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A. Introduction and aim of the study

Al. Epidemiology of Inflammatory Bowel Disease

Inflammatory Bowel Disease (IBD) comprises two idiopathic relapsing and remitting
disorders of the gastrointestinal tract, Ulcerative Colitis (UC) and Crohn’s Disease (CD).
Over recent decades, the incidence of IBD has been steadily increasing, in some locations
more than others varying by geographic location. Combined, UC and CD, affect more than
5 million people worldwide, with approximately 1.4 million in USA and 3 million in
Europe. Both adult and pediatric-onset IBD new cases are reported worldwide especially in
previous low-incident regions (Figure 1) such as Africa, Asia, South America and South-
eastern Europe'. This increasing prevalence of IBD can be partially attributed to longer life

expectancy.

Incidence group

|:| Low

[[] Low with increase
|:| Medium
B High

D No data

Figure 1 Worldwide incidence of IBD?

The highest incidences of IBD have been reported in North America, the United Kingdom
and Northern Europe, with the highest incidence in the world being reported in Faroe
Islands®. Such high incidences may indicate common etiologic factors, in these regions at
least. There seems to be a north-to-south gradient with higher incidence rates of both CD
and UC in northern locations compared with southern ones. Also, the incidence of UC is
greater than that of CD, except in Canada and several areas of Europe, including

Northwest Greece™*, although this has been changing over the past decades.
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In Europe in particular, there is an incidence grade from North to South and East to West,
with the highest incidence rate reported in North-West Europe, especially in Faroe Islands

as mentioned above’ (Figure 2).

Center
Tiris
Chisinau
Moscow
Zagreb
South Bohemia
Kaunas
loanninia
Southem Estonia
Northem Italy
Val de Sousa
Nicosia

. Pragus

Lowest incidence

Aarhus

Heming

Herlev

Veszprem province
Greenland

Viborg

Pirkanmaa

Orebro

Iceland

Funen

Highest incidence

Linksping

s Faroe Islands

Figure 2 Incidence of IBD in Europe’

Moreover, IBD have some distinct demographic features (age of onset, sex, race and
ethnicity) attributing to different incidence rates among these subgroups. Although IBD
can occur at any age, the age of onset of IBD patients is between 15 and 30 years, with UC
patients being diagnosed in their 30s and 40s and CD patients in general between 20 and
30 years of age. In addition, there is a possible second peak between 50 and 80 years of
age. It is not clear whether this second peak relates to greater susceptibility to disease with
older age, the late expression of an earlier environmental exposure, or higher rates of
health care utilization in older persons'. Regarding sex, there are small differences among
IBD patients, with a slightly higher prevalence in female patients, especially in adult-onset
CD, and male predominance in UC. Concerning, race and ethnicity, there are substantial
differences in incidence rates, at some subgroups, even among high incidence populations.
For example, while New Zealand has one of the highest IBD incidences, native New

Zealanders (Aboriginals) have very low. Another well described paradigm is that of



Ashkenazi Jews with a very high incidence, compared to the Sephardic ones. Also, adult
Hispanic Americans and Asian Americans seem to have a lower prevalence of CD than
non-Hispanic whites. However, these ethnic and racial differences may be related to
environmental and lifestyle factors as well as due to underlying genetic differences; yet it
is remarkable the fact that when individuals migrate to other areas, they tend to adjust to

the local incidence rates®.

Finally, our area of study, North-West (NW) Greece, has remarkable characteristics
compared to other Greek regions as has been previously reported’. It used to be a secluded
area where population migration was limited which might have played a crucial role in
shaping the genetic pool composition. Exceptional in this area is the continuous low
incidence of CD compared to UC, despite the phenomenal rise of CD’s incidence in the

past few years".






A2. Clinical presentation of Inflammatory Bowel Disease
Inflammatory Bowel Disease are diseases of the gastrointestinal tract. Despite a substantial
overlap, the two disorders, CD and UC, have different pathologic and clinical

characteristics (Figure 3).

Ulcerative colitis

Crohn's disease

Clinical features

Haematochezia Common Rare
Passage of mucus or pus Common Rare
Small-bowel disease No (except backwash ileitis)  Yes
Can affect upper-gastrointestinal tract No Yes

Abdominal mass Rare Sometimes in right lower
quadrant

Extraintestinal manifestations Common Common

Small-bowel obstruction Rarely Common

Colonic obstruction Rarely Common

Fistulas and perianal disease No Common

Biochemical features

Anti-neutrophil cytoplasmic antibodies Common Rarely

Anti-saccharomyces cerevisiae antibodies  Rarely Common

Pathological features

Transmural mucosal inflammation No Yes

Distorted crypt architecture Yes Uncommon

Cryptitis and crypt abscesses Yes Yes

Granulomas No Yes, but rarely in mucosal biopsies

Fissures and skip lesions Rarely Common

Figure 3 Differential diagnosis of UC and CD’

Ulcerative colitis: Ulcerative colitis is a chronic inflammatory condition characterized by
relapsing and remitting episodes of inflammation limited to the mucosal layer of the colon.
It usually begins in the rectum, and either remains there or spreads proximally in a
continuous fashion.

To describe the degree of large bowel involvement, different terms have been employed.
Montreal classification has classified UC depending on the anatomic extent of
involvement; thus, patients can be classified as having proctitis, left-sided colitis

(involving the sigmoid colon with or without involvement of the descending colon), or
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pancolitis. Occasionally, in severe pancolitis, the distal ileum is involved developing ileal
inflammation (“backwash ileitis”), which may complicate the differentiation from CD
ileocolitis®.

In detail, Montreal classification categorizes UC patients in three subgroups:

e E1 - Ulcerative proctitis: Involvement limited to the rectum (that is, proximal extent of
inflammation is distal to the rectosigmoid junction)

e E2- Left sided UC (distal UC): Involvement limited to a proportion of the colorectum
distal to the splenic flexure

e E3 - Extensive UC (pancolitis): Involvement extends proximal to the splenic flexure

The severity of UC is generally classified endoscopically as mild, moderate, or severe

disease, according to Mayo Endoscopic Scoring of Ulcerative Colitis’ (Figure 4).

Mayo 0
normal mucosa or inactive disease

Mayo 1

mild activity (erythema,
decreased vascular pattern,
mild friability)

Mayo 2

moderate actlivity
(marked erythema,

lack of vascular pattern,
friability, erosions)

Mayo 3

severe activity
(spontaneous bleeding,
large ulcerations)

Figure 4 Mayo Endoscopic Scoring of Ulcerative Colitis’



The most common symptoms of ulcerative colitis are abdominal pain and cramping and
frequent diarrhea, often with blood, pus, or mucus in the stool. Other signs and symptoms
include nausea, loss of appetite, fatigue, and fevers. Chronic bleeding from the inflamed

and ulcerated intestinal tissue can cause anaemia'’.

Crohn’s disease: Crohn’s disease can affect any part of the gastrointestinal tract. Is
characterized by transmural inflammation and by segments of normal-appearing bowel
interrupted by areas of disease (skip lesions). The transmural inflammatory nature of CD
may lead to fibrosis and strictures and to obstructive clinical presentations that are not
typically seen in patients with UC. Transmural inflammation may also result in sinus
tracts, giving rise to micro-perforations and fistula formation. Crohn’s disease most
commonly involves the ileum and proximal colon; however, any part of the gastrointestinal
tract may be affected'’.

Montreal classification has classified CD depending on three different aspects; age at

. . . . 8
diagnosis, location and behaviour':

e Age at diagnosis:
o Albelow 16y
o A2between 17and 40y
o A3above40y
e Location:
o L1 ileal
o L2 colonic
o L3 ileocolonic
o L4 isolated upper disease (is a modifier that can be added to L1-L3 when
concomitant upper gastrointestinal disease is present)
e Behavior:
o BI non-stricturing, non-penetrating
o B2 stricturing
o B3 penetrating
o p perianal disease modifier (is added to B1-B3 when concomitant perianal

disease is present)



The clinical presentation of CD patients may be subtle and varies considerably. Is largely
dependent on the location of the disease, the intensity of the inflammation, and presence of
specific intestinal and extraintestinal complications and includes diarrhea, abdominal pain,

fever, clinical signs of bowel obstruction, as well as passage of blood or mucus or both’.

Moreover, both UC and CD can present with or develop during disease course many
systematic complications, called extra-intestinal manifestations (EIMs), involving the skin,
joints, eyes, kidneys or liver/biliary tree'' (Figure 5 and 6). Their occurrence can differ

among areas; considering NW Greece, EIMs are not rare especially in CD patients'?.

Sensorineural hearing loss

Pleuritis

Myocarditis

Primary sclerosing cholangitis or
overlap syndrome

Nephrolithiasis
Pancreatitis
Ankylosing spondylitis
Sacroileitis

Arthritis

Erythema nodosum
Pyoderma gangrenosum

Tendinitis

Figure 5 Extra-intestinal manifestations (EIMs) of IBD’



Sites Extraintestinal manifestations

Musculoskeletal
i + Arthritis: colitic type, ankylosing spondylitis, isolated joint involvement

* Hypertrophic osteoarthropathy: clubbing, periostitis

* Miscellaneous manifestations: osteoporosis, aseptic necrosis, polymyositis

Dermatologic and oral
« Reactive lesions: erythema nodosum, pyoderma gangrenosum, aphthous ulcers,

systems
necrotizingvasculitis
+ Specific lesions: fissures, fistulas, oral Crohn's disease, drug rashes
» Nutritional deficiencies: acrodermatitis enteropathica, purpura, glossitis, hair loss,
brittle nails
* Associated diseases: vitiligo, psoriasis, amyloidosis
Hepatopancreatobiliary
» Primary sclerosing cholangitis, bile-duct carcinoma
system

» Associated inflammation: autoimmune chronic active hepatitis, pericholangitis,

portal fibrosis, cirrhosis, granulomatous disease
* Metabolic manifestations: fatty liver, gallstones associated with ileal Crohn's

disease

Ocular system
» Ubveitis/iritis, episcleritis, scleromalacia, corneal ulcers, retinal vascular disease

Metabolic system
* Growth retardation in children and adolescents, delayed sexual maturation

Renal system
¢ Calcium oxalate stones

Figure 6 Extra intestinal manifestations of IBD"!
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A3. Etiopathogenesis of Inflammatory Bowel Disease

Although the exact cause of IBD remains unknown, increasing epidemiological and
laboratory data suggest that it results from a delicate correlation among four overlapping
factors (Figure 7): genetic susceptibility, environmental factors (i.e. diet, smoking,
infectious disease), immune response (innate and adaptive) and gut microbiota'>'*, While
both Ulcerative Colitis and Crohn’s Disease are classified under the IBD flag, genetic and

other predisposing factors may differ significantly between the two.

