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RESULTS: About 13.3% of the cohort (four patients)
carried at least one mutant allele of 3020ins C of the
NOD2 /CARD15 gene. There were 20 males and 10
females with a mean age of 43.3 years (range 25-69
years). The mean follow up was 199.6 mo and a median of 189.5 mo. Sixteen sequence variations within
the NOD2 /CARD15 gene were identified, with 9 of
them occurring with an allele frequency of greater
than 10 %. In this study, there was a trend to suggest
that patients with the 3020ins C mutation have a higher
frequency of operations compared to those without
the mutation. Patients with the 3020ins C mutation had
a significantly shorter time between the diagnosis of
CD and initial surgery. This study included Australian
patients of ethnically heterogenous background unlike
previous studies conducted in different countries.

Abstract

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

AIM: To investigate the association between mutations in oligomerisation domain 2/caspase recruitment
domains 15 (NOD2 /CARD15 ) and the natural history
of Crohn’s disease (CD) to identify patients who would
benefit from early aggressive medical intervention.
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CONCLUSION: These findings suggest that patients
carrying NOD2 /CARD15 mutations follow a rapid and
more aggressive form of Crohn’s disease showing a
trend for multiple surgical interventions and significantly shorter time to early surgery.

Core tip: This study conducted a full gene sequencing
of nNucleotide-binding oligomerisation domain 2/caspase recruitment domains 15 (NOD2 /CARD15 ) within
an Australian cohort of patient with Crohn’s disease
(CD). In this study, there was a trend to suggest that
patients with the 3020ins C mutation have a higher frequency of operations compared to those without the
mutation. Patients with the 3020ins C mutation had a
significantly shorter time between the diagnosis of CD
and initial surgery. The clinical significance of understanding pathogenic NOD2 /CARD15 mutations is to

METHODS: We recruited thirty consecutive unrelated
CD patients with a history of ileo-caecal or small bowel
resection during the period 1980-2000; Fifteen patients of these had post-operative relapse that required
further surgery and fifteen did not. Full sequencing of
the NOD2 /CARD15 gene using dHPLC for exons 3, 5,
7, 10 and 12 and direct sequencing for exons 2, 4, 6,
8, 9 and 11 was conducted. CD patients categorized as
carrying variants were anyone with at least 1 variant of
the NOD2 /CARD15 gene.
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ing an association with earlier age of disease onset[6,7,20].
This is consistent with genetic evidence that a younger
age of diagnosis identifies families with greater linkage
to the IBD1 locus[24].
Currently, little is known about the association between NOD2/CARD15 mutations and the requirement
for initial surgery and for surgical recurrences in CD.
Studies conducted to evaluate the direct association of
NOD2/CARD15 mutations with surgical requirements
have reported variable findings but generally there is
support for prediction of subsequent requirements for
surgery. Most of the published data have shown an increased association between NOD2/CARD15 mutations
with ileal surgery, and the mutation with the strongest association was found to be the 3020insC mutation[5,19,25-28].
In three independent studies, one carried out in Germany[20], another in Spain[21] another in Italy[29], patients with
mutations of the gene presented an increased risk of
repeated surgery, and such surgery was required earlier.
These findings were even reinforced within the pediatric
population whereby 2 studies have demonstrated that
NOD2/CARD15 mutations were a predictor of earlier
age of surgery within a pediatric population[30,31].
Perhaps the greatest shortcoming, though, is that all
associations between NOD2/CARD15 mutations and
the requirement of surgery have been based only on the
analysis of the three most common mutations within
the gene. One of the research studies only evaluated the
most common insertion mutation. None of these studies have fully sequenced the NOD2/CARD15 gene. The
current study was designed with the intention of fully
sequencing the NOD2/CARD15 gene in all recruited
patients to establish the frequency of variant alleles and
unravel other mutations in the aforementioned gene.
With that, this research aimed to determine if NOD2/
CARD15 mutations in CD patients are able to predict
disease progression including the need for early surgery
as well as post-operative relapse requiring re-operation,
with a view to predict those who may need early interventions to prevent a relapse from occurring. Full sequencing in itself will provide unique information with
regard to the distribution spectrum of NOD2/CARD15
mutations within the ethnically heterogeneous Australian
population.

