CRTH2 were used 118-120. Data was acquired on a two- CD71laser FC500 MCL 
system with MXP software (Beckman Coulter) and analysed using Kaluza 
software (Beckman Coulter).  

Cytokine analysis 
Proximity Extension Assay (Olink Proteomics) 
Olink multiplex immunoassay is based on proximity extension assay (PEA) 
121.  Here oligonucleotide-labelled probes pair-wise bind to a target protein. 
Binding of two probes in immediate proximity brings the oligonucleotides to 
hybridise. Addition of DNA-polymerase starts extension and joining of the 
oligonucleotides, forming a DNA sequence, functioning as a PCR template.  
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The DNA sequence is detected and quantified using qPCR, where the numbers 
of replicas relate to the amount of the target protein. Data output is presented 
as Normalised Protein eXpression (NPX), which is a relative quantification 
where a higher value corresponds to a larger concentration, however not an 
absolute value.   For paper I and II, we used Olink panel Inflammation 1, 
which analyses 92 different human proteins (http://www.olink.com/proseek-
multiplex/inflammation). 

Electrochemiluminscence, (MESO-SCALE DISCOVERY) 
The MSD U-PLEX-platform is a customised electrochemiluminescence 
(ECL) based immunoassay. The sample (analyte) is added to a plate coated 
with capture reagents, coupled to a U-PLEX linker. Detection antibodies con-
jugated with ECL labels binds to the analyte/reagent complex, completing the 
sandwich immunoassay. Electricity is applied, and the light emission is meas-
ured for analyte quantification, where the result corresponds to an absolute 
concentration.   

Immunohistochemistry 
Immunohistochemistry (IHC) studies were performed on intestinal speci-
mens, stained for the antibody of interest. Consecutive cuts from FFPE blocks 
were deparaffinised, rehydrated and rinsed. Incubation with MAbs for 30 
minutes or overnight (depending on antibody) was followed by visualisation 
using a polymer detection kit. MAbs to CD4 and CD8 were used for T cell 
identification, EPO for eosinophils, and CD68 for macrophages. For TF de-
tection, a newly developed MAb was used. All samples were counter-stained 
with haematoxylin for routine analysis. Sections were examined using a Leica 
DMB microscope.   

Liquid Chromatography-Mass Spectrometry 
LC-MS/MS is a highly specific technique for protein detection, combining the 
powerful separating properties of liquid chromatography (LC), with the high-
precision mass analysis of mass spectrometry (MS).  

After extraction of proteins from FFPE intestinal tissue, extracts were cen-
trifugated, and lysates were digested with lysine and proteinase. After quanti-
fying total protein, samples were analysed by LC-MS/MS. First, a sample so-
lution is pumped through a non-polar stationary phase (LC) column, by a polar 
mobile phase. Transfer time depends on chemical interactions, achieving pro-
tein separation. The effluent is transferred to the MS, where it is converted to 
gas, ionized, and subsequently separated and fragmented in multiple electric 
fields. The mass/charge ratio of every ion, or daughter ion, is highly specific 
for the structure of each compound. Molecule spectra were acquired using 
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OExactive instrument and searched using MaxQuant instrument. Proteins ti-
tres were calculated using ‘total protein approach’ 122. 

Results and discussion 
Paper I 
Downregulated eosinophil activity in ulcerative colitis with concomitant pri-
mary sclerosing cholangitis. 

Background 

Eosinophils are common in the colon of IBD patients, where they are 
believed to have both pro-inflammatory and tissue remodelling properties. 
UC and CD are proposed to have divergent mechanisms of eosinophil 
activation, attributable to differences in cytokine milieus 123. To investigate 
whether PSC-UC is accompanied with distinct eosinophilic properties, we 
analysed colonic biopsies and peripheral blood from UC, PSC-UC, and 
healthy controls (HC) for eosinophil-related cytokines, cell counts and 
markers of activation. In addition, neutrophil activation was measured as a 
complement to routine histology.  

Results and discussion  
Serum cytokines: Inflammatory active PSC-UC had higher levels of the eosin-
ophil-related cytokines CCL11 (eotaxin-1) and IL-5, compared with other 
groups. There was also a 5-fold increase of CCL26 (eotaxin-2) concentration, 
however not statistically significant. Serum cytokines in the other patient 
groups did not differ from healthy controls. 