Gut microbiota

Genetic Host immune
predisposition IBD response

Environmental triggers

Figure 7 Inflammatory Bowel Disease Pathogenesis

A3.1 Genetics

Scientists’ focus is placed upon genetics not only for the understanding of the
etiopathogenesis of IBD, but also for improving its treatment and course. Numerous
studies have demonstrated the vital role of genetic susceptibility in the development of
IBD"™, however, due to the genetic complexity of the disease, a single gene trait alone
cannot elucidate the pathogenesis of it. Thoughts are, that CD and UC, are likely to be

related, heterogenous, polygenic disorders sharing some but not all susceptibility loci and
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there is no single Mendelian pattern of inheritance for neither of the two IBD forms'>™'®. It

is established knowledge that the variant phenotype of IBD is a result of delicate gene-
gene, or even between allelic variants, and environment-gene interactions' ",

Ethnic and familial factors: Incidence of IBD among family members is consistently observed
allowing one to think that there must be a strong genetic context relating to the pathogenesis of
the disease”'. Studies have shown that the most distinct risk factor of IBD occurrence is having
an affected relative™. In first-degree relatives, the frequency of IBD can be more than a third,
especially among twins™, and also tends to be higher in CD rather than UC, thus genetic
factors appear to play a more important role in CD than UC". Studies have shown that around
15% of CD patients have an affected family member®*. What is more, there is a high rate of
concordance for IBD in monozygotic twins, again particularly in CD*. Twin studies have
demonstrated 50% concordance to monozygotic twins compared to less than 10% in
dizygotic®. Moreover, evidence such as the higher prevalence of IBD in Ashkenazi than
Sephardic Jews>' and in Northern Europeans than in Southern®’, further reinforce the genetic
substrate of the disease”, suggesting that, in some subgroups, genetic factors may play a more
crucial role. Newer evidence have attributed those differences in the presence of higher IBD
risk alleles and more in absolute number among the affected subgroups™.

Genetic studies: To date, more than 200 risk loci have been identified, in a genome wide
scale, representing various pathways in IBD development™™'; while results from genetic
studies suggest that the two diseases are distinct, sharing some but not all susceptibility
genes/loci®®. What is more, not only which risk loci are present to the infected individual’s
genome, but also the number of those loci, seems to play a major role on the phenotype of
the disease’. For instance, mutations of the CARDI5 gene (R702W, G908R and
1007fsinsC) at the IBD 1 locus on chromosome 16 increase the risk of CD by fortyfold, if all
three mutations exist concurrently’~*. However, because CARDI5 mutations account for
only about 20-30% of cases worldwide (i.e. not linked with CD in Japanese patients), this
genetic risk factor is neither necessary not sufficient for the development of CD*. Thus, a
more complex interaction/correlation among several gene mutations that affect immune
response, defective colonic mucus, gut permeability and also how all these interact with the
gut microbiota, seems to play, as new studies suggest, a key role in the development,
phenotype and response to treatment of IBD*®. A wide range of scientific studies have been
deployed over the years in order to clarify the genetic role in the IBD entity. All the genes,

loci and polymorphisms that have been identified, despite their effect on the immune system,
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they can be divided into those who influence innate immunity, adaptive immunity,
autophagy, integrity of epithelial barrier, oxidative stress responsiveness and reaction with
microbes®. Linkage studies have firstly recognized and associated genetic loci with a
chromosome 16 locus®®, Genome-Wide Association Studies (GWAS) have helped to

identify numerous IBD susceptibility loci®*

, exome and whole exome sequencing have
elucidate the association of IBD and other diseases such as colorectal cancer*' and also have

helped in the diagnosis of rare IBD cases™.

A3.2 Environmental factors

Epidemiological and other evidence have identified a number of environmental factors that
may play a role in the etiopathogenesis of IBD (Figure 8); such as cigarette smoking,
dietary habits, specific infections, certain drugs, stress and appendicectomy as an

independent factor***.
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Figure 8 Environmental risk factors of IBD**
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Smoking: Smoking is perhaps the most important of the environmental factors, being
crucial for both UC and CD development and severity. Not only nicotine itself but other
substances as well, such as free radicals and CO, are involved in a complex mechanism of
effects aiming various targets, namely mucus layer, cytokine production, macrophage
function and microcirculation®™. A history of recent cessation of smoking is common in
patients presenting with UC for the first time, and nicotine patches seems to have a modest
therapeutic benefit. On the contrary, in CD, smoking increases the risk of relapse and of
surgery, while cessation improves the natural course of the disease’®. Nicotine and other
constitutes of tobacco smoke, and vaping as well, seem to have a variety of effects on the
inflammatory response and are under investigation of why are beneficial in patients with
UC yet harmful in those with CD*’.

Diet: 1t is logical to anticipate a connection between diet and IBD as the latter affects the
site of nutrient absorption. Gut microbiota research demonstrated the key role of proper
nutrition in the preservation of a healthy microbiome and how deviations from that can
have catastrophic effects in gut health causing various disorders, with IBD being among
them®®. Although, a strict cause-effect relation has not been proven yet, given the fact that
gut microbiota is unique in every individual, studies have shown that a “Westernized” type
of diet cause a prevalence of Bacteroides compared to an agrarian type of diet were the
Prevotella genus predominates’’ Moreover, specific diets have been used as treatments, for
example patients with active CD improve when their ordinary food is replaced by a liquid
formula diet, and they may deteriorate thereafter on the introduction of specific foods, such
as high-residue food that may cause bloating’.

Specific infections: The arguing of whether IBD is caused by an infectious pathogen or not,
is long lasting. Studies have failed to provide evidence of a single pathogen causing
inflammation. What is now widely accepted is that multiple infectious agents, along with
other etiological factors, contribute to IBD development. For example, despite its
resemblance to, and occasional onset after, infective diarrhea, there is no evidence that UC
is due to single infective agent. The possible roles of pathogenic E. coli and sulphate-
reducing bacteria are under investigation. Epidemiological, molecular biological and
serological research has suggested initiating roles for Mycobacterium paratuberculosis, the
measles virus and vaccination, and Listeria monocytogenes in the pathogenesis of CD, but

. . . . 1.52
available data are controversial and require further evaluation.”'”
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Drugs: Aspirin and nonsteroidal anti-inflammatory drugs (NSAIDs) have a well-
recognized effect in the gastrointestinal track. Though, an IBD onset or relapse triggering
effect has not been effectively validated, a dose-dependent, prolonged and frequent use of
NSAIDs, but not aspirin, has been demonstrated to increase the risk of UC and CD
development™. NSAIDs may precipitate a relapse of IBD perhaps as a result of inhibition
of the synthesis of cytoprotective prostaglandins. Antibiotics, secondary to changes in
enteric flora, increase the risk of IBD, with that being clearly demonstrated in child-onset
disease where antibiotic use within the first year of life is common among this patients**.
Moreover, the oral contraceptive pill has been associated epidemiologically in particular
with CD and when is stopped the risk of IBD development drops to that of the non-
exposed population.

Stress: Psychological stress is common in patients with IBD, particularly those with CD,
due to the unpleasant, chronic and intractable nature of their illness. It is possible,
however, that in some patients, stress may itself trigger pathogenesis or relapse of IBD.
Individuals who have low stress levels are shown to have a reduced risk of IBD onset™®.
Depression, anxiety and other situations of perceived stress, possibly play a key role in
disease deterioration. Although the use of antidepressants has been found to reduce the
number of IBD relapses, a Cochrane review demonstrated no benefit of psychological
interventions in IBD”’.

Appendectomy: Previous appendectomy is a protective factor against developing UC. It
has been suggested that T Iymphocytes in an inflamed appendix could trigger

inflammation in the more distal large bowel in genetically predisposed individuals.’®

A3.3 Immune response

The human immune system is of high complexity and still not completely understood.
Contributing to tissue damage in IBD, intestinal immune system incorporates all mucosal
immune cells as well as nonimmune cells, such as epithelial, mesenchymal and endothelial
cells. Both branches of immune response, innate and adaptive immunity (Figure 9),
contribute equally to the pathogenesis of IBD, having as effect a nonspecific inflammation
caused by massively produced proinflammatory cytokines and chemokines, such as IL-1,

IL-6, IL-8, TNF-a, TL1A and many others.”’
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Figure 9 Innate and adaptive immune system in IBDY

Adaptive immunity: Adaptive immunity has been long known to play a leading role in the
pathogenesis of intestinal inflammation in IBD (Figure 10). T-helper cells (Th) are of
major significance in mediation of adaptive immune system. Specifically, Thl cells
eliminate intracellular pathogens, Th2 cells protect against parasites and are mediating
allergic reactions and Th17 play a part in extracellular bacteria and fungi clearance®
When adaptive immune system is activated there is an increased production of mucosal
antibodies such as IgG), especially in UC patients, and a markedly increased work from
CD4" Th cells with raised levels of IL-12, IFN-y, TNF-a and IL-18 from Thl and IL-5 and
IL-13 from Th2 in CD and UC patients respectively. Also, a subset of T-helper cells, Th17,
whose differentiation is promoted by IL-23, are common in the mucosa of CD patients and
genetic variances of /L23R gene are associated with prevalence of the disease in this

patients®
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Figure 10 Adaptive immune system in IBD%

