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ABSTRACT

Background/Aims : Chronic kidney disease (CKD) is a complex disorder, which
may result in several complications involving disturbance of mineral
metabolism, like extra-osseous calcification and bone diseases. Renal patients
are also more prone to infections. Regarding complications of infectious nature,
periodontitis (P) appear to be an important cause of persistent systemic
inflammation in CKD patients, increasing morbidity in this population. Besides,
P seems to be more prevalent and severe in CKD patients. Periodontitis is
characterized by irreversible clinical attachment loss (CAL) caused by alveolar
bone resorption around the teeth, which may lead to tooth loss. In this context,
studies focusing mediators of bone metabolism might contribute to the
understanding of mechanisms involved in CKD and P development.
Osteoprotegerin (OPG) is a protein that antagonizes Receptor Activator of
Nuclear factor Kappa B Ligand (RANKL), a key regulator of osteoclastogenesis.
Polymorphisms are the main source of genetic variation and single nucleotide
polymorphisms (SNPs) have been reported as the major modulators of disease
susceptibility. The aim of this study was to investigate the association between
a polymorphism in the untranslated region (UTR) of the OPG gene and the
susceptibility to CKD and P. Material and Methods : A sample of 224 subjects
without and with CKD (in hemodialysis) was divided into groups with and
without P. A polymorphism in the untranslated region (UTR) of OPG gene was
analyzed by PCR-RFLP. The differences in observed frequencies of
polymorphism among the groups were assessed by standard Chi-square and
considered significant when p-value was < 0.05. Results : There was found no
association between the study OPG polymorphism and susceptibility to CKD or
P. Conclusion : The study polymorphism located at position -223 in the UTR
region (also known as -950) was not associated with susceptibility to CKD or P.
Other studies investigating other polymorphisms in this and other genes of the
host response could help clarify the involvement of bone metabolism mediators

in the determination of susceptibility to CKD and P.
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INTRODUCTION

Chronic kidney disease (CKD) is a complex disorder that combines
environmental and genetic effects (Goldfarb-Rumyantzev et al., 2006). It
represents a progressive and irreversible deterioration of the kidney’s functional
units, nephrons. It is characterized by reduction of renal mass leading to
structural hypertrophy of the remaining nephrons (Lynch et al., 1994). It results
from a wide spectrum of diseases such as glomerulonephritis, diabetes,
hypertension, and autoimmune diseases (de Rossi & Glick, 1996; Proctor et al.,
2005), but its clinical manifestations are largely independent on the initial insult
that damaged the kidneys. Loss of renal function arises with accumulation of
metabolic waste products which in turn change the normal hemostatic
mechanisms that control electrolytic balance (Rose & Bulack, 1988). Dialysis or
renal transplant is required to remove toxic products of metabolism from the
blood, being the latter the ideal form of treatment (Eigner et al., 1986). In 2005,
the prevalence of patients with CKD was 19.2 millions in the United States
(Schoolwerth et al., 2006) and 2 millions of patients in Brazil (Sociedade
Brasileira de Nefrologia, 2006).

Renal patients are also more prone to infectious complications
(Stenvinkel et al., 2004). In fact, chronic infections appear to be important
causes of persistent systemic inflammation in CKD patients, which in turn have
been considered a major risk factor for CKD patients’ morbidity and mortality
(Naugle et al., 1998; Craig et al., 2002; Foley et al., 2006; Wyatt & Winston,
2006). Regarding complications of infectious nature, periodontal disease has
been referred to as a major infectious focus that could enhance levels of
systemic inflammation, increasing patients’ morbidity (Rahmati et al., 2002).

Periodontal disease or periodontitis (P) is an infectious disorder, where
putative periodontopathogens trigger chronic inflammatory and immune
responses that are thought to determine the clinical outcome of the disease
(Garlet et al., 2004). It is characterized by irreversible loss of tissue support
around the teeth, which often leads to tooth loss.

Periodontitis has environment and genetics as determinant factors
contributing to the individual variation (Kornman et al., 1997; Kinane & Marshall,

2001). Heritable risk factors may be related to inflammatory or immune
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mechanisms that, if rendered ineffective or hyperactive, could enhance the
pathogenic potential of bacterial plaque in susceptible individuals (Schenkein &
Van Dyke, 2000). According to the American Academy of Periodontology (AAP,
2005), 5 to 15 % of people suffer from severe periodontal disease and 50 % of
adults have at least a moderate type of periodontitis. In Brazil, 50 % of the
population between 35 and 44 years present some form of periodontal disease,
according to Brazil Oral Health Project (PSB, 2003). Periodontitis has been
considered a CKD complication (Craig et al., 2002; Marakoglu et al., 2003;
Borawski et al., 2007) and its prevalence and severity are suggested to be
increased in this population (Kshirsagar et al., 2005; Borawski et al., 2007).

With the increasing number of patients in hemodialysis, the studies have
been focusing on CKD complications, mainly related to disturbance of mineral
bone metabolism, such as secondary hyperparathyroidism (Khan, 2007), extra-
osseous calcification (Floege & Ketteler, 2005), and bone diseases (Jassal et
al., 2007). In this context, studies focusing mediators of bone metabolism could
contribute to the understanding of mechanisms involved in CKD complications
outcome (Moe et al., 2007). Moreover, the main clinical sign that characterizes
periodontitis is clinical attachment loss (CAL) caused by alveolar bone
resorption (Ebisu & Noiri, 2007).

Bone is a dynamic tissue, which is continuously renovating in a process
called “remodelling” (Coen et al., 2002). The process of coordinated formation
and resorption of bone may be up- or down-regulated by a wide spectrum of
factors like diseases, drug usage, systemic hormones [parathormone (PTH),
calcitriol], local cytokines [Interleukin (IL) -1, IL-6] and growth factors [as the
Tumour Necrosis Factor (TNF)], bone metabolism mediators [Receptor
Activator of Nuclear factor Kappa B (RANK) and RANK ligand (RANKL)], and
genetic polymorphisms (Montalban et al., 1999; Wittersheim et al., 2006).

Osteoprotegerin (OPG), also known as factor of osteoclastic inhibition, is
a secreted basic glycoprotein with 401 amino acid residues that belongs to TNF
receptor superfamily, and is considered as a bone regulating protein with the
capacity to decrease bone resorption (Simonet et al., 1997). It is expressed by a
variety of organs and tissues, such as heart, lung, kidney, vessel wall, intestine,
stomach, brain, thiroid gland, spinal marrow and bone (Simonet et al., 1997;

Yasuda et al., 1998). This protein has a function to antagonize RANKL, the
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main regulator of osteoclastogenesis (Lacey et al., 1998). It is a critical cytokine
for the differentiation, activation, and survival of the osteoclasts and acts as a
regulator of osteoblast-osteoclast cross-talks and homeostasis (Shalhoub et al.,
1999).
The OPG gene was cloned and characterized by Morinaga et al. (1998).
The gene located on chromosome 8g23-24 represents a single copy gene with
5 exons spanning 29 kb. The translation termination codon is located in exon 5
and a typical poly (A) addition signal resides 173 nucleotides downstream of the
translation termination codon. A major transcription initiation site is present 67
nucleotides upstream of the initiation ATG codon (Morinaga et al., 1998).
Genetic polymorphisms refer to the existence of two or more alleles at a
given locus, with an allele frequency of more than 1 % in a population. Single
nucleotide polymorphisms (SNPs) represent the most common form of DNA
variation in the human genome, and polymorphic alleles have been implicated
in the augment of susceptibility to complex human diseases (Trevilatto et al.,
2003; Riemenschneider et al., 2006). Polymorphisms in genes of the host bone
metabolism have been associated with CKD complications and periodontitis
(Nagaba et al., 1998; de Brito Jr et al., 2004). However, to our knowledge, there
are no studies investigating the association between polymorphisms in the OPG
gene and CKD, as well as a few studies reporting the relationship between
OPG polymorphisms and P. Thus, the aim of this study was to investigate the
association between a polymorphism in the untranslated region (UTR) of OPG

gene and the susceptibility to CKD and P.