Mucosal cytokines: Active UC had more up-regulated mucosal cytokines 
than all other groups. In total, 22 of 92 examined cytokines were upregulated 
in active UC, whereas none in active PSC-UC.  The eosinophil activator IL33 
was exclusively upregulated in active and remissive UC, while CCL11 levels 
were high in all IBD groups compared with HC (however not statistically sig-
nificant in active PSC-UC). Mesoscale quantification confirmed the over-all 
higher levels of eosinophil-related cytokines in active UC. Moreover, active 
UC had 4-fold levels of the eosinophil activating cytokines IL-4, -5 and -13, 
however not reaching statistically significance.  

Cell counts and markers for cell activation: In active PSC-UC, neutrophil 
activation, assessed as CD66b intensity, was lower in rectum than in caecum, 
consistent with a right-side predominant inflammation. In both UC and PSC-
UC, inflammatory activity was accompanied by intestinal eosinophilia. In re-
missive UC, eosinophil counts trended higher (p=0.06), in contrast to remis-
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sive PSC-UC, where intestinal eosinophil counts were normal. In UC, intesti-
nal eosinophils were more activated both during flare and remission, as evi-
dent by C66b-expression. Furthermore, remissive UC had higher proportions 
of eosinophils expressing the early activity marker CD69 compared with re-
missive PSC-UC. In peripheral blood, no differences in eosinophil counts 
were found. 

In conclusion, eosinophils were numerous in both UC and PSC-UC mucosa 
during inflammation, however clearly activated in UC only. This may be at-
tributed to mucosal cytokine milieu, as UC had distinctly more upregulated 
eosinophil-associated cytokines. Also, in accordance with previous data, UC 
eosinophils stayed activated in remission 18. In active PSC-UC, serum eotaxin 
levels were increased, however, not mirrored by eosinophil numbers, support-
ing a non-intestinal origin of the systemic pro-eosinophilic state in this phe-
notype.  

Paper II 
High serum sCD40 and a distinct colonic T cell profile in ulcerative colitis 
associated with primary sclerosing cholangitis. 

Background 
The adaptive component of IBD immunopathology may be described as an 
excessive T effector cell activation and/or an impaired T cell-mediated toler-
ance mechanism. UC is traditionally characterized as a Th2/Th17 dominated 
disease, while CD is believed to be skewed towards Th1/Th17. By investigat-
ing colonic biopsies and peripheral blood from UC, PSC-UC and healthy con-
trols (HC) for T-cell related cytokines, cell counts and markers of activation, 
we asked whether PSC-UC is associated with distinct T cell conditions. 

Results and discussion  
Serum cytokines: PSC-UC had several elevated serum cytokines compared 
with UC. Only CCL28 was increased in UC. PLS-DA indicated clustering 
within groups when using IBD subtype as explanatory variable (R2=0.78).  
Among the upregulated serum cytokines, sCD40 stood out as highly signifi-
cant (p<0.001), and as being the protein most important for inter-group varia-
bility.   

Mucosal cytokines: For mucosal cytokines, the overall tendency was an up-
regulation in active UC, including cytokines from Th1, Th2 and Th17 immune 
response. In contrast, active PSC-UC had over-all low mucosal cytokine lev-
els, however with a moderate up-regulation of the Th1-related cytokine IL-27, 
and Th17 cytokines IL-17A and IL-17F. Remissive IBD groups had mucosal 
cytokines in levels with HC.  
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Cell counts and activation: Intestinal Th4+ and Th8+ T-cells were more 
numerous in inflammatory active IBD, however not reaching statistically sig-
nificance in PSC. Congruent with cytokine data, active UC had the highest 
quote of intestinal CRTH2/CXCR3 CD4+ cells, as compared to all other 
groups, indicating a relative Th2-dominated immune response. In contrast, in-
flamed PSC-UC tissue had higher proportions of CXCR3 expressing CD8+ 
cells, and the same tendency was seen in peripheral blood. CXCR3 is a chem-
okine receptor preferentially found on Th1-cells, and on CD8+ memory cells. 
Active PSC-UC mucosa had decreased expression of CD25 on CD4+ T-cells 
compared with active UC. However, in peripheral blood, the proportions were 
equal in all groups, indicating a phenotypical T cell shift in PSC-UC, when 
reaching the target organ.   