Innate immunity: Numerous recent genetic association studies have identified the role of
various innate immune response genes in IBD pathogenesis, mainly in CD and to a lesser
extent in UC. The first line of defense against any hostile stimulus is provided by innate
immune responses which are mediated by various immune cells such as macrophages,
neutrophils, monocytes and dendritic cells, and also nonimmune cells such as epithelial,
endothelial and mesenchymal cells. One of the first signs of intestinal inflammation is the
infiltration of gut mucosa and epithelium by neutrophils through impairment of epithelial
barrier function, oxidative stress and tissue damage and a continuation of the inflammation
due to multiple inflammatory mediators’ release®. Impaired function of epithelial barrier is
more prominent in UC patients, while autophagy, antimicrobial peptides production and
innate microbial sensing are of foremost importance in CD pathogenesis. In UC patients
carrying SNPs of epithelial barrier regulation genes, such as HNF4A4, CDHI1, GNAI2, LAMBI
and ECMI, the epithelial barrier is constituted defective with increased intestinal
permeability. In particular, polymorphisms of the ECMI gene (extracellular matrix protein-1,

a protein that is involved in epithelial barrier formation) can lead to tissue injury resulting in
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intestinal ulcers and scaring in UC patients”. Furthermore, NOD2 protein/CARDI5 gene
variants were the first to be recognized to play a major role in CD pathogenesis. When
bacteria enter the intestine, wild-type NOD2 protein activation leads to cytokine production
and clearance of bacteria®. On the other hand, autophagy is a process that mediates resistance
to intracellular pathogens and defects in that process have been associated with CD
pathogenesis. Mutations in ATGI6LI and IRGM genes are strongly associated with
autophagy dysregulation. Specifically, carrying of ATGI16L1 SNPs is associated with changes
in Paneth cells and goblet cells, a decreased ability to clear bacteria, and an increased
secretion of cytokines®. A typical case of innate immunity defectiveness, that contributes to
intestinal inflammation, is the reduced production of IL-10 and IL-12 (immunoregulatory
cytokines) from dendritic cells and excessive production of IL-1 and IL-6 (proinflammatory
cytokines) in CD patients carrying NOD?2 variants and ATG16L1 SNPs respectively.

Moreover, there is a close correlation between the adaptive and innate immune systems
which is attributed to dendritic cells who are responsible for T-cell activation which are

consequently activate the adaptive immune system.

A3.4 Gut microbiota

Gut microbiota is instituted at birth, but changes rapidly during the first year of life and then
usually remains fairly stable. Fluctuations may occur mainly due to environmental factors or in
disease. Such changes in the intestinal microbiota composition can affect homeostasis through
various signaling pathways, thus affecting the interactions between bacteria and the host
organism. Production and proper function of the gut’s antimicrobial proteins, as well as
epithelial, NK-T, Th17 and macrophage cells, are depended on the gut microbiota and the
ability of the organism to recognize and respond to this microbiota®” (Figure 11). Case-control
studies that have investigated the intestinal microbiota in both CD and UC patients at inflamed
and noninflamed segments, have shown that flora biodiversity is significantly reduced in fecal
microbiome in IBD patients compared to healthy individuals®®. What is more, the microbiota
in IBD patients is unstable than that in healthy individuals. In the healthy intestinal flora,
dominant phyla are the Firmicutes and Bacteroidetes which contribute to the production of
epithelial metabolic substrates. On the other hand, CD patients’ microbiota is characterized by
a relative lack of these phyla, and an over-representation of enterobacteria, while in UC
patients Escherichia coli predominates against Clostridium spp. In other words, in the inflamed

intestinal mucosa, anti-inflammatory bacteria are over-run by proinflammatory ones™.



Intestinal o QY 4
lumen Bacterium ——» ' ‘ '
Outer ot J & o L 4 LY L D o Q
mucus layer f Nl & QR * o Q " 4 o o= 3
| Y P PSA | ’ )
o st Antimicrobial " 4 _
pmuins .
Inner Mucin ®, ¢ m:l‘::lu * REG3 é \ m""Tw. % Subset u!
mucus IayET . o) II L/ s ke a-defensins
M:ell
Epithelial
barrier
Enterocyte Goblet cell , T ““ Mactonnere Paneth cell
\
l B cell
Lamir:a i O W - ’I oc
propria \ aall B cell
/
\\ , frr A NY E

S ~ ’
{eyer s patch

o A

/f—‘-

— O I Mesenteric lymph node
IL-10 11 s

"‘-—-—"

Figure 11 Host immune response to bacteria in IBD pathogenesis67

A3.5 Lessons from animal models

Animal models have provided valuable insights into the essential mechanisms responsible
for maintaining a well-balanced intestinal immune system and the underlying defects in the
gut-associated lymphoid tissue (GALT), all involved in the etiopathogenesis of IBD.
Animal “knock-out” models of genes that affect immune system function have revealed
that these immune defects can cause the development of mucosal inflammation. Results
driven from such studies have shown that the absence or impaired function of proteins or
cells involved in regulating the innate or adaptive immune system can cause mucosal
inflammation and also that there is a continuous interaction between host and intestinal
microbes, contributing to the protection or the inflammation of the intestinal mucosa®.

These animal models provide valuable information and can help in developing and testing

new therapeutic strategies.
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A4. Therapy and treatment of Inflammatory Bowel Disease

Therapy and treatment of IBD aims to induce and maintain disease remission as well as
ameliorate secondary effects, rather than aiming on modification or reversal of the underlying
etiopathogenesis. There are many drugs available for the treatment and maintenance of
remission of IBD, used as a standalone therapy or in combination, all depending on the
severity, extent and the extraintestinal involvement of the disease. Drugs that are routinely
used are corticosteroids, aminosalicylates (5-ASA), immunosuppressive agents, such as
azathioprine and 6-mercaptopurine and immunodulators (biologic agents) such as infliximab
and adalimumab. In some cases, other drugs that can be proven helpful are metronidazole and
broad-spectrum antibiotics, methotrexate, bismuth and arsenical salts and cholestyramine.
Although therapy protocols may exist, each patient’s treatment is individual and determined

by whether it’s CD or UC, the severity and extent as well as the presence of EIMs.””'

Ulcerative colitis: Treatment of UC is dependent upon severity and location of the disease.
It is common practice to start the treatment on a step-up manner; aminosalicylates as first-
line therapy and biologic agents as last.

For new cases of mild to moderate proctitis or left-sided UC and of pancolitis (Figure 12),
induction to therapy usually starts with 5-aminosalicylic (5-ASA); usually with oral or
rectal mesalazine and oral sulfasalazine’. Poor responders in 5-ASA are then treated with
oral corticosteroids (i.e. prednisone) for 4 weeks plus azathioprine/mercaptopurine in order
to induce remission. If again no response is achieved, hospitalization and intravenous
corticosteroids are the next step prior to entering into biologic treatment with anti-TNFa
agents (i.e. infliximab and adalimumab) and immunosuppressants like cyclosporine and

tacrolimus’’.
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Figure 12 Mild to moderate UC therapeutic management algorithm”

Moderate to severe or fulminant UC cases (Figure 13), along with 5-ASA, corticosteroids and

azathioprine/mercaptopurine treatment can also be treated with infliximab or adalimumab’®"%.
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When remission is achieved, maintenance of remission is managed with oral 5-ASA or
rectal 5-ASA for proctitis or left-sided cases. If, while on 5-ASA, relapse occurs then the
patients who are steroid-dependent and those with severe UC, azathioprine/mercaptopurine
are the drug of choice. Moreover, steroid-dependent patients can maintain remission with
infliximab which is steroid-sparing™.

Finally, when pharmaceutical treatments fail or an episode of fulminant UC occurs, surgery
can act as a last resort rescue therapy. It is reserved for severe and difficult to treat cases and
is indicated in life threatening emergencies as a definite solution of UC complications
(perforation, refractory rectal bleeding and toxic megacolon). Total colectomy with j-pouch

. . . . 4
formation is the surgical procedure of choice’*.

Crohn’s disease: Similar to UC, medical treatment for CD is approached depending on the

location of the disease (Figure 14).
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Figure 14 Therapeutic management of CD’

Mild to moderate Crohn’s disease is traditionally treated with 5-ASA. Sulfasalazine is an
effective agent for induction of remission in active disease, especially to those with colonic
involvement; though some patients may develop tolerance. Interestingly, mesalazine has
not been proven effective. Patients with ileal or right colonic involvement or both are
treated with budesonide, which markedly reduces side-effects of systemic corticosteroids
and has similar efficacy to prednisolone for the induction of remission in active CD.
Additionally, antibiotics fail to induce remission in active CD. In a top-up approach,
patients with mild to moderate CD who do not respond to sulfasalazine or budesonide, and
patients with moderate to severe disease are treated with oral prednisone. If again this
doesn’t prove effective, next step is azathioprine/mercaptopurine and methotrexate.
Patients with moderate to severe disease who fail to remit with sulfasalazine, budesonide,
conventional corticosteroids, and azathioprine/mercaptopurine or methotrexate can be
treated with infliximab or adalimumab. A newer approach in severe cases of CD, is a ‘top-

down’ strategy’ (Figure 15).
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Figure 15 Step-up and top-down therapy for CD patients”

As shown in Figure 14, maintenance of remission in CD patients is achieved with oral 5-
ASA and budesonide. Steroid dependent patients and those with moderate to severe
disease can be remain in remission with azathioprine/mercaptopurine, or methotrexate.
Infliximab and adalimumab are effective for maintenance of remission, steroid-sparing,
and mucosal healing in patients who are unable to maintain remission or who remain
steroid dependent despite treatment with azathioprine/mercaptopurine, or methotrexate’’.
Fistulising Crohn’s disease needs a diversified therapeutic approach (Figure 14). As first-
line treatment of fistulising CD is the use of antibiotics such as ciprofloxacin or
metronidazole, with second-line treatment the use of azathioprine/mercaptopurine. Patients
with refractory disease with no improvement with the abovementioned therapies are then
treated with infliximab or adalimumab®.

Finally, unlike ulcerative colitis, surgical treatment won’t cure Crohn’s disease; though it
might be necessary in order to achieve remission in refractory cases. Indications for colonic
CD cases are as for UC. Other indications are part or complete bowel obstruction due to fibro-
stenosis, abdominal abscesses and fistulas of various locations’. Post-operative maintenance

of remission is partially achieved with azathioprine/mercaptopurine and metronidazole’".
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AS. Genetics of Inflammatory Bowel Disease

Numerous observations to humans and animal models indicate significant genetic
susceptibility contributing to IBD development. To date, more than 200 susceptible loci
have been identified, in a genome wide scale, representing various pathways in IBD
development®™®. The majority of this loci is associated with both CD and UC and over
70% of them are also associated with other immunomediated diseases (i.e. ankylosing
spondylitis, psoriasis and celiac disease)®'***.

