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Summary 
 

 Inflammatory bowel disease (IBD) is a world healthcare problem that involves 

two major forms: Crohn’s disease (CD) and ulcerative colitis (UC). Immunogenetic 

predisposition is one of the risk factors for the disease, and cytokines are among 

these factors. Therefore, the association between 13 SNPs (single nucleotide 

polymorphisms) of cytokine and cytokine receptor genes (IL1A, IL1B, IL1R1, 

IL1RN, IL2, IL4, IL4R, IL6, IL10, IL12B, IFNG, TNF and TGFB1) and IBD was 

determined in samples of Iraqi Arab patients (34 CD and 66 UC). The patients were 

referred to the Gastrointestinal Tract Unit at Al-Kindy Teaching Hospital, Al-

Yarmouk Teaching Hospital and Al-Zuafrania General Hospital in Baghdad for 

diagnosis and treatment during the period August 2013 - October 2014. A control 

sample of 43 individuals was also included.  

The following results were reached by the study: 

1. Interleukin-1 alpha gene (IL1A-889): frequencies of CC genotype and C allele 

were significantly increased in CD (58.8 and 73.5%, respectively) and UC (54.6 

and 71.2%, respectively) patients compared to controls (25.5 and 40.7%, 

respectively). In contrast, TT genotype and T allele frequencies were 

significantly decreased in CD (11.8 and 26.5%, respectively) and UC (12.1 and 

28.8%, respectively) patients compared to controls (44.2 and 59.3%, 

respectively). 

2. Interleukin-1 beta gene (IL1B-511): Frequency of TC genotype was significantly 

increased in UC patients compared to controls (63.6 vs. 39.5%; P = 0.018), while 

CC genotype frequency was decreased (6.1 vs. 32.2%; P = 0.061). No variation 

was observed in CD patients. 

3. Interleukin 1 receptor type 1 gene (IL1R1pstl 1970): Frequencies of TT genotype 

and T allele (47.1 and 67.7%, respectively) were significantly increased (P = 

0.026 and 8.6*10-5, respectively) in CD patients compared to controls (20.9 and 

34.97%, respectively). In contrast, CC genotype (11.8 vs. 51.2%) and allele C 

(32.4 vs. 65.1%) frequencies were significantly decreased (P = 2.8*10-4 and 

8.6*10-5, respectively) in CD patients. For UC, the patients demonstrated 
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significant increased frequencies of TC genotype (48.5 vs. 27.9%; P = 0.045) and 

T allele (63.6 vs. 34.9%; P = 5.1*10-5) compared to controls. As in CD, UC 

patients also demonstrated significant decreased frequencies of CC genotype 

(12.1 vs. 51.2%; P = 1.7*10-5) and C allele (36.4 vs. 65.1%; P = 8.6*10-5). 

4. Interleukin 2 gene (IL2+166): Among CD patients, frequencies of TT genotype 

(41.2 vs. 6.9%) and T allele (64.7 vs. 43.0%) were significantly increased in 

patients compared to controls (P = 0.001 and 0.009, respectively). In contrast, 

TG genotype (47.1 vs. 72.1%; P = 0.035) and G allele (35.3 vs. 56.9%; P = 

0.009) frequencies were significantly decreased. Almost, similar observations 

were made in UC patients. 

5. Interleukin 4 gene (IL4-590): it was observed that frequencies of TT genotype 

(52.9 vs. 11.6%; P = 1.2*10-4) and T allele (70.6 vs. 24.4%; P = 1.6*10-8) were 

significantly increased in CD patients compared to controls. In contrast, CC 

genotype (11.8 vs. 62.8%, P = 5.6*10-6) and C allele (29.4 vs. 75.6%; P = 1.6*10-

8) frequencies were significantly decreased. In the case of UC, frequencies of TC 

genotype (69.7 vs. 25.6%; P = 1.1*10-5) and T allele (62.1 vs. 24.4%; P = 4.6*10-

8) were significantly increased in patients, while CC genotype (3.0 vs. 62.8%; P 

= 2.5*10-12) and C allele (37.9 vs. 75.6%; P = 1.6*10-8) frequencies were 

significantly decreased in patients. 

6. Interleukin 4 receptor gene (IL4R+1902): frequencies of GG genotype (47.1 vs. 

11.6%) and G allele (55.9 vs. 37.2%) were significantly increased in CD patients 

compared to controls (P = 0.001 and 0.023, respectively). In contrast, GA 

genotype (17.7 vs. 51.1%; P = 0.004) and A allele (44.1 vs. 62.8%; P = 0.023) 

frequencies were significantly decreased. In UC patients, frequencies of GG 

genotype (57.6 vs. 11.6%) and G allele (75.8 vs. 37.2%) were significantly 

increased (P = 1.0*10-6 and 1.9*10-8, respectively); while frequencies of AA 

genotype (6.1 vs. 37.2%; P = 7.0*10-5) and A allele (24.2 vs. 62.8%; P = 1.9*10-

8) were significantly decreased. 

7. Interleukin 6 gene (IL6+565): Comparing patients to controls revealed that GG 

genotype frequency was significantly increased in CD (70.6 vs. 13.9%; P = 

1.5*10-8) and UC (69.7 vs. 13.9%; P = 4.4*10-7) patients, and a similar increased 
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frequency of G allele was observed. In contrast, the GC genotype frequency was 

significantly decreased in CD (23.5 vs. 76.7%; P = 3.7*10-6) and UC (24.2 vs. 

76.7%; P = 7.0*10-6) patients. 

8. Interleukin 12B gene (IL12B-1188): Frequency of A allele was significantly 

increased in CD patients compared to controls (67.7 vs. 47.7%; P = 0.015), while 

C allele was significantly decreased (32.4 vs. 52.3%; P = 0.015). For UC, the 

heterozygous genotype AC showed a significant increased frequency in patients 

compared to controls (66.7 vs. 30.2%; P = 3.6*10-4), while CC genotype 

frequency was significantly decreased (6.1 vs. 37.2%; P = 7.0*10-5). 

9. Interferon gamma gene (IFNG+874): The AT genotype showed a significant 

increased frequency in CD patients compared to controls (58.8 vs. 30.2; P = 

0.020), while TT genotype frequency was significantly decreased (11.8 vs. 

39.5%; P = 0.009). For UC, AA genotype (54.6 vs. 30.2%; P = 0.018) and A 

allele (74.2 vs. 45.4; P = 2.7*10-5) frequencies were significantly increased in 

patients. In contrast, TT genotype (6.1 vs. 39.5%; P = 2.8*10-5) and T allele (25.8 

vs. 54.7%; P = 2.7*10-5) frequencies were significantly decreased. 

10. Tumor necrosis factor alpha gene (TNF-308): Comparing CD patients to controls 

revealed no significant variation, while UC patients demonstrated a significantly 

(P = 0.006) increased frequency of G allele (71.2 vs. 52.3%) and a decreased 

frequency of A allele (28.8 vs. 47.7%). 

11. Interleukin 1 receptor antagonist (IL1RNmaspl 11100), interleukin 10 gene (IL10-

1082) and Transforming growth factor beta (TGFB1codon 25) genes: Comparing 

patients to controls revealed no significant variations in genotype or allele 

frequencies.   

 

The  presented  results of  the  13  cytokine  SNPs   in  CD  and  UC  patients  are 

the  first  report  in  Iraqi  patients,  and their  findings  highlighted  the  role  of  

these SNPs in etiopathogenesis of  both  groups  of  IBD, and  paved the  way for  

further investigations to determine  the  role cytokine  gene polymorphisms  in 

susceptibility to IBD or their protective effects.  
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Chapter One 
Introduction 

 
1.1 Introduction 

Inflammatory bowel disease (IBD), classified as autoimmune 

disease, is chronic inflammatory conditions that occur in gastrointestinal 

tract. The incidence of IBD is relatively high in developed countries. In 

the United States and Europe, as many as 1.4 million and 2.2 million 

persons respectively have be recorded to have IBD, and in recent years, 

the incidence rate continued to rise in Asia, South America, Pacific 

region and many other developing countries (Mansour-Ghanaei et al., 

2015). The major two types of IBD are ulcerative colitis (UC) and 

Crohn’s disease (CD). The first is restricted to rectum and colon and 

invading epithelial lining of the gut, while CD can affect any part of the 

gastrointestinal tract and it causes transmural lesions (Singh et al., 2015). 

Etiologically, it is widely accepted that several factors, such as genetic, 

environmental, immunological factors and their interaction contribute to 

the onset of IBD. In 2001, NOD/ CARD15 gene was identified as the 

first susceptibility gene to CD which provided approaches to identify 

potential IBD genes. Since then, many genes involving in the initiation 

and evolution of IBD have been identified as its susceptible genes, and 

among them, interleukin-10 (IL-10) gene polymorphisms is widely 

investigated, as well as other cytokine genes (Ek et al., 2014; Trifunović 

et al., 2015). 

Cytokines are potent immunomodulatory molecules with important 

roles in immune responses to foreign elements, such as microorganisms 

or transplants. Several studies have reported the role of cytokine gene 

polymorphisms in transplant rejection, and autoimmune and malignant 

diseases (Nadeem et al., 2015). Cytokines act as factors for immunocyte 
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activation, differentiation and function. There are also many reports 

about cytokine gene polymorphisms and cytokines production 

influencing the balance of the immune response. Most polymorphisms 

have been reported to be of the single nucleotide polymorphism (SNP) 

type or microsatellite polymorphism, but other types such as insertion 

and deletion have also been observed (Connelly et al., 2015). Therefore, 

the study of cytokine gene polymorphisms has considered as a useful 

tool for anthropological analysis and for the prediction of genetic 

susceptibility to diseases in certain populations and IBD has also been a 

target for such analyses. Alterations in the regulation of several 

cytokines have been implicated in IBD (CD and UC), cytokine gene 

polymorphisms have also known to affect the level of gene expression in 

the patients (López-Hernández et al., 2015). In a recent Iraqi study, 10 

cytokines (IL-2, IL-4, IL-8, IL-10, IL-12, IL-17A, IL-31, IL-33, IP-10 

[Interferon gamma-induced protein] and IFN-γ) were evaluated in the 

sera of CD and UC patients, and down-regulation and up-regulation of 

some of these cytokines were observed, and it was suggested that these 

differences might have a genetic background (Saake, 2014). 

 
1.2 Aims of Study 

The present study aimed to determine the association between the 

polymorphisms of 13 cytokine and cytokine receptor genes (IL1A, IL1B, 

IL1R1, IL1RN, IL2, IL4, IL4R, IL6, IL10, IL12B, IFNG, TNF and 

TGFB1) and the two types of IBD (UC and CD) in samples of Iraqi 

patients. Such association study may help to understand the 

immunogenetic predisposition for the development of both types of IBD, 

as well as their protective effects can also be determined. 



 
 
 

Chapter Two 
Review of Literature 



Chapter Two: Review of Literature 

3 
 

Chapter Two 
Review of Literature 

 
2.1 Inflammatory Bowel Disease  

Inflammatory bowel disease (IBD) has been regarded as a world 

healthcare problem that is presented with a global sustained increasing 

incidence. Two major forms are recognized as IBD; Crohn’s disease 

(CD) and ulcerative colitis (UC), which represent distinct chronic bowel 

inflammatory disorders (Mansour-Ghanaei et al., 2015). The former can 

cause inflammation of a transmural type and affect any part of the 

gastrointestinal tract in a non-continuous type, but most commonly it 

affects the terminal ileum or the perianal region, and commonly 

associated with clinical complications like abscesses, fistulas and 

strictures. By contrast, UC inflammatory lesions are continuous and 

restricted to the mucosa of large intestine, involving rectum and a 

variable portion of colon (Abraham et al., 2009). The etiology of IBD is 

largely unknown, but recent investigations highlighted that host genetic 

susceptibility, external environment, intestinal microbiota and immune 

responses are functionally involved and  integrated  in IBD pathogenesis 

(Zhang  and  Li,  2014;  Trifunović et al., 2015). 

 

2.1.1 Genetic Factors 
Studies comparing the prevalence of IBD among different ethnic 

groups suggest a genetic tendency. Inflammatory bowel disease has been 

observed to occur two to four times greater in Jewish population as 

compared with other ethnic groups. Other epidemiologic studies have 

shown higher rates in Whites and lower rates in African Americans, 

while the lowest rates have been recorded in Asians (Ahmad et al., 

2009). 
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The prevalence of IBD is also increased in relatives of those who 

have CD and UC. A Danish study found that the risk increases 2 to 13 

times for offspring of patients who have IBD as compared with the 

general population. For patients who have UC, the occurrence of IBD in 

their offspring was 6.26%, while for patients who have CD; the 

occurrence was 9.2%. Accordingly, the genetic risk has been suggested 

to be higher for CD than UC (Halme et al. 2006). Twin studies have 

further confirmed the genetic etiology of IBD. In, CD, the concordance 

rate among monozygotic twins had a range of 20 - 50%, compared to 

approximately 10% in dizygotic twins; emphasizing a definite genetic 

component. In UC, a less concordance rate (16%) was reported in 

monozygotic twins, but it was still higher than that (4%) of dizygotic 

twins (Bengtson et al., 2010; Ng et al., 2012). 

However, there have been great technological advances in the 

understanding of genetic factors that contribute to IBD etiology, which 

include DNA analysis and sequencing and the employment of 

multinational databases. These advances allowed for the achievement of 

genome-wide association studies (GWAS) that identified different single 

nucleotide polymorphisms (SNPs) and defined their role in IBD. Based 

on these studies, the number of IBD-associated gene loci has been 

brought to163, which are distributed as 110 shared loci for both diseases, 

30 loci as CD specific and 23 loci as UC associated. An understanding of 

gene loci that are shared by UC and CD may provide a pathway to 

elucidate the common pathogenesis involved in both forms of IBD 

(Jostins et al., 2012). 

The modern genetic research era of IBD began with the discovery 

of the first susceptibility gene for CD, which was nucleotide-binding 

oligomerization domaincontaining 2 gene (NOD2) CD (Ogura et al., 

2001). The protein coded by NOD2 gene was described as an 
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intracellular receptor that recognizes the muramyl dipeptide (MDP), 

which is a conserved motif present in Gram-positive and -negative 

bacteria peptidoglycan (Inohara et al., 2003). A stimulation of MDP can 

induce autophagy, and by which bacterial replication and antigen 

presentation is controlled, and in addition, it modulates innate and 

adaptive immune responses (Shaw et al., 2011). It has been 

demonstrated that NOD2 is involved in distinct MDP-independent 

pathways such as T-cell response regulation, and the association between 

CD and NOD2 has been confirmed at the level of genome-wide 

significance (Sabbah et al., 2009). 

Genetic analyses have declared further for an indispensable role of 

autophagy in IBD immune responses, and recorded two autophagy-

related genes; ATG16L1 and IRGM (McCarroll et al., 2008). Autophagy 

has been considered as important regulator of intracellular homeostasis 

that contributes to the degradation and recycling of cytosolic contents 

and organelles, as well as, it involved in resistance against infection and 

clearing of intracellular microbes (Khor et al., 2011). It has been found 

that ATG16L1 is necessary for all forms of autophagy, and moreover, 

the coding mutation T300A has been associated with a CD increased risk 

(Kuballa et al., 2008). The second gene (IRGM) codes for a protein 

belong to immunity-related GTPase family, and CD-associated IRGM 

SNPs has been associated with a reduced protein expression. In addition, 

epithelial cells and dendritic cells having ATG16L1 and NOD2 variants 

showed defects in antibacterial autophagy (Travassos et al., 2010). 

With further applications of GWAS and SNPs, a significant 

association between IBD and IL23R gene has also been observed. Such 

gene codes for a receptor for the pro-inflammatory cytokine IL-23, 

which is involved in the generation of Th17 cells (Duerr et al., 2007). 

The Th17 and IL-23 pathway has been well depicted in IBD 
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pathogenesis, with the identification of susceptibility gene loci (IL23R, 

IL12B, JAK2 and STAT3) that are involved in both UC and CD 

(Anderson et al., 2011). Variants in IL12B, which encodes the p40 

subunit of IL-12, have been further associated with IBD, and in addition, 

a malfunction in IL-10 have also been associated with both forms of IBD 

(CD and UC) (Tremelling et al., 2007). 

In addition, immunogenetic predisposition has also been implicated 

in etiopathogenesis of IBD, and in this context, two genetic polymorphic 

systems were mostly encountered; human leukocyte antigen (HLA) and 

cytokines. HLA genes have been identified as the first of the most 

significant regions of the genome with respect to IBD susceptibility, 

especially CD. In particular, HLA-DR and HLA-DQ genes, part of the 

HLA class II subgroup, which encode heterodimeric peptide-binding 

proteins and proteins that modulate peptide loading, have been 

associated with IBD susceptibility (Ad'hiah et al., 2008; Lees and 

Satsangi, 2009). Cytokine genetic polymorphisms have also been 

associated with IBD, especially if we consider that such polymorphisms 

in the cytokine gene regulatory regions have been correlated with 

cytokine secretion (Warle et al., 2008). A wealth of data have indicated 

the importance of genetic background in regulating the cytokine network 

in IBD, and in fact, polymorphisms of cytokine/cytokine receptor genes 

have been shown to be associated with the development of IBD; 

implicating their role in determining the risk or protection from the 

disease expression (Andersen et al., 2010; Palmieri et al., 2010; Kim et 

al., 2011). This subject will be reviewed later in more details. 

 
2.1.2 Environmental Factors 

It is a well-established fact that environmental factors play an 

important role in IBD pathogenesis, and a number of environmental 
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factors have been regarded as risk factors for IBD; including smoking, 

diet, drugs, geography, social stress, and psychological element (Loftus, 

2004). However, smoking has been observed as the most environmental 

prompter for IBD. It was in 1982 when an inverse association between 

UC and smoking was reported, and subsequent studies have sustained 

the protective effect of heavy smoking on UC development (Cosnes, 

2008). In contrast, smoking has been associated with an increased risk to 

develop CD (Birrenbach and Böcker, 2004). 

Vitamin D is a further environmental factor, and Leslie et al. (2008) 

noticed that vitamin D deficiency was commonly observed in IBD 

patients and suggested that low vitamin D can increased the risk of IBD. 

The role of aspirin and nonsteroidal anti-inflammatory drugs (NSAIDs) 

has also been recognized, and Ananthakrishnan ,(2013) found that high 

dose, prolonged duration use and frequent use of NSAIDs was associated 

with an increased risk of CD and UC. A more recent study suggested 

that antibiotics are important environmental factor that influences 

influencing the risk of IBD through their effects on intestinal flora (Shaw 

et al., 2010). 

