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Abstract

Ulcerative colitis (UC) is — alongside Crohn’s disease — one of the most common
forms of inflammatory bowel diseases. The disease is characterized by a chronic and
recurring inflammation of the colon mucosa, starting in the rectum and continuing
upwards to more proximal colonic regions. While the incidence and prevalence of the
disease are on the rise and extensive research has been conducted over the recent years,
the etiology and pathology of UC remain unresolved. A complex interplay of the
microbiome, a possible genetic predisposition, as well as an exaggerated immune
response is currently regarded as the reason for disease development.

In order to increase the current understanding of underlying disease mechanisms
a proteomic analysis of colonic biopsy specimen excised from different colonic regions
as well as eicosanoid and proteomic analyses of respective patient plasma samples were
performed. A complementing in vitro analysis of inflammatorily stimulated CCD-18Co
cells was conducted to gain insight into the contribution of colonic (myo-)fibroblasts
to the disease phenotype as well as the persistence of the inflammation in patients
suffering from UC.

The results of the abovementioned analyses support the hypothesis that

(myo-)fibroblasts contribute to the chronicity and the phenotype of UC.



Zusammenfassung

Colitis ulcerosa ist — neben Morbus Crohn — eine der héufigsten chronisch
entziindlichen Darmerkrankungen. Die Krankheit ist charakterisiert durch eine
chronische und wiederkehrende Entziindung der Dickdarm Mukosa, welche im Rektum
beginnt und kontinuierlich in proximalere Regionen des Dickdarms fortschreitet. Trotz
steigender Inzidenz- und Préavalenzraten, sowie ausfiihrlicher wissenschaftlicher
Studien, welche in den vergangenen Jahren durchgefiihrt wurden, bleiben die Atiologie
und Pathologie der Erkrankung ungeklart. Derzeit wird ein komplexes Zusammenspiel
des Mikrobioms, einer etwaigen genetischen Pradisposition und einer gesteigerten
Immunantwort fiir die Entstehung der Erkrankung verantwortlich gemacht.

Um einen tieferen Einblick in die Erkrankung und die zugrundeliegenden
Erkrankungsmechanismen zu gewinnen, wurde eine proteomische Analyse von
Dickdarmbiopsaten unterschiedlicher Darmregionen betroffener Patienten, sowie eine
Proteom- und Eicosanoidanalyse von Patientenplasmaproben durchgefiihrt. Zusétzlich
wurde eine in vitro Analyse entziindlich stimulierter CCD-18Co Zellen durchgefiihrt,
um den Einfluss von Dickdarm(myo-)fibroblasten auf den Phénotyp der Erkrankung,
sowie ihren etwaigen Beitrag zur Chronizitdit und der Aufrechterhaltung der
Entziindung in Patienten mit Colitis ulcerosa zu untersuchen.

Die Resultate der durchgefiithrten Analysen unterstiitzen die Hypothese, dass
Myofibroblasten/Fibroblasten sowohl zur Chronizitdt als auch zum typischen

Phénotyp von Colitis ulcerosa beitragen.
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1. Theoretical background

1.1. Inflammatory bowel disease

The group of inflammatory bowel diseases (IBDs) is mainly comprised of
Crohn’s disease (CD) and ulcerative colitis (UC), both of which are chronic
inflammatory conditions of parts of the gastrointestinal tract. IBD has, in recent years,
grown to be a worldwide challenge due to its rising incidence and prevalence, especially
in western civilizations. Currently, in North America more than 1.2 and in Europe
more than 2 million people suffer from one form of IBD, respectively. Crohn’s disease
and UC are recognized as “Western diseases” with the highest estimated incidence
rates of 29.3 in 100,000 people in Oceania (Geelong, Australia) in the case of CD and
57.9 people in 100,000 in Northern Europe (Faroe Islands) in the case of UC. The
highest estimated prevalence rates of IBD are to be found in North America with 318.5
people affected in 100,000 (Nova Scotia, Canada) in the case of CD and 505 in 100,000
in the case of UC in Northern Europe (Southeast Norway). In newly industrialized
regions such as Africa, South America and Asia, incidence rates are accelerating as
well, despite still being low in comparison to the abovementioned countries.[1, 2]
Disease onset is usually between the second and forth life decade with some studies
suggesting a second peak onset between the sixth and seventh life decade. Pediatric
IBD, with a disease onset in childhood, is estimated to account for 7 to 20% of IBD
cases [3, 4].

Crohn’s disease and UC, even though they are often times being treated as one
disease, differ quite significantly in their phenotypes. While CD can involve parts of
the whole gastrointestinal tract — in most cases, however, affecting the perianal region
or the terminal ileum -, UC is to be found only in the large intestine. CD is

characterized by a discontinuous inflammation, whereas UC spreads from the terminal



to more proximal regions of the colon in a continuous fashion. The inflammatory
phenotype as observed during histo-pathological evaluation of excised tissue specimen
shows different features: CD induces a thickened submucosa, fissuring ulcerations, as
well as transmural inflammation, whereas UC is confined to the mucosa and
submucosa, characterized by cryptitis and crypt abscesses.|[5]

The etiology and pathogenesis of both diseases are still not understood;
however, studies have shown a strong contribution of genetic background. Genome
wide association studies (GWAS) suggest the involvement of several gene loci and twin
studies have led to the conclusion that genetics play a more important role in the
development of the diseases than environmental factors [6]. A substantial overlap of
risk loci is to be found between CD and UC. Genes that are distinct for one or the
other disease are likely to involve the response to environmental triggers or tissue
specific stimuli [7]. The microbiome seems to be of undeniable importance in the
development of IBD, as studies have shown that mice kept in germ-free conditions do
not develop colitis [8]. A normal gut microflora might be required for the development
of IBD in a host that is genetically susceptible to develop the disease. It would be
obvious to suspect specific microorganism derived pathogens to be the root of disease
development; however, so far no specific organism has been identified as being the

cause for IBD [9].



1.2. Ulcerative colitis

Ulcerative colitis is characterized by a chronic and recurring inflammation
limited to the colonic mucosa and submucosa. The inflammation usually starts in the
rectum or colon sigmoideum (distal parts of the colon) and continues upwards to more
proximal regions of the colon. In 95.6% of patients the rectum is affected, in 80.1% the
colon sigmoideum, in 46.6% the colon descendens, in 33.1% the colon transversum and

in 27.1% the colon ascendens.[10]
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Figure 1 Colonic regions affected by ulcerative colitis

1.2.1. Symptoms

Symptoms of ulcerative colitis include bloody diarrhea, urgency, incontinence,
abdominal cramps, mucus discharge and in more severe cases extreme weight loss and
high fever. Patients suffering from left-sided colitis or proctitis also report constipation.
The extent of inflammation strongly depends on the disease severity. While milder
forms can show involvement of only the distal parts of the colon, more severe cases
can affect the whole colon (pancolitis) with eventual spread of the inflammation to the
terminal ileum.[11] Patients affected by UC often times suffer not only from symptoms
directly induced by the colonic inflammation, extraintestinal manifestations affecting
the joints (peripheral and axial arthropathies) or the skin (pyoderma gangraenosum,

erythema nodosum) are also very common and are an indicator of disease activity [12].
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Badly and untreated disease can lead to toxic megacolon and also colorectal cancer

13, 14].

1.2.2. Pathogenesis

Despite the exact pathogenesis not being understood, recent studies suggest an
interplay of epithelial barrier defects, microbial dysbiosis and a deregulated immune
response to be the reason for disease development [15]. A study, examining colonic
tissue samples from patients suffering from UC, showed that PPARy (peroxisome
proliferator-activated receptor gamma) — an important inhibitor of NF-xB (nuclear
factor kappa-light-chain-enhancer of activated B cells) - mRNA expression, as well as
PPARy protein expression are impaired. These observations were made in patients
with active inflammation as well as in patients without signs of active disease. The
same study showed that bacteria and TLR4 (Toll-like receptor 4) levels affect the
expression of PPARY, thereby suggesting that elevated levels of TLR4 in UC, as well
as a down-regulation of PPARy in epithelial cells of UC patients, could lead to a
decreased tolerance of bacteria derived LPS (lipopolysaccharide), leading to
inflammation [16, 17]. It has also been observed that butyrate — a major energy source
for the colonic epithelium — uptake and oxidation are decreased in patients with UC
due to decreased levels of the butyrate transporter SLC16A1, as well as enzymes
involved the oxidation of butyrate (ACSM3, ACADS, ACAT2, ECHSI,
HSD17B10).[18, 19] PPARYy dependent transcription activity has been shown to be
linked to butyrate and propionate levels in a dose-dependent manner [20]. Altogether,
an increased activation of NF-xB, leading to increased inflammatory cytokine
production, and simultaneously reduced levels of inhibitory factors such as butyrate
and PPARYy could lead to an increased immune response to bacteria and bacteria

derived pathogens, thereby inducing the phenotype of UC.
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1.2.3. Healthy colon structure

The human colon is organized in different membranes, namely the mucosa
(composed of an epithelial layer, the lamina propria and the muscularis mucosae), the
submucosa, the muscularis propria and the serosa (Figure 2). As ulcerative colitis is
confined to the mucosa and the submucosa, focus will be laid on these two membrane
structures. The normal colonic epithelium is constituted in a specific pattern, forming
structures called “crypts”. Located underneath the epithelium is the lamina propria,
which is inhabited by different cell populations, such as fibroblasts, myofibroblasts, T
and B cells, macrophages and dendritic cells. Below the lamina propria is a thin muscle
layer, the muscularis mucosae, separating it from the mucosa. The submucosa, which

is to be found underneath the muscularis mucosae, includes nerves and vasculature.[21]
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Figure 2 Colonic membrane structure
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The epithelial layer of the colonic crypt is inhabited by different cells (Figure 3),
separated into three different regions: the differentiated cells on top, followed by transit
amplifying cells and the stem cells underneath on the crypt base. The differentiated
cells consist mainly of epithelial cells (colonocytes), goblet cells, tuft cells and
enterocytes. While Paneth cells are usually only found in the right colon and the small
intestine, in ulcerative colitis they can also be observed in the left colon (Paneth cell

metaplasia) as a consequence of epithelial injury.[22, 23]
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Figure 3 Colonic crypt structure and cellular composition in ulcerative colitis
The epithelial layer of the colon is protected against bacterial pathogens and invading
microorganisms by two layers of mucus of varying densities (Figure 4). The inner layer
which is attached to the epithelial lining has a higher density and does not harbor any
bacteria. The outer mucus layer, on the other hand, is of looser consistency, movable
and colonized by different bacteria. Both layers consist in great parts of Muc2, which

is a mucin secreted by goblet cells.[24, 25]
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Figure 4 Mucus structures acting as a physical barrier and protection for the colonic epithelium

1.2.4. Microbiome in ulcerative colitis

The large intestine is a habitat for different organisms such as bacteria, viruses
and micro-eukaryotes supporting the host in various processes involved in digestion
and detoxification [26]. Even in healthy individuals, the gut microbiome is highly
diverse mainly populated by Bacteriodetes and Firmicutes, as well as a small
percentage of Proteobacteria and Actinobacteria [27, 28]. Many studies have reported
a change in microbiome diversity in IBD, with some alterations in abundance of
bacterial species being specific to either CD or CU and some being attributed to IBD
in general [29, 30]. In most studies, a decrease in microbiome diversity has been
reported alongside increases of Proteobacteria, Bacteroidetes and Firmicutes [31]. Over
the recent years, the research focus for the understanding of disease pathogenesis has
increasingly been laid on the study of sulfate reducing bacteria (SRB) [19, 32, 33]. The
rationale behind this being that the disease spread of UC is very specific with its start
in the more distal colonic regions and continuous spread to the proximal regions. This
fact led to the notion that a toxin, present in higher concentrations in the rectum or

colon sigmoideum, might be the reason for disease initiation. Indeed, H.S — a
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metabolite, produced by SRB — has proven to be an interesting candidate to study.
The human colon forms a pH gradient, with lower pH in the proximal regions and
higher pH in the more distal regions, due to the decreasing ability to digest
carbohydrate structures [34]. Fermentation of carbohydrates is crucial for the nutrition
of the colonic epithelium, as it leads to the production of short-chain fatty acids
(SCFA), such as butyrate — one of the main energy sources of colonocytes. The more
alkaline pH in the distal colon favors the growth of SRB and thereby the production
of HsS [35]. Total viable counts of SRB have also been shown to be elevated in UC
patients, correlating with disease severity [36]. H.S is known to have an inhibitory
effect on butyrate oxidation, thereby depriving colonocytes of their major energy
source [37]. A recent article by Ijsenagger et al. [38] suggests that in the case of UC
elevated levels of H,S play a role in mucus breakdown, thus making the epithelial layer

more accessible for bacteria and bacterial antigens and products, such as H.S itself.