METHODS

Study population

A convenient sample of 224 unrelated, both sexes, mean age 44.9 years (range
23 to 77) was selected from the Dental Clinics of Pontifical Catholic University
of Parana (PUCPR) and Pro-Renal Foundation. The patients were from
Southern Brazil (Table 1). Subjects completed personal, medical and dental
history questionnaires. The study was approved by the Ethical Committee in
Research at PUCPR. Subjects signed a consent form after being advised of the

nature of the study (approved under protocol 264/10184).
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The sample was divided into four groups:

Group 1: 60 individuals without CKD and without P;

Group 2: 50 patients without CKD and with P;

Group 3: 50 patients with CKD, in hemodialysis, and without P;

Group 4: 64 patients with CKD, in hemodialysis, and with P.

Patients without CKD presented glomerular filtration rate > 90 mL/min,
estimated according to the Modification of Diet Renal Disease (MDRD) (Levey
et al., 1999). Individuals with P showed clinical attachment loss (CAL) = 5 mm,
in at least three teeth in two quadrants (Armitage, 1999).

Subjects could not have any of the following exclusion criteria: chronic
usage of anti-inflammatory drugs; HIV infection; immunosuppressive
chemotherapy; history of any diseases known to severely compromise immune
function (for groups 1 and 2); active infection; current pregnancy or lactation;
diseases of the oral hard or soft tissues, except caries (and periodontal disease
for groups 1 and 3); use of orthodontic appliances; present necrotizing
ulcerative gingivitis and periodontitis.

General clinical aspects of CKD patients are shown in table 2.

Clinical parameters of P

Diagnosis of P was made on the basis of clinical parameters, such as probing
pocket depth (PPD), and assessment of clinical attachment loss (CAL).
Measurements of probing depth and attachment level were recorded at four
points around each tooth. Subjects with CAL = 5 mm, in at least three teeth in
two quadrants, were considered affected (Armitage, 1999).

The following parameters were recorded: the gingival index (Gl); the
plaque index (PI), the calculus index (Cl), and mobility. The Gingival Index (Gl)
was developed by Loe and Silness in 1963 (L6e & Silness, 1963) to define the
inflammation condition of gingiva. A score of 0 indicates clinically healthy
gingivae; 1, mild inflammation; 2, moderate, and 3, severe inflammation. The
plaque index (Silness & Lo6e, 1964) defines the amount of microbial dental
plaque on tooth surface. A score of O indicates no plaque on tooth; 1, a visible
thin film of plaque; 2, moderate accumulation plaque at the gingival margin; 3,
abundance of plaque extending into the interdental area. The calculus index
(CI) (Greene & Vermillion, 1964) was classified: 0, no calculus; 1, supragingival
calculus covering not more than third of the exposed tooth surface; 2,
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supragingival calculus covering more than one third but not more than two
thirds of the exposed tooth surface; 3, supragingival calculus covering more
than two third of the exposed tooth surface or subgingival calculus. Each tooth
was given a score from 0-3. All registered scores (Gl, PI, and CI) were added
and divided by the number of present teeth. Dichotomous (absent or present)
measurements were registered for tooth mobility. The periodontal status of all
subjects: gingival (Gl), plaque (PI), calculus (CI) index, probing pocket depth
(PPD), clinical attachment level (CAL), and mobility is shown in table 3.

DNA collection and purification

Cells were obtained through a mouthwash with 3 % glucose solution and
scraping of the oral mucosa with a sterile spatula (Trevilatto & Line, 2000). DNA
was extracted from epithelial buccal cells with ammonium acetate 10 M and
EDTA 1 mM (Aidar & Line, submitted).

Analysis of OPG polymorphism

A 331 bp fragment (GenBank accession number AB008821) was amplified by
Polymerase Chain Reaction (PCR) using the following primer pair: (F 5’ - CCC
AGG GGA CAGACACCAC-3 and R5 -GCG CGC AGC ACAGCAACTT -
3’). Reaction conditions and cycling parameters were as follows: 1 yL of the
genomic DNA was used for PCR amplification in a reaction mixture containing
22.5 pL PCR Supermix (Invitrogen Life Technologies, Carlsbad, CA, USA), and
0.3 uL of each primer. The reactions were performed in a Techne T-512 thermal
cycler and consisted of denaturation at 95T for 5 min, followed by 35 cycles
with denaturation at 95T for 1 min, annealing at 5 7<C for 1 min and elongation
at 72T for 1 min, with a final extension at 72T f or 7 min. Restriction Fragment
Lengh Polymorphism (RFLP) technique was performed in a final reaction
volume of 20 L, using 1 U of Hincll (5 - GTPyTIPUuAC - 3’) (Invitrogen Life
Technologies, Carlsbad, CA, USA), and 10 uL aliquot of PCR products,
digested at 37°C overnight (ON). The digested products were separated in
1.7% agarose gel eletrophoresis, visualized by ethidium-bromide-UVB
illumination. The genotypes were determined by comparing the restriction
length polymorphism band patterns with a 1 kb plus DNA ladder (Invitrogen Life
Technologies). The RFLP is formed by a single base transition (T/C) of the
OPG gene that creates a Hincll restriction site. The alleles which result from the

cleavage of Hincll are designated “C” (Hincll site present, with 2 fragments: 248
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and 83 bp) or “T” (Hincll site absent, with a fragment: 331 bp).

Statistical Analysis

The differences in observed frequencies of polymorphism among the groups
were assessed by standard Chi-square (x?) and considered significant when p-
value was < 0.05. Comparisons between two groups for nominal variables in
tables 2x2 were made using Fisher's exact test. T-student test was used to
compare means between two groups. For non-parametric variables U Mann-
Whithney test was used to assess differences between groups. Continuous
variables were expressed as means and standard deviations. Comparisons of
continuous variables were performed using one-way analysis of variance
(ANOVA). Kruskal-Wallis test was used for nonparametric multiple comparisons
for independent variables. Statistical analysis was performed using statistical
software BioEstat 2.0 for Windows, SPSS (Statistical Package for the Social
Sciences) 10.0 for Windows (SPSS Inc, Chicago, IL).

RESULTS

The study polymorphism was observed to be located at position -223 in the
UTR region of OPG gene (Fig. 1). This polymorphism is referred to as a
polymorphism in the OPG gene promoter (position -950) by Brandstrom et al.,
(2002) and other authors (Arko et al., 2002; Soufi et al., 2004).

