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   Chapter 1 
 

Inflammatory Bowel Disease: from genetics to therapy 

-- General introduction and scope of the thesis 
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Crohn’s disease (CD) and Ulcerative colitis (UC) are chronic, non-specific, idiopathic 

inflammatory bowel diseases (IBD). It is generally thought that IBD originates from an 

environmental trigger that induces an uncontrolled immune response against commensal 

luminal microorganisms in genetic susceptible hosts (1-2). Major differences are observed in 

the prevalence of the IBDs in different parts of the world, with high incidence rates in Europe 

and Northern America, while these diseases are relatively rare in Asia, Africa and South 

America (3-4). It is likely that this is caused by differences in genetic background and/or 

environmental factors, but it is unknown how much these factors actually contribute to the 

world-wide distribution of IBD. To obtain insight in the contribution of specific genetic 

factors to the development IBD in different ethnic populations we first performed genetic 

susceptibility studies in IBD patient cohorts from The Netherlands and China. The second part 

in the thesis subsequently focuses on the function of the innate immune system in IBD 

patients and how this is modulated by drug therapy. Finally, the implications of IBD 

susceptibility genes to innate immune function are discussed with specific focus on 

monocytes. 

 

The aim and outline of this thesis is two-fold: 
1. To identify genetic factors in both Caucasians and Han Chinese that predispose to UC. 
2. To determine the molecular effect of immunomodulatory medicine Azathioprine that 
leads to effective suppression of intestinal inflammation in CD. 

 

1.1 Clinical aspects of IBD 

Crohn’s disease is a relapsing, transmural inflammatory disease of the gastrointestinal mucosa 

that can affect the entire gastrointestinal tract from the mouth to the anus. Ulcerative colitis is 

a relapsing non-transmural inflammatory disease that is restricted to the colon. Although it are 

different diseases, both CD and UC patients present with any of the following symptoms: 

abdominal pain, vomiting, diarrhea, fever, hematochezia, and weight loss. Up to 25% patients 

with CD or UC develop extraintestinal manifestations of the disease, such as primary 

sclerosing cholangitis, erythema nodosum, pyoderma gangrenosum, uveitis, episcleritis, 

pleuritis, myocarditis, arthritis and ankylosing spondylitis (1, 5). 

No defining diagnostic test exists for either CD or UC. The diagnosis is made on the basis of 

the patient history and physical examination together with objective findings from endoscopic, 

radiological, laboratory and histological studies. The appearance of the human colon as 

viewed by colon endoscopy in normal condition, CD and UC is shown in Figure 1. In clinical 

practice, disease activity of CD and UC is typically described as mild, moderate, or severe 

based on the frequency of bloody stools and systemic symptoms such as tolerance to oral 

alimentation, fever, abdominal pain or tenderness, toxic megacolon, anaemia and presence of 

intestinal obstruction.  

The peak age at onset is between 10-30 years for both CD and UC. About 25% of all patients 

are younger than 20 years. Currently, there is no cure for IBD. However, effective medical 

treatment is available that can temper the inflammation and relieve the symptoms of diarrhea, 
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abdominal pain, and rectal bleeding. In clinical practice, about half of the patients of a given 

cohort are in clinical remission, meaning that they are free of symptoms including those who 

effectively respond to medical or surgical intervention. Overall, IBD patients have a normal 

life expectancy (1,5). 

 
 

 

 

 

 

Figure 1. The appearance of human colon during colon endoscopy. (A) Descending 

colon of a healthy individual; (B) Sigmoid colon of a patient with CD showing linear 

and serpinguous ulcerations and patchy inflammation resulting in cobblestone pattern; 

(C) Descending colon of a patient with UC showing confluent superficial ulceration and 

spontaneous haemorrhage. 

1.2 Epidemiology of IBD 

The incidence rates and prevalence of IBD varies between countries, ethnicities and has 

significantly increased in recent decades. The highest incidence rates for both CD and UC 

have been reported in northern Europe and North America, where the rates are now beginning 

to stabilize. The prevalence of UC and CD in North America and Europe is estimated to be 

100-150 per 100,000 (3,6,7). In contrast, the estimated incidence rates are much lower in East 

Asia, as reported by studies from Japan, Hong Kong, mainland China, South-Korea and 

Singapore, but a trend towards increasing incidence is observed in these areas (4,8-12). The 

reason for this increase is unclear: it may partly be explained by improved diagnostic 

measures, but is probably due to recent changes in life styles in these fast developing areas. In 

mainland China, the estimated prevalence of UC was 11.6 per 100,000 and for CD 1.4 per 

100,000 in 2000 (11). The fact that clear epidemiological differences exist between 

populations is most evidently shown by migration studies. In a study performed in Singapore, 

the prevalence of UC was 6.0 per 100,000 in Chinese migrants, while a significantly higher 

prevalence was observed in Indian migrants (16.2 per 100,000) (12). The reason for the 

difference of incidences among populations is unclear, but is most likely a result of 

differences in the genetic background and life styles. 