Stress has long been considered to play a role in CD and UC 

pathogenesis, and Bitton et al. (2008) suggested that individuals with 

lower stress levels had a reduced risk of IBD disease onset. In addition to 

psychological stress, epidemiological surveys highlighted that air 

pollution may contribute to CD and UC risk, and the increasing 

incidence of IBD in developing countries that parallels industrialization 

development may confirm such disease-associated risk (Thia et al., 

2008). Such air pollution associated risk has been explained in the 

ground that air pollution is associated with an augmentation in 

circulating polymorphonuclear leukocytes and serum cytokines, which 

may contribute to IBD pathogenesis (Kaplan et al., 2010). 
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2.1.3 Role of Microbiota 

The gut microbiome of human consists of nearly 1150 bacterial 

species, with each individual host having approximately 160 species, and 

it has been established that there is an association between microbiome 

changes and IBD risk (Qin et al., 2010). Therefore, the gut flora has been 

the focus of studies in CD and UC patients in inflamed and non- 

inflamed regions. These studies reported that there is a significant 

reduction in biodiversity of fecal microbiome in CD and UC patients 

compared to controls (Joossens et al., 2011). A further observation found 

that the microbiota is unstable in IBD patients (Andoh et al., 2011). In 

healthy intestine, two phyla (Firmicutes and Bacteroidetes) predominate 

and have their contribution to the production of epithelial metabolic 

substrates. In contrast, microbiota is characterized by a relative lack of 

these two phyla, and instead an over-representation of enterobacteria in 

CD has been recorded, while, a reduction in Clostridium spp. and an 

increase in Escherichia coli have been found in UC (Martinez et al., 

2008). In addition, it has been observed in IBD patients (particularly 

CD), that there is a dramatic increase in bacteria that is associated with 

the colonic adherent mucus layer (Johansson et al., 2008), and a 

consistent increase in mucosa-associated E. coli and reduction in 

Firmicutes have been reported UC patients. Also, there is strong 

evidence that depicts an increase in mucosa-associated E. coli in ileum 

and colon of CD patients, and their presence within the granulomas has 

been associated with a pathogenic role in patients (Ryan et al., 2004). An 

adherent and invasive phenotype of E. coli has also been observed in CD 

patients, which was pictured by bacterial invasion into epithelial cells 

and replication within macrophages, and it was associated with 

granuloma formation (Meconi et al., 2007). 
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2.1.4 Immune response 

The interaction of the above three etiological factors (genetics, 

environment and microbiota) will certainly modulate the immune 

response, especially mucosal immunity, that is involved in IBD 

pathogenesis, which has been dominated by studies of mucosal 

immunity, especially the T lymphocyte response (Zhang and Li, 2014). 

The available information suggests that a dysfunction in innate and 

adaptive immune responses is involved in the aberrant intestinal 

inflammatory response in IBD patients, and most studies that focused on 

adaptive immune response has led to the conclusion that the two forms 

of IBD are clearly distinct types of gut inflammation: CD is driven by a 

Th1 response, while UC has been associated with a Th2 response 

(Cobrin and Abreu, 2005; Targan and Karp, 2005). 

 

2.1.4.1 Innate Immune Response 

The innate immune response (first line of defense against 

pathogens) is achieved by a variety of cells that include epithelial cells, 

neutrophils, dendritic cells, monocytes, macrophages and natural killer 

cells, and initiated by microbial antigens recognition via PRRs (pattern 

recognition receptors) including TLRs (toll- like receptors) on surface of 

cell and receptors in the cytoplasm (NOD-like receptors) (Abreu et al., 

2005). Investigations in this context have demonstrated that cells 

mediating innate immunity and TLRs and NOD proteins expression and 

function are significantly deviated in IBD patients. Among these, 

accumulation of mucosal neutrophils and their production of IL-1β and 

IL-8 in response to trauma were reduced in CD patients but not UC 

patients (Marks et al., 2006). In addition, GWAS presented evidence that 

NOD2 gene is mutated, and such mutations have been associated with 

CD, and are responsible for the defective ability in the gut to respond to 
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lipopolysaccharides. Such defect has been suggested that may account 

for IBD susceptibility (Bonen et al., 2003). Such altered response might 

enhance pathogenic microbial invasion in CD patients and may also 

cause a reduction in the production of antibacterial agents (Wehkamp et 

al., 2004). Further studies suggested that NOD2 mutations that are 

associated with a functional loss may consequence in a reduced 

inhibition of TLR2 stimulation, which leads to inflammatory pathways 

activation and excessive Th1 immune responses (Abraham et al., 2006). 

Therefore, production of cytokines is altered and one of them is IL-23, 

which is a key cytokine involved in innate and adaptive immunity and 

exerts a central role in driving early immune responses against microbes. 

Investigations have demonstrated that IL23R SNPs are associated with 

both forms of IBD (CD and UC); an observation that suggests that IL-23 

may represent an inflammatory molecule that has a role in a chronic 

intestinal inflammation, and by this pathway IL-23 may contribute to 

IBD pathogenesis  at  early disease (Takatori  et  al . ,  2009). 

 

2.1.4.2 Adaptive Immune Response 

Most investigations in the last two decades have spotted the role of 

abnormal adaptive immune responses in IBD pathogenesis, and such 

spot has ultimately led to the concept that the CD and UC represent 

clearly distinct forms of IBD that involves gut inflammation: CD has 

long been regarded to be driven by a Th1 response, while UC has been 

associated with Th2 response (Geremia et al., 2014). T regulatory (Treg) 

and Th17 cells have also been involved in inflammatory response of gut 

in IBD (Zhang and Li, 2014). The functional communication between 

these cells is mainly mediated by cytokines (Figure 2-1), which were the 

main concern of present study, but in terms of their genetic 

polymorphisms. 
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Among these cytokines that have been extensively studied in IBD 

are those produced by Th1and Th2 lymphocytes. The former are induced 
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by IL-12 to produce mainly IL-2 and IFN-γ, while Th2 cells  are 

signatured by producing IL-4, IL-5 and IL-13 (Maerten et al., 2004). An 

abnormal Th1 immune  response has been suggested to  cause the 

intestinal inflammation in CD and triggered by increased  mucosal levels 

of  IL-12, and in addition, macrophage-derived IL-12 has been presented 

to be preferentially over-expressed in CD patients      (Schmidt et al., 

2005). Mucosal T lymphocytes from CD  patients  have  also been  

shown to produce higher levels of  IL-2 and IFN-γ than  T lymphocytes 

from UC patients or  controls, but UC patients  produced  more  IL-5  

than  CD patients (Ito et al., 2005; Sventoraityte et al., 2008). Further 

investigations confirmed that  T cells  from  CD  patients  produced  

more IFN-γ  than  cells  of  UC and  controls, and a similar  observation 

was made regarding NK T cells (Fuss et al., 2004; Heller et al., 2005). 

Crohn's disease has therefore been suggested to be characterized by a 

Th1 immune response, while UC has been considered as a Th2-mediated 

disease, with excessive production of  IL-5 and IL-13(Di Sabatino et al., 

2012). 

Regulatory T cells have also been defined to have a role in  

pathogenesis of IBD via their production of the anti-inflammatory  

cytokines IL-10 and  TGF-β, and they are suggested to be involved in  

the maintenance of gut mucosal homeostasis by suppressing abnormal 

immune responses against normal flora or dietary antigens in the gut.  

(O'Garra and Vieira, 2004). In this regard, it has been reported that  Treg 

cells demonstrate a potent anti-inflammatory action in  experimental 

colitis, and in addition, they were found  to be depleted  from the 

peripheral blood of active IBD patients compared to quiescent  IBD  

patients or controls (Fantini et al., 2006; Chamouard et al., 2009). In 

agreement with  such findings, defects in the function of  IL-10 have also 

been associated with CD and UC, and an up-regulation of   IL-10  
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produced by  cultured  monocytes from IBD patients was found  

(Sventoraityte et al., 2008). Therefore, IL-10 production  by  Treg  cells  

has  been regarded  as  important  cytokine in  the   pathogenesis of IBD 

(Műzes et al., 2012). 

 

2.2 Cytokine Gene Polymorphisms 
 Cytokines are  low-molecular-weight  soluble  protein  messengers  that  

are involved in  all aspects of innate and adaptive immune  responses, 

including cellular growth and  differentiation,  inflammation,  and  

repair. They act in an antigen-nonspecific manner and are  involved in a 

wide array of biological activities ranging from  chemotaxis  to 

activation of  specific cells and induction of broad  physiologic changes  

(Mehta, 2006). A large number of cytokines have been identified, and 

many are crucial in regulating lymphocyte development and in 

determining the types of immune responses  evoked by specific 

responses (Doan et al., 2008). Cytokines are  produced  mainly  by  

immune  cells  that  facilitate  communication  between cells, stimulate 

the proliferation of antigen-specific effector cells, and mediate local and 

systemic inflammation using three  pathways:  autocrine,  paracrine  and  

endocrine  (Sanchez-Muñoz et al., 2008). However, these  actions  might  

be  subjected  to  the influence  of  genetic polymorphisms of  cytokine  

and  cytokine  receptor     genes (Kaur and Mehra, 2012). 

Genetic polymorphism can  be  defined  as  the  existence  together  

of many forms  of  DNA  sequences  at  a  locus  within the  population, 

or a  discontinuous  genetic  variation  that  results in different forms  or 

types of individuals among  the  members of  a single  species (Dai et 

al.,2008). Genetic polymorphism promotes diversity within a 

 population. It often persists over many  generations  because  no  single  

form has an overall advantage or disadvantage over the others  regarding 

http://www.biology-online.org/dictionary/Existence
http://www.biology-online.org/dictionary/Diversity
http://www.biology-online.org/dictionary/Population
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natural selection. A common  example is the  different  allelic  forms  

that  give rise  to  different  blood  types  in  humans  (Riha et al., 2004). 

With the recent knowledge on cytokine gene polymorphisms 

(CGPs), differences between individuals have been discovered that 

influence not only cytokine gene expression, but also susceptibility to 

diseases, their progression, severity, and clinical outcomes. Ethnic  

differences observed in patterns  of  CGPs  at  the  population  level  are  

mainly a result of natural selection imposed by microbiota,  

environmental  factors, and  complex host-pathogen  interactions. These  

correlate  with  population-based variations  in  the  ability to mount an 

immune response, and data  generated  over  the  years has identified  

several important single nucleotide  polymorphisms  (SNPs)  in  various  

cytokine  and cytokine  receptor  genes  that  are  important  markers not 

only for better understanding of etiology and pathology of a disease, but 

also as potential biomarkers of  disease  susceptibility and  severity 

(Fang  et al., 2010;  Fareed  and Afzal,  2013). 

Genetic polymorphisms have  therefore  emerged  in  recent  years  

as  important determinants of disease susceptibility and severity.  

Polymorphisms  are  naturally occurring  DNA  sequence  variations,  

which differ from gene mutations  in that  they  occur  in the normal  

healthy population and have a frequency of at least 1%.  Approximately 

90% of DNA polymorphisms are SNPs due to single base substitutions. 

Others include insertion/deletion polymorphisms, minisatellite and  

microsatellite polymorphisms (Ulger et al., 2014). Although most 

polymorphisms are functionally neutral, some have effects on  regulation 

of   gene expression or on the function of the coded protein. These 

functional polymorphisms, despite being of  low penetrance,  could 

contribute to the differences between individuals in  susceptibility  to and  

severity of disease (Conde et al., 2013).  

http://www.biology-online.org/dictionary/Natural_selection
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Many studies have examined the relationship between certain 

cytokine gene polymorphism, cytokine  gene expression in vitro, and the 

susceptibility to and clinical  severity  of  diseases  (Hollegaard  and  

Bidwell, 2006;  Ulger  et al., 2014). Single  nucleotide  polymorphisms  

are  an  increasingly important  tool  for studying  structure  and  history 

of genome, and one of their most common applications is in disease-

association studies, which aim to explore statistically significant  

associations  between  SNP alleles  and diseases, in  order  to pinpoint 

candidate causative genes (Ning et al., 2014). With respect  to  cytokine  

genes, SNPs are frequently encountered in the 5'and 3' regulatory regions 

or introns of a cytokine  gene  and/or  its receptors, which have been 

shown to play a role in regulating  the  extent of gene expression through 

one or more of the following possible mechanisms: by  altering  the  

structure  of  transcription  factor  binding  sites  within  promoters,  

manipulating  the  structure  of  enhancers  or silencers  within  introns  

or  at  distant  regions,  and  altering  the  binding  sites  within  nuclear 

matrix  for  architectural  transcription factors  that  modulate  promoter  

activity (Longhi et al., 2013). 

Inflammatory bowel disease has also been the subject of cytokine 

gene polymorphisms world  wide, but unfortunately they have  been not  

investigated  in Iraqi  patients, and therefore, this study came to shed 

light on 13 cytokine and cytokine receptor SNPs (IL1A, IL1B, IL1R1, 

IL1RN, IL2, IL4, IL4R, IL6, IL10, IL12B, IFNG, TNF and TGFB1). 

 

2.2.1 Interleukin-1 Genes (IL1A, IL1B, IL1R1 and IL1RN)  

Three members of  IL-1 have  been recognized: IL-1α, IL-1β, IL-1 

type I receptor (IL-1R)  and  IL-1 receptor antagonist (IL-1RA), which  

are  controlled  by four closely linked genes (IL1A, IL1B, IL1R1 and 

IL1RN, respectively) that are mapped to the  long  arm  of  chromosome  
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2  (2q14.2)  (Arend et al., 2008). The  first  two  interleukins (IL-1α and 

IL-1β) are structurally related and recognize the same  receptor (IL-1R), 

while  IL-1RA  binds  IL-1R  and  blocks  the  activities  of IL-1α  and  

IL-1β (Sainz et al., 2008). Interleukin-1 is  mainly produced by  

activated monocytes and macrophages, and acts systemically and locally, 

while IL-1RA is produced by hepatocytes during the  inflammatory  

acute-phase  response,  probably to  control  IL-1 effects (van de 

Veerdonk and Netea, 2013). An  imbalance  between IL-1 and IL-1RA 

production has been observed in mucosal biopsies obtained from 

inflamed colonic tissue of IBD patients, and an IL-1RA  administration 

to rabbit  model  of  dextran-induced  colitis  prevented  mucosal 

i n f l a m m a t i o n  a n d  n e c r o s i s  ( L u d w i c z e k  e t  a l . ,  2 0 0 4 ) .  

Several SNPs have been described for IL1A, IL1B, IL1R1and IL1RN 

genes (IL1A-889,  IL1B-511, IL1B+3962, IL1R1pst1 1970 and IL1RN mspa1 11100), 

and studies  in CD and UC patients of  different ethnicities  have  

reported  different  correlations with  the  two  forms of  IBD, but  some 

of  them  suggested  that these polymorphisms may play a role in 

etiopathogenesis of IBD (Craggs et al.,2001; Nohara et al.,2003; Ferreira 

et al., 2005; Celik et al., 2006; Corleto et al., 2009; Furusho et al., 2011; 

Z i a e e  e t  a l . ,  2 0 1 4 ;  L ó p e z - H e r n á n d e z  e t  a l . ,  2 0 1 5 ) . 

 
2.2.2 Interleukin-2 Gene (IL2) 

Interleukin-2 was discovered in 1975 as a growth-promoting  

activity for bone  marrow-derived T lymphocytes (Fallahzadeh et al., 

2011). It is synthesized and released from activated T cells and has a key 

role in cell mediated immune response, and it  was found  that  IL-2  

increases  lymphokine  release  from T, B and NK cells and has many 

immunological effects (Wrenshall et al., 2014). Additionally, it is  a  

potent T cell growth factor that is assumed to amplify lymphocyte  



Chapter Two: Review of Literature 

17 
 

responses in vivo (Fallahzadeh et al., 2011).Functionally, it  initiates   a 

pro-apoptotic pathway through enhancing FasL expression on  activated 

T cells, and since T cells also express  Fas /CD95, this  events  leads to 

programmed cell death (apoptosis) of activated T lymphocytes. Also, it  

promotes  production  of NK-derived cytokines such as tumor necrosis 

factor alpha (TNF-α), IFN-γ and granulocyte monocyte-colony 

stimulating factor (GM-CSF), and can act synergistically with IL-12 to 

e n h a n c e  N K  c y t o t o x i c  a c t i v i t y  ( O o  e t  a l . ,  2 0 1 2 ) . 

With respect to IBD, activated T lymphocytes have been suggested 

to be involved the mucosa inflammation of IBD patients, and therefore, 

IL-2 may play a stimulating  role  in  the  inflammation (Ito et al., 2005). 

There is also emerging evidence  that  serum  IL-2  show  an increased 

level in CD patients with active disease; an observation that suggests that 

CD is Th1-driven disease, but may not be involved in UC (Sventoraityte 

et al., 2008).  

Interleukin-2 is encoded by a gene located on the long arm of 

chromosome 4 (4q26). Two polymorphisms in  IL2 gene (-330 T/G and 

+166 G/T) have been shown to influence  IL-2 levels (Gao et al., 2009). 

The profile of IL2 SNPs in IBD has been the subject of two 

investigations. In the first, IL2-330 SNP was investigated  in Chinese UC  

patients  and  a  positive  association was reported (Shi et al., 2011).In  a 

further study,  IL2+166  SNP  was investigated in Turkish CD and UC  

patients, and significant variations in genotypes  and  alleles were found 

between patients and controls  (Gok et al., 2014). 

 

2.2.3 Interleukin-4 Gene (IL4) 

Interleukin-4 was discovered in 1982, and secreted by activated T 

cells and basophils as a mature 129 amino acid glycoprotein. It is a  

pleiotropic  cytokine that  acts  on  T  and  B  lymphocytes,  monocytes, 
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polymorphonuclear cells, fibroblasts and endothelial cells (Maes et al., 

2012). As mentioned, it executes pleiotropic functions, including  

induction  of  Th2  differentiation,  immunoglobulin class switching, B 

cell proliferation, and suppression of Th1 differentiation and macrophage 

activation (Gilmour and Lavender, 2008). It acts at  various stages of cell 

differentiation and its effects are also dependent on the cytokine 

environment (Apte et al., 2008). In particular, IL-4  blocks  some  of  

effects  of  IL-2  whereas  IFN-γ  blocks  some  of  the  effects  of  IL-4 

(Olver et al., 2007). Interleukin-4  is   also termed  anti-inflammatory 

because of  its  ability to suppress TNF-α, IL-1, IL-6, and  prostaglandin 

E2  (PGE2)  production  by  activated  monocytes  (Rai et al., 2011; 

Karimi et al., 2013). Interleukin-4 activates two types  of receptors; the 

type 1receptor is comprised of  the JAK1-bound  IL4Rα and JAK3-

bound  common  gamma cha in (γc)  (Sha rma  e t  a l . ,  2008 ) . 

