
nificant difference was found between UC patients and 
control group (P  > 0.05). In CD and UC patients, no 
significant association with G908R variant was found. 
L1007finsC SNP showed an association with CD (9.8%) 
compared with controls (2.9%, P  = 0.002) and UC 
patients (2.3%, P  = 0.01). Moreover, in CD patients, 
G908R and L1007finsC mutations were significantly 
associated with different phenotypes compared to CD 
wild-type patients. No association of IBD with the TLR4 
SNPs was found in either cohort (allele frequencies: 
D299G-controls 3.9%, CD 3.7%, UC 3.4%, P  > 0.05; 
T399I-controls 2.9%, CD 3.0%, UC 3.4%, P  > 0.05). 
CONCLUSION: These findings confirm that, in our 
IBD patients selected from Southern Italy, the NOD2/
CARD15, but not TLR4 SNPs, are associated with in-
creased risk of CD.

© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To evaluate the role of genetic factors in the 
pathogenesis of Crohn’s disease (CD) and ulcerative 
colitis (UC), we investigated the single nucleotide poly-
morphisms (SNPs) of NOD2/CARD15 (R702W, G908R 
and L1007finsC), and Toll-like receptor 4 (TLR4) genes 
(D299G and T399I) in a selected inflammatory bowel 
disease (IBD) population coming from Southern Italy.
METHODS: Allele and genotype frequencies of NOD2/
CARD15 (R702W, G908R and L1007finsC) and TLR4 
(D299G and T399I) SNPs were examined in 133 CD pa-
tients, in 45 UC patients, and in 103 healthy controls. A 
genotype-phenotype correlation was performed. 
RESULTS: NOD2/CARD15 R702W mutation was sig-
nificantly more frequent in CD (9.8%) than in controls 
(2.4%, P  = 0.001) and in UC (2.3%, P  = 0.03). No sig-
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idiopathic chronic inflammatory bowel disease (IBD). 
The molecular basis of  their pathogenesis is not 
completely clear, but contributing factors may include 
persistent bacterial infection, a defective mucosal barrier, 
and an imbalance in the regulation of  the intestinal 
immune response[1]. 

Animal models of  IBD support the concept that 
genetic factors, environmental triggers, and immune 
dysregulation may have a potential role in developing 
uncontrolled intestinal inflammation that determines the 
typical endoscopic manifestations and mucosal lesions 
compatible with CD or UC[1-4]. 

Over the last decade, multiple genome-wide linkage 
searches have delineated numerous genomic regions con-
taining putative IBD risk factors. In studies performed 
on unselected populations, an average of  8%-10% of  
CD patients and 6%-8% of  UC patients have at least 
one relative affected by some type of  IBD. However, 
these values vary from study to study and percentages of  
CD familial aggregation of  less than 4% and more than 
20% have been reported[2].  

Moreover, studies on twins demonstrate a greater 
genetic influence for CD compared with UC; combined 
study concordance rates for monozygotic twins are 36% 
for CD and 16% for UC[5].

Recently, an association between CD and mutations 
in the NOD2/CARD15 gene located on chromosome 
16q12 (IBD1) has been reported. NOD2/CARD15 acts 
as an intracellular receptor in monocytes for bacterial 
components, triggering activation of  NFκB and thus 
leading to subsequent activation of  the inflammatory 
response. Within the NOD2/CARD15 gene, three 
mutations have been identified as being associated with 
CD: two missense mutations (Arg702Trp in exon 4 and 
Gly908Arg in exon 8) and an insertion mutation of  a C 
in exon 11 (1007finsC), the latter resulting in a truncated 
NOD2/CARD15 protein. These NOD2/CARD15 
variants alter the structure of  either the leucine-rich 
repeat (LRR) domain of  the protein or the adjacent 
region. The activating function of  nuclear factor NFκB 
is regulated by the carboxy-terminal LRR domain, which 
has an inhibitory role and also acts as an intracellular 
receptor for components of  microbial pathogens. These 
observations suggest that the NOD2\CARD15 gene can 
confer susceptibility to CD by altering the recognition 
of  these components and/or by over-activating NFκB 
in monocytes[6-9]. The question arises as to how NOD2/
CARD15 mutations and impaired NFκB activation 
can confer susceptibility to CD. It has been suggested 
that the answer most likely lies within the leucine-rich 
repeats (LRR) of  the NOD2/CARD15 gene and the 
family of  Toll-like receptors (TLRs). These receptors, a 
family composed of  at least 10 mammalian homologs of  
Drosophila Toll, serve as pattern recognition receptors 
for various microbial products and can mediate 
production of  proinflammatory cytokines[10]. Toll-like 
receptor 4 (TLR4) functions as the main receptor for 
lipopolysaccharide (LPS) of  Gram-negative bacteria[11]. 
After the recognition of  pathogen-associated molecular 
patterns, the TLRs activate signal transduction pathways 

of  the innate immune response genes including 
inf lammatory cytokines and the NFκB signalling 
pathway[12]. TLR4 is expressed in macrophages, dendritic 
cells, endothelial cells, and, less abundantly, in intestinal 
epithelial cells, which are partly tolerant to LPS, thereby 
preventing an exaggerated immune response caused by 
the large number of  bacteria in the intestinal lumen[13]. 

Mutations of  the TLR4 gene are known to abolish 
responses to endotoxin in mice, as shown for the mice 
strains C3H/HeJ and C57BL/10SeCr[14]. Therefore, the 
ability to recognize bacterial wall products and to activate 
proinflammatory mechanisms by TLRs may be of  
great importance for immune reactions in the intestinal 
mucosa. The recently characterised D299G and T399I 
single nucleotide polymorphisms (SNPs) of  TLR4 gene 
are probably associated with impaired LPS signalling and 
increased susceptibility to Gram negative infections[15].   