Family and twin studies have played the most compelling role in providing clinical
evidence of IBD’s heritability risk, suggesting also a more prominent role of genetic
factors in CD rather than UC®; IBD doesn’t appear to follow a Mendelian pattern of
inheritance. First-degree relatives of IBD patients are more likely to develop the disease
compared to the general population. Also, children whom their parents suffer from IBD
have a greater risk of developing the disease in earlier age®'. Furthermore, the heritable
pattern of IBD occurrence is also supported by the clinical features of the disease.
Concordance of the disease location and behavior among family members is described® .
On the other hand, animal studies, mainly on rodents, have shown that even one alteration
in any of the susceptible genes can lead to disease development (IBD-like syndromes),
while in humans there is a potential aggregation effect of several loci contributing to IBD
phenotypeg“’85 .

Analysis of the various genes involved in IBD pathogenesis as well as of the functional

properties of the proteins encoded by these genes, has assisted in identifying the pathways

involved in the pathogenesis of the disease (Figure 16).
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Figure 16 Inflammatory bowel disease susceptibility loci®

One of the first genes recognized to contribute in the development of CD is the CARD15
gene of the IBD1 locus on chromosome 16 which encodes for the NOD2 protein. NOD2
plays a crucial role in pathways involved in innate immunity responsible for recognizing
microbial products. There are many, up to 30, polymorphisms of the CARDI15 gene that
have been associated with CD and not UC, but only three (Arg702Trp, Gly908Arg and
Leuc1007insC) are the more common®®. Interestingly, IBD related CARD15 polymorphisms
are reported to impact CD occurrence only in European Caucasians populations, and are
completely absent in Chinese, Japanese and African-American populations implicating the
importance of ethnic variations in IBD development®’.

Another crucial pathway in the development of inflammation is the autophagy pathway. Its
role has been implicated in several immune-related processes that all potentially can
influence the pathogenesis of IBD including the elimination of intracellular microorganisms
(xenophagy), recycling of the intracellular organelles (mitophagy), antigen presentation,

secretion and vesicular trafficking and cytokine-based regulation of the inflammation®*™.
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Numerous autophagy-related genes have been identified to play a role in CD such as
ATGI16LI, DAP1, SMURF1, IRGM, LRRK2 and NOD?2 as well”’. One of the most related
risk alleles of the ATGI6L1 gene that is associated with CD development is the T300A
(rs2241880), which results in impairment of autophagy and antigen presentation. Both these
processes are enhanced by MDP (muramyl dipeptide) which is a bacterial ligament for
CARDI15/NOD2 receptor’’. That overlapping of these two genes suggests that these
pathways are integrated and defective in some patients with CD.

Additionally, adaptive immune genes are shown to have active involvement in IBD
pathogenesis. Genes involved in regulating the innate immunity pathway include /L23R,
IL12B, STAT3, JAK2, TNFSF15, TYK2, genes that regulate both IL-17 and 1L-23 receptors
which have been implicated for increased IBD risk, as well as genes that regulate IL-10
immune pathway (IL-10, STAT3, JAK2, and TYK?2) which is also implicated for having an
independently link to both CD and UC*.

Furthermore, epithelial barrier has crucial importance in the regulation of intestinal
homeostasis. A dysfunction of the barrier can result in a pronounced inflammatory response
resulting from the increased antigen translocation across the epithelium. It is established
knowledge that IBD patients have an increased intestinal permeability. Genes involved in the
regulation of epithelial barrier function have been associated with IBD risk, mainly with UC
and to a lesser extent with CD. Genes included in this group are OCTN2, ECMI, CDHI,
HNF4A4, LAMBI, GNA12 and DLGS5 (mainly in CD)*'. In addition, genes (i.e. XBPI) that
control Paneth cells function and ER stress have been identified in CD patients’".

Added to the above, genetic variants seems to influence disease location, behavior,
prognosis and the presence of EIMs. For instance, T300A variant of ATGI6L1 gene is
linked to predisposing to ileal CD*. CARDI15/NOD2 is linked with upper GI Crohn’s
disease, fibrostenosis and the need of surgery’. Genes related with EIMs include FcRL3,
HLADRB*103, HLAB*27, HLA-B*44, HLA-B*35°>".

Finally, it is clearly understood that no worldwide pattern exists concerning IBD genes and
associated polymorphisms. Studies across the globe have yielded controversial results.
Polymorphisms in genes, especially of those who regulate autophagy pathways, such as
ATGI6LI and CARDI5/NOD2 that play crucial part in IBD pathogenesis in some
populations (i.e. those of Northern European ancestry), at others do not (i.e. Japanese)®.
On the other hand, shared genes across populations do exist (i.e. TNFSF15, FCGR2A4, HLA

alleles)’™.
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AS5.1 ATG16L1 T300A (rs2241880)

Autophagy related 16 like 1 (ATG16L1) gene, which encodes for the ATG16L1 protein, is

located on chromosome 2 in position q37.1 (Figure 17).
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Figure 17 ATGI6LI gene position on Ch2q37.1%°

Two independent GWASSs identified ATGI16L1 as a susceptibility locus implicating the role
of autophagy in CD development but not UC'® "', ATGI6LI is a core autophagy protein
playing multiple roles in the immune system, including xenophagy, antigen presentation,
production and secretion of IL-1p. Dysregulation of the protein, due to genetic variants,

leads to CD-related processes'*%.

The best and most studied ATG16L1 genetics variant is rs2241880. It entails a threonine to
alanine substitution (T300A) and it is strongly associated with Crohn’s disease

development and especially with ileal involvement™. Many studies of different populations

103-105 106-108 of

confirm these findings , though controversies in ethnic variations do exist
note, is the confirmed association of the presence of rs2241880 along with two other SNPs,
156596075 of IBD5 gene and rs17221417 of CARD15. Coexistence of this three variants in
an individual increases the risk of CD development by 20fold”*. What is more, T300A has
been used in prognostic models to diagnose CD, to calculate CD risk, or differentiate CD

from UC as well IBD from IBS'®.
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A5.2 ECMI T130M (rs3737240) and G290S (rs13294)

Extracellular Matrix Protein 1 (ECMI) gene, which encodes for ECM1 protein, is located

in chromosome 1 in position 1g21.2 (Figure 18).
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Figure 18 ECMI gene position on Ch1q21.2”0

ECM!1 locus, unknown since 2008, was identified as a UC susceptibility gene but not for
CD®. ECMI protein is a secreted glycoprotein playing significant role in endothelial cell
growth and differentiation, angiogenesis, as well as intestinal epithelial homeostasis,
securing its cohesion. Dysregulation of the protein, due to genetic variants, leads to UC-

related processes, such as ulceration and scarring''".

Two variants of ECM]I gene are significantly associated with high risk of UC development;
rs3737240, a threonine to methionine substitution (T130M), and rs13294, a glycine to

serine substitution (G290S)®, though controversial reports exist here as well''?

. Again, as
with T300M (ATG16L1), these two UC-related variants have been employed in prognostic
models to diagnose UC, to calculate UC risk, or differentiate UC from CD as well as IBD

from IBS'?,

A5.3 Future challenges of IBD genetics

Over the past decades, a tremendous number of genetic studies have brought to light many
strong evidences of the genetic susceptibility in IBD development. However, the more
answer they yielded the more questions are posed. Although many of these identified IBD
loci have been correlated significantly in a disease-association manner, their importance in
sub-phenotypes and disease behavior are yet to be characterized. Fine mapping of the
approximately 230 known IBD susceptibility loci will help to determine how all these

contribute to disease risk. What is more, while up until now most of the studies were on
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population of European ancestry, studying the differences and the associations in different
ethnic groups will yield perplexing yet elucidating results. In addition, more accurate
genotype-phenotype studies through prognostic models, will enlighten clinician’s role in
predicting disease outcomes and response to treatment.

Nowadays studies are focusing on networking or clustering all these genetic variances
emphasizing on elucidating the functional complexities underlined. Although having now
gone beyond genetic association and linkage studies, with whole genome and whole exome
sequencing replacing them in the majority of the studies, scientist’s focus is upon the
impact of epigenetic alterations on disease occurrence.

Although epigenetics is an emerging field, its result adds extra complexity to the IBD
genetic substrate. It is anticipated that, similar to genetic studies, won’t address all issues,
but it will offer a great value of information for larger bioanalytical models that will
encompass all new and emerging IBD-related research fields (i.e. transcriptomics,

- .y 39,113
metagenomics and metabolomics).”™
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A6. Aim of the study

With this study, focusing mainly on the population of Northwest Greece, we aimed at
understanding the natural course of the disease, study the predisposing factors and related
genes in order to reveal underlying genetic associations and determine early clinical,
genetic and immunological predictors of outcome and response to treatment.

Our primary focus on achieving that was with evaluating if in our genotypic study
findings, a predictive and/or prognostic association with disease development or a specific
clinical phenotype exist and if these findings correlate with existing data from other
regions worldwide.

In particular, we studied 3 single nucleotide polymorphisms (SNPs) from 2 genes;
rs2241880 (T300A) of ATGI6LI gene and rs3737240 (T130M) and rs13294 (G290S) of
ECM]I gene. We genotyped all our study subjects (223 healthy volunteers and 205 IBD
patients) for all 3 aforementioned SNPs using the RT-PCR method. The obtained
genotypic results were then investigated for association with disease susceptibility as well

as for genotype-phenotype correlations.
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B. Materials and methods

B1. Study cohort

We recruited a total of 428 individuals. Of them, 205 were unrelated IBD patients (108 CD
patients and 97 UC patients) and 223 unrelated healthy blood donors (control group). All
IBD patients participating in the study were followed up at the Outpatient Clinic and the
Gastroenterology Department of the University Hospital of Ioannina, Greece and all the
healthy blood donors were attendees of the University Hospital of Ioannina’s Blood Bank.
All study subjects were originated from the NW Greece region and were of Caucasian

ethnicity (Figure 19).

