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“0 seu tempo é limitado,

entdo ndo o gaste vivendo a vida de um outro alguém.

Ndo fique preso pelos dogmas, que é viver com os resultados da vida de outras pessoas.

N3o deixe que o barulho da opinido dos outros cale a sua prépria voz interior.

E o mais importante: tenha coragem de seguir o seu proprio coragdo e a sua intuicdo.

Eles de alguma maneira ja sabem o que vocé realmente quer se tornar.

Todo o resto é secundario."

(Steve Jobs)
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RESUMO

A doenca renal crénica (DRC) é uma doenca progressiva, que cursa com a destruicdo dos
nefros. A doenca renal em estagio final, ou estagio 5, refere-se a fase em que os pacientes
necessitam de terapia de substituicdo de suas func¢des renais, por didlise ou transplante.
Pacientes com DRC apresentam diversas complica¢des, sendo a doenca periodontal (DP)
exacerbada nesses individuos. A DP é uma doenca de natureza inflamatdria cronica, iniciada
por bactérias especificas que ativam mecanismos inflamatérios e geram a destruicao dos
tecidos periodontais. Embora as bactérias sejam essenciais para a iniciagdo da periodontite,
ha fatores modificadores que amplificam alguns mecanismos de progressao e severidade,
como a presenca de doencas sistémicas e polimorfismos genéticos. Polimorfismos funcionais
nos genes da IL-1 tém sido associados a diversas doencas imuno-inflamatérias. O objetivo
deste trabalho foi investigar a associacdo entre polimorfismos nos genes do cluster da IL-1
[IL1A-889, IL1B-511, IL1B+3954 e ILIRN, intron 2 (nimero variavel de repeticGes em tandem —
VNTR)] e a susceptibilidade a DRC e a DP. Também, o nivel de transcritos génicos foi
comparado entre os grupos e de acordo com os gendtipos dos quatro polimorfismos. Foram
avaliados 246 individuos, com média de idade de 44,8 anos, divididos em: grupo 1 (64
pacientes sem DRC e sem DP), grupo 2 (58 pacientes sem DRC e com DP), grupo 3 (52
pacientes com DRC e sem DP) e grupo 4 (72 pacientes com DRC e com DP). O DNA genémico
foi obtido a partir de células da mucosa bucal e os polimorfismos /IL1A-889, IL1B-511,
IL1B+3954 e ILIRN (intron 2 - VNTR) foram estudados por rea¢do em cadeia da polimerase
(PCR) e pela técnica de analise de polimorfismos por tamanho de fragmento de restricdo
(RFLP), enquanto que os transcritos génicos (obtidos a partir de tecido gengival) foram
analisados por PCR em tempo real. O risco associado com gendtipos, alelos e hapldtipos foi
calculado como odds ratio (OR) com intervalo de confiangca de 95%. Possiveis diferengas na
intensidade da expressdo dos transcritos génicos entre os grupos foram avaliadas por ANOVA.
O alelo IL1IRN*1 foi associado a um risco cerca de 3 vezes maior para o desenvolvimento da
DRC (OR 2,86 95% CI=1,1-7,4, p=0,045). Além disso, o alelo ILIRN*2 foi associado a DP em
pacientes com DRC (OR 3,53 95% Cl=1,5-8,4, p=0,005), bem como o alelo /IL1B+3954*T se
associou a DRC em pacientes com DP (OR 1,96 95% Cl=1,10-3,48, p=0,030). Niveis aumentados
dos transcritos génicos IL1A, IL1B e ILIRN foram observados em pacientes com DP, ndo
mostrando diferencas de acordo com gendtipos especificos. Concluiu-se que polimorfismos
nos genes /L1 associaram-se com a DRC e a DP. Maiores niveis de transcritos génicos /L1
refletiram a expressao aumentada de mediadores inflamatérios em sitios com DP. Parametros
clinicos tradicionalmente usados na determinacdao do progndstico de doencas inflamatdrias
complexas, como a DP e DRC, parecem estar, pelo menos em parte, na dependéncia de

genotipos especificos.



ABSTRACT

Chronic kidney disease (CKD) is an inflammatory progressive illness characterized by the
gradual and usually permanent loss of kidney function over time. The main causes are
hypertension and diabetes mellitus. Patients with CKD present several complications, being
the periodontal disease (PD) exacerbated in these individuals. Periodontitis is initiated by
periodontal pathogens which, in turn, trigger the chronic inflammatory and immune
responses that are thought to determine the clinical outcome of the disease. Although the
bacteria is essential to the onset of PD, there are modifying factors which amplify mechanisms
of severity and progression, such as systemic diseases and genetic polymorphisms. Therefore,
the aim of this study was to investigate the association between the functional
polymorphisms in the IL-1 cluster genes (/IL-1A-889, IL-1B-511, IL-1B+3954 and IL-1RN, intron
2) and the susceptibility to CKD and PD. The study population consisted of 246 individuals,
mean age 44.8 years, and was divided into: group 1 (64 patients without CKD and without PD),
group 2 (58 patients without CKD and with PD), group 3 (52 patients with CKD and without PD)
and group 4 (72 patients with CKD and with PD). Genomic DNA was obtained from cells of oral
mucosa and the polymorphisms /L1A-889, /L1B-511, IL1B+3954 e ILIRN (intron 2) were
analyzed by polymerase chain reaction (PCR) and restriction fragment length polymorphism
(RFLP). Interleukin-1 gene transcripts from gingival tissues were analyzed by real time-PCR
technique. The risk associated with genotypes, alleles and haplotypes was calculated as the
odds ratio (OR) with 95% confidence intervals (Cl). To access possible differences in the
intensity of mRNA expression among the groups was assessed by ANOVA (p<0.05). The results
suggest that ILLRN*1 allele (the most frequent allele) was associated with a roughly 3-fold
increased risk of CKD (OR 2.86 95% Cl=1.1-7.4, p=0.045). The IL1IRN*2 allele was associated
with PD in CKD patients (OR 3.53 95% Cl=1.5-8.4, p=0.005), as well as /IL1B+3954*T allele
associated with CKD when patients with PD were analyzed (OR 1.96 95% Cl=1.10-3.48,
p=0.030). When real-time PCR was used to evaluate the expression of IL-1 genes, increased
levels of transcripts of IL1A, IL1B and IL1IRN genes were observed in PD patients, although with
no statistically significant differences between groups without and with CKD. The present
study concluded that there is an association between /L1 gene polymorphisms and
susceptibility to CKD and PD. Moreover, higher levels of /L1 gene transcripts of the
inflammatory mediators were found in sites with PD. Clinical parameters traditionally used to
determine the outcome of inflammatory complex diseases, such as CKD and PD, seem to be,

at least in part, dependent on specific genotypes.
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INTRODUCAO

A doencga renal cronica (DRC) é um processo que expressa a perda da capacidade
funcional dos nefros, independente de sua etiologia. Pode ser classificada em aguda, subaguda
ou crbnica, de acordo com seu inicio e com a possibilidade de retorno a normalidade das
lesGes estruturais (1). A DRC pode ser definida a partir de dois critérios: funcdo e morfologia
renal anormais (proteindria) ou taxa de filtracdo glomerular (GFR) menor que 60 mL/min,
calculada a partir de variaveis da férmula Modification of Diet in Renal Disease (MDRD)
utilizando as medidas de creatinina sérica (2). Pela GFR, a DRC pode ser classificada do estagio
1 ao estagio 5, de acordo com a GFR, sendo o estadgio 5 um grau de doenca avancado
denominado de doenca renal créonica em estagio final (ESRD), quando existe a necessidade da
instalacdo de uma terapia de substituicdo que pode ser a didlise ou transplante renal (3, 4).
Constitui um problema de saude publica em muitos paises (5). Segundo dados da Sociedade
Brasileira de Nefrologia de 2008, existem cerca de 79 mil pacientes com DRC no Brasil, estando
36 mil (89,4%) em hemodidlise, e 8% novos casos surgindo ao ano (6). Pacientes em dialise
apresentam maior prevaléncia de complicacdes, como doencas cardiovasculares, principal
causa de morte nesses pacientes. Além disso, pacientes com DRC sdo mais suscetiveis a
exacerbacdo de doencas infecciosas, como a doencga periodontal (DP), o que pode contribuir
para o aumento da morbidade e mortalidade nesses pacientes, como foco de inflamagao (7-
10).

