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NOD1/CARD4(G796A) and NOD2/CARD15(R702W, G908R and L1007f-
sinC) polymorphisms associated with Crohn's disease in Iraqi patients
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Abstract: Inflammatory bowel disease (IBD) applies to two main forms of chronic relapsing inflammatory intestinal 
disorders: Crohn's disease (CD), Ulcerative colitis (UC). CD requires an irregular immune reaction that induces intense 
inflammation. The cause of CD disease is not yet fully known; previous research, however, indicated inflammation of the 
intestines elevated or continues due to inappropriate immune responses due to associations between genetic factors, 
intestinal microbiota, and environmental factors contributing to the production of IBD. This study aimed to investigate 
predisposing genes, single nucleotide Polymorphisms (SNPs) NOD1/CARD4 and NOD2/CARD15) with CD in Iraqi 
patients. The common NOD1 (G796A) SNP and NOD2 SNPs R702W, G908R and L1007fsinC for NOD2 SNPs were 
selected. Thirty Iraqi citizens with a recognized diagnosis of CD and twenty apparently healthy controls were included in the 
study from November 2019 to December 2020; the common NOD1 and NOD2 polymorphisms have been screened by the 
polymerase chain reaction/restriction analysis length polymorphism (PCR/RFLP). The results of the current investigation 
for NOD1 polymorphism in studied patients and controls, the allelic and genotypic data show a highly significant association 
of G796A SNPs in the NOD1 with Crohn's disease, GA percentage was 56.67% in patients as compared to controls 
genotype was (0.00%). Furthermore, the G allele was more common in Crohn's patients than the A allele 0.72 vs. 0.28. 
Also, the allelic and genotypic frequency distribution of the studied NOD2 SNPs in the current study were (R702W, G908R, 
and L1007fs) in Iraqi patients, and controls revealed a highly significant connection between the G908R SNP with Crohn's 
disease susceptibility. The proportion of the genotype GC was 30% in patients while 0% in the control group, the frequency 
of the G allele was 0.85 vs 0.15 respectively, which was more than the frequency of the A allele. There were no significant 
changes in genotypic and allelic frequencies of the R702W and L1007fs SNPs in Iraqi Crohn's disease patients. The 
present study concluded that the NOD1 SNP of allelic and genotypic data show a highly significant association of G796A 
with a predisposition to Crohn's disease in Iraqi patients. And the NOD2 SNPs of G908R were also revealed to be highly 
effective. While the other studied SNPs were R702W and L1007fsinsC of NOD2, which showed no significant changes in 
the allelic and genotypic frequencies of the SNPs with Crohn's disease Iraqi patients.
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Introduction
Crohn's disease (CD) can be defined as a common in-

flammatory bowel disease (IBD) type; one other IBD form, 
Ulcerative colitis (UC) induces chronic inflammation (trans-
mural inflammation). In contrast to the CD that may impact 
any digestive system part, the UC typically causes inflam-
mation in the colon only; CD is a long-lasting (i.e., chronic) 
and complex condition that mainly impacts the digestive 
system1. This disease requires an irregular immune reac-
tion that induces intense inflammation. It more frequently 
affects intestinal walls, especially in the small intestine's 
lower part (ileum) and in large intestine portions (i.e., co-
lon); inflated tissues grow thicker and get swollen. The in-
side becomes swollen, and open sores (ulcers) may form 
the inner digestive system's surfaces2. Crohn's disease 
most often develops in the late teens or the 20s, but this 
disease could affect people of any age. Symptoms and sig-
ns appear to outbreak many times during a lifetime. This 
disorder's most common symptoms include stomach pain 
and cramping, persistent diarrhea, weight loss, fever and 

appetite loss. Any people with CD get blood in the stool 
with inflamed tissues in the Intestines; persistent bleeding 
may lead to (anemia). In certain situations, CD may result 
as well in causing inflammations in the eyes, skin, or join
ts3,4.                                                                                                                                           

The cause of IBD is not yet fully known; previous stu-
dies indicated the inflammation of the intestines elevated or 
continues because of inappropriate immune responses due 
to associations between genetic factors, intestinal microbio-
ta, and environmental factors contributing to the production 
of IBD. Results of previous studies support the specula-
tion that genetic factors are involved in IBD; the frequen-
cy and incidence of IBD vary geographically and ethnica-
lly5,6.                                                                                                                                            

