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CXCR-2 is a receptor of interleukin-8, which is involved in acute and chronic inflammatory processes. Poly-
morphisms in the CXCR2 gene have been associated with chronic inflammatory conditions. The aim of this
study was to investigate whether the +785(C/T), +1208(T/C), and +1440(G/A) single-nucleotide polymor-
phisms (SNPs) in the CXCR2 gene, as well as their haplotypes, are associated with susceptibility to periodontitis
in Brazilians. DNA was extracted from the buccal epithelial cells of 487 individuals (control =215; period-
ontitis =272). The SNPs were investigated using the sequence-specific primer—polymerase chain reaction
method. Associations between the polymorphisms and subject phenotypes were analyzed using the chi-squared
statistical test, followed by univariate and multivariate logistic regression modeling. Haplotypes were re-
constructed using the expectation-maximization algorithm, and differences in haplotype distribution between
the groups were analyzed to estimate genetic susceptibility for periodontitis development. Univariate and
multivariate analysis revealed that age, skin color, and smoking status were associated with periodontitis. The
+1440 GG genotype was shown to be protective against periodontitis in both univariate and multivariate
analysis (odds ratio [OR],gjusted = 0-42; 95% confidence interval [CI] =0.19, 0.96). A similar relevant result for the
+1440 GG was obtained in an alternative analysis considering a subgroup containing only white nonsmokers
(OR=0.37; 95% CI=0.15, 0.92). White nonsmokers with the CTG/TCG haplotype appeared to be geneti-
cally protected against the development of periodontitis (OR =0.29; 95% CI=0.09, 0.89), while those carrying
the CTG/TCA haplotype were more susceptible to the development of periodontitis (OR =2.08; 95% CI=1.24,
3.51). In conclusion, the +1440 SNP and some haplotypes are associated with periodontitis in Brazilian
individuals.

Introduction into tissue from peripheral blood (Strieter, 2002). The term

CXC is derived from the chemokine structure, which in-

PERIODONTITIS Is A multifactorial disease that is primar-
ily caused by bacterial stimuli (Hafajee and Socransky,
1994) and has a progression closely linked to the host im-
munoinflammatory response (Yoshie et al., 2007). The in-
flammatory process in periodontitis is one of the factors
responsible for tissue damage, resulting in periodontal
pocket formation and destruction of the periodontal liga-
ment and adjacent support bone (Susin et al., 2005, Van
Dyke, 2007). Previous studies have reported the importance
of specific cytokines, such as interleukin 1 (IL-1) (Massada
et al., 1990), IL-2 (Ozawa et al., 2003), IL-4 (Yamazaki ef al.,
1994), IL-6 (Irwin and Myrillas, 1998), and IL-10 (Yamazaki
et al., 1997), in this process.

IL-8, a member of the CXC chemokine family, is primarily
responsible for the activation and migration of neutrophils

cludes two cysteines and one intervening amino acid (Mu-
kaida, 2003). IL-8 is also involved in the initiation and
amplification of acute inflammatory reactions and in the
chronic inflammatory process (Campa et al., 2005). There are
two specific receptors for IL-8, CXCR-1, and CXCR-2 that are
responsible for mediating its cellular activities. The amino
acid sequences of CXCR-1 and CXCR-2 are 77% identical
(Murphy and Tiffany, 1991), and these two receptors are
encoded by two single-copy genes located on chromosome
2q34-35 (Morris et al., 1992). CXCR-2 binds IL-8 and other
CXC chemokines with high affinity, whereas CXCR-1 binds
only IL-8 (Baggiolini, 1998).

The CXCR2 gene (GenBank accession number M99412) is
composed of three exons, and the open reading frame is
entirely encoded in the third exon (Sprenger et al., 1994).
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Some single-nucleotide polymorphisms (SNPs) in the CXCR2
gene have been reported: +785(C/T) is located in exon 3
(refSNP ID: rs2230054) (reference sequence number from the
NCBI's Entrez system) and +1208(T/C) rs1126579 and
+1440(G/A) 151126580 are in the 3’ untranslated region of
exon 3 (Renzoni ef al., 2000).

