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Background and Objective: Chronic kidney disease (CKD) is a complex disorder,
which results in several complications involving disturbance of mineral metabo-
lism. Periodontal disease is an infectious disease that appears to be an important
cause of systemic inflammation in CKD patients. Periodontal disease is charac-
terized by clinical attachment loss (CAL) caused by alveolar bone resorption
around teeth, which may lead to tooth loss. Osteoprotegerin (OPG) is a key
regulator of osteoclastogenesis. Polymorphisms are the main source of genetic
variation, and single nucleotide polymorphisms (SNPs) have been reported as
major modulators of disease susceptibility. The aim of this study was to investigate
the association of a polymorphism located at position —223 in the untranslated
region of the OPG gene, previously known as —950, with susceptibility to CKD
and periodontal disease.

Material and Methods: A sample of 224 subjects without and with CKD (in
hemodialysis) was divided into groups with and without periodontal disease. The
O PG polymorphism was analyzed by polymerase chain reaction and restriction
fragment length polymorphism.

Results: No association was found between the studied OPG polymorphism and
susceptibility to CKD or periodontal disease.

Conclusion: It was concluded that polymorphism OPG-223 (C/T) was not asso-
ciated with CKD and periodontal disease in a Brazilian population. Studies on
other polymorphisms in this and other genes of the host response could help to
clarify the involvement of bone metabolism mediators in the susceptibility to CKD
and periodontal disease.
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Chronic kidney disease (CKD) is a
complex disorder that combines envi-
ronmental and genetic effects (1). It
represents a progressive and irrevers-
ible deterioration of the kidney’s
functional units, nephrons. It is char-
acterized by reduction of renal mass,
leading to structural hypertrophy of
the remaining nephrons. It results from
a wide spectrum of diseases, such as
glomerulonephritis, diabetes, hyper-
tension and autoimmune disorders
(2,3), but its clinical manifestations are
largely independent of the initial insult
that damaged the kidneys. Loss of
renal function arises with accumula-
tion of metabolic waste products,
which in turn change the normal
homeostatic mechanisms that control
electrolytic balance (4). Dialysis or re-
nal transplant is required to remove
toxic products of metabolism from the
blood, the latter being the ideal form of
treatment (5). In 2005, the prevalence
of patients with CKD was 19.2 million
in the USA (6) and two million in
Brazil (7).

Renal patients are prone to infec-
tious complications (8). In fact, chronic
infections appear to be important
causes of persistent systemic inflam-
mation in CKD patients, which in turn
have been considered a major risk
factor for CKD patients’ morbidity
and mortality (9,10). Regarding com-
plications of an infectious nature,
periodontal disease has been referred
to as a major infectious focus that
could enhance levels of systemic
inflammation, increasing patients’
morbidity (11).

Periodontal disease or periodontitis
is an infectious disorder, in which
putative periodontopathogens trigger
chronic inflammatory and immune
responses that are thought to deter-
mine the clinical outcome of the
disease (12). It is characterized by
irreversible loss of tissue support
around the teeth, which often leads to
tooth loss. The main clinical sign that
characterizes periodontitis is clinical
attachment loss (CAL) caused by
alveolar bone resorption (13).

Periodontitis has environment and
genetics as determinant factors that
contribute to the individual variation
(14). Heritable risk factors may be
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related to inflammatory or immune
mechanisms that, if rendered ineffec-
tive or hyperactive, could enhance the
pathogenic potential of bacterial pla-
que in susceptible individuals (15).
According to the American Academy
of Periodontology (16), 5-15% 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 old present some form
of periodontal disease, according to the
Brazil Oral Health Project (7).
Periodontitis has been considered a
CKD complication (17,18), and its
prevalence and severity are suggested
to be increased in CKD patients (19).

With the increasing number of
patients in hemodialysis, studies have
been focusing on CKD complications,
mainly related to disturbance of
mineral bone metabolism, such as
secondary hyperparathyroidism (20),
extra-osseous calcification (21) and
bone diseases (22). The basic molecular
mechanisms underlying bone metabo-
lism in CKD and periodontal disease
must be balanced to avoid bone dam-
age. In this context, studies focusing on
mediators of bone metabolism could
contribute to the understanding of
mechanisms involved in the outcome
of CKD (23) and periodontal disease
(13).