The incidence of CD in Iraq has been rising in the 
last years16. In addition, the incidence of IBD seems to be 
growing in Egypt15. The documented data shows, too, that 
there has been an amazingly increasing trend in the inci-
dence rate of CD in Saudi Arabia12; in Kuwait, both the pre-
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valence and incidence of CD are growing at a rate compa-
rable to that seen in Western countries13,14. Crohn's disease 
is most prevalent in North America, northern Europe, and 
New Zealand, between the ages of 15- 60. Since 1990, the 
highest reported prevalence of IBD has been observed in 
the industrialized countries of 322 CD patients per 100,000 
persons in Germany7,8. The highest incidences of IBD are 
reported in European countries and North America (15.4 
and 23.82 per 100,000 person-years for CD in Italy and Ca-
nada, respectively8. Conversely, progressively increasing 
incidences were noticed in Asia and the Middle East, rea-
ching rates of 5 per 100,000 person-years for CD9. Northern 
Europeans and Jews of (Ashkenazi) origin have a high 
frequency (Incidence 3.2/1000) as opposed to substantial 
infrequent prevalence of Asians, Africans and South Ame-
ricans10. The latest reports, however, have shown a signi-
ficant rise in incidence in increasingly industrializing Asia, 
Africa, and Australasia11.                                                 

About a hundred IBD-associated gene polymorphisms 
have identification; the CD tends to have a genetic corre-
lation of phenotypes. Specifically, nucleotide binding and 
oligomerization domains containing protein 2/Caspase re-
cruitment domain family member 15 (NOD2/CARD15) and 
nucleotide binding and oligomerization domains containing 
protein 1/Caspase recruitment domain family member 4 
(NOD1/CARD4) polymorphisms were shown to be correla-
ted with CD phenotypes associated with those diagnosed at 
a younger age17,18. Nucleotide-binding and oligomerization 
domains containing protein (NOD) can detect intracellular 
muramyl dipeptide (MDP), a component of the bacterial wall 
that is ubiquitously present in bacterial peptidoglycan can19. 
Upon ligand activation, NOD mediates an innate immune 
response that activates as a pro-inflammatory response in 
patients with persistent inflammatory conditions such as CD 
have been shown to have NOD2 polymorphism or altered 
expression20. At this point, evaluating for genetic mutations 
in CD still remains a research tool, not yet proven to be of 
clinical benefit for diagnosis, treatment or prognosis. The 
current study aims to Investigate the predisposing genes 
NOD1 and NOD2 polymorphisms with CD in Iraqi patients, 
three common single nucleotide Polymorphisms (SNPs) 
were selected (Arg702Trp (R702W), Gly908Arg (G908R) 
and Leu1007fsinsC (L1007fsinC) for NOD2 and Glyci-
n796Alanine (G796A) SNP for NOD1.

Materials and methods 
Tissue biopsies of 30 cases with a recognized diagnosis 

of Crohn's disease. Additionally, 20 cases as control ranged 
from 9-55(±34.78) years in the Patients and Control grou-
p(apparently healthy individuals). From November 2019 to 
December 2020, Biopsies were collected from Gastro-Ente-
rology and Hepatology Teaching Hospital in Baghdad.

Therefore, one endoscopic tissue biopsy was collected 
from each Crohn's disease case; the biopsy was placed in 
normal saline for single nucleotide polymorphism (SNP) 
detection. All SNPs were genotyped by polymerase chain 
reaction (PCR) - restriction fragment polymorphism analysis 
(PCR-RFLP. In this study, RFLP is a method that uses SNP 
to exploit variations in homologous DNA sequences. SNP 
for NOD1 to distinguish G796A (E266K) (rs2075820). Fur-
thermore, three single nucleotide polymorphisms (SNPs) for 
NOD2 were chosen: (R702W, G908R, and L1007fsincC) rs 
(2066844, rs2066845, and rs2066847) respectively.Table 1.

Steps of RFLP Analysis
Step1 Isolating the DNA.
 
Step2 Performing PCR.
 
Step3 Performing the Restriction Digestion.
 
Step4 Preparing the Sample for Analysis.
 
Step5 Performing the Electrophoresis.
 
Step6 Analyzing the Data.

Statistical analysis
The Statistical Analysis System- SAS (2012) softwa-

re has been utilized to detect the effects of various factors 
in the study's parameters. T-test has been utilized for the 
significant comparison between the mean values. The 
Chi-square test has been used to significantly compare 
the percentage (0.05 and 0.01 probability in this study. The 
allelic frequency and equilibrium of the studied genes were 
extracted according to the Hardy-Weinberg equation.