A DP é uma doenga infecciosa de natureza inflamatdria cronica que leva a destruicdo
patoldgica dos tecidos de suporte do dente e reabsorcdo déssea alveolar (11). Embora existam
bactérias relacionadas com a iniciacdo da periodontite, o hospedeiro pode estar exposto a um
desafio antigénico aumentado em sitios de doenca periodontal destrutiva, acionando fatores
modificadores que ndo causam a doenca, mas amplificam alguns mecanismos de progressao e
severidade, como o aumento dos niveis de citocinas pré-inflamatdrias e ativagdo de anticorpos
especificos em individuos suscetiveis (9). A presenca de doencgas sistémicas (12), como a
propria DRC, pode favorecer a instalagdo, progressao e severidade de doencas infecciosas,
como a periodontite, por intensificar a resposta imuno-inflamatéria do hospedeiro (10).

As interleucinas (IL) sdo mediadoras-chave do processo inflamatdrio de diversas doencas
cronicas, como a DRC e a DP. A IL-1a e IL-18 apresentam atividades bioldgicas similares porque
aumentam a adesdo leucocitdria as células endoteliais, permitem o acesso das células

inflamatérias aos sitios de infeccdo, promovem a desgranulagao dos neutréfilos, estimulam a
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sintese de prostaglandinas pelos mondcitos e fibroblastos, estimulam a liberacdo das
metaloproteinases da matriz extracelular, que degradam componentes da matriz extracelular
e promovem a reabsorcdo odssea (13, 14). Essas citocinas apresentam atividades pré-
inflamatérias e catabdlicas similares, pois se ligam a receptores comuns (15). Contudo, a IL-18
é cerca de 15 vezes mais potente que a IL-1a na mediagdo da reabsorgao dssea in vitro (16,
17). A IL-1ra é o antagonista natural de ambas IL-1a e IL-16, por se ligar aos receptores da IL-1,
inibindo sua resposta bioldgica (18, 19).

Fatores de risco tradicionais de mortalidade em pacientes com DRC, tais como
hipertensdo, hipercolesterolemia e diabetes mellitus, ndo explicam completamente a alta taxa
de mortalidade nesses pacientes (20-22). A concentragdo sérica de citocinas pré-inflamatérias,
como IL-1, IL-6 e fator de necrose tumoral (TNF)-a esta elevada nessa populagdo e tem sido
fortemente associada as complica¢gdes da DRC, aumentando seus niveis de mortalidade (23).
Varios estudos mostram que os mondcitos sdao cronicamente ativados em pacientes com DRC,
dialisados ou ndo (24). Contudo, apds a sessdo de hemodialise, os pacientes renais crénicos
apresentam um aumento na producdo de IL-1 pelos mondcitos e altas concentracbes
plasmaticas de IL-1, principalmente IL-18 e IL-1ra (25). Dessa forma, a condicdo inflamatéria
parece constituir um significante fator de risco de mortalidade coadjuvante em pacientes com
DRC. Nesse contexto, tem sido sugerido que a DP represente um indicador de mortalidade
nesses pacientes, por aumentar os niveis de marcadores séricos de inflamacdo, como a
proteina C reativa (10). Na DP, periodontopatdgenos ativam a produgdo das interleucinas pro-
inflamatdrias, como a IL-1, que modula a degradacdo de componentes da matriz extracelular e
a reabsorcdo do 0sso, que compdem os tecidos periodontais (26). Niveis aumentados de IL-1
foram encontrados na gengiva (27-29) e em sitios ativos de pacientes com periodontite cronica
(30), e diminuidos no fluido gengival apds tratamento da DP (13, 30, 31).

O cluster da IL1 é constituido pelos genes IL1A, IL1B e IL1RN, localizados no brago longo
do cromossomo 2, que codificam as citocinas IL-1¢, IL-16 e IL-1ra (antagonista do receptor da
IL-1), respectivamente. Os genes IL1A e IL1B apresentam polimorfismos de base Unica (Single
Nucleotide Polymorphisms - SNPs). Polimorfismos sdo variagdes genéticas comumente
encontradas na populagdo que geram formas génicas variantes (alelos), cuja freqiiéncia do
alelo mais raro é maior que 1% na populacdo (32). H& polimorfismos que influenciam a
atividade de fatores reguladores da resposta inflamatdria, alterando sua expressdo, podendo
estar associados a suscetibilidade a doengas (33). Diferencgas individuais nos niveis de

interleucinas, relacionados aos diferentes graus de susceptibilidade a doencas inflamatorias,
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podem ser atribuidas a alelos de genes polimorficos (34-36). O gene IL1A apresenta um
polimorfismo na posigdo -889, e o IL1B, na posigdo -511 (C/T) e +3954 (C/T), a partir do sitio de
inicio de transcri¢do. O polimorfismo /L1B+3954 foi reportado estar em forte desequilibrio de
ligacdo com o polimorfismo /IL1A-889 em diversas populagdes (37). No intron 2 do gene ILIRN,
ha um polimorfismo de variagdo do numero de repeticdes (86 pb) em tandem (Variable
Number of Tandem Repeats - VNTR). Na posicdo -889 do promotor do gene IL1A foi descrito
um polimorfismo caracterizado pela substituicdo de uma base citosina (C) por uma timina (T),
originando dois possiveis alelos: alelo C e alelo T (38). Estudos demonstraram que pacientes
gue carregam o alelo T podem produzir niveis mais elevados da proteina IL-1a (39). Na posicao
-511 do promotor e na posicdo +3954 do exon 5 do gene IL1B foram descritos polimorfismos
bi-alélicos, caracterizados pela substituicdo de uma base C por T (40). Os alelos T dos dois
polimorfismos foram relacionados a producdo aumentada da proteina IL-16 (40). Foi
observado que dois destes polimorfismos (alelos /L1A-889*T e IL1B+3954*T), quando juntos,
estiveram associados a presenca de periodontite severa em adultos ndo-fumantes (12).
Posteriormente, foi demonstrado desequilibrio de ligacdo entre esses dois loci polimorficos
(41). Pacientes que portavam esse haplétipo, composto por alelos T de ambos os
polimorfismos, foram denominados gendtipo-positivo (12). A presenca de um dos
polimorfismos (/L1686 +3954*T), que compde o gendtipo-positivo, esta relacionada a uma
produgdo duas a quatro vezes maior da IL-18 in vitro (12, 42). No intron 2 do gene ILIRN, o
polimorfismo VNTR gera cinco possiveis alelos, que correspondem a presenca de 2, 3,4,50u 6
repeticoes de 86 pb (43). O alelo ILIRN*2 (intron 2) foi associado a produc¢do diminuida da
proteina IL-1ra (44, 45). Além disso, células mononucleares de portadores desse polimorfismo
demonstraram produzir concentragdes elevadas de IL-1/ in vitro (46). E provavel que este
polimorfismo aumente o nivel de IL-1/5, resultando em um desequilibrio na relagdo IL-18/IL-1ra
o que conduz a um aumento da suscetibilidade ou uma resposta mais intensa para as doencas
inflamatérias. O alelo ILIRN*2 pode ser um indicador de doenca inflamatdria; porém, ndo
necessariamente estar ligado a sua causa (47). Esses polimorfismos sdo funcionais (37, 48),
pois regulam os niveis de expressdo das citocinas correspondentes, e vém sendo associados a
diversas doencas inflamatdrias e degenerativas, como a o cancer gastrico (49-51), doenca
intestinal inflamatdria (45), ldpus eritematoso sistémico (52), sindrome de Sjogren’s (53),
doenga arterial coronariana (54), doengas neurodegenerativas (55). Também, polimorfismos