In this study, we investigated the frequencies of  the 
three NOD2/CARD15 gene mutations (Arg702Trp, 
Gly908Arg and 1007finsC) and of  the TLR4 gene 
D299G and T399I SNPs in a group of  178 Italian 
adult patients affected by IBD: 133 patients with CD 
and 45 with UC. The allele frequencies of  the NOD2/
CARD15 and TLR4 genes were evaluated, and a detailed 
genotype-phenotype correlation was performed.

MATERIALS AND METHODS
Study population
The study population was comprised of  133 patients 
with CD (70 males, 63 females; mean age, 43.5 ± 10.7 
years), 45 with UC (27 males, 18 females; mean age, 
43.2 ± 11.0 years) and 103 healthy, unrelated controls 
(68 males, 35 females; mean age, 46.6 ± 9.8 years). 
Patients were consecutively recruited from Department 
of  Paediatrics and Department of  Medicine, University 
Hospital of  Messina, Italy. All patients were from 
Eastern Sicily and Calabria (Southern Italy). Informed 
consent was obtained from each participant.

Diagnosis of  CD and UC was established according 
to accepted clinical, endoscopic radiological, and 
histological criteria[16]. A detailed clinical questionnaire 
concerning different features of  the disease was 
employed. The Vienna classification was used for CD 
phenotypes[17], while localization was defined based on 
the largest extent of  the disease, according to X-ray, 
endoscopy, or surgical reports.

The following data of  patients with CD and UC 
were collected: age, age at diagnosis, gender, familial or 
spontaneous disease (familial disease was considered 
if  one first or second-degree relative had IBD), 
disease localization, disease behaviour, extraintestinal 
manifestations (arthritis, affections of  eyes or skin, 
primary sclerosing cholangitis), type and site of  surgery. 
Disease localization was defined as the maximum extent 
of  digestive tract involvement at the latest follow-up. 

Patients were eligible if  IBD was confirmed, and they 
had undergone full colonoscopy with biopsy and/or 
surgical resection.



Table 1  Primers sequences and restriction enzymes used for genotyping TLR4 and NOD2/CARD15

A group of  103 healthy, unrelated subjects coming 
from the Sicily and Calabria regions (mainly students, 
blood donors and hospital employees) were selected as 
controls.

DNA extraction 
Genomic DNA was isolated from 1 mL of  peripheral 
blood anticoagulated with EDTA as previously 
described[18]. DNA samples of  the patients and control 
subjects were analyzed for the variants of  NOD2/
CARD15 and TLR4 genes by melting curve analysis.

Genotyping of the NOD2/CARD15 mutations
To detect the R702W, G908R, and L1007finsC mutations, 
we performed a polymerase chain reaction (PCR) 
using 0.5 U of  Taq polymerase (Eurotaq, Euroclone 
Life Sciences Division, UK), 400 μmol/L dNTPs, and  
0.1 μmol/L of  each primer in a total volume of  25 μL. 
After an initial denaturation for 5 min at 95℃, PCR was 
performed by 35 cycles of  denaturing at 95℃ for 30 s, 
annealing at 65℃ for 40 s, primer extension at 72℃ for 
30 s. The final extension was performed at 72℃ for 7 
min. PCR reactions were carried out using a GeneAmp 
PCR system 2700 (Applied Biosystem, CA, USA).

Genotyping of  each SNP was perfor med by 
enzymatic digestion at 37℃, overnight. After enzymatic 
digestion, the fragments were separated and visualized 
by gel electrophoresis (3% NuSieve® GTG agarose gel 
BMA, Rockland, ME, USA).

The specific primers PCR and the restriction 
enzymes (New England Biolabs, Ipswich, MA) for each 
SNP are given in Table 1.

Wild-type/mutant genotype was confirmed by 
automatic sequencing using the ABI-PRISM Big DyeTM 
Terminator v. 3.0 Cycle sequencing Ready Reaction 
Kit (Applied Biosystems, CA, USA). The sequencing 
products were purified using DyeEx Spin Kits (Qiagen) 
and visualized on an ABI-PRISM 310 Genetic Analyzer 
(Applied Biosystems, CA, USA).

Genotyping of the TLR4 polymorphisms
The two D299G and T399I SNPs of  the TLR4 gene 
were determined by PCR-RFLP. 

We performed PCR using 0.5 U of  Taq polymerase 
(Eurotaq, Euroclone Life Sciences Division, UK),  
400 μmol/L dNTPs, and 0.1 μmol/L of  each primer in 

a total volume of  25 μL. 
For D299G SNP, cycle conditions were an initial 

denaturation for 5 min at 95℃, followed by 32 cycles 
of  denaturing at 95℃ for 30 s, annealing at 51℃ for 
30 s, primer extension at 72℃ for 30 s, followed by a 
final extension at 72℃ for 7 min. For T399I SNP, cycle 
conditions were an initial denaturation for 5 min at 95℃, 
followed by 35 cycles of  denaturing at 95℃ for 45 s, 
annealing at 55℃ for 30 s, primer extension at 72℃ for  
45 s, followed by a final extension at 72℃ for 7 min.

The specific primers PCR and the restriction enzymes 
for each SNP are given in Table 1.

The amplified samples of  TLR4 gene D299G and 
T399I SNPs were digested at 37℃, overnight, with the 
BsaBI and HinfI restriction enzymes (New England 
Biolabs, Ipswich, MA, USA), respectively.

After enzymatic digestion, the fragments were 
separated and visualized by gel electrophoresis (3% 
NuSieve® GTG agarose gel BMA, Rockland, ME, USA).

As previously described here, the results of  enzymatic 
digestion were confirmed by DNA sequence analysis of  
representative samples of  each SNP.

Statistical analysis
Data are given as mean ± SD. Allele and genotypes 
frequencies in patients and in controls were compared by 
χ2 test or Fisher exact test, when an expected value was 
< 0.5; P values were considered significant at a level of  < 
0.05. Odds ratio (OR) and P values were calculated using 
a standard package (StataCorp. Stata Statistical Software: 
Release 8.0 College Station. TX: Stata Corporation 2001).