shift management to a top down approach whereby
active medical therapy could be introduced at an early
stage to impact on aggressive disease behaviour in
mutation positive patients.
Bhullar M, Macrae F, Brown G, Smith M, Sharpe K. Prediction
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INTRODUCTION
The pathogenesis of inflammatory bowel disease (IBD)
is complex and is thought to result from the interaction
of environmental factors with genetic predisposition[1].
Familial aggregation of the disease and studies of twins
have strongly suggested that genetic factors contribute
to IBD, especially Crohn’s disease[2] - a hypothesis that
was substantiated with the discovery of a susceptibility
locus in the pericentromeric region of chromosome 16
called IBD1[3]. Subsequently, two independent research
groups reported that the nucleotide-binding oligomerisation domain 2/caspase recruitment domains 15 (NOD2/
CARD15) gene located on chromosome 16 within the
IBD-1 region is associated with increased susceptibility
to CD[1,4] . This association was later confirmed by other
research groups[5-13].
Approximately 30% of Crohn’s patients carry one
copy of a mutated NOD2/CARD15 allele and about
17% of Crohn’s patients carry two mutated NOD2/
CARD15 alleles[14], conferring a 2 to 4 fold and 20-40
fold increased risk of developing CD respectively.
Studies have demonstrated three mutations or sequence variants which exhibit the strongest association
with the development of CD[7]. These are “3020insC” on
exon 11, which is a frameshift mutation[15], and the missense mutations located on exons 4 and 8; these lead to
the amino acid substitutions Arg702Trp and Gly908Arg
respectively. However, whilst it has been noted for 9 years
that these mutations are associated with Crohn’s disease,
the consequences of these mutations on their protein
function is yet unknown.
The only consistent finding to date regarding the
clinical impact of NOD2/CARD15 variants concerns
disease localization [6,8,10,16-21]. Some studies have also
reported an association between NOD2/CARD15 mutations and fibrostenotic behaviour[6,11,22], whilst others
have reported a higher incidence of fistulas in NOD2/
CARD15 variant patients[11,19,22,23]. The reasons for these
observations are unknown but are important for further
investigation as it will help in understanding the pathophysiology of NOD2/CARD15 mutations.
Several lines of evidence are compatible with a significant role of NOD2/CARD15 variants in determin-
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MATERIALS AND METHODS
The study was approved by the Human Resource Ethics
Committee at The Royal Melbourne Hospital and followed consent and privacy procedures.
Thirty unrelated Crohn’s disease patients were ascertained consecutively through a search of The Royal
Melbourne medical records and private records of RMH
consultants, filtering on patients with a history of ileocaecal or small bowel resections during the time period
of 1980-2000. The diagnosis of CD was based on standard clinical, radiological and histological criteria.
The patients were divided into two main groups: (1)
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Fifteen patients who had post-operative relapse that
required surgical interventions; and (2) Fifteen patients
who did not have post-operative relapse that required
surgical interventions, composing the control group.
We defined surgery as an active procedural intervention including bowel resection, stricturoplasty and balloon dilatation of strictures. We included patients only
with a history of ileo-caecal or small bowel resections as
their initial type of surgery, as NOD2/CARD15 mutations have been associated with this group of patients,
and we wanted to enrich our genotyped population with
mutation carriers.
Although the recruited patients underwent initial
small bowel or ileo-caecal resection(s), we did not exclude patients with disease involvement in other parts of
the digestive tract. The location of disease was recorded
from information obtained in radiological, endoscopic
and histological examination, and updated in association
with later consultations.
Indication for the requirement of surgical interventions (initial or subsequent surgeries) was based according to clinical judgement of the caring consultant and/or
surgeon according to clinical presentation, pre-operative
diagnostic findings and intra-operative findings without
access to genotyping of NOD2/CARD15. Inconsistency in surgical decision making was minimized because
the overwhelming majority of surgical procedures were
done by the same integrated surgical team.
The indications for surgical interventions composed 5
main groups: (1) failed medical treatment; (2) symptomatic stricturing disease if persistent intestinal obstruction
was found on radiological, endoscopic, clinical or intraoperative findings; (3) perforating disease if complicated
enterocutaneous fistulae, intra-abdominal fistulae or
acute free perforations were present; (4) the presence of
intra-abdominal abscesses; and (5) others, including cancer, haemorrhage, toxic dilation.
Group 2 patients were selected from patients who
had one or more subsequent surgeries following the initial resection for the recurrence of CD, with the requirement for surgery being consistent with the indications
described above. Surgical procedures as a result of complications of the previous surgery, incomplete/abandoned surgery, ileostomy, colostomy and CD-unrelated
surgery were not included in interventions analysed in
the series. The number of subsequent surgeries undertaken and the time between the surgeries were recorded.
Disease behaviour was based on the Vienna classification: (1) perforating for enterocutaneous/intraabdominal fistulae, abscesses and inflammatory masses;
(2) stricturing for narrowing of the intestinal lumen
from fibrostenotic lesions; and (3) inflammatory for the
rest of CD patients. The Crohn’s disease activity index
was noted if present in the medical records.
Family history is of significance if one first or second
degree relative has CD. Smoking habit refers to smoking behaviour in July 2005 as reported by the patient,
with patients being divided into 3 groups: current smokers, non-smokers (patients who never smoked) and ex-
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smokers (patients who had given up smoking at least 1
year prior). Extra-intestinal manifestations were defined
as follows: Type 1 peripheral arthralgia/arthritis,primary
sclerosing cholangitis, affections of the skin (pyoderma
gangrenosum) or eye (iritis, uveitis, etc.).
The medical history of the patient was collected
through retrospective review of medical records and updated during later consultations and/or by phone. The
clinical and demographical data were collected in concordance to an established regional database. The demographic data included age, gender, race, smoking habits,
family history of IBD and dietary history. The clinical
data included disease phenotype, age of onset, age at initial and subsequent surgical interventions, date and type
of surgery, location of disease, disease phenotype, extraintestinal manifestations, and intra and post-operative
complications.
A sample of blood was collected from all patients for
the full sequencing of the NOD2/CARD15 gene using
dHPLC for exons 3, 5, 7, 10 and 12 and direct sequencing for exons 2, 4, 6, 8, 9 and 11. The investigators who
determined the genotypes were blinded to the clinical
characteristics of the patients. CD patients categorized
as carrying variants were anyone with at least 1 variant
of the NOD2/CARD15 gene.
Statistical analysis
Analysis was carried out using Minitab or R statistics
package. Categorical variables were compared using
Fishers exact test. Continuous variables were analysed
using Student t test (and some non-parametric equivalents, namely the Mann-Whitney test). The Mann-Whitney test was often used as the distribution of data was
often skewed and this test is a distribution-free test. All
P values were two sided, and a value of less than 0.05
was considered to be a statistically significant difference.

