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The periodontium, which anchors the

teeth to the jaws, consists of the gin-

giva, periodontal ligament, cementum

and alveolar bone (1). It is normally in

a balanced state with the periodontal

microbiota in the dental plaque. Hu-

man periodontal diseases (i.e. gingivitis

and periodontitis) result from heter-

ogenous etiologies, including changes

to the complex biofilm in the subgin-

givial microenvironment, social and

behavioral modulations, and genetic or

epigenetic traits of the host�s immune

and inflammatory responses (2). In

fact, periodontitis is a chronic inflam-

matory disease that is characterized by

destructive inflammatory processes

affecting the supporting structures of

the teeth, causing resorption of alveo-

lar bone and formation of periodontal

pockets (3). The risk for development

and/or progression of periodontitis is

thought to be determined in part by the

host�s genotype (4).

Leukocyte extravasation is part of

the inflammatory reaction, which is an

important process in self-defense

mechanisms at sites of inflammation as

well as in lymphocyte homing. It is also

important as a process responsible for

the pathogenesis of inflammatory dis-

orders (5). The migration of leukocytes

into sites of inflammation is mediated

by adhesion molecules and consists of

leukocyte rolling on the endothelium

of postcapillary venules, followed by

their firm adhesion and migration into

prevascular tissues (6). The early

adhesion events that facilitate leuko-

cyte rolling predominantly involve

selectin-carbohydrate interactions (7).

L-selectin is a member of the selectin

Houshmand B, Rafiei A, Hajilooi M, Mani-Kashani K, Gholami L. E-selectin and

L-selectin polymorphisms in patients with periodontitis. J Periodont Res 2009; 44:

88–93. � 2008 The Authors. Journal compilation � 2008 Blackwell Munksgaard

Background amd Objective: Periodontitis is a multifactorial disease in which

environmental and genetic determinant factors contribute to individual subject�s
susceptibility. A DNA polymorphism in the regulating region of adhesion mole-

cule genes is suggested to modulate the molecule�s physiological effects. The aim of

this study was to investigate the genetic association between the E-selectin

Ser128Arg and L-selectin Phe206Leu polymorphisms and periodontitis.

Material and Methods: DNA was isolated from the whole blood of 88 patients

with periodontitis and 139 healthy individuals. All samples were genotyped for the

E-selectin Ser128Arg and L-selectin Phe206Leu polymorphisms using the poly-

merase chain reaction with sequence specific primers.

Results: Our findings revealed a significant difference in the Ser128Arg poly-

morphism of E-selectin, but not in the L-selectin polymorphism, between peri-

odontal patients and controls. The 128Arg allele was present more frequently in

patients than in healthy individuals (31.25% vs. 12.2%, p < 0.0001). In addi-

tion, there was an association between the presence of the 128Arg allele and

periodontitis (odds ratio 2.9; 95% confidence interval: 1.75–4.4, p < 0.0001). No

significant association was found between the polymorphisms tested and the

subgroups of periodontal disease (i.e. chronic periodontitis and aggressive

periodontitis).

Conclusion: The findings of this study showed that the Ser128Arg polymorphism

of E-selectin might contribute to the susceptibility of Iranian individuals to peri-

odontitis.
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family, which is constitutively

expressed on leukocytes such as

peripheral lymphocytes, monocytes and

neutrophils. E-selectin, another mem-

ber of the selectin family, is exclusively

expressed on activated endothelium

stimulated by inflammatory cytokines

such as interlukin-1, tumor necrosis

factora and lipopolysaccharides (6,7).

While microbial and other environ-

mental factors are believed to initiate

and modulate periodontal progression,

the fact remains that not everyone

appears to be equally susceptible to

periodontal diseases (8). There exists

strong supporting evidence that genes

play a role in the predisposition to and

progression of periodontal disease

(4,9,10). Relationships between genes

regulating immune responses and

periodontitis seem to be intuitively

reasonable given the current dogma

regarding protective and destructive

immune responses in the pathogenesis

of periodontitis and attachment loss

(10).