Allele frequencies were tested for the Hardy-Wein-
berg equilibrium. Cases and controls were compared us-
ing Pearson’s χ2 test. 

RESULTS
Allele frequencies in IBD patients NOD2/CARD15 gene 
SNPs
In CD patients, the frequency of  R702W mutation 
was significantly higher (9.8%) than in controls 
(2 .4%, P = 0 .001; OR, 4 .09; 95% CI, 1 .5-11.9) 
and in UC (2.3%, P = 0.03; OR, 4 .49; 95% CI, 
1.02-19.8; Table 2). No significant difference of  
the G908R mutation allele frequency was found 

Gene locus SNPs Sequence Restriction enzyme

NOD2/CARD15 R702W For 5' TTCAGATCACAGCAGCCTTC 3' MspI
Rev 5' CCCACACTGCAAAATGTCAAC 3'

G908R For 5' AGCCACTGAAAACTCTTGG 3' HhaI
Rev 5' TCTTCACCTGATCTCCCCAA 3'

L1007finsC For 5' CCTGCAGTCTCTTTAACTGG 3' NlaIV
Rev 5' CTTACCAGACTTCCAGGATG 3'

TLR4 D299G For 5' TTAGAAATGAAGGAAACTTGGAAAAG 3' BsaBI
Rev 5' TTTGTCAAACAATTAAATAAGTGATTAATA 3'

T399I For 5' GGTTGCTGTTCTCAAAGTGATTTTGGGAGAA 3' HinfI
Rev 5' CCTGAAGACTGGAGAGTGAGTTAAATGCT 3'
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between CD (4.5%) and the control group (4.3%;  
P > 0.05; OR, 1.01; 95% CI, 0.3-3.5), and between CD 
and UC patients (4.4%, 0.05; OR, 0.90; 95% CI, 0.28-2.92; 
Table 2).  

T he f r equency o f  the f r amesh i f t muta t ion 
L1007finsC was significantly higher in CD patients (9.8%) 
compared with controls (2.9%, P = 0.002; OR, 3.92; 
95% CI, 1.55-9.95) or patients with UC (2.3%, P = 0.01; 
OR, 5.22; 95% CI, 1.19-22.98; Table 2). 

In UC patients, the allele frequencies of  the R702W, 
G908R, and 1007finsC mutations were not significantly 
different from the control group (R702W: P > 0.05; OR, 
0.91; 95% CI, 0.17-4.88 and G908R: P > 0.05; OR, 1.01; 
95% CI, 0.3-3.5 and L1007finsC: P > 0.05; OR, 0.75; 95% 
CI, 0.15-3.88).

No homozygous carriers of  the three NOD2/
CARD15 mutations were found in the study and control 
populations.

The NOD2/CARD15 allele frequencies were in 
Hardy-Weinberg equilibrium in all patients and in control 
subjects. 

TLR4 gene SNPs
The results of  the genotype analyses in 133 patients 
with CD, in 45 patients with UC and in 103 control 
individuals, with regard to the TLR4 D299G and T399I 
SNPs are shown in Table 2.

In CD patients, the frequency of  the D299G SNP 
(3.7%) was not significantly different from the controls 
(3.9%, P > 0.05; OR, 0.96; 95% CI, 0.37-2.54) or 
from UC patients (3.4%, P > 0.05; OR, 0.87; 95% CI, 
0.23-3.35; Table 2). The T399I SNP allele frequency was 
not significantly different between CD patients (3.0%) 
and control group (2.9%, P > 0.05; OR, 1.15; 95% CI, 
0.28-4.64); or between CD (3.0%) and UC patients (3.4%, 
P > 0.05; OR 1.11, 95% CI 0.28-4.40; Table 2). No 
significant difference was found between UC patients 
and control group as regards the D299G SNP (P > 0.05; 

OR, 0.84; 95% CI, 0.21-3.36) or the T399I SNP (P > 0.05; 
OR, 1.15; 95% CI, 0.28-4.64).

No homozygous carriers of  the two SNPs were 
found in the study and control populations. 

The TLR4 allele frequencies were in Hardy-Weinberg 
equilibrium in all patients and in the control group. 

Genotype-phenotype correlations
When the contribution of  each SNP of  the NOD2/
CARD15 gene was investigated, the major support to 
the genotype-phenotype correlation could be ascribed 
to the G908R and the L1007finsC alleles (Table 3). 
In particular, in CD patients, the occurrence of  one 
risk allele of  G908R was associated with stenosing 
phenotype (P = 0.03) and resective surgery (P = 0.003).

An increased frequency of  ileal localization (80.7%, 
P = 0.001) and resective surgery (53.9%, P = 0.01) was 
found in CD L1007finsC heterozygotes compared with 
CD patients with wild-type NOD2\CARD15 gene (ileum 
36.8% and resective surgery 26.4%, respectively). 

Moreover, the clinical features of  all CD patients 
were analysed with respect to the presence of  one or two 
risk alleles of  each SNP (heterozygous or compound 
heterozygous) of  any NOD2/CARD15 variants (Table 3).

By univariate analysis, the presence of  one risk allele 
was significantly associated with ileal localization (P = 
0.04) and resective surgery (P = 0.03). These significant 
associations increased in the compound heterozygotes 
(P =0.03 and P < 0.0001, respectively). Moreover, the 
presence of  two risk alleles was significantly associated 
with stenosing disease (P = 0.02, Table 3).

In CD patients, TLR4 D299G and T399I SNPs 
were not found to be associated with age at diagnosis, 
sex, localization, disease type, resective surgery and 
extraintestinal manifestations.

Similarly, in UC patients, these TLR4 gene SNPs 
were not associated with any studied clinicopathological 
parameter.