There was not found a statistically significant association between the
polymorphism in the OPG gene and CKD or P. Moreover, there were found no
association of the polymorphism with clinical parameters of periodontal disease.
The allele frequencies and genotype distributions of the OPG polymorphism for

all groups are shown in table 4.
DISCUSSION

The identification of the OPG/RANKL/RANK system as the dominant, final
mediator of osteoclastogenesis represents a major advance in bone biology.
The initial cloning and characterization of OPG as a soluble, decoy receptor
belonging to the TNF receptor superfamily was the first step that eventually led

to an unraveling of this system. Soon thereafter, the molecule blocked by OPG,
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called RANKL, was identified as the key mediator of osteoclastogenesis in both
a membrane-bound form expressed on preosteoblastic/stromal cells as well as
a soluble form. RANKL, in turn, was shown to bind its receptor, RANK, on
osteoclast lineage cells. The important role played by these factors in regulating
bone metabolism was demonstrated by the findings of extremes of skeletal
phenotypes (osteoporosis and osteopetrosis) in mice with altered expression of
these molecules (Bucay et al., 1998; Yamashita et al., 2002).

The RANK/RANKL/OPG regulatory axis is also involved in inflammatory
bone destruction induced by pro-inflammatory cytokines such prostaglandin E,
(PGE,), IL-1 beta, IL-6, and TNF-alpha (Boyle et al., 2003). In addition, a
number of other mediators of bone metabolism, such as TGF-beta (Takai et al.,
1998), PTH (Lee et al., 1999), 1,25-dihydroxyvitamin D3 (Kitazawa et al., 1999),
glucocorticoids (Hofbauer et al., 1999), and estrogen (Hofbauer et al., 1999;
Saika et al., 2001) exert their effects on osteoclastogenesis by regulating
osteoblastic/stromal cell production of OPG and RANKL. However, not all
regulation of osteoclast is exclusively via the osteoblast because calcitonin acts
directly on osteoclastic cells (Nicholson et al., 1986), and estrogen has been
shown to induce apoptosis of osteoclasts (Hughes et al., 1996).

Osteoprotegerin might protect bone against intensive bone loss resulting
from the imbalance of bone kinetics in CKD hemodialysis patients (Avbersek-
Luznik et al., 2002). Higher serum OPG and lower serum RANKL were found in
CKD patients in hemodialysis (Grzegorzewska & Molt, 2005). Increased serum
OPG levels in hemodialysis patients are believed to partly reflect a
compensatory response to increased bone loss (Crisafulli et al., 2005). The
determination of serum OPG levels in association with PTH levels could be
useful in the diagnosis of bone turnover in renal patients (Coen et al., 2002).
Besides, it could contribute to prevent patients from developing vascular
calcification, a major risk factor for cardiovascular diseases, which in turn is an
important mortality indicator in CKD patients (Price et al., 2001).

The OPG expression from gingival tissue was higher in chronic
periodontitis than in healthy patients (Garlet et al., 2004), and the change in the
levels of this regulator of osteoclast differentiation may play a major role in the
bone loss observed in periodontitis (Crotti et al., 2003). Human periodontal

ligament cells stimulated with lipopolysaccharide (LPS) inhibit
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osteoclastogenesis by producing higher levels of OPG than RANKL via the
induction of IL-1 beta and TNF-alpha (Wada et al., 2004). On the other hand, an
increased concentration of RANKL and a decreased concentration of OPG were
detected in gingival crevicular fluid (GCF) from patients with periodontitis (Mogi
et al.,, 2004). Also, osteoblasts in culture exposed to periodontopathogens
stimulus showed increased expression of RANKL and decreased expression of
OPG (Choi et al., 2005). However, levels of OPG in saliva did not show a
relationship with periodontal disease and were not correlated with periodontal
indexes (Miller et al., 2006). Porphyromonas gingivalis upregulated the
expression of OPG in human microvascular endothelial cells via a NF-kappaB-
dependent pathway; thus, these endothelial cells can act as a source of OPG
and thereby may play a role in regulating bone metabolism in periodontitis
(Kobayashi-Sakamoto et al., 2004).

A number of polymorphisms in the OPG gene has been described in
prior investigations, and associated with bone mineral density (Wynne, et al.,
2002; Arko et al., 2005), vertebral fractures (Langdahl et al., 2002), coronary
artery disease (Soufi et al., 2004), Paget’s disease (Daroszewska et al., 2004),
osteoarthritis (Valdes et al., 2004), and osteoporosis (Ohmori et al., 2002; Vidal
et al., 2006) in different populations.

To our knowledge, this is the first study investigating the association
between polymorphisms in the OPG gene and CKD. There was found no
association between the study OPG polymorphism and CKD. We have recently
identified an association of an allele of the Bsml VDR gene polymorphism with a
protective effect against CKD development in this study population sample
(Souza et al., submitted). However, other polymorphisms in the OPG gene
and/or in other genes of the host bone metabolism response may also be
involved in the determination of susceptibility to and/or progression of CKD.

With regards to periodontitis, there are a couple of association studies
investigating polymorphisms in the OPG gene. No association was found
between aggressive (Soedarsono et al., 2006) or chronic (Wohlfahrt et al.,
2006) periodontitis and OPG polymorphisms. Lack of association between an
OPG polymorphism and chronic periodontitis was also observed in our study. It
is worth mentioning that the investigated polymorphisms in our and in the two

other studies reporting periodontitis are limited to the upstream region of the
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OPG gene. A physical study considering linkage disequilibrium blocks with a
number of polymorphisms representing the whole gene could help understand
the real involvement of this gene in the determination of susceptibility to
periodontal diseases. Besides, other polymorphisms in genes of the immune-
inflammatory and bone metabolism host response may be involved in the
modulation of periodontal diseases.

In relation to functionality of this polymorphism, although the study
polymorphism is located 129 bp upstream from the TATA box, 13 bp
downstream from the activating protein 2-binding site, and 32 bp upstream from
a specific protein 1-binding site, it does not seem to interfere with transcription

activity of this gene (Soufi et al., 2004).

CONCLUSION

It was found no association of the study OPG gene polymorphism with either
chronic kidney disease or with periodontitis. Other studies investigating other
polymorphisms in this and other genes of the host response could help clarify
the involvement of bone metabolism mediators in the determination of
susceptibility to CKD and P.
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Table 1. Baseline characteristics in all groups.

Group 1 Group 2 Group 3 Group 4
(n=60) (n=50) (n=50) (n=64)

Ethnic Group n (%)

Caucasoid 47 (78.3) 38 (76) 35 (70) 44 (68.8)
Afro-American 4 (6.7) 11 (22) 13 (26) 5(7.8)
Mullato 9 (15.0) 1(2) 2 (4) 15 (23.4)

37.849.6  40.849.4 45.2+12.9 54.5+12.2
Age (years; range)

(20-70) (20-61) (23-74) (26-77)
Gender n (%)
Female 43 (71.7) 33 (66) 16 (34) 23 (35.9)

Male 17 (28.3) 17 (34) 34 (66) 41 (64.1)

Group 1: healthy patients. Group 2: without CKD and with P. Group 3: with CKD
and without P. Group 4: presenting CKD and P.
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Table 2. Baseline clinical parameters of the chronic kidney disease patients.

Without P# With P
(n=50) (n=64)

Main cause of CKD ° n (%)
Chronic glomerulonephritis 19 (38) 21 (32.8)
Hypertensive nephropathy 14 (28) 10 (15.9)
Diabetic nephropathy 7 (14) 14 (22.2)
Other/Unknown 10 (20) 19 (30.2)
Duration of HD °© treatment (months) ' 47.8+48.0 47.2+43.3
Systemic condition n (%)
Diabetes 7 (14) 17 (26.9)
Hepatitis 11 (22) 17 (26.9)
CVD ¢ 10 (20) 17 (26.5)
Hypertension 33 (66) 54 (85.7)
Current medication n (%)
Antihypertensives 35 (70) 50 (78.1)
Diuretics 10 (2) 23 (36.5)
Calcium carbonate 34 (68) 47 (73.4)
Vitamin D (calcitriol) 9 (18) 7 (11.1)
Antiplatelet agents 3 (6) 5(7.9)
Others 41 (82) 51 (80.9)
Habits n (%)
Smoking 11 (22) 16 (25.3)

periodontitis; "Chronic kidney disease; °Hemodialysis; “Cardiovascular disease;
"Mean+Standart deviation. Group 1: healthy patients. Group 2: without CKD and with P.
Group 3: with CKD and without P. Group 4: presenting CKD and P.
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Table 3. Periodontal status of the study population.