 

1.3 IBD pathogenesis 

1.3.1 Genetic susceptibility 

Most human diseases have a genetic component to their pathogenesis. In principle, the genetic 

disorders can be divided into two categories, Mendelian disorders (single mutant gene) or 
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Linkage and linkage disequilibrium: Two genetic loci are linked if they are 
transmitted together from parent to offspring more often than expected under 
independent inheritance. They are in linkage disequilibrium if, across the population as 
a whole, they are found together on the same haplotype more often than expected when 
randomly inherited. 
Candidate gene: A gene for which there is evidence of its possible role in the trait or 
disease that is under study. A candidate-gene study is therefore a hypothesis-based 
approach, meaning that genes are selected for further analysis, either by their location in 
a region of linkage, or on the basis of other (experimental) evidence that they might 
affect disease risk.  
Haplotype: a set of closely linked genetic markers present on one chromosome which 
tend to be inherited together. In the International HapMap Project, haplotype is a set of 
single-nucleotide polymorphisms (SNPs) that are statistically associated. 

 

complex disorders (multigenic diseases). In Mendelian disorders, inheritance of the disease 

mutation (e.g., by autosomal-recessive or -dominant inheritance) by itself is largely sufficient 

to result in the disease phenotype. In contrast, for complex disorders, various combinations of 

genetic, environmental, and developmental factors interact to result in varying susceptibility 

to disease and variable phenotypic manifestations (13). CD and UC are complex diseases, 

implying that numerous genetic and environmental factors interact and finally lead to disease. 

Linkage and candidate-gene studies 

Before the application of genome-wide association (GWA) studies that were first reported in 

2005 (14), genetic susceptibility for complex diseases like IBD was primarily analyzed by 

linkage or candidate-gene studies. Linkage analysis successfully identified 9 genomic regions 

that showed significant association to IBD, called IBD1-IBD9 (15). With the identification of 

mutations in the NOD2/CARD15 gene in the IBD1 locus on chromosome 16, the first step in 

understanding the pathogenesis of Crohn’s disease was made (16,17). NOD2 is a cytosolic 

protein, which is activated by bacterial cell wall components thereby activating an 

inflammatory response. Molecular evidence was obtained for the between IBD and an 

improper response to gut bacteria (18,19). 

Following the success of NOD2, many studies have subsequently focused on candidate genes 

in the other IBD loci, as well as candidate genes that by function, e.g. gut mucosal immunity, 

or by phenotype, e.g. sensitizing for colitis when absent in mice, were likely IBD 

susceptibility genes. This way, several additional genes were found that predispose to IBD, 

including MDR1, DLG5, SLC22A4 (also known as OCTN1), SLC22A5 (or OCTN2), NOD1, 

MYOIXB and ICAM-1 (20-28). These genes, however, explain only a small fraction of the 

overall heritability of the disease, and replication of the results in independent studies has not 

consistently observed. The major limitation of linkage analysis is that markers that flank the 

disease gene must segregate with the disease in families. Due to the low heritability of most 

complex traits, linkage analysis is more suitable for finding rare risk variants with a strong 

effect, rather than common risk variants with a small or modest effect (29). Candidate-gene 

studies will, at best, identify only a fraction of genetic risk factors. Another limitation of early 
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genetics studies is inadequately powered study designs that are prone to type 1 (false-positive) 

errors. Linkage and candidate-gene studies using larger sample size, larger pedigrees, and 

dense marker sets will be more relevant in the future. 

International HapMap project 

After the completion of the human genome sequence, one could in principle obtain the 

complete genomic sequence of individuals with and without a certain disease and search for 

differences between the two to identify the pathogenic genetic factors. Indeed, bio-companies 

are in a race to commercialize cost-effective full genome sequencing technology. However, to 

date, this approach is still technically difficult. The HapMap project provides an effective 

alternative. The International HapMap Project is an organization whose goal is to develop a 

haplotype map of the human genome that systematically identifies single nucleotide 

polymorphisms (SNPs) throughout the genome and describes the patterns of common SNP 

variation (for allele frequencies > 1% in a population) throughout the genome of various 

population cohorts (30-33).  