Bone is a dynamic tissue, which is
continuously renovating in a process
called ‘remodelling’ (24). The process of
co-ordinated formation and resorption
of bone may be up- or downregulated
by a wide spectrum of factors, such as
diseases, drug usage, systemic hor-
mones [parathormone (PTH), calcitri-
ol], local cytokines [interleukin (IL)-1,
IL-6] and growth factors [such as
tumour necrosis factor (TNF)], bone
metabolism mediators [receptor activa-
tor of nuclear factor kB (RANK) and
RANK ligand (RANKL)] and genetic
polymorphisms (25).

Osteoprotegerin (OPQG), also known
as factor of osteoclastic inhibition, is a
secreted basic glycoprotein with 401
amino acid residues that belongs to the
TNF receptor superfamily, and is
considered as a bone-regulating pro-
tein with the capacity to decrease bone
resorption (26). It is expressed by a
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variety of organs and tissues, such as
heart, lung, kidney, blood vessel wall,
intestine, stomach, brain, thyroid
gland, spinal marrow and bone (27).
This protein has a function to antago-
nize RANKL, the main regulator of
osteoclastogenesis (28). It is a critical
cytokine for the differentiation, acti-
vation and survival of the osteoclasts
and acts as a regulator of osteoblast—
osteoclast cross-talk and homeostasis
(29).

The OPG gene was cloned and
characterized by Morinaga et al. (30).
The gene, located on chromosome
8q23-24, represents a single copy gene
with five 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 ma-
jor transcription initiation site is pres-
ent 67 nucleotides upstream of the
initiation ATG codon (30).

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 augmentation of
susceptibility to complex human dis-
eases (31,32). Polymorphisms in genes
of the host bone metabolism have been
associated with CKD and periodontitis
(33,34). However, to our knowledge,
there are no studies investigating the
association between polymorphisms in
the OPG gene and CKD, and only few
studies exploring the relationship
between OPG polymorphisms and
periodontitis (66,67,68). Thus, 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
chronic kidney disease and periodon-
titis.

Methods

Study population

A convenient sample of 224 unrelated
subjects of either sex, mean age
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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)
Age (years; range) 37.8 £ 9.6 40.8 £ 94 452 £ 129 54.5 £ 12.2
(20-70) (20-61) (23-74) (26-77)
Sex (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 periodontal disease; group 3,
with CKD and without periodontal disease; and group 4, presenting CKD and periodontal
disease. The difference observed among groups in the mean age and sex is due to most CKD

patients being older and male.

449 years (range 23-77 years), was
selected from the Dental Clinics of
Pontifical Catholic University of
Parana (PUCPR) and Pro-Renal
Foundation, Curitiba, PR, Brazil. The
patients were from Southern Brazil
(Table 1). Subjects completed per-
sonal, 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).

Kidney disease is a complex disorder
and so is periodontitis. When more
than one complex disease is investi-
gated, it is important to consider two
possible scenarios: (1) the investigated
complex diseases present the same
genetic predisposing background; or
(2) one of the complex diseases pre-
disposes to the other or both predis-
pose to each other. Thus, four groups
were selected, roughly equal in size:
one control group that we termed
‘negative control group’ (60 individuals
without CKD and without periodontal
disease, group 1); groups with only one
of each disease (group 2, 50 patients
without CKD and with periodontal
disease; group 3, 50 patients with
CKD, in hemodialysis, and without
periodontal disease); and group 4,
composed of 64 patients with CKD, in
hemodialysis, and with periodontal
disease.

Patients without CKD presented
glomerular  filtration rate  >90
mL/min, estimated according to the

Modification of Diet Renal Disease
(MDRD; 35).

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 perio-
dontal disease for groups 1 and 3); use
of orthodontic appliances; or present

necrotizing ulcerative gingivitis and
periodontitis.

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

Clinical parameters of periodontitis

Diagnosis of periodontal disease was
made on the basis of clinical para-
meters, such as probing pocket depth
(PPD) and assessment of clinical
attachment loss (CAL). Measurements
of PPD and CAL were recorded at four
points around each tooth. Subjects with
CAL > 5 mm, in at least three teeth, in
at least two quadrants, were considered
affected (36). The following parameters
were recorded: the gingival index (37);
the plaque index (38); the calculus
index (39); and mobility (present or
absent ). The periodontal status of all
subjects is shown in Table 3.

Collection and purification of DNA

Cells were obtained using a mouth-
wash with 3% glucose solution and
scraping of the oral mucosa with a
sterile spatula (40). The DNA was
extracted from epithelial buccal cells
with 10 M ammonium acetate and
1 mm EDTA (41).