Interleukin-4  is  encoded  by  a  gene  located  on  the  long  arm  of  

chromosome 5 (5q31.1). Three polymorphisms in IL4 gene (IL4-1089 

T/G, IL4-590 T/C and IL4+33 T/C) have  been described, while, its  

receptor  gene (IL4R) is mapped  to 16p11.2-12.1, and  the  mostly  

studied  SNP  is  IL4R+1902  (Karimi et al., 2013). Several  studies have 

examined the IL$ SNPs in IBD patients, and although different 

associations  were  reported,  the  investigations  agreed  that  IL4  

polymorphisms    are  involved  in  the  etiopathogenesis  of  CD  and 

UC (Aithal et al., 2001; Peng et al., 2002; Hong et al., 2008; Ahirwar et 

al., 2012; Connelly et al., 2014). The protective  effect  of  these  SNPs  

has  also  been  highlighted; for  instance,  Gao et al. (2014) reported  

that IL4-590 C allele is a protective allele against CD and UC in Turkish 

patients. Similarly, IL4R SNPs have been further investigated in IBD 

patients, and homozygosity in these SNPs have been suggested to have a 
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role in IBD pathogenesis  and  progression (Tachdjian et al., 2009; Gao 

et al., 2014; Karatzas et al., 2014). 

 

2.2.4 Interleukin-6 Gene (IL6) 

Interleukin-6 is produced primarily by mononuclear phagocytes, 

fibroblasts, and vascular endothelial cells, and some activated T cells can 

also secrete IL-6. It is multi-functional cytokine, and plays roles in 

adaptive immune response, inflammation, hematopoiesis and endocrine 

system (Balschun et al., 2004). However, studies of IL-6 deficient mice 

have shown that, while IL-6 contributes to numerous cellular events, it is 

crucial for the acute phase response, mucosal production of IgA, and 

fever response during inflammation. In particular, IL-6 induces the 

synthesis of acute phase proteins (particularly fibrinogen) by hepatocytes 

and stimulates pathogen clearance functions of neutrophils (Fisman et 

al., 2006). It also appears to have a major influence on the end stages of 

B cell differentiation, as well as supports the differentiation and/or 

maturation of B cells, T cells, macrophages, megakaryocytes, certain 

neurons and osteoclasts (Dienz and Rincon, 2009). 

Although IL-6 was originally considered to be a pro-inflammatory 

cytokine, but several discoveries prompted a revision of its 

characteristics and indicated that IL-6 also has anti-inflammatory 

properties. For instance, IL-6 inhibited neutrophil accumulation  after  

lipopolysaccharide  (LPS)  injection  and  antagonized  the  actions  of  

IL-1β  and  TNF-α  via  induction  of  the  soluble  IL-1Ra  and  the  

soluble  TNF-α  receptor  (Petersen and Pedersen, 2006). Furthermore,  

IL-6  was required  to  control  the  levels  of  pro-inflammatory  

cytokines,  such  as  TNF-α,    in vivo after  endotoxic  insults,  both  

locally  and  systemically,  and  under  certain conditions,  IL-6  obtained  
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anti-inflammatory  characteristics  in macrophages (Neurath and Finotto, 

2011). 

There is emerging evidence that IL-6 plays a crucial part in 

intestinal inflammation, which  is  a  main  phenomenon  of  IBD,  and  it  

has  been        reported  that  intestinal  macrophages  and  CD4+ T-cells  

produce  elevated  levels   of  IL-6 in IBD patients (Atreya and Neurath, 

2005). A further observation documented  that  the  formation  of  IL-6-

sIL-6R complexes  is  increased  in  the patients, and such complexes can 

interact with CD4+T cell  membrane  and  lead  to  an  increased STAT3 

expression and nuclear translocation, which leads to the induction  of  

anti-apoptotic  genes (for  instance  Bcl-xl) (Mudter and Neurath, 2007). 

Consequently, a resistance  of  lamina  propria  T-cells  to  apoptosis  is       

augmented, and  T-cell  expansion  therefore  contributes  to  the  

persistence  of chronic  intestinal  inflammation  in IBD patients 

(Scheller et al., 2011). These findings depict  the  predominant  

pathogenic  role  of  IL-6  in  pathogenesis  of      CD and UC, and  thus  

IL-6  has been a target for therapeutic strategies in the treatment  of  IBD 

(Allocca et al., 2013). 

Interleukin-6  is  encoded  by  a gene on the long arm of 

chromosome 7 (7q14.21).  Two  SNPs  located  in  the  promoter  region  

of  IL6   gene  (IL6 -174 G/C and IL6+565 G/A) are  the  most  frequently  

studied  genetic  variations  of  the       gene, and  earlier  studies  

demonstrated  that  the  first  SNP  is  effective  in regulating  IL-6  

production,  and  IL6-174  G allele  was  associated  with  high   levels of  

IL-6 (Rivera-Chavez, 2003). The  mostly  investigated  SNP  in  IBD  

patients    was  IL6-174  and  the  investigations  concluded that such SNP 

might be associated with  the  etiology  of  IBD;  although  the 

observations  have  been inconsistent (Balding et al., 2004; Cantor et al., 

2005; Sawczenko et al., 2005; Guerreiro et al., 2009; Sagiv-Friedgut et 



Chapter Two: Review of Literature 

21 
 

al., 2010). The  second SNP (IL6+565) has not been investigated in IBD 

patients. 

 
2.2.5 Interleukin-10 Gene (IL10) 

Interleukin-10  was  discovered  in  1980  as  a  cytokine  with  

inhibitory   factors, and  exhibits  various  immunomodulatory  

functions,  and  it is mainly secreted  by  Th2  type  T cells,  but  also  

macrophages/monocytes,  dendritic       cells,  B cells, and even Th1  

cells, Th2 cells, lung mast cells, B cell derived tumor cell lines, and 

keratinocytes  are  also  able  to secrete  IL-10, but  recently,  it is  

considered  as  T-regulatory (Treg) cell  cytokine (Saraiva and O-Garra, 

2010). The immunodulatory  functions  of  IL-10  are  various, ranging  

from  supporting  B  cell differentiation  and  immunoglobulin  secretion  

to inducing a strong anti-inflammatory response (Chaudhry et al., 2011). 

It is also an anti-inflammatory cytokine, and during infection, it inhibits 

the activity of Th1 cells, NK cells, and macrophages, all of which are 

required for optimal pathogen clearance but also contribute to tissue 

damage (Cope et al., 2011). Furthermore, IL-10 inhibits MHC-class II 

and co-stimulatory molecule B7-1/B7-2 expression on monocytes and 

macrophages  and  limits  the  production  of  pro-inflammatory  

cytokines    (including IL-1α and β, IL-6, IL-12, IL-18, and TNF-α)  and  

chemokines  (Das et al., 2012). In this  regard, it  has  been  found  that  

IL-10  inhibits  the  protective   immune response to pathogens by 

blocking the production of pro-inflammatory cytokines, such  as TNF-α  

and  the  Th1-polarizing  cytokine  IL-12,  by directly acting  on  

macrophages   and   dend r i t i c   ce l l s   (P i l s  e t  a l . ,  2010 ) . 

With respect to IBD, it has been reported that IL-10 plays a pivotal 

anti-inflammatory  role  in  CD patients, and an inactivation of  IL-10 in 

mice was associated  with  an  increased  production  of  IL-12  and  
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IFN-γ. In  humans, the inflamed  mucosa  and  granulomas  of  CD 

demonstrated  low  level  of  IL-10 expression (Shih and Targan, 2008). 

However,  it  was  most  important  to observe that  endogenous  IL-10  

can  constrain  Th17  cell  development  through  the    control  IL-1  

production,  which  confirms  the  crucial  anti-inflammatory  role  of  

IL-10 in patients with CD, while in UC the IL-10 effects have been not 

well-understood (Wilke et al., 2011). 

Interleukin-10  is encoded  by  a  gene  located  on  the  long  arm  

of chromosome 1 (1q31-32). Three  SNP  has  been  found on the 

promoter region of IL10  gene (IL10R-1082 RG/A, IL10R-819R C/T and IL10R-592R 

C/A) and exhibited a strong effect on the transcription  of  IL10 gene 

(D'Alfonso et al., 2000).  In  one  comprehensive study, a meta-analysis  

of  17  published  studies  about  three  IL10  SNPs  in  IBD (IL10R-1082R, 

IL10R-819R and IL10R-592R) was carried out  by Zou et al. (2014).  Their  

results demonstrated  that  IL10R-819R  and  IL10R-592  RSNPs  were  associated  

positively  with  UC,  while  IL10R-1082 R SNP  was  associated  with  CD  

or  UC.  A  further meta-analysis  also reported positive associations but 

they were different from those reported  by  the  former  meta-analysis 

(Lv et al., 2014). 

 
2.2.6 Interleukin-12B Gene (IL12B) 

Interleukin-12  is  a  pro-inflammatory  cytokine that  play a central  

role  in  immune  response,  because  it  links  the  activation  of  

macrophages  by  microbial  invaders  to  activation  of  both  NK  

(innate  response) and  Th1  (adaptive response)  effector  functions.  In  

particular,  IL-12  is  crucial  for  the  generation  of IFN-γ required for 

host defense against a broad range of intracellular pathogens (Trinchieri, 

2003). Interleukin-12  is  a  heterodimer  and  composed  of          

disulfide-linked  p35  and  p40  subunits  that  are  unrelated  in  
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structure. The         p35  subunit  is  homologous  to  regions  of  IL-6  

and  G-CSF,  while  p40  subunit has  the  structure  of  a  hematopoietin   

receptor  molecule  (Watford et al., 2004).     It is  produced  primarily  

by  activated  macrophages  and  with  some  contribution  by  

neutrophils,  dendritic  cells,  monocytes,  and  B cells (Kang et al., 

2005).  

It  has  been  demonstrated  that  of  IL-12  expression  is  up-

regulated  in  both active   UC  and  CD  biopsies, and  it  was  positively  

correlated  with  the        disease   activity  score  (Nielsen et al., 2003). 

In  addition, the  Levels of  IL12p40 were  found  to  be  higher  in  early  

rather  than  in  late  CD;  an  observation that suggests that  IL-12-

mediated  modulation  is  strongly  dependent  on  stage  of  disease 

(Kugathasan et al., 2007). 

The two chains (p35 and p40) that  form  IL-12  complex  are  

encoded  by  two genes; IL12A and IL12B, which are mapped to 3p12-

13.2 and 5q31.1-q33.1, respectively, and  SNPs  for  both  genes  have  

been  described (Chen et al., 2009). The latter gene has been mostly 

encountered and in IBD, and several groups of investigators  (Barrett et 

al., 2008; Franke et al., 2010; Anderson et al., 2011) presented  evidence  

that  IL12B  is a gene  that  is  associated  with  susceptibility  for IBD.  

Disease-SNP  studies  also  implicated  the  role  IL12B  SNPs in 

etiopathogenesis  of  IBD, although  inconsistent  observations have been 

made (Marquez et al., 2008; Yamazaki et al., 2009; Glas et al., 2012; 

Moon et al., 2013; Dubinsky et al., 2013).  

 

2.2.7 Interferon Gamma Gene (IFNG) 

Interferon-γ (IFN-γ) is a type II IFN that was believed that 

CD4+Th1 lymphocytes,  CD8+ cytotoxic  lymphocytes,  and  NK cells  

are  its exclusive producer IFN-γ; however, it has also been evident that 
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B cells, NKT cells and professional  APCs  produce  IFN-γ.  Such  

production  is  controlled  most  notably  by  IL-12  and  IL-18 (Schroder 

et al., 2004; Chan et al., 2006). The  primary  role     of  IFN-γ  is  

macrophage  activation  to  enhance  phagocytosis,  tumoricidal 

properties and intracellular killing of pathogens. In addition, IFN-γ  

induces macrophage  to  produce  a  variety  of  inflammatory  mediators  

and  reactive   oxygen and nitrogen intermediates, and increases 

expression of high affinity immunoglobulin  Fc  receptors  on  

phagocytes (Gattoni et al., 2006). Interferon-γ   also  upregulates  the  

expression  of  MHC antigens by macrophages and this facilitates  

antigen  presentation  to  T cells.  It  has  also  been  shown  that  IFN-γ  

acts  on  CD4+ T cells  to  promote  Th1  differentiation while inhibiting 

the generation  of  Th2  cells.  It  also  promotes  the  maturation  of  

CD8+ T cells  to cytotoxic  cells. These  effects  are  mediated  through  

specific  IFN-γ  receptors       on  cell  surface (Schoenborn and Wilson, 

2007).   

As reviewed earlier  in  this  chapter,  progression  of  CD  is  

mainly  driven      by  CD4+ Th1, and  IFN-γ  has  been  considered  as a 

signature cytokine of the disease  (Strober and Fuss, 2011). However,  

further  recent  evidence has demonstrated  that  IFN-γ  produced  mainly  

by  CD4+ T cells is required to upregulate  MHC  class-II  expression  

on  intestinal  epithelial  cells  of  mice         that  were  experimentally  

induced  to  develop  colitis (Thelemann et al., 2014). Their results   

suggested  that, in  addition  to  its  pro-inflammatory  roles,  IFN-γ  

exerts  a critical  anti-inflammatory  function  in  the  intestine, which  

may  protect  against colitis  by  inducing  MHC  class-II  expression  on  

intestinal  epithelial cells. 

The gene encoding IFN-γ is mapped to the long arm of chromosome 

12 (12q14), and several SNPs have been reported for this gene, and one 
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of them is IFNG+874  A/T  polymorphism (Bouzgarrou et al., 2009). 

However, such polymorphism  has  shown  no association  with  CD  or  

UC (Cantor et al., 2005), but other  SNP  of  IFNG  have  been  

investigated  and  their  role  in  etiopathogenesis  of IBD has  been  

suggested (Gonsky et al., 2014). 

 
 2.2.8 Tumor Necrosis Factor-Alpha Gene (TNF) 

Tumor necrosis factor-alpha (TNF-α) is a cytokine involved in 

systemic inflammation and is a member of a group of cytokines that 

stimulate the acute phase reactions. It is produced chiefly by 

activating macrophages, although it can be produced by many other cell 

types such as CD4+ lymphocytes, NK cells, neutrophils, mast cells, 

eosinophils, and neurons during acute inflammation and is responsible 

for a diverse range of signaling events within cells, leading to necrosis or 

apoptosis (Swardfager et al., 2010). It also stimulates the migration of 

immune cells to the infection site; contributing to granuloma formation, 

and is capable of controlling the disease progression (Mootoo et al., 

2009). It has demonstrated further that IFN-γ produced by Th1 

lymphocytes is capable to induce apoptosis in enterocyte and triggers 

TNF-α release from activated mucosal macrophages. Th1 lymphocytes 

are also an important producer of TNF-α, which is the central cytokine 

that induces stromal cell differentiation into myofibroblasts and enhances 

their production of matrix metalloproteinases (MMPs), which is a tissue-

degrading enzyme that also induces apoptosis of enterocyte by digesting 

the basement membrane (Biancheri et al., 2013). Therefore, TNF-α links 

the immune response of both type; innate and the adaptive immune 

responses, and has been suggested to play a crucial role in IBD 

pathogenesis, as demonstrated by the results of clinical trials with 

biological therapies targeting TNF-α (Macdonald et al., 2012). It has 

http://en.wikipedia.org/wiki/Inflammation
http://en.wikipedia.org/wiki/Acute_phase_reaction
http://en.wikipedia.org/wiki/Macrophages
http://en.wikipedia.org/wiki/CD4%2B_lymphocytes
http://en.wikipedia.org/wiki/NK_cells
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also been found that the intestinal mucosa of CD patients showed an 

increased expression of TNF-α, and high levels were also observed in 

serum, intestinal mucosa and stool samples of patients (Hong et al., 

2008). Similarly, UC has been suggested to be related to a dysregulated 

production of several cytokines, and TNF-α is one of them, whose 

expression in inflamed mucosa has been associated with disease severity 

(Rodri´guez-Pera´lvarez et al., 2012). 

The TNF gene is located within the human MHC (HLA region) in 

the HLA-class III sub-region between HLA-class I and -class II sub-

regions on the short arm of chromosome 6 (6p21.3). Two SNP have been 

determined on the promoter region of TNF gene; TNF-238 G/G and TNF   

-308 G/G (Zhan et al., 2011). These SNPs have been considered to 

substantially influence the production capacity of TNF-α. The TNF gene 

promoter has been shown to contain numerous binding sites for 

transcriptional factors, suggesting that the presence of promoter 

polymorphism might directly influence transcriptional regulation of TNF 

gene (Basturk et al., 2008). As TNF-α has been suggested to have a role 

in CD and UC pathogenesis, its SNPs have also been regarded to have 

positive and negative associations with IBD (Cao et al., 2006; Sýkora et 

al., 2006 Cucchiara et al., 2007), although some investigators reported 

no association between TNF SNPs and IBD (Zipperlen et al., 2005; 

Mittal et al., 2007; Naderi et al., 2014).    

 

 2.2.9 Transforming Growth Factor Beta Gene (TGFB1) 
Transforming growth factor beta (TGF-β) belongs to a family of 

multi-functional cytokines that are produced by a wide variety of 

immune cells, and five isoforms are recognized, three of which exhibit 

expression in mammals (TGF-β1, TGF-β2 and TGF-β3). They are 

synthesized as precursor proteins that are cleaved inside the cell before 
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secretion to yield two products as dimers; LAP (latency-associated 

peptide) and mature TGF-β, which is termed latent TGF-β. The latter is 

converted to the biologically active form of TGF-β extracellularly after 

undergoing some conformational changes (Gorelik and Flavell, 2002). 

The three isoforms play an important role in the regulation of immune 

cell functions, and a disruption of TGF-β1 gene in mouse was associated 

with severe, multi-focal inflammatory response and even early death, 

while mutations in TGF-β2 or TGF-β3 resulted in 100% embryonic 

lethality; the three TGF-β isoforms have been reported to have similar 

immunological effects in vitro (Del Zotto et al., 2003). Such cytokine 

can act in autocrine and paracrine fashions to control differentiation, 

proliferation and activation of immune cells. Particularly, TGF-β1 can 

control the production of and response to cytokines that are associated 

with Th1 and Th2 T cells (Becker et al., 2006). In animal models, TGF-β 

production was associated with the pathogenesis of experimental colitis, 

and it has been demonstrated that protection from colitis progression was 

strictly influenced by up-regulation of cells that produce TGF-β1 (Rani 

et al., 2011). In humans, it has been observed that the unresponsiveness 

of mucosal T lymphocytes to luminal antigens is controlled by 

production of IL-10 and TGF-β from Treg cells (Ebert et al., 2009). In 

normal gut, Treg cells and via these two cytokines are involved in 

controlling inflammation, and in IBD patients, this physiological control 

of inflammation is disrupted because of defects in  adequate production 

of IL-10 and TGF-β, which both have been regarded as important 

cytokines in pathogenesis of CD and UC (Feagins, 2010). 

