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ABSTRACT 
Crohn’s disease presents a complex multifactorial etiology with genetic and environmental factors contributing to the disorder. Three common polymorphisms of CARD15: R702W, G908R, and 1007fs are variably associated with Crohn’s disease in different ethnic groups. We evaluated the frequencies of these three polymorphisms in patients with CD from East Algeria, and compared it with the healthy control population. A total of 103 patients with Crohn’s disease and 144 healthy controls were included in this study. All of these individuals were genotyped for the three CARD15 polymorphisms cited above. Genotyping was performed by PCR-RFLP (restriction fragment length polymorphism). A genotype-phenotype correlation was performed. The control population exhibited frequencies of CARD15 polymorphisms similar to the results of previous studies, 0.35%, 3.5%, and 1.04% for the R702W, G908R, and 1007fs polymorphisms, respectively, whereas Crohn’s disease patients had allele frequencies of 1.46%, 5.83%, and 4.85%, respectively. Moreover, in CD patients, R702W and 1007fs polymorphisms were significantly associated with different phenotypes compared to Crohn’s disease wild-type patients. This genetic study provides evidence that the two variants alleles, R702W and 1007fs are associated with CD susceptibility in the Algerian population. 
Keywords: CARD15; Crohn’s disease; genotype-phenotype; Algerian population. 

 
INTRODUCTION 

rohn’s disease (CD) is a chronic idiopathic of inflammatory bowel disease (IBD) characterized by a granulomatous inflammation that affects the digestive tract from the mouth to the anus. It is also characterized as an autoimmune disease in which the body attacks itself and causes inflammation. This chronic inflammation of the gastrointestinal tract is caused by an abnormal immune reactivity to the bacterial flora of the intestine, which leads to the tissue damage seen in CD patients.1 
Epidemiological data shows that the incidence and prevalence of CD in northern Europe and North America have increased, and also has major social impact.2,3 The prevalence of CD in Algerian population is unknown but one study reports that the incidence of CD in the central region of East Algeria (Constantine) is 5.87/100 000 habitants.4 
The etiopathogenesis of this disease is unknown but epidemiological data have provided evidence that it is a multifactorial disease caused by the interaction of genetic and environmental factors, which underlie disease development and progression.5 
A number of linkage studies carried out in separate populations have confirmed the genetic linkage of CD to chromosome 16. In the same time Hugot6 and Ogura7 have independently unraveled the CD associated 

nucleotide oligomerisation domain 2 (NOD2) gene, (also called CARD15: caspase activating recruitment domain 15), located on chromosome 16q12 within the area of strongest linkage to CD. 
The CARD15 gene has 12 exons and encodes a protein of 1040 amino acids. The protein contains two N-terminal domains (CARDs), a central domain (NOD), and multiple C-terminal leucine-rich repeats (LRR).8,9  
CARD15 is an intracellular protein expressed in monocytes, macrophages and Paneth cells. It functions as a sensor for bacterial products, such as lipopolysaccarides (LPS), through the LRR domain. It has been hypothesized that the sensing of bacterial components would, under normal circumstances; result in the activation of nuclear factor-kB (NF-Kb).10-12 
CARD15 may be important for both initial defenses against commensal and pathogenic bacteria and tolerance mechanisms for maintaining controlled activation of the intestinal immune system. Significant progress has been made in defining NOD2 signaling partners and pathways and functional consequences of CARD15 mutations with respect to its activation, expression, signaling, synergistic effects with Toll-like receptor signaling, and antimicrobial effects. 
However, CARD15 contributions to human intestinal inflammation are complex and incompletely understood. 