Results

Frequency of NOD1/CARD4 gene G796A (rs2075820) 
polymorphisms

Allelic and genotypic data from this study show a hi-
ghly significant association of G796A rs2075820 SNPs in 
the NOD1 gene with CD. The SNP G796A carriage variant 
for the NOD1 gene was an important risk factor for CD. The 
chi-square value was 11.728, a significant value for the ge-
notype GA. The percentage of heterozygous genotype GA 
was 56.67% compared to seemingly healthy controls; ge-
notype GA was not detected, while genotype AA was not 
detected in patients and control.   Furthermore, allele G was 
considerably more common in Crohn's patients than allele 
A (0.72 vs. 0.28) (P≤0.01) table (2). Figures (1 and 2) show 
results for NOD1 SNP G796A genotyping.
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Distribution of the CD-associated NOD2 SNPs (R702W, 
G908R, and L1007fs)

In Iraqi patients and controls, the allelic and genotypic 
frequency distribution of the three primary CD-associated 
NOD2 SNPs (R702W, G908R, and L1007fs). Revealed a 
highly significant connection of only the G908R (rs2066845) 
SNP with CD susceptibility, the genotype of G908R was 
detected by chi-square value was 8.923, which is a highly 
significant value for the genotype GC. The percentage of 

heterozygosity for the genotype GC was 30% in patients 
and not detected in the control group, while genotype CC 
was not detected in patients and control. The frequency of 
the allele G to G908R SNP was 0.85, which was more than 
the frequency of the allele A, which was 0.15 (P≤0.01) table 
(3), figures (5 and 6). There were no significant changes in 
genotypic and allelic frequencies of the R702W rs2066844 
and L1007fs rs2066847 SNPs in CD patients (figures3 4, 
and 7,8).

NOD1/CARD4(G796A) and NOD2/CARD15(R702W, G908R and L1007fsinC) polymorphisms associated with Crohn's disease in Iraqi patients

Table 2. Genotype and Allele frequency of NOD1- G796A rs2075820 SNP in  Iraqi Patients with CD.

Figure 1. Agarose gel electrophoresis (2%)  with RedSafe stain® at 80V for NOD1 (G796A) SNP rs2075820. PCR pro-
duct length 379bp.

Figure 2. Agarose gel electrophoresis (3%) with RedSafe stain® at 80V for NOD1 (G796A) SNP rs2075820. with an 
expected size of digested fragment length by restriction Aval enzyme;(209bp and 170bp for genotype G/G WT. And 
(379bp,209bp and 170bp for G/A allele).
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Discussion
The current study is one of the new studies to exami-

ne the incidence of the G796A mutation in CD patients in 
Iraq. Our findings imply that the presence of this SNP is 
a substantial susceptibility factor for CD in the Iraqi popu-
lation, which is consistent with previous findings indicating 
the presence of the NOD1 (G796A) SNP enhances suscep-
tibility to CD in the Hungarian population21. In dissimilarity 
to the investigation of NOD1 (G796A) rs2075820 (G>A) in 
Turkish CD patients, which revealed no significant associa-
tion between the SNP and the onset of CD40, the current 
study found a significant association between the NOD1 
(G796A) rs2075820 SNP and the onset of CD. The allele A 
has been proposed to reduce helix-formatting capability and 
influence ATP binding affinity. As a result, NOD1 polymor-
phism may not be directly associated with CD beginning but 
rather through a convoluted pathway initiated by infection21. 
We believe that changing a negatively charged amino acid 
to a positively charged one and a probable alteration in the 
orientation of lateral chains at residues 266 could have an 
impact on the interaction of effector proteins and adaptor 

molecules with the central nucleotide-binding domain ter-
med (NACHT) domain23. There are no exact data to show 
how the NOD1 polymorphism affects the NOD1 function. 
Still, our findings suggest that changing negatively-charged 
glutamine to positively-charged lysine may cause a severe 
change in the structure or regulation of the NOD1 protein, 
altering reactivity to some pathogenic bacteria or the natu-
re of downstream inflammatory pathways. NOD1 polymor-
phisms were also frequently associated with inflammatory 
responses following Helicobacter pylori infection, such as 
duodenal ulcer and gastritis24. As a result, NOD1 polymor-
phism may not be directly related to the onset of CD but 
rather through a complicated mechanism triggered by infec-
tion. In the current investigation, we attempted to establish 
a link between IBD, CD, and the three primary variants in 
the coding revealed that NOD2/CARD15 gene polymor-
phisms explain roughly 20% of the genetic predisposition 
to CD in US. and European populations25. Several investi-
gations, however, have demonstrated that NOD2/CARD15 
gene polymorphisms are not illness factors in Asian popula-

Table 3. Genotype and Allele frequency of NOD2 (G908R) rs2066845 in Patients and Control groups.