The TGFB1 gene is mapped to the long arm of chromosome 19 

(19q13.1), and two SNPs (TGFB1codon 10 and TGFB1codon 25) have been 

recognized in the translated region of the gene, which have been found to 

be associated with serum level of TGF-β1, in addition to further six 
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SNPs in the promoter region (Wang et al., 2007). Some of these SNPs 

have been reported to be positively or negatively associated with CD or 

UC; for instance, TGFB1–509 and TGFB1915 SNPs in CD (Schulte et al., 

2001; Hume et al., 2006) and TGFB1–800 in UC patients and controls 

(Tamizifar et al., 2008), while other showed no significant association 

(Liberek et al., 2008). However, Almeida et al. (2013) enhanced the 

concept that TGFB1 SNPs might be associated with susceptibility to CD 

development.  
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Chapter Three 
Subjects, Materials and Methods 

 

3.1 Subjects  

One hundred Iraqi Arab patients with inflammatory bowel disease 

(IBD) were enrolled in this study. The patients attended the 

Gastrointestinal Tract Units at Al-Kindy Teaching Hospital, Al-

Yarmouk Teaching Hospital and Al-Zuafrania General Hospital in 

Baghdad for diagnosis and treatment during the period August 2013 - 

October 2014. The disease was clinically diagnosed by the consultant 

medical staff at the hospital, which was based on clinical, radiological, 

endoscopic, and histopathological findings according to the criteria of 

Lennard - Jones (1989). Under the supervision of this staff, information 

sheet (Appendix I) was filled for each patients, in which results of some 

laboratory tests were recorded (Hemoglobin, total leukocyte count and 

erythrocyte sedimentation rate).   

According to the point view of consultants, the patients were 

distributed into two clinical groups: 

A. Crohn’s disease (CD) patients: They were 34 cases (12 males and 22 

females), and their age mean ± S.D. was 40.65 ± 3.89 years. 

B. Ulcerative colitis (UC) patients: They were 66 cases (24 males and 42 

females), and their age mean ± S.E. was 40.19 ± 8.05 years.  

 

For the purpose of a comparison, 43 apparently healthy controls of   

blood donors (12 males and 31 females) matched patients for age (38.67 

± 4.93 years) and ethnicity (Iraqi Arabs) were also enrolled in the study. 
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3.2 Materials 
 General laboratory equipment, chemicals and kits and their 

manufacturers are listed in tables 3-1, 3-2 and 3-3, respectively. 
 
Table 3-1: General laboratory equipment. 

Equipment Company Country 

Camera   Sony China 

Centrifuge Pioneer Korea 

Conical flask Qiao Shang  England 

Cool box Hougi China 

Deepfreeze Biko Turkey 

EDTA Tubes FLmedical Italy 

Electrophoresis unit Consort Germany 

Eppendorf tubes Gilson China 

Incubator Pioneer Korea 

Micropipettes NNE Germany 

Microwave oven LG Korea 

Nano Drop Pioneer Korea 

Refrigerator Vestal Turkey 

Spectrophotometer Cecil E1021 England 

Syringe 5ml LLG.Abu Dhabi UAE 

Thermocycler Pioneer Korea 

Tips Gilson China 

UV Light Trans 
illuminator 

GmbH Germany 
 

Vortex Pioneer Korea 

Water bath Pioneer  Korea 
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Table 3-2: Chemicals. 
Chemical Company Country 

Agarose Bio Basic Canada 

Injection distal water Bhud-Baddi India 

Ethanol Promega USA 

Ethidium Bromide Promega USA 

Isopropanol Promega USA 

Master mix Clinic Heidelberg Germany 

TAE Buffer Promega USA 

Tag DNA polymerase Promega USA 

  
Table 3-3: Kits. 

Kit Company Country 

CTS-PCR-SSP Tray 
Kit 

Clinic Heidelberg Germany 

Wizard Genomic DNA 
Purification Kit 

Promega USA  

 
3.3 Parameters of Study 

Single nucleotide polymorphisms (SNPs) of 13 cytokine and 

cytokine receptor genes (IL1A, IL1B, IL1R1, IL1RN, IL2, IL4, IL4R, IL6, 

IL10, IL12B, IFNG, TNF and TGFB1) were detected by PCR-SSP 

(polymerase chain reaction-sequence specific priming).   

 
3.4 Blood Sample Collection 

From each participant, 2 – 3 ml of venous blood was collected in 

EDTA tubes using 5ml disposable syringe. The blood was kept frozen (a 

maximum of 8 weeks) at - 20°C until DNA isolation.  
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3.5 Cytokine Gene Polymorphisms 

3.5.1 Isolation of Genomic DNA  
The genomic DNA was extracted from EDTA blood using 

Wizard® Genomic DNA Purification Kit (Promega Corporation, USA), 

which is designed for DNA isolation from whole blood.  

A. Kit Contents 

• Cell lysis solution 

• Nuclei lysis solution 

• Protein precipitation solution 

• DNA rehydration solution 

• RNase Solution 

 
B. Extraction Procedure: 

The instructions of manufacturer were followed to isolate genomic 

DNA from whole blood, with some modification. They are summarized 

in the following steps: 

 

i. To 500 μl of blood sample, 900μl of cell lysis solution were added in a 

sterile 1.5ml microcentrifuge tube, which was inverted 5 - 10 times 

before incubating for 10 minutes at room temperature. The tube was then 

centrifuge at 14,000 × g for 60 seconds at room temperature. The 

supernatant was discarded without disturbing the visible white pellet. 

ii. The white pellet was suspended gently in 300 μl of nuclei lysis solution 

to lyse white blood cells, and incubated with mixing at 37°C until the 

clumps are disrupted. This was followed by adding 1.5μl of RNase 

solution to the nuclear lysate, and the tube inverted 2–5 times. Then it 

was incubated at 37°C for 15 minutes, and cooled to room temperature. 
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iii. Protein precipitation solution (150 μl) was added to the cooled nuclear 

lysate, and vortexed vigorously for 10 - 20 seconds. The tube was 

centrifuged at 14,000 × g for 3 minutes at room temperature, and the 

supernatant was transferred to a clean 1.5ml microcentrifuge tube 

containing 300 μl of room-temperatured isopropanol. The solution was 

gently mixed by inversion until white thread-like strands of DNA form a 

visible mass. 

iv. The solution was centrifuged at 14,000 × g for 60 seconds at room 

temperature, and at this step, the DNA was visible as a small white 

pellet. The supernatant was decanted, and 200 μl of room temperatured 

70% ethanol was added. The tube was gently inverted several times to 

wash the DNA pellet and the sides of the microcentrifuge tube, and 

centrifugation was repeated. 

v. The ethanol was carefully aspirated, the tube was invert on clean 

absorbent paper and the pellet was air-dried for 10–15 minutes; to which, 

100μl DNA rehydration solution was added and incubated at 65°C for 1 

hour with mixing. Then, it was stored at 2–8°C. 

C. Assessment of DNA Yield 

The DNA yield was spectrophotometrically assessed using Cecil 

E1021 spectrophotometer (England), in which the sample was read at 

two optical densities that were 260 and 280 nm. The second reading was 

divided by the first reading, and if the outcome was 1.8 - 2.0, the sample 

was considered as free of contamination and having a sufficient amount 

of DNA for a further analysis. In some case Nano Drop was used for 

these assessments. The DNA concentration was calculated using the 

following formula as given by Sambrook et al. (1989): 

 
DNA Concentration (µg /µl) = OD at 260 nm× Dilution Factor × 

µg/ml 
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3.5.2 Genotyping of Cytokines 
The Cytokine CTS-PCR-SSP Tray Kit was used to detect cytokine 

gene polymorphisms. The kit was developed in the laboratories of 

Department of Transplantation Immunology, University Clinic 

Heidelberg (Heidelberg, Germany), and it is employed as the official 

reagent set for the Cytokine Component of the 13 P

th
P International 

Histocompatibility Workshop. The kit enables the detection some of the 

single nucleotide polymorphisms (SNPs) described in the promoter 

regions of IL1A, IL1B, IL1R1, IL1RN, IL2, IL4, IL6, IL10, IL12B, TNF 

and IFNG genes, as well as some polymorphisms in the translated 

regions of TGFB1and IL4R genes. For all the polymorphisms mentioned 

above, there have been reports that they have a functional correlation and 

that they are associated with high or low production of the corresponding 

cytokine. The method of detection is a PCR-SSP (polymerase chain 

reaction-sequence specific priming) assay, which allowed the definition 

of the polymorphic variants of the genes that are present in the individual 

under test. Details of these polymorphisms are given in Figure 3-1. 
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Figure 3-1: Human cytokine and cytokine gene receptors and their single nucleotide 
polymorphisms. The chromosomal localization, db SNP names, positions of 
functional polymorphisms in relation to gene start site and the nucleotide 
substitutions are given (Kaur and Mehra, 2012). 
 
A. Kit contents 

• PCR Trays: Each tray of the Cytokine CTS-PCR-SSP Tray Kit contains 

PCR primer mixes prepipetted and lyophilized in thin-walled, plastic, 

96-well PCR trays for cytokine genotyping of two individuals (48 PCR 

primer mixes for each individual). Each kit included 10 trays for 20 
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typings in total. The PCR mixes were named numerically for each 

cytokine, and the mix position, allele specificities and PCR fragment size 

of each PCR-SSP primer mix of the Cytokine CTS-PCR-SSP Tray Kit 

are given in table 3-4. 

• A separate master mix (CYT) was also supplied with the kit and 

contained the reaction buffer, but no Taq DNA polymerase was supplied. 

The latter item was purchased from Promega (USA) or Fermentas 

(Germany). 

 
Table 3-4:  Mix position, allele specificities and PCR fragment size of each PCR-
SSP primer mix of the Cytokine CTS-PCR-SSP Tray Kit. 
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B. Assay procedure 

The first step in the assay included a preparation of PCR Reaction 

Mix, which consisted of 138 μl master mix (CYT), 3 μl Taq DNA 

polymerase (5 Unit/μl), 329 μl deionized distilled water and 50 μl DNA 

sample (0.10-0.15 µg/µl). The mix was vortexed thoroughly and kept on 

ice. This was followed by taking the PCR tray and placing it inside a 

sample holder, and the adhesive seal was carefully removed from the 

Tray. To each well of the first 48 wells, 10 μl of the PCR Reaction Mix 

was added in the sequence given in figure 3-2. 

 
Figure 3-2: Cytokine genotyping PCR tray showing the sequence of PCR Reaction 
Mix adding. The word "Lane" refers to a well’s corresponding gel lane. 
 
  



Chapter three: Subjects, Materials and Methods 

38 
 

 The tray was placed in the thermal cycler and the thermal cycling 

profile was optimized and validated for the use with the CTS-PCR-SSP 

TRAY KITS, and as the following: 

 
• Initial denaturation: 94°C (2 minutes)    
• Denaturation: 94°C (15 seconds)   
• Annealing+Extension: 65°C (1 minutes)                             10 cycles      

 
 
 
Followed by:    

• Denaturation: 94°C (15 seconds)   
• Annealing: 61°C 50 (seconds)   
• Extension: 72°C (30 seconds)                                              20 cycles 
• Hold: 4°C (15 minutes) 

 
C. Agarose gel electrophoresis 

 After thermocycling, absence or presence of PCR products was 

visualized by submarine agarose gel electrophoresis. 

 
1. Preparation of agarose gel: The agarose gel was prepared at a 

concentration of 2% agarose, by mixing 7 grams of agarose, 7 ml of 50x 

TAE (Tris-acetate-EDTA) buffer and 350 ml of deionized distilled water 

in a 500ml conical flask. The mixture was boiled to dissolve the agarose, 

using a magnetic stirring hotplate or a microwave oven. After that, it was 

cooled to 60°C, and by then 17 µl of ethidium bromide (10 mg/ml) was 

added and well-mixed. The gel was poured on an electrophoresis plate 

(25 x 25 cm) fixed on an even surface, and then four combs (each with 

24 teeth) were placed and the gel was allowed to set for one hour at room 

temperature. 

2. Running Electrophoresis: When the thermocycling was finished, the 

PCR tray was handled outside the thermocyler carefully and the strip 

caps that covered the wells were removed from the tray. This was 
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followed by removing the combs from the gel, which was covered with 

the running TAE buffer (approximately 2 - 3 mm above the gel surface). 

Then, 10 µl of each PCR product was loaded onto the respective gel 

wells in a sequence that was given in figure 3-2. The electrophoresis was 

run for 25 minutes at 170 volts (0.4 volt / cm2). 

3. Interpretation of electrophoresis patterns: After the end of 

electrophoresis, the power was turned off, electrodes were disconnected 

and the gel was removed and place on UV light transilluminator (312 

nm) to visualize the bands. Finally a picture was taken, and the genotype 

of each cytokine was recorded according the chart provided by the 

supplier of the genotyping kit (Figure 3-3). 
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Figure 3-3: Visualized pattern bands of cytokine SNPs after agarose gel 
electrophoresis. Two internal positive controls were included: a fragment of either 
the human β-globin gene (90 bp) for IL2, IL4, IL6, and IL10 genes, or the human C-
reactive protein gene (440 bp) for IL1A, IL1B, IL1R1, IL1RN, IL4R, IL12B, IFNG, 
TGFB1 and TNF. 
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3.6 Statistical Analysis 
Alleles and genotypes of cytokines were presented as percentage 

frequencies, and significant differences between their distributions in 

IBD patients and controls were assessed by two-tailed Fisher's exact 

probability (P). In addition, relative risk (RR), etiological fraction (EF) 

and preventive fraction (PF) were also estimated to define the 

association between an allele or a genotype with the disease. The RR 

value can range from less than one (negative association) to more than 

one (positive association). If the association was positive, the EF was 

calculated, while if it was negative, the PF was given. (Ad'hiah,1990). 

These estimations were calculated by using the WINPEPI computer 

programs for epidemiologists. The latest version of the WINPEPI 

package (including the programs and their manuals) is available free 

online at http://www.brixtonhealth.com. 

Allele frequencies of cytokine genes were calculated by direct gene 

counting methods, while a significant departure from Hardy-Weinberg 

equilibrium (HWE) was estimated using H-W calculator for two alleles, 

which is available free online at http://www.had2know.com/ academics/ 

hardy-weinberg-equilibrium-calculator-3-alleles.html. Hardy-Weinberg 

equilibrium is the expected frequencies of genotypes if mating is non-

assortative and there are no mutations from one allele to another. When 

there are two alleles for a particular gene; A and B, and their respective 

population frequencies are p and q, then the expected frequencies of the 

genotypes AA, AB and BB are p², 2pq and q², respectively. Significant 

differences between the observed and expected frequencies are assessed 

by Pearson’s Chi-square test (Ad'hiah, 1990). 

http://www.had2know.com/%20academics/%20hardy-weinberg-equilibrium-calculator-3-alleles.html
http://www.had2know.com/%20academics/%20hardy-weinberg-equilibrium-calculator-3-alleles.html
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Chapter Four  
Results and Discussion 

 
4.1 Presentation of Subjects 

 The investigated subjects were distributed according to age, 

hemoglobin (Hb), total leukocyte count (TLC) and erythrocyte 

sedimentation rate (ESR). 

 
4.1.1 Age and Gender 

 Females and males had approximated age means in CD patients 

(40.0 ± 4.6 and 40.3 ± 2.1 years, respectively) and controls (39.7 ± 3.5 

and 37.3 ± 5.9 years, respectively), while female UC patients showed a 

significant (P ≤ 0.01) increased age mean compared to male UC patients 

(47.0 ± 3.2 vs. 32.0 ± 3.6 years) (Figure 4-1). 

 
Figure 4-1: Crohn’s disease and ulcerative colitis patients and controls distributed by 
gender and age. 
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4.1.2 Hemoglobin (Hb)  
 As a general observation, the Hb mean was lower in females than in 

males, but a significant difference was reached in CD patients (7.3 ± 2.1 

vs. 12.0 ± 2.2 mg/dL) and controls (11.3 ± 1.2 vs. 14.7 ± 1.5 mg/dL) 

(Figure 4-2). However, the Hb mean was within the normal range, with 

the exception of female CD patients, which might be considered as 

anemic. 

 
Figure 4-2: Hemoglobin mean in female and male Crohn’s disease and ulcerative 
colitis patients and controls. 
 
4.1.3 Total Leukocyte Count (TLC) 

Females showed an increased mean of TLC compared to males in 

CD (11.7 ± 2.5 vs. 11.3 ± 1.5 × 103 cells/cu.mm.blood) and UC (12.7 ± 

2.4 vs. 11.7 ± 2.6 × 103 cells/cu.mm.blood) patients and controls (9.0 ± 

1.9 vs. 8.0 ± 2.1 × 103 cells/cu.mm.blood), but no significant gender-

related variation was observed between females and males of patients 

and controls (Figure 4-3).   
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Figure 4-3: Total leukocyte count mean in female and male Crohn’s disease and 
ulcerative colitis patients and controls. 
 
4.1.4 Erythrocyte Sedimentation Rate (ESR) 

 The ESR showed significant variations between patients (CD and 

UC) and controls, as well as between female and male patients. Among 

CD patients, females recorded a significant increased ESR mean 

compared to male patients (67.0 ± 6.2 vs. 50.7 ± 5.1 mm.). A similar 

observation was also made in UC patients (65.3 ± 4.9 vs. 55.7 ± 5.1 

mm.). However, these means were also significantly higher than the 

corresponding means of female and male controls (8.7 ± 3.2 and 9.0 ± 

1.5 mm., respectively) (Figure 4-4). These results may highlight that 

ESR is important laboratory marker for IBD of both type (CD and UC). 

It is the rate at which red blood corpuscles migrate through the 

plasma, and it depends on the concentration of plasma and on the 

number and size of these corpuscles. Several factors contribute to its 

increase in patients; for instance, clinical conditions like anemia and 
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thalassemia, as well as infectious and inflammatory conditions (Thomas 

et al., 1993). However, compared to C-reactive protein, ESR peaks much 

less rapidly and may also takes several days to decrease, even if the 

clinical condition of the patient or the inflammation is ameliorated. 

Therefore, ESR is an important indirect measurement of plasma acute 

phase protein concentration (Vermeire et al., 2006). 

 
Figure 4-4: Erythrocyte sedimentation rate mean in female and male Crohn’s disease 
and ulcerative colitis patients and controls. 
 
4.2 Cytokine Gene Polymorphisms 

Genetic polymorphisms of 13 cytokine and cytokine receptor genes 

(IL1A, IL1B, IL1R1, IL1RN, IL2, IL4, IL4R, IL6, IL10, IL12B, IFNG, 

TNF and TGFB1) were determined in 34 Crohn's disease (CD) and 66 

ulcerative colitis (UC) patients, as well as 43 controls. The method of 

determination was PCR-SSP (polymerase chain reaction-specific 

sequence primer) assay, followed by electrophoresis on 2% agarose gel 

(Patterns of band migration is given Figure 4-5). 
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Figure 4-5: Agarose gel electrophoresis patterns of cytokine amplified gene regions 
(IL1A, IL1B, IL1R1, IL1RN, IL2, IL4, IL4R, IL6, IL10, IL12B, IFNG, TNF and 
TGFB1 genes and internal controls are pointed with arrows) visualized by UV trans- 
illumination. 
 

4.2.1 Interleukin-1 Alpha Gene (IL1A) 

 Genetic polymorphism of IL1A gene was determined in the 

promoter region at position -889 (IL1A-889), which was presented with 

three genotypes (TT, TC and CC) that corresponded to two alleles (T and 

C). Among CD and UC patients, no significant difference was observed 

between the observed and expected frequencies of the three genotypes (a 

good agreement with Hardy-Weinberg equilibrium; HWE), while in 

controls, a departure from HWE was observed (i.e. a significant 

difference between the observed and expected genotype frequencies); 
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however comparing both groups of patients to controls revealed some 

significant differences (Table 4-1A). 

