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Abstract
Objectives: The CARD15 gene encodes the Nod2 protein, which is involved in
intracellular recognition of bacterial products like peptidoglycan, activates
inflammation and regulates apoptosis through nuclear factor-kappa B, a
transcription factor that plays a central role in the innate immunity. Two functional
mutations, an insertion mutation at nucleotide 3020 (3020insC) and a missense
mutation C2104T in the CARD15 gene (originally NOD2 gene) have been
reported to be associated with Crohn’s disease. Our aim was to investigate the
occurrence of CARD15 gene polymorphisms in adult patients with periodontitis
taking into account smoking and presence of putative periodontal pathogens as
additional variables.

Material and methods: A case–control study was performed in 104 Dutch Caucasian
patients with severe adult periodontitis (54 non-smokers and 50 smokers, mean age 46
years) and in 97 ethnically matched, periodontal healthy controls (73 non-smokers and
24 smokers, mean age 40 years). DNA isolated from a mouthwash was typed with
PCR technology. Presence of putative periodontal pathogens was established by
culture technique.

Results: Frequencies of the CARD15 3020insC and 2104T mutations were similar in
the periodontitis group and in the control group (5.1% and 13.3%; 5.2% and 10.3%,
respectively). The highest carrier frequency of CARD15 mutations was found in non-
smoking patients without Porphyromonas gingivalis and Actinobacillus
actinomycetemcomitans (29.4% versus 17.4% in controls); however it did not reach
statistical significance.

Conclusion: Our results suggest no role for CARD15 3020insC and C2104T
mutations in adult periodontitis.
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Adult periodontitis is a chronic infec-
tious and inflammatory disorder that
affects the periodontal tissues and
alveolar bone, which may result in tooth
loss. Twin studies suggest that up to
82% of the susceptibility to perio-
dontitis in adults can be attributed to
genetic factors (Michalowicz et al.
1991). Genetic factors that determine
and modify host responses to the
microbial challenge are major determi-
nants of susceptibility to periodontitis
and influence the rate and extent of
disease progression and severity (Page
et al. 1997). Previous studies on genetic
factors have shown that IL-1 gene
polymorphisms may determine the se-

verity of periodontitis in adults (Korn-
man et al. 1997, Gore et al. 1998, Laine
et al. 2001).

Bacteria are essential but insufficient
to cause periodontal disease. Porphy-
romonas gingivalis and Actinobacillus
actinomycetemcomitans have been im-
plicated as major pathogens in perio-
dontitis (Haffajee & Socransky 1994).
A number of additional bacteria have
been implicated in the progression
of periodontitis and, include among
others, Bacteroides forsythus, Prevotella
intermedia, Peptostreptococcus micros,
Fusobacterium nucleatum and Campy-
lobacter rectus (Haffajee & Socransky
1994).

Cigarette smoking (Bergström 1989)
and diabetes mellitus are two other
well-documented risk factors for perio-
dontitis (Thorstensson & Hugoson
1993, Collin et al. 1998).

Nod2 belongs to the recently de-
scribed family of nod proteins that have
been implicated in intracellular recogni-
tion of bacterial components (Inohara et
al. 2001). At first it was thought that
Nod2 recognizes bacterial lipopolysac-
charide but recent studies suggest spe-
cific recognition of peptidoglycan
(Ogura et al. 2001b, Girardin et al.
2003, Inohara et al. 2003). Biological
and functional analyses identified mur-
amyl dipeptide derived from peptido-
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glycan as the essential structure in
bacteria recognized by Nod2 (Girardin
et al. 2003, Inohara et al. 2003). Nod2
also regulates apoptosis and induces
activation of nuclear factor-kappa B
(NF-kB), a protein that plays an im-
portant role in transcription of cytokine
genes (Ogura et al. 2001b, Sun &
Andersson 2002).

The Nod2 protein encoded by the
CARD15 gene (originally NOD2 gene)
is located on chromosome 16, and is
predominantly expressed in peripheral
monocytes (Ogura et al. 2001a, Gutier-
rez et al. 2002). The gene is character-
ized by two amino-terminal caspase
recruitment domains (CARD), a nucleo-
tide (ATP or GTP) binding domain and a
distal leucine-rich repeat (LRR) region.