Genetic polymorphisms have been

associated with different clinical forms

of periodontitis. Several polymor-

phisms have been described within the

selectin gene cluster (11,12). The two

polymorphisms investigated in the

present study are E-selectin (A561C)

and L-selectin (T668C). In the E-se-

lectin (A561C) polymorphism, an ade-

nine to cytosine substitution in the

coding region of the E-selectin gene

results in an amino acid exchange from

serine to arginine at codon 128

(Ser128Arg). This substitution takes

place in the epidermal growth factor-

like domain of this molecule, which

confers an alteration in selectin ligand-

binding specificity, leading to a gain of

function under flow conditions, possi-

bly amplifying the number of leuko-

cytes that roll and subsequently arrest

on the endothelium (13). It also

extends the range of lymphocytes

recruited by E-selectin (13,14). In the

L-selectin (T668C) polymorphism, a

phenylalanine to leucine exchange

(Phe206Leu) in the epidermal growth

factor-like domain of L-selectin may

alter its ligand interactions (15).

The polymorphisms investigated in

the present study have been previously

associated with diseases/conditions

such as coronary artery disease (16,17),

atherosclerosis (18,19), high blood

pressure (20), systemic lupus erythro-

matosus (21) and brucellosis (22). As

no study has yet been undertaken on

the possible association between the E-

selectin Ser128Arg (A561C) and L-se-

lectin Phe206Leu (T668C) polymor-

phisms and periodontal disease, we

evaluated their contribution in the

susceptibility to periodontitis.

Material and methods

Study population

A sample size calculation with alpha

0.05 and beta 0.80 was performed to

estimate the patient number needed to

detect relevant differences in perio-

dontitis between different E-selectin

and L-selectin genotypes. Therefore, a

total of 227 subjects who had never

smoked were recruited for the study.

Eighty-eight patients (55 women and

33 men; age range: 15–60 years), con-

sisting of 41 patients with aggressive

periodontitis and 47 patients with

chronic periodontitis were enrolled.

Periodontitis was diagnosed based on

the patient�s medical and dental histo-

ries, and on clinical signs and param-

eters, such as probing depth, clinical

attachment loss, bleeding on probing

index, the presence of plaque and

sequential radiographic findings (16).

No patient had a history of current

manifestation of systemic diseases.

Patients with severe medical disorders

(such as diabetes mellitus, immuno-

logical disorders, hepatitis, human

immunodeficiency virus infection and

cardiovascular involvement), those

who used orthodontic appliances,

those with a need for premedication for

dental treatment, with chronic usage of

anti-inflammatory drugs and who were

presently experiencing acute necrotiz-

ing ulcerative gingivitis, and pregnant

or lactating woman, were excluded

from the study.

The diagnostic criteria of chronic

periodontitis were as follows: (i) the

amount of periodontal destruction was

consistent with the presence of local

factors such as plaque and calculus;

and (ii) at least two sites had a probing

depth of ‡ 5 mm and clinical attach-

ment loss of ‡ 1 mm in every

quadrant.

The clinical criteria of aggressive

periodontitis were: interproximal

attachment loss, affecting at least three

permanent teeth other than central

incisors or first molars; a probing

depth of ‡ 5 mm; and clinical attach-

ment loss of ‡ 3 mm. On the regular

medical records, all patients at the

diagnosis of disease were younger than

35 years. In addition, 139 healthy vol-

unteers (73 women and 66 men; age-

range 18–53 years) as a control group,

matched with no evidence of peri-

odontitis, were included in the study.

The healthy control group included

subjects who were selected from

employees and professionals at the

dental school with similar socio-eco-

nomic and ethnic backgrounds to the

patients. They originated from the

same area in the southwestern part of

Iran. To evaluate the socio-economic

characteristics of individuals, such as

education, employment status, family

monthly income and type of residence,

we used a questionnaire for all indi-

viduals enrolled in this study. The

monthly income was recorded in Ira-

nian currency (rials), which was con-

verted into US dollars. None of the

control subjects had a history of perio-

dontitis or tooth loss as a result of

pathogenic tooth mobility. To mini-

mize random and systematic errors, all

measurements were performed by a

single examiner, who was an experi-

enced periodontologist (HB). All sub-

jects signed an informed consent form

before enrolment into the study.

Genotyping

Ten millilitres of venous blood was

collected from each subject into tubes

containing 50 mM/L of EDTA, and

genomic DNA was isolated from anti-

coagulated peripheral blood buffy coat

using Miller�s salting-out method (23).

Then, the genomic DNA was stored at

)80�C until required for genotyping.

The genotyping was performed using

the polymerase chain reaction (PCR)

sequence-specific primers method (24).

Internal control primers were included

to control for false-negative reactions.