nos genes da IL-1 foram associados a DRC em estagio final (25, 56-58) e a DP crénica (59-67).
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Pacientes com DRC sdo particularmente susceptiveis ao desenvolvimento de
complicagGes, como a DP (9, 68-72). Por outro lado, a DP constitui um foco infeccioso que
pode influenciar a progressdo da DRC, por elicitar potencialmente a exacerbacdo da
inflamacdo sistémica (71). A DRC e a DP sdo doengas de natureza imuno-inflamatéria, com
eventos moleculares andlogos; assim, podem apresentar fatores genéticos comuns de
predisposicdao. Polimorfismos funcionais, que alteram a taxa de expressdo de genes da
resposta imuno-inflamatdria do hospedeiro, como a IL-1, podem influenciar sua predisposicdo

a doengas sistémicas e locais, com mecanismos fisiopatogénicos similares.

15



OBIJETIVOS

16



OBIJETIVOS

OBJETIVOS

O objetivo deste estudo foi investigar a associacdo de polimorfismos funcionais em

genes da IL-1, e a sua expressao, com a suscetibilidade a DRC e a DP.

Objetivo especifico 1
Investigar a associacdo dos polimorfismos IL1A C-889T, IL1B C-511T, IL1B C+3954T e

ILIRN (86 pb - intron 2) com a susceptibilidade a DRC e a DP.
Objetivo especifico 2

Comparar os niveis de transcritos dos genes IL1A, IL1B e ILIRN entre os grupos com e

sem DRC, com e sem DP, e de acordo com gendtipos.
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Abstract

Background and Objective: Chronic kidney disease (CKD) and periodontal disease (PD) are
complex inflammatory disturbances, which may be influenced by environmental and genetic.
factors. Interleukin (IL)-1 genes code for inflammatory mediators that play a central role in the
physiopathogenesis of both diseases. Functional polymorphisms In /L1 genes modulate their
expression levels and have been associated with susceptibility to several immune-
inflammatory conditions. The aim of this study was to investigate the association of the
functional polymorphisms in the /L1 genes and gene transcripts levels with susceptibility to

CKD and PD.

Material and Methods: The study population consisted of 246 individuals, mean age 44.8
years, and was divided into: group 1 (64 patients without CKD and without PD), group 2 (58
patients without CKD and with PD), group 3 (52 patients with CKD and without PD) and group 4
(72 patients with CKD and with PD). Genomic DNA was obtained from cells of oral mucosa and
the polymorphisms IL1AC-889T, /L1BC-511T, IL1BC+3954T and IL1RN (intron 2) were analyzed
by PCR-RFLP. Interleukin-1 gene transcripts from gingival tissues were analyzed by real time-
PCR technique. The risk associated with genotypes, alleles and haplotypes was calculated as
the odds ratio (OR) with 95% confidence intervals (Cl). To access possible differences in the

intensity of mRNA expression among the groups was used ANOVA (p<0.05).

Results: The ILIRN*1 allele was associated with a roughly 3-fold increased risk of CKD (OR 2.86
95% Cl=1.1-7.4, p=0.045). The ILIRN*2 allele was associated with PD in CKD patients (OR 3.53
95% Cl=1.5-8.4, p=0.005), as well as IL1B+3954*T allele associated with CKD when patients
with PD were analyzed (OR 1.96 95% CI=1.10-3.48, p=0.030). Increased levels of transcripts of
IL1A, IL1B and ILI1RN genes were observed in PD patients, although no statistically significant

differences were observed between groups without and with CKD.

Conclusion: It was observed an association between /L1 gene polymorphisms and
susceptibility to CKD and PD. Moreover, higher levels of IL1 gene transcripts were found in PD
patients. The present study suggests that the association of /L1 gene cluster polymorphisms
with PD and CKD maybe remains in the fact that both are immune-inflammatory diseases

which share common mechanisms influencing their onset, severity and progression.
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Introduction

Chronic kidney disease (CKD) is an inflammatory progressive illness characterized by the
gradual and usually permanent loss of kidney function over time. Kidney disease is divided into
five stages of increasing severity (1, 2). Independently of its etiology, CKD can progress to an
advanced stage, or renal disease stage 5, in which predominate signs and symptoms of uremia
(uremic syndrome), designated End Stage Renal Disease (ESRD). Presence of ESRD indicates
the necessity of a replacement therapy, such as dialysis or renal transplantation (1, 2). Many
diseases can lead to CKD, fast or slowly, but always progressively. Chronic kidney disease can
result from a wide spectrum of diseases such as diabetes, hypertension, glomerulonephritis,
and autoimmune disorders, even though its clinical manifestations are largely independent on
the initial insult that damaged the kidneys (3-5). Many of the CKD patients are misdiagnosed
while others die before treatment. The number of individuals with kidney failure treated by
dialysis and transplantation has increased dramatically in the United States, from 209,000 in
1991, exceeded 320,000 in 1998 to 472,000 in 2004, and is expected to surpass 650,000 by
2010 (6-9). The incidence of CKD stage 5 was reported to be greater than the prevalence of
CKD stage 1, which was of 19.2 millions in the United States (9). This fact is probably due to a
higher survival and acceptance to attend treatment programs (7). The number of new cases
per year is 9.6% in USA, and about 8.8% in Brazil (9). In 2005, the prevalence of CKD patients in
Brazil was about 2 millions (9). According to data from the Brazilian Society of Nephrology, in
2008, there were 79,000 ESRD patients receiving replacement therapy of renal function, being
of these, 35,928 (89.4%) in hemodialysis (9).