Associations of these SNPs with chronic inflammatory
conditions, especially respiratory and rheumatoid diseases,
were confirmed by several studies (Kato ef al., 2000; Renzoni
et al., 2000; Brown et al., 2006). Renzoni et al. (2000) found that
individuals homozygous for both +785 C and +1208 T al-
leles of the CXCR2 gene were more susceptible to developing
systemic sclerosis.

Although the importance of the polymorphisms in the
CXCR2 gene in inflammatory process has been confirmed
(Barnes, 1999; Kato et al., 2000; Qiu et al., 2003), it is not
known whether these SNPs could also be related to
periodontitis. Therefore, the aim of this study was to in-
vestigate whether +785(C/T), +1208(T/C), and +1440(G/A)
SNPs in the CXCR2 gene, as well as their haplotypes, are
associated with susceptibility to periodontitis in Brazilian
individuals.

Materials and Methods
Selection of subjects

This study involved individuals from the State of Sao
Paulo in the southeastern region of Brazil. A total of 487
unrelated subjects were recruited from the patient pool of the
School of Dentistry at Araraquara, Sao Paulo State Uni-
versity (UNESP), from November 2004 to May 2007. The
study was approved by the Committee for Ethical Affairs of
the Sdo Paulo State University (Protocol number 57/04). All
volunteers were informed of the aims and methods of this
study, and all gave their written consent.

The exclusion criteria for enrolling patients in the study
were use of prophylactic antibiotics, chronic usage of antiin-
flammatory drugs, current pregnancy, ongoing orthodontic
therapy, and self-declared history of diseases that influence
the immune system, diabetes mellitus, HIV infection, or im-
munosuppressive chemotherapy (Kim et al., 2009). Each sub-
ject was examined by one of two calibrated periodontists, who
carried out the periodontal examinations throughout the
study period (weighted kappa = 0.74, considering the probing
depth [PD]). The clinical signs and parameters, including PD,
clinical attachment loss (CAL), and bleeding on probing, were
assessed at six sites around each tooth using a periodontal
Williams probe (Trinity, Campo Mourdo, Brazil). The subjects
were categorized into two groups:

» Control group: subjects exhibiting no sites with CAL
and PD >3 mm and no bleeding on probing

* Periodontitis group: subjects exhibiting one or more
sites with CAL and PD >3mm and bleeding on
probing.

Information on smoking status was obtained using a self-
reported questionnaire, and each subject was classified as
a “smoker” or “nonsmoker” according to Kornman et al.
(1997). Smokers were defined as current smokers, and non-
smokers were subjects who had never smoked or who were
former smokers who had quit smoking at least 5 years ago.
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Analysis of genetic polymorphisms

Buccal epithelial cells from the subjects were obtained
with 3mL of 3% glucose mouthwash for 2min. DNA was
extracted with a phenol/chloroform/isoamyl alcohol
(25:24:1) solution and precipitated with a salt ethanol solu-
tion (Sambrook, 2001). The +785(C/T), +1208(T/C), and
+1440(G/A) SNPs in the CXCR2 gene were examined using
the sequence-specific primer-polymerase chain reaction
method (SSP-PCR) as previously reported (Renzoni et al.,
2000). SSP-PCRs were performed in a 13 pL mixture con-
taining 1xbuffer (20 mM Tris-HCl and 50 mM KCl, pH 8.4;
Invitrogen, Sao Paulo, Brazil), 0.2mM of each dNTP (GE
Healthcare Life Sciences, Buckinghamshire, United King-
dom), 2.0mM MgCl,, 3U Platinum Tag DNA Polymerase
(Invitrogen), and 150ng of genomic DNA. The polymor-
phisms were amplified using primer sets and thermocycler
conditions according to Renzoni et al. (2000), with some
modifications. For the +1208(T/C) SNP, 0.2uM of each
control APC, forward and reverse primer were used, and the
forward primer 5 AGGCTGGCCAACGGGG/A 3’ was used
for the +1440(G/A) SNP, giving a product size of 433 bp.

All of the SSP-PCRs were performed in a Mastercycler
Gradient thermocycler (Eppendorf, Hamburg, Germany),
followed by electrophoresis on a 10% polyacrylamide gel
(USB, Cleveland, OH), stained by the silver staining method
and photographed using the GDS 8000 System (UVP,
Upland, CA).