The control primers at a concentration
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of 0.2 lM (5-GCC TTC CCA ACC

ATT CCC TT-3¢ and 5-TCA CGG

ATT TCT GTT GTG TTT C-3¢) were
used to amplify a 796-bp segment of

the HLA-DR4 gene.

The E-selectin polymorphism at po-

sition A561C was identified using the

sequence-specific forward primers:

5¢-CTG TAC CAA TAC ATC CTG

CA-3¢ and 5¢-CTG TAC CAA TAC

ATC CTG CC-3¢ in combination with

the consensus reverse primer 5¢-TCT
GAC TTC ATA GTC TCA GCT-3¢.
In addition, the L-selectin T668C

polymorphism was revealed by the

sequence-specific forward primers:

5¢-ATGGGCCCCAGTGTCAGT-3¢
and 5¢-ATG GGC CCC AGT GTC

AGC-3¢ in combination with the com-

mon reverse primer 5¢-CAA GCT CAT

TAG ATC GTG AGC-3¢.
Amplification was carried out using

a DNA Technology MTC 410 (DNA

Technology, Moscow, Russia) in a

total volume of 15 lL that contained

100 ng of genomic DNA, 1 mM each

allele-specific primer pair, 200 lM

dNTP, 10 mM Tris–HCl (pH 8.3),

50 mM KCl, 1.5 mM MgCl2 and 0.5 IU

Taq DNA polymerase.

The reaction was carried out as fol-

lows: initial denaturation at 94�C for

2 min, followed by 30 cycles of ampli-

fication at 96�C for 20 s and annealing

at 64�C for 50 s, with extension for

40 s at 72�C and a final extension for

2 min at 72�C. The amplified PCR

products were analyzed by electro-

phoresis on a 2% agarose gel followed

by staining in ethidium bromide

(0.5 lg/mL) and visualization under

ultraviolet light. The genotyping was

performed blindly to clinical diagnosis.

In other words, the agarose-gel elec-

trophoresis results were reported by an

investigator unaware of the origin of

the samples. Independent quality con-

trol analysis was performed by a lab-

oratory technician; for the Ser128Arg

variant this consisted of PCR and

genotyping of a random selection of

20% of the patients and controls to test

for any differences compared with the

initial genotype data. Repetition of the

genotyping on random samples re-

vealed no differences compared with

the initial data in all samples tested.

Data analysis

Allelic and genotypic frequencies were

obtained by direct counting. Contin-

gency tables were used with chi-square

tests to compare observed genotype

frequencies with those expected under

Hardy–Weinberg equilibrium. Chi-

square andFisher�s exact testswere used
to test for differences in genotype and

allele distribution between the groups.

Unconditional logistic regression mod-

els were applied to estimate odds ratio

and 95% confidence intervals for the

genetic risk factor in the total study

population and in the subgroups of

periodontitis. A p-value of < 0.05 was

considered statistically significant.

Results

The characteristics of the patient and

control groups are shown in Table 1.

The mean age was 44.1 ± 5.3 and

35.7 ± 7.6 years in the patients and

healthy individuals, respectively.

No socio-economic status differ-

ences between the patients with perio-

dontitis and the control individuals

were observed. There was no signifi-

cant difference in the illiteracy rate

between the patients (6.41%) and the

controls (4.87%). Among the controls,

73% voluntarily provided their

monthly income compared with 58%

of patients with periodontitis. The

monthly income of controls was not

significantly different from that of

patients (p < 0.12). There were also no

significant differences in the employ-

ment status and type of residency

between control and patient groups.

DNA samples from 88 patients with

periodontal disease and from 139

healthy individuals were analyzed for

the presence of the Ser128Arg poly-

morphism of E-selectin and for the

presence of the Phe206Leu polymor-

phism of L-selectin. The frequencies of

these two selectin genotypes in control

individuals were found to be in accor-

dance with those expected by Hardy–

Weinberg equilibrium. Testing for

deviation from Hardy–Weinberg

equilibrium was performed according

to the program FINETTI (http://ihg2.

helmholtz-muenchen.de/cgi-bin/hw/

hwa1.pl/). An increased frequency of

the E-selectin mutant C allele (128Arg)

was observed in the patients compared

with the controls (31.25% vs. 12.2%,

p < 0.0001) (Table 2). Logistic regres-

sion analysis in the study groups was

utilized to investigate the independent

role of the genotype frequency in sus-

ceptibility to periodontitis and to

adjust the potential confounding effect

of the age difference that was observed

between the patients and the controls.

