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Abstract

Objectives: Although the direct cause for periodontitis is oral bacterial infection, its
progression depends upon genetic and environmental factors. Smoking, one of the
environmental factors, is a risk factor for the development and severity of
periodontitis. Therefore, individual susceptibility to periodontitis may be influenced
by the polymorphisms of genes coding for enzymes metabolizing tobacco-derived
substances. The object of this study is to investigate roles of genetic polymorphisms of
these metabolizing enzymes in the risk for periodontitis.

Material and Methods: We investigated three important enzymes: cytochrome
P450 (CYP) 1A1, CYP2E1 and glutathione S-transferase (GST) M1, involved in the
metabolic activation and detoxification of tobacco-derived substances. The prevalence
of the polymorphisms of these genes was examined in 115 patients with periodontitis
as well as in 126 control subjects.

Results:  Significantly increased risk for periodontitis was observed for subjects with
the polymorphic CYP1A1 m?2 allele (odds ratio (OR) = 2.3, 95% confidence interval
(CI) = 1.2-4.4). A significant risk increase for periodontitis associated with the
GSTM1 allele was observed (OR = 2.1, 95% CI = 1.3-3.6). However, no association
was observed between the CYP2E1 Pst/ polymorphism and risk for periodontitis

(OR =1.3,95% CI =0.6-2.5).
Conclusion:

These results suggest that the GSTM1 and CYP1A1 polymorphisms

may play an important role in risk for periodontitis.
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Periodontitis, one of the most common
diseases among adults, is caused by oral
bacteria and leads to irreversible bone
loss and eventual tooth loss (Offenba-
cher 1996). Although the direct cause
for periodontitis is oral bacterial infec-
tion, its progression and severity de-
pends upon a number of genetic and
environmental factors. Both environ-
mental and genetic factors contribute
to individual variations in the risk for
periodontal disease (Beck & Slade
1996). Several studies were performed
to elucidate the inter-individual varia-

tions of severity and progression of
periodontitis (Laine et al. 2001, Kocher
et al. 2002, Berglundh et al. 2003, Tachi
et al. 2003). Despite epidemiological
studies in different populations demon-
strating a relationship between smoking
and periodontal disease (Haber et al.
1993, Schenkein et al. 1995), the exact
role of smoking in the pathogenesis of
periodontal disease is still unknown.
Because one of the risk factors for
periodontitis is tobacco use (Burgan
1997), susceptibility to this disease
may be linked to polymorphisms in

genes coding for enzymes metabolizing
tobacco-derived substances.
Cytochrome P450 (CYP) enzymes,
CYP1A1l and CYP2EI, are considered
to play important roles in the activation
of xenobiotics, especially tobacco-
derived substances such as polycyclic
aromatic hydrocarbons (Kadlubar &
Hammons 1987) and nitrosamines
(Guengerich et al. 1991). On the
other hand, glutathione S-transfer-
ase (GST) M1 and N-acetyltransferase
(NAT1 and NAT2) are involved in
the detoxification of these activated
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metabolites. Polymorphism of CYP1A1
and CYP2E1 are associated with en-
hanced catalytic activities of these
enzymes. In addition, the null GSTM1
genotype and the mutation in the NAT
gene result in the inability to efficiently
detoxify xenobiotics. Recently, it has
been reported that the slow acetylator
genotype of NAT?2 is associated with a
higher risk of periodontitis, particularly
in smokers (Meisel et al. 2000, Kocher
et al. 2002). Therefore, polymorphism
of other xenobiotics-metabolizing en-
zymes, CYPs and GSTs, may also
contribute to individual susceptibility
to develop periodontitis.

We performed a case—control study
to investigate whether the genetic poly-
morphisms of CYP1A1, CYP2EI and
GSTMLI are associated with the risk of
periodontitis.