Statistical analysis

The illustrative power calculations used to estimate the
relevance of the p-values produced from this dataset were
performed using the methodology for discrete traits in
case—control studies (Purcell et al., 2003). The parameters
considered were similar to those used by Brett et al. (2005),
including the chronic periodontitis prevalence of 0.06 (Dini
and Castellanos, 1995).

Differences between the allelic and genotypic frequencies
of polymorphisms in the CXCR2 gene in the control and
periodontitis groups were analyzed by the two-sided
Fisher’s exact test or, in case of a rare polymorphism, by the
CLUMP program that employs Monte Carlo simulations
(Sham and Curtis, 1995). Associations between the poly-
morphisms and certain characteristics of the subjects (age,
sex, skin color, and smoking status) in the control and peri-
odontitis groups were analyzed using the chi-squared test,
followed by univariate and multivariate logistic regression
modeling. Statistical analyses were performed using the SAS
statistical package version 9 (SAS Institute, Cary, NC).

The ARLEQUIN version 3.1 program (Excoffier et al.,
2005) was used to calculate Hardy-Weinberg equilibrium, to
reconstruct haplotypes by the expectation-maximization al-
gorithm (as the gametic phase is unknown) and to evaluate a
likelihood ratio test of linkage disequilibrium. Differences in
the haplotype distributions between the studied groups were
assessed by the CLUMP program. The relationship between
the computationally inferred haplotypes arranged as alleles
or genotypes and periodontal disease susceptibility was an-
alyzed by the two-sided Fisher’s exact test and by the odds
ratio (OR) and 95% confidence interval (95% CI) calculations
using the GraphPad InStat version 3.05 software (San Diego,
CA). In a subgroup analysis, smokers were excluded and
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statistical analyses were performed in nonsmokers as well.
The differences were considered significant when p < 0.05.

Results
SNP analysis

The power calculations performed in this study show that
the sample size required to ascertain the significance of an
association between periodontal disease and the studied
genetic polymorphisms with an alpha value of 0.001 and
power of 95% was 175 individuals. Therefore, the number of
subjects enrolled in this study was large enough to detect
association with an acceptable level of confidence.

The population investigated here was primarily composed
of female subjects (61.4%), whites (58.3%), and nonsmokers
(83.2%) (Table 1). The subjects were classified according to
their skin color, as proposed by Peres et al. (2007), as whites
(predominantly of European heritage), darker-skinned
blacks (predominantly African heritage), lighter-skinned
blacks (a mixture between European, African, and Amerin-
dian heritages), or yellow (Asian descent) (Table 1).

The control group had an average of 27.6 (+2.1) teeth re-
maining, while the periodontitis group had 19.7 (+4.3) teeth
remaining. The number of teeth with PD and CAL >3 mm
was 0 in the control group and 5.65 (+3.6) in the period-
ontitis group.

In the control group, only the genotype distribution of the
+1440 SNP (rs1126580) was consistent with the assumption
of Hardy—Weinberg equilibrium. Table 2 shows the results of
the univariate analysis used to evaluate any association be-
tween periodontitis and the age, sex, skin color, smoking
status, and genotypic distributions of the patients. Significant
associations were observed with age (ORs ranging from 3.66
for age group 30-39 to 29.2 for age group 60-69), skin color
(OR=1.78 for lighter-skinned blacks; OR=2.57 for darker-
skinned blacks), smoking status (OR=3.36), the SNP
rs1126580 (OR=0.4 for GG genotype; OR=1.605 for GA
genotype), and periodontitis. Therefore, these characteristics
were considered confounding factors of periodontitis. In
contrast, neither sex nor the +785 (rs2230054) or +1208

TABLE 1. CHARACTERISTICS OF THE STUDIED GROUPS

Control Periodontitis Total
(n=215) n=272) (n=487)
Age, mean (+SD), 35.3 (£10.4) 43.4 (£10.5) 39.7 (+£11.2)
years
Sex, n (%)
Female 127 (59) 172 (63.2) 299 (61.4)
Male 88 (41) 100 (36.8) 188 (38.6)
Skin color, 1 (%)
White 144 (67) 140 (51.4) 284 (58.3)
Darker-skinned 24 (11.2) 60 (22) 84 (17.2)
blacks
Lighter-skinned 41 (19) 71 (26) 112 (23)
blacks
Yellow 6 (2.8) 1 (0.6) 7 (1.5)
Smoking habits, n (%)
Nonsmokers 197 (91.6) 208 (76.4) 405 (83.2)
Smokers 18 (8.4) 64 (23.6) 82 (16.8)
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(rs1126579) SNPs in the CXCR2 gene were associated with
periodontitis (Table 2).