Inflammation and infection seem to be important causes of morbidity and mortality in
CKD patients (11), and they seem to be more prone to infection diseases, such as hepatitis
(12) and periodontal disease (PD) (13, 14) than the general population. Patients in
hemodialysis showed a higher prevalence of PD when compared to the general population
(15, 15). Periodontal disease has been considered a CKD complication (1, 14) and its
prevalence and severity are suggested to be increased in this population (14-21). Periodontitis
can be a source of inflammation in hemodialysis patients (19). High levels of C-reactive
protein, the major inflammation acute phase protein, were found either in patients with CKD
(11, 15) as in individuals with PD (15, 21). Recently, our group has reported that patients with
both diseases (CKD and PD) present significantly higher levels of C-reactive protein, which

may impact the outcome of renal disease (18). Persistent systemic inflammation increases
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cardiovascular morbidity/mortality in hemodialysis patients, which is the major cause of
death in this population (22, 23). Thus, it was suggested that PD might be considered, more
than a morbidity factor, a potential mortality indicator for those patients (22).

Periodontitis is an infectious chronic inflammatory disease that causes the destruction
of periodontal supporting tissues and alveolar bone resorption. The disorder is initiated by
periodontal pathogens which trigger the chronic inflammatory and immune responses that
are thought to determine the clinical outcome of the disease (24). According to data of
Brazilian Health Ministry (25), there are near 50% of 35 to 44 year-old Brazilian people with
PD. Among Brazilian CKD patients, this number increases for 70 to 90% (26)

Chronic renal disease and PD are inflammatory conditions, in which polymorphonuclear
and mononuclear cells synthesize a broad spectrum of proinflammatory cytokines (27, 28 ),
such as interleukins (IL)-1a and 68, and the IL-1 antagonist receptor (IL-1ra) (29). Interleukin-1a
and IL-18 present similar biological activities, because they increase leukocyte adhesion to
endothelial cells, enable the ingress of inflammatory cells into sites of infection, promote
polymorphonuclear neutrophil degranulation, stimulate prostaglandin synthesis by monocytes
and fibroblasts, stimulate the releasing of the matrix metalloproteinases which degrade
proteins of the extracellular matrix, and promote bone resorption (30, 31). Although IL-1a and
IL-16 are produced by different genes and present 27% of homology in the polypeptidic chain,
they show similar catabolic and proinflammatory activities because they link to common
receptors (32). However, IL-16 is about 15 times more potent than IL-1a in the mediation of
bone resorption in vitro (33, 34). The IL-1ra is a natural antagonist of both IL-1a and IL-186,
acting by binding the IL-1 receptors, inhibiting biological response (35, 36). Several findings
indicate that monocytes are chronically activated in CKD patients, in dialysis or not (37).
Patients with CKD in hemaodialysis sessions present an IL-1 increased production by monocytes
and increased plasma concentrations of IL-1, mainly IL-18 and IL-1ra (28). In PD, elevated levels
of IL-1 were also found in the gingiva and active chronic disease (33, 34, 38-40), and
diminished in crevicular fluid after periodontal therapy (30, 41). However, sites surgically
treated by flap debridement continued to show elevated levels of both IL-1a and 8 in gingiva
after 6 months of periodontal treatment. The IL-1 gene cluster has been mapped to the long
arm of chromosome 2 and consists of three genes: IL1A, IL1B and IL1RN, encoding IL-1a, IL-18
and IL-1ra proteins, respectively (42-43).

Contemporary, high-throughput sequencing efforts have identified a rich source of

naturally occurring gene polymorphisms. Gene polymorphisms are a mechanism by which
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individuals may exhibit variations in the sequence of genes (44). Most polymorphisms are
single nucleotide exchanges (SNPs) that occur in a high frequency in the human genome (46,
47), which may affect the function of genes (47), and in turn may influence the individual
susceptibility to diseases (43, 49). The IL1A gene presents a polymorphism in the position -889
(C/T); the IL1B gene, in the positions -511 (C/T) and +3954 (C/T), and the IL1RN gene in intron
2, where there is an 86-bp-variable-number-of-tandem-repeat (VNTR) polymorphism (43).
These polymorphisms are considered functional (43) because they regulate the levels of the
corresponding cytokines, and have been associated to several diseases, such as gastric cancer
(50-52), bowel inflammatory disease (53), systemic lupus erythematosus (54), Sjogren’s
syndrome (55), coronary arterial disease (56), neurodegenerative diseases (57), and
periodontitis (58-62).

Polymorphisms in the IL1 gene cluster are functional candidates for the investigation of
association with CKD and PD susceptibility. Though, the aim of this study was to investigate the
association of polymorphisms IL1A (-889), IL1B (-511), IL1B (+3954), and IL1RN (intron 2) with
renal and periodontal diseases. Also, the levels of those gene transcripts were measured by

quantitative polymerase chain reaction (real-time PCR).

Material and Methods

Study population

A convenient sample of 246 unrelated, both sex, mean age 44.8 years (range 20 to 77)
was selected from the Dental Clinics of Pontifical Catholic University of Parana (PUCPR) and
from the Dental Clinics of Pro-Renal Foundation. The patients were from the Southern region
of Brazil (Table 1). Subjects completed personal, medical and dental history questionnaires,
and within a protocol approved by an Institutional Review Board, signed a consent form after
being advised of the nature of the study (approved by the Ethical Committee in Research at

PUCPR, protocol 264/10184).
The sample was divided into four groups:

Group 1: 64 individuals without CKD [glomerular filtration rate > 90 mL/min, estimated

according to the Modification of Diet in Renal Disease (MDRD) formula] (63), and without PD;

Group 2: 58 patients without CKD and with PD [clinical attachment level (CAL) > 5 mm,

in at least three teeth, in at least two quadrants] (64);
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Group 3: 52 patients with CKD stage 5, in hemodialysis, and without PD;
Group 4: 72 patients with CKD stage 5, in hemodialysis, and with PD.

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); systemic 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, and present

necrotizing ulcerative gingivitis and periodontitis.
Serum markers in CKD patients

Serum markers were measured according to the routine of dialysis clinics for CKD

patients.
Clinical parameters of PD

Diagnosis of chronic PD was made on the basis of clinical parameters, such as probing
pocket depth (PPD), and assessment of CAL. Measurements PPD and CAL were recorded at
four points around each tooth. The following parameters were recorded: the gingival (Gl) (65);
the plaque (Pl) (66), and the calculus index (Cl) (67), and mobility (absent or present). The

periodontal status of all subjects is shown in table 2.
DNA collection and purification

Cells were obtained through a mouthwash with 3% glucose solution and scraping of oral
mucosa with a sterile spatula (68). DNA was extracted from epithelial buccal cells with

ammonium acetate 10 M and EDTA 1 mM (69, 70).
Analysis of the IL1 gene cluster polymorphisms (RFLP-PCR/ VNTR)

Conditions of reaction and cycling were as follows: 1 uL of genomic DNA were used for
PCR amplification in a reaction mixture containing 22.5 uL of PCR Supermix (Invitrogen Life
Technologies, Carlsbad, CA, USA), and 1 plL of each primer (25 uM). All the reactions were

performed in a Techne T-512 thermal cycler.
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IL1A (C-889T) polymorphism

The oligonucleotides 5’-AAG CTT GTT CTA CCA CCT GAA CTA GGC-3’ and 5’-TTA CAT ATG
AGC CTT CCA TG-3’ were used as primers, and the reaction was incubated for 5 min at 95°C,
followed by 40 cycles of 1 min at 95°C, 1 min at 51°C, and 1 min at 72°C, and a final extension
at 72°C for 7 min. Restriction Fragment Length Polymorphism (RFLP) technique was performed
in a final reaction volume of 20 uL with 10 uL aliquot of PCR products, and 3 U of Ncol
(Invitrogen Life Technologies, Carlsbad, CA, USA), digested at 37°C overnight (ON), to detect
allele C (16 bp + 83 bp) and allele T (99 bp).

