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Abstract
AIM: An insertion mutation at nucleotide 3020 (3020insC)
in the Caspase recruitment domain gene (CARD15),
originally reported as NOD2, is strongly associated with
Crohn’s disease. The C-insertion mutation at nucleotide
3020 (3020inC) in the leucine-rich repeat (LRR) region
results in a frameshift in the 10th LRR followed by a
premature stop codon. This truncation mutation is
responsible for the inability to activate nuclear factor (NF)-κB
in response to bacterial lipopolysaccharide (LPS). The
present study aimed to genotype NOD2/CARD15 gene
3020insC frameshift mutation in Chinese patients with
inflammatory bowel disease.

METHODS: We genotyped an insertion polymorphism
affecting the leucine-rich region of the protein product by
the allele specific PCR in 74 unrelated patients with
ulcerative colitis of Han nationality in Hubei Province of
China, 15 patients with Crohn’s disease and 172 healthy
individuals.

RESULTS: No significant differences were found in the
genotype and allele frequencies of the C-insertion mutation
of NOD2 gene among patients with Crohn’s disease and
ulcerative colitis and healthy controls.

CONCLUSION: NOD2 gene 3020insC frameshift mutation
is not a major contributor to the susceptibility to both Crohn’s
disease and ulcerative colitis in Chinese Han patients.
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INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic intestinal
inflammatory disorder that is clinically classified into Crohn’s
disease (CD), ulcerative colitis (UC) and indeterminate colitis.
IBD is characterized by a dysregulated mucosal immune
response and its pathogenesis has not been fully illustrated,
but several epidemiological and genetic studies have suggested
that IBD is predisposed by certain environmental and genetic

factors[1-3]. IBD1 was the first susceptible locus linked to Crohn’s
disease. Utilizing genome-wide linkage studies among families
with multiple affected members, Hugot et al.[1] mapped the IBD1
gene to the proximal region of the long arm of chromosome
16 (16q12) in the white population. In Jewish families, the IBD1
locus was demonstrated to be significantly associated with CD[4],
but not with ulcerative colitis. Hugot et al.[5] identified
nucleotide oligomerisation domain (NOD2) as the IBD1 gene
through routine positional cloning methods, the same finding
was also reported in several other studies[6,7]. NOD2, a member
of the NOD1/APAF1 gene family, comprises an amino-terminal
effector domain, a nucleotide-binding domain and leucine-rich
repeats (LRRs)[8]. Recently, NOD2 has been known as Caspase
activating recruitment domain (CARD) 15. NOD2/CARD
molecule is expressed exclusively in monocytes and activates
NF-κB through the interaction with its N-terminal CARDs[8].
As studies have shown that the signaling by tumor necrosis
factor (TNF) and activation by nuclear factor (NF)-κB play a
key role in IBD, NOD2 mutation may lead to the variation of
NF-κB activation. Three mutations (R702W, G908R, 1007fs,
respectively at SNP8, 12, and 13) have been identified in
NOD2/CARD15, which were shown to be independently
associated with CD. One of the mutations predisposing to
CD is 1007fs, the C-insertion mutation at nucleotide 3020
(3020inC) in the leucine-rich repeat region, results in a
frameshift in the 10th LRR followed by a premature stop
codon. This truncation mutation may result in the inability to
activate NF-κB in response to bacterial lipopolysaccharides
(LPS). Therefore, NOD2 is considered to play a role in the
pathogenesis of CD.
      Studies by Japanese and Hongkong researchers, however,
have failed to identify the insertion mutation both in patients
and in control subjects[9,10]. Greek has shown that NOD2 is not
significant in the pathogenesis of CD[11]. These studies support
that CD possesses genetic heterogeneity among different
populations. In this present study, we genotyped the 3020insC
mutation of NOD2 gene in CD and UC in Chinese subjects of
Han nationality in Hubei Province, to identify the susceptible
gene for Chinese.

MATERIALS AND METHODS
Patients
A total of 15 unrelated patients with CD and 74 patients with
UC were included in this study.  As a control group 174 healthy
individuals were also recruited from medical staff and students
in Zhongnan Hospital of Wuhan University, as well as from
healthy volunteers in Wuhan city. The diagnosis of either UC
or CD was established and verified by clinical, radiological,
endoscopic and histological examinations in accordance with
the criteria by Lennard-Johns[12]. All the subjects included in
this study were unrelated Chinese of Han nationality in Hubei
Province. This study protocol was approved by the Ethic
Committee of Medical School of Wuhan University.