To more accurately evaluate the strength of any associa-
tion and to eliminate the distortion caused by confounding
effects, multivariate analysis was performed. Although sex
and the rs2230054 and rs1126579 SNPs were not associated
with periodontitis, we included them in the multivariate
analysis to adjust for any small confounding effects. Except
for the GG genotype of the +1440 SNP (rs1126580), all of the
confounding factors detected by univariate analysis were
also detected by multivariate analysis (Table 2).

In the univariate analysis, for the +1440 SNP, when
comparing the three genotypes, it was observed that the GG
genotype was shown to be protective against periodontitis
(OR=0.4; CI=0.193, 0.831) (Table 2); when comparing the
GG with GA and AA, the GG genotype was also found to be
protective against periodontitis (p =0.0002; OR =0.287; 95%
CI=0.146, 0.562). Multiple logistic regression analysis con-
firmed that individuals carrying the GG genotype of the
rs1126580 SNP were protected against the development of
periodontitis (OR =0.423; 95% CI=0.187, 0.957), even after
adjusting for covariates, including age, sex, skin color, and
smoking status.

Indeed, the data in Table 3, which shows the allele and
genotype frequencies of the studied SNPs in different sub-
groups, demonstrated that the +1440 SNP genotype distri-
bution was significantly different for all subgroups: total
(p<0.0001), nonsmokers (p=0.0002), whites (p=0.0067),
and white nonsmokers (p =0.0139), where all the OR and CI
values indicated the GG genotype as associated with pro-
tection against periodontitis. For example, considering a
subgroup formed by only white nonsmokers, the +1440 GG
showed the OR=0.37 and 95% CI=0.15, 0.92. These sig-
nificant results in Table 3 are in agreement with the results
obtained in the univariate and multivariate analysis (Table
2), in which the GG genotype of the rs1126580 SNP seems to
protect individuals against periodontitis.

Haplotype analysis

In the control and periodontitis groups, linkage dis-
equilibrium was observed among nearly all SNPs
(»=0.00000 =+ 0.00000). The exception to this is that linkage
disequilibrium was not detected between the rs2230054 and
rs1126580 SNPs (p =0.34604 4 0.0046) in the control group.

The distributions of the haplotype sets in the control and
periodontitis groups were examined using the CLUMP
program. As summarized in Table 4, this analysis revealed a
significant difference between the two groups in both the
total sample (p=0.0029), nonsmokers and white nonsmok-
ers (p =0.0009). When each haplotype was evaluated for an
association with periodontitis in the white nonsmoker sub-
group, we observed that individuals carrying the haplotypes
TCA (OR=1.47; 95% CI=1.01, 2.14) and CCG (OR=6.13;
95% CI=1.32, 28.3) were more likely to develop period-
ontitis. The haplotypes CCA (OR =0.41; 95% CI=0.19, 0.87)
and TCG (OR =0.33; 95% CI=0.15, 0.73) appeared to have
the opposite effect; that is, these haplotypes seemed to pro-
tect individuals against the disease (Table 4).

Computationally obtained maximum-likelihood haplo-
type frequencies revealed that the distributions of the
haplotypes arranged as genotypes (assessed by the CLUMP
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TABLE 4. DisTRIBUTION OF CXCR2 HAPLOTYPES FOUND IN THE STUDIED GROUPS

White nonsmokers

Nonsmokers

Total

Haplotypes

95% CI

OR

p
0.05

222 (%)

Control, Periodontitis,
262 (%) n=

n=

95% CI

OR

P
0.0005%

322 (%)

Control, Periodontitis,
334 (%) n=

n=

95% CI

OR

p
0.057

Control, Periodontitis,
430 (%) n=544 (%)

n=

+785 +1208

+1440

1.47 1.01, 2.14

79 (30.2) 86 (38.7)

