
disorders of the intestine (IBD) with a still
elusive ethiopathogenesis. Although exoge-
nous and infectious agents may contribute or
may trigger the onset of disease, and the im-
mune system mediates the tissue damage, it is
clear from available data that genetic factors
may determine the disease susceptibility. The
studies of human genetics, indeed, have pro-
vided in the last decade a tremendous
amount of important observations into dis-
ease pathogenesis. The complimentary tech-
niques of genome wide search and positional
or candidate gene analysis, has underscored
the hypothesis that IBD are genetically related
disorders, sharing some but not all susceptibili-
ty genes. The recent identification of NOD2
(CARD15) as the first gene associated with
CD has been the brilliant demonstration of
the feasibility of this approach in these com-
plex disorders and is probably the first right
piece in the IBD genetics puzzle. The NOD2
gene, more recently re-named CARD15, is a
1033 amino acid gene with 2 caspase activating
regions (CARD), a nucleotide binding region,
and a leucine-rich region (LLR) that interacts
with bacterial peptidoglycans. There are at
least three single nucleotide polymorphism
(SNPs) that represent single mutational
events concentrated within or near the LLR
region that account for significant higher al-
lele frequencies in CD compared with con-
trols. Transmission disequilibrium testing has
revealed that heterozygous carriage of mutat-
ed alleles leads to a 1.5- to 4.0-fold risk of de-
veloping Crohn’s disease, whereas homozy-
gous (or compound heterozygous) raise the
risk 15-40 times1. 

A number of subsequent studies have con-
firmed the association between the mutations
of CARD15 and CD, but only in Caucasian
population, since the described polymor-
phisms is virtually absent in Asian popula-
tions. Overall, it is estimated that about 10%
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Abstract. – Background: Crohn’s disease
(CD) and Ulcerative Colitis (UC) are related chronic
inflammatory disorders of the intestine (IBD)
caused by a combination of genetic and environ-
mental factors. Three polymorphisms within the
NOD2/CARD15 gene are highly associated with
CD, increasing the risk from 2 up to 44-fold, de-
pending on the presence of one or two risk alleles.

Aim of this study was to investigate the pres-
ence of two risk alleles on healthy relatives of
IBD patients and prospectively follow them for
possible development of IBD.

Materials and Methods: Healthy relatives of
familial IBD patients were recruited in our Institu-
tion and across Italy in a multicenter study of the
IG-IBD. One hundred and twenty one IBD families
were identified and blood samples were obtained
from 415 first-degree healthy relatives. Single nu-
cleotide polymorphisms (SNPs) R702W, G908R,
and L1007finsC of the CARD15 gene were inves-
tigated by multiplex pyrosequencing technique.
Data obtained in 205 healthy controls (HC) were
compared by chi-square or Fisher’s test.

Results: Ninety eight (28.7%) healthy relatives
had one risk allele (HC 14.6%; p = 0.002, OR 2,
C.I. 1-4), while 8 had two risk alleles (vs 0.5% of
healthy controls; p = 0.01). All subjects were
asymptomatic at the time of blood sample and
record collections (between 1996 and 1999) and
were further investigated with abdominal ultra-
sonography, blood chemistry and haemoccult
test, after 5-8 years of follow-up. All were still
asymptomatic with negative findings.

Conclusions: Our study once again supports
the importance of gene-gene and gene-environ-
ment interactions for the final development of
the disease. 
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Introduction

Crohn’s disease (CD) and Ulcerative Coli-
tis (UC) are related chronic inflammatory
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of CD patients, either familial or sporadic,
carry 2 risk alleles, and up to 30% carry 1 risk
allele. Even so, however, the disease pene-
trance is less than 10%; which is therefore the
importance of this gene1?

Aim of this study was to investigate the
presence of two risk alleles on healthy rela-
tives of IBD patients and prospectively fol-
low them for possible development of IBD.

Materials and Methods

Genotyping 
Blood samples were collected into contain-

ing sodium citrate tubes and stored at –30° C
until extraction. Genomic DNA samples
were purified from peripheral blood leuko-
cytes according to standard protocols or using
a commercial kit (Roche Diagnostics Co., In-
dianapolis, IN, USA). 

CARD15 SNPs (single nucleotide poly-
morphisms) R702W, G908R and L1007fsinsC
were detected using a multiplex PCR/Py-
rosequencing-based approach (Pyrosequenc-
ing AB, Hoffman-La Roche ltd., Uppsala,
Sweden), as previously described2-4. Briefly,
three fragments of 106, 117 and 104 bp, re-
spectively, encompassing the three SNPs
were PCR amplified, using forward and re-
verse primer pairs, with one of the two PCR
primers for each SNP containing biotin at
the 5’ terminus in order to facilitate isolation
of a single-stranded template for the Pyrose-
quencing assay. Biotinylated single-stranded
DNA, from the 3-plex PCR products, was
generated using protocols recommended by
the manufacturer (Pyrosequencing AB, Upp-
sala, Sweden), and subsequently bound to
streptavidin sepharose HP beads (Amer-
sham Biosciences, Uppsala Sweden) in 96-
well microtiter plates. Bead-bound single-
stranded DNA templates for each SNP were
resuspended in an annealing buffer contain-
ing 0.5 mM of all three pyrosequencing
primers, as previously described1,2. The plate
was then placed into the PSQTM HS 96A
System to perform multiplex genotyping in a
single pyrosequencing reaction, according to
the dispensation order (CGC TAT CGT
GCG CTC TGA GA) entered in the Pyrose-
quencing SNP Multiplex Entry software (Py-
rosequencing AB).