Material and methods

Study populations and sample
processing

All cases were patients diagnosed with
periodontal disease and were recruited
between 1996 and 1999 from the
Department of Periodontology, Yonsei
University College of Dentistry (Seoul,
Korea). Diagnosis of periodontal dis-
ease was made on the basis of clinical
parameter and radiographic examina-
tion: probing depth and assessment of
clinical attachment loss (CAL). Mea-
surements of probing depth and attach-
ment level were recorded at six points
around each tooth. Cases for this study
included only patients with >5mm
CAL at at least one site on >8 teeth
and >4mm probing depth. Controls
without any prior diagnosis of perio-
dontitis were comprised of adults re-
cruited at the College of Dentistry or
patients of the clinic. All subjects had
more than 23 teeth in the mouth. The

buccal cells (n = 126) or periodontal or
oral tissue samples (n = 115) collected
from all subjects during routine pre-
ventive dental screening or post-treat-
ment at the dental clinics were used for
the analysis of polymorphic genotypes.
Protocols involving the analysis of
buccal cell samples, periodontal speci-
mens and oral tissues were approved by
the institutional review board at the
institute and informed consent was
obtained from all subjects. A short
questionnaire was administered to all
subjects that contained questions on
demographics information and lifelong
smoking habits. Study subjects who
smoked 100 or more cigarettes in their
lifetime were categorized as smokers.
Current or former smokers were in-
cluded. Non-smokers are subjects who
never smoked.

DNA isolation

Periodontal tissue samples were col-
lected by biopsy from patients with
periodontitis, and buccal cells were
collected by mouthwash method as
described previously (Laine et al.
2000). Briefly, about 1h after the
subjects brushed their teeth, the control
subjects rinsed their mouth vigorously
for 1min with 10ml of undiluted
mouthwash (Listerine, Warner—Lambert
Consumer Healthcare, Morris Plains,
NJ, USA) and expelled it back into the
50ml tube. The collected mouthwash
was centrifuged at 2700 rpm for 15 min.
The supernatant was decanted, and the
pellet was washed in 25 ul of TE buffer
(10 mM Tris, pH 8.0, 10mM EDTA, pH
8.0). The suspension was centrifuged
and the pellet was used for DNA
extraction. Genomic DNA was isolated
by incubation 2h with proteinase K
(0.1mg/ml) in 1% sodium dodecyl
sulfate at 58°C, extracted with phenol:

Table 1. Sequences of the primers and annealing temperatures (temp) used for genotyping

analysis

Genes Sequence of primers Annealing temp (°C)
GSTMI1F GAACTCCCTGAAAAGCTAAAGC 59
GSTMIR GTTGGGGTCAAATATACGGTGG

p-globinF CAACTTCATCCACGTTCACC 59
f-globinR GAAGAGCCAAGGACAGGTAC

CYP1A1l MspIF TAGGAGTCTTGTCTCATGCCT 65

CYPIA1 MspIR CAGTGAAGAGGTGTAGCCGCT

CYP2E1 PstiF CCAGTCGAGTCTACATTGTCA 55

CYP2EI PstIR

TTCATTCTGTCTTCTAACTGG

GSTMIF, glutathione S-transferase M1; CYP1A1, cytochrome P450 P1A1; CYP2EI, cytochrome

P450 P2E1.

chloroform and ethanol precipitation as
previously described (Ausubel et al.
1988). To prevent contamination and
cross-contamination between samples
during polymerase chain reaction
(PCR), careful attention was given
throughout the DNA purification and
isolation process. The purification of
DNA samples was performed in a
location distant from the workstation
where PCR amplifications were per-
formed.