1.2.5. Diagnosis of ulcerative colitis

Diagnosis of UC can be challenging, as it involves distinguishing between UC,
CD and other diseases of the gastrointestinal tract, such as irritable bowel syndrome
or food intolerances which all can display similar symptoms. Often times, proper
diagnosis of UC can take several years.[39] Furthermore, infections can lead to similar
clinical presentations as the abovementioned diseases, complicating the disease
diagnosis even further. For example symptoms of tuberculosis, sexually transmitted
diseases or Entamoeba histolytica infections can include abdominal pain, weight loss,
fever and bloody diarrhea, similar to the symptoms presented in UC and CD [40, 41].
Most commonly, the diagnosis of UC involves the analysis of serum markers, indicative
of an acute phase reaction, such as C-reactive protein and the erythrocyte
sedimentation rate. Other markers commonly used for clinical evaluation of UC are an

increased platelet count, an increased white blood cell count, increased levels of serum
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amyloid A and ferritin, as well as decreased levels of serum albumin and transferrin.
Cls, C2, C3, C4 — members of the complement system — are also indicative of active
disease, as well as increased concentrations of haptoglobin, ceruloplasmin, alpha-1
antitrypsin, fibrinogen, prothrombin, plasminogen and several cytokines, such as IL-6,
IL-8, IL-10, IL-1R, TNF-o and interferon-B. Anti-neutrophil cytoplasmic antibodies
(ANCAs) are also indicative of IBD.[42] Additionally, fecal biomarkers for the
diagnosis of IBD also exist, with the most important one being fecal calprotectin
(neutrophil derived heterodimer of proteins SI00A8 and S100A9) [43-45]. Other than
serum and fecal analyses, colonoscopic examination still remains one of the most
powerful tools to diagnose UC and to differentiate it from CD. Endoscopic indicators
of UC include edema, erythema, friability, spontaneous bleeding, erosions, ulcerations,
as well as an observable loss of vasculature [46]. Colonoscopy for UC diagnosis usually
involves the excision of biopsy samples from different colonic regions for histological
evaluation and analysis. Commonly, tissue biopsies will be fixated in formalin and
paraffin, then cut into thin slices, de-waxed and further stained using a hematoxylin
and eosin stain (H&E stain) [47]. Active disease can be recognized by crypt infiltrating
neutrophils (cryptitis) and collection of neutrophils in the crypts (crypt abscess).
Chronicity is to be identified by distorted crypt architectures, the invasion and
collection of large numbers of lymphocytes and plasma cells (lymphoplasmacytosis)
and Paneth cell metaplasia in the left colon.[22] The overall severity of the disease can
be assessed by different scores, such as the Mayo-score (Table 1) and the Disease
Activity Index (DAI). These scores take into account the stool frequency, bleeding, as
well as physician assessment and endoscopic appearance of the colonic mucosa during

colonoscopy.[48]
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Table 1 Mayo-score components and disease severity grading

Points Stool frequency
0 Normal
1 1-2 stools per day more than normal
2 3-4 stools per day more than normal
3 >4 stools per day more than normal
Points Rectal bleeding
0 None
1 Visible blood with stool less than half of the time
2 Visible blood with stool half of the time or more
3 Passing blood alone
Points Endoscopic appearance
0 Normal
1 Mild disease (erythema, decreased vascular pattern, mild friability)
5 Moderate disease (marked erythema, absent vascular pattern,
friability, erosions)
3 Severe disease (spontaneous bleeding, ulceration)
Points Physician rating
0 Normal
1 Mild
2 Moderate
3 Severe
1.2.6. Treatment of ulcerative colitis

The main therapies currently applied in the treatment of UC can be divided
into four main groups: steroids, aminosalicylates, immunosuppressants and biologics
[49]. Depending on disease severity, extension, current treatment and drug history, the
appropriate drug or drug combination is chosen, following a treatment scheme (Figure
5). As for the assessment of disease severity, in the case of patients having less than
four stools daily, with or without blood and normal erythrocyte sedimentation rate the
disease severity is classified as “mild”.[50] Mild forms of UC — often times limited to
the rectum are commonly treated with topical application of mesalazine (5-ASA) [51].

A moderate disease course is classified by patients with more than four stools daily,
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including signs of toxicity, such as fever, tachycardia (increased heart rate), anemia or
elevated erythrocyte sedimentation rate. Patients suffering from mild-to-moderate
disease forms are treated with mesalazine both orally and topically. More severe forms,
characterized by more than six stools with blood, as well as fever and signs of toxicity,
require the patient to be hospitalized and receive steroid infusions, as this condition
can be life-threatening.[52] Patients who do not respond to 5-ASA treatment are
treated with corticosteroids. Patients not tolerating mesalazine as well as
corticosteroids, are treated with immunosuppressive thiopurine agents or cyclosporine
(calcineurin inhibitor).[53, 54] Biologics, such as anti-TNF-o therapies are considered
as a treatment for patients who do not respond to immunosuppressive therapy.
Combinations of biologics with immunosuppressants are also common treatment
options.[55] Biologics applied in clinics today are anti-TNF-o antibodies (infliximab,
certolizumab, golimumab and adalimumab), anti-integrin antibodies (natalizumab and

vedolizumab), as well as interleukin-12 and interleukin-23 agonists.[56] Up to 15% of
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Figure 5 Ulcerative colitis treatment scheme, modified after Panés et al. (2017)
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patients do not respond to any of the abovementioned therapy options and therefore

require colectomy.[57]

1.2.7. Inflammation and inflammasome in ulcerative colitis

Inflammation is a process induced by tissues and cells used as a defense
mechanism against invading pathogens or as a response to damaged cells. The
inflammatory process usually results in tissue repair or pathology, if not tightly
regulated and controlled properly.[58] Inflammasomes are receptors of the innate
immune system that regulate caspase-1 activation, induced by invasion of infectious
microbes [59]. Pattern recognition receptors, such as Toll-like receptors (TLRs) and
NOD-like receptors (NLRs) recognize danger-associated patterns (DAMPs) and
pathogen-associated patterns (PAMPs) and are part of the innate immune system’s
first line defense against microbes [60]. The production of proinflammatory cytokines,
such as IL-1B and IL-18 is crucial for inflammation, which starts with the activation
of NF-xB, inducing the production of pro-IL-1p and pro-IL-18, which will then be
cleaved into the active forms by caspase-1 in the inflammasome. Several studies on
IBD have addressed the importance and role of NLRP3 — a component of the
inflammasome — in the pathogenesis, however, yielding conflicting results. IL-1p levels
have been shown to be increased in active ulcerative colitis and correlating with disease
severity [61]. Zaki et al. [62] have reported that the inflammasome — more importantly
IL-18 itself — is crucial for the repair of the epithelial gut layer. Perera et al. [63], on
the other hand, reported that inhibiting NLRP3 in a mouse model is mitigating colitis.
Ranson et al. [64] reported a reduced colocalization of NLRP3 and IL-1p in active UC,
thereby suggesting an NLRP3 independent mechanism of IL-1p production during
active disease. This process has also been shown to occur during other pathological
conditions, such as Candida albicans infections, acute arthritis and osteomyelitis and

is dependent on IL-1B activation by neutrophil-derived proteinase 3.[65-67] As the
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phenotype of UC is largely characterized by invading neutrophils and increased
amounts of neutrophils localized in the lamina propria, neutrophil-mediated cleavage

of pro-1L-1 to mature IL-1B is an important topic to study.

1.2.8. Neutrophils in inflammation and ulcerative colitis

Neutrophil recruitment is one of the first defense mechanisms and responses to
tissue damage. These cells are the most prominent leukocytes in the blood and are
very effective in the resolution of damage and fight against infectious threats through
several processes, such as phagocytosis, generation of reactive oxygen species (ROS),
degranulation and the formation of neutrophil extracellular traps.[68, 69] Increased
neutrophil invasion can lead to signs of chronic inflammation and is limiting tissue
repair [70]. Neutrophil migration is mainly mediated by pathogen-associated molecular
patterns (PAMPs), released by microorganisms, or damage-associated molecular
patterns (DAMPs), derived from dead cells or as a stress response [71]. Leukocyte
extravasation from vasculature is a multi-step process and involves the sensing of
proinflammatory cytokines by neutrophils and vascular cells, triggering a cascade of
neutrophil adhesion and motility processes (Figure 6). The first step during neutrophil
migration is the interaction between neutrophils and vascular cells, close to the site of
inflammation. This interaction induces the production of chemoattractants on the
luminal side of the blood vessel, thereby facilitating leukocyte arrest, adhesion,
crawling and migration into the tissue.[71, 72] The multi-step cascade requires several

proteins, such as selectins (P-, E-, L-selectin), integrins, MADCAM1, VCAMI1, and
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Figure 6 Different steps of the neutrophil extravasation cascade, modified after Ley et al. (2007)
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VLA4 for neutrophil rolling and ICAM1 and VCAM1 (expressed on endothelial cells)
for the arrest of neutrophils. Chemoattractants, such as CXCL4 and CXCL5 proteins,
as well as integrins can also mediate neutrophil arrest. I[CAM1, VCAM1, PECAM1
and junctional adhesion molecules mediate neutrophil crawling and transmigration
through the endothelium.[72] In ulcerative colitis, the rate and extent of neutrophil
extravasation correlates with disease severity and is also actively used to assess disease
severity [73]. Neutrophils form different granules during the process of maturation:

e azurophilic granules: containing myeloperoxidase (MPO), neutrophil elastase

(ELANE), cathepsin G and lysozyme

e secondary granules: containing lactoferrin and collagenase (MMPS)

e tertiary granules: containing MMP9
The release of said granules can either help fight infections or, if the activation occurs
in a prolonged fashion, it can lead to tissue damage. Released ROS damage DNA,
proteins and lipids, released proteases lead to tissue damage and an aggravated
inflammation. 5-lipoxygenase produced by neutrophils is an important enzyme,
involved in the formation of proinflammatory lipids and fatty acids.[74] Matrix
metalloproteinases (MMPs) and ELANE released by neutrophils are able to degrade
extracellular matrix proteins, such as collagen, elastin and fibronectin, facilitating the

release of cells trapped in the extracellular matrix.
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1.2.9. Myofibroblasts and fibroblasts in inflammation

Myofibroblasts are activated fibroblasts, also known as smooth-muscle like
fibroblasts. There exist many different definitions for the cell type, they are, however,
best described as a-SMA, vimentin and CD90 expressing cells, negative for desmin —
a smooth muscle cell marker [75]. Myofibroblasts contribute to the formation of the
extracellular matrix by their secretion of collagens, fibronectin, tenascin, laminin and
matrix metalloproteinases. They are crucial for wound healing and the resolution of
inflammatory processes as they secrete a plethora of cytokines, chemokines and growth
factors.[76, 77] Typical for the phenotype of myofibroblasts is the production of smooth
muscle actin (ACTA2) and vimentin. Fibroblasts can be differentiated into
myofibroblasts through the treatment with TGF-B and oxidative stress [78, 79].
Neutrophil elastase [80] and cell density have been shown to have an impact on the
differentiation process as well. Masur et al. reported that fibroblasts, seeded at a
density of 5 cells per mm? yielded in cell populations of 70-80% myofibroblasts at 5-7
days post seeding.[81] Fibroblasts are the most abundant cell type in the stroma and
are important for the production and remodeling of extracellular matrix components
in tissues. Their ability to survive for a prolonged period of time, as well as their
capability to alter their phenotypes - especially during inflammation - indicates, that
these cells contribute in large parts to the inflammatory process and also to the
persistence of chronic inflammation. Recent studies of our working group have also
suggested a contribution of fibroblasts to chronic inflammation [82, 83]. In the healthy
colon, subepithelial myofibroblasts are located directly underneath the epithelium,
where they contribute to mucosal repair. In active IBD, increased numbers of
myofibroblasts have been detected, possibly contributing to processes of tissue repair

and fibrosis.[84]
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1.3. Fatty acids and eicosanoids

Fatty acids are composed of hydrocarbon chains and carboxylic acid as a
functional group. Their nomenclature takes into account the hydrocarbon chain length,
as well as the number and position of double bonds. Fatty acids can be further divided
into subgroups, depending on their number of double bonds: Polyunsaturated fatty
acids (PUFAs) possess more than one double bond, whereas saturated fatty acids
(SFAs) have no double bonds, monounsaturated fatty acids have one double bond.
PUFAs are derived from phospholipids making up membrane bilayer structures.
Enzymes (phospholipases) hydrolyze phospholipids and form fatty acids. Eicosanoids
are enzymatic or non-enzymatic products of arachidonic acid (AA) or other PUFAs
(Figure 7) [85]. They are involved in inflammatory, as well as homeostatic processes
[86, 87]. The mode-of-action of prostaglandins and leukotrienes is strongly dependent
on their interaction with GPCRs, however also PPARs are thought to be able to be
activated by and bind different eicosanoids, such as LTBs and 8(S)-HETE, for example

[86, 88]. The 5-LOX pathway, through which leukotrienes are formed, is an important
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proinflammatory cascade. LTD, and LTB,, emerging from this pathway, are important
chemoattractants for eosinophils and neutrophils, respectively. Prostaglandins have
also been recognized to be acting on peripheral sensory neurons, thereby inducing the
sensation of pain [86]. Several studies, conducted on IBD patients, have revealed that
the PUFA profile in these patients is altered [89-92]. In plasma analyses of patients
with active ulcerative colitis, an increase in n3-PUFAs, as well as alterations in n6-
PUFA levels were noted. Palmitic acid levels were increased and stearic acid
concentrations were lower in patients with active disease.[89] In patients with non-
active disease, plasma levels of C22:6n3 were found to be elevated, as well as plasma
levels of arachidonic acid [90]. In mucosal preparations of patients with active disease,
levels of PGE,, PGD., TXB,, 5-HETE, 11-HETE, 12-HETE and 15-HETE have been

reported to be significantly elevated and correlating with inflammation severity [91].