Table 2  NOD2/CARD15 and TLR4 SNPs allele frequencies of CD patients vs  control group and UC patients

Polymorphisms of 
NOD2/CARD15 
and TLR4 genes

CD 
(n  = 133)

Allele 
frequency (%)

Controls  
(n  = 103)

Allele 
frequency (%)

1P OR 
(95% CI)

UC 
(n  = 45)

Allele 
frequency (%)

2P OR 
(95% CI)

R702W 
Wild-type 107 (80.4%) 9.8 98 (95.1%) 2.4 0.001  4.09 (1.5-11.9) 43 (95.5%) 2.3 0.03 4.49 (1.02-19.8)
Heterozygous   26 (19.6%) 5 (4.9%) 2 (4.5%)
G908R
Wild-type 120 (90.2%) 4.5 94 (91.2%) 4.3 NS  1.01 (0.3-3.5) 41 (91.1%) 4.4 NS 0.90 (0.28-2.92)
Heterozygous 13 (9.8%) 9 (8.8%) 4 (8.9%)
L1007finsC
Wild-type 107 (80.4%) 9.8 97 (94.1%) 2.9 0.002  3.92 (1.55-9.95) 43 (95.5%) 2.3 0.01 5.22 (1.19-22.98)
Heterozygous   26 (19.6%) 6 (5.9%) 2 (4.5%)
D299G
Wild-type 123 (92.5%) 3.7 95 (92.2%)     3.9% NS  0.96 (0.37-2.54) 42 (93.3%) 3.4 NS 0.87 (0.23-3.35)
Heterozygous 10 (7.5%) 8 (7.8%) 3 (6.7 %)
T399I
Wild-type 125 (94%) 3.0 97 (94.1%)     2.9% NS  1.15 (0.28-4.64) 42 (93.3%) 3.4 NS 1.11 (0.28-4.40)
Heterozygous    8 (6.0%) 6 (5.9%) 3 (6.7%)

No patients homozygous for NOD2/CARD15 gene R702W, G908R and L1007finsC SNPs were found in this study population; No patients homozygous for 
TLR4 gene D299G and T399I SNPs were found in this study population. 1CD patients vs control group; 2CD patients vs UC patients. NS: No significance.
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DISCUSSION
In our study, we investigated the prevalence of  NOD2/
CARD15 and TLR4 genetic variants in CD and UC 
patients. Moreover, we compared the results with clinical 
phenotype characteristics of  IBD of  our patients to 
identify a possible genotype-phenotype association.

There are several controversial data about the role 
of  the SNPs of  the NOD2/CARD15 (R702W, G908R 
and L1007finsC), and TLR4 genes (D299G and T399I) 
in the pathogenesis of  CD. Indeed, there are significant 
phenotypic differences that exist among populations.

The NOD2/CARD15 mutations are absent in 
Asian CD populations and controls[19-21]. In this case, 
the findings indicate that the NOD2/CARD15 is not a 
major contributor to CD susceptibility in the Japanese 
population. Similar data have been found in Turkish 
patients with IBD[22]. 

The highest recorded frequencies are reported in 
a small study of  55 paediatric patients in Europe with 
two thirds of  the patients having at least one NOD2/
CARD15 mutation[23]. Within Europe, there is evidence 
of  a north-south gradient with lower allele frequencies 
in the Celtic and Scandinavian countries compared to 
Southern Europe[23].  

To our knowledge, this is the first study in a large 
series of  sporadic IBD patients coming from Eastern 
Sicily and Calabria. Indeed, previous reports regarded a 
Sicilian, small town population in which a familial study 
was performed[24]. Other studies have examined a group 
of  sporadic Sicilian IBD patients, but the number of  
cases was smaller than in our study[25].  

In our study, the reported rates of  48.8 % of  patients 
carrying at least one NOD2/CARD15 mutation in CD 
and 19.4% in controls are consistent with previously 
reported rates of  30%-50% in CD and 7%-20% in con-
trols from other European regions[26-31]. Moreover, 36.1% 
had two mutations (compound heterozygotes). Recently, 

Renda et al examined a group of  182 CD patients com-
ing from Western Sicily and they found that 56 patients 
(30%) had at least one mutation of  the NOD2/CARD15 
gene[32].This percentage was lower in respect to our data 
(48.8%). This difference may be ascribed to a different 
ethnic background. Indeed, the patients of  our study 
coming both Eastern Sicily and Calabria. Today, popula-
tions genetically similar to that of  the Northern Italy (as 
well as of  the Northern Africa) are present in the Eastern 
Sicily. This heterogeneous population, during the middle 
age, might explain the genetic differences in the patient 
CD samples of  the Eastern in respect to Western Sicily[33].

The allele frequencies of  the R702W (9.8%) and 
L1007finsC (9.8%) mutations were significantly higher 
in CD patients compared to UC patients and controls, 
whereas the frequency of  the G908R (4.5%) mutation 
was similar in CD and UC patients, and in the control 
group. Collectively, our study confirmed previous studies, 
which reported increased mutation carrier frequencies of  
one of  the three variant alleles in CD patients compared 
to UC patients or healthy controls[2,28,32,34-36].   

We also found that different risk alleles might be 
associated with different clinical features: in particular, 
the G908R allele seems to be associated with stenosing 
phenotype and need for surgery. The L1007finsC seems to 
correlate with ileal localization and resective surgery. These 
data suggest a more aggressive course of  the disease in 
carriers of  risk alleles. The strongest observed effect for 
ileal location is consistent with the proposed involvement 
of  ileal Paneth cells in the pathophysiology of  NOD2/
CARD15-mediated disease susceptibi l i ty [30,36,37].  
NOD2/CARD15 mutations may, thus, abrogate normal 
Paneth cell behaviour, explaining preferential involvement 
of  the terminal ileum[26]. 