Group 1 Group 2 Group 3 Group 4

(n=60) (n=50) (n=50) (n=64) p value
Gingival Index ' 0.210.4 1.5+0.9 0.5+0.6 1.7#0.7  0.0001 *
Plaque Index f 0.3:t04 1.3+1.0 0.5+0.8 1.0£0.9 0.0001 *
Calculus Index ' 0.2+0.2 1.0+0.9 0.3+0.5 0.7+0.9  0.0001 *
PPD 2 (mm) " 1.5+2.4  46+1.0 2.0+20 3.6¢1.1 0.0001 *
CAL® (mm) ' 22426  6.1+0.9  2.6+27  53+1.3 0.0001*
Mobility (Y/N) 0/60 21/29 0/50 32/32 0.0001 *

Probing pocket depth; °Clinical attachment level; "Mean+Standart deviation;

*ANOVA.

Group 1: healthy patients. Group 2: without CKD and with P. Group 3: with
CKD and without P. Group 4: presenting CKD and P.
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Table 4. Allele frequency and genotype distribution of the OPG single
nucleotide polymorphism (SNP).

SNP Groupl Group2 Group3 Group 4 Chi-
n (%) (n=60) (n=50) (n=50) (n=64) Square
Genotypes
TT 47 (78.3) 41(82.0) 43(86.0) 52 (81.3) >3 g6
TC 5(8.3) 6(12.0) 3(6.0) 462 X oo
ccC 8(13.4) 3(6.0) 4 (8) 8 (125 P
Alleles
T 99 (82.5) 88(88.0) 89(89.0) 108 (84.4) X?=2.50
C 21 (17.5) 12(12.0) 11(11.0) 20(15.6) p=0.47

Group 1: healthy patients. Group 2: without CKD and with P. Group 3: with CKD
and without P. Group 4: presenting CKD and P.

32



cctcagagccccgcggagacagcagcecgccttgttcctcagecceggtggcttttttttcccctgetctcccagag
gacagacaccaccgccccacccctcacgccccaccteectgggggatCCTTTCCGCCCCAGCC
CTGAAAGCqgttaaT/CCCTGGAGCTTTCTGCACACCCCCCGACCGCTCCCGC
CCAAGCTTCCTAAAAAAGAAAGGTGCAAAGTTTGGTCCAGGATAGAAAAAT
GACTGATCAAAGGCAGGCGATACTTCCTGTTGCCGGGACGCTATATATAA
CGTGATGAGCGCACGGGCTGCGGAGACGCACCGGAGCGCTCGCCCAGC
CGCCGCCTCCAAGCCCCTGAGGTTTCCGGGGACCACA*atgaacaagttgctgtgc
tgcgcegctecgtggtaagtccctgggecagecgacgggtgeccggegectggggaggctgetgecacctggte
tcccaacctcccagcggaccggcggggagaaggctccactcgetcectcccaggagaggcettggggttagg

ctggagcaggaaaccgctttcaagttatgccatgcttccectagggt

Fig. 1. Nucleotide sequence of the human OPG gene (AB008821). The
underlined bases represent the primers for the OPG polymorphism. Capital
letters indicate 5 UTR. (*) represents the beginning of the first exon. Italicized
nucleotides show the restriction site for Hincll. Boldface bases represent the

polymorphism (T/C).

33



Artigo em Portugués



Andlise da Associacdo entre um Polimorfismo no Gene da
Osteoprotegerina (OPG) e a suscetibilidade a Doenca  Renal Crbnica

e a Periodontite

Carla Spagliare Baioni*, Cleber Machado de SouzaT, Ana Paula Ribeiro BraosiT, Sonia
Mara Luczyszyn*, Marco Antonio Dias da Silva$, Sergio Aparecido Ignacio", José Rocha
Faria-Neto", Miguel Carlos Riella®, Roberto Pecoits-Filho", Paula Cristina Trevilatto”

* Mestranda em Odontologia da Pontificia Universidade Catdlica do Parana (PUCPR), Rua
Imaculada Conceicao, 1155, Curitiba, PR, Brasil, 80215-901.

T Doutorandos em Ciéncias da Saude da Pontificia Universidade Catdlica do Parand (PUCPR),
Rua Imaculada Conceigéo, 1155, Curitiba, PR, Brasil, 80215-901.

T Professor da Faculdade de Odontologia de S&o José dos Campos, Universidade Estadual
Paulista de Sédo Paulo (UNESP-SJC), Eng. Francisco José Longo, 777, Sao José dos Campos,
SP, Brasil, 12245-000.

1 Professores da Pontificia Universidade Catélica do Parana (PUCPR), Rua Imaculada
Conceicdo, 1155, Curitiba, PR, Brasil, 80215-901

§ Professor da Pontificia Universidade Catdlica do Parana (PUCPR), Rua Imaculada
Conceicdo, 1155, Curitiba, PR, 80215-901, Brasil e Presidente da Fundacdo Pré-Renal, Rua
Vicente Machado, 1290, Batel, Curitiba, PR, Brasil, 80440-020.

Autor correspondente:

Paula Cristina Trevilatto, DDS, PhD

Centro de Ciéncias Biologicas e da Saude (CCBS)
Pontificia Universidade Catdlica do Parana (PUCPR)
Rua Imaculada Conceicédo, 1155, Curitiba, PR
80215-901, Brasil

Fone/Fax: +55 (41) 3271-2618 / +55 (41) 3271-1657

e-mail: pctrev@yahoo.com.br

35



RESUMO

Objetivos : A doenca renal cronica (DRC) € uma desordem complexa, que
pode resultar em diversas complicacfes envolvendo disturbios do metabolismo
mineral, como calcificacbes e doencas ésseas. Os pacientes renais séo
também mais propensos a infeccfes. Considerando as complicacbes de
natureza infecciosa, a periodontite (P) parece ser uma causa importante da
inflamacdo sistémica persistente em pacientes com DRC, aumentando a
morbidade nesta populacéo. Adicionalmente, a P parece ser mais prevalente e
severa nos pacientes com DRC. A periodontite é caracterizada pela perda
irreversivel do nivel de insercéo clinica (NIC) causada pela reabsorgéo alveolar
O0ssea em torno dos dentes, que conduz freqientemente a perda dentéria.
Neste contexto, os estudos que focam os mediadores do metabolismo 6sseo
podem contribuir para a compreensao dos mecanismos envolvidos na DRC e
na P. A osteoprotegerina (OPG), também conhecida como fator de inibicéo
osteoclastica, € uma proteina que antagoniza o Ligante Ativador do Receptor
do fator Nuclear Kappa B (RANKL), principal regulador da osteoclastogénese.
Polimorfismos séo a principal fonte da variacdo genética em seres vivos e 0S
polimorfismos de base Unica (SNPs) tém sido descritos como moduladores
importantes da suscetibilidade a doencas comuns na populacdo em geral. O
objetivo deste estudo foi de investigar a associagcdo entre um polimorfismo na
regido 5’ ndo-traduzida (UTR) do gene da OPG e a suscetibilidade a DRC e a
P. Material e Método : Uma amostra de 224 individuos sem e com DRC (em
hemodialise) foi dividida em grupos com e sem P. Um polimorfismo na regido
UTR do gene da OPG foi analisado por PCR-RFLP. P. As diferencas
observadas entre as frequéncias do polimorfismo entre os grupos foram
analisadas pelo teste qui-quadrado e consideradas significantes quando
p<0,05. Resultados : Nao foi encontrada associagcéo entre o polimorfismo no
gene do OPG e a suscetibilidade a DRC ou a P. Concluséao : O polimorfismo
localizado na posi¢cado -223 na regido UTR (outrora denominado -950) néo
esteve associado com a suscetibilidade & DRC ou a P. Estudos adicionais
investigando outros polimorfismos, neste e em outros genes da resposta do
hospedeiro, podem ajudar a esclarecer a participacdo de mediadores do

metabolismo ésseo na determinacao da suscetibilidade a DRC e a P.
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INTRODUCAO