Table 2. Baseline clinical parameters of the chronic kidney disease patients

Without periodontal
disease (n = 50)

With periodontal
disease (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 hemodialysis 47.8 £ 48.0 472 + 433
treatment (months)®
Systemic condition (n; %)
Diabetes 7 (14) 17 (26.9)
Hepatitis 11 (22) 17 (26.9)
Cardiovascular disease 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)
“Mean + SD.
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Table 3. Periodontal status of the study population

581

Group 1 (n = 60) Group 2 (n = 50) Group 3 (n = 50) Group 4 (n = 64) p value
Gingival index 02+ 04 1.5+ 09 0.5 £ 0.6 1.7 £ 0.7 0.0001
Plaque index 0.3 +£04 1.3+ 1.0 0.5+ 0.8 1.0 £ 09 0.0001
Calculus index 02 £+ 0.2 1.0 £ 09 0.3 £ 0.5 0.7 £ 0.9 0.0001
PPD (mm) 1.5+ 24 4.6 £ 1.0 2.0 £ 20 3.6 £ 1.1 0.0001
CAL (mm) 22+ 26 6.1 £ 09 2.6 £ 2.7 53+ 1.3 0.0001
Mobility (yes/no) 0/60 21/29 0/50 32/32 0.0001

Values are presented as means + SD, with p values derived from the Kruskal-Wallis test.

Analysis of OPG polymorphism

A 331 bp fragment (GenBank acces-
sion number AB008821) was amplified
by polymerase chain reaction (PCR)
using the following primer pair: (for-
ward 5-CCC AGG GGA CAG ACA
CCA C-3 and reverse 5-GCG CGC
AGC ACA GCA ACT T-3'). Reaction
conditions and cycling parameters
were as follows. One microlitre of the
genomic DNA was used for PCR
amplification in a reaction mixture
containing 22.5 pL PCR Supermix
(Invitrogen Life Technologies, Carls-
bad, CA, USA) and 0.3 pL of each
primer. The reactions were performed
in a Techne T-512 thermal cycler and
consisted of denaturation at 95°C for
5 min, followed by 35 cycles with
denaturation at 95°C for 1 min,
annealing at 57°C for 1 min and elon-
gation at 72°C for 1 min, with a final
extension at 72°C for 7 min. Restric-
tion fragment length polymorphism
(RFLP) technique was performed in a
final reaction volume of 20 pL, using
1 U of Hincl (5-GTPyT{PuAC-3;
Invitrogen Life Technologies), and
10 pL  aliquot of PCR products,
digested at 37°C overnight. The
digested products were separated by
1.7% agarose gel eletrophoresis and
visualized by ethidium bromide-UVB
illumination. The genotypes were
determined by comparing the restric-
tion length polymorphism band pat-
terns 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 two fragments of 248 and
83 bp) or ‘T" (Hincll site absent, with
one fragment of 331 bp).

Statistical analysis

The differences in observed frequencies
of polymorphism among the groups
were assessed by standard chi-squared
test (y°) and considered significant
when the p-value was <0.05. Contin-
uous variables were expressed as means
and standard deviations. Comparisons
of continuous variables were per-
formed using one-way analysis of var-
iance (ANOVA). Kruskal-Wallis test
was used for non-parametric multiple
comparisons for independent variables.
Statistical analysis was performed
using statistical software BioEstat 2.0
for Windows, SPSS (Statistical Pack-
age for the Social Sciences) 10.0 for
Windows (SPSS Inc., Chicago, IL,
USA).

Results

The study polymorphism was observed
to be located at position —223 in the
UTR region of OPG gene (Fig. 1).
This polymorphism was referred to as
a polymorphism in the OPG gene

promoter (position —950) by Brind-
strom et al. (42) and other authors
(43).