RESULTS
This cohort of 30 patients were CD patients with a history of ileo-caecal or small bowel resection during the
time period of 1980-2000. Group 1 consisted of 15 patients who had post-operative relapses requiring further
surgery and Group 2 consisted of 15 patients who did
not require further surgery. There were 20 males and
10 females with a mean age of 43.3 years (range 25-69
years). All patients were followed up until December
2005, with a mean follow up of 199.6 mo and a median
of 189.5 mo. Nine patients (30%) were current smokers,
3 (10%) were ex-smokers and 18 (70%) were non-smokers. There was no evidence of an association between
smoking behaviour and disease progression. None of
the patients reported a family history of CD in a first or
second degree relative.
In total, 16 sequence variations within the NOD2/
CARD15 gene were identified, with 9 of them occurring
with an allele frequency of greater than 10 %. The sequence variations are S178S nt534C>G (Exon 2), IVS225G>T (Exon 2), P268S nt 802C>T (Exon 4), R702W
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Figure 1 Pathogenic mutation within the nucleotide-binding oligomerisation domain 2/caspase recruitment domains 15 gene. A: Physical map of the exonintron organization of the nucleotide-binding oligomerisation domain 2/caspase recruitment domains 15 (NOD2/CARD15) gene and the approximate positioning of
the mutations within the gene; B: Structural domain of the NOD2/CARD15 gene. Like the other members of the NOD/leucine rich repeat domain (LRR) protein family,
NOD2/CARD15 consists of three distinct functional domains: CARD, a centrally located NOD and a LRR.
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Figure 2 Time between Crohn’s disease diagnosis and initial surgery according to nucleotide-binding oligomerisation domain 2/caspase recruitment domains 15 status.