A doenca renal crénica (DRC) é uma desordem complexa que combina efeitos
ambientais e genéticos (Goldfarb-Rumyantzev et al., 2006). Esta doenca
representa uma deterioracdo progressiva e irreversivel das unidades funcionais
dos rins, os nefros. E caracterizada pela reducdo da massa renal que leva a
hipertrofia estrutural dos nefros remanescentes (Lynch et al., 1994). Ela resulta
em um amplo espectro de doencas, tais como glomerulonefrite, diabetes,
hipertengéo, uropatia e doengas auto-imunes (De Rossi & Glick, 1996; Proctor
et al., 2005), mas suas manifestacdes clinicas sdo amplamente independentes
da agressao inicial que danificou os rins. A perda da funcéo renal inicia-se com
o0 acumulo de produtos metabdlicos que alteram, por sua vez, 0S mecanismos
homeostéaticos normais que controlam o equilibrio eletrolitico (Rosa & Bulack,
1988). Para que haja a remoc¢do dos produtos toxicos de metabolismo é
necessaria a realizacdo de didlise do sangue ou o transplante renal, que é a
forma ideal de tratamento (Eigner et al., 1986). Em 2005, a prevaléncia de
pacientes renais era de 19,2 milhdes nos Estados Unidos (Schoolwerth et al.,
2006) e 2 milhdes de pacientes no Brasil (Sociedade Brasileira de Nefrologia,
2006).

Pacientes renais sdo mais propensos a infeccbes (Stenvinkel et al.,
2004). Em verdade, as infec¢Oes cronicas parecem ser importantes causas de
inflamac&o sistémica persistente em pacientes com DRC que, por sua vez, tém
sido consideradas como um fator de risco significativo para a morbidade e
mortalidade de pacientes com DRC (Naugle et al., 1998; Craig et al., 2002;
Foley et al., 2006; Wyatt & Winston, 2006). Com relacdo a complicacdes de
natureza infecciosa, a doenca periodontal foi referida como foco infeccioso que
poderia aumentar niveis sistémicos inflamatorios, elevando a morbidade
nesses pacientes (Rahmati et al., 2002).

A periodontite (P) € uma doenca infecciosa, onde periodontopatégenos
especificos provocam inflamagé&o crbnica e resposta imune que determinam o
resultado clinico da doenca (Garlet et al., 2004). E caracterizada pela perda
irreversivel dos tecidos de suporte ao redor dos dentes, que conduz
freqientemente a perda dos dentes.

A periodontite é determinada por fatores genéticos e ambientais, que
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contribuem para a variagdo individual (Kornman et al., 1997; Kinane & Marshall,
2001). Fatores de risco hereditarios podem influenciar mecanismos
inflamatorios ou imunes que, se ineficazes ou exacerbados, aumentam o
potencial patogénico do biofilme em individuos suscetiveis (Schenkein & Van
Dyke, 2000). De acordo com a Academia Americana de Periodontia (AAP,
2005), 5 a 15 % das pessoas apresentam doenca periodontal severa e 50 %
dos adultos tém pelo menos um tipo de periodontite moderada. No Brasil, 50 %
da populacdo entre 35 e 44 anos apresentam alguma forma de doenca
periodontal de acordo com o Programa de Saude Bucal do Brasil (PSB, 2003).
A periodontite tem sido considerada uma complicagcdo da DRC (Craig et al.,
2002; Marakoglu et al., 2003; Borawski et al., 2007) e sua prevaléncia e
severidade parecem estar aumentadas nesta populacdo (Kshirsagar et al.,
2005; Borawski et al., 2007).

Com o numero crescente de pacientes em hemodidlise, os estudos tém
focado em complicacdes da DRC, relacionadas principalmente aos disturbios
do metabolismo mineral 6sseo, como o hiperparatireoidismo secundario (Khan,
2007), calcificacdes extra-0sseas (Floege & Ketteler, 2005) e doencas 6sseas
(Jassal et al., 2007). Neste contexto, os estudos que focalizam os mediadores
do metabolismo 0&sseo poderiam contribuir para o entendimento dos
mecanismos envolvidos na progressao das complicacoes da DRC (Moe et al.,
2007). O sinal clinico principal que caracteriza a periodontite é a perda do nivel
de insercdo clinica (NIC) causada pela reabsor¢cdo Ossea alveolar (Ebisu &
Noiri, 2007).

O osso é um tecido dinamico, continuamente renovado em um processo
chamado de “remodelacdo” (Coen et al., 2002). O processo coordenado de
formacao e reabsorcdo 6ssea pode ser regulado para cima ou para baixo por
um amplo espectro de fatores, como: doencas, drogas, hormonios sistémicos
[paratorménio (PTH), calcitriol], citocinas locais [Interleucinas (IL) -1, IL-6] e
fatores de crescimento [como o fator de necrose tumoral (TNF)], mediadores do
metabolismo 6sseo [Receptor Ativador do fator Nuclear Kappa B (RANK) e seu
ligante (RANKL)], e polimorfismos genéticos (Montalban et al., 1999;
Wittersheim et al., 2006).

A osteoprotegerina (OPG), também conhecida como fator de inibicdo

osteoclastica, € uma glicoproteina secretada de 401 aminoéacidos, pertencente
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a superfamilia do receptor do TNF, considerada como uma proteina capaz de
diminuir a reabsorcdo 6Ossea (Simonet et al., 1997). E expressa por uma
variedade de 6rgdos e tecidos, tais como coracdo, pulmao, rim, parede dos
vasos, intestino, estbmago, cérebro, glandula tiredide e osso (Simonet et al.,
1997; Yasuda et al., 1998). Esta proteina tem a funcdo de antagonizar o
RANKL, principal regulador da osteoclastogénese (Lacey et al., 1998). E uma
citocina critica para a diferenciacdo, ativacao e sobrevivéncia dos osteoclastos,
agindo como um regulador da homeostase entre osteoblastos e osteoclastos
(Shalhoub et al., 1999).

O gene da OPG foi clonado e caracterizado por Morinaga e
colaboradores (1998). O gene estd situado no cromossomo 8g23-24 e
representa uma unica copia do gene com 5 éxons, medindo 29 kb. O cédon
terminal de traducédo est4 situado no éxon 5 e uma tipica adicdo de cauda poly-
A reside 173 nucleotideos posterior a terminacéo da traducéo. O local principal
de iniciacdo da transcricdo esta 67 nucleotideos acima do cédon de iniciacéo
da transcricdo (Morinaga et al., 1998).