Genotyping analysis
Genotyping of GSTM1 polymorphism

One hundred and fifteen patients and
126 controls were screened for the
presence of the GSTM1 gene by multi-
plex PCR method (Deakin et al. 1996)
using 20pmol of sense and antisense
primers (Table 1), homologous to the
GSTM1 gene to generate a 215bp
fragment. A 268 bp fragment of the f-
globin gene was co-amplified as an
internal standard (Table 1). The stan-
dard PCR was performed in a 50 ul
reaction volume containing 1pug of
genomic DNA, 10mM Tris-HCI,
50mM KCl, 1.5mM MgCl,, 2.5mM
of each of the dNTPs and 5.0 U of Tag
polymerase. The reaction mixtures un-
derwent the following incubations: 1
cycle of 94°C for 4 min, 30 cycles of
94°C for 1min, 59°C for 1min and
72°C for 1min, followed by a final
cycle of 10min at 70°C. Reactions
without DNA were included as negative
controls in all genotyping analysis.
Ten microliter aliquots were removed
from each PCR and resolved by electro-
phoresis in 1.5% agarose gels. PCR-
amplified bands were detected after
the staining of gels with 1 pug/ml ethi-
dium bromide and photography over
UV light. The GSTM1 genotypes were
determined by the presence [GSTMI1
(+); wild type(+/+) or heterozygote(0/
+)] or absence [GSTM1(0/0), null type]
of PCR product (Fig. 1).

Genotyping of CYPIAI Mspl
polymorphism

The genotyping assays for the CYP1A1
Mspl polymorphism were performed by
PCR-restriction fragment length poly-
morphism (RFLP) analysis, described
previously (Hirvonen et al. 1992), with
20 pmol of primers (Table 1) homolo-
gous to sequences in the CYP1A1 gene
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Fig. 1. Representative genotyping analysis
of the cytochrome P450(CYP)1A1, CYP2E1
and glutathione S-transferase (GST) Ml
polymorphism. (a) Mspl polymorphism of
CYPIAL. Lanes 1, 2 and 3 show genotypes
ml/ml, ml/m2 and m2/m2, respectively.
(b) Pstl polymorphism of CYP2EI. Lanes 1,
2 and 3 show genotypes cl/cl, c1/c2 and c2/
c2, respectively. (c) GSTM1 polymorph-
ism. Lanes 1 and 2 indicate wild type,
GSTMI1(+) and null type, GSTMI1(—/—),
respectively. f-globin was co-amplified as
an internal control.

utilized to generate a 340bp fragment.
After initial denaturation at 95°C for
4min, amplification was carried out
for 30 cycles at 95°C for 1 min, 65°C
for 1 min, 72°C for 1 min, followed by
final elongation at 72°C for 8min.
Differences in RFLP patterns were
detected after Mspl restriction enzyme
digestion (15 U, Promega, Madison, WI,
USA) at 37°C for 2h using 10 ul of PCR
amplification. Three banding patterns
were observed by RFLP analysis:
340bp band that corresponded to the
ml/ml homozygous wild-type geno-
type, 340, 200 and 140 bp bands that cor-
responded to the m1/m2 heterozygous
genotype and 200 and 140 bp bands that
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corresponded to the m2/m2 homozy-
gous polymorphic genotype (Fig. 1).

Genotyping of CYP2EI Pstl
polymorphism

The genotyping assay for the CYP2EI
Pstl polymorphism was performed by
PCR-RFLP analysis, as described pre-
viously (Hayashi et al. 1991), with
primers (Table 1) homologous to se-
quences in the CYP2E1 gene utilized to
generate a 410 bp fragment. After initial
denaturation at 95°C for 5min, ampli-
fication was carried out for 25 cycles at
95°C for 1min, 55°C for 1min, 72°C
for 1 min, followed by final elongation
at 72°C for 7 min. Differences in RFLP
patterns were detected after Pst/ restric-
tion enzyme digestion (15U, Takara
Shuzo Co., Shiga, Japan) at 37°C for 2h
using 10ul of PCR amplification. Three
banding patterns were observed by
RFLP analysis: 410bp band that corre-
sponded to the cl/cl homozygous wild-
type genotype, 410, 290 and 120bp
bands that corresponded to the cl/c2
heterozygous genotype and 290 and
120bp bands that corresponded to the
c2/c2 homozygous polymorphic geno-
type (Fig. 1).

These analyses were repeated for
10% of the specimens and selected
PCR-amplified DNA samples were ex-
amined by dideoxy DNA sequencing
(Sanger et al. 1977) to confirm genotyp-
ing results.