No statistically significant associa-
tion was found between the polymor-
phism in the OPG gene and CKD or
periodontal disease. Moreover, there
no association of the polymorphism
was found with clinical parameters of
periodontal disease. The allele fre-
quencies 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 domi-
nant, final mediator of osteoclasto-
genesis 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 mol-
ecule blocked by OPG, called
RANKL, was identified as the key

cctcagagccccgeggagacageagecgecttgttcctcageecggtggctttttittccectgetcteccagag

gacagacaccaccgccccacccctcacgccccacctcectgggggatCCTTTCCGCCCCAGCC
CTGAAAGCgttaaT/CCCTGGAGCTTTCTGCACACCCCCCGACCGCTCCCGC
CCAAGCTTCCTAAAAAAGAAAGGTGCAAAGTTTGGTCCAGGATAGAAAAAT
GACTGATCAAAGGCAGGCGATACTTCCTGTTGCCGGGACGCTATATATAA
CGTGATGAGCGCACGGGCTGCGGAGACGCACCGGAGCGCTCGCCCAGC
CGCCGCCTCCAAGCCCCTGAGGTTTCCGGGGACCACA*atgaacaagttgctgtgc

tgcgegctegtggtaagtecctgggecagecgacgggtgeccggegectggggaggetgetgecacctggte
tcccaacctcccageggaccggecggggagaaggctccactecgeteectcccaggagaggcettggggttagg

ctggagcaggaaaccgctticaagttatgccatgcticccctagggt

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. The
asterisk represents the beginning of the first exon. Italicized nucleotides show the restriction
site for Hincll. Boldface bases represent the polymorphism (T/C).
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Table 4. Allele frequency and genotype distribution of the OPG SNP

Group 1 Group 2 Group 3 Group 4
SNP (n; %) (n = 60) (n = 50) (n = 50) (n = 64) chi-squared
Genotypes
TT 47 (78.3) 41 (82.0) 43 (86.0) 52 (81.3) v = 3.86
TC 5(8.3) 6 (12.0) 3 (6.0) 4(6.2) p = 0.69
ccC 8 (13.4) 3 (6.0) 4(8) 8 (12.5)
Alleles
T 99 (82.5) 88 (88.0) 89 (89.0) 108 (84.4) v =250
C 21 (17.5) 12 (12.0) 11 (11.0) 20 (15.6) p = 047

mediator of osteoclastogenesis in both
a membrane-bound form expressed on
preosteoblastic/stromal cells and a
soluble form. In turn, RANKL was
shown to bind its receptor, RANK, on
osteoclast lineage cells. The important
role played by these factors in regu-
lating bone metabolism was demon-
strated by the findings of extremes of
skeletal phenotypes (osteoporosis and
osteopetrosis) in mice with altered
expression of these molecules (44).

The RANK-RANKL-OPG regula-
tory axis is also involved in inflamma-
tory bone destruction induced by
pro-inflammatory cytokines, such as
prostaglandin E, (PGE,), IL-1B, IL-6
and TNF-a (45). In addition, a number
of other mediators of bone metabo-
lism, such as TGF-B (46), PTH (47),
1,25-dihydroxyvitamin D3 (48), gluco-
corticoids (49) and estrogen (50), exert
their effects on osteoclastogenesis by
regulating osteoblastic/stromal cell
production of OPG and RANKL.
However, not all regulation of osteo-
clasts is exclusively via the osteoblast,
since calcitonin acts directly on osteo-
clastic cells (51) and estrogen has
been shown to induce apoptosis of
osteoclasts (52).

Osteoprotegerin might protect bone
against intensive bone loss resulting
from the imbalance of bone kinetics in
CKD hemodialysis patients (4). Higher
serum OPG and lower serum RANKL
were found in CKD patients in
hemodialysis. Increased serum OPG
levels in hemodialysis patients are
believed to partly reflect a compensa-
tory response to increased bone loss
(53). The determination of serum OPG
levels in association with PTH levels
could be useful in the diagnosis of bone
turnover in renal patients (24). 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
(54).

The OPG expression from gingival
tissue was higher in chronic perio-
dontitis than in healthy patients (12).
Human periodontal ligament cells
stimulated with lipopolysaccharide
could inhibit osteoclastogenesis by
producing higher levels of OPG than
RANKL via the induction of IL-1B
and TNF-a (55). In contrast, an
increased concentration of RANKL
and a decreased concentration of
OPG were detected in gingival
crevicular fluid from patients with
periodontitis (56). Also, osteoblasts in
culture exposed to a stimulus of
periodontopathogens  showed  in-
creased expression of RANKL and
decreased expression of OPG (57).
However, levels of OPG in saliva did
not show a relationship with perio-
dontal disease and were not correlated
with periodontal indices (58). Por-
phyromonas gingivalis upregulated the
expression of OPG in human micro-
vascular endothelial cells via a nuclear
factor kB-dependent pathway; thus,
these endothelial cells may act as a
source of OPG and thereby may play
a role in regulating bone metabolism
in periodontitis (59). Thus, changes in
the levels of this regulator of osteo-
clast differentiation may play a major
role in the bone loss observed in
periodontitis (60).