1.4. Proteomics

The term “proteome” was introduced in 1995, in order to describe the total
protein complement of the genome [93]. Today, the term “proteomics” encompasses a
whole range of different analyses, such as the identification and quantification of whole
proteomes, as well as the analysis of protein structures, conformational changes,
posttranslational modifications (PTMs), isoforms, protein localization and turnover
rates in different matrices. Proteomics includes top-down, bottom-up and middle-down
techniques. Top-down techniques are suited for the analysis of isoforms and PTMs,
bottom-up, also termed “shotgun”, approaches — the term having been established by
John R. Yates in 2013 [94] — describes the analysis of peptides derived from enzymatic
protein digests by tandem mass-spectrometry. Middle-down proteomics analyses use
peptides generated by limited proteolytic digests, in order to identify proteins. [95]
More than 30 years ago, when proteomics was still in its developing stages, proteins

were hard to analyze using mass-spectrometry, as these molecules could not be ionized
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in their intact forms. This changed rapidly, when J. B. Fenn and co-workers developed
electrospray ionization (ESI) [96]. It was only until soft ionization methods, such as
MALDI and ESI, were introduced that proteomics could replace peptide sequencing
techniques, such as Edman degradation [97]. In the early times of proteomics analyses,
SDS-PAGE and 2DE methods were used to reduce sample complexity and obtain
protein fractions that could be excised and analyzed using mass-spectrometry.
Identifications were performed using peptide-mass-fingerprinting, as well as
uninterpreted mass spectra [98]. Proteome analyses today are performed on time-of-
flight (TOF), as well as Orbitrap, Fourier-transform ion cyclotron resonance (FT-
ICR), quadrupole and ion trap instruments. Extensive protein databases, including
sequence information, as well as bioinformatic tools are available nowadays, facilitating

protein identification.

1.5. Mass spectrometry

Nowadays, various mass spectrometric setups are available for the analysis of
different samples and analytes. However, as the mass spectrometer of choice for the
protein analysis described in this thesis was a Q Exactive™ Hybrid Quadrupole-
Orbitrap™ mass spectrometer, focus will be laid on this instrument (Figure 8). Protein
analyses, which are a major part of this project, were carried out in positive ionization
mode, hence this process will be described in more detail. A typical untargeted, shotgun
protein analysis performed on a Q Exactive™ mass spectrometer requires, first of all,
a tryptic digestion of proteins resulting in a mixture of peptides with known cleavage
sites (C-terminus of lysine and arginine). These peptides are further separated on a
nanoflow HPLC system, resulting in a reduction of sample complexity. The separated
peptides are ionized using a nanospray source. In detail, the analyte solution is
transferred through a capillary under high-voltage, thereby producing charged

droplets. These charged droplets are deprived of solvent by successive solvent
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evaporation until very small and highly charged droplets are remaining. The droplets
are repelled by each other by Coulombic repulsion and transported along the electric
field. As the droplets reach a point where surface tension is weaker than the Coulomb
repulsion inside the droplet, Coulomb explosion or Coulomb fission occurs. The
droplets are broken apart into smaller droplets which possess a higher mass-to-charge
ratio. Further solvent evaporation and Coulomb fission processes lead to only the
charged analyte ion, which will be transported into the mass spectrometer through the
transfer capillary.[99] Nanospray sources are commonly used for peptide analyses, as

they create much smaller initial droplets, leading to faster evaporation, as well as faster
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creation of charged analytes. The small nanospray capillary can be positioned very
closely to the sampling cone of the mass spectrometer, leading to increased sensitivity
and improved electrospray stability. Another advantage of nanospray ionization are
the prolonged analysis times due to the low flow rate, leading to higher analyte
coverage, resulting in more in-depth proteome analyses.[100, 101] The ion source
interface of Q Exactive™ instruments is composed of an ion transfer capillary, two
cartridge heaters, a heater block, a vent preventing ball, an ion sweep cone, an S-lens
and an exit lens. Desolvation of ions is supported by the ion transfer capillary, which
is surrounded by a heater block, reaching temperatures of up to 400°C. The decreasing
pressure in the instrument, due to vacuum creation inside of the instrument, draws
ions from the API (atmospheric pressure ionization) source to the S-lens region, where
RF is applied to the spaced electrodes, focusing and guiding the ions to the exit lens.
The S-lens and the exit lens are both evacuated by the source vacuum pump. lons
exiting the S-lens exit lens are further transported to the injection flatapole in a lower
pressure region. The injection flatapole is an ion focusing device, consisting of four
electrodes. The ions inside the flatapole are focused though an RF voltage applied to
the electrodes, creating an electric field alongside the electrode-axis. The ions are
further transported to the bent flatapole, which is used as a transmission device,
guiding ions in a 90° angle into the quadrupole. Neutral molecules, as well as remaining
solvent droplets are removed in the flatapole, as these are not able to pass the 90°
bend of the flatapole. The TK (Turner-Kruger) lens focuses ions into the quadrupole
and acts as a vacuum shield between the quadrupole and the bent flatapole. The
quadrupole is a mass filtering device, consisting of four round rods, arranged in a
square symmetry. Rods, which are opposite to each other are connected electrically,
making it feasible to apply different RF and DC voltages to the different pairs of
electrodes. During injections, the voltages on the different rod-pairs are set to fixed

voltages of opposite signs, so that only ions of specific m/z ratios are able to pass the
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quadrupole. Ions which cannot pass the quadrupole, will hit the rods, become
neutralized and are removed by the vacuum pump. Passing the quadrupole, ions will
enter the gas-filled curved-linear trap (C-trap) and lose their kinetic energy as they
collide with nitrogen gas. Ions are further collected in the C-trap and a collector behind
the C-trap assesses the Automatic Gain Control (AGC) accuracy. lons collected in the
C-trap will be extracted by increasing the RF on the C-trap rods, pushing the ions
through a small slot, creating an ion beam which will enter the Orbitrap analyzer. Ion
packets injected into the Orbitrap analyzer will be squeezed and transported closer to
the inner electrode, as the electric field strength of the outer electrode is increased.
When all ions have entered the analyzer, image current detection is performed, as the

voltage on the central electrode is kept constant.

w= |—=xk (Eq.1)

The oscillation frequencies along the inner electrode are dependent on the m/z ratio
of the injected ions and an instrument constant k (Eq. 1). The image current created
by the oscillating ions is detected through the slits in the outer electrode, amplified
and the analog signal is converted into a digital signal. The digital signal is processed
by Fast Fourier Transformation (FFT) and m/z ratios are obtained. An HCD (Higher
Energy Collisional Dissociation) cell, consisting of a multipole, facilitates ion
fragmentation through ion collision with gas. As the C-trap and the HCD are
connected to each other, this gas is shared between the two instrument parts. In this
way, ions collected in the C-trap can be transferred to the HCD-cell, where they are
fragmented. The ion fragments can be transferred back to the C-trap, collected and
ejected into the Orbitrap analyzer. Combining this process with the filtering capability

of the quadrupole MS/MS analyses can be performed. [102, 103]
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2. Objectives

The aim of this master’s project was to characterize the inflammatory process
occurring in patients suffering from an acute inflammation of the colon mucosa and
submucosa induced by ulcerative colitis. As the pathogenesis of ulcerative colitis
remains unclear, a study of colon biopsy specimen, as well as plasma samples on the
protein level with the addition of the collection of eicosanoid composition information
of plasma samples, is a suitable approach to gain a better and more comprehensive
understanding of the inflammatory process taking place during a disease flare up. The
specific phenotype of a UC induced inflammation makes it feasible to compare colonic
regions of the same patients, thereby limiting interpatient variation due to the
avoidance of control samples of unrelated, healthy patients. Plasma samples of patients
suffering from an active inflammation were compared to healthy control samples.
Combining this multi-omics approach for the analysis of patient samples with an in-
vitro analysis of inflammatorily stimulated colonic fibroblasts/myofibroblasts, the role

of these cells in the chronicity and persistence of the disease should be assessed.

Figure 9 Master's thesis workflow; including the proteomic analyses of colon tissue specimen, plasma samples,

inflammatorily stimulated (myo-)fibroblasts, as well as eicosanoid analyses of plasma samples
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3. Materials and Methods

3.1. Patient sample collection and ethical considerations

All patient samples were obtained in agreement with the ethics committee
“Ethikkommission der Stadt Wien” as part of the study “Multi-omics Analyse zur
Charakterisierung entziindlicher Signaturen in PatientInnen mit aktiver Colitis

ulcerosa (CU)” (EK 18-193-0918).

3.2. Plasma preparation

Patient blood samples were collected and plasma was prepared directly at the
hospital Rudolfstiftung. Control plasma samples were collected and plasma was
prepared at the University of Vienna, Faculty of Chemistry, Department of Analytical
Chemistry. Briefly, approximately 10 mL of blood were collected in EDTA coated
tubes (Vacuette® 4 and 6 mL K3EDTA coated tubes, Greiner Bio-One) and
centrifuged for 10 minutes at 1,500 x g and 4°C. Plasma was aliquoted to 1 mL plasma
per 1.5 mL Eppendorf microcentrifuge tube and stored at -80°C until further processed.
For protein digestion, plasma samples were thawed, diluted 1:10 in Protifi® lysis buffer
(8 M urea, 50 mM TEAB, 5% SDS, pH 7.55) and left at 4°C overnight. The next day,
protein concentration was determined, using BCA assay and the sample was diluted
to a final protein amount of 1 pg/plL. 20 ng (equal to 20 pL of sample) were used for
the protein digestion, following Protifi® digestion protocol. Unless indicated otherwise,

all solvents used were LC-MS grade.

3.3. UC patient colon biopsy sample preparation
Colonic biopsies from the rectum, colon sigmoideum, colon descendens, colon
transversum and colon ascendens were excised at the hospital Rudolfstiftung during

surveillance colonoscopy, using biopsy forceps. Samples were washed with 0.9% NaCl
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solution and transferred to cryotubes. Samples were stored at -80°C until further
processed.

For protein digestion, samples were thawed and transferred to 15 mL Falcon
tubes. Depending on the biopsy sample size, 75 or 100 pL of Protifi® lysis buffer were
added to the sample and stored at 4°C overnight. The next day, the sample was
sonicated (2-4 impulses per sample, depending on sample size) and centrifuged at 4,000
x g for 5 minutes. The sample was transferred to a 1.5 mL. Eppendorf microcentrifuge
tube and centrifuged again at 15,000 x g for 5 minutes. The supernatant was used for
further processing. Protein concentration was determined using BCA assay, 20 pg of
protein per sample were used for protein digestion, following Protifi® digestion

protocol.

3.4. Cell culture

The normal human colonic fibroblast/myofibroblast cell line CCD-18Co
(ATCC) was cultivated in EMEM cell culture medium with 10% heat inactivated FCS
(Sigma Aldrich, 56°C, 10 min in water bath) and penicillium /streptomycin. In detail,
the cells were thawed, pipetted into a 15 mL Falcon tube with 5 mL cell culture
medium and centrifuged at 1,100 rpm for 5 minutes at room temperature. The resulting
supernatant was discarded, the cell pellet resuspended in 1 mL cell culture medium,
then suspended in additional 10 mL cell culture medium in a T75 cell culture flask.
Cells were incubated at 37°C, 5% CO, (Heracell 150i CO, Incubator, Thermo
Scientific). Two days later, the cells were split: the culture medium was aspirated, cells
were washed two times with 5 mL preheated PBS (37°C) and consequently treated
with 3 mL preheated trypsin (37°C). After 4 minutes incubation at 37°C with 5% COs
the cells were analyzed under the microscope to ensure they had detached from the
bottom of the flask. 4 mL of cell culture medium were added, the cell suspension

transferred to a 15 mL Falcon tube and centrifuged at 1,100 rpm for 5 minutes at
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room temperature. Supernatant was removed and the cell pellet resuspended in 1 mL
preheated cell culture medium (37°C). 10 mL of preheated cell culture medium were
transferred to the previously used T75 cell culture flask and another 10 mL were added
to a new one. 0.5 mL of cell suspension were suspended in the cell culture flasks and
the cells incubated at 37°C, 5% CO.. Five days later, when the cells had reached 65%
confluency, they were split once more, suspended in six T75 cell culture flasks and
incubated for another five days. The cells were now split and separated into 18 different
T25 cell culture flasks (4.5 mL cell culture medium and 0.5 mL cell suspension). Three
days later the cell culture medium was aspirated from all 18 flasks and replaced with
6 x 5 mL cell culture medium and 10 ng/mL IL-1B, 6 x 5 mL cell culture medium and
2 ng/mL TGF-B and 6 x cell culture medium without any additives. The cells were
once more incubated at 37°C, 5% COs. Cells were treated at passage 4, cells treated
for one day were harvested and fractionated at passage 4, whereas cells treated for one

week were harvested and fractionated at passage 5.

3.4.1. Cell fractionation

Cell culture medium was removed, cells were washed with 4 mL PBS, followed
by washing with 4 mL serum-free cell culture medium. 3 mL serum-free EMEM were
added and cells were incubated for 6 h at 37°C, 5% CO.. After incubation, the cell
culture medium was removed and centrifuged at 3,500 rpm for 5 minutes. All further
fractionation steps were performed on ice. The supernatant was transferred to a clean
Falcon tube and proteins were precipitated by adding 12 mL ice-cold EtOH and storage
at -20°C for at least 14 hours. In order to obtain the cytoplasmic fraction, 1 mL of
isotonic lysis buffer (10 mM HEPES/NaOH, pH 7.4, 0.25 M sucrose, 10 mM NaCl,
3 mM MgCly, 0.5% Triton X-100, 1 ng/mL pepstatin, 1 ng/mL leupeptin, 1 pg/mL
aprotinin) were added to the cells and cells were removed from the flask, using a cell

scraper. Cells were then exposed to mechanical shear stress, using a syringe and needle.
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Briefly, the cell suspension was pressed out of the syringe, pressing the needle against
the wall of a Falcon tube. This step was repeated until when examined under the
microscope cells appeared to be lyzed. The suspension was centrifuged at 3,500 rpm
for 5 minutes. The supernatant was precipitated in 4 mL ice-cold EtOH for at least 14
hours. The remaining liquid above the residual pellet, containing cell nuclei, was
removed using paper towels. 100 pL of extraction buffer (500 mM NaCl) was added to
the pellet and the pellet let to swell on ice for 10 minutes. 900 pL of NP40 buffer was
added to the suspension and let to swell for another 15 minutes on ice, followed by
centrifugation at 3,500 rpm for 5 minutes. The supernatant was precipitated in 4 mL

ice-cold EtOH for at least 14 hours.