 
Table 4-1A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of IL1A-889 genotypes and alleles in inflammatory bowel disease 
(Crohn's disease and ulcerative colitis) patients and controls. 

Groups IL1A-889 Genotype or Allele HWE 
P ≤ CC CT TT C T 

Crohn's 
Disease 

(No. = 34) 

Observed No. 20 10 4 50 18 
Not 

significant 
% 58.8 29.4 11.8 73.5 26.5 

Expected No. 18.4 13.2 2.4 Not Estimated % 54.1 38.2 7.0 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 36 22 8 94 38 
Not 

significant 
% 54.6 33.3 12.1 71.2 28.8 

Expected No. 33.5 27.1 5.5 Not Estimated % 50.7 41.0 8.3 

Controls 
(No. = 43) 

Observed No. 11 13 19 35 51 

0.01 % 25.5 30.2 44.2 40.7 59.3 

Expected No. 7.1 20.8 15.1 Not Estimated % 16.6 48.3 35.2 
 

The  frequencies  of  CC  genotype and C allele were significantly 

increased in CD (58.8 and 73.5%, respectively) and UC (54.6 and 

71.2%, respectively) patients  compared  to  controls  (25.5  and  40.7%,   

respectively). The  relative   risks  (RRs)  of  such  positive  associations  

were  4.16  and  4.55, respectively in CD, and 3.49 and 3.60,  

respectively  in  UC. In contrast,  TT genotype  and  T  allele   

frequencies  were  significantly  decreased  in  CD ( 11.8  and  26.5%,  

respectively)  and  UC  (12.1 and 28.8%, respectively) patients 

compared to controls (44.2 and 59.3%, respectively). The preventive 

fractions (PFs) of such negative associations were 0.37 and 0.45, 

respectively in CD, and 0.37 and 0.43, respectively in UC. However, 

comparing CD to UC patients revealed no significant variations between 

IL1A-889 genotype or allele frequencies (Table 4-1B). 
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Table 4-1B: Statistical analysis of associations between IL1A-889 genotypes or 
alleles and inflammatory bowel disease (Crohn's disease and ulcerative colitis). 

Type of 
Comparison 

IL1A-889 
Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological or 
Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 
Intervals 

Crohn's 
Disease 
Versus 

Controls 

CC 4.16 0.45 0.005 0.60-10.79 
CT 0.96 0.01 1.000 0.36-2.54 
TT 0.17 0.37 0.002 0.05-0.55 
C 4.55 0.59 1.7*10P

-5 2.25-9.20 
T 0.25 0.45 1.7*10P

-5 0.12-0.49 

Ulcerative 
Colitis 
Versus 

Controls 

CC 3.49 0.39 0.003 1.52-8.01 
CT 1.15 0.04 0.835 0.51-2.62 
TT 0.17 0.37 2.3*10P

-4 0.07-0.45 
C 3.60 0.52 1.0*10P

-5 2.04-6.37 
T 0.28 0.43 1.0*10P

-5 0.16-0.49 
Crohn's 
Disease 
Versus 

Ulcerative 
Colitis 

CC 0.84 0.09 0.832 0.37-1.92 
CT 1.20 0.06 0.822 0.49-2.91 
TT 1.03 0.004 1.000 0.29-3.66 
C 0.89 0.08 0.868 0.46-1.71 
T 1.12 0.03 0.868 0.58-2.16 

  

These  results  may  point  out  for  the  role  of  IL1AR-889R genotypes  

and  alleles in  conferring  predisposition  (increased  frequencies  of  

CC genotype  and C allele in  patients) to develop inflammatory bowel 

disease (IBD) of  both  types  (CD and UC) in the sample Iraqi  

population, and  in  addition,  a  protection  role  (decreased frequencies 

of TT genotype  and  T  allele  in  patients)  against  IBD  can  also  be 

highlighted. Reviewing  the  literature  revealed  that  there  was  one  

published study (López-Hernández  et al., 2015), in  which  IL1AR-889R  

gene  polymorphism  was investigated  in  Spanish  IBD  patients (57  

CD  and  27  UC)  and  no  significant difference  was reported between 

patients and controls in the distribution of genotype and allele 

frequencies, but they were comparable to the corresponding frequencies 

in present study CD (for instance, C allele frequency: 73.5 vs. 78.1%) 

and UC (for instance, C allele frequency: 71.2 vs. 72.2%) patients. 

Whereas, a big difference between the two controls was observed; the 
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frequency of C allele in the present controls was much lower than that of 

López-Hernández’s study (40.7 vs. 75.2%). A variation in the 

distribution of polymorphic systems is well-documented across 

populations of different ethnicities including Iraqi Arabs, and in one 

study, the well-known polymorphic system; HLA, showed significant 

variations between Iraqi Arabs and other world populations (Ad’hiah, 

2009). However, the present study control might be associated with 

some defect due to its small sample size (43 subjects), which might 

contributed to its significant departure from HWE. The deviation from 

HWE has also been identified as a principal source of divergent results 

that are observed in different ethnicities, because the factors that 

influence the equilibrium are ethnicity-based (Koushik et al., 2004). 

 
4.2.2 Interleukin-1 Beta Gene (IL1B)  

Genetic polymorphism of IL1B gene was determined in the 

promoter region at position -511 (IL1B-511), which was presented with 

three genotypes (TT, TC and CC) that corresponded to two alleles (T 

and C). Genotype frequencies CD patients and controls were in a good 

agreement with HWE, while in UC patients, a significant departure (P ≤ 

0.01) was observed (Table 4-2A). The latter patients also showed 

significant variations compared to controls. The TC genotype frequency 

was significantly increased in UC patients compared to controls (63.6 

vs. 39.5%; P = 0.018), and the associated RR was 2.68. In contrast, 

frequency of CC genotype was significantly decreased (6.1 vs. 32.2%; P 

= 0.061), and such negative association scored PF value of 0.18. When 

the comparison was made between CD patients and controls or UC 

patients, no significant differences were observed (Table 4-2B). 
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Table 4-2A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of IL1B-51 1 genotypes and alleles in inflammatory bowel disease 
(Crohn's disease and ulcerative colitis) patients and controls. 

Groups IL1B-511 Genotype or Allele HWE 
P ≤ TT TC CC T C 

Crohn's 
Disease 

(No. = 34) 

Observed No. 12 18 4 42 26 

N.S. % 35.3 52.9 11.8 61.8 38.2 

Expected No. 12.9 16.1 4.9 Not Estimated % 38.2 4.2 14.6 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 20 42 4 82 50 

0.01 % 30.0 63.6 6.1 62.1 37.9 

Expected No. 25.5 31.1 9.5 Not Estimated % 38.6 47.1 14.4 

Controls 
(No. = 43) 

Observed No. 16 17 10 49 37 

N.S. % 37.2 39.5 32.2 56.9 43.0 

Expected No. 13.9 21.1 7.9 Not Estimated % 32.5 49.0 18.5 

Table 4-2B: Statistical analysis of associations between IL1B-511  genotypes or 
alleles and inflammatory bowel disease (Crohn's disease and ulcerative colitis). 

Type of 
Comparison 

IL1B-511 
Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological or 
Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 
Intervals 

Crohn's 
Disease 
Versus 

Controls 

TT 0.92 0.03 1.000 0.37-2.32 
TC 1.72 0.22 0.259 0.70-4.22 
CC 0.44 0.13 0.243 0.13-1.53 
T 1.22 0.11 0.621 0.64-2.32 
C 0.82 0.08 0.621 0.43-1.56 

Ulcerative 
Colitis 
Versus 

Controls 

TT 0.73 0.09 0.533 0.33-1.64 
TC 2.68 0.39 0.018 1.22-5.85 
CC 0.21 0.18 0.016 0.06-0.72 
T 1.24 0.12 0.481 0.71-2.15 
C 0.81 0.08 0.481 0.47-1.40 

Crohn's 
Disease 
Versus 

Ulcerative 
Colitis 

TT 0.80 0.07 0.655 0.33-1.90 
TC 1.56 0.23 0.389 0.68-3.57 
CC 0.48 0.06 0.439 0.12-2.03 
T 1.02 0.01 1.000 0.56-1.85 
C 0.98 0.01 1.000 0.54-179 

  

Based on these findings, it is possible to highlight that IL1BR-511R TC 

is a susceptibility genotype in UC patients, and etiologically may 

contribute to 39% of the disease (EF = 0.39). In contrast, CC may be 

considered a protective genotype against the development of UC; 
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although PF did not exceeded 0.20. Whereas, CD failed to show such 

association, and possibly ILB-511 polymorphism is not related to the 

disease in Iraqi patients. Other investigated populations have shown 

contradictory results regarding ILB-511 polymorphism in IBD of both 

types (CD and UC). Two earlier studies were carried out in north-east 

English and Turkish patients, and no significant differences in the 

distributions of IL1B genotypes were observed between IBD patients and 

controls (Craggs et al., 2001; Celik et al., 2006). A further study from 

China reported that ILB-511 T allele was significantly increased in UC 

patients, but the author suggested that combination polymorphisms 

between MCP-1 (monocyte chemoattractant protein-1) and ILB-511 can 

increase UC risk significantly (Li et al., 2009). A mutation in ILB-511 has 

also be associated with complex disease behavior in CD of Italian 

patients (Corleto et al., 2009). A contradictory result has also been found 

in Mexican UC patients, in whom the frequency of ILB-511 TC genotype 

was significantly decreased compared to healthy controls (Yamamoto-

Furusho et al., 2011), while in the present study such genotype was 

significantly increased in UC patients. These inconsistencies could be 

related to race differences, and inter-population discrepancies in cytokine 

polymorphisms are often observed, and differences in allelic frequencies 

among ethnic groups have been reported (Trajkov et al., 2009).      

 
4.2.3 Interleukin 1 Receptor Type 1 Gene (IL1R1) 

Genotype frequencies of IL1R1pstl 1970 (TT, TC and CC) were in 

agreement with HWE in both groups of patients (CD and UC), while 

among controls, there was a significant difference (P ≤ 0.01) between the 

observed and expected genotype frequencies (i.e. a departure from 

HWE) (Table 4-3A).  
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Table 4-3A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of IL1R1pstl 197 0 genotypes and alleles in inflammatory bowel 
disease (Crohn's disease and ulcerative colitis) patients and controls. 

Groups IL1R1pstl 1970 Genotype or Allele H-W 
P ≤ TT TC CC T C 

Crohn's 
Disease 

(No. = 34) 

Observed No. 16 14 4 46 22 

N.S. % 47.1 41.2 11.8 67.7 32.4 

Expected No. 15.6 14.9 3.6 Not Estimated % 45.8 43.8 10.5 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 26 32 8 84 48 

N.S. % 39.4 48.5 12.1 63.6 36.4 

Expected No. 26.7 30.6 8.7 Not Estimated % 40.5 46.3 13.2 

Controls 
(No. = 43) 

Observed No. 9 12 22 30 56 

0.01 % 20.9 27.9 51.2 34.9 65.1 

Expected No. 5.2 19.5 18.2 Not Estimated % 12.2 45.4 42.4 
 

However, these genotypes showed significant variations between 

patients and controls. Frequencies of TT genotype and T allele (47.1 and 

67.7%, respectively) were significantly increased (P = 0.026 and 8.6*10-

5, respectively) in CD patients compared to controls (20.9 and 34.97%, 

respectively). The estimated RR values of such positive associations 

were 3.36 and 3.90, respectively. In contrast, CC genotype (11.8 vs. 

51.2%) and allele C (32.4 vs. 65.1%) frequencies were significantly 

decreased (P = 2.8*10-4 and 8.6*10-5, respectively) in CD patients 

compared to controls. The PF values of such negative associations were 

0.45 and 0.48, respectively. In the case of UC, the patients demonstrated 

significant increased frequencies of TC genotype (48.5 vs. 27.9%; P = 

0.045) and T allele (63.6 vs. 34.9%; P = 5.1*10-5) compared to controls. 

The RR values of such differences were 2.43 and 3.27, respectively. As 

in CD, UC patients also demonstrated significant decreased frequencies 

of CC genotype (12.1 vs. 51.2%; P = 1.7*10-5) and C allele (36.4 vs. 

65.1%; P = 8.6*10-5) compared to controls, and both negative 

associations scored PF of  0.44. However, comparing CD to UC patients 
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revealed no  significant variations in the distribution of IL1R1pstl 1970  

genotypes or alleles (Table 4-3B). 

 
  
Table 4-3B: Statistical analysis of associations between IL1R1pstl 1970  
genotypes or alleles and inflammatory bowel disease (Crohn's disease and 
ulcerative colitis). 

Type of 
Comparison 

IL1R1pstl 

1970 
Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological or 
Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 
Intervals 

Crohn's 
Disease 
Versus 

Controls 

TT 3.36 0.33 0.026 1.26 - 8.68 
TC 1.81 0.18 0.237 0.71 - 4.64 
CC 0.13 0.45 2.8*10P

-4 0.04 - 0.42 
T 3.90 0.50 8.6*10P

-5 2.00 - 7.63 
C 0.26 0.48 8.6*10P

-5 0.13 - 0.50 

Ulcerative 
Colitis 
Versus 

Controls 

TT 2.46 0.23 0.059 1.02 - 5.90 
TC 2.43 0.29 0.045 1.08 - 5.49 
CC 0.13 0.44 1.7*10P

-5 0.05 - 0.34 
T 3.27 0.44 5.1*10P

-5 1.86 - 5.75 
C 0.31 0.45 5.1*10P

-5 0.17 - 0.54 

Crohn's 
Disease 
Versus 

Ulcerative 
Colitis 

TT 1.37  0.126 0.524 0.60 - 3.12 
TC 0.74 0.124 0.531 0.33 - 1.70 
CC 0.97 0.004 1.000 0.27 - 3.42 
T 1.19 0.11 0.640 0.65 - 2.21 
C 0.84 0.059 0.640 0.45 - 1.55 

 
The  protein  encoded  by  IL1R1  gene  is  a  cytokine  receptor  

belongs to IL-1  receptor  family,  and  it is  an important mediator 

involved in many cytokine  induced  immune  and  inflammatory  

responses, and  recently, it  has been  presented  that  a  dysregulation  in  

its  expression may lead to the activation of aberrant immune cells that 

may contribute to auto-inflammatory responses (Yang, 2015). The 

obtained results favor such presentation in the ground  of  its  genetic  

effects  on  both  types of  IBD, and  the  genotypes or alleles  of  

IL1R1Rpstl 1970R  polymorphism showed both types of associations (positive 

and negative) with CD and UC in the samples of Iraqi patients. 

Therefore,  the   functional   role  of  such  receptor  might  have  been  

altered  due  to  the  deviations  of  some  genotype  and  allele  
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frequencies. Unfortunately, there has been no further investigation that 

can confirm these findings in IBD patients, but such polymorphism has 

been investigated in systemic lupus erythematosus (SLE) of Iranian 

patients, and authors concluded that particular IL1 gene variants could 

affect individual susceptibility to develop the disease (Ziaee et al., 

2014).To validate the present results, further investigations are certainly 

required. 
 

4.2.4 Interleukin 1 Receptor Antagonist Gene (IL1RN) 
 Neither CD patients nor controls showed a deviation from HWE, 

while among UC patients, a significant difference (P ≤ 0.05) between the 

observed and expected genotype frequencies of IL1RNmaspl 11100 gene 

polymorphism (TT, TC and CC) was observed (i.e. a significant 

deviation from HWE). In addition, UC patients showed some variations 

in the distribution of IL1RNmaspl 11100 genotypes and alleles compared to 

controls or CD patients, but the differences felt short of significant (i.e. 

the P was slightly higher than 0.05), while no such differences were 

observed between CD patients and controls (Tables 4-4A and 4-4B).    
   
Table 4-4A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of IL1RNmaspl 11100 genotypes and alleles in inflammatory bowel 
disease (Crohn's disease and ulcerative colitis) patients and controls. 

Groups IL1RNmaspl 11100 Genotype or Allele H-W 
P ≤ TT TC CC T C 

Crohn's  
Disease  

(No. = 34) 

Observed No. 12 16 6 40 28 

N.S. % 35.3 47.1 17.7 58.8 41.2 

Expected No. 11.8 16.5 5.8 Not Estimated % 34.6 48.4 16.9 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 38 20 8 96 36 

0.05 % 57.6 30.3 12.1 72.7 27.7 

Expected No. 34.9 26.2 4.9 Not Estimated % 52.9 39.7 7.4 

Controls 
(No. = 43) 

Observed No. 18 16 9 52 34 

N.S. % 41.9 37.2 20.9 60.5 39.5 

Expected No. 15.7 20.6 6.7 Not Estimated % 36.6 47.8 15.6 
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Table 4-4B: Statistical analysis of associations between IL1RNmaspl 1110 0 genotypes 
or alleles and inflammatory bowel disease (Crohn's disease and ulcerative colitis). 

Type of 
Comparison 

IL1RNmaspl 

11100  
Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological 
or 

Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 
Intervals 

Crohn's 
Disease 
Versus 

Controls 

TT 0.76 0.10 0.641 0.30 - 1.89 
TC 1.50 0.16 0.486 0.61 - 3.70 
CC 0.81 0.04 0.779 0.26 - 2.51 
T 0.93 0.04 0.870 0.49 - 1.78 
C 1.07 0.03 0.870 0.56 - 2.04 

Ulcerative 
Colitis 
Versus 

Controls 

TT 1.88 0.27 0.121 0.87 - 4.07 
TC 0.73 0.09 0.533 0.33 - 1.64 
CC 0.52 0.10 0.281 0.19 - 1.46 
T 1.74 0.31 0.075 0.98 - 3.10 
C 0.57 0.17 0.075 0.32 - 1.02 

Crohn's 
Disease 
Versus 

Ulcerative 
Colitis 

TT 0.40 0.34 0.057 0.17 - 0.94 
TC 1.02 0.01 1.000 0.42 - 2.49 
CC 1.55 0.06 0.545 0.50 - 4.84 
T 0.54 0.34 0.055 0.29 - 0.99 
C 1.87 0.19 0.055 1.01 - 3.44 

 
These  results were consistent with the findings of other studies, 

which showed  no  significant differences between IBD (CD and UC) 

patients and controls  in  the  distribution  of  IL1RN   genotypes  or  

alleles  at different positions  (Nohara et al., 2003; Ferreira et al., 2005; 

Corleto et al., 2009); therefore,  it  may  be  possible  to  exclude  the  

role  of  such  locus in pathogenesis of  IBD. 