A number of polymorphisms in the
OPG gene have been described in pre-
vious investigations and associated
with bone mineral density (61), verte-
bral fractures (62), coronary artery
disease (43), Paget’s disease (63),
osteoarthritis (64) and osteoporosis

(65) in different populations. To our
knowledge, this is the first study
investigating the association between
polymorphisms in the OPG gene and
CKD. We found no association
between the study OPG polymorphism
and CKD. We have recently identified
an association of a polymorphism in
the vitamin D receptor (VDR) gene
with CKD (34). However, other poly-
morphisms in the OPG gene and in
other genes of the host bone meta-
bolism response may also be involved
in the determination of susceptibility to
and/or progression of CKD.

With regard to periodontitis, there
are a few association studies investi-
gating polymorphisms in the OPG
gene. No association was found
between aggressive (66) or chronic
periodontitis (67,68) and OPG poly-
morphisms. 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 study and in
the two other studies reporting peri-
odontitis are limited to the upstream
region of the OPG gene. A physical
study considering linkage disequilib-
rium blocks with a number of poly-
morphisms representing the whole
gene could facilitate understanding of
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 pro-
tein 2-binding site and 32 bp upstream
from a specific protein 1-binding site, it
does not seem to interfere with tran-
scription activity of this gene (43).

Complex diseases, such as CKD (69)
and periodontal disease (70), have a
genetic basis that combines effects of
the interaction of sequence variation of
multiple genes with the environment
(71). Even though no association of the
study OPG gene polymorphism was



found with either chronic kidney dis-
ease or periodontitis, osteoprotegerin
may have an impact in basic molecular
mechanisms underlying bone meta-
bolism in both CKD and periodontal
disease. Additional studies investigat-
ing other polymorphisms in this and
other genes of the host response could
help to clarify the involvement of bone
metabolism mediators in the determi-
nation of susceptibility to CKD and
periodontal disease.

It was concluded that polymorphism

OPG-223 (C/T) was not associated
with CKD and periodontal disease in a
Brazilian population.

Acknowledgements

This study was supported by grants
from the Araucaria Support Founda-
tion for Scientific and Technological
Development of Parana (grant 5856)
and National Counsel of Technologi-
cal and Scientific Development (CNPq,
grant 475770/2004-8).

References

1.

Goldfarb-Rumyantzev AS, Cheung AK,
Habib AN eral. A population-based
assessment of the familial component of
chronic kidney disease mortality. Am J
Nephrol 2006;26:142—148.

De Rossi SS, Glick M. Dental consider-
ations for the patient with renal disease
receiving hemodialysis. J Am Dent Assoc
1996;127:211-219.

Proctor R, Kumar N, Stein A, Moles D,
Porter S. Oral and dental aspects of
chronic renal failure. J Dent Res 2005;
84:199-208.

Rose BD. Manual of Clinical Problems in
Nephrology. Boston: Little Brown and
Co., 1988:371-379.

Eigner TL, Jastak JT, Bennett WM.
Achieving oral health in patients with
renal failure and renal transplants. J Am
Dent Assoc 1986;113:612-616.
Schoolwerth AC, Engelgau MM, Hostet-
ter TH et al. Chronic kidney disease: a
public health problem that needs a public
health action plan. Prev Chronic Dis
2006;3:A57.

Projecto SB Brasil. Condicdoes da saide
bucal da populacdo brasileira: resultados
principais. Ministério da Saude, Departa-
mento de Atengdo Basica, Brasilia: Min-
istério da Saude, 2003:36-40.

Stenvinkel P, Lindholm B, Heimburger O.
Novel approaches in an integrated therapy
of inflammatory-associated wasting in

20.

21.

22.

Osteoprotegerin polymorphism, kidney and periodontal diseases

end-stage renal disease. Semin Dial

2004;17:505-515.

. Naugle K, Darby ML, Bauman DB,

Lineberger LT, Powers R. The oral health
status of individuals on renal dialysis. Ann
Periodontol 1998;3:197-205.

. Wyatt CM, Winston J. Renal disease in

patients with HIV. Curr Infect Dis Rep
2006;8:76-81.

. Rahmati MA, Craig RG, Homel P, Kay-

sen GA, Levin NW. Serum markers of
periodontal disease status and inflamma-
tion in hemodialysis patients. Am J Kidney
Dis 2002;40:983-989.