IL1B (C-511T) polymorphism

The oligonucleotides 5’-TGG CAT TGA TCT GGT TCA TC-3’ and 5’-GTT TAG GAA TCT TCC
CAC TT- 3’ were used as primers. The cycles consisted of a initial denaturation at 95°C for 5
min, followed by 35 cycles with denaturation at 95°C for 1 min, annealing at 51°C for 1 min,
and elongation at 72°C for 1 min, with a final extension at 72°C for 7 min. RFLP technique was
performed in a final reaction volume of 20 uL, with 10 uL aliquot of PCR products digested with
3 U of Aval at 37°C ON to detect allele C (114 bp + 190 bp) and allele T (304 bp).

IL1B (C+3954T) polymorphism - 5" exon

The oligonucleotides 5'-CTC AGG TGT CCT CGA AGA AAT CAA A-3' and 5'-GCT TTT TTG
CTG TGA GTC CCG-3' were used as primers. The cycles consisted of a initial denaturation at
95°C for 5 min, followed by 35 cycles with denaturation at 95°C for 1 min, annealing at 59°C for
1 min, and elongation at 72°C for 1 min, with a final extension at 72°C for 7 min. RFLP
technique was performed in a final reaction volume of 20 uL, using 2 U of Tagl (Invitrogen Life
Technologies, Carlsbad, CA, USA), at 65°C ON to detect allele C (97 bp + 85 bp) and allele T (182

bp). In both cases, a constant band of 12 bp was produced.

Restriction products were visualized by electrophoresis on vertical 10% non-denaturing
polyacrylamide gels in 1X TBE (Tris-Borate, 8 mM boric acid, 2 mM EDTA), followed by silver
staining. The genotypes were determined by comparing the restriction length polymorphism

band patterns with a 1 kb plus DNA ladder (Invitrogen Life Technologies, Carlsbad, CA, USA).
ILIRN (VNTR) polymorphism - intron 2

The oligonucleotides 5’-CTC AGC CAA CAC TCC TAT-3’ and 5’-TCC TGG TCT GCA GGT AA-

3’ were used as primers. The reaction was incubated for 5 min at 95°C, followed by 35 cycles of
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1 min at 95°C, 1 min at 55°C and 1 min at 72°C, and additional time of 7 min at 72°C. In the
second intron of ILIRN gene, five alleles are defined by different numbers of an 86-bp segment
repeat. Genotypes were determined by comparing the size of the bands with the molecular
weight ladder (1 kb plus DNA ladder, Invitrogen Life Technologies, Carlsbad, CA, USA), with
separation into allele 1 (4 repeats - 412 bp), allele 2 (2 repeats - 240 bp), allele 3 (3 repeats -
326 bp), allele 4 (5 repeats - 498 bp), and allele 5 (6 repeats - 584 bp). PCR products were
visualized by electrophoresis on vertical 10% non-denaturing polyacrylamide gels in 1X TBE
(Tris-Borate, 89 mM boric acid, 2 mM EDTA), followed by silver staining. The genotypes were
determined by comparing the band patterns with a 1 kb plus DNA ladder (Invitrogen Life
Technologies, Carlsbad, CA, USA).

Analysis of cytokines mRNA expression

The pattern of mRNA expression for IL1A, IL1B and ILIRN was investigated by real-time
PCR, and further associated with genotypes in the whole population, and within each group.
Though, 15 patients from each group (n=60) were randomly scheduled for biopsies of gingiva
(comprising crevicular and junctional epithelium and connective tissue). The gingival sites,
from which biopsies were obtained, represented extreme phenotypes (groups 1 and 3: healthy
sites, with no signs of inflammation and attachment loss; groups 2 and 4, active sites of

disease, presenting bleeding and suppuration, and clinical attachment loss of at least 5 mm).
RNA extraction — cDNA synthesis

Total RNA from the gingival tissue biopsies was extracted using Trizol (Invitrogen Life
Technologies, Carlsbad, CA, USA), according to the directions supplied by the manufacturer.
Trizol (1 mL/mg tissue) was added to the biopsy material, vigorously shaken and macerated,
incubated at room temperature for 5 minutes, and stored at -80°C. After defrosting, 0.2 mL of
chlorophorm was added to each mililiter of the suspension, according to a previous report
(71). The concentration of RNA was determined by the optical density at a wavelength of 260
nm using the GeneQuant (Pharmacia Amersham Biosciences, Piscataway, NJ, USA).
Complementary DNA (cDNA) was synthesized using 1 pg/uL of RNA through a reverse
transcriptase reaction, with the kit ImProm-II"™ Reverse Transcriptase System (Promega Co.,

Wi, USA).
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Real-Time PCR

Real-time-PCR quantitative mRNA analyses were performed in an ABI Prism 5700
Sequence Detection System using the SYBR-green fluorescence quantification system (Applied
Biosystems, Warrington, UK) for quantitation of amplicons. The standard PCR conditions were
95°C (10 min), and then 40 cycles of 94°C (1 min), 56°C (1 min) and 72°C (2 min), followed by
the standard denaturation curve. The sequences of human primers were designed using the
PrimerExpress software (Applied Biosystems) using nucleotide sequences present in the
GenBank database. PCR conditions for each target were conscientiously optimized with regard
to primer concentration, absence of primer dimer formation, and efficiency of amplification of
target genes and housekeeping gene control. SYBR Green PCR Master Mix (Applied
Biosystems), 400 nM specific primers, and 2.5 ng of cDNA were used in each reaction.
Threshold for positivity of real-time PCR was determined based in negative controls.
Calculations for determining the relative level of gene expression were made according to the
instructions from User’s Bulletin (P/N 4303859) from Applied Biosystems, by reference to the
B-actin in the sample, using the cycle threshold (Ct) method. Briefly, Ct is the point at which
the exponential increase in signal (fluorescence) crosses a somewhat arbitrary signal level
(usually 10 times background). The mean Ct values from duplicate measurements were used to
calculate expression of the target gene, with normalization to an internal control (8-actin), and
then compared with the target-internal control in control subjects to calculate fold increase
expression, using the 2-ACt formula, also according to User’s Bulletin. Negative controls
without RNA and without reverse transcriptase were also performed. Results show one
experiment representative of three. The levels of transcripts for IL1A, IL1B, and IL1IRN genes

according to the groups are shown in figure 1 (71).
Statistical Analysis

The significance of the differences in observed frequencies of each polymorphism
between the groups was assessed by standard Chi-square (XZ). Comparisons between two
groups for nominal variables in tables 2x2 were performed using Fisher’s exact test. The
physical proximity of the polymorphisms justifies the simultaneous analysis as haplotypes.
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), and the
package ARLEQUIN 3.0 to calculate haplotype frequencies, gene heterozygosis, Hardy-

Weinberg expectations and linkage disequilibrium. The risk associated with genotypes, alleles
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and haplotypes was calculated as the odds ratio (OR) with 95% confidence intervals (Cl). For
continuous variables, T-student test was used to compare means for two groups. For non-
parametric variables U Mann-Whitney test was used to assess differences between groups.
Continuous variables were expressed as mean and standard deviation and their comparisons
were performed using one-way analysis of variance (ANOVA). Normality condition of the
variables in each group was evaluated using Shapiro-Wilks test.