ation. Nine of these patients were heterozygous for the
P268S variation and 3 were homozygous. All 8 patients
with the pathogenic mutations possessed the P268S variant and both the patients who were compound heterozygotes for the pathogenic mutations were also homozygous for the P268S variation. The P268S change was not
found to independently reduce the time between surgery
and diagnosis (P = 0.067).
Patients with any pathogenic mutation showed a trend
to a higher frequency of operations. According to the
Mann-Whitney test performed, we found that patients
without any pathogenic mutation had a median of 0.79
surgical interventions per 100 mo whilst those with any
pathogenic mutation had 1.09 surgical interventions per
100 mo. However, this was not statistically substantiated (P
= 0.096). Among the remainder of the mutation negative
patients, 12 patients had 1 surgical intervention, 5 patients
had 2 surgical interventions, 3 patients had 3 surgical interventions and only 1 patient had 4 and 5 surgical interventions (Table 1). As all the patients had different lengths
of follow-up time, we assessed the number of operations
per 100 mo in relation to the NOD2/CARD15 mutation
to investigate whether the mutation predicted patients at a
higher risk of operation than those without.
Patients with any pathogenic mutation had a significantly reduced time between their diagnosis of CD and
initial surgery. The effect was even more pronounced
with the 3020insC mutation, with 3 out of 4 mutation
positive patients requiring their first resection almost immediately after CD diagnosis. The mean time between
age at diagnosis and 1st surgical resection for patients

Table 1 Number of surgical interventions according to nucleotide-binding oligomerisation domain 2/caspase recruitment
domains 15 gene status
Surgical interventions
1
2
3
4
5

Pathogenic mutation
positive (n = 8)

Pathogenic mutation
negative (n = 22)

2
1
1
3
1

12
5
3
1
1

nt 2104C>T (Exon 4), R459R nt 1377C>T (Exon4),
R587R nt 1761 T>G (Exon 4), L248R nt 743T>G (Exon
4), R703C nt 2107C>T (Exon 4), T294T nt882 T>A
(Exon 4), A611A nt 1833 C>T (Exon 4), IVS4+10 A>C
(Exon 4), IVS5+27G>A (Exon 5), IVS4-43C>T (Exon
5), G908R nt 2722G>C (Exon 8), V955l nt 2863G>A
(Exon 9), 3020insC (Exon 11). Of these mutations,
IVS2-25G G>T on Exon 2 has not been previously reported.
In total, 8 patients (26.6% of the CD patients) carried at least one known pathogenic mutation within the
NOD2/CARD15 gene located on chromosome 16 (Figure 1). The allele frequencies for the pathogenic mutations R702 W (Exon4), G908R (Exon 8) and 3020insC
(Exon 11) were 16.7%, 3% and 13.3%. One of the
patients was a simple homozygote, 2 patients were compound heterozygotes (R702W and 3020insC) and (G908R
and 3020insC) and the remainder 5 patients were simple
heterozygotes.
There were 12 patients with the P268S sequence vari-
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Table 3 Comparison of allele frequencies of nucleotide-binding oligomerisation domain 2/caspase recruitment domains
15 mutations