Methods
DNA was isolated from peripheral blood leukocytes by
conventional proteinase K digestion and phenol/chloroform
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extraction methods. Allele-specific PCR was employed to detect
the 3020insC mutation of NOD2 gene[6] and to generate a
nonspecific 533-bp product, along with a 319-bp fragment (wild
type) and/or a 214-bp fragment (3020inC). The primers used for
PCR are listed in Table 1. PCR was performed in a reaction
system in a volume of 25 µL containing sense and antisense
primers (each in a volume of 0.5 µL at the concentration of
20 pmol/µL ), wild-type sense and 3020insC antisense primer
respectively (each in a volume of 0.25 µL at the concentration
of 20 pmol/µL), 2.5 µL of 10×buffer, 0.5 µL of 10 mmol/L dNTPs,
1 µL of template DNA, 0.5 µL of AmpliTaq DNA polymerase
(MBI Fermentas), and 19 µL of ddH2O. Amplification was
carried out with a Perkin-Elmer thermocycler. The cycling was
performed with an initial denaturation for 5 min at 94 , followed
by 35 cycles at 94  for 45 s, at 59  for 45 s, at 72  for 45 s
with a final extension at 72  for 7 min. The PCR products were
identified by electrophoresis in non-denaturing polyacrylamide
gels containing 8% acrylamide-bisacrylamide (29:1), 0.5×
Tris-borate-EDTA (TBE), 100 g/L ammonium persulfate, and
TEMED at 150 V for 1.5 h. The gels were then subjected to
silver staining. The PCR products used for sequencing analyses
were purified and analyzed using an ABI377 automated
sequencer (Applied Biosystems, USA). DNA samples for
genotype control analysis were kindly provided by the
Laboratory of Immunogenetics of Free University of
Amsterdam, Netherlands.

Table 1  Primers used for multiplex PCR

Primer Sequence

Sense primer      5’-CTGAGCCTTTGTTGATGAGC-3’
Antisense primer     5’-TCTTCAACCACATCCCCATT-3’
Wild-type sense primer     5’-CAGAAGCCCTCCTGCAGGCCCT-3’
3020insC antisense primer   5’-CGCGTGTCATTCCTTTCATGGGGC-3’

Statistical analysis
Statistical analysis was performed with SPSS 11.5 software
package. The data were analyzed by χ2 test or Fisher’s exact
test. A P value less than 0.05 was considered statistically
significant. The confidential intervals (CI) for the odds ratios
(OR) were calculated by Woolf formula.

RESULTS
The results of the genotypes and allele frequencies of the
3020insC mutation in CD and UC patients and in ethnically
matched Chinese healthy controls are shown in Table 2. Two
heterozygotes of the mutation in UC patients and one in CD
patients were identified, whereas only one heterozygote
mutation was found in healthy controls. No significant
associations were noted in genotypes and allele frequencies of
the 3020insC mutation in UC (P=0.2165) or CD (P=0.1542) in
comparison with the healthy controls. The NOD2 3020insC
mutation was not associated with CD or UC in Hubei Han
population.

Table 2  3020insC mutation in healthy controls and ulcerative
colitis and Crohn’s disease in Chinese Han population

Genome                                    Healthy       Ulcerative    Crohn’s
                   controls     colitis        disease
                   (n=172)     (n=74)        (n=15)

Wild type          171                 72           14
Heterozygote  1            2 1
3020insC mutation homozygote  0            0 0
Wild type allele frequency            99.7%           98.7%      96.7%
Mutative allele frequency  0.3%          1.3%        3.3%

Figure 1  Identification of frameshift NOD2 mutation in Chinese
population by allele specific PCR. Multiplex PCR was used to
generate a nonspecific 533-bp and allele-specific amplified
products, a 319-bp fragment (wild type) and a 214-bp fragment
(C-insertion type). Lane 1: pBR322 DNA/MspI markers; Lane 2:
Heterozygous for 3020insC; Lane 3: Wild-type control; Lane 4:
Homozygote for 3020insC. Numbers on the left are the lengths
of the fragments.

DISCUSSION
In this study, we did not find any evidence suggestive of the
association of NOD2 frameshift mutations with CD or UC. The
allele frequency of 3020insC mutation was slightly increased in
CD and UC patients when compared with the healthy controls,
but there were no statistically significant differences among
these three groups. After the initial report of the associations
between mutations in the NOD2 gene and susceptibility to
CD[5,6], a German and British study[7] soon found evidence to
show that the insertion mutation in the NOD2 gene was
responsible for a substantially increased susceptibility to CD
but not to UC. Other studies have suggested that attributive
risks of the 3020insC mutation of NOD2 differ in different ethnic
nationalities and countries. A large-scale study in Japanese
failed to identify the insertion mutation both in patients and in
controls[9], the same result was also reported by Leong et al.[10]

in Chinese population in Hong Kong. A study in a Cretan
showed that NOD2/CARD15 was not significant in the
pathogenesis of CD[11]. All these data and the results of this
study demonstrate that CD has genetic heterogeneity among
different nationalities.
      NOD2 was recently identified as a susceptible gene of CD
in most Western countries, which provided an opportunity to
study the relationship between NOD2 gene and innate immunity
in CD. NOD2 was located in the peak region of linkage on
chromosome 16q12 and a member of the NOD1/APAF1 gene
family[8], expressed primarily in monocytes and functioned to
activate NF-κB in response to LPS stimulation[13,14]. 3020insC,
which resulted in a frameshift mutation at the second nucleotide
of codon 1007, a Leu1007 Pro substitution in the tenth LRR
and followed by a premature stop codon, encoded a truncated
NOD2 protein and led to a weakened innate immune response
in CD[8]. In our study we did not find any statistically significant
association between the 3020insC mutation and CD. Other
mechanisms of CD involving the susceptible gene and innate
immunity have been suggested in Chinese Han nationality in
Hubei Province.
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