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Abstract: The inflammatory bowel disease (IBDS), Crohn's disease (CD) and ulcerative colitis (UC)
are common relapsing conditions characterized by both gastrointestinal and systemic manifestations
and are responsible for significant morbidity in adults and children. The etiology of IBD is unknown
but the condition seems to be the result of a combination of environmental, genetic, and immunologic
factors. NOD1 is a cytosolic protein and a member of a family of proteins known as the NLR/Nod
(caterpillar family). This protein family also includes a closely related protein NOD2. Both NOD1 and
NOD2 are thought to function in inflammation, innate and adaptive immunity as well as in a variety
of other processes that determine the balance between health and disease. In this study we have
analyzed a SNP in the NOD1 gene to detect polymorphisms in Egyptian patients with crohn's disease
(CD) to evaluate the contribution of this gene in genetic susceptibility of the disease. The gene
(NOD1) was analyzed by polymerase chain reading, restriction fragment length polymorphism (PCR-
RFLP) technique in 42 patients with crohn's disease and 40 age matched and gender matched healthy
doners. The present study has demonstrated that the heterozygous/homozygous carriages of NOD1
E266k (G796A) genotypes showed insignificant differences in Egyptian patients with CD compared
to healthy ones. There were also no significant association between the different genotypes and the
demographic data on the patients or the clinical characteristics of CD. Also no significant differences
were detected concerning the allele frequencies (p>0.05). Taken together, these data may suggest that
NOD1 plays a variable role in different populations, which could depend upon environmental and
dietary factors as they change from one race to the other and from society to another.
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INTRODUCTION

The inflammatory bowel disease ( IBDS) , Crohn's disease (CD) and ulcerative colitis (UC) are common
relapsing conditions characterized by both gastrointestinal and systemic manifestations and are responsible for
significant morbidity in adults and children .In Northern Europe , these illnesses affect one in 250 of the adult
population (Rubin G.P et al., 2000).

The etiology of IBD is unknown but the condition seems to be the result of a combination of
environmental, genetic, and immunologic factors in which an uncontrolled immune response within the
intestinal lumen leads to inflammation in genetically predisposed individual (Karlinger K et al., 2000).

The epidemiological data suggest a genetic predisposition for IBD that does not follow Menedlian
inheritance patterns or a simple segregation of the disease. The importance of which is more significant in CD.
Although CD is manifested by almost identical clinical picture world-wide there are significant differences in
gene polymorphisms among different ethnicities. The discovery of mutation in the NOD2/ CARD15 gene (the
first susceptibility gene known for CD) was striking. The variation of mutations in different IBD populations
necessitates repeated studies of the roles of candidate genes in various populations (T.Monlnar et al., 2007).

Epidemiological studies have provided enough evidence that genetic factors have an important role in
determining susceptibility to IBD. The most significant finding in the IBD research has been identification of
mutations in the gene Nod2 ( nucleotide- binding oligomerization domain 2) protein in a subgroup of patients
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with crohn's disease .However , a very similar gene encoding NOD1 protein still has not been well documented
for its association with ulcerative colitis patients (Ravi Verma et al., 2009). 

NOD1 is a cytosolic protein and a member of a family of proteins known as the NLR/Nod (caterpillar
family) (Ting JP 2005). NOD1 has been recognized as pattern- recognition receptor (PRR). NOD1/ CARD4
are located on chromosome 7p14 that has been genetically linked to asthma (Hysi P et al 2005). This protein
family also includes a closely related protein NOD2. Both NOD1 and NOD2 are thought to function in
inflammation, innate and adaptive immunity as well as in a variety of other processes that determine the
balance between health and disease .That proteins are involved in recognition of intracellular bacteria primarily
through sensing glycopeptides derived from microbial peptidoglycan. NLR family members are characterized
as centrally located oligomerization and nucleotide- binding domain (NBD) that is followed by domain
containing multiple leucine rich repeats at the carboxy terminal and caspase recruitment domain (CARD) at
the amino terminal end (Correia JS et al 2007).

The G796A variation encodes a non- conservative peptide change (E266K) in the NBD domain of NOD1.
The corresponding glutamic acid residue appears to be conserved in CARD15, suggesting a potential functional
effect of the polymorphism (Zouali H et al 2003).  

In this study we have analyzed a SNP in the NOD1 gene to detect polymorphisms in Egyptian patients
with crohn's disease (CD) to evaluate the contribution of this gene in genetic susceptibility of the disease.

MATERIALS AND METHODS

This study included 42 patients with crohn's disease enrolled at Ain Shams University, surgical endoscopy
unit and the national oncology center between the year 2007 and 2009. There mean age of diagnosis was
37±12 years, males were 17(40.5%) while females were 25 (59.5). The duration of the disease was 4.3±3.9
years. The diagnosis was on the basis of Lennard – Jones criteria (Lennard-Jones JE 1989). The age at onset,
duration of disease, presence of extra intestinal manifestations were known. The diagnosis was established
according to clinical guideline and criteria based on endoscopic, radiological (barium enema) and
histopathological (colectomy) examinations. Patients were classified into (1) proctitis involvement limited to
the rectum without crossing the rectosigmoid junction (2) left sided colitis, inflammation distal to the splenic
flexure (3) extensive colitis, inflammation proximal to the splenic flexure.