In summary, cytokine profiles were different in UC and PSC-UC. In con-
trast to UC, where mucosal inflammation was mirrored by the intestinal cyto-
kine milieu, PSC-UC displayed a lively systemic pro-inflammatory state. Fur-
thermore, we found a less Th2-weighted T-cell response in PSC-UC, indicat-
ing a more CD like inflammation in this phenotype. We also highlight soluble 
CD40 as a potential serological marker for PSC-UC, however, this finding 
warrants further validation in larger populations.  

Paper III 
Tissue factor expression in ulcerative colitis with and without concurrent pri-
mary sclerosing cholangitis. 

Background 
There is an intricate interplay between inflammation and coagulation, and 
findings support an immune-coagulation axis in IBD.  In vivo IBD studies 
report up-regulated colonic TF expression in inflammatory active patients. We 
aimed to systematically describe and compare TF status in PSC-UC and UC, 
both during inflammation and remission, using a newly developed TF anti-
body.  

Results and discussion  
IHC revealed three distinct patterns of colonic TF staining; pericryptal sheath 
cells, mononuclear cells, and stroma (Figure 6). 

Pericryptal sheath cells:  Pronounced TF staining was found in inflamma-
tory active UC, but not in PSC-UC. The findings in UC are in line with previ-
ous studies, reporting strong sub-epithelial TF staining at sites of inflamma-
tion.  These studies were, however, heterogeneous as regard to IBD cohorts, 
and, furthermore, the TF antibodies had elements of nonspecific binding 66-68, 
limiting specificity.  

Mononuclear cells: In UC exclusively, inflammation was accompanied by 
higher counts of TF positive mononuclear cells in the upper lamina propria. 
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The TF expressing cells were further identified as a proportion of the CD68+ 
macrophages. This was supported by flow cytometry, where 15 % of colonic 
(CD33+) macrophages/monocytes cells expressed TF. 

Stromal staining: TF staining of the lamina propria stroma was invariably 
limited to sites of acute inflammation, defined as neutrophil epithelial inva-
sion. Histological re-assessment of IBD biopsies confirmed stromal TF depo-
sition in all sections with concomitant inflammation, and in these sections 
only.  

 
Figure 6. Features of tissue factor staining in colon biopsies from UC patients. 

 
In conclusion, we found discrepancies in TF expression depending on IBD 
subgroup and inflammatory status. TF intensity mirrored mucosal inflamma-
tion in UC only, whereas active PSC-UC TF levels were comparable with re-
missive groups. We also confirm that monocyte-derived tissue macrophages 
retain their progenitor’s capacity to express TF. The study adds descriptive 
precision to previous TF observations, and, for the first time, describes stromal 
TF. Our assessment suggests that this IHC feature is highly sensitive to acute 
intestinal inflammation.   
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Paper IV 
A two-step proteomic approach identifies candidate biomarker in ulcerative 
colitis with concomitant primary sclerosing cholangitis. 

Background 
Proteomics holds promise for biomarker discovery in IBD. Previous IBD stud-
ies have aimed to find proteins facilitating the diagnostic distinction between 
IBD subgroups (CD vs UC) or inflammatory behaviour (flare vs remission, 
mild vs aggressive CD) 124. Due to technological progress in MS based tech-
niques, it is now feasible to perform high precision proteomics using archived 
(FFPE) tissue. This, in turn, enables studies on rare, and/or difficult-to-recruit, 
conditions.  Here, we aimed to search for differentiating colonic proteins be-
tween PSC-UC and UC using LC-MS/MS. All IBD patients were in clinical 
and histological remission, and UC patient had a history of extensive colitis. 

Results and discussion  
Colonic biopsies from 33 patients (9 PSC-UC, 7 UC and 7 HC), were analysed 
in the first proteomic step. A total of 7279 unique proteins were detected. After 
linear regression, followed by a confirming random forest analysis, the top-5 
protein findings, differing the most between the two IBD groups, were chosen 
as candidate biomarkers.  