3.5. Proteomics methods

3.5.1. Protein digestion protocol optimization

In order to find a suitable protein digestion protocol for colon tissue analysis,
different approaches to a FASP protocol were tested. Three lysis conditions were
compared, as well as two reduction and two alkylation method. The different methods
were tested in triplicates using colon tissue. After identification of the most suitable
FASP method using Microcon® 10 kDa MWCO filters, the best method was compared

to a different spin column protocol (Protifi®).
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3.5.1.1. Colon tissue method optimization

Colon tissue was thawed and a slice (approximately 0.5 x 0.5 x 0.5 cm min size)
was cut off using a scalpel, the remaining tissue was stored at -196°C in liquid nitrogen.
The cut off tissue piece was homogenized in 100 pL. sample buffer (7.5 M urea, 1.5 M
Thiourea, 0.1 M DTT, 656 mM CHAPS, 0.05 % (w/v) SDS) using sonication (7
impulses, 100% intensity). Protein concentration of the tissue sample was determined
and SDS-PAGE was performed to assess the intactness of the tissue. The remaining
tissue was stored at -196°C. After intactness was ensured using SDS-PAGE, the tissue
was thawed again and a slice (approximately 0.5 x 0.5 x 0.5 cm min size) was cut off.
The tissue piece was homogenized in 400 pL 7.5 M urea using sonication. After protein
concentration determination according to the Bradford protocol, 40 pL of tissue
suspension were added to 150 pL of lysis buffer. The three lysis buffers used were
sample buffer (7.5 M urea, 1.5 M thiourea, 0.1 M DTT, 65 mM CHAPS, 0.05 %

(w/v) SDS), sample buffer + SDC (7.5 M urea, 1.5 M thiourea, 0.1 M DTT,
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Figure 10 Digestion protocol optimization using colon tissue
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65 mM CHAPS, 0.05 % (w/v) SDS, 0.05 % SDC (w/v)) and a modified 5% (w/v)
SDC lysis buffer, containing 5% (w/v) SDC and additionally 7.5 M Urea and 100 mM
TEAB. The samples were stored overnight at 4°C. Protein concentrations were
determined again, using Bradford assay for samples lyzed in sample buffer, sample
buffer + SDC and BCA assay for the one sample lyzed in 5% (w/v) SDC. 20 pg of
protein were digested, following the FASP protocol using Merck Microcon® 10 kDa

MWCO filters and applying different reduction and alkylation methods.
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3.5.2. Protein-concentration determination
Depending on the lysis buffer used for protein solubilization, different

colorimetric methods were used to determine protein concentrations.

3.5.2.1. Bradford assay

For samples and proteins solubilized in lysis buffers containing low amounts of
SDS and SDC, Bradford assay [104] was used to determine the protein concentration.
A calibration curve was prepared by adding different amounts of a 1 pg/pl BSA
standard ranging from 0 to 5 ng to a mixture of 50 pL. of Bradford reagent, 1 pL of
the corresponding lysis buffer in which the sample protein had been solubilized and
LC-MS grade water. The resulting volume was equivalent to 250 nL. To determine the
concentration of samples, 1 plL of sample was mixed with 50 pL. of Bradford reagent
and 199 nL of LC-MS grade water, again resulting in a volume of 250 pL. Dilution
and mixing steps were performed in 0.5 mL Eppendorf microcentrifuge tubes, following
a vortexing step and a short spin-down step on a mini centrifuge. 200 pnL of the
solutions were pipetted onto 96 well plates and absorbance was measured at a

wavelength of 595 nm.

3.5.2.2. Bicinchoninic acid assay (BCA)

Protein concentrations of samples containing higher amounts of SDS and/or
DTT or thiourea were determined with BCA assay [105]. BCA reagent A (26 mM
bicinchoninic acid disodium salt hydrate, 186 mM sodium carbonate, 8 mM sodium
tartrate, 113 mM sodium bicarbonate, pH 11.25) was mixed with reagent B (200 mM
copper sulfate pentahydrate) in a 50:1 ratio (5 mL A + 0.1 mL B) to obtain the BCA
working reagent. The working reagent was prepared freshly directly before usage.

Calibration standards were prepared in 1.5 mL Eppendorf microcentrifuge tubes by
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mixing 200 pL of working reagent with 0 to 5 pL of 1 ng/pl BSA standard and 1 pL
of lysis buffer and adding the respective amount of LC-MS grade water to obtain a
volume of 210 pL. For sample protein concentration determination 1 uL of sample was
added to 200 nL of working reagent and 9 pL. of LC-MS grade water. The calibration
and sample solutions were incubated for 30 minutes at 60°C in the dark with slight
agitation (1100 rpm) on an Eppendorf ThermoMixer®. After incubation, the samples
were cooled down to room temperature, spun down on a mini centrifuge and 200 nL
of sample and calibration solutions were transferred onto a 96 well plate. Absorptions

were measured at a wavelength of 562 nm.

3.5.3. SDS-PAGE (Limmli)

3.5.3.1. Gel preparation

A separation (12% AA) and a stacking (4% AA) gel were prepared. Firstly, the
separation gel (12 mL in total) was prepared by mixing 4.8 mL 30% AA (29.2 % AA,
0.8 % PDA) with 2.25 mL 2 M Tris-HCI (pH 8.8) and 4.83 mL LC-MS grade water. 2
mL of this solution were separated and mixed with 20 pL. 10% (w/v) APS and 5 pL
TEMED in order to prepare a denser gel for the bottom layer to avoid leakage. 1 mL
of this solution were pipetted into the gel chamber (Mini-Protean-Cell, BIO-RAD, 1
mm spacer) immediately. The remaining separation gel solution was degassed for 10
minutes in a desiccator, in vacuo. Meanwhile the stacking gel was prepared by mixing
1.066 mL 30% AA (29.2 % AA, 0.8 % PDA) with 1 M Tris-HCI (pH 6.8) and 5.86 mL
LC-MS grade water. The solution was degassed for 10 minutes. To induce
polymerization, 50 pL. 20% SDS (w/v), 45 uL 10% APS (w/v) and 7.5 nL. TEMED
were added to the remaining separation gel solution. The solution was mixed and
pipetted into the gel chamber. 1 mL of 90% IPA was added to the gel chamber to
cover the separation gel. After 30 minutes the IPA was removed using filter paper.

Subsequently, the stacking gel was prepared for polymerization by adding 40 pL 20%
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SDS (w/v), 40 puL 10% APS (w/v) and 8 nL. TEMED to the degassed stacking gel
solution. After mixing, 3 mL of the solution were pipetted onto the separation gel and
a 10 well comb (Mini-Protean comb, 10-well, 1.0 mm, 44 nL) was inserted. As soon as
the gel was completely polymerized, the gel chamber was lowered into the
electrophoresis chamber, filled with electrode buffer (25 mM Tris, 192 mM glycine,
0.1% (w/v) SDS). The comb was removed and 20 pL of sample, premixed with 5 pL
loading buffer (5x Lammli buffer, preheated to 95°C + B-mercaptoethanol) were
pipetted into the gel pockets. The protein amount loaded onto the gel was
approximately 20 pg. To one of the outer pockets of the gel a molecular-weight size
marker was added. Electrophoresis was performed at 20 mA current (constant) and a
maximum of 200 V voltage. After completed electrophoresis, the gel was removed from
the gel chamber and proteins were fixated by washing the gel in a mixture of 50%

(v/v) methanol and 10% (v/v) acetic acid for 30 minutes under slight agitation.

3.5.3.2. Silver staining

Following the protein fixation, the gel was washed three times 10 minutes in
50% (v/v) methanol under slight agitation and two times 5 minutes each in LC-MS
grade water under slight agitation. Before staining, the gel was treated with 0.02%
(w/v) sodium thiosulfate pentahydrate for 1 minute under slight agitation and washed
two times with LC-MS grade water. Silver staining was achieved by slightly agitating
the gel in a 0.1% (w/v) silver nitrate solution for 10 minutes, washing the gel in LC-
MS grade water and developing in 3% (w/v) sodium carbonate, 0.05% (w/v)
formaldehyde until dark enough. The reaction was stopped by incubating the gel in

1% (v/v) acetic acid.
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3.5.4. Protein digestion protocols

3.5.4.1. Filter assisted sample preparation (FASP) - protein digestion
using Merck Microcon®-10 kDa MWCO filters

Protein samples containing only small amounts of SDS were processed on
Microcon® 10 kDa MWCO filters. The filters were placed in microcentrifuge tubes
provided by the manufacturer and 500 nL. LC-MS grade water were loaded onto the
filter. After 30 minutes centrifugation at RT and 14,000 x g the filters were inspected,
if there was remaining liquid on the filters, they were centrifuged again. Every
centrifugation step was followed by manual inspection of all filters and removal of the
flow-through. 200 pL of reduction buffer (32 mM DTT or TCEP, 8 M guanidinium
hydrochloride, 50 mM ABC) were added to the filter and the sample was spiked
directly into the DTT solution on the filter. The overall loaded sample amount was
equivalent to 20 ng protein. The filters carrying DTT reduction buffer and the sample
were then incubated at 37°C for 30 minutes with slight agitation (1100 rpm) on a
ThermoMixer®. Following the incubation, the filters were centrifuged for 60 minutes
at 14,000 x g. 100 pL. 50 mM ABC were added onto the filters and centrifuged for 15
minutes at 14,000 x g. The previous step was repeated with 30 minutes of
centrifugation. Alkylation buffers (54 mM IAA or AA, 8 M guanidinium hydrochloride,
50 mM ABC) were loaded onto the filters. The filters were incubated at 30°C for 30
minutes in the dark, while having been slightly agitated (1100 rpm). After 60 minutes
centrifugation at 14,000 x g, the filters were washed twice by adding 100 nL. ABC each
time and centrifuging for 20-30 minutes. Subsequently, filters were placed in clean
microcentrifuge tubes. 20 ng of protease (Trypsin/Lys-C mix, Promega) were dissolved
in 200 pL resuspension buffer (50 mM acetic acid) and kept on ice. 95 L. of 50 mM
ABC cooled to 4°C were placed on the filters and 5 pL of protease were spiked into
the solution. The filters were placed on a ThermoMixer® set to 4°C and slightly

agitated (1100 rpm) for 10 minutes. After incubation, the filters were placed in a rack
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and kept in an incubator set to 37°C overnight. The next morning, 45 pL cold ABC
were placed on top of the solution and 5 pnL of protease were spiked into the solution.
The filters were slightly agitated on a ThermoMixer® set to 4°C and incubated for 4
h at 37°C. Peptides were eluted by centrifuging for 20 minutes at 14,000 x g, adding
50 pL LC-MS grade water to the filters, centrifuging for 20 minutes and adding 50 pL
of 0.5% TFA to the filter followed by another centrifugation step. Samples were stored

at -20°C until further processed.

3.5.4.2. C-18 peptide clean up

Tissue and serum samples digested using Merck Microcon® 10 kDa MWCO
filters required C-18 peptide clean-up. C-18 columns were placed in 2 mL Eppendorf
microcentrifuge tubes and washed twice, by adding 400 nL. 50% ACN directly onto the
column, each step followed by centrifugation at 1,500 x g for 1 minute. The flow-
through was discarded. Column washing was followed by an equilibration step, loading
the columns two times with 200 pL 5% ACN, 0.5% TFA each, followed by
centrifugation at 1,500 x g for 1 minute. Flow-through was discarded. Sample was
acidified by adding 10% TFA, to obtain a final concentration approximately 1% TFA
(e.g. sample volume 250 pL + 25 pL. 10% TFA). Sample was loaded onto the column,
followed by centrifugation at 1,500 x g for 1 minute. Flow-through was loaded onto
the column to increase sample binding, followed by centrifugation at 1,500 x g for 1
minute. The flow-through obtained after this step was discarded. Column washing was
performed by adding 200 pL 5% ACN, 0.5% TFA directly onto the column and
centrifugation at 1,500 x g for 1 minute, flow-though was discarded. This washing step
was repeated. Columns were put into a clean 1.5 mL Eppendorf microcentrifuge tube
and peptides were eluted twice by adding 40 nL 50% ACN, 0.1% TFA each time,
followed by centrifugation at 1,500 x g for 1 minute. Samples were dried in a vacuum

centrifuge and stored at -20°C until used.
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3.5.4.3. Protifi® S-Trap™ digestion protocol

Samples which contained any precipitate were centrifuged for 8 minutes at
13,000 x g to remove insoluble matter. Protein concentration was determined according
to BCA protocol. All samples were diluted to a final protein amount of 1 pg/pL in
lysis buffer (8 M urea, 50 mM TEAB, 5% SDS). 20 nL of diluted sample (equal to 20
ng protein) were pipetted into a 1.5 mL Eppendorf microcentrifuge tube and disulfide
bonds were reduced by adding 20 pL. 64 mM DTT and incubating the solution at 95°C
for 10 minutes, under slight agitation (300 rpm). The sample was cooled to room
temperature and 5 plb 486 mM TAA were added for the alkylation of cysteine residues.
Under slight agitation (300 rpm) the sample was incubated in the dark at 30°C for 30
minutes. 4.5 pL of 12% phosphoric acid were added to acidify the sample. 297 pL S-
Trap buffer (90% MeOH (v/v), 0.1 M TEAB) were added to the sample. 175 nL of
solution were added to the Protifi® digestion column, the column was placed in a 2
mL Eppendorf microcentrifuge tube. The column was centrifuged at 4,000 x g for 1
minute. Remaining sample solution was transferred to the column, the column was
rotated by 180° and centrifuged again. The column was washed by adding 150 pL S-
Trap buffer, followed by centrifugation at 4,000 x g for 1 minute. This step was
repeated three times. Digestion column was transferred to a clean 2 mL Eppendorf
microcentrifuge tube. Trypsin/Lys-C was dissolved in 400 nl. 50 mM TEAB and 20
nL of the protease solution were added directly onto the column. The column was
incubated for 1 hour at 47°C. Peptides were eluted in three steps: adding 40 nL. TEAB,
followed by centrifugation at 4,000 x g for 1 minute, adding 40 pL 0.2% FA, followed
by centrifugation and lastly adding 35 pL 50% ACN, 0.2% ACN, followed by a
centrifugation step. The peptides were dried in a vacuum concentrator and stored at