Figure 3. Agarose gel electrophoresis (2%) with RedSafe® stain at 80V for NOD2 (R702W) SNP rs2066844, PCR pro-
duct length 185bp.
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Figure 4. Agarose gel electrophoresis (3%) with RedSafe® stain at 80V for NOD2 (R702W) SNP rs2066844 with an ex-
pected digested fragment length by restriction Mspl enzyme (76, 54, 35 bp) for genotype C/ C (WT.).

Figure 5. Agarose gel electrophoresis (2%) with RedSafe® stain at 80V for NOD2 (G908R) SNP rs2066845 with PCR 
product length 163bp.

tions. Some of these patients–control investigations on Ja-
panese, Chinese, and Korean populations26,27. The G908R 
rs2066845 G>C SNP variants Heterozygous genotype GC 
was observed in patients and not detected in the healthy 
control group; the G908R polymorphism plays an important 
risk for CD28. And the frequency of the R702W rs2066844 
C > T and 3020insC/1007fs rs2066847 C>G, A, T SNPs va-
riant genotype was not detected, to be 0.0 percent in CD 
patients for each two SNPs. Although no significant asso-
ciation was found between these R702W and 3020insC/
1007fsSNPs variations and CD, the findings of this study 
revealed the presence of the NOD2/CARD15 and G908R 
SNP gene variants in the Iraqi population. This G908R SNP 
is a genetic susceptibility factor for Crohn's disease in Iraq, 
despite being absent in most Asian and Turkish popula-
tions40. The absence of the NOD2 G702W rs 2066844 and 
3020insC (1007fs) rs2066847 SNPs in CD patients show 
that these variants are not associated with IBD; absent ge-
notype variation in different geographical regions may be 

due to the different ethnicities and environmental factors 
of the populations studied. The current results are similar 
to the previous genetic studies in Asia have revealed that 
G908R SNP is a common mutation in gene NOD2/CARD15 
and is associated with the risk of CD in East Asian popula-
tions such as Japan, Korea, and China8,29. except for mu-
tations G702W and 3020insC (1007fs), unrelated to CD in 
the Iraqi population. Carrying NOD2 mutations conferred a 
high chance of developing CD, as expected. However, this 
was neither essential nor sufficient for CD development. 
The three NOD2 mutations did not play an equivalent role 
in CD susceptibility. In other patient population investiga-
tions, the presence of R702W was associated with the hi-
ghest risk of CD. This mutation, however, was not linked 
to CD in Galician, Finnish, or Scottish populations30. So, 
comparable to the current study's findings in the Iraqi popu-
lation. While L1007finsC polymorphism was the strongest 
CD connection in various familial and non-familial studies22. 
However, in the current investigation, this was not the case. 

NOD1/CARD4(G796A) and NOD2/CARD15(R702W, G908R and L1007fsinC) polymorphisms associated with Crohn's disease in Iraqi patients
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The current investigation found no link between the NOD2/
CARD15, R702W, and 3020insC/1007fs SNPs with CD in 
Iraqi Patients. Because CD is recognized as a disease with 
numerous etiologies, including various genetic disorders, 
the predisposing genetic factors in CD may differ amongst 
populations. NOD2 gene mutations may thus result in the 
immune system's failure to manage the bacterial infection 
and the development of chronic inflammation31. These fin-
dings are discordant with those described in prior European 
research and other North African studies32,33. The common 
connection of NOD2 mutations with CD and IBD34,35, has 
been largely repeated36, but not universally37. Particularly in 
North African populations38,39. Because of genetic variability, 
various genes in different individuals are thought to cause 
hereditary susceptibility to the disease. Because of this ge-

netic variability, the effect of a single gene that is connected 
with CD in one community may not be observed in another. 
So the studies may contradict each other40.

Conclusions
Finally, the Conclusion from current data indicates that 

these R702W and 3020insC/1007fs SNPs are not polymor-
phic in Iraqi population samples.
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