In the replication step, colon samples from 37 independent IBD subjects 
were included. 7706 unique proteins were detected. Of the five potential bi-
omarker candidates, one, 1-Acylglycerol-3-Phospate O-Acyltransferase 
(AGPAT1) was confirmed (p<0.01) (Figure 7).  AGPAT1 was also in top of 
the meta-analysis, and still significant after adjusting for multiple testing. 
AGPAT1 concentrations were similar between UDCA users and non-users. 
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Figure 7. AGPAT1 concentrations. Tukey test for AGPAT1 concentrations in co-
lonic biopsies for a) discovery, and b) replication step. Results are presented as box-
plots; horizontal line representing median value, box from first quartile to third quar-
tile and whiskers represents max/min with outliers excluded. **) indicates p<0,01. 

Despite the phenotypic differences between PSC-UC and UC, we found a high 
degree of proteome overlap when applying principal component analysis 
(PCA) on the whole dataset. A limited, yet significant, clustering based on 
IBD subtype was found in the replication cohort.  

 In conclusion, we discovered and replicated AGPAT1 as a colonic protein 
differentiating PSC-UC and UC. To reduce the influence of inflammation-re-
lated proteomic changes, we exclusively chose to include remissive patients. 
Consequently, we cannot extrapolate our data to apply to IBD during flare. 
Our finding needs to be further evaluated, using complementary, quantifying 
techniques. To the best of our knowledge, this is the first proteomic work in-
vestigating the PSC-UC phenotype using FFPE colonic tissue. 

General discussion 
Today, PSC-UC is considered a distinct clinical IBD phenotype. This was ev-
ident in our study cohort, where PSC-patients presented with typical endo-
scopic features: an over-representation of mild pancolitis, rectal sparing in al-
most 80% of the cases. In this thesis, we show that the clinical phenotype is 
mirrored by cellular characteristics, and by the levels of cytokines in the in-
testinal mucosa.   

In paper I and II, both cytokine analysis and immune-phenotyping revealed 
a dampened intestinal inflammatory milieu in PSC-UC. While flare in UC was 
associated with high levels of both eosinophil- and T cell-related pro-inflam-
matory cytokines, levels in PSC-UC were strikingly low despite inflammatory 
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activity. These quiet conditions also comprised down-regulated eosinophil ac-
tivity, both during flare and remission, and, interestingly, despite maintained 
levels of the key chemotaxin CCL11 (eotaxin-1). In contrast, eosinophils in 
UC remained activated during remission, in accordance with previous obser-
vations 18. In this respect, the inflammatory conditions in PSC associated UC 
resemble those reported in CD rather than in UC, in contrast to the endoscopic 
evaluation. 

Not only were the cytokine levels lower in PSC-UC than in UC, but also of 
a different composition. This was mirrored by significantly higher Th2 pro-
portions of CD4+ cells in UC, and a lack of upregulated Th2 cytokines in PSC-
UC mucosa. A Th1 dominated immune response in PSC-UC has also been 
observed by Gwela et al, who reported accumulation of intestinal Th1 cells 
(and ILCs) during PSC-UC flare 125. Several eosinophil functions are depend-
ent on Th2 immune response, and, in turn, eosinophils provide sources of Th2 
inducing cytokines 24, 25. Thus, a Th1 skewed dynamic may serve as an expla-
nation to the depressed eosinophil response in paper I. Traditionally, CD has 
been considered to be driven by Th1 responses, and UC rather by Th2 126. 
Based on that paradigm, these findings add to the picture of PSC-UC having 
a CD like immune response. Emerging observations also support a role for 
Th17 immune responses in IBD, where they are believed to have a pathogenic 
role 41, 127. Except for Th17 related cytokines, we did not specifically target 
Th17 cells. However, Th17 cytokines (including IL-17A) were higher than 
HC in both IBD subtypes. 

Unlike in the gut, PSC-UC cytokines were highly upregulated in peripheral 
blood. Considering the quiescent clinical phenotype, it is reasonable to regard 
this pro-inflammatory state as a reflection of extra-intestinal inflammation, 
presumably PSC related. Indeed, patients with PSC often present with en-
larged non-malignant perihilar lymph nodes. As further support, several of the 
upregulated cytokines in PSC-UC have previously been acknowledged in liver 
diseases. This includes soluble CD40 (sCD40), reported to be elevated in viral 
hepatitis 128, alcoholic hepatitis 129,  and chronic liver disease (including PSC) 
130, where it is proposed as a marker of apoptosis. Moreover, IL-8 has been 
reported high in PSC serum, where levels corresponded to transplant-free sur-
vival 131. Of the elevated cytokines, sCD40 stood out as being the most im-
portant for group separation in the clustering analysis. sCD40 has the potential 
to interact and antagonise with CD40/CD40L cell pathways, which are central 
for immune cell signalling and implicated in autoimmune disease pathogene-
sis, including IBD 132, 133. Since PSC in many cases has a considerable sub-
clinical time span, new biomarkers for detecting PSC in (PSC-) UC are 
needed. sCD40 appears as an interesting candidate in this context, and the 
findings warrants further validation.    