. Garlet GP, Martins W Jr, Fonseca BA,

Ferreira BR, Silva JS. Matrix metallo-
proteinases, their physiological inhibitors
and osteoclast factors are differentially
regulated by the cytokine profile in human
periodontal disease. J Clin Periodontol
2004;31:671-679.

. Ebisu S, Noiri Y. Oral Biofilms and bone

resorption [in Japanese]. Clin Calcium
2007;17:179-184.

. Kornman KS, Crane A, Wang HY et al.

The interleukin-1 genotype as a severity
factor in adult periodontal disease. J Clin
Periodontol 1997,24:72-77.

. Schenkein HA, Van Dyke TE. Early-onset

periodontitis: systemic aspects of etiology
and pathogenesis. Periodontol 2000 1994;
6:7-25.

. American Academy of Periodontology.

Epidemiology of periodontal disease.

J Periodontol 2005;76:1409-1419.

. Marakoglu I, Gursoy UK, Demirer S,

Sezer H. Periodontal status of chronic
renal failure patients receiving
hemodialysis. Yonsei Med J 2003;44:648—
652.

. Borawski J, Wilczynska-Borawska M,

Stokowska W, Mysliwiec M. The perio-
dontal status of pre-dialysis chronic kid-
ney disease and maintenance dialysis
patients. Nephrol Dial Transplant 2007;22:
457-464.

. Kshirsagar AV, Moss KL, Elter JR, Beck

JD, Offenbacher S, Falk RJ. Periodontal
disease is associated with renal insuffi-
ciency in the Atherosclerosis Risk in
Communities (ARIC) study. Am J Kidney
Dis 2005;45:650-657.

Khan S. Secondary hyperparathyroidism
is associated with higher cost of care
among chronic kidney disease patients
with cardiovascular comorbidities.
Nephron Clin Pract 2007;105:c159—164.
Floege J, Ketteler M. Vascular calcifica-
tion in patients with end-stage renal dis-
ease. Nephrol Dial Transplant 2004;
19(suppl 5):V59-V66.

Jassal SK, von Muhlen D, Barrett-Connor
E. Measures of renal function, BMD,
bone loss, and osteoporotic fracture in
older adults: the Rancho Bernardo study.
J Bone Miner Res 2007;22:203-210.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

583

Moe SM, Drueke T, Lameire N, Eknoyan
G. Chronic kidney disease-mineral-bone
disorder: a new paradigm. Adv Chronic
Kidney Dis 2007;14:3—12.

Coen G, Ballanti P, Balducci A et al.
Serum osteoprotegerin and renal osteo-
dystrophy.  Nephrol Dial  Transplant
2002;17:233-238.

Montalban C, Garcia-Unzueta MT, De
Francisco AL, Amado JA. Serum inter-
leukin-6 in renal osteodystrophy: rela-
tionship with serum PTH and bone
remodeling markers. Horm Metab Res
1999;31:14-17.

Simonet WS, Lacey DL, Dunstan CR
et al. Osteoprotegerin: a novel secreted
protein involved in the regulation of bone
density. Cell 1997;89:309-319.

Yasuda H, Shima N, Nakagawa N et al.
Identity of osteoclastogenesis inhibitory
factor (OCIF) and osteoprotegerin
(OPG): a mechanism by which OPG/
OCIF inhibits osteoclastogenesis in vitro.
Endocrinology 1998;139:1329-1337.
Lacey DL, Timms E, Tan HL et al.
Osteoprotegerin ligand is a cytokine that
regulates osteoclast differentiation and
activation. Cell 1998;93:165-176.
Shalhoub V, Faust J, Boyle WI et al.
Osteoprotegerin ~ and  osteoprotegerin
ligand effects on osteoclast formation
from human peripheral blood mononu-
clear cell precursors. J Cell Biochem
1999;72:251-261.

Morinaga T, Nakagawa N, Yasuda H,
Tsuda E, Higashio K. Cloning and char-
acterization of the gene encoding human
osteoprotegerin/osteoclastogenesis-inhibi-
tory factor. Eur J Biochem 1998;254:685—
691.

Trevilatto PC, Scarel-Caminaga RM,
de Brito RB Jr, de Souza AP, Line SR.
Polymorphism at position -174 of IL-6
gene is associated with susceptibility to
chronic periodontitis in a Caucasian Bra-
zilian population. J Clin Periodontol
2003;30:438-442.