The data regarding the positivity of expression of the investigated target gene between
control groups and patients, was analyzed by the Fisher exact test. To access possible
differences in the intensity of mRNA expression between control subjects and patients from
the clinical groups, ANOVA was done. The differences in the intensity of fold increase mRNA in
relation to the control group, and normalized by the housekeeping gene expression, between
the patients from the clinical groups were analyzed by the U Mann—Whitney test. All statistical
tests were performed with the GraphPad InStat 3.05 and GraphPad Prism 3.0 software
(GraphPad Software Inc.).

For all the tests used, values of p<0.05 were considered statistically significant.

Results
Genotyping and haplotyping analysis

There was no significant difference (NS) in the genotype distribution between the
groups for the polymorphisms /IL1A-889 (p=0.588), IL1B-511 (p=0.956), /IL1B+3954 (p=0.081),
and ILIRN (intron 2) (p=0.186), neither was observed statistical variation in the allele
frequency for the follow polymorphisms studied: /L1A-889 (p=0.915), /L1B-511 (p=0.744),
IL1B+3954 (p=0.117). The genotype/allele distribution is shown in table 3.

When group 1 (control) was examined versus (vs.) group 3 (patients with CKD) for ILIRN
(intron 2) polymorphism, statistically significant difference (SSD) was observed for genotype
1/1 versus 1/2 + 2/2 (OR 2.86 95% Cl=1.1-7.4, p=0.045). Also, SSD was found when group 1 was
examined vs. group 3, for the allele 1 vs. allele 2 (OR 3.92 95% Cl=1.6-9.4, p=0.002). When
group 3 (patients with CKD) was compared to group 4 (patients with CKD and PD), SSD was
observed between allele 2 vs. allele 1 (OR 3.53 95% Cl=1.5-8.4, p=0.005) for ILIRN (intron 2)
polymorphism. For polymorphism /L1B+3954, when group 2 was analyzed vs. group 4, allele T

vs. C (OR 1.96 95% Cl=1.10-3.48, p=0.030), SSD was observed. When haplotypes were
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considered, haplotypes containing ILIRN*1 allele vs. the other haplotypes [group 1 vs. group 3,
OR 4.57 95% Cl=1.2-16.9, p=0.029], and haplotypes containing ILIRN*2 allele vs. the other
haplotypes [group 3 vs. group 4, OR 3.92 95% Cl=1.1-14.5, p=0.055].

Genotyping and CKD serum markers

Considering CKD patients (groups 3 and 4), higher levels of serum markers were
associated with ILIRN*1 allele: iron (p=0.050), transferrin (p=0.034), erythrocytes (p=0.025),
and mean index of hemoglobin saturation (p=0.006). For polymorphism /L1B (C-511T), allele T
was associated with lower levels of erythrocytes (p=0.017). Higher levels of leukocytes were
associated with ILIRN*2 allele (p=0.035) and /IL1A-889*T allele (p=0.031). Also, increased levels
of alkaline phosphatase (p=0.035) was associated with /ILIRN*2 allele, IL1B+3954*C allele was
related with augmented levels of the parathyroid hormone (PTH) (p=0.009), and /L1B-511*T
allele was weakly related with CaxP product (p=0.080) and phosphorus (p=0.067)
concentrations. /L1B-511*T associated with normalized protein catabolic rate (PCRN)

(p=0.002), creatinin (p=0.006), urea post dialysis (p=0.032), and seric urea (p=0.002).

Genotyping and PD clinical parameters

When all groups were taken together, an association of /L1B+3954*T with Gl (p=0.001)
and Cl (p=0.081) was observed. Analyzing only CKD patients (groups 3 and 4), it was noticed an
association of ILIRN*2 allele with Gl (p=0.037) and CAL (p=0.015), and an association of /L1A-
889*T with higher means of Pl (p=0.052).

Quantitative analysis of expression of mRNA cytokines

There was a significant augment in the expression of the IL1A, IL1B, and IL1IRN genes in
groups with PD (groups 2 and 4). Although the levels of expression were higher in the group 4

in comparison with group 2, SSD was not observed (Fig. 1).

In relation to /IL1A (C-889T) genotype distribution in the whole sample, no SSD was
observed, although the levels of gene transcripts were increased in the presence of allele T.
The same was observed within group 4, meanwhile in group 2 the expression decreased. For
polymorphism [L1B (C-511T), genotype frequencies in the whole sample showed no SSD,
although the levels of gene transcripts increased in genotypes presenting allele T. The same
was observed within group 2. For polymorphism IL1B (C+3954T), genotype frequencies in the

whole sample showed no SSD. In group 2, the levels of gene transcripts diminished in the
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presence of allele T, although without SSD. For polymorphism [LIRN (intron 2), genotype
frequencies in the whole sample showed no SSD. In group 2 the levels of gene transcripts were
reduced while in group 4 they were increased in genotypes carrying allele 2, although without

SSD.

Discussion

Chronic renal disease and periodontitis are multifactorial inflammatory diseases, which
combine environmental and genetic factors influencing their progression and severity (14, 72-

77).

Interleukin-1a, IL-18 and IL-1ra may function as immune modulators of inflammatory
diseases (61). Although there are controversies regarding the genetic association studies,
functional polymorphisms in the /L1 gene cluster are told to contribute for alteration in the
production of IL-1a, IL-18 and L-1ra proteins, so that variations in those genes, in a set with

other factors, may have some consequences on disease progression and severity.

In spite of a high number of reports investigating the association of /L1 gene cluster
polymorphisms with susceptibility to CKD and PD (37, 78), this study is the first one to
investigate the association of these cytokine gene polymorphisms with the susceptibility to PD

in CKD patients.

In our results, ILIRN*1 allele (the most frequent allele) was associated with a roughly 3-
fold increased risk of CKD (group 1 vs. group 3). Similarly, studies have reported that the risk
for ESRD aspects is higher in patients carrying the 1/1 genotype for the /LIRN (intron 2)
polymorphism (79-81). On the other hand, differently from our results, renal patients which
carry ILIRN*2 were seen to present poor prognostic to CKD (74, 82-85). The IL1IRN*2 allele has
been associated with aspects of cardiovascular diseases, such as single blood vessel disease,
atherogenesis (56), atherosclerotic coronary disease (86), and acute coronary syndrome (87).
The lower frequency of ILIRN*2 allele observed for the study CKD patients may possibly be
explained by the fact that allele 2 might predispose renal patients to death for cardiovascular
reasons, before developing ESRD. Moreover, ILIRN*2 allele was associated with PD in CKD
patients (group 3 vs. group 4). These results replicate the previously reported association of
ILIRN*2 with chronic periodontitis (78, 88-90) in the general population. Regarding
IL1BC+3954T polymorphism, when patients with PD were analyzed (group 2 vs. group 4), allele
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T associated with CKD. Although some reports have identified none or a weak association with
this polymorphism (85, 91), it is not surprising that allele T is associated with such an
inflammatory disease, because it increases IL-18 expression (50), which is a potent pro-

inflammatory cytokine mediator.