In paper I, high serum eotaxin levels were found in PSC-UC. This is in line 
with a previous report on PSC patients (with and without IBD) by Landi et al, 
proposing hepatic stellate cell origin for eotaxin production 134. This, in turn, 
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could imply a Th2 dominated hepatic immune responses in PSC, theoretically 
contributing to pathological fibrosis if exuberant 135. To note, despite high eo-
taxin levels, peripheral eosinophil counts were normal for PSC-IBD in our 
material. One explanation for this could be that eosinophil recruitment to the 
liver already has taken place.   

TF upregulation is triggered in several inflammatory conditions, and in pa-
per III, UC inflammation was associated with higher TF grading, in line with 
existing reports 66-68. Subepithelial cells - such as pericryptal sheath cells and 
tissue macrophages – are inevitably affected by a lost barrier integrity and 
increased mucosal influx, as reported in IBD pathogenesis. As visualized in 
paper III, TF expression is subsequently induced - either directly by LPS and 
other incoming antigens, or as a consequence of the subsequent innate and 
adaptive immune responses. In turn, TF, in complex with its ligand FVIIa, can 
further support and amplify immune responses through PAR signalling. 

As mentioned, TF has several non-coagulant functions, including a pro-
posed role in tumour progression and angiogenesis. In studies on colorectal 
neoplasia, TF expression was found to decline during colonic adenoma-carci-
noma transition 69. This feature has not been evaluated in IBD-associated 
CRC, however, in the light of the unexplained higher risk for CRC in PSC-
UC, the dampened TF expression in PSC-UC flare is an interesting observa-
tion. Moreover, eosinophils have antitumor effects owing to cytotoxic degran-
ulation  136, 137, and also, eosinophil counts in CRC tissue have been associated 
with a more favourable CRC prognosis 138. Hence, low eosinophil pres-
ence/activity in PSC-UC, as observed in paper I, may not only contribute to 
the modest inflammation, but could also have negative consequences, such as 
impaired dysplasia surveillance.  

MS-based technology enables high-resolution protein detection. Owing to 
advances in pre-analytical workflow, it is now possible to perform proteomic 
studies using archived (FFPE) tissue 139. The method has recently proven tech-
nically and practically feasible in a retrospective IBD study, comparing UC 
and CD intestinal proteome 140. In study IV, AGPAT1 was discovered and 
subsequently verified as a candidate PSC-UC biomarker, using a two-step pro-
teomic approach. Levels were significantly lower in UC, suggesting sup-
pressed expression or altered post-transcriptional modification in non-PSC pa-
tients. Interestingly, AGPAT1 has previously been reported as a negative 
prognostic marker in CRC 141.  To reduce the impact of inflammatory pheno-
typic heterogeneity, we chose to include remissive IBD patients only. This 
may explain the small overall differences seen in the intestinal proteome be-
tween PSC-UC and UC. As paper IV is believed to be the first PSC-UC pro-
teomic study using archived biopsies, it could be considered as a proof of con-
cept study, allowing for larger and/or longitudinal studies on this otherwise 
hard-to-recruit subgroup. As for AGPAT1, we are currently planning to fur-
ther validate this finding using complementary techniques. 
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Concluding remarks 
This thesis adds to the knowledge of the immunological and molecular interior 
of the PSC-UC phenotype. The calm exterior was mirrored in the mucosal 
immune environment, while, in contrast, the systemic response was up-regu-
lated and vivid. Also, new potential biomarkers are described, however, re-
quiring further evaluation before possible application in a clinical context.  
Despite the many UC-resembling clinical features in our PSC cohort, immu-
nological responses were more CD-like. The findings could potentially be of 
therapeutic importance, but perhaps also constitute an argument for PSC-IBD 
as the most accurate nomenclature for this enigmatic phenotype. 
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Sammanfattning på svenska 