 
4.2.5 Interleukin 2 Gene (IL2) 

The  SNP  of  IL2+166  was presented  with three  genotypes  (TT, 

TG and GG) that corresponded to two alleles (T and G). These genotypes 

were in a good agreement with HWE in both groups of patients, but they 

were significantly deviated  in  controls  (P ≤ 0.01). In  addition,  

comparing  IBD  patients  to controls also revealed significant 

differences in the distribution of IL2+166 genotypes  and  alleles.  Among  

CD  patients,  frequencies of  TT  genotype  (41.2 vs. 6.9%; RR = 9.33)  
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and  T  allele  (64.7 vs. 43.0%; RR = 2.43)  were significantly increased 

in patients compared to controls (P = 0.001 and 0.009, respectively). In 

contrast, TG genotype (47.1 vs. 72.1%; P = 0.035; PF = 0.47) and G 

allele (35.3 vs. 56.9%; P = 0.009; PF = 0.34) frequencies were 

significantly decreased in CD patients. Almost, similar observations 

were made in UC patients, and frequencies of TT genotype (48.5 vs. 

6.9%; RR = 12.55) and T allele (66.7 vs. 43.0%; RR = 2.62) were 

significantly increased in patients compared to controls (P = 2.6*10-6 and 

0.001, respectively); while frequencies of TG genotype (36.4 72.1%; P = 

3.8*10-4; PF = 0.56) and G allele (33.3 vs. 56.9%; P = 0.001; PF = 0.36) 

were significantly decreased in UC patients. However, no significant 

variation was observed between CD and UC patients in the distribution 

of IL2+166 genotypes and alleles (Tables 4-5A and 4-5B). 

The presented results strongly suggest that IL2+166 polymorphism is 

involved in both groups of IBD in terms of susceptibility (positive 

association) and protection (negative association); especially in UC 

patients, in whom the RR of TT genotype reached 12.55, and the 

protective effect of TG genotype was 0.56. Therefore, IL2 allelic 

changes at position +166 might be associated with increased and 

decreased risk of IBD in Iraqi population, and this may also contribute to 

a better clinic diagnosis of CD and UC. Such conclusion has also been 

favored by Gok and co-workers (2014) who investigated the prevalence 

of IL2+166 polymorphism in 69 Turkish IBD patients (18 CD and 51 UC) 

and 100 controls, and reported similar findings. No further investigation 

that can validate these results, but Shi et al. (2011) have investigated a 

further SNP in this region (IL2-330) in Chinese UC patients and reported 

that such SNP was positively associated with the disease. 
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Table 4-5A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of IL2+166 genotypes and alleles in inflammatory bowel disease 
(Crohn's disease and ulcerative colitis) patients and controls. 

Groups IL2+166 Genotype or Allele H-W 
P ≤ TT TG GG T G 

Crohn's 
Disease 

(No. = 34) 

Observed No. 14 16 4 44 24 

N.S. % 41.2 47.1 11.8 64.7 35.3 

Expected No. 14.2 15.5 4.2 Not Estimated % 41.9 45.7 12.5 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 32 24 10 88 44 

N.S. % 48.5 36.4 15.2 66.7 33.3 

Expected No. 29.3 29.3 7.3 Not Estimated % 44.4 44.4 11.1 

Controls 
(No. = 43) 

Observed No. 3 31 9 37 49 

0.01 % 6.9 72.1 20.9 43.0 56.9 

Expected No. 7.9 21.1 13.9 Not Estimated % 18.5 49.0 32.5 

Table 4-5B: Statistical analysis of associations between IL2+166 genotypes or alleles 
and inflammatory bowel disease (Crohn's disease and ulcerative colitis). 

Type of 
Comparison 

IL2+166 
Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological 
or 

Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 
Intervals 

Crohn's 
Disease 
Versus 

Controls 

TT 9.33 0.37 0.001 2.44 -35.67 
TG 0.34 0.47 0.035 0.14 - 0.88 
GG 0.50 0.10 0.366 0.14 - 1.77 
T 2.43 0.38 0.009 1.27- 4.66 
G 0.41 0.34 0.009 0.21-0.79 

Ulcerative 
Colitis 
Versus 

Controls 

TT 12.55 0.45 2.6*10-6 3.58 -44.00 
TG 0.22 0.56 3.8*10-4 0.10 - 0.50 
GG 0.67 0.07 0.450 0.25 - 1.81 
T 2.62 0.42 0.001 1.52 - 4.62 
G 0.38 0.36 0.001 0.22 - 0.66 

Crohn's 
Disease 
Versus 

Ulcerative 
Colitis 

TT 0.74 0.12 0.531 0.33 - 1.70 
TG 1.56 0.17 0.389 0.68 - 3.57 
GG 0.75 0.04 0.767 0.22 - 2.54 
T 0.92 0.06 0.875 0.50 - 1.69 
G 1.09 0.03 0.875 0.59 - 2.01 

 
 

4.2.6 Interleukin 4 Gene (IL4) 

Genetic polymorphism of IL4 gene was determined at position -590 

of  the promoter  region (IL4-590 SNP), which  was  presented  with  three  

genotypes  (TT, TC and  CC). These genotypes  were  significantly 
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departed  from  HWE  in  UC  patients  and  controls  (P ≤ 0.001  and  

0.05,  respectively), while  CD  patients  were in a good agreement with 

such equilibrium (Table 4-6A). Comparing IL4-590 genotypes and alleles 

between IBD patients (CD and UC) and controls also revealed some 

significant variations. Among CD patients, it was observed that 

frequencies of TT genotype (52.9 vs. 11.6%; P = 1.2*10-4) and T allele 

(70.6 vs. 24.4%; P = 1.6*10-8) were significantly increased in patients 

compared to controls, and the associated RR values were 8.55 and 7.43, 

respectively. In contrast, CC genotype (11.8 vs. 62.8%, P = 5.6*10-6) and 

C allele (29.4 vs. 75.6%; P = 1.6*10-8) frequencies were significantly 

decreased in CD patients, and the associated PF values were 0.58 and 

0.65, respectively. In the case of UC, frequencies of TC genotype (69.7 

vs. 25.6%; RR = 6.69; P = 1.1*10-5) and T allele (62.1 vs. 24.4%; RR = 

5.08; P = 4.6*10-8) were significantly increased in patients compared to 

controls, while CC genotype (3.0 vs. 62.8%; PF = 0.62; P = 2.5*10-12) 

and C allele (37.9 vs. 75.6%; PF = 0.61; P = 1.6*10-8) frequencies were 

significantly decreased. However, no such variation was observed 

between CD and UC patients (Table 4-6B).      
 
Table 4-6A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of IL4-590 genotypes and alleles in inflammatory bowel disease 
(Crohn's disease and ulcerative colitis) patients and controls. 

Groups IL4-590 Genotype or Allele H-W 
P ≤ TT TC CC T C 

Crohn's 
Disease 

(No. = 34) 

Observed No. 18 12 4 48 20 

N.S. % 52.9 35.3 11.8 70.6 29.4 

Expected No. 16.9 14.1 2.9 Not Estimated % 49.8 41.5 8.7 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 18 46 2 82 50 

0.001 % 27.3 69.7 3.0 62.1 37.9 

Expected No. 25.5 31.1 9.5 Not Estimated % 38.6 47.1 14.4 

Controls 
(No. = 43) 

Observed No. 5 11 27 21 65 

0.05 % 11.6 25.6 62.8 24.4 75.6 

Expected No. 2.6 15.9 24.4 Not Estimated % 5.9 36.9 57.1 
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Table 4-6B: Statistical analysis of associations between IL4-590 genotypes or alleles 
and inflammatory bowel disease (Crohn's disease and ulcerative colitis). 

Type of 
Comparison 

IL4-590 
Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological or 
Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 
Intervals 

Crohn's 
Disease 
Versus 

Controls 

TT 8.55 0.47 1.2*10-4 2.75 - 26.61 
TC 1.59 0.13 0.453 0.60 - 4.18 
CC 0.08 0.58 5.6*10-6 0.02 - 0.26 
T 7.43 0.61 1.6*10-8 3.64 - 15.14 
C 0.13 0.65 1.6*10-8 0.07 - 0.27 

Ulcerative 
Colitis 
Versus 

Controls 

TT 2.85 0.18 0.058 0.98 - 8.28 
TC 6.69 0.59 1.1*10-5 2.85 - 15.72 
CC 0.02 0.62 2.5*10-12 0.00 - 0.09 
T 5.08 0.50 4.6*10-8 2.78 - 9.26 
C 0.20 0.61 4.6*10-8 0.11 - 0.36 

Crohn's 
Disease 
Versus 

Ulcerative 
Colitis 

TT 3.0 0.35 0.016 1.28 - 7.05 
TC 0.24 0.53 0.001 0.10 - 0.56 
CC 4.27  0.01 0.176 0.75 - 24.17 
T 1.46 0.22 0.274 0.78 - 2.73 
C 0.68 0.12 0.274 0.37 - 1.28 

 

 According  to the  presented  results,  IL4-590  SNP  can  be  

highlighted  as  an important  genetic  marker  in  the  pathogenesis  of  

CD  and  UC;  especially  if  we the RR values of 8.55 and 7.43 for TT 

genotype and T allele, respectively in CD, and 6.69  and  5.08  for  TC  

and  T  allele,  respectively  in  UC.  Therefore,  the  genetic 

predisposition  conferred  by  these  genotypes  cannot  be  ignored,  and  

the estimated  EF  values  are  in  favor  of  such  generalization  (EF  

range:  0.47 – 0.61). The  protective  effects,  as  estimated  by  PF  

values  (PF  range:  0.58 – 0.62), of  CC genotype  and  C  allele  are  

also  a  further  feature  of  IL4-590  SNP.  However,  only one  study  

reported  the  protective  effect  of  IL4-590  C  allele  against  IBD  of  

both types  (CD  and  UC) in  Turkish  patients  (Gao  et al., 2014), and  

no  further investigation  has  reported  such  SNP  in  IBD  patients.  

However,  other  studies investigated  other  polymorphisms  in  intron  

and  promoter  regions  of  IL4  gene and  the  results  were  almost  
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conflicting  due  to  ethnic  variations,  but  they  agreed that  that  IL-4  

is  an  important cytokine involved in mucosal immunity and its 

polymorphisms play a critical  role in IBD development (Aithal et al., 

2001; Peng et al., 2002; Hong et al., 2008; Ahirwar et al., 2012; 

Connelly et al., 2014).  

 
4.2.7 Interleukin 4 Receptor Gene (IL4R) 

Three genotypes (GG, GA and AA) were recognized at IL4R+1902 

gene. These genotypes were in a good agreement with HWE in UC 

patients and controls, but a significant departure (P ≤ 0.01) from the 

equilibrium was noticed in CD patients (Table 4-7A).  
 
Table 4-7A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of IL4R+190 2 genotypes and alleles in inflammatory bowel 
disease (Crohn's disease and ulcerative colitis) patients and controls. 

Groups IL4R+1902 Genotype or Allele H-W  
P ≤ GG GA AA G A 

Crohn's 
Disease 

(No. = 34) 

Observed No. 16 6 12 38 30 

0.01 % 47.1 17.7 35.3 55.9 44.1 

Expected No. 10.6 16.8 6.6 Not Estimated % 31.2 49.3 19.5 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 38 24 4 100 32 

N.S. % 57.6 36.4 6.1 75.8 24.2 

Expected No. 37.9 24.2 3.9 Not Estimated % 57.4 36.7 5.9 

Controls 
(No. = 43) 

Observed No. 5 22 16 32 54 

N.S. % 11.6 51.1 37.2 37.2 62.8 

Expected No. 5.9 20.1 16.9 Not Estimated % 13.9 46.7 39.4 
 

In addition, comparing IBD patients to controls also revealed 

significant differences  in  the  distribution  of  IL4R+1902  genotypes  and  

alleles.  Among      CD patients,  frequencies  of  GG  genotype  (47.1 vs. 

11.6%; RR = 6.76) and  G  allele (55.9  vs.  37.2%;  RR = 2.14)  were  

significantly  increased  in  patients  compared  to controls  (P = 0.001  

and  0.023,  respectively). In  contrast,  GA  genotype  (17.7  vs. 51.1%;  

P = 0.004;  PF = 0.41 )  and  A  allele  (44.1 vs.  62.8%;  P = 0.023;  PF = 
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0.33) frequencies  were  significantly  decreased  in  CD  patients. In  UC  

patients, frequencies of GG genotype (57.6 vs. 11.6%; RR = 10.31) and 

G allele (75.8 vs. 37.2%; RR = 5.27) were significantly increased in 

patients compared to controls (P = 1.0*10-6 and 1.9*10-8, respectively); 

while frequencies of AA genotype (6.1 vs. 37.2%; P = 7.0*10-5; PF = 

0.33) and A allele (24.2 vs. 62.8%; P = 1.9*10-8; PF = 0.51) were 

significantly decreased in UC patients. However, comparing CD to UC 

patients revealed that frequencies of IL2+166 AA genotype and A allele 

were significantly increased in CD patients (Tables 4-7B). 
 

Table 4-7B: Statistical analysis of associations between IL4R+1902 genotypes or 
alleles and inflammatory bowel disease (Crohn's disease and ulcerative colitis). 

Type of 
Comparison 

IL4R+1902 
Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological or 
Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 
Intervals 

Crohn's 
Disease 
Versus 

Controls 

GG 6.76 0.40 0.001 2.17 - 21.3 
GA 0.20 0.41 0.004 0.07 - 0.58 
AA 0.92 0.03 1.000 0.37 - 2.32 
G 2.14 0.30 0.023 1.12 - 4.07 
A 0.47 0.33 0.023 0.25 - 0.89 

Ulcerative 
Colitis 
Versus 

Controls 

GG 10.31 0.52  1.0*10-6 3.64 - 29.21 
GA 0.55 0.23 0.165 0.25 - 1.18 
AA 0.11 0.33 7.0*10-5 0.03 - 0.35 
G 5.27 0.61 1.9*10-8 2.93 - 9.50 
A 0.19 0.51 1.9*10-8 0.11 - 0.34 

Crohn's 
Disease 
Versus 

Ulcerative 
Colitis 

GG 0.65 0.20 0.398 0.29 - 1.49 
GA 0.38 0.23 0.067 0.14 - 1.02 
AA 8.45 0.31 3.3*10-4 2.50 - 28.62 
G 0.41 0.45 0.006 0.22 - 0.75 
A 2.47 0.26 0.006 1.33 - 4.58 

 
 As  in  IL4-590  SNP,  IL4R+1902  genotypes  and  alleles  seem  to  

have  a  role  in  IBD  pathogenesis,  and  the  SNP  may  have  a  

functional  effect  on  IL-4Rα  in  the  patients.  Such  conclusion  was  

addressed  by  Olavesen  et al. (2000),  who  screened  IL4R  gene  for  

SNPs  by  fluorescent  chemical  cleavage  analysis,  and  tested  allelic  

association  in  families  of  CD  and  UC patients,  and  no  association  
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was  found.  Paavola et al.  (2001)  carried out a similar analysis, but 

their results indicated that homozygosity for IL4R+1902 G allele was less 

frequent in UC patients only, while CD patients did not show such 

variation. Further conflicting results were given by the present study, in 

which AA homozygosity was the less frequent, while GG homozygosity 

dominated CD and UC patients, and the associated RRs were 6.76 and 

10.31, respectively, and Gao et al. (2014) supported some these findings. 

However, IL4R+1902 SNP has been best presented as adenine replacement 

for guanine at nucleotide 1902 (1902 A > G); leading to a change from a 

glutamine to arginine residue at position 576 (Q576R), which has been 

considered as a ‘loss of function’ SNP, and might be associated with an 

increased risk develop inflammatory diseases (Tachdjian et al., 2009). 

More recently, the promoter methylation status of genes involved in 

inflammation and autoimmunity, including IL4R gene, has been 

examined in CD but no hypermethylation was observed in the patients, 

while in UC, the hypermethylation was noticed (Karatzas et al., 2014). 

The authors suggested that the observed epigenetic changes might 

indicate that CD and UC patients exhibit specific DNA methylation 

signatures with potential clinical applications. Therefore, the investigated 

SNP of IL4R gene may potentiate for both types of IBD via these 

mechanisms or other pathways that have not been well-defined and 

require further intense investigations. 

 
4.2.8 Interleukin 6 Gene (IL6) 

Analysis of HWE revealed that both groups of IBD patients were in 

a good agreement with the equilibrium, while controls showed a 

significant departure (P ≤ 0.001) (Table 4-8A). However, comparing 

patients to controls revealed that IL6+565 GG genotype frequency was 

significantly increased in CD (70.6 vs. 13.9%; RR =14.80; P =1.5*10-8) 
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and UC (69.7 vs. 13.9%; RR = 14.18; P = 4.4*10-7) patients, and a 

similar increased frequency of G allele was observed in CD and UC 

patients. In contrast, the GC genotype frequency was significantly 

decreased in CD (23.5 vs. 76.7%; PF = 0.70; P = 3.7*10-6) and UC (24.2 

vs. 76.7%; PF = 0.69; P = 7.0*10-6) patients, and the C allele frequency 

behaved in a similar manner. No such variation was observed between 

CD and UC patients (Table 4-8B). 

The significant differences of IL6+565 polymorphism between IBD 

patients (CD and UC) and controls that were observed in present study 

may point to a potential susceptibility (GG genotype and G allele) role in 

the progression of the disease, and may also affect serum level of IL-6; 

thus contributing to the pathophysiology of CD and UC. A protective 

effect of GC genotype or C allele also worths some consideration. 

Unfortunately, such polymorphism has not been investigated in CD and 

UC patients, but most investigations have been concerned with a further 

position of IL6 gene (IL6-174) and concluded that IL6-174 SNP could be 

involved in etiopathogenesis of IBD (Balding et al., 2004; Cantor et al., 

2005; Sawczenko et al., 2005; Guerreiro et al., 2009; Sagiv-Friedgut et 

al., 2010). Therefore, further investigations are certainly required to 

validate the present findings. This reasoned by the fact that IL-6 has been 

considered as one of the key roles in signaling pathway in IBD 

development. The clinical relevance of serum IL-6 in CD and UC 

patients has been addressed by Takac et al. (2014) in cross-sectional, 

case-control study that involved 100 IBD (CD and UC) patients and 71 

blood donors. Their results indicated that IL-6 serum level is a clinically 

relevant parameter for both groups of IBD disease, and it was strongly 

correlated with inflammatory activity of CD and UC. However, the 

molecular mechanism of such relevance has not been understood; but 

IL6 SNPs may have their effect as suggested by present results. 
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Table 4-8A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of IL6+565 genotypes and alleles in inflammatory bowel disease 
(Crohn's disease and ulcerative colitis) patients and controls. 

Groups IL6+565 Genotype or Allele H-W 
P ≤ GG GC CC G C 

Crohn's 
Disease 

(No. = 34) 

Observed No. 24 8 2 56 12 

N.S. % 70.6 23.5 5.9 82.4 17.7 

Expected No. 23.1 9.9 1.1 Not Estimated % 67.8 29.1 3.1 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 46 16 4 108 24 

N.S. % 69.7 24.2 6.1 81.8  18.2 

Expected No. 44.2 19.6 2.2 Not Estimated % 66.9 29.8 3.3 

Controls 
(No. = 43) 

Observed No. 6 33 4 45 41 

0.001 % 13.9 76.7 9.3 52.3 47.7 

Expected No. 11.8 21.5 9.8 Not Estimated % 27.4 49.9 22.7 

Table 4-8B: Statistical analysis of associations between IL6+565 genotypes or alleles 
and inflammatory bowel disease (Crohn's disease and ulcerative colitis). 