Riemenschneider M, Konta L, Friedrich P
et al. A functional polymorphism within
plasminogen activator urokinase (PLAU)
is associated with Alzheimer’s disease.
Hum Mol Genet 2006;15:2446-2456.

de Brito RB Jr, Scarel-Caminaga RM,
Trevilatto PC, de Souza AP, Barros SP.
Polymorphisms in the vitamin D receptor
gene are associated with periodontal dis-
ease. J Periodontol 2004;75:1090-1095.
Machado de Souza C, Ribeiro Braosi AP,
Luczyszyn SM et al. Association between
vitamin D receptor gene polymorphisms
and susceptibility to chronic kidney
disease and periodontitis. Blood Purif
2007;25:411-419.

Levey AS, Bosch JP, Lewis JB, Greene T,
Rogers N, Roth D. A more accurate
method to estimate glomerular filtration



584  Baioni et al.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

rate from serum creatinine: a new predic-
tion equation. Modification of diet in
Renal Disease Study Group. Ann Intern
Med 1999;130:461-470.

Armitage GC. Development of a classifi-
cation system for periodontal diseases and
conditions. Ann Periodontol 1999; 4:1-6.
Loee H, Silness J. Periodontal disease in
pregnancy. I. Prevalence and severity.
Acta Odontol Scand 1963;21:533-551.
Silness J, Loee H. Periodontal disease in
pregnancy. II. Correlation between oral
hygiene and periodontal condition. Acta
Odontol Scand 1964;22:121-135.

Greene JC, Vermillion JR. The simplified
oral hygiene index. J Am Dent Assoc
1964;68:7—13.

Trevilatto PC, Line SR. Use of buccal
epithelial cells for PCR amplification of
large DNA fragments. J Forensic Odonto-
stomatol 2000;18:6-9.

Aidar M, Line SR. A simple and cost-
effective protocol for DNA isolation from
buccal epithelial cells. Dent J
2007;18: 148-152.

Brandstrom H, Stiger F, Lind L, Kahan
T, Melhus H, Kindmark A. A single
nucleotide polymorphism in the promoter
region of the human gene for osteopro-
tegerin is related to vascular morphology
and function. Biochem Biophys Res Com-
mun 2002;293:13-17.

Soufi M, Schoppet M, Sattler AM et al.
Osteoprotegerin gene polymorphisms in
men with coronary artery disease. J Clin
Endocrinol Metab 2004;89:3764-3768.
Yamashita T, Okada S, Higashio K,
Nabeshima Y, Noda M. Double muta-
tions in klotho and osteoprotegerin gene
loci rescued osteopetrotic phenotype.
Endocrinology 2002;143:4711-4717.

Boyle WIJ, Simonet WS, Lacey DL.
Osteoclast differentiation and activation.
Nature 2003;6937:337-342.

Takai H, Kanematsu M, Yano K et al.
Transforming growth factor-p stimulates
the production of osteoprotegerin/osteo-
clastogenesis inhibitory factor by bone
marrow stromal cells. J Biol Chem
1998;273:27091-27096.

Lee SK, Lorenzo JA. Parathyroid hor-
mone stimulatess TRANCE and inhibits
osteoprotegerin  messenger ribonucleic
acid expression in murine bone marrow
cultures: correlation with osteoclast-like
cell formation. Endocrinology 1999; 140:
3552-3561.

Kitazawa R, Kitazawa S, Maeda S. Pro-
moter structure of mouse RANKL/

Braz

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

TRANCE/OPGL/ODF gene. Biochim
Biophys Acta 1999;1445:134-141.
Hofbauer LC, Gori F, Riggs BL et al.
Stimulation of osteoprotegerin ligand and
inhibition of osteoprotegerin production
by glucocorticoids in human osteoblastic
lineage cells: potential paracrine mecha-
nisms of glucocorticoid-induced osteopo-
rosis. Endocrinology 1999;140:4382-4389.
Saika M, Inoue D, Kido S, Matsumoto T.
17B-Estradiol stimulates expression of
osteoprotegerin by a mouse stromal cell
line, ST-2, via estrogen receptor-o. Endo-
crinology 2001;142:2205-2212.

Nicholson GC, Moseley JM, Sexton PM,
Mendelsohn FA, Martin TJ. Abundant
calcitonin receptors in isolated rat osteo-
clasts. Biochemical and autoradiographic
characterization. J Clin Invest 1986;78:
355-360.