Figure 19 North-western Greece (study region)

For all patients, along with whole blood samples (for DNA extraction), we collected
demographic and clinical data from the hospital’s registry. The data that were collected
included: current age and age at onset, type of diagnosis (CD or UC) and clinical details of
the disease (extent, severity, behaviour), presence and type of extra intestinal manifestations
(EIMs) or other autoimmune disease, history of appendicectomy, cholecystectomy and

tonsillectomy, and if they needed surgical operation for their disease.
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Diagnosis of either CD or UC was based on standard clinical, endoscopic, radiological, and

histological criteria''*'"

. Both CD phenotype (age at onset, disease location and behavior)
and UC phenotype (extent and severity) were determined according to the Montreal
Classification®. Presence of EIMs and/or other autoimmune disease was established by
relevant specialists.

For all healthy volunteers, along with whole blood samples (for DNA extraction), we
collected demographic and health-related data in a form of an interview. Recruitment of the
control group subjects was based on not having any gut or liver related disease.

All subjects were informed of the nature of the study and signed the informed consent form.

Demographic and clinical data of the study subjects are presented in Table 1 and Table 2.

Table 1 Demographic data of the study population

CD ucC CONTROL
Total number 108 97 223
Sex (male/female) 66/42 56/41 173/50
Age at data 41.7 £ 14.7 49.6 £ 16.6 383+£10.3
collection (mean, + (15-78) (18 — 86) (20— 71)
SD, range)
Age at diagnosis 327+ 134 39.3+14.7
(mean, £ SD, range) (13- 64) (15-83)
<16 6 (5.6%) 2 (2.1%)
17 - 40 76 (70.4%) 50 (51.5%)
>40 26 (24.1%) 45 (46.4%)
<16 6 (5.6%) 2 (2.1%)
>17 102 (94.4%) 95 (97.9%)
Smoking 50 (46.3%) 41 (42.3%)




Table 2 Clinical data of the study population
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CD UC
Disease Location
L1 - Ileal 33 (30.6%)
L2 - Colonic 32 (29.6%)
L3 - Ileocolitis 43 (39.8%)
L4 - Upper gastrointestinal 6 (5.6%)
Disease behavior
B1 - Nonstricturing, nonpenetrating 54 (50.0%)
B2 — Stricturing 22 (20.4%)
B3 — Penetrating 21 (19.4%)
B2 + B3 11 (10.2%)
p - Perianal disease 26 (24.1%)
UC extent
E1 — Ulcerative proctitis 10 (10.3%)

E2 — Left sided
E3 - Pancolitis

61 (62.9%)
26 (26.8%)

UC severity

Mild/Moderate 73 (75.3%)
Severe 24 (24.7%)
EIMs 67 (62%) 46 (47.4%)
1 EIM 37 (34.3%) 21 (21.6%)
>1 EIMs 30 (27.8%) 25 (25.8%)
Joint 45 (41.7%) 32 (33.0%)
Osteoporosis 18 (16.7%) 7 (7.2%)
Skin/Oral 26 (24.1%) 18 (18.6%)
Ocular 10 (9.3%) 10 (10.3%)
PSC 1 (0.9%) 2 (2.1%)
Vascular 2 (1.9%) 3 (3.1%)
Nephrolithiasis 5(4.6%) 5(5.2%)
Other autoimmune disease 6 (5.6%) 1 (1.0%)
Operated 16 (14.8%) 3 (3.1%)
anti-TNFa 63 (65.6%) 33 (34.4%)
Cholecystectomy 7 (6.5%) 6 (6.2%)
Appendicectomy 20 (18.5%) 11 (11.3%)
Tonsillectomy 16 (14.8%) 16 (16.5%)
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B2. Study protocol
The presented study was carried out at the Research Laboratory of Hepato-Gastroenterology,
Division of Gastroenterology, Faculty of Medicine School of Health Sciences, University of

Ioannina, loannina, Greece.

B2.1 Whole blood collection and DNA Extraction

Ten mL (10 mL) of whole blood from a peripheral vein was collected in standard EDTA
tubes from all IBD patients and healthy volunteers.

Genomic DNA was extracted from the whole blood samples with Nucleospin Blood XL kit
(Macherey-Nagel, Germany) according to the manufacturer’s protocol (available at

https://www.mnnet.com/Portals/8/attachments/Redakteure_Bio/Protocols/Genomic%20DNA/

UM_gDNABIod.pdf). No modifications of the protocol were necessary. Figure 20

demonstrates the protocol at a glance.

NucleoSpin®
Blood XL
10 mL blood =
500 pL Pro.K
10 mL BQ1
" \V/
- €S 75mieqe
56 °C 4,000')( g
10-15 min 2 min
10 mL ethanol QD 7.5 mL BQ2
4,000x g
10 min
Load 15 mL Drying is
performed during
H centrifugation of
the last washing
1
- step
gy 00np 5002000 pL
s min BE (70 °C)
Load 15 mL RT
of residue  min
QE 4,000x g 4,000 x
3 min © 5 min g

Figure 20 Nucleospin Blool XL protocol at a glance''s

Extracted DNA vyield as well as purification were calculated based on spectrophotometry
measured with NanoDrop™ [1000. Mean yield was 500ug with a mean concentration of 350-

400ng/uL and a mean Axeo280 ratio of 1.7-1.8 (Aaesonso: ratio of sample absorbance at 260 and
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280 nm. The ratio of absorbance at 260 and 280 nm is used to assess the purity of DNA. A
ratio of ~1.8 is generally accepted as “pure” for DNA). Afterwards, all DNA samples were
labelled accordingly (CD for Crohn’s Disease, UC for ulcerative colitis and CTRL for the

control group) and given a serial number. Then, samples were stored at -80° C for later use.

B2.2 Genotyping

Three SNPs of two genes were investigated in this study. Specifically, rs2241880
(T300A)'""7 of ATGI6LI gene and rs3737240 (T130M)'"® and rs13294 (G290S)'" of
ECM]1 gene. The selection of these genes and their respective polymorphisms was based
on current bibliography. Both genes and their aforementioned polymorphism are strongly
associated with IBD (ATGI6LI with CD and ECMI with UC)"**"?! and also, they have

been both used in screening and prognostic algorithms'®.

All DNA samples were prepared for genotyping using the KAPA PROBE FAST qPCR Kit
Master Mix (© Roche Sequencing). The preparation of the reaction specimen was based on

manufacturer’s protocol (available at https://www.sigmaaldrich.com/content/dam/sigma-

aldrich/docs/Roche/Datasheet/1/pfukbdat.pdf):

e The reaction components were: PCR-grade water (© Jena Biosciences), Mastermix
(Kapa Probe Fast qPCR kit, © Roche Sequencing), forward (Fw) primer, reverse
primer (Rv), SNP-specific probe of each allele (total of 2) and DNA sample

e The total reaction volume was 20uL consisting of: 1uL genomic DNA (~65ng),
10uL. Mastermix, 7.8ul. PCR-grade water, 0.4ulL forward primer, 0.4ulL reverse
primer and 0.2puL of each of the two SNP-specific probes.

Oligonucleotide primers (forward and reverse) and SNP-specific probes were synthesized

by VBC-Biotech Services GmbH (Vienna, Austria).

The following oligonucleotide primers and SNP-specific probes were used:

e ATGI6LI-T300A-Fw: 5°-TGA AGC ATA CTT ACG AAG ACA CAC-3’
e ATGI16LI1-T300A-Rv: 5’-TGT CTC TTC CTT CCC AGT CC-3’
e ATGI16LI1-T300A-T: 5’-CCA GAA CCA GGA TGA GTA TCC ACAT-3’
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e ATGI16LI1-T300A-C: 5°-CAG AAC CAG GAT GAG CAT CCA CAT-3’

e ECMI-T130M-Fw: 5°-CCC CAG ATT CTT TCA ATC CTC-3’

e ECMI-T130M-Rv: 5°-AGG ACT CAG GTT CTG GAT GG-3’

e ECMI-T130M-C: 5’-TTT CCC CAT TCC AGG AAC GCC AGC TCC ATT-3’
e ECMI-TI30M-T: 5’-TTT CCC CAT TCC AGG AAT GCC AGC TCC ATT-3’
e ECMI1-G290S-Fw: 5°-CCC AAC TAT GAC CGG GAC-3°

e ECMI1-G290S-Rv: 5’-GCA ACT TAC TGC TTG GTG AG-3’

e ECMI1-G290S-G: 5’-CTT GAC CAT TGA CAT CGG TCG AG-3’

e ECMI1-G290S-A: 5°-CTT GAC CAT TGA CAT CAG TCG AGT C-3’

Genotyping was carried out using the RotorGene 3000 RealTime-PCR system (Corbett
Research, Australia) and allelic discrimination was based on the RotorGene 3000 software

(http://www.lth.se/fileadmin/sciblu/QC/RG3000.pdf).

The cycling protocol was determined as follows:

e enzyme activation at 95° C for 3 minutes
e followed by 40 two-step cycles of denaturation at 95° C for 3 seconds

e annealing-elongation at 60° C for 20 seconds

The protocol was applied in all samples for all three SNPs.

Following an initial run, three samples from each SNP (a total of 9), one wildtype, one
mutant and one heterozygote, that have given the strongest signal of genotype confirmation
(Figure 21, RotorGene 3000 software) were selected for subsequent verification by dsDNA
sequencing. Sequencing services were performed by VBC-Biotech Services GmbH
(Vienna, Austria). DNA samples were prepared for sequencing according to VBC-Biotech

protocol (available at https://www.nucleics.com/DNA_sequencing_support/sequencing-

service/vbc-genomics.html).
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Figure 21 RT-PCR genotyping (RotorGene 3000)

Next, after the verification, these 9 samples (which were correctly chosen and
subsequently verified by dsDNA sequencing) were used as control samples in each and
every run. Each triplet (wildtype, heterozygote and mutant) for its specific SNP.

Obtained results were then used for statistical analyses.

B2.3 Decision Support System (DSS)

As a side project of this thesis was the building of an innovative decision support system
(DSS) that would function as a prognostic model helping the clinician to better evaluate
and treat patients with IBD. In order to achieve that, the DSS needs to incorporate two
modules, a data repository module and a knowledge extraction and statistics module.

The Data Repository module is a centralized data repository for annotation data. Clinical
and demographic data and data from genotypic and serological markers’ studies/screening

are incorporated into the database. For the clinical and demographic data, hard-copy
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medical records have been digitized and registered to the database. Genotypic study results
(main aim of the presented study) are incorporated as well and have been registered to the
database. Serological marker’s study results (not part of the presented study) have been
registered to the database.