Type of 
Comparison 

IL6+565 
Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological or 
Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 
Intervals 

Crohn's 
Disease 
Versus 

Controls 

GG 14.80 0.66 1.5*10-8 4.83 - 45.37 
GA 0.09 0.70 3.7*10-6 0.03 - 0.27 
AA 0.61 0.04 0.689 0.11 - 3.46 
G 4.25 0.63 1.4*10-4 2.01 - 8.99 
A 0.24 0.37 1.4*10-4 0.11 - 0.50 

Ulcerative 
Colitis 
Versus 

Controls 

GG 14.18 0.65 4.4*10-7 5.22 - 38.54 
GA 0.10 0.69 7.0*10-6 0.04 - 0.24 
AA 0.63 0.04 0.710 0.15 - 2.63 
G 4.10 0.62 4.6*10-6 2.23 - 7.54 
A 0.24 0.36 4.6*10-6 0.13 - 0.45 

Crohn's 
Disease 
Versus 

Ulcerative 
Colitis 

GG 0.83 0.12 0.811 0.33 - 2.09 
GA 0.96 0.01 1.000 0.37 - 2.51 
AA 0.97 0.02 1.000 0.17 - 5.46 
G 1.25 0.36 0.401 2.01 - 8.99 
A 0.24 0.37 0.401 0.11 - 0.50 

 

4.2.9 Interleukin 10 Gene (IL10) 
 Single nucleotide polymorphism of IL10 gene at position -1082 

showed a significant departure from HWE in CD patients, while UC 

patients and controls were in a good agreement with the equilibrium 

(Table 4-9A). Comparing both groups of patients to controls also 
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revealed no significant variations in the distribution of IL10-1082 

genotypes and alleles (Table 4-9B). 
 
Table 4-9A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of IL10-1082 genotypes and alleles in inflammatory bowel disease 
(Crohn's disease and ulcerative colitis) patients and controls. 

Groups IL10-1082 Genotype or Allele H-W 
P ≤ GG GA AA G A 

Crohn's 
Disease 

(No. = 34) 

Observed No. 10 22 2 42 26 

0.05 % 29.4 64.7 5.9 61.8 38.2 

Expected No. 12.9 16.1 4.9 Not Estimated % 38.2 47.2 14.6 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 26 30 10 82 50 

N.S. % 39.4 45.5 15.2 62.1 37.9 

Expected No. 25.5 31.1 9.5 Not Estimated % 38.6 47.1 14.4 

Controls 
(No. = 43) 

Observed No. 13 20 10 46 40 

N.S. % 30.2 46.5 23.3 53.5 46.5 

Expected No. 12.3 21.4 2.3 Not Estimated % 28.6 49.8 21.6 

Table 4-9B: Statistical analysis of associations between IL10-1082  genotypes or 
alleles and inflammatory bowel disease (Crohn's disease and ulcerative colitis). 

Type of 
Comparison 

IL10-1082 
Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological or 
Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 
Intervals 

Crohn's 
Disease 
Versus 

Controls 

GG 0.96 0.01 1.000 0.36 - 2.54 
GA 2.11 0.34 0.166 0.85 - 5.25 
AA 1.38 0.08 0.606 0.50 - 3.77 
G 1.40 0.18 0.329 0.74 - 2.67 
A 0.71 0.13 0.329 0.37 - 1.35 

Ulcerative 
Colitis 
Versus 

Controls 

GG 1.50 0.31 0.414 0.67 - 3.37 
GA 0.96 0.09 1.000 0.45 - 2.06 
AA 0.59 0.09 0.318 0.22 - 1.55 
G 1.43 0.18 0.210 0.82 - 2.47 
A 0.70 0.13 0.210 0.41 - 1.21 

Crohn's 
Disease 
Versus 

Ulcerative 
Colitis 

GG 0.64 0.14 0.383 0.27 - 1.54 
GA 2.20 0.35 0.091 0.95 - 5.11 
AA 0.35 0.09 0.213 0.07 - 1.66 
G 0.98 0.09 1.000 0.54 - 1.79 
A 1.02 0.06 1.000 0.56 - 1.85 

 
 These results may suggest that IL10-1082 SNP is not involved in the 

etiopathogenesis  of  IBD  in  Iraqi  patients. In  contrast,  Almeida  et al.  

(2013) reported  that  IL10-1082  G  allele  was  significantly  linked with 
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age at diagnosis of CD in  a  mixed-race  Brazilian  population. 

However,  Zou  et al.  (2014)  carried   out a  meta-analysis  of  17  

studies  that  included  4132  IBD  patients  and  5109  controls  and  

found  no  significant  association  between  IL10-1082  genotypes  or 

alleles  and  the  two  types  of disease (CD  and  UC). Accordingly,  it  

would  be possible  to  confirm  the  results  of  present  study.  Whereas,  

a  further  meta-analysis  in  Caucasian  patients  reported  a  different  

observation,  and  such  SNP showed  significant  association  with  CD,  

with  RRs  for  the  GG +  GA  genotypes and  GG  genotype  versus  

AA  genotype  of  1.28  and  1.24  (Lv et al., 2014). 

 
4.2.10 Interleukin 12B Gene (IL12B) 
 A  significant  departure  from  HWE  was  observed  in  UC  

patients  (P ≤ 0.001) and  controls  (P ≤ 0.01), while  the  observed  and  

expected  genotype  frequencies  of IL12B-1188  were  in  a  good  

agreement  with  equilibrium  in  CD  patients  (Table 4-10A). 
 
Table 4-10A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of IL12B-1188 genotypes and alleles in inflammatory bowel 
disease (Crohn's disease and ulcerative colitis) patients and controls. 

Groups IL12B-1188 Genotype or Allele H-W 
P ≤ AA AC CC A C 

Crohn's 
Disease 

(No. = 34) 

Observed No. 14 18 2 46 22 

N.S. % 41.2 52.9 3.0 67.7 32.4 

Expected No. 15.6 14.9 3.6 Not Estimated % 45.8 43.8 10.5 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 18 44 4 80 52 

0.001 % 27.3 66.7 6.1 60.6 39.4 

Expected No. 24.2 31.5 10.2 Not Estimated % 36.7 47.8 15.5 

Controls 
(No. = 43) 

Observed No. 14 13 16 41 45 

0.01 % 32.5 30.2 37.2 47.7 52.3 

Expected No. 9,8 21.5 11.8 Not Estimated % 22.7 49.9 27.4 
 

 When comparisons were made between patients and controls 

significant variations were observed in the distributions of IL12B-1188 
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genotype and allele frequencies. Among CD patients, it was noticed that 

the frequency of A allele was significantly increased in patients 

compared to controls (67.7 vs. 47.7%; RR = 2.29; P = 0.015), while C 

allele was significantly decreased (32.4 vs. 52.3%; PF = 0.29; P = 0.015). 

In the case of UC patients, the heterozygous genotype AC was observed 

with a significant increased frequency in patients compared to controls 

(66.7 vs. 30.2%; RR = 4.62; P = 3.6*10-4), while CC genotype frequency 

was significantly decreased (6.1 vs. 37.2%; PF = 0.33; P = 7.0*10-5). 

However, no such variations were observed between CD and UC 

patients (Table 4-10B). 
 

Table 4-10B: Statistical analysis of associations between IL12B-1188 genotypes or 
alleles and inflammatory bowel disease (Crohn's disease and ulcerative colitis). 

Type of 
Comparison 

IL12B-1188 
Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological 
or 

Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 
Intervals 

Crohn's 
Disease 
Versus 

Controls 

AA 1.45 0.12 0.481 0.58 - 3.65 
AC 2.60 0.32 0.061 0.03 - 6.54 
CC 0.11 0.33 0.001 0.02 - 0.49 
A 2.29 0.38 0.015 1.19 - 4.43 
C 0.44 0.29 0.015 0.23 - 0.84 

Ulcerative 
Colitis 
Versus 

Controls 

AA 0.80 0.06 0.671 0.35 - 1.84 
AC 4.62 0.52 3.6*10-4 2.03 - 10.47 
CC 0.11 0.33 7.0*10-5 0.03 - 0.35 
A 1.69 0.24 0.070 0.98 - 2.91 
C 0.59 0.21 0.070 0.34 - 1.02 

Crohn's 
Disease 
Versus 

Ulcerative 
Colitis 

AA 1.87 0.19 0.179 0.79 - 4.42 
AC 0.65 0.29 0.198 0.24 - 1.30 
CC 0.97 0.02 1.000 0.17 - 5.46 
A 1.36 0.17 0.357 0.74 - 2.51 
C 0.74 0.10 0.357 0.40 - 1.36 

 

These  results  point  out  for the important role  of  IL12B-1188  

genotype  and alleles  in  etiopathogenesis  of  IBD,  especially  the  

genotype AC in UC patients,  which  scored   EF  value  of  0.52,  as well  

as  the  allele  A  in  CD patients  (EF = 0.38).  In  addition  to  these   

predisposing  genotypes  and  alleles, C  allele  and  CC  genotype  might  
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be  associated  with  a  protection against CD and UC, respectively. 

These results are in general agreement with the meta-analyses carried out 

by three groups of investigators (Barrett et al., 2008; Franke et al., 2010; 

Anderson et al., 2011) who demonstrated that IL12B as a susceptibility 

gene for IBD. Further cohort studies in Spanish (Marquez et al., 2008), 

Japanese (Yamazaki et al., 2009) and German (Glas et al., 2012) IBD 

patients established an association of IL12B SNPs with IBD 

susceptibility; although some differences in the results were observed. 

However, the role of IL12B SNPs for IBD susceptibility in Iraqi IBD 

patients has not been investigated; therefore these results came to 

contribute to the general knowledge of IBD SNPs in CD and UC, and 

highlight the importance of IL12B-1188 SNP in Iraqi CD and UC patients, 

as well as confirming other recent studies in this regard (Moon et al., 

2013; Dubinsky et al., 2013). However, it remains that the phenotypic 

effects of IL12B SNPS and potential gene-gene interactions that 

contribute to CD and UC susceptibility are largely not well-defined. 

 
4.2.11 Interferon Gamma Gene (IFNG) 

Both groups of patients (CD and UC) were in a good agreement 

with HWE with respect to the distribution of IFNG+874 genotypes (AA, 

AT and TT), while the controls demonstrated a significant departure (P ≤ 

0.01) from the equilibrium (Table 4-11A). In addition, significant 

variations in genotype and allele frequencies of IFNG+874 between 

patients and controls were observed. The AT genotype showed a 

significant increased frequency in CD patients compared to controls 

(58.8 vs. 30.2; RR = 3.30; P = 0.020), while TT genotype frequency was 

significantly decreased (11.8 vs. 39.5%; PF = 0.31; P = 0.009). Among 

UC  patients,  AA  genotype  (54.6 vs. 30.2%; RR = 2.77; P = 0.018) and 

A allele (74.2 vs. 45.4; RR = 3.47; P = 2.7*10-5) frequencies were 
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Significantly  increased  in  patients  compared  to  controls . In contrast, 

TT genotype (6.1 vs.  39.5%; PF = 0.35; P = 2.8*10-5) and T allele (25.8 

vs.  54.7%; PF = 0.38; P = 2.7*10-5) frequencies were significantly 

decreased.  A significant decreased frequency of A allele (58.8 vs. 

74.2%) and increased frequency of T allele (41.2 vs. 25.8%) was further 

observed in CD patients compared to UC patients (Table 4-11B). 
 

Table 4-11A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of IFNG+874 genotypes and alleles in inflammatory bowel 
disease (Crohn's disease and ulcerative colitis) patients and controls. 

Groups IFNG+874 Genotype or Allele H-W 
P ≤ AA AT TT A T 

Crohn's 
Disease 

(No. = 34) 

Observed No. 10 20 4 40 28 

N.S. % 29.4 58.8 11.8 58.8 41.2 

Expected No. 11. 16.5 5.8 Not Estimated % 34.6 48.4 16.9 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 36 26 4 98 34 

N.S. % 54.6 39,4 6.1 74.2 25.8 

Expected No. 36.4 25.2 4.4 Not Estimated % 55.1 38.3 6.6 

Controls 
(No. = 43) 

Observed No. 13 13 17 39 47 

0.01 % 30.2 30.2 39.5 45.4 54.7 

Expected No. 8.8 21.3 12.8 Not Estimated % 20.6 49.6 29.9 

Table 4-11B: Statistical analysis of associations between IFNG+874 genotypes or 
alleles and inflammatory bowel disease (Crohn's disease and ulcerative colitis). 

Type of 
Comparison 

IFNG+874 
Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological or 
Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 
Intervals 

Crohn's 
Disease 
Versus 

Controls 

AA 0.96 0.12 1.000 0.36 - 2.54 
AT 3.30 0.41 0.020 1.30 - 8.36 
TT 0.20 0.31 0.009 0.06  -0.67 
A 1.72 0.24 0.107 0.91 - 3.26 
T 0.58 0.22 0.107 0.31 - 1.10 

Ulcerative 
Colitis 
Versus 

Controls 

AA 2.77 0.34 0.018 1.24 - 6.18 
AT 1.50 0.13 0.414 0.67 - 3.37 
TT 0.10 0.35 2.8*10-5 0.03 - 0.32 
A 3.47 0.52 2.7*10-5 1.96 - 6.17 
T 0.29 0.38 2.7*10-5 0.16 - 0.51 

Crohn's 
Disease 
Versus 

AA 0.35 0.35 0.021 0.15 - 0.83 
AT 2.20 0.32 0.090 0.96 - 5.05 
TT 2.07 0.06 0.439 0.49 - 8.69 
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Ulcerative 
Colitis 

A 0.50 0.37 0.035 0.27 - 0.92 
T 2.02 0.20 0.035 1.09 - 3.74 

 

 As the results suggested, the IFNG+874 SNP seem to play 

susceptibility and protective  roles  in  the etiology of CD and UC; 

however, Cantor et al. (2005) were not  in  favor  of  such  findings,  and  

instead  they cited that no association between UC  or  CD  susceptibility 

and IFNG+874 SNP could be established. A more recent study  

investigated  a  further  polymorphism  in  a  conserved  region  of  IFNG  

gene and the authors reported for the first time that IFNG (rs1861494) T 

allele with enhanced  IFN-γ production in IBD patients, and the 

polymorphism might be indicative  of  more aggressive disease (Gonsky 

et al., 2014). Therefore, SNPs of IFNG have to be further inspected in 

IBD to determine their susceptibility or protective effects. 
 

4.2.12 Tumor Necrosis Factor Alpha Gene (TNF) 
 The SNP genotypes of TNF gene at position -308 showed a 

significant departure (P ≤ 0.05) from HWE in CD patients and controls, 

while no departure was observed in UC patients (Table 4-12A). 
 
Table 4-12A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of TNF-308 genotypes and alleles in inflammatory bowel disease 
(Crohn's disease and ulcerative colitis) patients and controls. 

Groups TNF-308 Genotype or Allele H-W 
P ≤ GG GA AA G A 

Crohn's 
Disease 

(No. = 34) 

Observed No. 10 22 2 42 26 

0.05 % 29.4 64.7 5.9 61.8 38.2 

Expected No. 12.9 16.1 4.9 Not Estimated % 38.2 47.2 14.6 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 34 26 6 94 38 

N.S. % 51.5 39.4 9.1 71.2 28.8 

Expected No. 33.5 27.1 5.5 Not Estimated % 50.7 41.0 8.3 

Controls 
(No. = 43) 

Observed No. 8 29 6 45 41 

0.05 % 18.6 67.4 13.9 52.3 47.7 

Expected No. 11.8 21.5 9.8 Not Estimated % 27.4 49.9 22.8 
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Comparing patients to controls revealed that TNF-308 genotypes and 

alleles were not significantly varied between CD patients and controls, 

while UC patients demonstrated a significantly (P = 0.006) increased 

frequency of G allele (71.2 vs. 52.3%; RR = 2.25) and a decreased 

frequency of A allele (28.8 vs. 47.7; PF = 0.26) compared to controls. 

The UC patients also showed a significant decreased frequency of GA 

genotype (39.4 vs. 64.7%; P = 0.021) compared to CD patients (Table 4-

12A). 
 
Table 4-12B: Statistical analysis of associations between TNF-308  genotypes or 
alleles and inflammatory bowel disease (Crohn's disease and ulcerative colitis). 

Type of 
Comparison 

TNF-308 
Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological or 
Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 

Intervals 

Crohn's 
Disease 
Versus 

Controls 

GG 1.82 0.13 0.291 0.64 - 5.21 
GA 0.89 0.07 0.813 0.35 - 2.26 
AA 0.39 0.08 0.291 0.07 - 2.00 
G 1.47 0.19 0.256 0.77 - 2.80 
A 0.68 0.15 0.256 0.36 - 1.29 

Ulcerative 
Colitis 
Versus 

Controls 

GG 4.65 0.40 0.001 1.89 - 11.41 
GA 0.31 0.46 0.006 0.14 - 0.70 
AA 0.62 0.05 0.535 0.19 - 2.03 
G 2.25 0.39 0.006 1.28 - 3.96 
A 0.44 0.26 0.006 0.25 - 0.78 

Crohn's 
Disease 
Versus 

Ulcerative 
Colitis 

GG 0.39 0.31 0.055 0.16 - 0.94 
GA 2.82 0.41 0.021 1.21 - 6.59 
AA 0.63 0.03 0.713 0.12 - 3.21 
G 0.65 0.24 0.202 0.83 - 2.83 
A 1.53 0.13 0.202 0.35 - 1.21 

 

 The  TNF-308  might  be  more  important  in  the  susceptibility  of  

UC than CD, and the two spotted alleles (G and A) have been suggested 

to have a role in predisposition  and  protection  against this type  of  

IBD. However, similar  studies failed  to  find  any  significant  variation  

in the frequency of the TNF-308 alleles in IBD patients compared to 

controls (Zipperlen et al., 2005; Mittal et al., 2007; Naderi et al., 2014). 

Whereas on other studies and as in this study, the allele frequency of 
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such polymorphism showed a  significant  variation  between UC 

patients and controls (Cao et al., 2006; Sýkora  et al., 2006 Cucchiara  et 

al., 2007). The variability of the results might be due to ethnic variations 

among different IBD populations, as suggested by Naderi et al. (2014). 
  

4.2.13 Transforming Growth Factor Beta Gene (TGFB1) 
 Genotype  frequencies  of  TGFB1codon 25  demonstrated  a 

significant departure from  HWE  in  IBD  patients  (CD and UC)  and  

controls, while comparing patients to  controls or CD patients to UC 

patients revealed no significant variations in genotype (GG, GC and CC) 

or allele (G and C) frequencies between them (Tables 4-13A and 4-13B). 