In the genetic analysis aiming to identify the disease associated genes, the study design can be 

as follows: after a candidate region of interest in the genome is identified to be analyzed, a set 

of tag SNPs within this region can be selected from the HapMap data. These tag SNPs 

strongly correlate with other SNPs in the region so that presence of the tag SNPs determines 

the individual's haplotype. By comparing a patient cohort with a control group, disease-

specific haplotypes can be identified (34). An additional advantage of HapMap data is that it 

facilitates cross-ethnic genetics study. Most of the common haplotypes occur in all human 

populations. However, their frequencies and sometimes the patterns of linkage disequilibrium 

differ between ethnic populations. This may help to fine-map linkage disequilibrium blocks 

that contain multiple genes, which may aid in identifying the true disease-associated variants 

in these regions (33). 

Genome-wide association (GWA) study 

Although there are millions of common SNPs throughout the human genome, many of these 

SNPs are highly correlated in linkage disequilibrium. Therefore, once the patterns of 

correlation are systematically defined, the number of SNPs required to comprehensively assay 

most common genetic variations can be reduced to several hundred thousands SNPs. 

Nowadays, the GWA array platforms allow researchers to test 500,000 or more SNPs across 

the genome from each subject (29). GWA studies have been very successful in identifying 

IBD susceptibility genes (34-44), probably because of the relatively large influence of genetic 

factors on disease risk and relatively “simple” phenotype spectrum of the IBDs compared to 

other autoimmune diseases. With the aid of GWASs and the collaboration of many research 

groups worldwide, the list of genes associated to CD and UC pathogenesis has been expanded 

exponentially in recent years. Currently, more than 30 CD and 18 UC susceptibility loci have 

been identified with a genome wide significance threshold of p < 10-8 (45). This number is 

expected to raise soon to ≈100 with current large scale GWAS meta-analyses underway . 

Roughly half of these loci are shared between the two diseases, implying a partly shared 
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pathogenesis. Other loci have been identified to be specific for CD like NOD2 and the 

autophagy-associated genes IRGM and ATG16L1 (46), while loci harbouring genes like 

MYO9B, ECM1, IL2 and IL21 seem to be specifically associated with UC (25, 47,48). Most 

genes or loci were identified in European and American Caucasians. So far, relatively little is 

known about the genetic background of IBD patients from other ethnicities (49-51). It is 

expected that the genetic background between different ethnicities will involve some ethnicity 

specific genes but will for the greater part overlap, either on a genetic level or through 

different genes involved in the same biological pathways. A schematic presentation of the 

currently known CD associated genes in different ethnicities is depicted in Figure 2. 

European and North American 

>30 
Eastern Asians 

Other ethnicities 

<10 

 
Figure 2. The distribution of CD associated genes by ethnicities (16,17 20-28, 34-44, 47- 51). 

 

1.3.2  Environmental factors. 

The traditional low incidence of inflammatory bowel disease and other chronic inflammatory 

disorders in developing countries, which is now on the rise, might be related to 

socioeconomic changes affecting hygiene. For example, a lower risk of developing 

inflammatory bowel disease, particularly CD, has been reported for lower birth rank, absence 

of tap water, absence of hot water, large or poor families with several children, crowded living 

conditions, or consumption of contaminated foods. Excessive sanitation might limit exposure 

to environmental antigens and impair the functional maturation of the mucosal immune 

system and induction of immune tolerance, which ultimately result in inappropriate immune 

responses when re-exposed to these antigens later in life. Psychological stress has anecdotally 

been reported to increase activity of inflammatory bowel disease. Adverse life events, chronic 

stress, and depression seem to increase the likelihood of relapse in patients with quiescent 

disease. Experimental evidence suggests involvement of direct interactions of the nervous and 

immune systems (52,53). 

1.3.3 Immune disorders of IBD patients 

It is widely accepted that inflammatory bowel disease results from an inappropriate response 

of the mucosal immune system to the indigenous flora and other luminal antigens. But how 

and why do microbial antigens induce an inappropriate inflammatory response? Accumulating 

evidence from in vitro, animal and human studies suggests that several, mutually interactive, 

pathways result in the induction of inflammatory cascades (2). 
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Human innate immunity:  comprises the cells and mechanisms that defend the host 
from infection by microbes in a non-specific manner. The innate immune cells 
recognize and respond to pathogens in a generic way. Innate immune systems provide 
immediate defense against infection, but do not confer specific protection against 
pathogens. 
Human adaptive immunity: composed of highly specialized, systemic cells and 
processes that eliminate or prevent pathogenic challenges. The adaptive or "specific" 
immune system is activated by the “non-specific” and evolutionary older innate 
immune system. The adaptive immune response recognizes and remembers specific 
pathogens, and mounts stronger attacks each time the pathogen is encountered, 
preparing the body itself for future challenges. 