Polimorfismos genéticos referem-se a existéncia de dois ou mais alelos
em um dado locus, com uma frequéncia alélica maior do que 1 % na
populacdo. Polimorfismos de base unica (SNPs) representam a variacdo mais
comum do DNA no genoma humano, e alelos polimorficos tém sido implicados
no aumento da suscetibilidade a doengcas humanas complexas (Trevilatto et al.,
2003; Riemenschneider et al., 2006). Polimorfismos em genes do metabolismo
0sseo do hospedeiro foram associados com complicacbes da DRC e da
periodontite (Nagaba et al., 1998; de Brito Jr et al., 2004). Entretanto, parece
nao haver nenhum estudo investigando a associacdo entre polimorfismos no
gene da OPG e a DRC, bem como ha poucos estudos de associagdo entre
polimorfismos no gene da OPG e P. Assim, 0 objetivo deste estudo foi
investigar a associacao entre um polimorfismo na regido UTR do gene da OPG

e a suscetibilidade a DRC e a P.

MATERIAIS E METODOS

Selecdo da amostra

Uma amostra de 224 pacientes de ambos os sexos, com a média de idade de
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44,9 anos (variando de 23 a 77 anos) foi selecionada nas clinicas
odontoldgicas da Pontificia Universidade Catdélica do Parana (PUCPR) e da
Fundacao Pré-Renal. Os pacientes eram da regido sul do Brasil (Tabela 1). Os
individuos completaram um questionario pessoal contendo histéria médica e
odontoldgica, dentro de um protocolo aprovado pelo Conselho de Revisédo
Institucional, e assinaram um Termo de Consentimento Livre e Esclarecido,
ap6s serem avisados da natureza do estudo (aprovado pelo Comité de Etica
em Pesquisa da PUCPR, sob o registro numero 264/10184).

As amostras foram divididas em quatro grupos:

Grupo 1: 60 individuos sem DRC [taxa de filtracdo glomerular > 90 mL/min,
estimada de acordo com a formula MDRD (Levey et al., 1999)] e sem P;

Grupo 2: 50 pacientes sem DRC e com P [NIC =2 5 mm em pelo menos 3
dentes e em pelo menos em 2 quadrantes] (Armitage, 1999);

Grupo 3: 50 pacientes com DRC, em hemodiélise, e sem P;

Grupo 4: 64 individuos com DRC, em hemodialise, e com P.

Os individuos néo apresentavam nenhuma das seguintes condicdes: uso
cronico de drogas antiinflamatoérias; infeccdo por HIV; terapia
imunossupressora; historia de nenhuma doenca conhecida que pudesse
comprometer a funcdo imune (para os grupos 1 e 2); infeccao ativa; gravidez e
amamentacao correntes; doencas dos tecidos moles e duros da boca, exceto
caries (e doenca periodontal para os grupos 1 e 3); uso de aparelho
ortodontico; gengivite ou periodontite necrozante aguda (GUNA/PUNA).

A tabela 2 mostra o estado clinico geral dos pacientes com DRC.
Parametros clinicos da P
O diagnostico de P foi realizado com base em parametros clinicos, como
profundidade de sondagem (PS) e avaliacdo do nivel de insercao clinica (NIC).
Medidas de profundidade de sondagem e insercéo clinica foram registradas em
quatro pontos ao redor de cada dente. Individuos com NIC = 5 mm em pelo
menos 3 dentes e em ao menos 2 quadrantes, eram considerados afetados
(Armitage, 1999).

Os seguintes parametros clinicos foram registrados: indice Gengival
(IG), indice de Placa (IP), indice de Calculo (IC) e Mobilidade. O indice
Gengival (IG) foi desenvolvido por Loe em 1967 para definir a condicéo

inflamatoria da gengiva. Escore zero (0) indica gengiva clinicamente saudavel;
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um (1), inflamacao leve; dois (2), inflamacdo moderada, e trés (3), inflamacéao
severa. O Indice de Placa (Silness & Loe, 1964) define o acimulo de biofilme
dental microbiana na superficie do dente. Classifica-se em zero (0) a auséncia
de depositos de placa; um (1) a visualizacdo da placa apds sua remog¢édo com 0
uso da sonda periodontal na margem gengival; dois (2) a placa clinicamente
visivel; trés (3) a placa abundante. O indice de Célculo (Greene & Vermillion,
1964) foi classificado em zero (0), nenhum calculo presente; um (1), céalculo
supragengival cobrindo até um terco da superficie dental exposta; dois (2),
calculo supragengival cobrindo mais do que um terco, mas nao mais que dois
tercos da superficie dental exposta; trés (3), calculo supragengival cobrindo
mais do que dois tercos da superficie dental exposta. Todos os escores
registrados foram somados e divididos pelo nimero de dentes presentes.
Medidas dicotbmicas (auséncia e presenca) foram registradas para o
parametro Mobilidade. O estado periodontal de todos os individuos foi
registrado: Indice Gengival (IG), indice de Placa (IP), indice de Calculo (IC) e
Mobilidade, e mostrado na tabela 3.

Coleta e purificagdo de DNA

O DNA foi obtido a partir de células epiteliais da mucosa bucal, por um
bochecho com solucédo de glicose 3 %, por 1 min, e leve raspagem da mucosa
jugal com espatula de madeira esterilizada (Trevilatto et al., 2000). O DNA foi
extraido com acetato de aménio 10 M e EDTA 1 mM (Aidar & Line, submetido).
Analise do polimorfismo no gene da OPG

Um fragmento de 331 pb (acesso em GenBank AB08821) foi amplificado por
Reacdo em Cadeia da Polimerase (PCR) com os seguintes pares de primers:
(F5 - CCC AGG GGA CAG ACACCAC-3eR5 -GCG CGC AGC ACA
GCA ACT T - 3’). CondicOes de reacao e de ciclagem foram as seguintes: 1 yL
de DNA gendmico foi usado para a amplificacdo por PCR em uma mistura
contendo 22,5 pL de PCR Supermix (Invitrogen Life Technologies, Carlsbad,
CA, USA), e 0,3 yL de cada primer. As reacbOes foram realizadas em um
termociclador T-512 e consistiu de uma desnaturagéo inicial de 95°C por 5 min,
seguida de 35 ciclos com desnaturacdo a 95°C por 1 min, anelamento a 57°C
por 1 min e extensdo a 72°C por 1 min, e uma extensao final de 72°C por 7
min. A técnica de analise de polimorfismo com o uso de enzima de restricdo

(RFLP) foi realizada foi realizada em um volume final de 20 pL, com a digestéo
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de 10 pL de produto de PCR com 1 U da enzima de restricdo Hincll (5’
GTPyTIPUuAC 3’) (Invitrogen Life Technologies, Carlsbad, CA, USA) a 37°C
overnight (ON). O produto de digestéo foi separado por eletroforese em um gel
de agarose a 1,7 % e visualizado em brometo de etidio com iluminagdo UV. Os
genotipos foram determinados por comparacdo dos padrées das bandas
geradas pela enzima de restricdo com um marcador 11 kb plus DNA ladder
(Invitrogen Life Technologies). O sitio de restricdo € formado por uma simples
troca de base (T/C) na sequéncia génica que cria um local de clivagem pela
enzima Hincll. Os alelos resultantes da clivagem da Hincll sdo chamados de
“C” (presenca do sitio de restricdo pela Hincll, com a geracdo de dois
fragmentos: 248 e 83 pb) ou “T” (auséncia do sitio de restricdo da Hincll, com
um fragmento: 331pb).