-20°C until further processed.
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3.5.5. nLC-MS/MS

3.5.5.1. Nanoflow Liquid Chromatography

Previously dried peptide samples were reconstituted in 5 pl. of a mixture of
synthetically produced standard peptides (10 fmol/uL in 30% FA) and diluted with
40 nL eluent A (97.9% LC-MS grade water, 2% ACN, 0.1% FA). The sample solution
was transferred to a 96-well plate and placed in the autosampler of the chromatograph
(Dionex UltiMate® 3000 RSLCnano), which was kept at 4°C. In order to concentrate
and desalt the sample, it was transferred to a pre-column (Acclaim™ Pepmap™ 100;
100 pm x 2 cm, nanoViper; C18, 5 pm, 100 .Z\) at a flow-rate of 10 uL. per minute,
100% eluent A. The sample was further transferred onto the separation column at a
flow rate of 300 nL/min. Depending on the sample, the analytes were eluted applying
different gradient elution profiles. For the analysis of plasma and CCD-18Co
supernatant samples, 1 pL of sample was injected and eluted by increasing the
percentage of eluent B (79.9% ACN, 20% LC-MS grade water, 0.1% FA): 1% B for 10
minutes, increase from 0-1% B over the time course of 10 minutes, 1-7% B for 1 minute,
7-35% B for 38 min, 35-40% B for 3 minutes, hold at 40% B for 2 minutes. The stepped
gradient elution was followed by a washing step, increasing the percentage of eluent B
from 40-80% B over a time course of 2 minutes, then decreasing the percentage to 1%
for 7 minutes, followed by equilibration at 1% B for 22 minutes. The total LC method
time was 85 minutes. CCD18-Co cytoplasmic fractions, as well as colon tissue samples
were eluted following a different stepped gradient: 1% B for 9 minutes, 1-8% B for 1
minute, 8-30% B for 80 minutes, 30-40% B for 15 minutes, followed by washing by
increasing the percentage of eluent B from 40-80% for 5 minutes, 5 minutes hold at
80% B, then decreasing the percentage to 1% B for 3 minutes, followed by 17 minutes

equilibration at 1% B. The total LC method time was 135 minutes.
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3.5.5.2. Mass spectrometry

After nLC separation, the eluted peptides were further transferred to a Q
Exactive™ Orbitrap mass spectrometer, where they were ionized applying nano-
electrospray ionization, further fragmented in a Top8 method and analyzed in an
Orbitrap mass analyzer. The mass spectrometry analysis of all sampled followed an
established data-dependent acquisition (DDA) workflow (Table 2). Again, as with the
LC-methods, the MS-methods differed for the different samples. Colon tissue samples,
as well as cell culture samples were measured once, plasma samples were measured in

duplicates.

Table 2 Mass spectrometric parameters used for the analysis of proteins

Plasma, Tissue samples,
Parameters CCD-18Co CCD-18Co
supernatant cytoplasm
Method duration [min)] 65 115
MS1 resolution 70,000 70,000
MS1 AGC target 3eb 3eb
MS1 max IT [ms] 100 50
MS1 scan range 400-1400 400-1400
MS2 resolution 17,500 17,500
MS2 AGC target 2e4 2e4
MS2 max IT [ms] 100 100
TopN 8 8
MS2 scan range 200-2000 200-2000
Charge exclusion unassigned, 1, 5-8, > 8 unas&gnecél; L, o8, >
Dynamic exclusion [s] 30 30
Lock mass 445.12003 m/z 445.12003 m/z
Chromatographic peak width [s] 10 15

3.5.5.3. Data analysis
.raw files obtained after mass spectrometric analysis were further processed in
MaxQuant [106] version 1.6.3.4 in order to obtain LFQ values. Measurements of similar

experiments (same mass spectrometric methods) were processed in the same workflow.
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For method optimization of the colon tissue digestion protocol one single workflow was
prepared, comparing the Protifi® protocol to all other tested methods. Similar
alkylation methods were grouped in one MaxQuant workflow. All colon tissue
measurements of tissue samples (30 measurements) obtained from patients suffering
from wulcerative colitis were processed in the same workflow. Plasma sample
measurements obtained from patients suffering from ulcerative colitis and the control
cohort were also analyzed in one single workflow. Cell culture samples were searched
according to cellular fractions (two different searches; CYT 1d, CYT 1w and SN 1d,
SN 1w). All measurements were searched against a Uniprot derived .fasta file
(downloaded on 14.03.2018, 20,316 entries) of human proteins (Taxonomy ID 9606).
Variable modifications included in the analyses were oxidation of methionine and
acetylation of the protein N-terminus. Fixed modification included in the analysis was
either carbamidomethylation of cysteine or propionamide modification of cysteine,
depending on the alkylation method applied. Digestion mode was set to specific and
“Trypsin/P” set as the digestion enzyme. A maximum of two missed cleavages was
accepted. The peptide spectrum match FDR, as well as the protein FDR were set to
0.01. The minimum number of identified peptides was set to two peptides, the

minimum number of unique peptides was set to one peptide.

3.5.5.4. Statistical analysis

The proteinGroups.txt files — as well as the peptides.txt file for the method
comparison - obtained by the analysis in MaxQuant were used for statistical analyses,
using Perseus software [107], version 1.6.5.0. Proteins only identified by site, as well
as reverse identifications and potential contaminants were filtered out. All LFQ values
were log2 transformed. For the preparation of profile plots from colonic tissue samples,
the matrix obtained in this way was used as is. For the preparation of volcano plots,

as well as PCA analyses, missing values had to be replaced from normal distribution.
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For plasma, as well as colon samples this was done separately for each column. Cell
culture samples were grouped according to their replicates and the minimum number
of valid values was set to two in at least one group. Using the significantly regulated
proteins, defined by the volcano plots prepared using Perseus software, the Cytoscape
plugin ClueGO was used to prepare gene ontology (GO term biological process) based

network analyses.

3.6. Eicosanoid analysis methods

3.6.1. Sample preparation

Eicosanoid-standard 1:

Reagents Volume [pL/500 pL]
15-S-HETE-d8 4
12S-HETE-dS8 4
5-Oxo-ETE-d7 12

11,12-DiHETrE-d11

PGE2-d4 8

2D-HETE-d
ACN 464

Eicosanoid-standard 2:

Reagents Volume [pL/500 nL]
5-S-HETE-d8 4
14,15-DiHETrE-d11 4
8-iso-PGF2alpha-d4 8
ACN 484

200 pL of plasma were used per patient, mixed with 800 pL of ice-cold EtOH
and 5 pL of eicosanoid-standard 1 (all standard compounds were purchased from
Sanova Pharma GesmbH), then left at 4°C overnight in order to precipitate proteins.
The sample was centrifuged at 5,000 rpm for 30 minutes at 4°C. The supernatant was

transferred to a 15 mL Falcon tube, concentrated in a vacuum concentrator and
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reconstituted in LC-MS grade water to obtain a final volume of 1 mL. All reagents
used in the sample processing, as well as all samples were kept on ice. SPE-columns
(Strata™ X 33 nm Polymeric Reversed Phase Tubes) were conditioned two times with
1 mLL MeOH each, followed by two times 1 mL LC-MS grade water. The sample is
loaded in two steps and the Falcon tube was rinsed twice with 1 mLL LC-MS grade
water each time, the rinsing solutions are loaded onto the SPE columns. Columns are
flushed with 1 mL LC-MS grade water and eicosanoids are eluted with 250 nL ice-cold

MeOH, 2% FA. The solution was stored at -80°C until processed further.

Before LC-MS analysis samples were dried under a N»-gas stream and reconstituted in
145 pL 35% eluent B (10% MeOH, 90% ACN, 0.2% FA), with the addition of 5 pL of

eicosanoid-standard 2.

3.6.2. LC-MS/MS

3.6.2.1. Liquid chromatography

The sample was transferred to a 200 nLL V-shaped glass inlet, placed in a glass
vial, the glass vial placed in the autosampler of the UHPLC (Vanquish UHPLC,
Thermo Fisher Scientific™) and kept at 4°C. 20 pL of sample were injected and
separated on a reversed-phase separation column (Kinetex™ 2.1 mm x 150 mm, 2.6
nm Cis, 100 A) equipped with a Viper Inline Filter (Thermo Fisher Scientific™, article
nr.: 6036.1045). The flow rate was set to 200 pL/min and a 20-minute method, with a
gradient elution profile was executed. Eluent A consisted of 99.8% LC-MS grade water
with 0.2% FA and eluent B of 89.8% ACN, 10% MeOH and 0.2% FA). The elution
was performed as follows: 0-1 min 35% eluent B, 1-10 min 35-90% B, 10-10.5 min 90-
99% B, 10.5-15.5 min 99% B, 15.5-16 min 99-35% B, followed by equilibration at 35%

B from 16-20 min.
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3.6.2.2. Mass spectrometry

Following the LC-separation, the analytes were transferred to a Q Exactive™
HF Hybrid Quadrupole Orbitrap™ mass spectrometer (Thermo Fisher Scientific™)
via electrospray ionization using an ESI-source, operating in negative ionization mode

(Table 3). All samples were measured in duplicates.

Table 3 Mass spectrometric parameters used for the analysis of eicosanoids

Parameters Eicosanoids
Method duration [min] 20
MS1 resolution 60,000
MS1 AGC target 3e6
MS1 max IT [ms] 50
MS1 scan range 250-700 m/z
MS2 resolution 15,000
MS2 AGC target 2e4
MS2 max IT [ms] 250
TopN 2
Charge exclusion unassigned, 2-8, > 8
Dynamic exclusion [s] 2
Chromatographic peak width [s] 3

Data analysis

Measurements were searched against a manually curated compound database
of 223 compounds, using TraceFinder™ Software (Thermo Fisher Scientific™) version
4.1, using retention times and m/z values for identification. A mass shift of up to 7
ppm, as well as a retention time shift of up to 7 seconds was accepted for identification.
For the detection of compounds, ICIS detection algorithm was used, the peak threshold

was set to le4. Peaks were integrated, manually checked and reintegrated if necessary.

3.6.4. Statistical analysis
AUC values were further normalized, using the mean of the AUC values of the

eicosanoid standard compounds. The average of the duplicates was calculated,
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compounds without clear identification were removed, as well as compounds with less
than 3 valid values for the 3 controls (except for 13-HpODE) after average calculation.
A PCA was prepared using Perseus software, version 1.6.5.0 — for that purpose, values
were log2 transformed and missing values replaced from normal distribution. In
GraphPad Prism 8, the original, normalized AUC values were tested for normal
distribution (Shapiro-Wilk-test) and unpaired t-tests of normally distributed values

were performed, p-values below 0.05 were considered significant.
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4. Results and Discussion

4.1. Digestion protocol optimization

4.1.1. Assessment of tissue protein intactness

Before testing the different digestion protocols, it was necessary to assess the
intactness of the tissue samples used for the optimization, as the tissue samples used
for the analysis had been stored for longer periods of time. Colon tissue protein
intactness was evaluated through SDS-PAGE analysis of both tissue specimen
(Figure 11).

250 kDa
150 kDa
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75 kDa
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37 kDa

Lo
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10 kD s—

Colon tissue

Figure 11 SDS-PAGE for the assessment of tissue intactness

SDS-PAGE preparation and analysis of colon tissue proteins showed that the
proteins contained in the tissue could be considered intact. Therefore, the colon tissue

was used for method evaluation.
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4.1.2. Colon — protein digestion protocol evaluation

For the comparison of different lysis conditions, as well as reduction and
alkylation methods, the number of identified peptides was considered to be the most
relevant parameter. All replicates (two for the Protifi® protocol and three for the
Microcon® protocols) were grouped in Perseus and all peptides with less than three
values for each condition were excluded. Generally, the Protifi® protocol yielded in
the most identified peptides (16,477) followed by the Microcon® protocol using the
lysis buffer containing 5% SDC, as well as urea and TEAB, TCEP as the reduction
agent and AA for the alkylation (Figure 12). AA as an alkylation method typically
yielded in more peptide identifications than IAA when applying the Microcon®
protocol. As the Protifi® protocol showed the best results and required overall less
time for sample preparation, this method was used for the analysis of patient colon

tissue specimen, patient plasma samples and cell culture samples.
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Figure 12 Method comparison results showing the numbers of identified peptides for each digestion protocol
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4.2. Ulcerative colitis patient data and heterogeneity

Patient data, as assessed by clinicians at the hospital Rudolfstiftung, showed
high variability in the patients’ symptoms, as well as patient data itself (Table 4).
Mayo-scores were varying among the patients, as were CRP levels. Unfortunately, not
all fecal calprotectin levels were assessed in close timely proximity to the determination
of CRP levels and Mayo-scores. Therefore, only calprotectin levels determined in
timeframe of + 10 days were found to correlate with Mayo-scores and CRP blood
levels. Calprotectin levels are listed in the supplementary information. Included in the
study were patients number 0, 1, 3, 4, 6 and 7, the other patients had to be excluded
due to either suffering from pancolitis or showing no visible signs of inflammation
during colonoscopy. Areas of most severe inflammation were assessed during
colonoscopy, as well as during histo-pathological evaluation of excised biopsy-
specimen. Patients number 4, 1 and 0 showed the most severe signs of inflammation,
whereas patients number 6 and 7 only showed signs of inflammation in the rectum.
Patient number 3 showed only minor inflammation in the rectum during colonoscopy,
however, upon histo-pathological evaluation signs of inflammation were also detected

in the other colonic areas.