Detection of ASCA by Elisa – INOVA
Anti Saccharomyces cerevisiae antibodies

were searched, as previously described, by
the INOVA assay (Inova Diagnostics Inc,
San Diego, USA)5. Results were expressed as
negative or positive (≥ 25 units). 
Detection of ANCA 

Anti neutrophil cytoplasmic antibodies
(ANCA) were determined, as previously de-
scribed6, using commercially available slides
(Bio Diagnostics Ltd, Worcestershire, UK).
The immuno-fluorescence evaluation was
performed within two months from blood
sampling. Results were expressed as negative
or positive.

Results

The characteristics of IBD families, affect-
ed members and healthy relatives included in
the study are summarized on Table I. 

The allele frequencies in healthy relatives,
compared with that of healthy controls are
given in Table II. Data are stratified accord-
ing to different CARD15 SNPs and different
families. 

A significant increase of the frame-shift mu-
tation (L1007finsC) frequency was found in
healthy relatives, giving also an increase fre-
quency of at least one risk allele (28.7% vs
14.6% of HC). However, after stratifying the
subjects according to the respective IBD fami-
lies, it was clear that this increase was found es-
pecially in healthy relatives of CD families and
to a lesser degree of mixed families (in this
families subjects with CD or UC were present). 

Eight healthy relatives with two risk alleles
were identified and agreed to underwent a
further clinical, biochemical and ultrasono-
graphic evaluation. Data are summarized on
Table III. 
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Table I. Characteristics of the investigated families. 

N° of Affected Healthy
families members relatives

CD families 44 90 120
UC families 53 110 191
Mixed families 24 49 104
Total 121 259 415



After a follow-up of 5-8 years from the ini-
tial sampling, all patients were still asympto-
matic, with negative abdominal ultrasonogra-
phy, and biochemical testing. 

Conclusions

In this study we had the opportunity of
genotyping a large series of unaffected rela-
tives of CD and UC patients with a positive
family history. We found a significant in-
crease of the frame-shift mutation in the
whole group of relatives (5% vs 0.7% of HC)
(p = 0.0003). After stratifying subjects on the
basis of the proband, it became clear that the
difference was only due to CD patient’ rela-
tives. More importantly, we identified 8
healthy relatives carrying two risk alleles who
were completely asymptomatic at the time of
blood sampling and data recording. After a 5-

8 years of follow-up they were further investi-
gated by biochemical testing, abdominal ul-
trasonography, and possible occurrence of
gastrointestinal complaints. All were still
asymptomatic and healthy. This finding once
again supports the importance of gene-gene
and gene-environment interactions for the fi-
nal development of the disease.

Can NOD2/CARD15 genetic testing be
useful in unaffected individuals? This ques-
tion has been recently addressed in some edi-
torials7. As a rare and complex genetic disor-
der, IBD are not severe enough and do not
affect a significant enough percentage of our
population to meet criteria or goals for wide-
spread genetic screening, but sibling, and to a
lesser extent, the children of Crohn’s disease
patients, might benefit from accurate predic-
tion and susceptibility testing. However, so
far the using NOD2/CARD15 status is un-
helpful. In addition, any susceptibility testing
should be paired with counseling and inter-
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Table II. Allele frequencies of different CARD15 SNPs in healthy relatives of CD, UC and mixed families. 

CD P UC P Mixed P Total P HC
(n = 120) OR (CI) (n = 191) OR (CI) (n = 104) OR (CI) (n = 415) OR (CI) (n = 205)

R702W 17/214 Ns 18/332 Ns 5/176 Ns 40/722 Ns 17/410
SNP 8 (7.9) (5.4) (2.8) (5.5) (4.1)

G908R 17/216 0.005 3/354 Ns 3/196 Ns 23/769 Ns 11/410
SNP 12 (7.9) 3 (1.3-7.2) (0.8) (1.5) (3.0) (2.7)

L1007f 20/210 0.00001 7/352 Ns 10/182 0.0008 37/744 0.0003 3/410
SNP 13 (9.5) 14.3(4-38) (2.0) (5.5) 8 (2-26) (5.0) 7(2-20) (0.7)

1 Allele 48/102 0.00001 27/157 Ns 23/82 0.01 98/341 0.0002 30/205
(47.1) 5.2(3-9) (17.2) (28.0) (2.2(1-4) (28.7) (2 (1-4) (14.6)

2 Alleles 7/98 0.0005 0/157 Ns 1/79 Ns 8/344 1/205
(7.1) (0.0) (1.3) (2.4) 0.01 (0.5)

Table III. Clinical characteristics oh healthy relatives with double CARD15 mutations. 

N° Mutations Sex/Age Type of family Symptoms Ultrasonography Stool test ASCA/ANCA

1 SNP 8-8 F, 65 Mixed No Normal Negative Neg/Neg
2 SNPs 12-13 M, 68 CD No Normal Negative Neg/Neg
3 SNP 8-8 M, 53 CD No Normal Negative Pos/Neg
4 SNP 12-12 M, 49 CD No Normal Negative Neg/Neg
5 SNP 12-12 F, 62 CD No Normal Negative Neg/Neg
6 SNPs 8-13 M, 71 CD No Normal Negative Neg/Neg
7 SNPs 8-13 F, 53 CD No Normal Negative Neg/Neg
8 SNPs 13-13 M, 59 CD No Normal Negative Neg/Neg
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ventions aimed to prevent disease expression.
The information regarding the prevention are
so far lacking, with the exception of smoking
habit. Intervention studies will of course chal-
lenged by the need of large population of at
risk individuals and a long time frame of fol-
low to demonstrate a potential benefit.
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