Table 2 Analysis of phenotypic characteristics of Crohn’s disease patients according to nucleotide-binding oligomerisation
1
domain 2/caspase recruitment domains 15 gene status
Characteristics
Disease behaviour
Perforating
Stricturing
Inflammatory
Location of CD lesions
Small bowel
Ileocaecal
Colonic
Anorectal
Others
No of locations involved
1
2
3
4+
Extraintestinal manifestations

3020ins C mutation 3020ins C mutation
positive (n = 4) negative (n = 26)
1
4
3

5
14
7

4
6
1
1
0

7
19
7
1
0

4
4
0
0
0

13
7
2
0
3

Study

NOD2 /CARD15 mutation
3020ins C

Present study
Hugot et al[4]
Hampe et al[5]
Vermeire et al[10]
Cavanaugh et al[13]

Australian
European
German/British
Canadian
Australian

13.3%
12%
16%
10.3%
7%

Exon 8

Exon 4

3%
6%
5.2%
2%

16.7%
11%
12.9%
11%

NOD2/CARD15: Nucleotide-binding oligomerisation domain 2/caspase
recruitment domains 15 gene.

There was also a trend to suggest that patients with the
pathogenic mutations have a higher frequency of operations compared to those without the mutation. These
findings were particularly significant in the presence of
the 3020insC mutation. If confirmatory studies establish these relationships, active medical therapy could be
introduced at an early stage to impact on aggressive disease behaviour.
There was a statistically significant association between the pathogenic NOD2/CARD15 mutations and
the requirement for early surgical intervention. Patients
with the mutation had a significantly reduced time between their diagnosis and 1 st surgical resection. This
association was found to be more significant in patients
with the 3020insC mutation. In fact, 3 out of 4 patients
with the 3020insC mutation required their first surgical
resection immediately after diagnosis. This data would
suggest that that the mutation leads to a more aggressive form of disease, which rapidly progresses requiring
early surgical intervention. NOD2/CARD15 mutations
seem to act by either impairing the regulatory immune
response (allowing patients to be vulnerable to infections
that set off CD at an earlier age) or initiating an enhancement of the effector limb of the immune response
to bacterial invasion (acting as an initiating factor in early
onset CD). In the same way, the mutation could cause a
more rapid and aggressive clinical course of disease because either an impaired immune response is unable to
adequately contain the bacterial invasion or the mutation
itself is fuelling the excessive inflammatory response.
The 3020insC mutation is a frameshift mutation resulting in the truncation of the protein in the leucine rich
repeat region, which is the main region implicated in the
immune regulation pathway, which may explain why the
3020insC mutation leads to an even more aggressive progression of disease compared to the other 2 pathogenic
mutations.
We then assessed the association between gene status and the pattern of disease, as previous studies have
reported that NOD2/CARD15 mutations are associated
with fibrostenosing disease. Our current results are inconclusive to date in analysing the relationship between
NOD2/CARD15 mutations and the behaviour of the
disease. Interestingly, however, all mutation positive patients have a stricturing disease behaviour, either alone or

1

Some patients had more than one clinical variable. CD: Crohn’s disease.

with any pathogenic mutation was 0.5 mo compared to a
median time of 48.5 mo for patients who were negative
for a NOD2/CARD15 pathogenic mutation (P = 0.027).
The mean time between time of diagnosis and surgery
for patients with a 3020insC mutation was 2.25 mo, with
a median of 0.5 mo whereas for patients with R702W or
G908R mutation, the median was 12 mo. The distribution of the patients, both positive and negative for the
3020insC mutation was skewed (Figure 2), as expected.
We analysed the phenotypic characteristics presented
by all 30 CD patients to determine if a positive 3020insC
mutation is associated with clinical variables that could
serve as predictors of patients at high risk of disease
relapse and re-operation. These clinical phenotypes include disease behaviour, location of disease, number of
diseased locations and extra-intestinal manifestations
of CD (Table 2). The data on clinical features were recorded from time of diagnosis to December 2005. In
our series, there was no significant association between a
positive pathogenic mutation and any of the aforementioned clinical features with a P < 0.05. Also, biallelic
carriers did not have more aggressive behaviour than
mono allelic carriers.
Interestingly, though not statistically significant,
all eight gene positive patients had stricturing disease
behaviour. None of the 3020insC mutation positive patients had extra-intestinal manifestations. Three patients
without the mutation displayed extra-intestinal manifestations. These were arthritis, marginal keratitis and
Sweets syndrome.