Moreover, in our study, the risk of  developing CD 
with a more aggressive course was increased in compound 
heterozygotes. In other populations, stronger associations 

Table 3  Genotype-phenotype correlations in CD patients

Total CD 
patients

CARD15 no risk 
alleles

R702W 1 risk 
allele

G908R 1 risk 
allele

L1007finsC 1 risk 
allele

CARD15 at least 
1 risk allele 

CARD15 compound 
heterozygous

(n  = 133)  (n  = 68, 51.1%)  (n  = 26, 19.6%)  (n  = 13, 9.7%)  (n  = 26, 19.6%) (n  = 65, 48.8%)  (n  = 48, 36.1%)

Age (mean ± SD) 41.5 ± 11.2 41.2 ± 11.9 43.02 ± 10.9 42.0 ± 12.8 42.3 ± 12.1 42.7 ± 11.9
Sex (m/f, 70/63) 32/36 13/13 8/5 10/16 30/35 25/23
Localization (%)
Ileum (n = 61) 25 (36.8) 11 (42.3) 4 (30.8) 21 (80.7) 38 (58.5) 30 (62.5)
Ileo-colon (n = 39) 22 (32.3) 10 (38.5) 4 (30.8)   3 (11.5) 15 (23.0) 10 (20.8)
Colon (n = 30) 18 (26.5)   5 (19.5) 5 (38.4) 2 (7.8) 12 (18.5)   8 (16.7)
Upper GI (n = 3)   3 (4.4%) 0 0
P > 0.051    > 0.051      0.0011       0.042       0.033

Disease type (%)
Inflammatory  (n = 37) 14 (20.6)   7 (27.0) 6 (46.0) 10 (38.5) 23 (35.4)   8 (16.6)
Stenosing (n = 56) 32 (47.0) 11 (42.3) 7 (54.0)   6 (23.0) 24 (37.0) 34 (70.8)
Fistulizing (n = 40) 22 (32.4)   8 (30.7) 0 10 (38.5) 18 (27.6)   6 (12.6)
P > 0.051       0.031 > 0.051   > 0.052       0.023

Resective Surgery (%) 18 (26.4)   9 (34.6) 9 (69.2) 14 (53.9) 32 (49.2) 31 (64.6)
P > 0.051         0.0031    0.011       0.012         0.0003

Extraintestinal 
manifestations (n = 18, %)

10 (55.5)   3 (11.5) 1 (7.7)   4 (15.3)   8 (13.3)   3 (6.2)

No patients homozygous for R702W, G908R and L1007finsC SNPs were found in this study population. 1CD patients no risk allele vs CD patients with risk 
allele; 2CARD15 at least 1 risk allele vs CD patients no risk allele; 3CARD15 compound heterozygous vs CD patients no risk allele.
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have been reported for homozygotes and compound 
heterozygotes than for simple heterozygotes. One copy 
of  the risk alleles confers a 2-4-fold risk for developing 
CD, whereas double-dose carriage increases the risk by 
20-40-fold[23]. Our study is in agreement with such a gene-
dosage effect, although at lower levels.

In our IBD patients, we also examined the allele 
frequencies of  the TLR4 D299G and T399I SNPs and 
the possible genotype-phenotype correlation. 

With regard to the role of  the TLR4 gene in 
the pathogenesis of  IBD, several studies have been 
conducted leading to divergent results[23]. The allele 
frequency of  the D299G mutation ranges between 
8%-13% in CD, 0%-10% in UC and 3%-15% in healthy 
controls[38]. This TLR4 SNP was associated with CD and 
UC in a Belgian study[39]. This association was replicated 
in Dutch, German, Australian and Greek populations 
with CD, and an association with colonic disease has 
been described[8,34,35,40]. In one German cohort, an 
association was demonstrated between UC and the 
TLR4 T399I SNP[41]. However, there is substantial 
heterogeneity between populations, and no association 
was noted in Scottish CD patients[30].  

In our study, we found no difference in the prevalence 
of  these mutations in our CD and UC patients, and 
controls. Recently, other studies have failed to find the 
association of  the D299G and T399I SNPs of  TLR4 
gene[24,42-45]. In a retrospective German and Hungarian 
cohort study, patients with CD and UC were genotyped 
for the presence of  the CD14 c.1-260C>T promoter 
variant and the TLR4 D299G variant. In this study, in 
German and Hungarian populations, IBD appears to be 
associated with the CD14 c.1-260C>T promoter variant, 
but not with the TLR4 D299G variant[45]. Recent data 
suggest that neither of  these 2 variants is causal, but they 
may be in linkage disequilibrium with, as yet unidentified, 
causal variants[46-48].

We examined also whether the TLR4 D299G and 
T399I SNPs could be related to particular CD or UC 
phenotypes. Detailed analysis did not show any association 
of  the examined TLR4 gene variants with either CD or 
UC patient subgroups. In other studies, in CD patients, 
an association has been reported between D299G SNP 
and ileal localization and structuring phenotype[49]. Our 
data are similar to those previously reported[28]. These 
contrasting results can be ascribed to the different ethnic 
background of  the various IBD populations studied. 

Although several studies have been performed, 
further research is warranted to clarify the role of  the 
genetic variants of  NOD2/CARD15 and TLR4, and to 
investigate whether these genetic risk factors might be 
confirmed and considered clinically relevant. Indeed, 
an eventual goal in the genomic study of  IBD is to 
identify these biologically relevant genotype-phenotype 
associations and to apply them to clinical practice. 