Inflammatorisk tarmsjukdom (Inflammatory bowel disease, IBD) är en grupp 
immunmedierade kroniska tarmåkommor som ofta debuterar mellan 20 och 
40 års ålder. De största IBD-grupperna är ulcerös colit (UC) och Crohns sjuk-
dom (CD), varav UC endast drabbar tjocktarmen (colon). Orsaken till IBD 
tros vara ett komplext samspel mellan ärftliga faktorer, en avvikande slem-
hinne-miljö, och en försämrad tarmväggs-integritet, vilket sammantaget med-
för en överdriven immunreaktion. Flera andra sjukdomar är överrepresente-
rade vid IBD, däribland primär skleroserande kolangit (PSC). PSC är en in-
flammatorisk gallvägssjukdom som vanligen diagnosticeras flera år efter 
IBD-debuten, men även kan debutera innan tarmsjukdomen. Sjukdomen med-
för en betydande överdödlighet, inte minst p.g.a. den starka kopplingen till 
gastrointestinal cancer, och då framför allt gallvägscancer. Sambandet mellan 
PSC och IBD är mycket starkt - omkring 70 % av PSC-patienterna har samti-
dig IBD, och då vanligen UC. Omvänt så drabbas dock enbart en minoritet av 
UC-patienterna av PSC. 

Tarminflammationen hos IBD-patienter med samtidig PSC skiljer sig ifrån 
den hos den större UC-gruppen utan PSC. Den är i typiska fall mildare, hö-
gerdominant och engagerar hela tarmen. Trots fenotypens milda och ofta 
symptomfattiga framtoning ses en oförklarad ökad risk (x3) för kolorektala 
neoplasier. PSC-associerad IBD anses numera utgöra en egen klinisk fenotyp, 
kallad PSC-IBD eller PSC-UC. Huruvida fenotypen även motsvaras av unika 
immunologiska eller molekylära särdrag är okänt. Dessutom saknas diagnos-
tiska eller prognostiska biomarkörer för PSC-IBD, vilket även innebär att di-
agnosen inte kan sättas med mindre än att leversjukdomen manifesterar sig. 

Inflammation och koagulation är ömsesidigt sammanflätade. Detta exemp-
lifieras av tissue factor (TF) - det membranbundna protein som initierar 
koagulationskaskaden. TF-uttrycket på celler uppregleras vid inflammation, 
samtidigt som TF även kan förstärka inflammatoriska processer via proteas-
aktiverade receptorer (PARs). Vid aktiv UC ses ett ökat TF-uttryck i tarmen, 
och TF har även föreslagits ha en patofysiologisk roll vid IBD.  Utöver detta 
har TF även betydelse för apoptos och angiogenes, och tycks kunna fungera 
som en prognostisk markör vid coloncancer. Huruvida dessa iakttagelser även 
tillämpbara för IBD-relaterad cancer, eller hur TF-mönstret ser ut vid PSC-
UC, är okänt.  

Det övergripande syftet med denna avhandling var att leta efter särdrag hos 
PSC-UC som sträcker sig bortom de kliniska iakttagelserna. Utgåendes från 
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en kohort av IBD-patienter (PSC-UC och UC) och friska kontroller (HC) jäm-
förde vi grupperna avseende immunologiska förhållanden, TF-uttryck och tar-
mens proteom.  

I studie I undersökte vi eosinofilernas förekomst och aktivering i tarm och 
blod, och ställde detta i relation till respektive cytokinmiljö. Prover inhämta-
des från totalt 69 individer (22 PSC-UC, 28 UC och 19 HC), där IBD-grup-
perna sedan delades in i ”aktiv” respektive ”remission”. Vi kunde vi visa att 
eosinfiler visserligen är fler i tarmen vid IBD, men att de endast är aktiverade 
i UC utan samtidig PSC. Denna skillnad sågs både vid inflammation och re-
mission. Resultatet bedömdes kunna bero på tarm-cytokinmiljön, där UC hade 
betydligt fler uppreglerade cytokiner med potential att mobilisera/aktivera eo-
sinofiler – vilket bekräftades med två olika immunoassay-metoder. Vid IBD 
har eosinofilen inte bara en inflammatorisk roll utan tar även del i återupp-
byggnad och tumörkontroll, vilket gör iakttagelserna intressanta ur ett PSC-
UC perspektiv.  