Renal patients in hemodialysis present an increased activation of proinflammatory
cytokines, mainly IL-1 production, by the fact they are in a state of micro inflammation (92).
Patients with CKD experience extremely high mortality, with cardiovascular causes accounting
for about half of their death. In this context, non-traditional risk factors, such as chronic
inflammation may represent an additional contribution to increased mortality of those
patients (21, 76). Systemic inflammation could be still more exacerbated by the stimulation of
peripheral blood mononuclear cells by periodontopathogens, which can lead to the synthesis
and release of elevated plasma levels of proinflammatory cytokines, such as IL-1a, IL-16 and IL-
1ra (93-95), and other serum markers. An association between some serum markers and
specific IL-1 genotypes were observed in this study. Regarding ILIRN polymorphism, ILIRN*1
allele was associated with higher levels of seric iron, transferrin, and erythrocytes, and the
mean index of hemoglobin saturation levels. Pro-inflammatory cytokines, such as IL-1, may
negatively influence iron utilization, thereby interfering with hemoglobin synthesis, decreasing
transferrin saturation, which may lead to hypoferremia, that is the diminishing of iron seric
levels (96, 97). Since the developing erythrocytes constitute the main iron-consuming tissue,
the decrease in iron supply becomes a bottleneck for hemoglobin synthesis and eventually
results in anemia (98). Reduced levels of the erythrocytes were also associated with /L1B-
511*T allele, which augments IL-18 production (99), which has been reported to inhibit the
maturation of erythrocytes (100). In addition, higher levels of leukocytes were associated with
ILIRN*2 and IL1A-889*T alleles. The number of leukocytes has been related with IL-1 levels,
independently of the IL-1 genotypes in CKD patients (101). Increased levels of alkaline
phosphatase were associated with ILIRN*2 allele, IL1B+3954*C allele was associated with
higher seric levels of PTH, and /L1B-511*T allele was related with CaxP product and
phosphorus concentrations, which may suggest a regulatory role for those polymorphisms in
the active process of bone metabolism. Hemodialysis patients are chronically stimulated to
produce IL-16 (102). It is possible that, independently on the genotype, renal patients produce
increased levels of IL-18, which represents a key regulator of PTH synthesis (103-104). The
IL1B-511*T allele, which has been reported to augment the IL-18 (99), was associated to an

increasing in the levels of PCRN and creatinin, which are nutritional markers, and of post-
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dialysis and seric urea, adequacy of dialysis markers. No association between those markers

and proinflammatory cytokines has been reported so far.

In regards of periodontal indexes, IL1B+3954*T was associated with higher means of Gl
and Cl. In fact, IL1B+3954*T allele has been associated to higher destructive periodontal
diseases, with more plagque accumulation, bleeding on probing and higher indexes of calculus
(75, 105-111). The ILIRN*2 allele was associated with increased values of Gl and CAL in
patients presenting CKD. Indeed, PD has been reported to be exacerbated in the presence of
allele 2 in the general population (58, 61, 62, 88, 112). Moreover, IL1A-889*T was associated
with higher means of Pl in CKD patients. In fact, this allele has been associated with PI, PPD, Cl,
and a higher proportion of bleeding sites in a composite genotype with /L1B+3954*T (109, 113-
115). IL-1 cytokines have been shown to play a central role in PD immune-inflammatory

response (34, 75, 116).

When real-time PCR was used to evaluate the expression of IL-1 genes, increased levels
of transcripts of IL1A, IL1B and ILIRN genes were observed in PD patients, although differences
between groups 2 and 4 (without and with CKD) were NS. Also, some associations according to
specific genotypes could be observed, although NS. The IL1A-889*T was associated with higher
levels of gene transcripts within group 4 and when all groups were considered together.
Unexpectedly, in group 2 the expression was decreased. The presence of the IL1A-889*T was
associated with an augment in the expression of the corresponding cytokine in the blood of
renal patients (37), and may represent an additional and stable marker of inflammation in CKD
(11, 118). The IL1B-511*T was associated with higher levels of gene transcripts in the PD
group, which has already been reported (117, 118), and even for other diseases, such as
multiple myeloma (119) and cervical cancer (120). Differently from what has been reported
(50, 75), diminished levels of gene transcripts were observed in PD patients presenting
IL1B+3954*T allele. The IL1IRN*2 allele, which was observed to be associated with PD in this
study, was also seen to be related with reduced levels of gene transcripts in group 2. Indeed, it
was demonstrated that the presence of ILIRN*2 was associated with a reduced production of
IL-1ra (53, 122). On the other hand, it was noticed an increase in IL1RN gene transcript levels in
patients from group 4. In fact, ILIRN*1 was seen to be associated to ESRD in the study

population.

An intriguing question to be addressed that still remains to be clarified is whether a

systemic disease predisposes to the progression of a second one, or if there are common
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mechanisms of genetic background predisposing to both. Chronic kidney disease seems to
interfere with periodontitis progression (14, 123); on the other hand, inflammatory
mechanisms exacerbated in PD patients could, in turn, influence CKD outcome (124). In this
context, it seems that the ILIRN polymorphism is a potential genetic risk factor for
inflammatory diseases, such as CKD and PD, compounding a common predisposing
background. Once disease is installed, one local illness may interfere with the progression of a
systemic one, and vice-versa. For polymorphisms, whose alleles play a small contribution to
the phenotype, the population of CKD patients seems to be a good model to the study of
complex diseases as PD. This particularly susceptible population to develop complications,
such as inflammatory conditions, could allow the identification of genetic risk factors, just
because they are more easily detected in those patients. The higher levels of IL1 gene
transcripts observed in patients with PD (groups 2 and 4), either of pro- or anti-inflammatory
mediators, indicate an active process of disease, in which those modulators are involved in a

direct or compensatory mechanism.

Conclusion

In summary, the present study suggests that the association of /L1 gene cluster
polymorphisms with PD and CKD maybe remains in the fact that both are immune-
inflammatory diseases which share common mechanisms influencing their onset, severity and
progression. Higher levels of IL1 gene transcripts found in PD patients reflect the increased
expression of inflammatory mediators in diseased sites, involved in disease exacerbation or
controlling. Clinical parameters traditionally used to determine the outcome of inflammatory
complex diseases, such as CKD and PD, seem to be, at least in part, dependent on specific

genotypes.
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Table 1. Baseline characteristics of the study population.

Group 1 Group 2 Group 3 Group 4
p value
(n=64) (n=58) (n=52) (n=72)
Ethnic Group n (%)
Caucasoid 50(78.1) 44 (75.9) 38(73.1) 50 (69.4)
Mulatto 10 (15.6) 13 (22.4) 12 (23.1) 18 (25) 0.735 *
Afro-American 4 (6.3) 1(1.7) 2(3.8) 4 (5.6)
Age years 38.119.3 41.219.3 45.2+12.5 53.41£12.2
\ (23-74) (26-77) 0.001 **
(range) (20-70) (20-61)
Gender n (%)
Female 47 (73.4) 38 (65.5) 18 (34.6) 24 (33.3)
0.001 *
Male 17 (26.6) 20 (34.5) 34 (65.4) 48 (66.7)

"MeanzStandart Deviation; * Chi-square; **ANOVA.

The difference observed among groups in the mean age and gender is due to most CKD

patients being older and male.

Group 1: healthy patients. Group 2: without CKD and with PD. Group 3: with CKD and without
PD. Group 4: presenting CKD and PD.
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Table 2. Periodontal status of the study population.