 COMMENTS
Background
Crohn’s disease (CD) and ulcerative colitis (UC) are idiopathic inflammatory 

bowel disease (IBD) with genetic risk factors. There is evidence that NOD2/
CARD15 and Toll-like receptor 4 (TLR4) genes may be involved in their patho-
genesis.
Research frontiers
In our study, we found that some single nucleotide polymorphisms (SNPs) of 
the NOD2/CARD15 gene, but not of the TLR4 gene, were significantly more 
frequent in CD patients. Therefore, it is possible that the NOD2/CARD15 gene 
plays an important role in the pathogenesis of IBD. 
Innovations and breakthroughs
We evaluated the allele and genotype frequencies of the more frequent SNPs 
of NOD2/CARD15 and TLR4 genes in a selected IBD population coming from 
Eastern Sicily and Calabria (Southern Italy), a geographical area for which very 
few data exist.
Applications
Genotyping of patients with CD could be an important diagnostic tool in clinical 
practice for identifying high-risk patients with specific diagnostics and therapeu-
tic needs.
Peer review
This study underlines the association of the NOD2/CARD15 genotype with the 
behaviour and location of CD also in patients coming from Eastern Sicily and 
Calabria (Italy). Moreover, the CD patients carrying at least one major variant 
of NOD/CARD15 gene had an aggressive clinical course. Test strategies with 
NOD2/CARD15 variations to predict the clinical course of CD could lead to the 
development of new therapeutic paradigms.

REFERENCES
1	 Hugot JP. Inflammatory bowel disease: a complex group of 

genetic disorders. Best Pract Res Clin Gastroenterol 2004; 18: 
451-462

2	 Van Limbergen J, Russell RK, Nimmo ER, Ho GT, Arnott 
ID, Wilson DC, Satsangi J. Genetics of the innate immune 
response in inflammatory bowel disease. Inflamm Bowel Dis 
2007; 13: 338-355

3	 Trinh TT, Rioux JD. Understanding association and 
causality in the genetic studies of inflammatory bowel 
disease. Gastroenterology 2005; 129: 2106-2110

4	 Henckaerts L, Pierik M, Joossens M, Ferrante M, Rutgeerts 
P, Vermeire S. Mutations in pattern recognition receptor 
genes modulate seroreactivity to microbial antigens in 
patients with inflammatory bowel disease. Gut 2007; 56: 
1536-1542

5	 Bonen DK, Cho JH. The genetics of inflammatory bowel 
disease. Gastroenterology 2003; 124: 521-536

6	 Kobayashi KS, Chamaillard M, Ogura Y, Henegariu 
O, Inohara N, Nunez G, Flavell RA. Nod2-dependent 
regulation of innate and adaptive immunity in the intestinal 
tract. Science 2005; 307: 731-734

7	 Vermeire S. NOD2/CARD15: relevance in clinical practice. 
Best Pract Res Clin Gastroenterol 2004; 18: 569-575

8	 Brand S, Staudinger T, Schnitzler F, Pfennig S, Hofbauer 
K, Dambacher J, Seiderer J, Tillack C, Konrad A, Crispin 
A, Goke B, Lohse P, Ochsenkuhn T. The role of Toll-
like receptor 4 Asp299Gly and Thr399Ile polymorphisms 
and CARD15/NOD2 mutations in the susceptibility and 
phenotype of Crohn's disease. Inflamm Bowel Dis 2005; 11: 
645-652

9	 Braat H, Stokkers P, Hommes T, Cohn D, Vogels E, Pronk 
I, Spek A, van Kampen A, van Deventer S, Peppelenbosch 
M, Hommes D. Consequence of functional Nod2 and Tlr4 
mutations on gene transcription in Crohn’s disease patients. 
J Mol Med 2005; 83: 601-609

10	 Meylan E, Tschopp J, Karin M. Intracellular pattern 
recognition receptors in the host response. Nature 2006; 442: 
39-44

11	 Akira S, Uematsu S, Takeuchi O. Pathogen recognition and 
innate immunity. Cell 2006; 124: 783-801

12	 Medzhitov R, Janeway CA Jr. Innate immunity: impact on 
the adaptive immune response. Curr Opin Immunol 1997; 9: 
4-9

www.wjgnet.com

Rigoli L et al . NOD2/CARD15 and TLR4 gene SNPs and IBD		                            	                 4459



13	 Otte JM, Cario E, Podolsky DK. Mechanisms of cross 
hyporesponsiveness to Toll-like receptor bacterial ligands 
in intestinal epithelial cells. Gastroenterology 2004; 126: 
1054-1070

14	 Poltorak A, He X, Smirnova I, Liu MY, Van Huffel C, Du X, 
Birdwell D, Alejos E, Silva M, Galanos C, Freudenberg M, 
Ricciardi-Castagnoli P, Layton B, Beutler B. Defective LPS 
signaling in C3H/HeJ and C57BL/10ScCr mice: mutations 
in Tlr4 gene. Science 1998; 282: 2085-2088

15	 Gaya DR, Russell RK, Nimmo ER, Satsangi J. New genes in 
inflammatory bowel disease: lessons for complex diseases? 
Lancet 2006; 367: 1271-1284

16	 Podolsky DK. Inflammatory bowel disease 2. N Engl J Med 
1991; 325: 1008-1016

17	 Gasche C, Scholmerich J, Brynskov J, D’Haens G, Hanauer 
SB, Irvine EJ, Jewell DP, Rachmilewitz D, Sachar DB, 
Sandborn WJ, Sutherland LR. A simple classification of 
Crohn’s disease: report of the Working Party for the World 
Congresses of Gastroenterology, Vienna 1998. Inflamm Bowel 
Dis 2000; 6: 8-15

18	 Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a 
laboratory manual. Cold Spring Harbor, New York: Cold 
Spring Harbor Laboratory Press, 1989: E3-E4

19	 Inoue N, Tamura K, Kinouchi Y, Fukuda Y, Takahashi 
S, Ogura Y, Inohara N, Nunez G, Kishi Y, Koike Y, 
Shimosegawa T, Shimoyama T, Hibi T. Lack of common 
NOD2 variants in Japanese patients with Crohn's disease. 
Gastroenterology 2002; 123: 86-91

20	 Sugimura M, Kinouchi Y, Takahashi S, Aihara H, Takagi 
S, Negoro K, Obana N, Kojima Y, Matsumoto K, Kikuchi 
T, Hiroki M, Oomori S, Shimosegawa T. CARD15/NOD2 
mutational analysis in Japanese patients with Crohn’s 
disease. Clin Genet 2003; 63: 160-162