CARD15 Gene Polymorphisms in Algerian Patients with Crohn’s Disease: Genotype-Phenotype Correlation

C

Research Article 



Int. J. Pharm. Sci. Rev. Res., 36(1), January – February 2016; Article No. 04, Pages: 22-29                                            ISSN 0976 – 044X  

 

 
International Journal of Pharmaceutical Sciences Review and Research 

Available online at www.globalresearchonline.net  
© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 

 

23 

Improved understanding of CARD15-mediated pathways may lead to identification of other molecules that can also contribute to the development of Crohn’s disease in humans.13,14 
More than 60 sequence variants have been identified in the CARD15 gene, two are a single-base pair substitution (Arg702Trp: R702W and Gly908Arg:G908R) and one is frameshift alteration leading to a stop codon and truncation of CARD15 protein (Leu 1007fs insC:3020 insC). Theses variants affect the structure of LRR domain of the gene product or the adjacent region, with may be the site of binding of microbial pathogens.6 
The presence of one variant allele increase the risk of developing CD form 1.5- to 4.3-fold, the presence of 2 copies increase the risk to 20- to 40-fold.15 
CD patients with CARD15 mutations exhibit early onset of the disease, mainly ileal involvement and increase risk of fistulas and stenosis.11,16 
The accession numbers of these SNPs from the database of the National Center for Biotechnology Information (NCBI) correspond to rs17860491, rs2066845, and rs5743293 (http ://www.ncbi.nlm.nih). 
In Algeria, until now no CD susceptibility locus has been reported in our population because no genome study has been done. 
We decided, therefore, to perform a genetic screening and genotyping to determine whether CARD15 confers susceptibility to CD in East Algeria population. 
The present study was undertaken to evaluate the frequency of three polymorphisms (R702W, G908R and 1007fs) of the CARD15 gene in Algerian patients with CD. 
In addition, this study aimed to elucidate the importance of CARD15 polymorphisms in this cohort of CD patients and establish a genotype-phenotype correlation for CD. 
MATERIALS AND METHODS 
Study population 
The study population was comprised of 103 patients with CD (45 males and 58 females) and 144 healthy (67 males and 77 females), unrelated controls. These patients were recruited from April 2011 to June 2014 in the gastro-enterology service; Constantine, and internal medicine service, Batna, Algeria. 
The diagnosis of CD was based on standard clinical, radiologic, endoscopic, and histologic criteria.17 
The patients records were systematically reviewed for the following demographic and clinical characteristics: age, sex, smoking habits, age at diagnostic, disease localization (ileal, colonic, or ileocolonic), disease behavior (inflammatory, stricturing or fistulizing), presence of extaintestinal clinical manifestations (e.g., arthritis, uveitis, erythema nodosum), and familial IBD.10 