The logistic regression analysis results

indicated that the C allele in patients

was associated with a higher risk for

the disease compared with controls

(odds ratio 2.9; 95% confidence inter-

val: 1.75–4.43, p < 0.0001). Indeed,

these results derive from a significantly

increased number of individuals with

the Arg/Arg genotype in a population

of patients with periodontitis com-

pared with healthy subjects (15.9% vs.

3.6%; p < 0.0001).

In addition, as shown in Table 3, the

allele and genotype frequencies of the

Phe206Leu polymorphism of the L-se-

lectin gene were not significantly

different between periodontitis

Table 1. Clinical and demographic data of patients with periodontal disease and of healthy controls

Group n Men (%) Women (%) Age (years)

Probing

depth (mm)

Clinical

attachment

loss (mm)

Bleeding on

probing

index (%)

Plaque

control

record (%)

Aggressive periodontitis 41 17 (41.5) 24 (58.5) 37.3 ± 7.1 6.3 ± 1.01 5.07 ± 0.97 88.9 ± 6.3 58.2 ± 14.6

Chronic periodontitis 47 21 (44.7) 26 (55.3) 49 ± 6.7 5.1 ± 1.37 3.96 ± 1.2 82.96 ± 9.6 88.6 ± 6.4

Periodontitis (combined) 88 38 (43.2) 50 (56.8) 43.5 ± 9 5.7 ± 1.34 4.53 ± 1.2 86 ± 8.5 73.1 ± 19.

Healthy controls 139 66 (47.5) 73 (52.5) 35.8 ± 8.6 1.7 ± 0.2 1.8 ± 0.3 6.3 ± 0.75 35.2 ± 14.2
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(aggressive or chronic combined) sub-

jects and controls (p > 0.05). Stratifi-

cation of periodontitis patients

according to the disease phenotype (i.e.

aggressive periodontitis or chronic

periodotitis) showed no significant

differences in the frequency of either

E-selectin Ser128Arg (p = 0.8) or

L-selectin Phe206Leu (p = 0.135) sin-

gle nucleotide polymorphisms between

patients with aggressive periodontitis

and those with chronic periodontitis

(Table 4).

When stratifying patients by gender

or socio-economic status, no statisti-

cally significant differences were

observed for either single nucleotide

polymorphisms (data not shown).

Discussion

Periodontitis is an inflammatory dis-

order that is characterized by the

destruction of connective tissue and

alveolar bone. The correlation of

known polymorphisms in components

of the human immune system with

phenotypes for certain patient groups

currently appear to provide the most

promising application of genetic

determinants of periodontitis. Accord-

ing to our findings, the frequencies of

the 128Arg allele and the genotype of

the E-selectin single nucleotide poly-

morphism were higher in patients with

periodontitis than in healthy individu-

als, suggesting that the E-selectin

polymorphism might influence the

susceptibility of individuals to perio-

dontitis. This single nucleotide poly-

morphism in the E-selectin gene has

been demonstrated to exert a profound

effect on ligand recognition and bind-

ing, as cell transfectants expressing the

mutant allele of this polymorphism

better support interaction with leuko-

cytes under flow conditions (14). This

could theoretically amplify the number

of lymphocytes and other leukocytes

interacting with endothelial cells

expressing the mutant form of the

molecule during periodontal inflam-

matory responses to bacterial plaque.

To date, there have been no reports

of association analysis between the

single nucleotide polymorphisms of

selectin and susceptibility to perio-

dontitis. However, we have recently

reported an association between the

E-selectin Ser128Arg polymorphism

and a subgroup of patients with bru-

cellosis who had a short onset of dis-

ease (25). E-selectin has an N-terminal

C-type lectin domain that is thought to

process the carbohydrate-binding site

that binds to E-selectin ligands (26).