The DSS, in the front end, will provide tracking, data query, report generation, process
management functions, data handling as well as statistics, data mining and knowledge
extraction capability (Knowledge Discovery and Statistics module incorporated in the
back-end of the system). Moreover, the module will contain a Data Representation module
that will handle the presentation of the extracted knowledge from the patients’ data. Figure
22 demonstrates the DSS workflow.

I. DATA COLLECTION / BIOBANK RECIION SEEORTSCIEM

Il. DATA RECORDING

38 —He

Knowledge Database

4

Y

Biological Samples

¥

Blood Collection Collection and storage of " I . D AT A AN ALYS' S

tissue samples

| A @ Y
: : ol SN

Serological Study Export of New Knowledge and Association
Rules

Recording of the Results Statistical Analysis

Figure 22 Decision Support System (DSS) workflow

Data Repository module: Centralized data repository for annotation data (clinical,
demographic and experimental data), sample source and handling information, processing
and quality assurance information, as well as inventory and process flow data.
Will provide tracking, data query, report generation, process management functions, data
handling as well as statistics, data mining and knowledge extraction capability.

This module will incorporate two types of patients; existing and new.
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Existing patients:

o

o

o

o

Collection of old Patients’ Medical Records
Digitization of medical records into electronic files
Design and implementation of Data Base System

Copying data to the System Database

New patients:

O

o

O

Collection and reporting of clinical-laboratory data from patients with IBD

Blood sampling after signed informed consent of each patient

Bio-samples are processed in the lab (serum/DNA extraction)

Encoding based on the disease (Crohn's Disease (CD), Ulcerative Colitis (UC) or
Indeterminate Colitis (IC)

Storage in -80°C freezer for further laboratory analysis (gene/serological study).

Genotyping for various IBD susceptible genes/polymorphisms

Knowledge Discovery/Statistics module: Provide tracking, data query, report generation,

process management functions, data handling as well as statistics, data mining and

knowledge extraction capability.

Moreover, the module will contain a Data Representation module that will handle the

presentation of the extracted knowledge from the patients’ data.

Existing and extracted knowledge aims to support the physician's decision to make specific

adjustments regarding the treatment plan and the understanding of clinical-laboratory

interdependencies in the patient data.
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Figure 23 Knowledge discovery techniques
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B3. Statistical analysis
The control group was investigated for conformity with Hardy-Weinberg equilibrium (p >0.05)
in all three SNPs. Hardy-Weinberg equilibrium test was performed on OEGE calculator

(available at http://www.oege.org/software/hwe-mr-calc.shtml).

Allele and genotype frequencies among groups were calculated using Chi-Squared test (x°)
or Fisher’s exact test.

Association assessment of clinical, demographic and genotypic data was implemented by
using regression analysis (binary logistic or linear where appropriate) and the results were
expressed as odds ratio (OR) with a confidence interval of 95% (95% CI).

Phi-coefficient (@) was calculated for genotype-phenotype correlation tests.

For all statistical analyses, a two-tailed p-value of <0.05 was considered as statistically
significant.

Statistical analysis was performed using the Jamovi software (The jamovi project (2019).
Jamovi (Version 1.0) [Computer Software], retrieved from https://www.jamovi.org).
Additionally, linkage disequilibrium between rs3737240 and rs13294 of ECM1 gene was
tested using the SNPstats software (http://bioinfo.iconcologia.net).
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C. Results

C1. Genotyping results

The total number of study subjects was 428, 108 CD patients, 97 UC patients and 223
healthy individuals (control group). All subjects were genotyped in order to examine
possible associations of the three single nucleotide polymorphisms with IBD patients in
NW Greece. The healthy control group was in Hardy-Weinberg equilibrium for all 3 SNPs
(Pratne>0.05).

Allele and genotype frequencies for the T300A ATG16L1 polymorphism (rs2241880) are
presented in Table 3; AA represents wildtype, AG heterozygotes and GG mutants.

Table 3 ATG16L1 rs2241880 allele and genotype frequencies in CD, UC and control group (Fisher’s exact test, odds
ratio and confidence intervals were estimated using allele frequencies in 2 x 2 contingency tables)

Alleles Genotypes
ATGI16L1 A | G | Gallele | p[OR | AA | AG | GG GG p [OR
(rs2241880) freq. (95% genotype (95%
(%) CDh] freq. (%) CDh]
CD 77 | 139 | 64.4 0.029* 11 55 | 42 38.9 0.134
[1.45 [1.48
(1.04- (0.91-
2.03)] 2.40)]
ucC 80 | 114 | 58.8 0.436 14 52 | 31 32.0 0.733
[1.15 [1.09
(0.82- (0.65-
1.61)] 1.83)]
IBD 157 | 253 61.7 0.061 25 107 | 73 35.6 0.257
[1.30 [1.29
(0.99- (0.86-
1.71)] 1.93)]
Control 199 | 247 55.4 43 113 | 67 30.0
group

>kpvalue <0.05
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The frequency of G allele of T300A polymorphism was 64.4%, 58.8% and 55.4% in CD,
UC and healthy individuals respectively. When compared to the control group, the
frequency of G allele in Crohn’s disease patients was significantly higher (p = 0.029; OR =
1.45, 95% CI 1.04-2.03), while it showed no significant association with UC patients.

Correspondingly, T130M and G290S ECMI polymorphisms (rs3737240, rs13294) are
shown in Tables 4 and 5. For T130M, CC represents wildtype, CT heterozygotes and TT
mutants, while for G290S, GG represents wildtype, GA heterozygotes and AA mutants.

Table 4 ECM1 rs3737240 allele and genotype frequencies in CD, UC and control group (Fisher’s exact test, odds ratio
and confidence intervals were estimated using allele frequencies in 2 X 2 contingency tables)

Alleles Genotypes
ECM1 C | T |Tallele p[OR [CC [CT |TT |TT p [OR
(rs3737240) freq. (%) | (95% genotype (95%
CD] freq. (%) CDh]
CD 116 | 100 | 46.3 0.617 26 |64 18 | 16.7 0.550
[1.09 [0.79
(0.79- (0.43-
1.51)] 1.45)]
ucC 117 |77 |39.7 0.298 34 149 14 | 14.4 0.273
[0.83 [0.67
(0.59- (0.35-
1.17)] 1.28)]
IBD 233 | 177 | 43.2 0.78 60 | 113 |32 |15.6 0.257
[0.96 [0.73
(0.73- (0.44-
1.26)] 1.21)]
Control 249 | 197 | 44.2 71 107 |45 |20.2
group
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Table 5 ECM1 rs13294 allele and genotype frequencies in CD, UC and control group (Fisher’s exact test, odds ratio and
confidence intervals were estimated using allele frequencies in 2 x 2 contingency tables)

Alleles Genotypes
ECM1 G |A |Aallele p[OR |GG |GA |AA |AA p [OR
(rs13294) freq. (%) | (95% genotype | (95%
CDh] freq. (%) | CI)]
CD 116 | 100 | 46.3 0.505 26 | 64 18 16.7 0.550
[1.13 [0.79
(0.81- (0.43-
1.57)] 1.45)]
ucC 120 | 74 | 38.2 0.257 36 |48 13 13.4 0.159
[0.81 [0.61
(0.57- (0.31-
1.14)] 1.20)]
IBD 236 | 174 | 42.4 0.836 62 112 | 31 15.1 0.205
[0.97 [0.71
(0.74- (0.43-
1.27)] 1.17)]
Control | 253 | 193 | 43.3 75 103 |45 20.2
group

The frequency of T allele of T130M was 46.3%, 39.7% and 44.2% for CD, UC and control
group respectively, while the frequency of A allele of G290S mutation was 46.3%, 38.2%
and 43.3% respectively. No strong associations between either of the two SNPs of ECM1

gene and our study group were found (pyare >0.05).

Furthermore, a potential additive effect of the studied alleles of the three SNPs was tested.
Investigating the additive effect of G allele of the T300A SNP (rs2241880, ATG16L1) in CD
patients, we found that carriers of two G alleles (mutant group) compared to those carrying
only one G allele (heterozygotes), were 1.3 times more susceptible to CD (Table 6), which
was statistically significant (GG: p = 0.022; OR: 2.450; 95% CI: 1.14-5.27, AG: p = 0.087,;
OR: 1.903; 95% CI: 0.91-3.97).
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Table 6 Additive effect of G allele, ATG16L1; T3004 (Binary logistic regression analyses)

Pvalue Odds Ratio 95% CI
Crohn’s disease
AG 0.087 1.90 0.91-3.97
GG 0.022%* 2.45 1.14-5.27

>l<pvalue <005

No additive effect of either of the two ECMI SNPs was found.

Furthermore, comparison of the two IBD groups (CD and UC) with each other, from a
genotypic point of view, showed no significant difference for any of the 3 SNPs (p =
0.290; OR: 1.27; 95% CI: 0.85-1.89 for T300A, p = 0.195; OR: 1.31; 95% CI: 0.88-1.94
for TI30M and p = 0.109; OR: 1.40; 95% CI: 0.94-2.07 for G290S).

In addition, we tested for potential associations between genotype and disease phenotype
or certain clinical features.