All participating subjects gave written, informed consent before the genetic analyses. 
Extraction and genotyping of the CARD15 
Blood was collected in EDTA tubes by venipuncture from all participants. DNA from whole blood was extracted from peripheral blood leucocytes using standard salting-out procedures. 
Each CARD15 mutation was assayed using initial amplification of the DNA sample by polymerase chain reaction (PCR) and subsequent analysis of the PCR products by reaction fragment length polymorphism (RFLP). 
PCR conditions were initial denaturation at 94°C for 5mpn, followed by 30 cycles of denaturation at 94°C for 30s, annealing at 61.8°C for 30s and elongation at 72°C for 30s and a final elongation step at 72°C for 7mpn. PCR products were resolved using 2% agarose gel electrophoresis to confirm specific amplification. 
RFLP analysis was carried out as described by Helio.8 Briefly, fragments corresponding to R702W, G908R and 1007fs were digested with 1U of MspI, HhaI and ApaI (Fermentas), respectively, at 37°C for 16 hours. The digested products were resolved on 3% agarose gel and detected after Ethidium bromide staining. 
PCR product size and digestion product size of the three polymorphisms are shown in Table1. 
Statistical analysis 
The association between a given genotype and phenotypic characteristics of CD was estimated by the odds ratios (OR) with 95% confidence intervals (CI). The genotype frequencies observed in patients and controls were compared with Hardy-Weinberg expectations by using the χ2 statistics. p-values <0.05% were considered to be significant. 
Analysis was carried out using the Epi info 6 versions 6.04dfr – April 2001. 
RESULTS 
Patient population 
In all, 103 patients were recruited in our study. The demographic characteristics and disease location according to the Vienna classification are depicted in Table 2. 
The same contingency table was then used to consider each clinical feature (extraintestinal manifestation, familiarity and smoking). 
The mean age (and standard deviation) of CD patients was 33.05±12.10 (rang: 15-67). There were more female than male patients in our sample of CD patients. 
CARD15 Genotypes 
The genotype and allele frequencies of the three common CARD15 variants (R702W, G908R, and 1007fs) in patients 
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and controls are shown in Table 3. They were all in Hardy-Weinberg equilibrium. 
In our study, the association of R702W and 1007fs polymorphisms with CD was statically significant. 
The frequencies of mutant’s alleles were significantly higher in CD patients compared to controls. (R702W: 4.85% vs. 0.7%, P<0.05; OR=7.30; 95% CI, 0.81- 167.61. 1007fs: 9.7% vs. 2.08%, P<0.05, OR= 5.05; 95% CI, 1.24-23.83). 
Susceptibility allele frequency of the G908R polymorphism observed in CD patients was higher (11.65%) compared with (6.90%) in healthy controls. The results for this polymorphism did not reach statistical significance (P>0.05, OR= 1.77; 95% CI, 0.68-4.64). 
A total of 25.24% patients with CD carried a single copy of a CARD15 risk allele. At least one variant of risk was present in 9.72% of controls (p=0.001, OR= 3.24, 95% CI = 1.47-6.77) 

All individuals genotypes with each variant were either homozygotic for the normal allele or heterozygotic, and none homozygotic form for the mutated alleles had been detected. 
Genotype-Phenotype Correlations 
In the next step a detailed genotype/phenotype correlation was performed in our patients with CD. The percentages of CD patients carrying at least one CARD15 variant were correlated to demographic data, disease localization and behavior (Table 4). 
In particular, the 1007fs risk allele was present in 9.70% patients and showed a significant positive association with younger age of onset (A1) (P=0.0026). However, the sex of patients did not have any effect. 
In increased frequency of stricturing form (15%) and ileocolon localization (18.60%) was positively related with 1007fs allele in the CARD15 gene (P=0.03, P=0.022, respectively). 

 Table 1: Primers, PCR product sizes, restriction enzymes and restriction digest product sizes for the three CARD15 mutations 
Mutation Forward and reverse primer sequences PCR product size Restriction enzyme Digestion product size 

R702W 5’TCA GCC TGA TGA CAT TTC3' 
5'CGG GAT GGA GTG GAA GT3' 449bp MspI 

Wild type: 329, 66 and 54 bp 
Heterozygous: 329, 66, 54 and 120 bp 

Mutant:329 and 120 bp 
G908R 5' CAC TGA CAC TGT CTG TTG ACT C 3' 

5' AAG ACC TTC ATA AGT GGC CCC 3' 163bp HhaI 
Wild type: 163 bp 

Heterozygous: 27, 136 and 163 bp 
Mutant:27 and 136 bp 

1007fs 5'CCT CAA AAT TCT GCC ATT CC3' 
5'GGC AGA AGC CCT CTG CAG GGC G3' 151bp ApaI 

Wild type: 151 bp 
Heterozygous: 20, 131 and 151bp 

Mutant: 20 and 131 bp 

Table 2: Clinical features of CD Patients 
Clinical features Total n (%) 

Sex 
Male 

Female 
 

45(43.7%) 
58(56.3%) 

Smoking 
Never 
Ever 

 
42(40.78%) 
61(59.22%) 

Family history 29(28.1%) 
Age at diagnostic (Mean±SD) 33.05 ±12.10 

Age at onset 
<40 years (A1) 
≥40 years (A2) 

 
80(77.7%) 
23(22.3%) 