DISCUSSION
In this study, it was found that a NOD2/CARD15 mutation predicted initial disease aggressiveness in CD with
mutation positive patients having a significantly reduced
time between the diagnosis of CD and initial surgery.
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in combination with a perforating and/or inflammatory
pattern, irrespective of the nature of the indication for
their initial surgery. This means that our finding is consistent with previously reported data, though it has not
been statistically substantiated possible due to the small
sample size.
Following the clinical observation that one third of
patients need re-operation after initial surgery[21], we
questioned whether the NOD2/CARD15 mutation was
responsible for post operative relapses requiring further
surgery. A Spanish study published after the commencement of this research found that NOD2/CARD15
mutations are a predictive risk factor for surgical requirement due to stricturing lesions[21]. The proposed mechanism is that NOD2/CARD15 mutations predispose to
stricturing and fibrotic lesions, and these altered repair
mechanisms at the site of surgery would lead to earlier
surgical recurrences, irrespective of the cause of initial
surgery. It is also controversial whether the relationship
between the CARD15 variants and both stenosing phenotype and increased need for surgery in CD patients
is a true association or only reflects the high proportion
of ileal CD developing bowel stenosis and, therefore,
requiring surgery[32]. In our sample population, we found
that patients with a NOD2/CARD15 pathogenic mutation had a higher frequency of operations than those
without the mutation. This difference however was not
statistically significant (P = 0.096) but showed a trend
to more operations in mutation carriers. One limitation
of the Spanish study is that it only analysed 23 patients
who had subsequent surgery. Also, none of the recruited
patients had more than 2 surgical resections. Although
some of our patients have had up to 5 operations, our
study is also limited by a small sample size. The lack of
statistical significance in our study for this parameter of
multiplicity of operations could therefore be explained
by a Type Ⅱ error.
These findings add strength to the argument supporting the use of NOD2/CARD15 genotyping as a
prognostic tool in stratifying CD patients with a high risk
of initial or subsequent operations. The ability to predict the natural history of high risk patients could prove
useful in the application of top-down therapy, which
may not just prevent complications but also modify the
natural history of the disease[33,34]. Even if preventative
therapy is ineffective, these high risk patients should be
managed with close collaboration between physicians
and surgeons. Most clinicians are not willing to adopt
unrestricted top-down approach because a substantial
proportion of patients never develop aggressive disease
requiring biological therapy. The ability to predict those
that will would be a great asset in the management of
IBD given the effectiveness described by Oldenburg
and Hommes[33]. This is in contrast to the conventional
practice of starting with less invasive interventions and
working up the therapeutic ladder, which in the long
term may subject the patient to unnecessary and invasive
investigations, medications and procedures. Genotyping
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may prove to have a place in contributing to what often
is a quite complex decision-making especially since genetic-based classifications are stable compared to exclusive use of phenotypic characteristics which are subject
to change over time.
However, it remains to be determined whether full
NOD2/CARD15 gene sequencing during the diagnosis
of CD will be clinically useful and cost effective. Most
of the NOD2/CARD15 sequence variations identified
in this study are rare and have not been found to influence the natural history of the disease. Our studies do
suggest a place for at least the mutational analysis of
the most common pathogenic mutations which can be
done cheaply. From here, it would be useful to analyse
whether NOD2/CARD15 mutations are able to predict
response to therapy, particular biologics. Currently, there
are no NOD2/CARD15 mutations that predict which
patients might have sustained remission and which will
relapse rapidly after stopping infliximab[35].
Furthermore, this study is of significant importance
in highlighting the Australian population of Crohn’s
patients who are ethically heterogenous and genetically
diverse. In the present study, we observed allele frequencies of 13.3%, 3% and 16.7% for the 3020insC, G908R
mutation and R702R mutations respectively. We were
the first Australian study to conduct a full genotype sequencing of the NOD2/CARD15 gene (Table 3). We
now know that there is great ethnic and geographical
differences in the prevelance of NOD2/CARD15 mutations. The multicenter study published by Lesage et al[6],
which included several European countries, reported a
mutation carrier frequency of 50%. These findings have
been replicated by other European studies .In Great
Britain, the carrier frequency was found to be 38.5%[7],
46.3% in Belgium[36], 38.2% in Italy[25] , 38% in France[37],
and 36.5% in Germany[20]. Conversely, there was a lack
of mutant variants in the Asian populations of Japan[38],
Korea[39], China[40,41] and India[42]. In one Malaysian study,
none of the Malaysian patients with CD carried any of
the NOD2/CARD15 pathogenic mutations[43,44].
We would expect the frequencies of the NOD2/
CARD15 risk alleles found in our patients to be higher
than in other studies due to the enrichment of NOD2/
CARD15 variants within our cohort of patients with
small bowel and ileo-caecal disease, both of which are
disease locations associated with NOD2/CARD15 mutations. Furthermore, all patients in this cohort have had at
least one surgical resection and have more severe disease
(with surgery being a marker of severity), another clinical
feature suggested to be a result of NOD2 mutations.
In our study, the presence of a NOD2/CARD15 mutation especially the 3020insC mutation, predicted a more
aggressive form of disease which rapidly progressed and
showed a trend towards the need for multiple surgical
interventions and a significantly shorter time to surgery
after diagnosis. Full sequencing may not be relevant for
clinical management based on current information, but
our results do suggest a place for initial genotyping of
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the 3 pathogenic mutations. Further confirmatory studies may suggest that a top-down therapy approach could
be considered in mutation positive. There is substantial
optimism that NOD2/CARD15 genotyping could be
used in the development of clinical paradigms in the
management of Crohn’s disease, especially guiding the
need for more aggressive medical therapy or surgical intervention after diagnosis of CD.
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Background