21	 Yamazaki K, Takazoe M, Tanaka T, Kazumori T, Nakamura 
Y. Absence of mutation in the NOD2/CARD15 gene among 
483 Japanese patients with Crohn’s disease. J Hum Genet 
2002; 47: 469-472

22	 Ozen SC, Dagli U, Kilic MY, Toruner M, Celik Y, Ozkan 
M, Soykan I, Cetinkaya H, Ulker A, Ozden A, Bozdayi 
AM. NOD2/CARD15, NOD1/CARD4, and ICAM-1 gene 
polymorphisms in Turkish patients with inflammatory 
bowel disease. J Gastroenterol 2006; 41: 304-310

23	 Riis L, Vind I, Vermeire S, Wolters F, Katsanos K, Politi P, 
Freitas J, Mouzas IA, O’Morain C, Ruiz-Ochoa V, Odes S, 
Binder V, Munkholm P, Moum B, Stockbrugger R, Langholz 
E. The prevalence of genetic and serologic markers in 
an unselected European population-based cohort of IBD 
patients. Inflamm Bowel Dis 2007; 13: 24-32

24	 Cottone M, Renda MC, Mattaliano A, Oliva L, Fries W, 
Criscuoli V, Modesto I, Scimeca D, Maggio A, Casa A, 
Maisano S, Mocciaro F, Sferrazza A, Orlando A. Incidence of 
Crohn's disease and CARD15 mutation in a small township 
in Sicily. Eur J Epidemiol 2006; 21: 887-892

25	 Fries W, Renda MC, Lo Presti MA, Raso A, Orlando A, 
Oliva L, Giofre MR, Maggio A, Mattaliano A, Macaluso A, 
Cottone M. Intestinal permeability and genetic determinants 
in patients, first-degree relatives, and controls in a high-
incidence area of Crohn's disease in Southern Italy. Am J 
Gastroenterol 2005; 100: 2730-2736

26	 Ahmad T, Armuzzi A, Bunce M, Mulcahy-Hawes K, 
Marshall SE, Orchard TR, Crawshaw J, Large O, de Silva 
A, Cook JT, Barnardo M, Cullen S, Welsh KI, Jewell DP. 
The molecular classification of the clinical manifestations of 
Crohn’s disease. Gastroenterology 2002; 122: 854-866

27	 Brant SR, Picco MF, Achkar JP, Bayless TM, Kane SV, 
Brzezinski A, Nouvet FJ, Bonen D, Karban A, Dassopoulos 
T, Karaliukas R, Beaty TH, Hanauer SB, Duerr RH, Cho JH. 
Defining complex contributions of NOD2/CARD15 gene 
mutations, age at onset, and tobacco use on Crohn’s disease 
phenotypes. Inflamm Bowel Dis 2003; 9: 281-289

28	 Lesage S, Zouali H, Cezard JP, Colombel JF, Belaiche J, 
Almer S, Tysk C, O'Morain C, Gassull M, Binder V, Finkel 

Y, Modigliani R, Gower-Rousseau C, Macry J, Merlin F, 
Chamaillard M, Jannot AS, Thomas G, Hugot JP. CARD15/
NOD2 mutational analysis and genotype-phenotype 
correlation in 612 patients with inflammatory bowel disease. 
Am J Hum Genet 2002; 70: 845-857

29	 Annese V, Palmieri O, Latiano A, Ardizzone S, Castiglione 
F, Cottone M, D’Inca R, Gionchetti P, Papi C, Riegler G, 
Vecchi M, Andriulli A. Frequency of NOD2/CARD15 
variants in both sporadic and familial cases of Crohn's 
disease across Italy. An Italian Group for Inflammatory 
Bowel Disease Study. Dig Liver Dis 2004; 36: 121-124

30	 Cuthbert AP, Fisher SA, Mirza MM, King K, Hampe 
J, Croucher PJ, Mascheretti S, Sanderson J, Forbes A, 
Mansfield J, Schreiber S, Lewis CM, Mathew CG. The 
contribution of NOD2 gene mutations to the risk and site 
of disease in inflammatory bowel disease. Gastroenterology 
2002; 122: 867-874

31	 Abreu MT, Taylor KD, Lin YC, Hang T, Gaiennie J, Landers 
CJ, Vasiliauskas EA, Kam LY, Rojany M, Papadakis KA, 
Rotter JI, Targan SR, Yang H. Mutations in NOD2 are 
associated with fibrostenosing disease in patients with 
Crohn’s disease. Gastroenterology 2002; 123: 679-688

32	 Renda MC, Orlando A, Civitavecchia G, Criscuoli V, 
Maggio A, Mocciaro F, Rossi F, Scimeca D, Modesto I, Oliva 
L, Cottone M. The role of CARD15 mutations and smoking 
in the course of Crohn’s disease in a Mediterranean area. 
Am J Gastroenterol 2008; 103: 649-655

33	 Ramachandran S, Deshpande O, Roseman CC, Rosenberg 
NA, Feldman MW, Cavalli-Sforza LL. Support from the 
relationship of genetic and geographic distance in human 
populations for a serial founder effect originating in Africa. 
Proc Natl Acad Sci USA 2005; 102: 15942-15947

34	 Gazouli M, Mantzaris G, Kotsinas A, Zacharatos P, 
Papalambros E, Archimandritis A, Ikonomopoulos J, 
Gorgoulis VG. Association between polymorphisms in 
the Toll-like receptor 4, CD14, and CARD15/NOD2 and 
inflammatory bowel disease in the Greek population. World 
J Gastroenterol 2005; 11: 681-685

35	 Hume GE, Fowler EV, Doecke J, Simms LA, Huang N, 
Palmieri O, Griffiths LR, Florin TH, Annese V, Radford-
Smith GL. Novel NOD2 haplotype strengthens the 
association between TLR4 Asp299Gly and Crohn's disease 
in an Australian population. Inflamm Bowel Dis 2008; 14: 
585-590