1.32 1.13,1.54

( 160 (38.5)

121 (30.7)

1.12 1.00, 1.25

203 (37.3)

135 (31.4)
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program) were significantly different between the control
and periodontitis groups for both the total sample
(p=0.0069), nonsmokers (p =0.0019) and white nonsmokers
(p=0.0149) (Table 5). Analysis of each haplotype indicated
that nonsmokers carrying the CTG/TCA (OR=2.08; 95%
CI=1.24, 3.51) were more susceptible to the development of
periodontitis than individuals carrying other haplotypes.
White nonsmokers with the CTG/TCG genotype appeared
to be genetically protected against the development of peri-
odontitis (OR =0.29; 95% CI=0.09, 0.89) (Table 5).

Discussion

Periodontitis has a complex etiology, as it is primarily
caused by bacteria (Van Dyke, 2007), but is also affected by
several risk factors, including smoking habits (Grossi et al.,
1994), diabetes (Cairo et al., 2001), and genetic polymor-
phisms (Schenkein, 2002). Previous studies have suggested
that inflammatory cytokines also contribute to periodontitis
pathogenesis (Page and Schroeder, 1976; Kornman ef al.,
1997; Graves, 1999). Thus, it is reasonable to assume that
genetic variations, such as SNPs, in cytokines and cytokine
receptor genes (Breunis et al., 2007) may contribute to sus-
ceptibility to periodontitis.

The results presented here revealed that individuals car-
rying the GA genotype at the +1440 SNP (rs1126580) were
protected against the development of periodontitis, even
after adjusting for covariates (Table 2). A similar protector
effect against the development of Classic Kaposi Sarcoma
(Brown et al., 2006) was observed with the presence of both
the +1440G SNP and the +1208T SNP (rs1126579). Classic
Kaposi Sarcoma is an inflammatory-mediated disease char-
acterized by localized pathogenesis and involves the ex-
pression of proinflammatory cytokines (Miles et al., 1990).
The +1208(T/C) and +1440(G/A) genetic variants in the
CXCR2 gene are located within the 3’ untranslated region of
exon 3 and have the capacity to alter mRNA processing,
stability or translation (Ahuja et al., 1994; Sprenger et al.,
1994). Functional studies suggest that CXCR2 indirectly ac-
tivates fibroblasts by mediating the recruitment of T cells
(Santamaria ef al., 1996), a process similar to that observed
both in Kaposi Sarcoma spindle cell transformation (Brown
et al., 2006) and in periodontitis (Van Dyke, 2007). Un-
fortunately, studies investigating the functionality of poly-
morphisms in the CXCR2 gene have not been performed. It is
unclear, for example, whether a polymorphism in this gene
could influence the expression level of the CXCR-2 protein or
whether an SNP could modify the capacity of the receptor to
bind to IL-8.

The excess heterozygotes relative to the expected number
of heterozygotes for all SNPs may explain why Hardy-
Weinberg equilibrium of the genotype distributions in our
study was not observed. Indeed, high heterozygosity was
previously observed when approximately 50% of the indi-
viduals were genotyped for the +1440 SNP by the PCR-
restriction fragment length polymorphism method (Viana
et al., 2007). Errors in genotyping are commonly used to
explain departures from Hardy-Weinberg equilibrium. In
this study, however, we believe that this is not a strong
possibility because when a sample demonstrated an uncer-
tain pattern of bands, it was repeated until an accurate
genotype could be obtained. Another possible explanation
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for the departures from Hardy-Weinberg equilibrium is the
selection criteria used for patients with periodontitis. Similar
findings were obtained in a study focusing on aggressive
periodontitis and the —590 and —34 SNPs in the IL4 gene
(Gonzales et al., 2007).

When the three SNPs were analyzed together as haplo-
types, we found a significant association between the hap-
lotypes and periodontitis susceptibility (Tables 4 and 5).
Similar findings were observed with the same population in
a previous study (Kim et al., 2009) and in other studies of
Brazilian individuals in which IL10 (Scarel-Caminaga et al.,
2004) and a vitamin D receptor (de Brito Junior et al., 2004)
were examined. These previous studies corroborate the idea
that haplotypes are more powerful in detecting susceptibility
alleles than individual polymorphisms and that they may
give more information on the disease.