A functional frameshift mutation
caused by a cytosine insertion at
nucleotide 3020 (3020insC) in the
CARD15 gene has recently been de-
scribed as a susceptibility factor for
Crohn’s disease (Hampe et al. 2001,
Hugot et al. 2001, Ogura et al. 2001a,
Murillo et al. 2002, Heliö et al. 2003).
This mutation in the LRR results in a 33
amino acid shorter version of a 1040-
amino-acid protein. Another mutation is
the C2104T missense mutation, which
is also located in the LRR domain of
CARD15 and is associated with Crohn’s
disease (Hugot et al. 2001).

Our aim was to investigate the
occurrence of the two most common
mutations of the CARD15 gene in adult
population with and without perio-
dontitis taking into account smoking
and presence of periodontal pathogens
as additional variables.

Material and methods

Patients

After informed consent, 104 patients
with periodontitis and 97 periodontally
healthy controls were selected consecu-
tively for the present study, according to
previously described clinical criteria
(Laine et al. 2001). Shortly, the perio-
dontal status was based on radiographic
and clinical examination. Subjects were
evaluated clinically for probing pocket
depths (PPD) and clinical periodontal
attachment level. Bitewing radiographs
were evaluated for interproximal bone
loss measurements from the cemento–
enamel junction of the tooth to the bone
crest. We selected patients with severe
periodontitis, i.e., X7 interproximal
sites with X50% bone loss. None of

the controls had PPD44mm, and there
were no sites with radiographic evi-
dence of alveolar bone loss. The study
protocol was approved by the ethical
committee of the Vrije Universiteit
Medical Center Amsterdam. Subjects,
who were self-reported current smokers
or had stopped smoking 41 year ago,
were considered smokers and subjects,
who had never smoked or had stopped
smoking 41 year ago were considered
non-smokers. All subjects were unre-
lated, over 25 years of age, and had both
parents and grandparents of Dutch
Caucasian heritage.

Microbiology

Subgingival plaque samples were ob-
tained from all individuals. Paper-point
samples were taken from the deepest
subgingival site in each quadrant of the
dentition (Mombelli et al. 1991, 1994)
of the patients and controls. The sam-
ples were analyzed for the presence of
A. actinomycetemcomitans, using TSBV
agar plates (Slots 1982), and for P.
gingivalis using the anaerobic non-
selective blood agar plates as previously
described (van Winkelhoff et al. 1986).

Analysis of the gene polymorphisms

The CARD15 3020insC was genotyped
by allele specific multiplex PCR
(Hampe et al. 2001), and the CARD15
C2104T polymorphism (NCBI SNP Id
rs2066844) by PCR–RFLP with geno-
mic DNA isolated with mouthwash
method (Laine et al. 2000).

Statistical methods

The CARD15 3020insC and C2104T
allele and carrier frequencies, their
combinations and the carriers of at least
one CARD15 mutation were compared
between the control and periodontitis
group by Fisher’s two-tailed exact test,
and odds ratios (ORs) with 95% con-
fidence intervals (CIs) were determined.
Subsequently, differences in distribution
of genotypes in P. gingivalis and A.
actinomycetemcomitans negative pa-
tients and controls (as binary variables)
were analyzed with logistic regression
models. Age, gender and smoking were
entered in the models, the significant
determinants were determined and ad-
justed and ORs and CIs were calculated.
Differences in genotype frequencies
between patient and control subgroups
were explored. A p-value o0.05 was

considered statistically significant. Sta-
tistical analysis was performed using
SPSS version 10.0 for windows (SPSS
Inc., Chicago, IL, USA).

Results

Demographic data of the cohorts is
summarized in Table 1. The carrier
frequencies of the CARD15 3020insC
and 2104T mutations in patients and
controls are presented in Table 2. The
genotype frequencies in patients and
controls were in Hardy–Weinberg equi-
librium. The prevalence of the insertion
3020insC mutation for the total perio-
dontitis group and the total control
group was 5.1% and 5.2%, respectively
(Table 2). Similar prevalence of
3020insC mutation in patients and
controls was also found after subdivi-
sion to non-smokers and smokers (in
patients 7.8% and 2.1%; in controls
5.5% and 4.2%, respectively). Frequen-
cies for CARD15 2104T allele were
similar in patients and controls (13.1%
versus 10.0%, respectively) (Table 2).
In non-smokers no differences were
found between the patients and controls
(11.1% versus 11.0%, respectively).
2104T allele tend to be more frequent
in smoking patients (15.6% versus 8.3%
in controls) but did not reach statistical
significance. None of the patients or
controls were homozygous for the
insertion or missense mutation and none
were carrier of both mutations.