Despite advances in the understanding of the pathogenesis of Crohn’s disease
(CD), little is known about the influence of the nucleotide-binding oligomerisation domain 2/caspase recruitment domains 15 (NOD2/CARD15) gene on the
natural history of the disease with regard to the requirement for initial or subsequent surgery.
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Innovations and breakthroughs

Most research studies conducted tend to carry out gene sequencing for the
known pathogenic mutations, mainly due to cost limitations. This study was
the first Australian study to conduct a full gene sequence of NOD2/CARD15 to
try to identify novel mutations that may have a pathogenic role. The study was
rewarded with new sequence variations of which there were 12 patients with
a P268S sequence variation. 9 of these patients were heterozygous for the
P268S variation and 3 were homozygous. Whilst not previously identified, the
P268S change was not found to independently reduce the time between surgery and diagnosis (P = 0.067). It remains to be determined whether full NOD2/
CARD15 gene sequencing during the diagnosis of CD will be clinically useful
and cost effective. Most of the NOD2/CARD15 sequence variations identified in
this study are rare and have not been found to influence the natural history of
the disease.
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Applications

In this study, it was found that a NOD2/CARD15 mutation predicted initial disease aggressiveness in CD with mutation positive patients having a significantly
reduced time between the diagnosis of CD and initial surgery. There was also
a trend to suggest that patients with the pathogenic mutations have a higher
frequency of operations compared to those without the mutation. These findings
were particularly significant in the presence of the 3020insC mutation.
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Peer review

This is an interesting manuscript. This study identify a new mutation INV2-25G
in NOD2/CARD15 gene, which is reported previously.
12
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