In the healthy state, the human intestinal immune system represents a complex network of 

different lymphoid and non-lymphoid cell populations and humoral factors. Approximately 

21015 bacteria reside in the human gastrointestinal tract. The epithelial surface serves as an 

effective barrier for this microbiological environment and is rapidly repaired if wounded. 

Normal wear and tear of the intestine allows bacteria to pass the barrier fairly frequently. 

Following such translocation and possible replication in the submucosal layer of the microbe 

involved, macrophages serve as sentinels that recognize, ingest and destroy the pathogens 

involved in these routine translocation events. If the stimulation of microorganisms cannot be 

quickly cleared by intestinal innate immune reactions, adaptive immune reactions are induced 

via antigen presentation (54).  

It seems impossible to discern the initiating or primary events that lead to the malfunction of 

the immune system of IBD patients, as the well-controlled balance of the intestinal immune 

system appears to be disturbed at all levels. Nevertheless, among the more than 30 distinct 

susceptibility loci for CD, the most strongly associated genes, such as NOD2, ATG16L1, 

IRGM and IL23R, indicate a role for imbalanced innate immunity in the pathophysiology in 

CD (26,36,38). It is likely though that the impaired balance of intestinal immunity in 

individual patients occurs at different levels in the immune response. However, the final 

common event is a multitude of aggressive metabolites and mediators that accumulate in the 

mucosa, resulting in tissue damage and inflammation (55,56). 

More details about the intestinal immune system and malfunction of the innate immune 

system in IBD patients are described in Chapter 4 “monocytes and their pathophysiological 

role in Crohn’s disease” of this thesis. 

 

1.4 IBD Therapy  

Currently, there is no cure for IBD. However, effective medical treatment is available, which 

can calm the inflammation and relieve the symptoms of diarrhea, abdominal pain, and rectal 

bleeding. The most common drugs are 5-aminosalicylic acid (mesalazine), corticosteroids and 

immunosuppressants, such as thiopurines (Azathioprine (AZA), 6-mercaptopurine (6-MP)) 

and methotrexate. In addition, antibodies against TNF- show strong efficacy to induce and 

maintain remission of IBD. It is important to note that despite the widespread clinical use of 
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these drugs, the underlying mechanisms by which the symptoms of patients are controlled 

remain unclear. Although it appears that drugs used to treat IBD are generally safe and 

effective, they must be closely monitored for side effects (1). 

Mesalazine is used to induce remission in mild to moderately active UC patients, while its 

effect in CD patients remains controversial. Corticosteroid is the step-up medicine for the 

patients who do not response to mesalazine. Although corticosteroid is effective for inducing 

remission in most patients, it fails to maintain remission and has no effect on intestinal 

mucosal healing. Thiopurine drugs (AZA and 6-MP) are effective for maintaining long-term 

remission and mucosal healing (57). 

The advent of biological therapy has revolutionized the IBD treatment. Current biological 

medicines include Infliximab, Certoluzimab and Adalimumab, which are monoclonal 

antibodies against TNF-α, and Natalizumab, which is a monoclonal antibody against the 

cellular adhesion molecule α4-integrin. For the patients who have a poor outcome prediction 

(age < 40 years, stricturing disease, needing initial treatment with steroids, perianal disease at 

diagnosis) and whose symptoms can not be controlled by the conventional therapies, 

biological therapy is generally effective in inducing and maintaining remission (57). 

AZA is widely used to maintain remission in IBD patients. Despite the fact that AZA is 

already used for four decades as an immunosuppressant for a variety of immune-mediated 

diseases as well as after transplantation procedures, the molecular and cellular mechanisms 

underlying the action of AZA on the human immune system is poorly understood. Recent 

studies have shown that AZA and its metabolites impair lymphocyte proliferation and induce 

apoptosis of human CD4+ T lymphocytes through inhibition of the Rac1 (Ras-related C3 

botulinum toxin substrate 1) signaling pathway (58). Hence, AZA may temper disease activity 

via inhibition of the T lymphocyte compartment, which shows exaggerated activity in patients 

with CD. 