Patients and controls were further
classified in carriers and non-carriers of
at least one of the CARD15 mutations
(Table 3). No significant differences
were found between patients and con-
trols. Subgroups of the CARD15 muta-
tion carriers were further explored and
interestingly, the highest prevalence of
CARD15 mutation carriers was found in

Table 1. Demographic characteristics of adult
patients with severe periodontitis and perio-
dontal healthy controls

All patients Controls

no. of subjects 104 97
mean age (years) 46.4 40.4
age range (years) 28–66 25–77
sex (F/M) 52/52 55/42
smokers/non-smokers 50/54 24/73
Pg- and Aa- 43 (41.3%) 86 (88.7%)

Pg-, Porphyromonas gingivalis, not detectable;

Aa-, Actinobacillus actinomycetemcomitans,

not detectable.
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a subgroup of non-smoking patients
without P. gingivalis and A. actinomy-
cetemcomitans, however, no statistical
significant differences were found (29.4%
versus 17.4% in controls).

The logistic regression analysis ad-
justed for smoking, gender and age
showed no significant association for
the CARD15 3020insC and 2104T
mutations or carriers of one of the
CARD15 mutations in patients and
controls without P. gingivalis and A.
actinomycetemcomitans.

Discussion

Previously, we have reported on an
association between severe adult period-
ontitis and carriage of the less common
allele in IL-1A-889, IL-1B1593 and IL-
1RN VNTR genes (Laine et al. 2001).
The highest prevalence was found in a
group of patients without two major risk
factors for adult periodontitis i.e. smok-
ing, and presence of P. gingivalis and A.
actinomycetemcomitans. These indivi-
duals seem to be, because of host’s
genetic background, susceptible to
otherwise weakly pathogenic bacteria.

Using a similar approach, the present
study shows the highest frequency of

the CARD15 3020insC and 2104T
mutation carriers in non-smoking pa-
tients without cultivable P. gingivalis
and A. actinomycetemcomitans. No sig-
nificant association was found but a
trend in a subgroup with the risk
exposure conditions. CARD15 mutation
carriage is therefore an uncommon risk
condition.

The age limit of 25 years was also a
selection criterion for the patients, as for
the periodontal healthy controls in the
present study. There is a risk for
including young subjects in the control
group who may be susceptible to the
disease but not yet developed detectable
symptoms.

Prevalence of the CARD15 3020insC
and 2104T mutants in the periodontal
healthy individuals of the present study
(5.2% and 10.3%, respectively) is simi-
lar to previous reports on these muta-
tions in healthy European populations
(2.0% and 4.0%, respectively) (Hugot et
al. 2001, Murillo et al. 2002).

Previous studies have reported on
diminished ability of the CARD15
3020insC mutant cells to detect bacter-
ial peptidoglycan when compared with
the wild-type cells (Girardin et al. 2003,
Inohara et al. 2003). The NF-kB
activation is completely abolished in

the cells with the CARD15 3020insC
mutation whereas the cells with the
CARD15 C2104T mutation showed
reduced activity when compared with
wild-type CARD15 (Inohara et al. 2003).
A deficiency in sensing bacteria by
monocytes/macrophages might result in
an unbalanced inflammatory response.

Our results suggest no role for
CARD15 3020insC and C2104T muta-
tions in adult periodontitis. However, a
larger study is needed to confirm if the
trend in P. gingivalis and A. actinomy-
cetemcomitans negative subjects is sig-
nificant. In future studies, it would be of
interest to assess whether the CARD15
mutations are associated with suscept-
ibility to adult periodontitis in combina-
tion with polymorphisms in other genes
such as IL-1 cluster, TLR4 and TLR2.
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Fernandez-Luna, J. L. (2002) Induction of

Nod2 in myelomonocytic and intestinal

epithelial cells via nuclear factor-kappa B

activation. Journal of Biological Chemistry

277, 41701–41705.

Haffajee, A. D. & Socransky, S. S. (1994)

Microbial etiological agents of destructive

periodontal diseases. Periodontology 2000 5,

78–111.