To evaluate any potential confounding effects that could
cause bias in this association study of periodontitis, im-
portant factors known to influence the pathogenesis of
periodontitis were assessed by univariate and multivariate
analysis. The univariate analysis showed that age, skin
color, and smoking status were associated with period-
ontitis (Table 2). These findings were also obtained in the
multivariate analysis. Similar results were also obtained in a
previous study investigating the association of a polymor-
phism in the IL8 gene with periodontitis in the same pop-
ulation (Kim et al., 2009). It has been established that
smoking habits are an important risk factor for the initiation
and progression of periodontitis (Genco, 1996; Kornman,
2005; Gonzales et al., 2007). Kornman et al. (1997) suggested
that the smoking-related risk could often obscure the
polymorphism-related risk. In the present study, smoking
status was a confounding factor of periodontitis (p <
0.0001) (Table 2). The results of the genetic analyses of
the total sample were not notably different from those ob-
tained for nonsmokers only (Tables 3-5). A possible reason
for this could be the low frequency of smokers (16.8%) in
the total sample. Nevertheless, because others and we have
found an association of smoking habits with periodontitis
(ORagjustea = 3.597; 95% CI=1.910, 6.772; Table 2), we per-
formed the haplotype analysis without smokers. Without
the influence of smoking habits, results of the haplotype
analyses showed significant results (Tables 4 and 5). Fur-
ther, to eliminate as many confounding factors as possible,
that is, skin color and smoking habits, all the statistical
analyses were performed, including only white individuals
who were nonsmokers (Tables 3-5). For white nonsmokers
it was found that the CTG/TCA is associated with a genetic
predisposition to periodontitis and that the CTG/TCG
genotype is associated with protection against periodontitis
(Table 5).

These results, however, could be influenced by age. The
increase of age has been associated with the prevalence, ex-
tent, and severity of periodontitis (Heitz-Mayfield, 2005). It
has also been proposed that the increased level of periodontal
destruction observed with aging is a result of cumulative de-
struction rather than increased rates of destruction (Genco,
1996). Therefore, for multivariate analysis to completely
eliminate the effect of age on the studied population, the
mean age of the subjects should have been similar. Thus, the
mean age difference between groups may be a limitation of
the present study.

VIANA ET AL.

The analysis of haplotypes arranged as alleles revealed a
significant difference between their distributions in the con-
trol and periodontitis groups, where the TCA and CCG
haplotypes were associated with susceptibility to period-
ontitis and the CCA and TCG haplotypes were associated
with protection against the development of periodontitis
(Table 4). In the literature, the only study that investigated
the same SNPs in the CXCR2 gene was conducted in a
Chinese population. That study found five prevalent haplo-
types, with the CTG haplotype being the most predominant,
followed by the TCA haplotype (23%) (Hsing et al., 2008). In
the Brazilian population studied here, eight haplotypes were
found; three of these haplotypes (CTA, TTA, and TTG) were
identified for the first time in this study. Interestingly, the
most common haplotype in the Chinese population, CTG
(64.4% for controls), was much less common in the Brazilian
population (28.6% for total controls, Table 4) and was asso-
ciated with susceptibility to periodontitis in Brazilian non-
smokers. The CCA haplotype, which was associated with
protection against the development of periodontitis in non-
smokers, was seven times more frequent in Brazilian popu-
lation (8.8%) than in the Chinese population (1.2%, the rarest
haplotype observed by Hsing et al., 2008).

Because the significant results of the CXCR2 gene associ-
ation with periodontitis were obtained in a Brazilian admix-
ture population, additional studies enrolling other ethnically
diverse populations must be performed to ascertain whether
this gene could be a marker for periodontitis or other dis-
eases, such as inflammatory diseases. Also, to better under-
stand the results of the association-disease studies, additional
studies investigating the functionality of the CXCR2 poly-
morphisms will be necessary.

In conclusion, to our knowledge, our findings are the first
to indicate an association between the +1440 SNP and hap-
lotypes in the CXCR2 gene with susceptibility to or protec-
tion against periodontitis in Brazilian individuals.
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