A control group for the mutation consisted of 40 age-matched and gender matched healthy blood donors,
male/female was 16/24 (40%/60%). Their mean age was 38.2±10.7 years. All subjects were informed about
the details of the study and consent was obtained from them.

Specimen collection:
2cc venous blood samples were collected into a sterile siliconized EDTA 5ml vacutainer tubes,

immediately after collection, whole blood was stored at -20� C until use.

DNA isolation:
Genomic DNA was isolated from whole blood according to the QIAamp. DNA blood minikit (QIAGEN,

Germany).

Detection of NOD1 polymorphisms:
The sequence variant of the single nucleotide polymorphism (SNP) in the NBD of NOD1 was as follows:

CARD4 (NOD1) (Gene ID: 10392, localization 7 p 15-p14. The gene was analyzed by polymerase chain
reaction restriction fragment length polymorphism (PCR-RFLP) technique. The 50 μ1 reaction mixture
contained 100 ng of genomic DNA ,20 pmol of each primer (sense:5' TGA GAC  CAT  CTT  CAT  CCT
GG 3' ; antisense 5' CTT  CCC ACT  GAG  CAG  GTT  G 3' ) , 1.25 U Taq DNA polymerase , 1.25 mM
Mg C12 1× PCR Taq polymerase buffer + (NH4 )2 SO4, and 25 mM of each dNTP. After denaturation (12
min at 95� C), the reaction consisted of 30 PCR cycles (30 sec at 94� C, 30s at 58 � C, and 30s at 72� C)
followed by a final extension by 7 min at 72 �C. For RFLP analysis, the PCR products were digested with
aval restriction enzyme (Fermantas) overnight at 37� C.  The product was electrophoresed on a 2% agarose
gel and visualized under UV illumination after staining with 0.4 mg/l ethidium bromide.The presence of an
Aval site (G allele ) was indicated by cleavage of the 379 bp amplified PCR product to yield fragments of
209 bp and 170 bp >
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Statistical Analysis:
The chi- square test and student's test were used to evaluate differences between the patients and the

controls. Logistic regression was applied to compare the frequency of gene polymorphisms. The results are
expressed as odds ratios (OR) with 95% confidence intervals (95%) confidence limits. P values <0.05 were
considered significant (F. Altman 1994).

RESULTS AND DISCUSSION

Table (1) shows the clinical data of the patients with CD.
The control group was 40 healthy blood donors, 16 males (40%) and 25 females (60%) with mean age

38± 10.7 years, while the patients were 42, 17 males (40.5%) and 25 females (59.5%), with age of diagnosis
37±12 years. The groups were not statistically different with respect to age and gender (p>0.05).

Table (2) shows NOD1 (G796A) genotypes in Egyptian patients with Crohn's disease and controls, while
Table (3) shows the allele frequencies.
The present study has demonstrated that the heterozygous/homozygous carriages of NOD1 E266k (G796A)

genotypes showed insignificant differences in Egyptian patients with CD compared to healthy ones. There were
also no significant association between the different genotypes and the demographic data on the patients or
the clinical characteristics of CD. Also no significant differences were detected concerning the allele
frequencies (p>0.05).

Discussion:
The etiology of IBD is unknown, but the condition seems to be the result of a combination of

environmental, genetic, and immunologic factors in which an uncontrolled immune response within the
intestinal lumen leads to inflammation in genetically predisposed individuals (Karlinger K et al 2000). 

There are several candidate genes potentially involved in the pathogenesis of IBD because of several
chromosomal locations or different functions within the inflammatory processes (Hugot JP et al 1996). 

The recent identification of CARD15/NOD2 as a CD susceptibility   gene makes its homologous gene
CARD4/NOD1 a potential candidate gene for predisposition to IBD (Hugot JP et al 2001, Hampe J et al
2001). The function of CARD4 has recently been clarified. The gene encodes for a cytosolic protein involved
in the pathway by intracellular LPS (lipopolysaccharide) activates nuclear factor kb and apoptosis (Girardin
SE 2001).
The NOD1 (MIM#605980) gene is located on chromosome 7p14.3 (Claudia Huebner et al 2009).
NOD1/CARD4 has remained a strong functional IBD candidate gene in view of its important role in regulating
the innate immune response the expression pattern of NOD1/CARD4 across the gastrointestinal tract and the
presence of different splice variants with altered binding properties of the LRR domain illustrate the importance
of NOD1/CARD4 in the ability of the mucosa to sense the microbial content of the gut lumen (Hysi P et al
2005, Fritz JH et al 2007). Functional work has also provided evidence for interaction with Toll- like receptor
pathways, again suggestive of a crucial role for NOD1/CARD4 in the innate immune response against bacteria
(Viala J et al 2004, van Heel D.A et al 2005). Furthermore, the presence of an altered mucosa-associated
micro flora in IDB patients is indicative of an innate immune response which is either unable to recognize
these microorganisms appropriately (due to altered expression or altered ligand binding) or unable to orchestrate
an effective second- line immune reaction to clear them (Conte M.P et al 2006, Darfeuille–Michaud A et al
2004).
There have been a number of notable successes in IBD genetic studies in recent years, which have been
recently reviewed. However, the study of the contribution of NOD1/CARD4 to IBD has seen replication studies
unable to confirm a positive index study, mirroring the experience in other complex diseases (Ioannidis J.P.A
et al 2001). Whether true genetic heterogeneity, phenotypic, differences between IBD cohorts or population
admixture underlie these differences has often been difficult to elucidate. In IBD only for NOD2/CARD15 true
genetic heterogeneity has been demonstrated with certainty (Gaya D.R et al 2006, Arnott I.D.R et al 2004).