Analise estatistica

As significancias das diferencas nas frequéncias observadas do polimorfismo
entre os grupos foram acessadas pelo teste Qui-quadrado (x°) e as diferencas
foram consideradas significantes quando o valor de p era < 0,05. Comparacdes
entre 0os dois grupos para variaveis nominais em tabelas 2x2 foram feitas pelo
teste exato de Fisher. O teste “t” de student foi usado para comparar médias
entre dois grupos. Para variaveis ndo-parameétricas o teste de U Mann-Whitney
foi usado para acessar diferengas entre 0os grupos. Variaveis continuas foram
expressas pela média e desvio padrdo. Comparacdes de varidveis continuas
foram realizadas usando ANOVA. O teste de Kruskal-Wallis foi utilizado para
comparacdes multiplas néo-paramétricas de variaveis independentes. As
analises estatisticas foram realizadas com os softwares BioEstat 2.0 para
Windows e SPSS (Statistical Package for the Social Sciences) 10.0 para
Windows (SPSS Inc, Chicago, IL).
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RESULTADOS

O polimorfismo estudado foi observado estar situado na posicéo -223 da regido
UTR do gene da OPG (Fig. 1). Este polimorfismo foi referido como estando no
promotor do gene da OPG (posi¢cdo -950) por Bréandstrom e colaboradores
(2002) e por outros autores (Arko et al., 2002; Soufi et al., 2004).

N&o foi encontrada associacao entre o polimorfismo no gene da OPG e
a DRC ou a P. Além disso, ndo foi encontrada nenhuma associacdo do
polimorfismo estudado com parametros clinicos da doenca periodontal. As
freqUuéncias alélicas e as distribuicbes genotipicas do polimorfismo da OPG

para todos os grupos sao mostradas na tabela 4.

DISCUSSAO

A identificacdo do sistema OPG/RANKL/RANK como mediadores
dominantes da osteoclastogénese representa um grande avan¢o na biologia
0ssea. A clonagem e caracterizacdo inicial da OPG como um receptor soluvel
pertencente a superfamilia do receptor TNF foram as primeiras etapas de
elucidacao deste sistema. Logo depois disso, a molécula bloqueada pela OPG,
chamada RANKL, foi identificada como o mediator-chave da
osteoclastogénese, expressa tanto na membrana quanto em células pré-
osteoblasticas e do estroma, também encontrada na sua forma solavel. O
RANKL foi mostrado, por sua vez, unir-se ao seu receptor, RANK, em células
da linhagem osteoclastica. O papel importante interpretado por estes fatores na
regulacdo do metabolismo 0sseo foi demonstrado pelos achados de fendtipos
extremos (osteoporose e osteopetrose) em camundongos com expressao
alterada destas moléculas (Bucay et al., 1998; Yamashita et al., 2002).

O eixo regulatorio RANK/RANKL/OPG esta envolvido também na
destruicdo Ossea inflamatoria induzida por citocinas pro-inflamatoérias, como as
prostaglandinas E, (PGE,), IL-1 beta, IL-6 e TNF-alfa (Boyle et al., 2003). Além
disso, um numero de outros mediadores do metabolismo 0sseo, tais como
TGF-beta (Takai et al., 1998), PTH (Lee et al., 1999), 1,25-dihydroxyvitamin D3
(Kitazawa et al., 1999), glicocorticéides (Hofbauer et al., 1999) e estrogeno

(Hofbauer et al.,, 1999; Saika et al., 2001) exercem seus efeitos na
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osteoclastogénese, regulando a producdo de OPG e de RANKL pelas células
osteoblasticas/estroma. Entretanto, nem toda a regulacdo dos osteoclastos é
exclusivamente feita através dos osteoblastos. A calcitonina age diretamente
nas células osteoclasticas (Nicholson et al., 1986) e o estrégeno foi mostrado
induzir a apoptose em osteoclastos (Hughes et al., 1996).

A OPG pode proteger o0 0sso contra a perda 6ssea severa, induzida pelo
desequilibrio da cinética d6ssea nos pacientes com DRC em hemodialise
(Avbersek-Luznik et al., 2002). Maiores niveis de OPG sérico e niveis mais
baixos de RANKL sérico foram encontrados em pacientes com DRC em
hemodialise (Grzegorzewska & Milot, 2005). Niveis séricos mais elevados de
OPG em pacientes em hemodialise sdo acreditados refletir em parte uma
resposta compensatoria a perda 6ssea aumentada (Crisafulli et al., 2005). A
determinacdo dos niveis séricos de OPG em associagdo com niveis de PTH
poderia ser util no diagnostico do turnover 6sseo em pacientes renais (Coen et
al., 2002). Adicionalmente, essa determinacao poderia contribuir para prevenir
que os pacientes desenvolvam calcificacdes vasculares, que € um fator de
risco determinante para a doencga cardiovascular, a qual, por sua vez, € um
indicador importante de mortalidade em pacientes com DRC (Price et al.,
2001).

A expressdo de OPG no tecido gengival foi mais elevada na doenca
periodontal crbnica que em pacientes saudaveis (Garlet et al., 2004), e
alteracdes nos niveis deste regulador de diferenciacédo osteoclastica podem ter
um papel central na perda 6ssea observada na periodontite (Crotti et al., 2003).
Células do ligamento periodontal humano estimuladas por lipopolissacarideos
(LPS) inibem a osteoclastogénese produzindo niveis mais elevados de OPG do
que RANKL, pela inducao de IL-1 beta e de TNF-alfa (Wada et al., 2004). Por
outro lado, uma concentracdo aumentada de RANKL e uma concentragao
diminuida de OPG foram detectadas no fluido gengival crevicular de pacientes
com periodontite (Mogi et al., 2004). Também, osteoblastos em cultura,
expostos a estimulos periodontopatogénicos, mostraram uma expressao
aumentada de RANKL e decréscimo da expressédo de OPG (Choi et al., 2005).
Entretanto, os niveis de OPG na saliva ndo mostraram relacdo com a doenca
periodontal e ndo foram correlacionados com os indices periodontais (Moleiros

et al., 2006). Porphyromonas gingivalis hiper-regularam a expressao de OPG
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em células microvasculares endoteliais humanas via dependente de NF-kappa
B. Assim, células endoteliais poderiam agir como uma fonte de OPG e, desse
modo, ter um papel na regulacdo do metabolismo O0sseo na periodontite
(Kobayashi-Sakamoto et al., 2004).

Um numero de polimorfismos no gene da OPG tem sido descrito em
investigacbes prévias, e foram associados com a densidade mineral 0ssea
(Wynne, et al., 2002; Arko et al., 2005), fraturas vertebrais (Langdahl et al.,
2002), doenca arterial coronariana (Soufi et al., 2004), doenca de Paget
(Daroszewska et al., 2004), osteoartrite (Valdes et al., 2004) e osteoporose
(Ohmori et al., 2002; Vidal et al., 2006) em diferentes populacgdes.

No nosso entendimento, este é o0 primeiro estudo investigando a
associacdo entre um polimorfismo no gene do OPG e a DRC. Nao foi
encontrada nenhuma associagao entre o polimorfismo da OPG estudado e a
DRC. Nos verificamos recentemente a associacdo entre um alelo do
polimorfismo Bsml, no gene do VDR, com um efeito protetor contra o
desenvolvimento da DRC na amostra estudada (Souza et al., 2007,
submetido). Entretanto, outros polimorfismos no gene da OPG e/ou em outros
genes da resposta do metabolismo 6sseo do hospedeiro podem também estar
envolvidos na determinacéo da suscetibilidade e/ou progressédo da DRC.