In CD patients, the presence of one or two G alleles (AG+GG genotypes) of the T300A
polymorphism (rs2241880, ATGI6LI), indicated a possible protective effect against
developing a penetrating phenotype (B3 behavior according to Montreal classification®)
with p =0.015; OR: 0.20, 95% CI: 0.05-0.74, while in UC patients, presence of one or two
G alleles (AG+GG genotypes) of the T300A polymorphism (rs2241880, ATGI6LI),
indicated a possible protective effect against developing joint-involving EIMs, with p =
0.038; OR: 0.31, 95% CI: 0.10-0.97 (Table 5). However, when measure analyses of these
associations performed, by using phi-coefficient (®) test, we found that these findings are
of mild association (® = 0.251 and @ = 0.211 respectively). Furthermore, in CD patients
carrying T300A SNP (AG+GG genotype), we found an indication of a possible protective
effect against the need of cholecystectomy (p = 0.022; OR: 0.12, 95% CI: 0.02—-0.60), with
a mild to moderate association (@ = 0.284) of this finding though. However, the number of
CD patients who underwent cholecystectomy (post-diagnosis) was small (n=7). Genotype-

phenotype association results are shown in Table 7.
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Table 7 ATG16L1 T300A Genotype and phenotype associations (Fisher’s exact test and correlation test)

ATGI6L1 Crohn’s Disease Ulcerative Colitis
T300A
(rs2241880)

Pvalue OR(95%CI) | O Pvae | OR (95% CI) | @
B3 - Penetrating | 0.015 | 0.20 (0.05- 0.251 | - - -
behavior 0.74)
Cholecystectomy | 0.022 | 0.12 (0.02—- | 0.284 | - - -

0.60)

Joint-involving | - - - 0.038 | 0.31(0.10- 0.211
EIMs 0.97)

Pvate: AGHGG vs AA, @: Phi-coefficient

No association was found between the age at onset, CD location, UC extent and severity,
presence of EIMs or other immune disease, need of operation, anti-TNFa treatment,
appendicectomy, tonsillectomy and any of the three SNPs for either CD or UC patients
(Table 8).
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Crohn’s Disease Ulcerative Colitis
ATGI16L1 ECM1 ECM1 ATGI16L1 ECM1 ECM1
(rs2241880) | (rs3737240) | (rs13294) (rs2241880) (rs3737240) (rs13294)
p- OR p- OR p- OR p- OR p- OR (95% p- OR
value (95% value | (95% | value | (95% | value (95% | value CI) value | (95%
(0))) CI CI (@) Ch
Age at onset NS NS NS NS NS | NS NS NS NS NS NS | NS
CD Location NS NS NS | NS | NS | NS - - - - - -
Ileal NS NS NS NS NS | NS - - - - - -
involvement
B3 — Penetrating | 0.015 0.20 NS NS NS | NS - - - - - -
behaviour (0.05-
0.74)
UC Extent - - - - - - NS NS NS NS NS | NS
UC Severity - - - - - - NS NS NS NS NS | NS
Joint-involving NS NS NS | NS | NS | NS | 0.038 | 031 NS NS NS | NS
EIMs (0.10-
0.97)
EIMs NS NS NS NS NS | NS NS NS NS NS NS | NS
Other NS NS NS NS NS | NS NS NS NS NS NS | NS
Autoimmune
Disease
Cholecystectomy | 0.022 ((;)01 22 NS NS NS | NS NS NS NS NS NS | NS
0.60)
Tonsillectomy NS NS NS NS NS | NS NS NS NS NS NS | NS
Appendectomy NS NS NS NS NS | NS NS NS NS NS NS | NS
Operated NS NS NS NS | NS | NS | NS NS NS NS NS | NS
anti-TNFa NS NS NS NS NS | NS NS NS NS NS NS | NS

NS: not significant

Finally, the two polymorphisms of ECMI gene were not found to be in linkage

disequilibrium (Table 9).

Table 9 ECM1 gene linkage disequilibrium study results

D statistic
rs3737240 rs13294
rs3737240 . 0.2413

rs13294

D' statistic
rs3737240 rs13294
rs3737240 . 0.9997

rs13294

r statistic
rs3737240 rs13294
rs3737240 . 0.9832

rs13294

P-values

rs3737240 rs13294
rs3737240 . 0
rs13294

Haplotype frequencies estimation (n=428)

[Cumulative
frequency

rs3737240 r513294| Total |group.0 (group.1

\

E[ ¢ [ 6 .53t 0.5583[ 0.5683

E T A 0.4287| 0.4327| 0.4244 0.9918!
B 7 16 b.oos2[ 0.009[ 0.0073[ 4

\Haplotypt: association with response (n=428, crude analysis) ‘

[ [rs3737240[rs13294 | Freq | OR (95% CI)

|P7value

[ 7 [ a

[0.4287[0.96 (0.73 - 1.27) | 0.77

rare]| * I *

[0.0082/[0.79 (0.17 - 3.62) | 0.76

(Aol hnlntimn mcrncintinm m wnleens 0 03
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C2. Decision support system (DSS) results
Expected results of the DSS are defined as interactions between the user (i.e. physician)

and the system.

Possible interactions between the user and the system:

o Create a predictive bioinformatic model for the disease’s diagnosis and course with
clinical and laboratory data.

o Refine reasons (i.e. genetic, serologic, histologic, diet) for differences in IBD
incidence and severity of course in our area compared to other European areas.

o Referral clinical centre and Biobank of excellence in the Western Balkans

The DSS will represent a unique multidisciplinary combined database, which will include
genetic, serological, histological, clinical and environmental data of a homogeneous
population in a computerized bioinformatics manner. It will be possible to study in
combination of clinical, environmental and laboratory data. The center will be possible to
collaborate and contribute valuable data to many international leading IBD projects. The
computerized Bio-Database will serve as a model and a basis for research in other chronic
diseases in our well-defined population. This project will enrich our experience and will
contribute towards a better IBD education and training in our medical, nursing and
laboratory personnel. This will clearly impact the quality of care and quality of life of our
IBD patients. Finally, as IBD is regarded to be a multifactorial disease we hope to better
define some factors that clearly predispose to certain IBD phenotypes and IBD disease

course.

Possible scenarios of the user-system interaction:

o Shows the probability of a surgery need

o Displays the most appropriate treatment for each individual patient

o Recommends modifications/ changes of the treatment plan for an individual patient
o Shows probability of exacerbations in the disease process

o Show probability of recession of the disease

o Displays the possible extent of the disease

o Shows the probability of occurrence of extra-intestinal manifestations (EIMs)
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D. Discussion — Conclusion

Inflammatory Bowel Disease is affecting millions worldwide. Even areas where the
disease used to be of low occurrence, now are having a spurt and the pattern is changing
dynamically; possibly due to a more “westernized” type of living. The etiopathology of
IBD still remains unknown. Scientists across the globe unanimously suggest that a fine
interaction among genetic susceptibility, environmental factors, immune response and gut
microbiota may hold the answer. However, studies have shown that a globally pattern of
genetic influence, heritability, environmental triggers and gut fauna does not exist. In order
to investigate that though, all available data would offer a great impact on elucidating the
true face of IBD; thus, studies from various areas and ethnicities are needed.

This is the first study of ATGI6LI1 and ECMI genes and their polymorphisms in the
Northwest Greece region, a previously well described sheltered area’. In a previous
genotypic study from this area focusing on the NOD2/CARDIS5 gene it was shown that
no association with the studied polymorphisms and CD susceptibility'* exists, a divergent
result compared to most studies from other areas'*>'**. Furthermore, the role of T300A
(rs2241880, ATG16LI) and T130M (rs3737240, ECM1) and G290S (rs13294, ECMI)
polymorphisms in the development of CD and UC respectively, is well established in

6101 " despite some ethnic variabilities'®''?. Our study replicates that

the bibliography
the T300A (rs2241880, ATGI6LI) polymorphism predisposes to CD in our cohort
with also an additive effect of G allele in CD patients (individuals carrying two copies
of G allele are 1.3 times more susceptible to CD compared to those carrying only one
copy), but failed to demonstrate any association of ECMI gene’s polymorphisms with UC
susceptibility.

On the other hand, despite the strong occurrence of the G allele in the CD group compared
to the control group, a clear distinction among IBD patients (CD vs UC analysis) could not
be established. Similarly, as mentioned earlier, ECMI gene’s SNP investigation in our

population failed to replicate existing data®'*'

and, again, no distinction among IBD
patients was found. Hence, in our study group, it is not possible to differentiate the
underling disease (CD or UC) based on genotypic-phenotypic associations, probably due
to ethnic variations, but more patients and more widely associated susceptibility genes are

needed to drive to a definite conclusion.
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On the contrary, we found some interesting protective associations of certain phenotypes
and the IBD patients. In the CD group, patients who are carriers (AG and GG patients) of G
allele of T300A (rs2241880, ATG16LI) polymorphism were found to associate with a
possible protective effect against penetrating behavior (B3 phenotype according to the
Montreal classification®), a finding that disagrees with another study’s results where the
majority of the patients were found to have a penetrating behavior’, suggesting that a
potential environmental or ethnicity trigger may be present in our cohort playing a role in
developing such a phenotype. Again, in the CD group, carriers of the G allele (AG and GG
patients) of the T300A (rs2241880, ATG16LI) polymorphism were found to have a mild
association with a protective effect against the need of a cholecystectomy. In the
bibliography, gallbladder disease is well described in IBD patients and is mainly associated

' though a recent metanalyses of Zhang et al'® concluded that

with Crohn’s disease
despite the apparent association of CD and gallbladder disease, other factors such as CD
location, number of relapses and ileal surgery were identified as independent variables for
developing cholelithiasis, but more studies are required for a definite answer. Moreover, a
protective effect of G allele (T300A polymorphism) against joint-involving EIMs in UC
patient was found. As have been described in the past, by Christodoulou et al'?, and this
study confirms, EIMs are not rare in our IBD cohort (62% of CD patients and 47.4% of UC
patients, in this study) and data from other studies as well suggest that a close genetic
correlation between IBD and EIMs does exist'>’. However, such associations between IBD
susceptibility genes and EIMs occurrence could not be demonstrated in the presented study.
When other clinical data (age at onset, CD location, CD behavior, UC extent, UC severity,
need of therapeutic operation, anti-TNFa therapy) were analyzed for any possible linkage
with the aforementioned SNPs, no significant associations were drawn while in the
bibliography such associations exist’*'?>12#713,

Regarding the decision support system, we aimed at developing a prognostic tool that, by
incorporating clinical, demographic and research data, would help understand the natural
course of the disease, study the predisposing factors and related genes and determine early
clinical, genetic and immunological predictors of outcome and response to treatment, as
well as help clinicians to better evaluate and treat IBD patients. Building such a system
will contribute even more to IBD knowledge and research and hopefully lead to a more
personalized type of medicine, bearing in mind that there are no diseases, but only patients.

Such efforts are currently an ongoing trend on a worldwide level'™"*'.
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To conclude, as was shown by Tsianos et al in 20034, CD is less frequent than UC in our
study area, the area of North-western Greece. Thus, the findings of our current study,
concerning the significant association of T300A polymorphism with CD susceptibility,
point to a strong genetic background which plays a crucial role in CD occurrence to our
population, and an additive effect of T300A G allele, though further investigation

including more patients and more susceptibility genes will provide a better understanding.
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E. Abstract

Crohn’s Disease (CD) and Ulcerative Colitis (UC), are well described disease entities with
unknown etiopathogenesis affecting millions worldwide. Environmental, genetic, gut microbiota
and host immune response correlations have been implicated. Genetic susceptibility across
different geographic areas and ethnicities varies significantly. Northwestern Greece is a well-
defined geographic area with a very high homogeneity of the population, thus a strong genetic
background is implicated.