The present study has demonstrated that the heterozygous/homozygous carriages of NOD1 E266k (G796A)
genotypes showed insignificant differences in Egyptian patients with CD compared to healthy ones. There were
also no significant association between the different genotypes and the demographic data on the patients or
the clinical characteristics of CD. Also no significant difference was found between different allele frequencies.

The present study adds to a growing database supporting a role for pattern recognition receptors in
inflammatory bowel diseases .previous data associating NOD1 polymorphisms with IBD risk showed variable
results (Barrett JC et al 2008). Zouali et al, (Zouali H et al 2003) with European subjects and Ozen et al,
(Ozen SC et al 2006) with Turkish patients, concluded that NOD1 was not involved in IBD however, subject
number in both studies were small. Also Van limbergen et al, (Van limbergen J et al 2007, Van Limbergen
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J et al 2007) showed no statistically significant differences in frequency of this variant between cases and
controls in large Scottish or Swedish populations. Similar results were reported by Frake et al, (Franke A et
al 2006) with germen subjects and Tremelling et al, (Tremelling M et al 2006) with east anglian subjects. 

However, T. Molnar,et al has demonstrated that the heterozygous / homozygous carriage of the variant
SNP e266k as well as the  A allele of NOD1/G796 A is a possible determinant of susceptibility in  Hungarian
patients with CD compared to both healthy and non- IBD controls (T.Monlnar et al 2007).

Following the very strongly positive association reported by Mc Govern et al. (McGovern DP et al 2005)
most of the more recent publications have focused on the complex (ND (1) + 32656*) NOD1 deleted mutation.
Canto et al, (Canto E et al 2007) reported that the distribution of the NOD1 polymorphism in patients was
different from controls, and not altered by the existence of NOD2 mutation in their Spanish population.
Although the main focus of the original McGovern et al. (McGovern DP et al 2005) paper was on the
complex deletion, associations were also observed between IBD and several other SNPs. Including NOD1 c.
156C>G (p< 0.02) and g27606c> A. However, McGovern and co-workers (McGovern DP et al 2005) pointed
out that the SNPs tested were rare variants.

It seems clear that the results of the above studies are so conflicting that they do not allow for a decision
concerning the possible role of G796A polymorphism, or of any mutations of the NOD1 gene at all, despite
the encouraging data of the genome-wide screening.

Taken together, these data may suggest that NOD1 plays a variable role in different populations, which
could depend upon environmental and dietary factors as they change from one race to the other and from
society to another. The gene may be especially important in Caucasian groups (Claudia Huebner et al 2009).

Certain limitations of our data like limited size of the samples must be considered. Before, we can make
a firm conclusion on association of this gene with the disease, there is a need for replication in an independent
cohort and further confirmatory studies are warranted in larger CD population.

Table 1: showing the clinical data of the patients 
All (n=42)

Sex (male/female) 17/25
Age at presentation (years) 37+_12
Duration ( years ) 4.3-3.9
Familial IBD. 5 (11.9%)
Smoking habits. 
No 14 (33.3%)
Yes 23(54.8%)
Previous 5 (11.9%)
Classification
Proctitis not crossing rectosigmoid junction 2 (4.8)
Left sided colitis, inflammation distal to the splenic flexure 29 (69%)
Extensive colitis, inflammation proximal to the splenic flexure.

11 (26.2%)
Complications
Rectovaginal fistula 1 (2.4%)
Perianal disease. 2 (4.8%)
Frequent relapses. 14 (33.3%)
Malignancy. 4 (9.5%)
EIM (extraintestinal manifestations). 1 (2.4%)
Management
Steroid.  32 (76.2%)
Azathioprine. 25 (60%)
Pentaza.  42 (100%)
Surgery.   6 (14.3%)

Table 2; showing NOD1 (G796A) genotypes in Egyptian patients with Crohn's disease and controls
P value 95%Cl OR Control(40) Patients(42) Genotype
0.7173 0.3455-11.5780 2.0000 2 (5%) 4 (9.5%) Homozygous AA
0.2214 0.7842-4.9853 1.9773 11 (27.5%) 18 (42.9%) Heterozygous AG
0.1105 0.1785-1.0733 0.4377 27 (67.5%) 20 (47.6%) Wild type
OR: odds ratio
Cl: confidence interval from binary logistic regression

Table 3; showing allele frequencies
P value Controls Patients Allele
0.071 15 26 A
0.071 65 58 G
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