Statistical analysis

The risk of periodontal disease in
relation to genotypes was estimated
using unconditional logistic regression
to calculate odds ratios (ORs) and 95%
confidence intervals (CIs). The }(2 test
for trend was used to examine potential
associations between predicted high-risk
genotypes and periodontitis risk. The y>
or Fisher’s exact tests were used to test
for analysis of categorical variables,
allelic prevalence, genotypes and case
status, and for a deviation of genotype
distribution from the Hardy—Weinberg
equilibrium. The allelic frequencies
were calculated from the observed
genotype frequencies, assuming that
alleles combine at random according to
their frequencies in the set (the assump-
tion being analogous to the Hardy-
Weinberg equilibrium) during zygote
formation. This assumption was verified
by a reversed calculation of the expected
genotype frequencies from the calcu-
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lated allelic frequencies. The statistical
computer software SAS (version 8e
for Window, SAS Institute, Cary, NC,
USA) was used to perform all statistical
analyses. All statistical tests were two-
sided. p-values <0.05 were accepted as
statistically significant.

Results

The genotype distribution for all poly-
morphisms did not differ from the
Hardy—Weinberg equilibrium among
controls (p =0.33 for CYP2El1 and
p=0.51 CYP1A1). Because of design
of genotyping analysis, we could not
assess the allelic frequency of the
GSTMI null allele. A total of 115 cases
and 126 controls were entered into this
study. Informative genotyping results
were available in 115 cases and 120
controls (Table 3). Among the control
subjects, the allelic frequencies of the
CYPIAIl m2 and CYP2E1 c2 alleles
were 0.38and 0.19, respectively, and
were similar to those reported in
previous studies (Nakachi et al. 1993,
Persson et al. 1993, Katoh et al. 1999,
Bolt et al. 2003). The distribution of
GSTM1 genotypes found in control
subjects was similar to the one observed
in earlier studies of Asian populations
(Hung et al. 1997, Sato et al. 2000).
To determine whether CYPIAl m2
and CYP2El c2 polymorphic alleles
and the GSTM1 polymorphism contri-
bute to change risk for periodontitis, we
examined the prevalence of these poly-
morphisms in periodontitis patients
versus control subjects. Significantly
increased risk for periodontitis was
observed for subjects with both the
heterozygous CYPIAl ml/m2 geno-
type (OR=2.2, 95% CI=1.1-4.2)
and the homozygous CYP1Al m2/m2
genotype (OR =29, 95% CI=1.2-
7.4). These data were supported with
the significant trend towards increased
risk for periodontitis observed with
potentially higher-risk CYP1A1 geno-
types (p =0.009, xz trend test). Also,
these data corresponded with the fact
that a significantly higher prevalence of
the CYP1A1 m2 allele was observed in
cases (0.50) as compared with controls
(0.38, p=0.02). A significant increase
in risk for periodontal disease was
observed among subjects with the
GSTMI1(+) genotype (OR = 2.1, 95%
CI = 1.3-3.6; Table 2). No association
was observed between the CYP2E1 c2
allele and periodontal disease risk
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Table2. Relative risk associated with smoking among

periodontitis patients and healthy

controls

Cases No. Controls No. OR (95% CI)
smokers 57 (50)* smokers 42 (33) 2.0 (1.2-3.4)
non-smoker 58 (50) non-smoker 84 (67) 1.0 (referent)

OR, odds ratio; CI, confidence interval.
*Numbers in the brackets denote percentage.