Table 4 Patient data sorted by highest Mayo-score, areas of most severe inflammation are highlighted in orange

inflamed areas

. Disease
Patient Age ) Mayo- ) CRP
Gender duration Rec Sig Desc Trans Asc
nr. [years] score [mg/L]
[years]

4 f 43 1 10 X X 63.2
1 f 48 18 9 8.9
0 m 39 23 5 X X (x) 4.9
7 f 56 30 5 0.3
3 f 28 15 4 X X X X 1.2
6 m 37 12 4 1
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The histo-pathological evaluation of patients showed varying degrees of crypt
architectural distortions, including branching, as well as elongation of crypts depending
on inflammation severity. A decrease in goblet cell count, as well as the invasion of
neutrophils into the crypts was noted during active inflammation. Invasion of
lymphocytes was seen in some patients, indicating a chronic disease course. Areas of
dense inflammatory cell population were seen in some patients, as well as the presence
of high numbers of eosinophils in patients being treated with anti-TNF-o therapies. A
more detailed description of the histo-pathological findings is included in the
supplementary material. Some exemplary photos of the histo-pathological evaluation
of the colonic biopsies are shown in Figure 13. Figure 13A, a cross section of the crypts
of the colon sigmoideum of patient 0, shows areas of higher density of inflammatory
cells (upper arrow), as well as some distorted crypts and minimal invasion of
neutrophils into the crypts (lower arrow), as well as some reduction in goblet cell
count. Figure 13B, a cross section of colonic crypts of the rectum in patient 1 shows
elongated crypts, as well as crypt abscesses (arrow), a high density of inflammatory
cells in the lamina propria and a decrease in goblet cell count. Figure 13C shows a
cross section of crypts in the colon descendens of patient 1. The crypts are severely
distorted, crypt-invading neutrophils, as well as lymphocytes can be seen and crypt
abscesses are present in many of the depicted crypts. Goblet cell count is drastically
decreased and the cell population surrounding the crypts in the lamina propria is very
dense. Figure 13D shows a cross section of the crypts in the colon sigmoideum of
patient 3. Generally, many of the crypts shown in the photo have a normal, round
architecture, some of them are branched. In the right corner of the photo, some
neutrophils invading the crypts can be seen, in the center of the photo, there is a spot
of high inflammatory cell density including eosinophils in red. The goblet cell count

appears to be normal in most of the crypts in the photo.
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Figure 13 H&E stained cross sections of colonic crypts showing signs of acute inflammation; A: Patient 0, colon

sigmoideum; B: Patient 1, rectum; C: Patient 1, colon descendens; D: Patient 3, colon sigmoideum

4.3. Proteomic analysis of UC patient colonic biopsies

Overall, the patient heterogeneity observed in the patient data, is also reflected
in the proteome profiles of the different colonic regions analyzed as part of this project.
Proteomic analysis of colonic biopsies yielded in a total number of 4,533 identified
proteins. A PCA of all analyzed colonic biopsy samples (Figure 14) shows a separation
of the samples by the respective degree of inflammation (component 1) and a
separation of samples according to the patients themselves (component 2). Areas of
most severe inflammation are to be found on the far right, whereas non-inflamed areas

are concentrated on the left side.

23



40
1

PI7 asc PT desc
i asC

s .l’l;HFIII‘.l:“ i
- r A, Aesc .
1Y o O P7 sig ) desc o P6 sig
a2 PT7ltrans R
pE .‘I 6 asc
2. P4 asc P4 trans
= as
2 . @® non-inflamed areas
=~
S ® o P1 trans
K
e I)I asc
o
&
* PO trans
® P() asc

-40

T T T T T T T T T T T T T T T T T T T T T T T T T
-40 -20 0 20 40 &80 80

Component 1 (30.4%)

Figure 14 Principal component analysis of proteomic analysis of colonic biopsy samples

Generally, the analysis of inflamed and non-inflamed areas showed a severe
reduction of membrane integrity, as well as barrier function in more severely inflamed
areas. A reorganization of the extracellular matrix, as well as neutrophil invasion into
the lamina propria was noticeable and correlating with the degree of inflammation.

The H,S metabolism was also found to be impaired in areas of more severe

inflammation.

4.3.1. General alterations in the proteome profile during inflammation
In order to assess impaired processes between inflamed and non-inflamed areas,
the least inflamed areas of all patients (colon ascendens) were compared to the most
inflamed areas (rectum or colon sigmoideum) (Figure 15). Downregulated proteins
(Figure 16) were mostly involved in different metabolic processes, as well as biological
oxidations and degradation of cysteine and homocysteine. Upregulated proteins
(Figure 17) were involved in neutrophil degranulation, extracellular matrix

organization, integrin cell surface interactions, antimicrobial and other processes.
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Figure 15 Volcano plot showing alterations in relative protein abundance between inflamed and non-
inflamed colonic areas; FDR=0.01, S0=0.5
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Figure 16 Biological processes downregulated during UC induced inflammation
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4.3.2. Membrane integrity

The epithelial layer of the crypt region is usually held together by different
connecting proteins, such as tight junction proteins, adherens junction proteins,
desmosomes and integrins, which ensures the integrity of the membrane (Figure 18).
Disturbances in the structure and integrity of the intestinal epithelium has been
reported to occur in ulcerative colitis and has detrimental consequences for the
intestinal health [108]. A disturbed membrane structure makes the lamina propria
more accessible for bacteria and bacterial products and leads to an increased immune

response.
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Figure 18 Structure and components of the intestinal epithelial layer

The proteomic analysis of the different inflamed and non-inflamed colonic
regions showed that a reduction in proteins important for the epithelial integrity occurs
during inflammation. A correlation between degree of inflammation and decrease in
abundance of claudins (CLDN3, CLDNT7), cadherins (CDH1, CDH17), desmosome
proteins (DSG2, DSC2), as well as integrins (ITGA6, ITGB4) was noticeable (Figure
19).
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Figure 19 Heatmaps showing the relative abundance of proteins involved in the epithelial membrane integrity

during inflammation
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4.3.3. Extracellular matrix reorganization

Proteins indicative of the degradation of extracellular matrix (Figure 20) were
found to be upregulated during inflammation (Figure 21). These proteins are
commonly secreted by neutrophils, they are able to cleave collagens and thereby

facilitate neutrophil migration [109, 110].

Figure 20 Role of matrix metalloproteinases in the degradation of the extracellular matrix
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Figure 21 Heatmap showing the relative abundance of proteins involved in the degradation
of the extracellular matrix during inflammation
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4.3.4. Intestinal barrier

The analysis of proteins involved in the protection of the intestinal epithelium
(Figure 22) showed an increase in the abundance of antimicrobial peptides and proteins
(LYZ, CAMP) during inflammation (Figure 23). Proteins involved in the formation
and the stability of the intestinal barrier [111] and mucus layers derived from goblet
cells were decreased in an inflammation correlating manner. The decrease in goblet
cells as observed during histo-pathological evaluation of colonic biopsy specimen is,
therefore, also reflected in the proteome of biopsies. The presence of cathelicidin
(CAMP), a protein commonly secreted by Paneth cells only in inflamed areas might

be an indicator of Paneth cell metaplasia, occurring during CU induced inflammation.
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Figure 23 Heatmaps showing the relative abundance of goblet cell derived proteins (left) and
antimicrobial proteins/peptides (right)
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4.3.5. Neutrophil extravasation

An increased abundance of neutrophil derived proteins was detected in areas of
more severe inflammation, in accordance with results of the histo-pathological
evaluations (Figure 25). The invasion of neutrophils into the lamina propria and crypts
(cryptitis) (Figure 24), as well as the formation of crypt abscesses is a key feature of

the phenotype of ulcerative colitis.
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Figure 24 Schematic of the process of neutrophil extravasation
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4.3.6. H.S metabolism

The relative abundance of proteins involved in the mitochondrial metabolism
of H,S (Figure 26), a major bacterial product, was found to be slightly decreased in
areas of higher-grade inflammation (Figure 27). As mentioned before, an accumulation
and decreased ability to detoxify H.S can have detrimental effects on the intestinal
health and the mucus barrier. MPST, a protein involved in the formation of H.S was
also found to be downregulated in cases of more severe inflammation, showing that

the H.S metabolism seems to be overall dysregulated in active UC.
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Figure 27 Heatmaps showing relative abundances of proteins involved in the H2S metabolism
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4.3.7. Myofibroblast proteins

Proteins found to be prominently secreted by CCD-18Co cells were also present
in the different colonic regions of patients suffering from acute UC induced
inflammation. The levels of VIM, FN1 and LAMB2 were slightly elevated in regions
of more severe inflammation, indicative of  higher  presence  of

myofibroblasts/fibroblasts during acute inflammation (Figure 28).
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Figure 28 Heatmap showing the relative abundance of myofibroblast-/fibroblast-
derived proteins in inflamed and non-inflamed regions
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4.4. Proteomic analysis of UC patient plasma samples

Generally, a high degree of heterogeneity was observable during the analysis of
plasma samples from patients. A PCA analysis of the 304 identified proteins showed
no separation of patient and control cohort when considering only the first and second
component of the PCA (Figure 29). Separation of the two sample cohorts was only
obtained when plotting the first and third component of the PCA (Figure 30). The
preparation of Volcano plots taking into account all patient samples did not reveal
any significant differences when comparing patients and healthy controls. Therefore,
in order to find proteins indicative of the disease patient 4 — showing the most severe

symptoms and signs of inflammation — was analyzed in more detail (Figure 31).
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Figure 29 Principal component analysis of CU patient and control plasma samples - component 1 and 2
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Downregulated proteins included SERPINA5 and IGHG4. SERPINAS5 was not
identified in the plasma samples of patient 3 and 4. The plasma levels of the other
patients appeared to be normal. IGHG4 was decreased in all patients, except for
patients 6 and 7 who exhibited the least severe symptoms of all patients. KRT6B
was increased in all patients, except for patient 7. FERMT3 (kindlin-3) levels were
elevated only in patient 4. Kindlin-3 is involved in the regulation of integrin function
and as it has been shown that in mice, higher levels of kindlin-3 are required during
stress situations, as well as infections and injuries for proper integrin functions in
platelets and neutrophils [112]. The elevation of kindlin-3 might, therefore, be an
indicator of increased injury and stress response in patient 4 due to the severe
inflammation in the colon. PKM levels were only elevated in patient 4. This protein
has, however, been suggested to be used as a new biomarker for IBD [113]. VCL was
only found to be increased in patient 4; the protein has been proposed to be involved
in neutrophil adhesion processes [114]. YWHAZ levels were elevated only in patient
4, the protein was not detected in patient 6 and 7. The protein YWHAZ is part of the
14-3-3 protein family, a group of proteins, which interact with phosphosites and

regulate various cellular functions, such as apoptosis, cell motility, cell cycle
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progression, autophagy and others. The response of 14-3-3 proteins is stress-
associated.[115] LRG1 levels were the highest in patient 4 and also found to be slightly
elevated in the most severely inflamed colonic regions. LRG1 has been reported to be
expressed by neutrophils and has also been proposed as a new biomarker for ulcerative
colitis activity[116]. HSPB1 — a protein involved in the cellular protection against
oxidative stress [117] — abundance was the highest in patient 4 and patient O.
LGALST7 was only identified in patient 4, the expression of the protein was highly
heterogeneous in the colon biopsy specimen without any apparent correlation between
the different regulation levels. FABP5 was found to be elevated only in patient 4.
Abundance levels of FABP5 are decreasing from the proximal to distal colonic regions.
FABPS5 has been associated with anti-inflammatory effects [118]. SAA1 and SAA2
are proteins associated with the acute phase response to inflammatory disturbances
which activate cells of the adaptive and innate immune system [119]. SAAT levels
correlate with the inflammation severity in patients with the highest abundance levels
to be detected in patients 0, 1 and 4. CRP is another acute phase protein and probably
the most commonly known marker for inflammation in patients with IBD or any other
inflammatory disease. CRP levels are the highest in patient 4, followed by patient 1

and then patient 0. The protein was not detected in patient 3, 6 or 7 (Table 5).
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Table 5 List of differentially regulated proteins between P4 and control cohort

Gene names p-value Difference Protein names
SERPINA5 1,00*%10° -3.55 Plasma serine protease inhibitor
IGHG4 0,47*%10 -3.40 Ig gamma-4 chain C region
KRT6B 0,07*10* 2.58 Keratin, type II cytoskeletal 6B

FERMTS3 0,64*10 3.03 Fermitin family homolog 3
PKM 0,12*%10 3.22 Pyruvate kinase PKM
VCL 9,30*10°3 3.34 Vinculin

YWHAZ 13,49*10° 3.36 14-3-3 protein zeta/delta
LRG1 0,29*%10* 3.44 Leucine-rich alpha-2-glycoprotein

HSPB1 0,01*10 4.25 Heat shock protein beta-1

LGALS7 0,54*103 4.53 Galectin-7

FABP5 0,03*10°3 4.64 Fatty acid-binding protein, epidermal
SAA2 5,08%10 4.82 Serum amyloid A-2 protein
CRP 0,03*10 7.32 C-reactive protein
SAA1 0,02*%10* 7.70 Serum amyloid A-1 protein
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4.5. Eicosanoid analysis of patient plasma samples