36	 Annese V, Latiano A, Palmieri O, Lombardi G, Andriulli 
A. NOD2/CARD15 in healthy relatives of IBD patients. Eur 
Rev Med Pharmacol Sci 2006; 10: 33-36

37	 Odes S, Friger M, Vardi H, Claessens G, Bossuyt X, Riis 
L, Munkholm P, Wolters F, Yona H, Hoie O, Beltrami 
M, Tsianos E, Katsanos K, Mouzas I, Clofent J, Monteiro 
E, Messori A, Politi P, O’Morain C, Limonard C, Russel 
M, Vatn M, Moum B, Stockbrugger R, Vermeire S. Role 
of ASCA and the NOD2/CARD15 mutation Gly908Arg 
in predicting increased surgical costs in Crohn’s disease 
patients: a project of the European Collaborative Study 
Group on Inflammatory Bowel Disease. Inflamm Bowel Dis 
2007; 13: 874-881

38	 Russell RK, Nimmo ER, Satsangi J. Molecular genetics of 
Crohn's disease. Curr Opin Genet Dev 2004; 14: 264-270

39	 Franchimont D, Vermeire S, El Housni H, Pierik M, Van 
Steen K, Gustot T, Quertinmont E, Abramowicz M, Van 
Gossum A, Deviere J, Rutgeerts P. Deficient host-bacteria 
interactions in inflammatory bowel disease? The toll-like 
receptor (TLR)-4 Asp299gly polymorphism is associated with 
Crohn’s disease and ulcerative colitis. Gut 2004; 53: 987-992

40	 Oostenbrug LE, Drenth JP, de Jong DJ, Nolte IM, Oosterom 
E, van Dullemen HM, van der Linde K, te Meerman GJ, 
van der Steege G, Kleibeuker JH, Jansen PL. Association 
between Toll-like receptor 4 and inflammatory bowel 
disease. Inflamm Bowel Dis 2005; 11: 567-575

41	 Torok HP, Glas J, Tonenchi L, Mussack T, Folwaczny 
C. Polymorphisms of the lipopolysaccharide-signaling 

www.wjgnet.com

4460      ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol     July 28, 2008      Volume 14    Number 28



BR, MacKinlay E, Morecroft J, Anderson N, Kelleher D, O’
Sullivan M, McManus R, Satsangi J. NOD2/CARD15, TLR4 
and CD14 mutations in Scottish and Irish Crohn’s disease 
patients: evidence for genetic heterogeneity within Europe? 
Genes Immun 2004; 5: 417-425

47	 De Jager PL, Franchimont D, Waliszewska A, Bitton A, 
Cohen A, Langelier D, Belaiche J, Vermeire S, Farwell L, 
Goris A, Libioulle C, Jani N, Dassopoulos T, Bromfield GP, 
Dubois B, Cho JH, Brant SR, Duerr RH, Yang H, Rotter 
JI, Silverberg MS, Steinhart AH, Daly MJ, Podolsky DK, 
Louis E, Hafler DA, Rioux JD. The role of the Toll receptor 
pathway in susceptibility to inflammatory bowel diseases. 
Genes Immun 2007; 8: 387-397

48	 Henckaerts L, Pierik M, Joossens M, Ferrante M, Rutgeerts P, 
Vermeire S. Mutations in pattern recognition receptor genes 
modulate seroreactivity to microbial antigens in patients with 
inflammatory bowel disease. Gut 2007; 56: 1536-1542

49	 Annese V, Lombardi G, Perri F, D’Inca R, Ardizzone S, 
Riegler G, Giaccari S, Vecchi M, Castiglione F, Gionchetti 
P, Cocchiara E, Vigneri S, Latiano A, Palmieri O, Andriulli 
A. Variants of CARD15 are associated with an aggressive 
clinical course of Crohn's disease--an IG-IBD study. Am J 
Gastroenterol 2005; 100: 84-92

S- Editor  Zhong XY    L- Editor  Rippe RA    E- Editor  Ma WH

complex in inflammatory bowel disease: association of a 
mutation in the Toll-like receptor 4 gene with ulcerative 
colitis. Clin Immunol 2004; 112: 85-91

42	 Arnott ID, Ho GT, Nimmo ER, Satsangi J. Toll-like receptor 
4 gene in IBD: further evidence for genetic heterogeneity in 
Europe. Gut 2005; 54: 308; author reply 309

43	 Browning BL, Huebner C, Petermann I, Gearry RB, Barclay 
ML, Shelling AN, Ferguson LR. Has toll-like receptor 4 been 
prematurely dismissed as an inflammatory bowel disease 
gene? Association study combined with meta-analysis 
shows strong evidence for association. Am J Gastroenterol 
2007; 102: 2504-2512

44	 Hong J, Leung E, Fraser AG, Merriman TR, Vishnu P, 
Krissansen GW. TLR2, TLR4 and TLR9 polymorphisms 
and Crohn‘s disease in a New Zealand Caucasian cohort. J 
Gastroenterol Hepatol 2007; 22: 1760-1766

45	 Baumgart DC, Buning C, Geerdts L, Schmidt HH, Genschel 
J, Fiedler T, Gentz E, Molnar T, Nagy F, Lonovics J, Lochs H, 
Wiedenmann B, Nickel R, Witt H, Dignass A. The c.1-260C>T 
promoter variant of CD14 but not the c.896A>G (p.D299G) 
variant of toll-like receptor 4 (TLR4) genes is associated with 
inflammatory bowel disease. Digestion 2007; 76: 196-202

46	 Arnott ID, Nimmo ER, Drummond HE, Fennell J, Smith 

www.wjgnet.com

Rigoli L et al . NOD2/CARD15 and TLR4 gene SNPs and IBD		                            	                 4461