I studie II utgick vi från samma material men fokuserade istället på T-
cells-förhållanden. Även här var cytokinmiljön i tarmen mest uppskruvad i 
UC. Detta inkluderade cytokiner från samtliga undersökta Th-profiler (Th1, 
Th2 och Th17), medan PSC-UC inte hade några förhöjda Th2-cytokiner.  
Denna dynamik avspeglades även i den högre kvoten CRTH2/CXCR3 hos 
CD4+ celler i aktiv UC, vilket kan ses som ett mått på Th2 aktivitet. Aktiv 
PSC-UC hade även färre CD25+ CD4+ T-celler, samtidigt som andelen 
CXCR3+ CD8+ T-celler var ökad. I blodet såg dock cytokinbalansen an-
norlunda ut – här hade PSC-UC betydligt mer pro-inflammatoriska cytokiner.  
Statistisk analys visade en signifikant separation mellan IBD-grupperna 
(clustering) på en övergripande nivå, och lösligt CD40 var det cytokin som 
tydligast bidrog till skillnaden. sCD40 har föreslagits vara en markör för apop-
tos, och även befunnits vara förhöjd vid flera kroniska leversjukdomar.  

I studie III jämfördes TF-uttrycket i colon avseende IBD-grupper och in-
flammationsstatus. För immunhistokemisk detektering användes en nyutveck-
lad TF-antikropp, och bedömningen visade 3 huvudsakliga lokalisationer för 
TF-upptag. För det första färgades så kallade ”pericryptal sheath cells” – en 
nyligen definierade cellpopulation med oklar fysiologisk roll, som även i tidi-
gare studier visat sig vara TF-uttryckande. För det andra sågs TF-upptag i mo-
nonukleära celler i lamina propria. Dessa celler indentifierades som vävnads-
makrofager, vilket indikerar att de behåller monocytens förmåga att uttrycka 
TF även efter differentiering. Vid UC, till skillnad från PSC-UC, ökade TF-
uttrycket vid inflammation, både för sheath cells och makrofager. Till sist no-
terades även en diffus TF-färgning av stromat i områden med akut inflammat-
ion, definierat som neutrofilinvasion. Detta fynd är sannolikt inte specifikt för 
IBD-relaterad inflammation, men TF-färgningens känslighet gör den intres-
sant att utvärdera vid mer svårbedömda gastroenterologiska inflammations-
tillstånd. 
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I studie IV utgick vi därför ifrån paraffinerade colon-biopsier för att jämföra 
tarmproteomet mellan PSC-UC och UC. I en första omgång analyserades 
material från totalt 23 individer (PSC-UC=9, UC=7, HC=7) med LC-MS/MS. 
Samtliga IBD-patienter var i klinisk och histologisk remission. Drygt 7200 
unika proteiner detekterades vid analysen, och efter statistisk bearbetning valdes 
de 5 mest särskiljande proteinerna (PSC-UC vs UC) ut som kandidatproteiner. 
Replikation gjordes därefter i en oberoende IBD-kohort (PSC-UC=16, UC=21), 
och av kandidaterna visade sig återigen AGPAT1 vara signifikant högre i PSC-
UC än UC. AGPAT1 är involverad i lipidmetabolism, och har tidigare upp-
märksammats som negativ prognostisk markör vid kolorektalcancer.  

Sammantaget förstärker fynden i denna avhandling bilden av PSC-UC som 
egen fenotyp, med unika förhållanden bortom de kliniska observationerna. 
Tarminflammationen framstår som påtagligt dämpad, avspeglat i cytokin-
miljö, cellaktivering och TF-aktivering. PSC-associerad UC uppvisar inte hel-
ler det Th2-viktade immunsvar som vi ser i UC, varför immunprofilen snarare 
kan liknas med den som ses vid Crohns sjukdom. Att PSC-UC uppvisar desto 
starkare pro-inflammatoriska signalerar i blodet stödjer det kliniska intrycket 
av PSC som en systemiskt engagerande sjukdom. Till sist uppmuntrar resul-
taten i avhandlingen fördjupade biomarkörs-studier, inte minst av sCD40 (se-
rum) och AGPAT1 (tarm).  
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