Eicosanoid analysis of plasma samples yielded a total of 22 eicosanoids
which were identified in at least all 3 controls (except for 13-HpODE, which was still
included to indicate the regulation differences between control and patient samples).
Three of the identified eicosanoids showed significant differences in their abundance
(eicosanoids which were not significantly differentially regulated, as well as the
corresponding QQ plots, are depicted in the supplementary information). Shapiro-
Wilk-tests were performed to test for normal distribution, even though normal
distribution might not occur in this data set as the inflammation severity distribution
might not equal a normal distribution. The PCA analysis showed a separation between

control and patient samples, however, no separation according to disease severity could

be achieved (Figure 32).
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Figure 32 Principal component analysis of eicosanoids in patient and control plasma samples
The three eicosanoids of differential abundance were 13-HpODE, 20-HDoHE and DHA
(Figure 33). 13-HpODE (13-hydroperoxyoctadecadienoic acid) is a pro-inflammatory
eicosanoid, reported to be involved in different inflammatory diseases [120]. DHA

(docosahexaenoic acid), as well as other omega-3 polyunsaturated fatty acids have
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been proposed to show anti-inflammatory activity and are considered to be used as a

treatment for IBD [121].
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4.6. Proteomic analysis of differentially stimulated CCD-18Co cells

4.6.1. CCD-18Co general protein expression

In total, 3,735 proteins were identified in the cytoplasmic and 1,170 in the
supernatant fractions. All CCD-18Co replicates expressed a more-or-less typical
myofibroblast proteome profile, including the expression of paxillin in all cytoplasmic
replicates and tenascin in all replicates. Alpha-smooth muscle actin — a marker for
myofibroblasts - was not present in any cytoplasmic fractions, however, previous
studies have shown that the expression of alpha-smooth muscle actin is dependent on
the dose and duration of TGF-B treatment. To induce alpha-smooth muscle actin
expression, Simmons et al. [122] treated CCD-18Co cells with 1 ng/mL cell culture
medium for 7 days, including medium change every 24 h. In our case, treatment was
only performed once, including one medium change without the addition of TGF-B in
the exchanged medium. Myofibroblast markers also include vinculin, paxillin and
tensin [123]. Vincullin was not identified in any of the cell fractions analyzed, whereas
paxillin was present in all cytoplasmic fractions. Tensin was identified in all
cytoplasmic fractions one week after treatment. All fractions showed the expression of
different collagens, notable differences were observed with COL11A1l, which was
secreted in all cells one day after treatment, one week after treatment, however, only
by one of the TGF- treated replicates. COL6A2 was only secreted by TGF-p treated
cells one day post treatment. One week post treatment it was expressed by all
replicates. Vimentin, fibronectin and laminin subunit beta-2 were expressed and
secreted by all replicates (Figure 34). The classification of CCD-18Co cells and the
determination whether these cells are fibroblasts or myofibroblasts is difficult, as these
cells possess fibroblast and myofibroblast-like properties and their proteome profiles
are a mixture of fibroblast and myofibroblast profiles. In research, CCD-18Co cells are

used as a myofibroblast and fibroblast cell line, depending on the research question.
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Figure 34 Protein expression of vimentin, fibronectin and laminin subunit beta-2 in CCD-18Co cells
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4.6.2. CCD-18Co proteome changes upon stimulation with IL-1f and
TGF-B

4.6.2.1. CCD-18Co cytoplasmic changes

Overall, only minor alterations in the cytoplasmic fractions upon treatment
could be observed one day, as well as one week after treatment, respectively (Figure
36). The only significantly regulated protein to be identified during the analysis is
S100A7 in the cytoplasmic fraction one day after TGF- treatment. S100A7 was
identified in all cytoplasmic fractions obtained one day after treatment, with the
highest abundance levels present in the control samples. One week post treatment
S100A7 levels were comparable among the different treatment conditions, while still
being slightly higher in the control samples and one of the TGF-§ treated samples
(Figure 35). Overall, the expression of S100A7 is fluctuating and highly individual
even in between the replicates. SIO0A7 could also be identified in all of the supernatant
fractions. SI00A7 — also known as Psoriasin - is a member of the S100 proteins, which
are a group of calcium binding signaling proteins. Psoriasin is reported to be involved
in wound healing, possessing antibacterial properties [124]. SI00A7 levels have been
reported to be elevated during inflammatory diseases, also in the case of IBD [125].
Our data show that S100A7 derived from fibroblasts/myofibroblasts is slightly
downregulated in an inflammatory environment, showing that these cells might not

contribute to elevated S100A7 levels in IBD.
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Cytoplasmic fractions one day after treatment
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Figure 36 Volcano plots showing differentially regulated proteins in the cytoplasmic fractions one day and
one week post treatment with IL-1b and TGF-b; FDR=0.01, So=2

An increase in PTGS2 (prostaglandin G/H synthase 2) levels is noticeable in
IL-1P treated cells one day post treatment. The protein COX-2, encoded by the PTGS2
gene, is relevant in inflammation and has, in several studies, been reported to be
elevated during active inflammation [126]. Through the production of prostaglandins,

it mediates pain and triggers inflammation processes in the host. Seeing that the levels
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of PTGS2 are slightly elevated in IL-1p treated CCD-18Co cells, this might indicate,
that fibroblasts/myofibroblasts in the inflammatory environment contribute to the
release of prostaglandins and thereby support an ongoing inflammation. However, to
verify this hypothesis, levels of prostaglandins in the secretome post IL-1R treatment
would have to be assessed. BID was noted to be differentially regulated, one week
after treatment with IL-18. When evaluating the data in more detail, it could be
assessed, that BID was not identified in any of the cytoplasmic fractions treated with
IL-1B one day post treatment (Figure 37). BID is a pro-apoptotic protein, activated
by caspase 8, which can form pores in mitochondrial membranes, upon interaction
with BAX (apoptosis regulator BAX), leading to the release of cytochrome c. For the

survival of myofibroblasts, the ratio between pro- and antiapoptotic proteins, as well
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Figure 37 BAX, BID and CYC1 levels in the cytoplasmic fractions of IL-1b treated cells one day and

one week post treatment

73



as apoptotic inhibitors (e.g. BCL2) is crucial.[127] BID levels in the supernatants one
day post treatment are consistent throughout the different treatment conditions.
NDUFA12 levels are decreased in the cytoplasmic fractions of cells that had
previously been treated with TGF-f one week after treatment. NDUFA12 levels are
inconsistent throughout the cytoplasmic fractions one day post treatment. NDUFA12
is a NADH dehydrogenase and part of the mitochondrial membrane respiratory chain
complex 1, involved in oxidative phosphorylation. Deletion of NDUFA12 has been

shown to reduce complex 1 activity in HEK293T cells [128].

4.6.2.2. CCD-18Co secretome changes

The most notable secretome changes are to be observed in IL-1f treated cells,
one day after IL-1pB treatment (Figure 38). TGF-B treated cells show no significant
alterations in their secretome profiles one day after treatment. As problems occurred
during the sample preparation of supernatant samples of TGF-f3 treated cells one week

post treatment, only two replicates were included in this analysis.
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Figure 38 Secretome changes one day post IL-1b and TGF-b treatment; FDR=0.01, So=2
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Secretome changes one day post IL-1B treatment
IL-1B treatment of CCD-18Co cells induces significant changes in the secretome
of these cells. The colonic fibroblasts/myofibroblasts show a strong neutrophil-

chemotactic response to IL-1B treatment shortly after the stimulus (Table 6).

Table 6 List of differentially regulated proteins in the secretome of IL-1b treated cells one day post treatment

Gene names p-value Difference Protein names

CXCLS8 0,01*10° 10.11 Interleukin-8

CXCL1 0,30%10® 8.90 Growth-regulated alpha protein
IL6 0,30*10° 8.36 Interleukin-6

CXCL5 0,07*10 8.08 C-X-C motif chemokine 5

CXCL6 1,47*%10°3 6.43 C-X-C motif chemokine 6
ELN 0,10*10° 6.38 Elastin

CXCL10 0,03*10* 5.88 C-X-C motif chemokine 10
CFB 0,45*10° 5.80 Complement factor B

SAAL:SAAD 0.04*10 519 Serum amyloid A-1 protein;Amyloid
’ ’ protein A

CXCLS8 was identified in the cytoplasmic fraction of IL-1P treated cells one
day post treatment, as well as in the supernatant of these cells. The protein was also
found in one out of three control samples one week after treatment, in one out of three
supernatants of the TGF-f treated cells one day post treatment and in one out of
three replicates of the supernatants one week post IL-1B treatment. CXCLS8 — also
known as interleukin-8 — is one of the strongest chemoattractants for neutrophils,
involved in leading neutrophils to sites of injury is known to be upregulated during
inflammation [129]. CXCL1 was identified in both, the supernatant of TGF-f treated
and IL-1P treated cells, as well as in two out of three supernatants of control cells. The
levels of CXCL1 were the highest in IL-1p treated cells. CXCL1 was also identified in
two out of three supernatants of control samples one week after treatment and all of
the supernatants of IL-1B and TGF- treated cells one week post treatment. The
chemokine CXCLI1 is an important part of the immune response, as it aids in the

recruitment, as well as the activation of neutrophils.[130] IL6 was identified in all
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supernatants of TGF-p and IL-1p treated cells one week and one day post treatment,
as well as in one out the three control supernatants one week post treatment. It was
not identified in any of the cytoplasmic fractions. IL6 has previously been shown to
induce alpha-smooth muscle actin in fibroblasts, hereby inducing the differentiation of
myofibroblasts from fibroblasts, which is a crucial process for wound healing.[131]
CXCL5 was only identified in the supernatant of IL-1B treated cells one day post
treatment. CXCL5 is a protein, involved in CXCR2 mediated neutrophil trafficking,
suggested to be involved in the neutrophil homeostasis, as CXCL5 deficient mice have
shown to accumulate neutrophils in their bone marrow [132]. CXCL6 could only be
identified in secretome samples. The protein was identified in all supernatants of IL-
1B treated cells one day post treatment, as well as in one out of the three replicates of
TGF-B treated cell-supernatants. One week post treatment it was only identified in
one out of the three supernatants of IL-1p treated cells. CXCL6 is — similar to other
C-X-C motif proteins — involved in neutrophil activation and possesses bactericidal
properties [133]. Elastin (ELN) was only detected in supernatants of IL-1p and TGF-
B treated cells, one day post treatment, with the highest levels being secreted by IL-
1B treated cells. The protein is important for connective tissue homeostasis [134], our
data suggest that the production is stimulus dependent as it was not to be identified
in any supernatants one week post treatment. CXCL10, a chemokine involved in the
direction of activated T cells to areas of inflammation [135], was only present in the
supernatants of 1L-1p treated cells, one day after treatment and in one out of two
supernatants one week post TGF-f treatment. CFB was only identified in
supernatants of IL-1B and TGF-B treated cells one day post treatment and one out of
three supernatants of IL-1p treated cells one week after treatment. The secretion of
CFB has been shown to be stimulus, as well as dose and time-dependent [136].
Complement factor B (CFB) is part of the complement system, which consists of

different proteins, crucial for the innate immune response [137]. SAA1/SAA2 was
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detected in supernatants of cells previously being treated with IL-1f one day after
treatment, as well as in one out of three control supernatants, one out of three
supernatants of IL-1p treated cells and both supernatants of TGF- treated cells one
week after treatment. As only one unique peptide was detected for this protein, it
could not be determined whether SAA1 or SAA2 was present. Both proteins are acute
phase proteins, considered as marker proteins for inflammation and infection. SAA

proteins act as chemoattractants for neutrophils and T-cells [138].

Secretome changes one day post TGF-B treatment

One of the most differentially regulated proteins to be identified in supernatants
of TGF-B treated cells one day after treatment was ADAM19. ADAM19 was found
in all supernatants one day post treatment with the lowest levels having been measured
in control samples and the highest in supernatants of TGF-f3 treated cells. The protein
was also identified in one out of three control-supernatants one week after treatment.
ADAM19 is important for cell and tissue development [139] and has also been reported

to be implicated in the development of mesenchymal cells.

4.6.3. Comparison of CCD-18Co one day and one week post treatment

4.6.3.1. Cytoplasmic fractions

In general, significant changes were noticeable when comparing cells one day
and one week post treatment (Figure 39). Interestingly, also in control samples drastic
changes were noticed. In total, 789 out of 3,735 proteins identified in the cytoplasmic
fractions of control samples were differentially regulated, 819/3,735 proteins were
differentially regulated in IL-1B treated and 724/3,735 in TGF-B treated samples.
591/819 of differentially regulated proteins after IL-1p treatment were shared with the

differentially regulated proteins in control samples and 529/724 were shared between
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Cytoplasmic fractions one week vs one day post treatment
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Figure 39 Volcano plots showing differentially regulated cytoplasmic proteins between one day and one week
post treatment; FDR=0.01, Sy=2

the TGF-B treated cells and the control samples. A total of 156 proteins for IL-1f
treated cells and 63 for TGF- treated cells were unique. Gene ontology term
(biological process) based network analyses revealed that downregulated proteins in
control samples are involved in metabolic processes, protein localization, membrane
organization and also macromolecule catabolic processes (Figure 40). Upregulated
proteins in the cytoplasmic fractions of control samples are involved in intracellular
transport, metabolic and biosynthetic processes, involving organonitrogen compounds,

vesicle mediated transport, cellular component organization and other processes

(Figure 41).
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Figure 40 Biological processes downregulated in control samples one week after treatment in comparison to one
day after treatment
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Figure 41 Biological processes upregulated in control samples one week after treatment in comparison to one

day after treatment

The analysis of up- and downregulated proteins when comparing cytoplasmic
fractions of cells one day and one week post IL-1B treatment yielded similar results,
which was expected, taking into account that 72% of differentially regulated proteins
are shared between the control and the IL-1p treated cells. Downregulated processes

involved the intracellular transport, as well as cytokine mediated signaling pathways,
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Figure 42 Biological processes downregulated in IL-1b treated samples one week after treatment in comparison

to one day after treatment

79



peptide metabolic processes, regulation of organelle organization, membrane
organization, exocytosis, negative regulation of cell death and others (Figure 42).