Previous studies suggested a role for TGFB1 SNPs in IBD clinical 

parameters. Of interest, TGFB1–509 and  TGFB1915  SNPs were reported 

to be associated  with  CD (Schulte  et al., 2001; Hume  et al., 2006) and 

differences in allele  frequencies  and  genotypes of  TGFB1–800 SNP 

were found between UC patients and controls (Tamizifar et al., 2008). In 

present study, a further SNP was investigated (TGFB1codon 25) and  it  

could  not  find  any significant association between its genotypes or 

alleles and CD or UC. A similar conclusion has also been presented  by 

Liberek  et al. (2008), how demonstrated  that  four  SNPs  of  TGFB1 

had  no  influence  on  susceptibility  to  IBD. In contrast, Almeida et al. 

(2013) defined  that  TGFB1  SNPs  may be associated with 

susceptibility to CD development. Therefore,  it  might  be  obvious that 

further studies, including larger and  ethnically  differentiated  groups of 

IBD patients, are necessary to target the matter  of  differences  between  

results of studies that correlate TGFB1 polymorphisms  and  IBD.  

Accordingly,  no  firm  conclusions could  be proposed until  the  

influence  of  any  particular  TGFB1  SNPs  on  certain  biochemical  or 
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clinical  effects  are  elucidated  in  the  ground  of  molecular 

mechanism principles. 
 
Table 4-13A: Observed numbers and percentage frequencies and Hardy-Weinberg 
equilibrium (HWE) of TGFB1codon 25 genotypes and alleles in inflammatory bowel 
disease (Crohn's disease and ulcerative colitis) patients and controls. 

Groups TGFB1codon 25 Genotype or Allele H-W  
P ≤ GG GC CC G C 

Crohn's 
Disease 

(No. = 34) 

Observed No. 10 22 2 42 26 

0.05 % 29.41 64.71 3.03 61.76 38.24 

Expected No. 12.97 16.06 4.97 Not Estimated % 38.25 47.23 14.62 

Ulcerative 
Colitis 

(No. = 66) 

Observed No. 18 44 4 80 52 

0.001 % 27.27 66.67 6.06 60.61 39.39 

Expected No. 24.24 31.52 10.24 Not Estimated % 36.73 47.8 15.52 

Controls 
(No. = 43) 

Observed No. 8 28 7 44 42 

0.05 % 18.6 65.1 16.2 51.16 48.84 

Expected No. 11.26 21.49 10.26 Not Estimated % 26.18 49.97 23.85 

Table 4-13B: Statistical analysis of associations between TGFB1codon 25  genotypes 
or alleles and inflammatory bowel disease (Crohn's disease and ulcerative colitis). 

Type of 
Comparison 

TGFB1codon 

25 Genotype 
or Allele 

Statistical Evaluation 

Relative 
Risk 

Etiological 
or 

Preventive 
Fraction 

Fisher’s 
Exact 

Probability 

95% 
Confidence 

Intervals 

Crohn's 
Disease 
Versus 

Controls 

GG 1.82 0.13 0.291 0.64 - 5.21 
GC 0.98 0.12 1.000 0.39 - 2.49 
CC 0.32 0.11 0.284 0.06 - 1.62 
G 1.54 0.21 0.196 0.81 - 2.93 
C 0.65 0.17 0.196 0.34 - 1.23 

Ulcerative 
Colitis 
Versus 

Controls 

GG 1.64 0.10 0.362 0.65 - 4.16 
GC 1.07 0.04 1.000 0.48 - 2.39 
CC 0.33 0.10 0.108 0.09 - 1.20 
G 1.47 0.19 0.208 0.85 - 2.53 
C 0.68 0.31 0.208 0.39 - 1.18 

Crohn's 
Disease 
Versus 

Ulcerative 
Colitis 

GG 1.11 0.02 0.818 0.45 - 2.74 
GC 0.92 0.05 1.000 0.39 - 2.16 
CC 0.97 0.02 1.000 0.17 - 5.46 
G 1.05 0.02 1.000 0.58 - 1.91 
C 0.95 0.01 1.000 0.52 - 1.73 
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4.3 Concluding Discussion 
 The  presented  results of  the  13  cytokine  SNPs   in  CD  and  UC  

patients  are the  first  report  in  Iraqi  patients,  and their  findings  

highlighted  the  role  of  these SNPs in etiopathogenesis of  both  groups  

of  IBD, and  paved the  way for  further investigations to determine  the  

role cytokine  gene polymorphisms  in susceptibility to IBD or their 

protective effects. Such conclusion is favored by genome-wide 

association  studies (GWAS), which identified many novel susceptibility 

loci for CD and UC, and SNPs in genes encoding cytokines and cytokine 

receptors have been suggested to  affect  the inflammatory cascade 

course and thereby may increase the risk  of  developing  IBD (Magyari 

et al., 2014). In  addition, the  association between a single genetic SNP 

and IBD can be influenced by other genetic factors that any definite  

conclusions  cannot be  elucidated until the molecular mechanism of a 

putative genetic link is understood (Almeida et al., 2013).   
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Conclusions and Recommendations 
 

I. Conclusions 
 Based on the findings of present study, it is possible to conclude 

that the profile of the 13 cytokine gene polymorphisms, as defined by 

single nucleotide polymorphism (SNP), in both forms of IBD (CD and 

UC) can be grouped as the following: 

1. The SNPs of IL1RNmaspl 11100, IL10-1082 and TGFB1codon 25 failed to 

show any association with CD or UC.  

2. Significant variations in genotype and allele frequencies of IL1B-511 

and TNF-308 SNPs were observed between UC patients and controls, 

but not between CD and controls. 

3. Eight SNPs (IL1A-889, IL1R1pstl 1970, IL2+166, IL4-590, IL4R+1902, IL6+565, 

IL12B-1188 and IFNG+874) showed significant positive and negative 

association with CD and UC; therefore, their predisposing and 

protecting effects are suggested.  

4. The patients (CD and UC) were significantly discriminated by 

genotypes or alleles of IL4R+1902, IFNG+874 and TNF-308 SNPs. 

 
II. Recommendations 
 Based on results and review of literature, it is possibly to highlight 

the following recommendations: 

1. Further SNPs of the 13 investigated cytokines have to be investigated 

to determine their predisposing or protecting effects against IBD. 

2. It would be better to correlate the serum level of cytokines with their 

SNPs in IBD patients and controls. 

3. For cytokines that showed no association, DNA sequencing of other 

promoter regions might be required. 
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Patient Code: 
 

Appendix  
 

Patient's Information Sheet and Laboratory Investigations  
 
• Personal Information 
 

Name: 

Gender: 

Age: 

Tests: 

ESR: 

RBCs: 

WBCs: 

Hb: 

PCV: 

General Urine Examination: 

General Stool Examination: 

Others: 

 
• Final Diagnosis: Crohn’s Disease   (   ) 

Ulcerative Colitis (   )  
 

 
 
 
 
 
 
 
 
 

 
 



 الخالصــــة

 الخالصــــــــــة

 وهما: مرض المعي االلتهابي مشكلة صحية عالمية , والتي تنطوي على شكلينيعد 

. ويعتبر االستعداد الوراثي المناعي هو احد رئيسين هما: داء كرون والتهاب القولون التقرحي

الخلوية هي من بين هذه العوامل , لذلك تم التحري في هذه  تالحر كياالخطر للمرض .عوامل 

مع الخلوية  تالحر كياجينات  من  رثالثة عشلللنيوكليوتيدة المفردة  األشكالالدراسة عن تعدد 

 لبين ابيضاضا بيتا و -1 لبين ابيضاضاو  ألفا -1 لبين ابيضاضمستقبالتها وهي (ا

لبين ا ومستقبله و 4 لبين ابيضاضا و 4 لبين ابيضاضاو 2 لبين ابيضاضا وه ومستقبالت1

بيتا وانترفيرون كاما وعامل التنخر  -12 لبين ابيضاضا و 10 لبين ابيضاضا و 6 ابيضاض

مريض بداء 34, (بيتا), في عينات من المرضى العرب العراقيين –الورمي وعامل تحول النمو 

التقرحي , وتم التحري عن المرضى في مستشفى الكندي  مريض بالتهاب القولون66الكرون و

التعليمي ومستشفى اليرموك التعليمي ومستشفى الزعفرانية العام في بغداد للتشخيص والعالج 

 .شخص)43(  ) مقارنة بعينات السيطرة2014 األولتشرين  إلى 2013خالل الفترة (أب 

 الحالبة :وتم التوصل الى النتائج التالية من الدراسة 

 Cواالليل    CC): ازداد تردد النمط الجيني 889-( الفا في الموقع 1-جين البين ابيضاض .1

% على التوالي), وفي مرض التهاب 73,5و 58,8بشكل كبير لدى مرضى داء الكرون (

% على 40,7و 25,5% على التوالي), مقارنة بالسيطرة (71,2و 54,6القولون التقرحي (

الترددات انخفضت بشكل ملحوظ  لدى  Tواالليل   TT,في المقابل النمط الجيني التوالي) 

% على التوالي), ومرضى التهاب القولون التقرحي  26,5و 11,8مرضى داء الكرون (

% على  59,3و 44,2% على التوالي) مقارنة بمجموعة السيطرة ( 28,8و 12,1(

 التوالي).

بشكل  TCتردد النمط الجيني  زيادة  ): لوحظ 511-( بيتا في الموقع 1-جين البين ابيضاض .2

ملحوظ لدى المرضى الذين يعانون من التهاب القولون التقرحي مقارنة بمجموعة السيطرة 

 CCالجيني , بينما انخفض تردد النمط  )0,018%) تحت احتمالية تساوي (  39,5و 63,6(

لوحظ عدم وجود اختالفات  ). وقد0,061%), عند احتمالية تساوي ( 32,2مقابل  6,1( 

 . معنوية لدى المرضى الذين يعانون من داء كرون

 TT): ازداد تردد النمط الجيني 1970-في الموقع ( االول -همستقبلو 1-جين البين ابيضاض .3

 0,026بشكل ملحوظ تحت احتمالية تساوي ( على التوالي) % 67,7و T  )47,1واالليل 
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P5¯10× 8,6و
P (مقارنة بمجموعة  في المرضى الذين يعانون من داء كرون على التوالي

مقابل  11,8( CC% على التوالي). في المقابل , النمط الجيني  34,97و 20,9السيطرة (

%) كانت الترددات منخفضة بشكل ملحوظ  65,1مقابل  32,4( C%) , واالليل  51,2

P4¯10× 2,8وتحت احتمالية تساوي (
P  10× 8,6وP̄

5
P (لدى مرضى التهاب على التوالي ,

%)  27,9ومقابل  TC )48,5القولون التقرحي اظهر زيادة كبيرة في ترددات النمط الجيني 

%) وتحت احتمالية  34,9مقابل  63,6( T) واالليل  0,045وتحت احتمالية تساوي (

P5¯10× 5,1تساوي (
P .إما) مقارنة بمجموعة السيطرة , كما هو الحال في داء الكرون 

 CC )12,1للنمط الجيني  ملحوظالمرضى التهاب القولون التقرحي اظهر التردد انخفاضا 

P5¯10 × 1,7%) وتحت احتمالية تساوي ( 51,2مقابل 
P, (  واالليلC ) 36,4  65,1مقابل 

P5¯10× 8,6%) وتحت احتمالية تساوي (
P .( 

الكرون كانت ترددات من بين المرضى لداء  ):166+في الموقع ( 2جين البين ابيضاض  .4

%) مرتفعة بشكل  34,0مقابل  64,7( T%), واالليل  6,9مقابل  TT  )41,2النمط الجيني 

والي) في على الت 0,009و 0,001كبير مقارنة مع مجموعة السيطرة تحت احتمالية تساوي (

) , كانت 0,009%) وتحت احتمالية تساوي ( 72,1مقابل  TG )47,1المقابل النمط الجيني 

 الترددات منخفضة بشكل ملحوظ تقريبا .

 52,9(  TTترددات النمط الجيني  أن): لوحظ 590-( في الموقع 4جين البين ابيضاض  .5

10P̄× 1,2%) , وتحت احتمالية تساوي ( 11,6مقابل 

4
P واالليل (T  )70,6  24,4مقابل 

10P̄× 1,6%) وتحت احنمالية تساوي (

8
P(  زيادة كبيرة في المرضى الذين يعانون من سجل

%)  62,8مقابل  CC )11,8داء كرون مقارنة بمجموعة  السيطرة بالمقابل النمط الجيني 

P̄ 10× 5,6احتمالية (وتحت 

6
P  واالليل (C )29,4 1,6%) وتحت احتمالية ( 75,6 مقابل 

×10¯P8
P إما. التقرحي) كانت الترددات منخفضة بشكل ملحوظ في حالة التهاب القولون 

10P̄× 1,1%) وتحت احتمالية تساوي ( 52,6مقابل  TC )69,7 ترددات النمط الجيني

5
P( 

%) , وتحت  24,4مقابل  T )62,1سجل زيادة معنوية لدى المرضى. في حين االليل 

10P̄× 4,6احتمالية تساوي (

8
P مقابل النمط الجيني (CC )3,5  وتحت  62,8مقابل (%

P12¯10× 2,5احتمالية تساوي (
P  واالليل (C )37,9  وتحت احتمالية  %) 75,6مقابل

P8¯10× 1,6وتساوي (
P لدى المرضى. ملحوظا) هذه الترددات سجلت انخفاضا 

): لوحظ زيادة في ترددات النمط 1902 +مستقبله في الموقع (و 4جين البين ابيضاض  .6

%) بشكل ملحوظ  37,2مقابل  55,9( G%) , واالليل  11,6مقابل  GG )41,1الجيني 

لدى المرضى الذين يعانون من داء الكرون مقارنة مع مجموعة السيطرة وتحت احتمالية 
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%) وتحت  51,1مقابل  17,7( GA). في المقابل النمط الجيني  0,023و 0,001تساوي (

 ( %) وتحت احتمالية تساوي 62,8مقابل  44,1( A), واالليل 0,004احتمالية تساوي (

) سجل انخفاضا معنويا لدى المرضى الذين يعانون من التهاب القولون التقرحي . 0.023

%) كانت  37,2مقابل  75,8( G%) وكذلك االليل  11,6مقابل  GG )57,6النمط الجيني 

10P̄× 1,0وتحت احتمالية تساوي ( هناك زيادة معنوية

6
P 10×  1,9وP̄

8
P (بينما  على التوالي.

P5¯10× 7,0%) وتحت احتمالية تساوي ( 37,2مقابل  AA )6,1النمط الجيني 
P واالليل (A 

P8¯10× 1,9%) وتحت احتمالية تساوي ( 62,8مقابل  24,2(
P .سجل انخفاضا معنويا ( 

): عند مقارنة المرضى مع مجموعة السيطرة وجد 565+( في الموقع 6جين البين ابيضاض  .7

مقابل  70,6معنوية كبيرة لدى مرضى داء الكرون ( زيادةسجل    GGبأن النمط الجيني

P8¯10× 1,5%) وتحت احتمالية تساوي ( 13,9
P  كما في مرضى التهاب القولون التقرحي (

P7¯10× 4,4%) عند احتمالية تساوي  13,9مقابل  69,7(
P ,(لوحظت في االليل  وأيضاG 

 23,5داء الكرون (بشكل كبير لدى مرضى  GCترددات النمط الجيني  انخفضتبالمقابل 

P6¯10× 3,7%) وتحت احتمالية تساوي ( 76,7مقابل 
P  ولدى مرضى التهاب القولون , (

10P̄× 7,0%) وتحت احتمالية تساوي ( 76,7مقابل  24,2التقرحي (

6
P .( 

زيادة معنوية كبيرة لدى  A ): سجل االليل 1188-بيتا في الموقع (12-جين البين ابيضاض .8

%) وتحت احتمالية  47,7مقابل  67,7مقارنة مع مجموعة السيطرة (  مرضى الكرون

%) وتحت  52,3مقابل  32,4بشكل ملحوظ ( C. بينما انخفض تردد االليل )0,015تساوي (

لوحظ  ACبينما لدى التهاب القولون التقرحي المتباين النمط الجيني  )0,015احتمالية ( 

تحت احتمالية  %) 30,2مقابل  66,7سيطرة (مقارنة مع مجموعة ال زيادة معنوية كبيرة

P4 ¯10× 3,6تساوي (
P  بينما سجل النمط الجيني .(CC ) مقابل  6,1انخفاضا معنويا كبيرا

P5¯10× 7,0%) وتحت احتمالية تساوي ( 37,2
P.(  

زيادة معنوية ملحوظة  AT): اظهر النمط الجيني 874(+ في الموقع االنترفيرون كاماجين  .9

%)  30.2مقابل  58,8في التردد لدى مرض داء الكرون مقارنة مع مجموعة السيطرة (

 11,8معنويا ( سجل انخفاضا TT). بينما النمط الجيني 0,020وتحت احتمالية تساوي (

النمط  أما). لدى مرضى التهاب القولون التقرحي . 0,009%) وتحت احتمالية ( 39,5مقابل 

 74,2( A) واالليل 0,018%) تحت احتمالية تساوي ( 30,2مقابل  AA )54,6ي الجين

P5¯10× 2,7%) وتحت احتمالية تساوي ( 45,4مقابل 
P ملحوظا) سجال انخفاضا معنويا. 

): عند المقارنة لمرضى داء كرون 308-(في الموقع الفا –عامل التنخر الورمي جين  .10

مع مجموعة السيطرة لم تكشف عن تفاوت معنوي , في حين اظهر مرض التهاب القولون 
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 52,3مقابل  71,2( G), وزيادة في تردد االليل 0,006تحت احتمالية ( التقرحي فرقا معنويا

 %). 47,7مقابل  28,8( Aفي تردد االليل %) وانخفاضا 

جين البين  ) , و11100 -( ومستقبله االول في الموقع 1-جين البين ابيضاض  .11

) عند المقارنة بين 25(الشفرة بيتا  -) وعامل تحول النمو1082-(في الموقع   10 -ابيضاض

 االليالت. أواالجينيه  األنماطفروقا معنوية في المرضى ومجموعة السيطرة لم تسجل 

 ثالثة عشر جين من الحركيات الخلوية هياألشكال الوراثي للتعدد  ةضوعرالنتائج الم أن

 دورهذه األشكال الوراثية في إمراضية   الى النتائج تشير هذهو عراقيين، مرضى في األولى

الدراسات في هذا  من لمزيد الطريق مهدتالتي و ،داء كرون والتهاب القولون التقرحي

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     .المجال



  

 

 

 

 

 دادــــة بغــجامع

للنيوكليوتيدة المفردة لبعض الحركيات  األشكالتعدد 
لدى مرضى  يتهابلاال المعي الخلوية في مرض

  عراقيين
 

 تقدمت بها أطروحة
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الدكتوراه فلسفة  درجة مجلس كلية العلوم للبنات/جامعة بغداد كجزء من متطلبات نيل

  في علوم الحياة / الوراثة

 بأشــــــراف
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