The role of susceptibility gene polymorphisms, such as ATG16L1 T300A (rs2241880) and
ECMI T130M (rs3737240) and G290S (rs13294), is well described, although controversial
findings have been reported.

In our study, two hundred and five unrelated IBD patients (108 CD patients and 97 UC
patients), and 223 healthy unrelated blood donors (control group) from the Northwest
Greece area, were genotyped for rs2241880 (T300A), rs3737240 (T130M) and rs13294
(G290S) single nucleotide polymorphisms. Genotyping was performed with Real-Time
PCR.

Our results suggest that the frequency of G allele (of the T300A polymorphism) in CD
patients, compared to the control group, was significantly higher (p = 0.029; OR = 1.45,
95% CI 1.04-2.03). Carriers of two G alleles (T300A), compared to those carrying only
one, were 1.3 times more susceptible to CD (p = 0.022; OR: 2.450; 95% CI: 1.14-5.27),
implying an additive effect of G allele. In CD patients, presence of the T300A
polymorphism, showed a protective effect against developing a penetrating phenotype
(p = 0.015; OR: 0.20, 95% CI: 0.05-0.74) or needing cholecystectomy (p = 0.022; OR:
0.12, 95% CI: 0.02-0.60). In UC patients, presence of the T300A polymorphism, was
protective against developing joint-involving EIMs (p = 0.038; OR: 0.31, 95% CI: 0.10-
0.97). No association of the SNPs of the ECMI gene and UC patients was found in our
study.

To conclude, our study, concerning the significant association of T300A polymorphism
with CD susceptibility, imposes a strong genetic background in CD occurrence to our

population, and also an additive effect of T300A G allele.
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F. Extetapévn [epiinym

H I8womadng Preypovaong I1abnon tov Eviépov (IOIIE: Nocog Crohn kot Eikddng
Ko)itwwa) cav mapddetypa ypdviov voonuatog sivar opddo mabnoemv adlevkpiviotng
aitohoyiog n omoia €xer meprypagel and tovg Inmokpatikodg ypovovs. Ot macyovieg
nmaykoopiog Eemepvovv ta 10,000,000 kar otnv EAAGda tovg 10,000 pe peydio k60TOG
OTIG LINPEGiEG VYElOG KAl POVEPT] OVTAVAKAOOT) G TOPAUETPOVS ToldTNTaG (NG, Kabdg 1
I®IIE ocvvodedetar amd OMNUAVIIKA GOUATIKE GUUTTOUOTO (KOWAKO (GAyoS, Sldppoteg,
aicOnpa axpdrelag, amofoin aipotog and To 0pho K.d.), 0ALA Kol YUYIKE COUTTOUAT LE
KOWMOVIKES ETMTMOGEL.

H méBnon dwodpduer pe e£0poelg Kol vOEGES Kol cLYVE 0dnNyel O MOPATETAUEVES
voonieieg. [lpooPariel kupimg to Aemtd Ko 10 mayh éviepo oe acbevelg omolconToTe
niwiog, Kupimg dUmg ATope VEUPNG TOPAYMYIKNG NAKING e OMULOVTIKT Voo pdTNTa Ko,
0€ OPIOUEVEG TEPMTMOELS, BvnTdTnTa. ZOUEOVA LE TPOCPUTES EMONUOAOYIKES UEAETEC
and v mepoyn ™¢ Hrelpov, o apBudg tov acBevov avtov otn BA EAAGda cuvveydg
av&dvetal vrodnAdvovtag e oHvletn aAAnienidopaon TEPPUAAOVIIKMOV KOl YEVETIKMOV
TaPAyOVIOV.

Ta televtaia ypovia, N Epevva 6Gov aeopd v arttomadoyévela g IOITE €xel avéndel
KATOKOPLEO KaOMS T0 TPOPANUA givar cuveyds avEavopevo Kot Bepamevtikd mepimioko.
[Swaitepa evorapépov etvar Tt vIapyEl TOUKIAGTNTA TNG EMIOPACTG YEVETIKADV TAPAYOVIMV
KaOdG KAbe LAY, aALG Kot KAOe KOAL TPOGIOPIGUEVT YEOYPUPLKA TANBVo KT opdda,
QOiveTOL va £YEL 1010UTEPO YOVIOLOKE YOPAKTNPIOTIKA TOL GYeTi{ovVTal Le TNV Tanon.

H 'Hrmepog, kar 1 BA EAAGda yevikdtepa, amotehovv pio T€T0100 KOAG TPOGIIOPIGUEVT
epoyn, 6mov o aplfudg tov acbevav elval apketd peydlog Kot TapoLGLAlel AVENTIKY
Tdon, av kot 1 cvxvémta TV aclevav pe voco Crohn (NC) mapapéver mold pikpn. H
mapoTpnon avt 0o propodoe vo amodobet gite oe Kamolo mePParloviiKd Tapdyovta
oL MOAVOV EAAEImEL 0O TNV TTEPLOYY| €1TE GE KATO10 EWOIKATEPO, YEVETIKO TOPAYOVTO TOL
neplopilet tn cvyvotnta g NC.

H pelém yevetikov tommv mov Bo pmopodoav va gvéyovtal otnv aitonaboyévela g
I®IIE £yxet evtatikomombel ympic dSpmg mpog to mapov va Exet deiybet o yevetikdg TOmOC 1
tomol mov evéyovtor dueca. [Tap’ dAa avtd opiopéves UETOAAAEES (TTOALHOPPIGLOL)
yovidimv detyvouv 6Tt dradpapatiCouv onuaviikd poro otV TEAIKN Ekppact Kot Bapdtnta

g Tabnong aAAd kot oty TpoPreyn avtandkpions ot Oepamneia.
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[Ipdopateg peréteg avdivong yovidiopotog (Genome Wide Association Studies, GWAS)
avédeigav mhve and 200 yevetikovg tomovg (loci) mov oyetiCovtar pe v ortonaboyévela
g IDIIE, pe ta 30 mepimov va eivar Kowd kat otig 600 vocovg (NC, EK), evd opiopéva
ouvdEovTal E101KA e TNV pia €K TV dVo (6mwg 10 ATGI6L1 pe v NC kot to ECM]I pe
v EK) kot 8o pmopodsav va agiomomBovv yio v dwupopodidyvmon. Ev yéver, ta
yovidw ovtd Bo pmopovoav va TPocPEPOLV TN duvatdTnTa yKopng dtdyveons n/kat
npdyvoong g IOIIE, vrd v mpoimdbeon o6t Ba Exer mponynbel pid GLOTNUOTIKY
avaALGN TOL YEVETIKOV VTTOPAOPOL TV AcHEVAOV TG OVTIGTOYNG YEDYPAPIKNG TEPLOYNG.
210Y0G NG TAPOVCAG O10AKTOPIKNG OaTpPng Ntav va peremBel o minbvoudg e BA
EMLGdag mov ndoyet and IOIIE, og mpog to yevetkd npogik g vOGoL, YPNCLLOTOLOVTOGC
OVOAVTIKEG TEYVIKEG TPOGOIOPIGHOD YOVIOIUK®OV TOAVHOPPICUADV. XVYKEKPIUEVO, EYIVE
avdivon, pe RT-PCR, tov yovidiokdv morvpopeiopmy rs2241880 (T300A) tov yovidiov
ATGI6L1 ol towv rs3737240 (T130M) xor rs13294 (G290S) tov yovidiov ECMI oe
acbBeveig pe IOIIE (EK, NC) kat 60yKplomn Toug e detylota vyidv poptopmv (controls).
Yuykekpiéva, peretnOnkav 205 acbeveig pe IOIIE (108 pe NC wor 97 pe EK) o 223
vytelg paptopeg and v meproyn g BA EALGdoc. Ta amoteAéopata pog vmodetkviovy OTt
n ovyxvotra tov G ailiniiov (tov T300A moAivpopeicuov) otovg acBeveic pe NC,
GLYKPWVOHEVT HE aTH TV controls, Ntav onpovikd vynAidtepn (p = 0.029; OR = 1.45,
95% CI 1.04-2.03). Emiong, ot acBeveig mov Nrav @opeig 600 G aAlniiov (tov T300A
TOAVLOPPIGLODV), GUYKPIVOUEVOL HE OVTOVG oL NTav pdvo evog, Nrtav 1.3 @opég moto
emdektikol oto va avantvéoov NC (p = 0.022; OR: 2.450; 95% CI: 1.14-5.27),
vrodnimvovtag pia tpochetikn enidpaon tov G aliniiov. Akdua, otovg acbeveig pe NC,
N mapovcio tov T300A ToAVUOPPIGHOD, PAVINKE VO EMPEPEL PO TPOGTATEVTIKY EMIOPOCT)
OGOV 0Qopd TV avamTLEn SlEledVTIKOD PavoTVTTOL TG vooov (p = 0.015; OR: 0.20, 95%
CI: 0.05-0.74), kaBdg kot otV avaykn yio yolokvotektourn. Xtovg acBeveic pe EK, n
napovcio Tov T300A TOAVHOPEIGHOV, GAVIKE Vv £XEL TPOCTUTEVTIKY €midopacn OGov
aopd TNV avantuén e€meviepikdv ekdNAmcemv amd Tig apbpmacelg (p = 0.038; OR: 0.31,
95% CI: 0.10-0.97). Aev Bpébnke xopio cvoyétion otov TAnBvoud pog HETAED TV
molvpopeioudv tov ECM1 yovidiov kot tov acBevov pe EK.

Khetvovtag, n mapovoa perétn, Aappdvovtag vrdywy 1o GNUAVIIKO GUGYETIGUO TOV
T300A moivpopeicpod pe ™ NC, vmoyopedel €va 1oyvpd yevetikd vroPabpo otnv
eppdavion g NC otov minbuopd perémng pog kabng kot pio tpocetikn enidpaocrn tov G
aAiniiov tov T300A TOALVHOPPIGLOV.
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