Disease behavior 
Nonstricturing, nonpenetrating (B1) 

Stricturing (B2) 
Penetrating (B3) 

 
23(22.3%) 
60(58.2%) 
20(19.5%) 

Location of the disease 
Terminal ileum (L1) 

Colon (L2) 
Ileocolon (L3) 

Upper gastrointestinal tract (L4) 

 
33(32.1%) 
24(23.3%) 
43(41.7%) 

3(2.9%) 
Extraintestinal clinical manifestations 43(41.7%) 
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Table 3: Genotype and allele frequencies of CARD15 in Algerians patients with Crohn’s disease and healthy controls 

Polymorphisms 
Genotypes 

CD           Controls 

Minor Allele frequency (%)
 

CD       Controls 

Percentage 
 

CD       Controls 
†P-value *Odds Ratio (95% CI) 

R702W 
WT/WT (C/C) 
WT/WM(C/T) 
WM/WM(T/T) 

 
98                   143 
5                       1 
0                       0 

 
 

1.46             0.35 

 
 

4.85          0.7 
 

0.036 
 

7.30 

G908R 
WT/WT(G/G) 
WT/WM(G/C) 
WM/WM(C/C) 

 
91                   134 
12                    10 
0                       0 

 
 

5.83              3.5 

 
 

11.65          6.94 
 

0.20 
 

1.77 

1007fs 
WT/WT 
WT/WM 
WM/WM 

 
93                    141 
10                      3 
0                        0 

 
 

4.85             1.04 

 
 

9.71           2.08 
 

0.008 
 

5.05 

*Odds ratio for the minor allele; † P-value (chi-square test) for allele frequencies 
Table 4: Genotype-Phenotype Correlations in CD Patients with susceptibility Alleles of the CARD15 Gene 

Phenotype/genotype R702W 
sus. Allele 

G908R 
sus. Allele 

1007fs 
sus. allele 

One 
sus. Allele 

N/Total (%) 5/103(4.85%) 12/103(11.6%) 10/103(9.70%) 26/103(25.24%) 
Sex 

Male 
Female 

 
2/45(4.44%) 
3/58(5.17%) 

 
4/45(8.9%) 

8/58(13.8%) 

 
6/45(13.33%) 

4/58(6.9%) 

 
12/45(26.66%) 
14/58(24.14%) 

Smoking 
Never 
Ever 

 
2/42(4.76%) 
3/61(4.92%) 

 
1/42(2.4%) 

11/61(18.03%) 

 
1/42(2.4%) 

9/61(14.75%) 

 
4/42(9.52%) 

22/61(36.06%) 
Family history 1/29 (3.45%) 1/29(3.45%) 2/29(6.9%) 4/29(13.8%) 
Age at onset 

<40 years (A1) 
≥40 years (A2) 

3/80(3.75%) 
2/23(8.62%) 

10/80(12.5%) 
2/23(8.7%) 

4/80(5%) 
6/23(2%) 

17/80(21.25%) 
10/23(34.48%) 

Disease behavior 
Non stricturing, nonpenetrating (B1) 

Stricturing (B2) 
Penetrating (B3) 

 
1/23(4.35%) 
4/60(6.66%) 

0/20(0%) 

 
2/23(8.7%) 

7/60(11.6%) 
3/20(15%) 

 
1/23(4.35%) 
9/60(15%) 
0/20(0%) 

 
4/23(17.4%) 

19/60(31.66%) 
3/20(15%) 

Location of the disease 
Terminal ileum (L1) 

Colon (L2) 
Ileocolon (L3) 

Upper gastrointestinal tract (L4) 

 
0/33(0%) 

1/24(4.16%) 
4/43(9.30%) 

0/3 (0%) 

 
3/33(9%) 

3/24(12.5%) 
6/43(14%) 

0/3(0%) 

 
0/33(0%) 

1/24(4.16%) 
8/43(18.60%) 
1/3(33.33%) 