Hughes DE, Dai A, Tiffee JC, Li HH,
Mundy GR, Boyce BF. Estrogen pro-
motes apoptosis of murine osteoclasts
mediated by TGF-B. Nat Med 1996;2:
1132-1136.

Crisafulli A, Romeo A, Floccari F et al.
Osteoprotegerin and bone mineral density
in hemodiafiltration patients. Ren Fail
2005;27:531-539.

Price PA, June HH, Buckley JR, Wil-
liamson MK. Osteoprotegerin inhibits
artery calcification induced by warfarin
and by vitamin D. Arterioscler Thromb
Vasc Biol 2001;21:1610-1616.

Wada N, Maeda H, Yoshimine Y,
Akamine A. Lipopolysaccharide stimu-
lates expression of osteoprotegerin and
receptor activator of NF-kB ligand in
periodontal ligament fibroblasts through
the induction of interleukin-1p and tumor
necrosis factor-o.. Bone 2004;35:629-635.
Mogi M, Otogoto J, Ota N, Togari A.
Differential expression of RANKL and
osteoprotegerin in gingival crevicular fluid
of patients with periodontitis. J Dent Res
2004;83:166-169.

Choi BK, Moon SY, Cha JH, Kim KW,
Yoo YJ. Prostaglandin E, is a main
mediator in receptor activator of nuclear
factor-kB ligand-dependent osteoclasto-
genesis induced by Porphyromonas gingi-
valis, Treponema denticola, and
Treponema socranskii. J Periodontol 2005;
76:813-820.

Miller CS, King CP Jr, Langub MC,
Kryscio RJ, Thomas MV. Salivary bio-
markers of existing periodontal disease: a
cross-sectional study. J Am Dent Assoc
2006;137:322-329.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Kobayashi-Sakamoto M, Hirose K, Isogai
E, Chiba I. NF-xB-dependent induction
of osteoprotegerin by Porphyromonas
gingivalis in endothelial cells. Biochem
Biophys Res Commun 2004;315:107-112.
Crotti T, Smith MD, Hirsch R e al.
Receptor  activator ~NF kB  ligand
(RANKL) and osteoprotegerin (OPG)
protein  expression in  periodontitis.
J Periodont Res 2003;38:380-387.

. Arko B, Prezelj J, Kocijancic A, Komel R,

Marc J. Association of the osteoprotegerin
gene polymorphisms with bone mineral
density in postmenopausal women. Mat-
uritas 2005;51:270-279.

Langdahl BL, Carstens M, Stenkjaer L,
Eriksen EF. Polymorphisms in the osteo-
protegerin gene are associated with oste-
oporotic fractures. J Bone Miner Res
2002;17:1245-1255.

Daroszewska A, Hocking LJ, McGuigan
FE et al. Susceptibility to Paget’s disease
of bone is influenced by a common poly-
morphic variant of osteoprotegerin.
J Bone Miner Res 2004;19:1506-1511.
Valdes AM, Hart DJ, Jones KA et al.
Association study of candidate genes for
the prevalence and progression of knee
osteoarthritis. Arthritis Rheum 2004:;50:
2497-2507.

Vidal C, Brincat M, Xuereb Anastasi A.
TNFRSFI1B gene variants and bone
mineral density in postmenopausal women
in Malta. Maturitas 2006;53:386-395.
Soedarsono N, Rabello D, Kamei H ez al.
Evaluation of RANK/RANKL/OPG
gene polymorphisms in aggressive perio-
dontitis. J Periodont Res 2006;41:397—
404.

Wohlfahrt JC, Wu T, Hodges JS, Hinrichs
JE, Michalowicz BS. No association
between selected candidate gene poly-
morphisms and severe chronic perio-
dontitis. J Periodontol 2006;77:426-436.
Wagner J, Kaminski WE, Aslanidis C
et al. Prevalence of OPG and IL-1 gene
polymorphisms. J  Clin
2007;34:823-827.

Padiyar A, Sedor JR. Genetic and geno-
mic approaches to glomerulosclerosis.
Curr Mol Med 2005;5:497-507.
Michalowicz BS, Diehl SR, Gunsolley JC
et al. Evidence of a substantial genetic
basis for risk of adult periodontitis.
J Periodontol 2000;71:1699-1707.
Rannala B. Finding genes influencing
susceptibility to complex diseases in the
post-genome era. Am J Pharmacogenomics
2001;1:203-221.

Periodontol



This document is a scanned copy of a printed document. No warranty is given about the accuracy
of the copy. Users should refer to the original published version of the material.