Substitution of an uncharged serine

with a positively charged arginine at

residue 128 of the epidermal growth

factor domain may influence E-selectin

function, either directly or by inducing

a conformation change in the lectin

domain of the molecule. The relation-

ship between the E-selectin Ser128Arg

polymorphism and periodontitis may

reflect an amplified inflammatory

Table 2. Allele and genotype frequencies of the E-selectin (Ser128Arg) polymorphism in

patients with periodontitis and in controls

E-selectin (Ser128Arg)

polymorphism

Periodontitis Controls

p-valuen = 88 n = 139

Allele, n (%)

Ser 121 (68.75) 216 (87.8) <0.0001

Arg 55 (31.25) 30 (12.2)

Genotype, n (%)

Ser/Ser 47 (53.4) 105 (75.5) <0.0001

Ser/Arg 27 (30.7) 29 (20.9)

Arg/Arg 14 (15.9) 5 (3.6)

The values represent the numbers (percentages) of patients or controls who were positive for

each allele or genotype. The p values were calculated using the chi-squared test from 3 · 2 or

2 · 2 contingency tables for genotypes and alleles, respectively.

Table 3. Allele and genotype frequencies of the L-selectin (Phe206Leu) polymorphism in

patients with periodontitis and in controls

L-selectin (Phe206Leu)

polymorphism

Periodontitis Controls

p-valuen = 88 n = 139

Allele, n (%)

Phe 71 (40.34) 94 (33.81) 0.16

Leu 105 (59.66) 184 (66.19)

Genotype, n (%)

Phe/Phe 14 (15.9) 19 (13.7) 0.27

Phe/Leu 43 (48.9) 56 (40.3)

Leu/Leu 31 (35.2) 64 (46)

The values represent the numbers (percentages) of patients or controls who were positive for

each allele or genotype. The p values were calculated using the chi-squared test from 3 · 2 or

2 · 2 contingency tables for genotypes and alleles, respectively.

Table 4. Allele and genotype frequencies for Ser128Arg of the E-selectin polymorphism and for Phe206Leu of the L-selectin polymorphism in

aggressive and chronic periodontitis

E-selectin Ser128Arg L-selectin Phe206Leu

Ser/Ser

(%)

Ser/Arg

(%)

Arg/Arg

(%)

Ser

(%)

Arg

(%)

Phe/Phe

(%)

Phe/Leu

(%)

Leu/Leu

(%)

Phe

(%)

Leu

(%)

Aggressive periodontitis 21 (51.2) 14 (34.1) 6 (14.6) 56 (68.3) 26 (31.7) 5 (12.2) 21 (51.2) 15 (36.6) 31 (37.8) 51 (62.2)

Chronic periodontitis 26 (55.3) 13 (27.7) 8 (17) 65 (69.1) 29 (30.9) 14 (29.8) 19 (40.4) 14 (29.8) 47 (50) 47 (50)

No statistical differences were observed for any comparison (chi-squared test, p > 0.05).
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response resulting from the action of

altered selectin molecules containing

the serine to arginine mutation. The

substitution of arginine for serine has

been shown to decrease the binding

specificity dramatically, while increas-

ing the affinity for additional ligands,

resulting in an increase in the cellular

adhesion of two- to threefold (13). The

E-selectin 128Arg allele may thus

increase leukocyte adherence to acti-

vated endothelium in areas susceptible

to the formation of bacterial plaque,

thereby contributing to the progression

of periodontitis. Functional studies

have demonstrated a reduced strength

of adhesion associated with the Arg

allele (27).

Because L-selectin also has a role in

attracting leukocytes to inflammatory

sites (28), we analyzed the L-selectin

Phe206Leu polymorphism in patients

with periodontitis. Although recent

studies have addressed the significant

association between the Phe206Leu

polymorphism of L-selectin with cer-

tain disorders such as immunoglobulin

A nephropathy (29) and brucellosis

(22), we were not able to detect any

statistically significant association of

this polymorphism with periodontitis.

This finding indicates that different

genes appear to be related to host

susceptibility for periodontitis.

Although the principal ligand con-

tact point of the selectins lies within the

lectin domain (30), the substitution of

a phenylalanine with a leucine at resi-

due 206 may influence L-selectin

binding function. It may be speculated

that the pathogenic mechanisms

underlying the development of some

complicated forms of infections and

inflammatory diseases may be related

to an inability to express suitable li-

gand-binding forms of the adhesion

molecules, including L-selectins, but

more studies are required to prove this

hypothesis. We found no gender dif-

ferences between these two single

nucleotide polymorphisms for perio-

dontitis. Some studies have revealed

no association of certain gene poly-

morphisms and gender on disease sus-

ceptibility (31).

Taken together, this study demon-

strated an association between the

E-selectin Ser128Arg single nucleotide

polymorphism and periodontitis in an

Iranian population.
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