Table 3. Prevalence of genotypes, smoking and risk for periodontitis

GSTM1 No. CYP1A1 No. CYP2E1 No.
cases 0/0) 43 37)* ml/ml 20 (18) cl/el 56 (57)
[+1" 72 (63) ml/m2 70 (64) cl/c2 38 (39)
m2/m2 19 (17) c2/c2 4 (4)
controls (0/0) 67 (56) ml/ml 34 (34) cl/cl 34 (63)
[+] 53 (44) ml/m2 54 (55) cl/c2 20 (37)
m2/m2 11 (11) c2/c2 0 (0)
OR (95% CI) 2.1 (13 -3.6) 2.3 (1.2-4.4) 1.3 (0.6-2.5)"
non-smoker controls (0/0) 41 (51) ml/ml 25 (38) cl/cl 25 (58)
[+] 39 (49) ml/m2 33 (51) cl/c2 18 (42)
m2/m2 7 (11) c2/c2 0 (0)
OR (95% CI) 1.8 (1.0-3.1)} 2.8 (1.4-5.6)% 1.0 (0.5-2.2)
smoker controls (0/0) 26 (65) ml/ml 9 (26) cl/cl 9 (82)
[+] 14 (35) ml/m2 21 (62) cl/c2 2 (18)
m2/m2 4 (12) c2/c2 0 (0)
OR (95% CI) 3.1 (1.5-6.6)} 1.6 (0.6-4.0)% 3.3 (0.7-16.5)%

GSTMI, glutathione S-transferase M1; CYP1AI, cytochrome 450P1A1; CYP2EI, cytochrome

450 P2E1.
*Numbers in the brackets denote percentage.
+]1= genotypes either (0/+) or (+/+).

*Risk for subjects with GSTMI1 [+] allele as compared with one with GSTM1 null genotype.
SRisk for subjects with heterozygous or homozygous polymorphic genotypes as compared with one

with wild genotype.

(OR = 1.3, 95% CI = 0.6-2.5) and alle-
lic frequencies for CYP2E1 polymorph-
ism were not different between patients
with periodontitis and the controls (0.19
for controls versus 0.23 for cases,
p=0.32).

To examine the relationship between
risks for periodontitis and exposure to
an environmental risk factor, i.e. smok-
ing, we stratified study subjects by their
smoking history. As expected, ever-
smokers had increased risk for perio-
dontitis (OR = 2.0, 95% CI =1.2-3.4).
Subjects were further stratified by
genotypes to investigate the relationship
between genotypes and risk for perio-
dontal disease in different smoking
history groups. We observed a risk
change between smokers and non-smo-
kers (Table 3). Study subjects with
GSTMI1(+) genotype had a significant
increase in periodontitis risk among
smokers (OR = 3.1 95%, CI = 1.5-6.6)
and near significant moderate risk
increase among non-smokers (OR =
1.8, 95% CI=1.0-3.1). The risk was

not changed among individuals with
CYP2EI c2 allele regardless of smoking
history, although data suggested the
potential of a risk increase among
smokers (OR=3.3, 95% CI=0.7-
16.5). In contrast, we observed a risk
change for CYPIAl polymorphisms
between ever- and non-smokers. Study
subjects with CYP1A1 m?2 alleles had a
significant increase in periodontitis risk
among non-smokers (OR =2.8, 95%
CI=1.4-5.6), but no risk increase
was observed among ever-smokers
(OR = 1.6, 95% CI = 0.6-4.0).

Discussion
Periodontal disease regarded as a
chronic inflammatory oral infection

presents with a wide range of clinical
variability and severity. Both environ-
mental and genetic factors are asso-
ciated with the severity as well as the
susceptibility for periodontal disease.
Therefore, there were numerous at-

tempts to find genetic factors responsi-
ble for periodontal disease and explain
the correlation between smoking and
periodontal disease (Meisel et al. 2000,
Laine et al. 2001, Holla et al. 2002a,
Meisel et al. 2003). In particular,
polymorphisms in genes encoding mo-
lecules implicated in the host immune
and inflammatory response to bacterial
etiologic agents, such as cytokines, have
been targeted as potential genetic fac-
tors (Kornman & di Giovine 1998,
Galbraith et al. 1999). While the genetic
polymorphism in genes coding for
interleukin-1 (IL-1) (Parkhill et al.
2000, Walker et al. 2000, Laine et al.
2001, Greenstein & Hart 2002), IL-2
(Scarel-Caminaga et al. 2002) and IL-6
(Trevilatto et al. 2003) were associated
with severe adult periodontitis and an
increased risk of periodontal disease
was found for IL-1 genotype-positive
smokers (Meisel et al. 2003), significant
associations were not observed in poly-
morphisms of IL-4 gene (Kang et al.
2003, Scarel-Caminaga et al. 2003) and
transforming growth factor-f (Holla et
al. 2002b). Also, the genotypes of Fc
receptor (Kobayashi et al. 1997, Yoshi-
hara et al. 2001, Loos et al. 2003) and
vitamin D receptor (Sun et al. 2002,
Tachi et al. 2003) have been found to be
associated with risk change for perio-
dontitis. However, IL-10 (Yamazaki
et al. 2001, Gonzales et al. 2002, Ber-
glundh et al. 2003) and tumor necrosis
factor-oo (Craandijk et al. 2002, Soga
et al. 2003) have produced conflicting
results in different populations.