Considerando a periodontite, h& dois estudos de associacdo
investigando polimorfismos no gene da OPG. Nenhuma associagcdo foi
encontrada entre a periodontite agressiva (Soedarsono et al., 2006) e a
periodontite cronica (Wohlfahrt et al., 2006) e o gene da OPG. Auséncia de
associacao entre um polimorfismo no gene da OPG e a periodontite crénica foi
observada também em nosso estudo. Vale a pena mencionar que 0S
polimorfismos investigados no nosso e nos outros dois estudos em pacientes
com periodontite estdo limitados a regido inicial do gene da OPG. Um estudo
fisico considerando blocos de desequilibrio de ligagdo com um numero de
polimorfismos que representem o gene inteiro poderia auxiliar na compreensao
da real participacdo do gene da OPG na determinagcdo da suscetibilidade as
doencgas periodontais. Adicionalmente, outros polimorfismos em genes da
resposta imuno-inflamatoria e do metabolismo 6sseo do hospedeiro podem
estar envolvidos na modulacéo das doencas periodontais.

Com relagdo a funcionalidade deste polimorfismo, embora o
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polimorfismo estudado esteja 129 pb acima da caixa de transcricdo TATA, 13
pb abaixo do sitio de ligacdo ativador da proteina-2, e 32 pb acima do sitio de
ligacdo especifico da proteina-1, ele ndo parece interferir com a atividade da

transcricdo deste gene (Soufi et al., 2004).

CONCLUSAO

N&o foi encontrada nenhuma associacdo do polimorfismo estudado no gene
OPG com a doenca renal crbnica ou com a periodontite.

Estudos adicionais investigando outros polimorfismos, neste e em outros
genes da resposta do hospedeiro, podem ajudar a esclarecer a participacao de
mediadores do metabolismo 6sseo na determinacéo da suscetibilidade a DRC

ealP.
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Tabela 1. Caracteristicas basicas dos grupos estudados.

Grupo 1 Grupo 2 Grupo 3 Grupo 4

(n=60) (n=50) (n=50) (n=64)
Grupo Etnico n (%)
Brancos 47 (78,3) 38 (76) 35 (70) 44 (68,8)
Negros 4 (6,7) 11 (22) 13 (26) 5 (7,8)
Mulatos 9 (15,0) 1(2) 2 (4) 15 (23,4)

37,849,6 40,8294 4524129 54,5+122
(20-70)  (20-61)  (23-74)  (26-77)

Idade

Sexo n (%)
Mulheres 43 (71,7) 33 (66) 16 (34) 23 (35,9)
Homens 17 (28,3) 17 (34) 34 (66) 41 (64,1)

Grupo 1: pacientes saudaveis. Grupo 2: sem DRC e com P. Grupo 3: com DRC
e sem P. Grupo 4: apresentam DRC e P.
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Tabela 2. Distribuicdo dos parametros clinicos em pacientes com DRC.

Sem P? Com P
(n=50) (n=64)
Causa Principal da DRC ° n (%)
Glomerulonefrite Cronica 19 (38) 21 (32,8)
Nefropatia hipertensiva 14 (28) 10 (15,9)
Nefropatia diabética 7 (14) 14 (22,2)
Outros/ desconhecido 10 (20) 19 (30,2)
Duracéo do Tratamento de HD °©
(meses) ' 47,8+48,0 47,2+43,3
Condicdo Médica Geral n (%)
Diabetes 7 (14) 17 (26,9)
Hepatite 11 (22) 17 (26,9)
DCV ¢ 10 (20) 17 (26,5)
Hipertenséo 33 (66) 54 (85,7)
Medicacdo Administrada n (%)
Antihipertensivos 35 (70) 50 (78,1)
Diuréticos 10 (2) 23 (36,5)
Carbonato de célcio 34 (68) 47 (73,4)
Vitamina D (calcitriol) 9 (18) 7 (11,1)
Agentes antiplaquetarios 3 (6) 5(7,9)
Outros 41 (82) 51 (80,9)
Habitos n (%)
Fumo 11 (22) 16 (25,3)

3Doenca periodontal; "Doenca renal crénica; *Hemodialise; “Doenca cardiovascular;

"MédiatDesvio padrao.
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Tabela 3. Estado periodontal da populacéo estudada.
Grupo 1 Grupo 2 Grupo 3 Grupo 4
(n=60) (n=50) (n=50) (n=64)
indice Gengival f 0,2+0,4 1,5+0,9 0,510,6 1,7+0,7
indice de Placa 0,3+0,4 1,3*1,0  0,5¢0,8  1,0+0,9
indice de Calculo | 0,240,2 1,0+0,9 0,31+0,5 0,7+0,9

PS 2 (mm) " 1,5+2,4  46+10  2,0+20 3,611
NIC ° (mm) T 22426 6,109  2,6+2,7  5,3+1,3
Mobilidade (S/N) 0/60 21/29 0/50 32/32

aprofundidade de sondagem; PNivel de insercao clinica; "Média+Desvio padréo.
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Table 4. Distribuicdo das frequéncias alélicas e genotipicas do polimorfismo no
gene da OPG.

SNP (-223) Grupol | Grupo2 | Grupo 3 Grupo 4 Qui-
n (%) (n=60) (n=50) (n=50) (n=64) guadrado
Genotipos
TT 47 (78,3) | 41 (82,0) | 43(86,0) | 52 (81,3) 23 g6
TC 5(8,3) | 6(12,0) | 3(6,0) 462 | X 060
CC 8 (13,4) 3 (6,0) 4 (8) 8 (12,5) P=0,
Alelos
T 99 (82,5) | 88(88,0) | 89(89,0) | 108 (84,4) | x*=2,50
C 21(17,5) | 12(12,0) | 11(11,0) | 20 (15,6) p=0,47
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cgtgtgcccagcecctceccaccgcetggtccecggetgccaggaggcetggecgetggecgggaaggggecggga
aacctcagagccccgcggagacagcagcecgccttgttcctcageccggtggcttttttttccecctgetctcccag
gggacagacaccaccgccccacccctcacgccccacctecectgggggatCCTTTCCGCCCCAGC
CCTGAAAGCgttaaT/CCCTGGAGCTTTCTGCACACCCCCCGACCGCTCCCG

CCCAAGCTTCCTAAAAAAGAAAGGTGCAAAGTTTGGTCCAGGATAGAAAAA
TGACTGATCAAAGGCAGGCGATACTTCCTGTTGCCGGGACGCTATATATAA
CGTGATGAGCGCACGGGCTGCGGAGACGCACCGGAGCGCTCGCCCAGC

CGCCGCCTCCAAGCCCCTGAGGTTTCCGGGGACCACA*atgaacaagttgctgtgc

tgcgegctegtggtaagtcectgggeccagecgacgggtgeccggegectggggaggctgetgecacctggte
tcccaacctcccagcggaccggeggggagaaggctccactecgeteectcccaggagaggcttggggttagg

ctggagcaggaaaccgctttcaagttatgccatgcttccectagggt

Figura 1. Sequéncia do gene da OPG humana (AB008821). As bases
sublinhadas representam os primers para amplificacdo do fragmento. Letras
maiusculas indicam a regido 5 UTR. (*) representa o inicio do primeiro éxon.
Em italico estdo representados os nucleotideos que compdem o sitio de

restricdo da enzima Hincll. Em negrito estdo as bases do polimorfismo (T/C).
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