The analysis of upregulated proteins showed their involvement in intracellular
transport, organonitrogen compound biosynthetic and metabolic processes, small
molecule metabolic processes, cellular response to chemical stimulus, anatomical

structure morphogenesis and other processes (Figure 43).
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Figure 43 Biological processes upregulated in IL-1b treated samples one week after treatment in comparison to

one day after treatment

GO term analysis of the downregulated proteins in TGF-f treated cells showed
their involvement in regulated exocytosis, positive regulation of cell death, peptide
metabolic processes, membrane organization, regulation of cellular localization,
intracellular transport and others (Figure 44). For this analysis, 454 downregulated
proteins were used. The analysis of upregulated proteins revealed the upregulation of
intracellular transport, as well as small molecule metabolic processes, vesicle mediated

transport, organonitrogen compound biosynthetic processes and others (Figure 45).
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Figure 45 Biological processes upregulated in TGF-b treated samples one week after treatment in comparison to
one day after treatment

As many of the abovementioned processes down- or upregulated over the course
of one week post treatment were shared among the IL-1p, TGF-B as well as control

cells, a more detailed analysis showing only process which were not regulated in control

cells was performed as well.
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The analysis of proteins downregulated in IL-1p treated cells and not in control
cells showed that these proteins are involved in organonitrogen compound metabolic
processes, negative regulation of biological processes, cellular processes and response
to stimulus, among others (Figure 46). Upregulated processes involved organonitrogen
compound metabolic processes, regulation of biological processes, cellular component

organization and others (Figure 47).
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Figure 47 Biological processes upregulated in IL-1b treated cells; not shared with downregulated processes in
control samples
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Processes downregulated only in the cytoplasmic fractions of TGF-} treated
cells, not in the control cells, involved the positive regulation of cellular and biological
processes, localization, developmental processes and the cellular component
organization and biogenesis, among others (Figure 48). Upregulated processes included
organic substance metabolic processes, regulation of cellular processes and cellular

processes (Figure 49).
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Figure 49 Biological processes upregulated in TGF-b treated cells; not shared with upregulated processes in
control samples
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4.6.3.2. Supernatant fractions

All three comparisons reveal significant changes in the secreted proteome of
control samples, IL-1p treated samples and TGF-f treated samples when comparing
these samples with their counterpart samples one day post treatment (Figure 50).
Proteins, changing in abundance when comparing the IL-1B treated, as well as TGF-
B treated samples are often involved in the response to stimuli, which indicates, that
IL-1B, as well as TGF-B treatment induces acute proteome alterations that do not
persist when the stimulus arrests. Some of the protein regulations are shared among
the different groups, such as the downregulation of APOC3, TMSB10, CDH2, BASP1
and the upregulation of RPL18A, HSPA9, LIMCH1, COL6A2, LAMB4 and PCSKG6.
APOC3 (Apolipoprotein C-III) was not identified in any cell fractions one day post
treatment and was absent in nearly all fractions one week post treatment, except for
the supernatant of one of the IL-1f treated cells. TMSB10 (Thymosin beta-10) was
only found in the supernatant fractions one day post treatment, as well as in one of
the supernatants of TGF- treated cells one week post treatment. TMSBI10 is
associated with growth and proliferation processes [140]. CDH2 was identified in all
supernatant fractions one day post treatment, however, only in one of the supernatants
of TGF-f treated samples one week post treatment. CDH11 was exclusively identified
in two out of three supernatants of the control samples one week post treatment. The
downregulation and concurrent upregulation of CDH11 is a process, which is critical
for adaption of a pro-fibrotic phenotype in myofibroblasts [141]. RPL18A (60S
ribosomal protein L.18a) was only identified in the supernatant fractions one week post
treatment. The protein was also present in all cytoplasmic fractions, with slightly
higher abundance in all fractions one week after treatment. HSP A9 (Stress-70 protein,
mitochondrial; mortalin) was present in all supernatant fractions, showed higher
abundance, however, in the supernatant fractions one week post treatment. The

protein was also present in all cytoplasmic fractions with reverse abundance ratios: its

84



abundance was higher one day post treatment when compared to one week post
treatment. Mortalin is a protein involved in the cellular response to stress and its
upregulation has been reported to have protective and anti-apoptotic functions [142].
LIMCH1 (LIM and calponin homology domains-containing protein 1) was identified
in all cytoplasmic fractions with higher expression levels one week post treatment. In
the supernatant fractions, the protein was only identified one week after treatment
and was present in all different treatment conditions. LIMCH1 is involved in the
formation of actin stress fibers, which regulate cell migration and morphology [143].
LAMB4 (Laminin subunit beta-4) was identified in all 3 control sample supernatants,
one out of three supernatants of IL-1p treated cells and one out of three supernatants
of TGF-B treated cells one day post treatment. It was identified in all supernatants
one week post treatment. LAMB4 was not found in any of the cytoplasmic fractions.
PCSK6 (Proprotein convertase subtilisin/kexin type 6) was exclusively identified in
supernatants one week post treatment.

Supernatants one week vs one day post treatment
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Figure 50 Volcano plots showing differentially regulated secreted proteins between one day and one week post
treatment, FDR=0.01, Sp=2
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Downregulated processes of the secreted proteins one week post IL-1B treatment
in comparison to secreted proteins one day post IL-1p treatment are involved in the
negative regulation of biological processes, as well as the regulation of biological
processes, cellular processes, cellular compartment organization, establishment of
localization, among others (Figure 51). Upregulated proteins are involved in the
regulation of biological processes, cellular processes, response to stimuli and

organonitrogen compound metabolic processes (Figure 52).
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Figure 52 Biological processes in which upregulated proteins of the secretome fractions between one week and
one day after IL-1b treatment are involved in
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Secreted proteins which decreased in abundance one week after TGF-B
stimulation in comparison to one day after stimulation are involved in cellular
component organization or biogenesis, establishment of localization, biological
regulation, primary metabolic processes, response to stimulus and cellular processes
(Figure 53). Secreted proteins which increased in abundance one week after treatment
are involved in protein metabolic processes, response to stimulus, cellular processes,
localization, negative regulation of biological processes, as well as multicellular

organismal processes (Figure 54).
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5. Conclusions and outlook

The analysis of proteomic alterations in patients with active ulcerative colitis
showed that a plethora of processes is altered during inflammation. Overall, the mucus
layer and hence the intestinal barrier function is impaired, leading to a deprotected
epithelium and the facilitation of the entering of bacteria and bacterial products which
are able to attack the cells present in the epithelium. Together with an increased
population of sulfate reducing bacteria which has been proposed to occur in the rectum
itself and even more so in patients with active UC this leads to further destruction of
the protective layers above the epithelium. Our data also suggests an impaired H.S
metabolism during inflammation, which deteriorates the patients’ ability to cope with
increased H.S levels. Entry of bacterial products induces an immune response in the
host, leading to recruitment of neutrophils and other cells of the immune system as a
defense mechanism against these bacteria. Neutrophils are known to generate reactive
oxygen species as well as secrete IL-13 which has been shown in the in vitro study

performed on CCD-18Co myofibroblasts/fibroblasts to induce the secretion of
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Figure 55 Neutrophil recruitment by fibroblasts/myofibroblasts
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neutrophil-chemoattractive as well as neutrophil-chemotactic proteins that lead to the
recruitment of more neutrophils to the site of inflammation. Together with the
increased secretion of extracellular matrix degrading proteins the migration of
neutrophils into the lamina propria and crypt region becomes facilitated. The
recruitment of more neutrophils leads to the production of even more ROS and,
therefore, to further tissue and cell disruption, altogether ending in a feedback-loop
and uncontrolled, as well as excessive recruitment of neutrophils. Overall, the
combination of the in vitro analysis of inflammatorily stimulated CCD-18Co cells, as
well as the analysis of colonic biopsy specimen could suggest that
myfibroblasts/fibroblasts would contribute to the disease progression and possibly also
to the prolonged persistence of inflammation in patients with active ulcerative colitis.
Their response to IL-1B which is a common inflammatory protein leads to a very
obvious neutrophil chemoattractive response, which could explain in part the

phenotype of ulcerative colitis.
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Figure 56 Hypothesis of the contribution of fibroblasts/myofibroblasts to the disease phenotype and progression
of ulcerative colitis
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The plasma proteome and eicosanoid analyses led to heterogenous results, possibly due
to the fact that plasma is a systemic acting substance in the body, not always
indicative of processes restricted to a single part of the human body sometimes
concentrated to only a very small area of said body part. Local analyses of eicosanoids
in biopsy specimen could lead to more concrete results. Further studies, including more
patients as well as primary cultures of fibroblasts/myofibroblasts from patients
suffering from the disease and additional treatment with IL-1f would be helpful for
the validations of the findings of this project. Also, IL-1B levels would have to be

assessed to confirm the proposed hypothesis.
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6. Supplementary information

6.1. Patient medication and CRP levels

Table 7 Patient medication, CRP and calprotectin levels, dates of blood, stool and biopsy sampling; calprotectin

levels not correlating with inflammation severity due to date of stool sampling are highlighted in orange

Pat Date of Date of CRP Date of Fecal
Nr. Medication biopsy blood Blood stool calprotectin
excision sampling [mg/L] sampling [ng/g]
4 12,5 mg Prednisolone 12.12.18  12.12.18 63.2 17.12.18 815
Mezavant 500 mg,
1 Inflectra (100 mg, 06.12.18  06.12.18 8.9 05.12.18 757
27.11.18)
Urbason 6 mg, Entyvio
0 29.11.18  29.11.18 4.9
(300 mg, 15.11.18)
Mesagran 1000 mg,
Cortiment 9 mg,
7 i 21.03.19  21.03.19 0.3
Femoston conti,
Furadantin retard
3 Mezavant 2400 mg 06.12.18  06.12.18 1.2 10.12.18 482
6 Cortiment 9 mg 21.03.19  21.03.19 1 11.01.19 403

6.2. Results of histo-pathological evaluation of colonic biopsies

PO

Colon ascendens - normal, goblet cells regular

Colon transversum (prozimal) colon mucosa with slightly altered crypt architecture,
crypts dissociated, regular goblet cell distribution, lamina propria slightly fibrotic and
broadened, inflammatory infiltration visible, no crypt abscesses, ulcers or epithelioid
cell granuloma

Colon transversum (distal) — similar to proximal transversum, a little more
inflammatory infiltration, more eosinophil granulocytes

Colon descendens — altered crypt architecture, crypts dissociated, reduced goblet cell
count, lamina propria broadened, more granulocytes, small crypt abscess, leukocyte
extravasation
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Colon sigmoideum — partly regular crypt architecture, partly dissociated, in some parts
low goblet cell count, in some regular count, lamina propria partly with intensive
inflammatory infiltration, leukocyte extravasation

Rectum - Colon mucosa with altered crypt architecture, crypts dissociated, reactive
alterations in crypt and surface epithelium, leukocyte extravasation in many crypts,

lamina propria inflammatorily infiltrated by different cells
P1

Colon dscendens, transversum — intact surface epithelium, crypt architecture distorted,
edema in lamina propria, inflammatory infiltration, no leukocyte extravasation,
fibrotic

Colon descendens, colon sigmoideum, rectum — rudimentary colonic mucosa, crypts
irregular; epithelium: increased mitosis, reactive nucleus alterations; lamina propria
partly scarred, leukocyte infiltration, crypt abscesses, necrotic parts of ulcers,
regeneration of epithelium noticeable

P3

Colon ascendens, transversum — slightly distorted crypt architecture, in part shortened
and elongated, in part branched, lamina propria broadened, dense cell population
(lymphocytes and plasma cells, some granulocytes), leukocyte extravasation,
lymphocytic aggregates

Colon descendens, sigmoideum — slightly distorted crypt architecture, mucosal edema,
lamina propria shows chronic inflammatory cell infiltration (eosinophils, granulocytes
— invading surface epithelium via basal membrane)

Rectum — slightly distorted crypt architecture, scarred lamina propria with

inflammatory infiltration
P4

Colon ascendens, transversum — regular crypt architecture, regular goblet cell
distribution, subepithelial basement membrane and lamina propria without
inflammatory infiltration

Colon descendens, colon sigmideum, rectum — some surface erosions and ulcers, slightly
distorted crypt architecture, crypts abnormally elongated, some crypts lateral to colon
lumen, lamina propria with very dense cell population (lymphocytes, plasma cells,
inflammatory cells), inflammatory cells infiltrate crypt epithelium, some crypt

abscesses, leukocyte extravasation
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P6

Colon ascendens, transversum, descendens, sigmoideum — slightly altered crypt
architecture, Paneth cell metaplasia in some crypt bases, some crypts elongated,
lamina propria edema, loosened, in part dense inflammatory cell population, many
eosinophil granulocytes, small lymphoid cell aggregations, no epithelial distortion,
epithelium in part infiltrated by lymphocytes, epithelial very slightly inflammatorily
altered, no neutrophils visible

Rectum — altered crypt architecture, crypts irregularly altered, many Paneth cells,
lamina propria edematous, infiltrated by neutrophils and eosinophils, epithelium

inflammatory state, lymphoid cell aggregates in stroma

P7

Colon ascendens, transversum, descendens, sigmoideum — regular crypt architecture,
no epithelial alterations, basement membrane normal, small edema in lamina propria
Rectum — erosions, plasmacytosis, reparative alterations, crypt architecture distorted,
eosinophils and neutrophils, surface epithelium altered
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6.3.

Eicosanoids without significant abundance differences
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Figure 57 Plasma eicosanoids not showing significant abundance changes
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6.4. Eicosanoids QQ-Plots
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Figure 58 QQ Plots indicative of normal distribution of eicosanoid levels in patient and control samples
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