Recent study has suggested an asso-
ciation of the polymorphism of NAT2
gene with periodontal disease among
Caucasian population (Meisel et al.
2000). Because the NAT2 enzyme is
involved in the metabolism of tobacco-
derived xenobiotics and smoking is a
major risk of periodontal disease,
CYP1A1l, CYP2El and GSTMI en-
zymes may also contribute to an in-
creased risk for periodontitis. The
genetic polymorphisms of these en-
zymes have been linked with an in-
creased risk for tobacco-related disease
such as oral cavity cancer (Park et al.
1997, Sato et al. 1999, Tanimoto et al.
1999, Park et al. 2000, Sato et al. 2000,
Sikdar et al. 2003).

In this study, we demonstrated that
smoking is a risk factor for periodontitis
(OR =20, 95% CI=1.2-34) as pre-
viously known. The risk increase for
periodontitis among subjects with the
GSTM1(+) (OR =2.1, 95% = 1.3-3.6)



and among non-smokers with the
CYP1AIl m2 allele (OR =2.8, 95% =
1.4-5.6) is somewhat interesting. These
data suggested that the GSTMI1 and
CYP1Al enzymes may play a role
in the pathway for developing perio-
dontal disease in non-smokers. Another
potential explanation is that glutathione-
conjugated metabolites may be harmful
for periodontal tissues. However, these
assumptions need to be investigated.
Although it is needed to be confirmed in
larger study, our data suggested that
CYP2E1 enzyme may increase risk for
smoking-related periodontitis (OR =
3.3, 95% = 0.7-16.5). The presence of
an interaction between smoking and
genotypes implies that the two variables
are independent of risk factors for
periodontal disease. This suggests that
individuals are affected by both risk
factors — smoking and genotypes, sepa-
rately. Higher expression of metabolic
enzymes determined by genetic factors
may lead to an increased damage by
oxidative molecules in periodontal tis-
sues and, as a result, the rate of tissue
damage increases in association with a
higher estimated relative risk of disease.
In smokers, tobacco smoke induces the
tissue damage. Consequently, the esti-
mated relative risk of periodontal dis-
ease in smokers increases with tobacco
use. In smokers who have increased
metabolic enzyme expression, tissue
damages may accumulate faster than
in smokers with low-enzyme expression
or in non-smokers with low-enzyme
expression, leading to an overall higher
estimated relative risk.

We are aware of a potential limitation
of this study. There are evidences for
heritability of certain forms of perio-
dontitis, especially the aggressive form.
We did not add this important family
history variable in logistic regression
analysis for estimating relative risk for
periodontitis.

In summary, we demonstrated sig-
nificant association between polymorph-
isms in CYP1A1 and GSTM1 genes and
risk for periodontal disease in this study.
These results suggest that polymorph-
isms of xenobiotic metabolism may
contribute to individual susceptibility
to the risk for periodontitis and geneti-
cally defected metabolizing capacity
may be a risk factor for periodontitis
among smokers. This is the first study in
which polymorphisms in the CYP1Al
and GSTM1 were used with regard to
the risk of periodontal disease. This
information can be used for the identi-
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fication of high-risk population for
periodontitis risk and may affect strat-
egy of periodontal disease prevention.
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