 
3/33(9.09%) 

5/24(20.83%) 
17/43(39.53%) 

1/3(33.33%) 
Extraintestinal clinical manifestations 2/43(4.6%) 4/43(9.3%) 1/43(2.32%) 7/43(16.27%) 

†Susceptibility allele; *Statistically significant positive associations are underlined; ¶ Statistically significant negative associations are indicated 
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Table 5: Comparison of allele frequencies of CARD15 susceptibility variants from different populations 
Population [reference] Cohort 

P/C 
Allele frequencies (%) 

R702W G908R 1007fs 
Spanish [16] 

Patients 
Controls 

183/172 
 

7.6 
3.4 

 
3.0 
1.1 

 
4.6 
2.0 

Brazilian [11] 
Patients 
Controls 

187/255 
 

9.63 
2.75 

 
1.93 
1.64 

 
3.48 
0.78 

Italy [38] 
Patients 
Controls 

133/103 
 

9.8 
2.4 

 
4.5 
4.3 

 
9.8 
2.9 

Iranian [37] 
Patients 
Controls 

40/100 
 

16.25 
1 

 
5 
1 

 
2.5 
1 

Greece [18] 
Patients 
Controls 

364/539 
 

9.1 
5.47 

 
10 

6.77 
 
/ 
/ 

Indian [29] 
Patients 
Controls 

82/149 
 

0 
0 

 
0 
0 

 
0 
0 

Turkish [46] 
Patients 
Controls 

56/100 
 

0.9 
0.5 

 
8 
0 

 
1.8 
1 

Saudian [36] 
Patients 
Controls 

46/50 
 

5.22 
3.4 

 
4.22 
3.2 

 
4.56 

4 
African American [34] 

Patients 
Controls 

124/601 
 

1.7 
5.4 

 
0 

1.5 
 
/ 
/ 

Tunisian [5] 
Patients 
Controls 

130/90 
 

1.9 
0.5 

 
4.9 
2.7 

 
1 
0 

Morocco [27] 
Patients 
Controls 

101/100 
 

0.49 
0.46 

 
6.43 
2.80 

 
0.99 
0.00 

Present study 
Patients 
Controls 

103/144 
 

1.46 
0.35 

 
5.83 
3.5 

 
4.85 
1.04 

 
By univariate analysis, the presence of one risk allele was significantly associated with ileocolon form (p=0.017) and Terminal ileum (0.009). 
Interestingly, the smoking, an environmental factor involved in the modulation of the phenotype was directly associated with CD patients (1007fs: p=0.03, G908R: p=0.014, and one variant of risk: p=0.002). 
In CD, the estimated chance of finding at least one variant, and the 1007fs susceptibility allele was significantly increased among patients with the extra-intestinal clinical manifestation (P=0.025, P=0.032, respectively). 