Hampe, J., Cuthbert, A., Croucher, P. J., Mirza,

M. M., Mascheretti, S., Fisher, S., Frenzel,

H., King, K., Hasselmeyer, A., MacPherson,

A. J., Bridger, S., van Deventer, S., Forbes,

A., Nikolaus, S., Lennard-Jones, J. E.,

Foelsch, U. R., Krawczak, M., Lewis, C.,

Schreiber, S. & Mathew, C. G. (2001)

Association between insertion mutation in

NOD2 gene and Crohn’s disease in German

and British populations. Lancet 357,

1925–1928.
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M., Krusius, T. & Kontula, K. (2003)

CARD15/NOD2 gene variants are associated

with familially occurring and complicated

forms of Crohn’s disease. Gut 52, 558–562.

Hugot, J. P., Chamaillard, M., Zouali, H.,

Lesage, S., Cezard, J. P., Belaiche, J., Almer,

S., Tysk, C., O’Morain, C. A., Gassull, M.,

Binder, V., Finkel, Y., Cortot, A., Modiglia-

ni, R., Laurent-Puig, P., Gower-Rousseau, C.,

Macry, J., Colombel, J. F., Sahbatou, M. &

Thomas, G. (2001) Association of NOD2

leucine-rich repeat variants with susceptibil-

ity to Crohn’s disease. Nature 411, 599–603.

Inohara, N., Ogura, Y., Chen, F. F., Muto, A. &

Nunez, G. (2001) Human Nod1 confers

responsiveness to bacterial lipopolysacchar-

ides. Journal of Biological Chemistry 276,

2551–2554.

Inohara, N., Ogura, Y., Fontalba, A., Gutierrez,

O., Pons, F., Crespo, J., Fukase, K., Inamura,

S., Kusumoto, S., Hashimoto, M., Foster, S.

J., Moran, A. P., Fernandez-Luna, J. L. &

Nuñez, G. (2003) Host recognition of

bacterial muramyl dipeptide mediated

through NOD2. Implications for Crohn’s

disease. Journal of Biological Chemistry

278, 5509–5512.
Kornman, K. S., Crane, A., Wang, H. Y., di

Giovine, F. S., Newman, M. G., Pirk, F. W.,

Wilson, T. G. Jr., Higginbottom, F. L. &

Duff, G. W. (1997) The interleukin1 geno-

type as a severity factor in adult periodontal

disease. Journal of Clinical Periodontology

24, 72–77.
Laine, M. L., Farre, M. A., Crusius, J. B., van

Winkelhoff, A. J. & Peña, A. S. (2000) The

mouthwash: a non-invasive sampling method

to study cytokine gene polymorphisms.

Journal of Periodontology 71, 1315–1318.

Laine, M. L., Farre, M. A., Gonzalez, G., van

Dijk, L. J., Ham, A. J., Winkel, E. G.,

Crusius, J. B., Vandenbroucke, J. P., van

Winkelhoff, A. J. & Peña, A. S. (2001)

Polymorphisms of the interleukin-1 gene

family, oral microbial pathogens, and smok-

ing in adult periodontitis. Journal of Dental

Research 80, 1695–1699.

Michalowicz, B. S., Aeppli, D., Virag, J. G.,

Klump, D. G., Hinrichs, J. E., Segal, N. L.,

Bouchard, T. J. Jr. & Pihlström, B. L. (1991)

Periodontal findings in adult twins. Journal

of Periodontology 62, 293–299.

Mombelli, A., Gmür, R., Gobbi, C. & Lang, N.

P. (1994) Actinobacillus actinomycetemco-

mitans in adult periodontitis. I. Topographic

distribution before and after treatment. Jour-

nal of Periodontology 65, 820–826.

Mombelli, A., McNabb, H. & Lang, N. P.

(1991) Black-pigmenting gram-negative bac-

teria in periodontal disease. II. Screening

strategies for detection of P. gingivalis.

Journal of Periodontal Research 26,

308–313.

Murillo, L., Crusius, J. B., van Bodegraven, A.

A., Alizadeh, B. Z. & Peña, A. S. (2002)

CARD15 gene and the classification of

Crohn’s disease. Immunogenetics 54, 59–61.

Ogura, Y., Bonen, D. K., Inohara, N., Nicolae,

D. L., Chen, F. F., Ramos, R., Britton, H.,

Moran, T., Karaliuskas, R., Duerr, R. H.,

Achkar, J. P., Brant, S. R., Bayless, T. M.,

Kirschner, B. S., Hanauer, S. B., Nuñez, G. &
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