Rac (three isoforms: Rac1, Rac2, and Rac3) is a subfamily of the Rho family of GTPases, 

small (≈21 kDa) signaling G proteins that 

regulate a diverse array of cellular events. 

These include 1) control of cytoskeletal 

remodelling and cell migration, 2) activation of 

phagocyte effector function as NADH-oxidase 

activation and phagocytosis and 3) control of 

gene expression and cell cycle progression 

through the activation of the p38 MAP kinase 

and Jun-N-terminal-kinase. Although the 

mechanisms through which Rac is involved in 

the pathogenesis of IBD are unclear, it may act 

via (a combination of) the following three 

pathways: (1) modulation of the phagocytotic 

activity of innate immune cells via actin 
Figure 3. Regulation of filamentous actin 
by Rac and Rho. 

16 

http://en.wikipedia.org/wiki/Monoclonal_antibody
http://en.wikipedia.org/wiki/Monoclonal_antibody
http://en.wikipedia.org/wiki/Integrin
http://en.wikipedia.org/wiki/Rho_family_of_GTPases
http://en.wikipedia.org/wiki/G_protein


aggregation and organization, (2) induction of T lymphocyte apoptosis; (3) induction of the 

transcriptional activity of NF-kappaB through phosphorylation and degradation of IB(59,60). 

Changes in the cell cytoskeleton represent key features of the biological process of 

phagocytosis, and the Rho family GTPases play important regulatory roles in phagocytosis by 

linking membrane receptors to the actin cytoskeleton. Rac and Rho are activated by exchange 

of GDP for GTP, catalysed by guanine nucleotide exchange factors (GEFs). They are 

inactivated by GTP hydrolysis, catalysed by GTPase-activating proteins (GAPs). In their 

active, GTP-bound conformation, Rac proteins bind to and activate PAK serine/threonine 

kinases (PAK1, PAK2 and PAK3), whereas Rho proteins (isoforms RhoA, RhoB and RhoC) 

bind to and activate ROCK serine/threonine kinases (ROCK-1 and ROCK-2). PAKs and 

ROCKs can then phosphorylate and activate LIMKs (LIMK1 and LIMK2), which in turn 

phosphorylate and inactivate cofilin. Cofilin is dephosphorylated by the phosphatase 

Slingshot. Unphosphorylated cofilin stimulates severing and depolymerization of filamentous 

actin (F-actin) in lamellipodia, the broad sheet-like protrusions and the site from which 

particles or aggregates attached to the cell surface during phagocytosis  (Figure 3) (60-63). 

 

1.5 The scope of the thesis 

The pathogenesis of IBD (both CD and UC) has not been fully clarified. The aim of this thesis 

is two-fold: 1) to identify genetic factors in both Caucasians and Han Chinese that predispose 

to UC; 2) to determine the molecular effect of AZA that leads to effective suppression of 

intestinal inflammation in CD. 

In chapter 2, we follow a candidate-gene approach to determine the putative association of 

SNPs in the gene encoding the runt-domain-transcription-factor 3 (RUNX3) with the 

development of UC in a Dutch cohort of IBD patients. 

In contrast to the rapid development of our knowledge on genetic susceptibility of IBD in the 

Caucasian population, still little information is available about the genes involved in eastern 

Asian populations, where significant lower IBD incidences are reported. In Chapter 3, we 

selected six known UC susceptibility loci identified in Caucasian population and performed a 

study in Han Chinese UC patients to determine possible overlap and potentially finemap UC 

susceptibility genes.  

Most identified CD susceptibility genes currently known are linked to innate immune 

functions and are highly expressed in monocytes, suggesting a putative role of impaired 

monocyte function in the pathogenesis of CD. In chapter 4, we provide an overview of the 

role of monocytes, the main mediators for both innate and adaptive immunity, in Crohn’s 

disease, and the potential role of susceptibility genes in the pathophysiology of monocyte 

dysfunctions in CD. 

In chapter 5, we aimed to optimize the procedure to purify human moncytes from peripheral 

blood samples in order to analyse and quantify the phagocytotic capacity of these cells. 

In chapter 6, we aim to determine the effect of 6-thioguanidine (6-TG), the therapeutic 

metabolite of Azathioprine, on innate immune functions of monocytes from CD patients and 
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healthy volunteers, with specific focus on bacterial phagocytosis and cytokine production. 

In chapter 7, we provide an integrated discussion of the data presented in this thesis and their 

implications for the treatment of IBD patients of different ethnicities. 
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