After adjusting, none of three variants of CARD15 gene alone was significantly associated with sex and family history. 
DISCUSSION 
Since 2001, several independent studies of different ethnic and racial groups have demonstrated that the CARD15 gene variants contribute to a significant extent to the risk of CD. 
In the present study, we report the first analysis of genetic susceptibility to CD in East Algerian population (Constantine and Batna). 
In our CD patients, we observed significantly higher frequencies than in the control population. Moreover, as expected, no individuals with two susceptibility variants 
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were found in our cohort, as most other studies have reported.16-18 
Several studies were carried out to investigate the role of the CARD15 gene in CD susceptibility in different population. The three polymorphisms of CARD15 gene displayed the strongest association in European,6-8,19-21 American,10,22 Australian23 and Arabic population.24 Nevertheless, some studies have reported a variable association of CARD15 with CD. No disease association with CARD15 variants was documented in Asia and Africa patients.5,25-28 These results confirm the complexity of the origin of CD and provide evidence for the genetic variability of the CARD15 gene in different populations. 
Conversely, there was a lack of mutant variants in the Asian populations of India,29 China,30,31 Korea32 and Malaysia.33 
The R702W frequency observed in our Algerian CD patients (1.46%) is consistent with those generally reported in tunisian and african-american cohorts.5,34 
In the present study the frameshift mutation 1007fs showed a decreased allele frequency (4.85%), compared with the range of 6%-16% in the majority of study populations in Europe and America.6,7,33 In addition, studies from Spain,16 Brazilian,11 and Saudian population have also reported similar low allele frequencies for 1007fs.36 
The frequency of G908R is higher in CD patients (5.83%) compared to controls (3.5%), but no significant association with CD was established. 
These results were in agreement with some European,8 Iranian,37 Tunisian,5 and Moroccan studies,27 where no significant association was observed. G908R mutant allele frequency in CD patients covered a wide range regarding different ethnic groups (0.6%-14.2%).37 
Regarding the different results in allele frequencies between the studies, can be explained by larger regional and ethnic differences in genotypes, and the relatively small numbers of cases included in most studies (Table 5). 
Moreover, in our study, the risk of developing CD with a more aggressive course was increased in compound heterozygotes. In other population, stronger associations have been reported for homozygotes.38 
Some studies have suggested that familial and sporadic CD, are two distinct entities because of the differences in disease localization and behavior between the two groups 39. Our patients were constituted only of sporadic cases, no familial cases were found. European and American studies have revealed that the familial as well as the sporadic cases were used to show the association between CARD15 and CD.6,7,10,19,20 
We found that different risk alleles might be associated with different clinical features; in particular, the 1007fs allele seems to be associated with age of onset <40 years. We observed a significant association in patients with one 

susceptibility allele toward a younger age of onset; this association was replicated in Spanish, North American and Italian population.21,35,40 However, in previous studies of the Mediterranean population, there is substantial heterogeneity between populations, and no association was noted in one Spanish cohort.41 This a priori contradiction could be explained by the different demographic features of this region. 
The 1007fs allele seems to correlate with ileocolan localization and stricturing form. These data suggest a more aggressive course of the disease in carriers of risk alleles. These patients with one variant were also found to show an association with (simply remove : the structuring form and) ileocolan localization, as was also reported by Lesage,20 De Diego16 and Bhullar.23 
The strongest observed effect for ileal location is consistent with the proposed involvement of ileal Paneth cells in the pathophysiology of NOD/CARD15-mediated disease susceptibility.38 
NOD/CARD15 mutations may, thus, abrogate normal Paneth cell behavior, explaining preferential involvement of the terminal ileum.42 
Tobacco factor is associated with the CD specifically with G908R and 1007fs. These results are consistent with studies which were carried out on the Spanish6, French16 and Italian population.38 
The analysis of genotype-phenotype correlations revealed an increased chance of mutation positivity (1007fs) in CD patients and extraintestinal manifestations, in agreement with most previous studies,3,43 and disagreement with other studies.16,23,40 
These contrasting results can be ascribed to the different ethnic background of the various CD populations studied. 
CONCLUSION 
Our study is the first to determine the prevalence of CARD15 gene mutations and correlation genotype-phenotype in east Algerian patients with disease. 
This genetic study provides evidence that the two major CARD15 variant (R702W, 1007fs) alleles are associated with Crohn’s disease susceptibility in Algeria; however, there is no evidence that the G908R polymorphism has any association. 
Moreover, our data confirm a correlation between genotype (1007fs) and phenotype (younger age of onset, ileocolan localization and stricturing form). Indeed, an eventual goal in the genomic study of Crohn’s disease is to identify this association and to apply them to clinical practice. 
Finally, the presented data suggest a need for further work and larger studies to determine other genes (TLR4, IL23R, R381Q, STAT3, IRGM, eQTLs, P268S, JW1 and N852S) and environmental factors influencing Crohn’s disease and behavior in the Algerian population.44,45 
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