Group 1 Group 2 Group 3 Group 4
Periodontal Status p value
(n=64 (n=58) (n=52) (n=72)
Gingival Index ' 0.2+04 1.6+1.0 04+0.6 0.8+0.9 <0.001*
Plaque Index ' 03+04 12+1.0 0.6+0.9 1.1+1.0 <0.001*
Calculus Index ' 0.2+0.2 09109 0.4+0.8 09+0.9 <0.001*
PPD® (mm)+ 1.5+0.04 20+0.5 1.3+0.6 1.7+0.7 <0.001*
CAL® (mm)” 1.5+0.05 2409 1.3£0.7 24+14  <0.001*
Mobility (absence/presence) 62/1 33/23 37/12 36/33 <0.001**

®Probing pocket depth; ®Clinical attachment level; "Mean + Standart Deviation; *ANOVA; **Chi-

square.

Group 1: healthy patients. Group 2: without CKD and with PD. Group 3: with CKD and without
PD. Group 4: presenting CKD and PD.
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Table 3. Allelic and genotypic distribution of /L1 gene cluster polymorphisms.

Polymorphisms Group 1 Group 2 Group 3 Group 4 Chi-square
n=64 (%) n=58 (%) n=52 (%) n=72 (%) p value

IL1A (C-889T)

Genotypes
TT 5(7.8) 6(10.3) 2(3.8) 3(4.2) ,
TC 27(422) 20(345)  22(42.4)  35(48.6) =47
cc 32(50.0) 32(55.2)  28(53.8)  34(47.2) p=0.588
Alleles
T 37(28.9) 32(27.6)  26(25.0)  41(28.5) %’=0.51
C 91(71.1) 84(72.4) 78(75.0) 103(71.5)  p=0.916
IL1B (C-511T)
Genotypes
TT 12(18.8) 13(22.4) 10(19.2)  15(20.8) ,
TC 28(43.7) 29(50.0)  25(48.1)  35(48.6) 1=15
cc 24(37.5) 16(27.6)  17(32.7)  22(30.6) p=0.956
Alleles
C 76 (59.4) 61(52.6) 59(56.7) 79 (54.9) v?=1.2
T 52(40.6) 55(47.4)  45(43.3)  65(45.1) p=0.744
IL1B (C+3954T)
Genotypes
TT 6(9.4) 6(10.3) 2(3.9) 12 (16.7) ,
TC 20(31.3) 11(19.0) 21(40.4) 23(31.9) XK -il2
cc 38(59.3) 41(70.7)  29(55.7)  37(51.4) p=0.081
Alleles
C 96 (75.0) 93(80.2)  79(76.0) 97 (67.4) ¥’=5.9
T 32(25.0) 23(19.8)  25(24.0) 47 (32.6) p=0.117
ILIRN (VNTR- INTRON 2)
Genotypes
11 41(64.0)  39(67.2)  45(86.5)  48(66.7) ,
12 16(25.0) 12(20.7)  7(135)  18(25.0) x=12.5
14 1(1.6) 0 (00.0) 0 (00.0) 0 (00.0) p=0.186
Alleles
1 99(77.3) 90(77.6)  97(93.3) 114(79.2) ,
2 28(21.9)  26(22.4)  7(67)  29(20.1) = X =i22
4 1(08)  0(00.0)  0(00.0) 1(0.7) p=0.031

Group 1: healthy patients. Group 2: without CKD and with PD. Group 3: with CKD and without
PD. Group 4: presenting CKD and PD.
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Figure 1. Quantitative expression of Interleukins (IL-1) in periodontal disease (PD) and chronic
kidney disease (CKD) patients. Total RNA was extracted, and levels of IL-1 were measured
quantitatively by real-time-PCR SYBR-Green System. The results are presented as the fold
increase of expression of the individual mRNAs, with normalization to 8-actin, when compared
with the target—internal control of control subjects using the cycle threshold (Ct) method.
Statistically significant difference was observed between groups without and with PD.
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CONCLUSAO
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CONCLUSAO

i) O alelo ILIRN*1 foi associado a um risco cerca de 3 vezes maior para o desenvolvimento da
DRC. Além disto, o alelo ILIRN*2 foi associado a DP em pacientes com DRC, e o alelo
IL1B+3954*T associou-se com a DRC em individuos com DP. O presente estudo sugere que a
associacao de polimorfismos no conjunto de genes da /L1 com a DRC e a DP pode ser explicada
por ambas as doencas apresentarem natureza imuno-inflamatdria, compartilhando

mecanismos fisiopatoldgicos comuns, que influenciam sua instalagdo, severidade e progressao.

ii) Niveis aumentados dos transcritos génicos IL1A, IL1B e ILIRN foram observados em
pacientes com DP; contudo independentemente de genétipos especificos. Altos niveis de
transcritos génicos da /L1 encontrados em individuos com DP refletem a expressdo aumentada
dos mediadores inflamatdrios em sitios com doenga ativa, estando envolvidos tanto com a

exacerbacdo quanto com o controle da doenca.

iii) Parametros clinicos tradicionalmente usados para determinar o progndstico de doencas
inflamatdrias complexas, tais como a DP e DRC, parecem ser, pelo menos em parte,

dependentes de gendtipos especificos.
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ANEXOS

Outros artigos relacionados a tese submetidos a publicacgao:

ARTIGO 1:
ASSOCIATION BETWEEN VITAMIN D RECEPTOR GENE POLYMORPHISMS AND
SUSCEPTIBILITY TO CHRONIC KIDNEY DISEASE AND PERIODONTITIS

Cleber Machado de Souza Ana Paula Ribeiro Braosi S6nia Mara Luczyszyn Andréa
Rodrigues Avila Rui Barbosa de Brito Jr. Sérgio Aparecido Igndcio Christian Macagnan
Probst Miguel Carlos Riella Vanessa Santos Sotomaior Marcelo Tavora Mira Roberto
Pecoits-Filho Paula Cristina Trevilatto

Blood Purif 2007;25:411-419 Impact factor (IF) 1.822

Abstract

Background/Aims: Chronic kidney disease (CKD) and periodontitis (PD) are serious
public-health concerns. Vitamin D is a fat-soluble steroid hormone that interacts with
its nuclear receptor (VDR) to regulate a variety of biological processes, such as bone
metabolism, immune response modulation and transcription of several genes involved
in CKD and PD disease mechanisms. The aim of this work was to investigate the
association between polymorphisms in the VDR gene and end-stage renal disease
(ESRD) and PD. Methods: 222 subjects with and without ESRD (in hemodialysis) were
divided into groups with and without PD. Polymorphisms Tag | and Bsm | in the VDR
gene were analyzed by PCR restriction fragment length polymorphism. The significance
of differences in allele, genotype and haplotype frequencies between groups was
assessed by the 2 test (p value ! 0.05) and odds ratio (OR). Results: Allele G was
associated with protection against ESRD: groups without versus with ESRD (GG) X
(GA+AA): OR = 2.5, 95% Cl = 1.4-4.6, p = 0.00; (G X A): OR =1.5,95% Cl = 1.0-2.3, p =
0.02; (TG + CG) X (TA + CA): OR = 1.5, 95% CI = 1.0-2.3, p = 0.02. No association was
observed between the study polymorphisms and susceptibility to or protection against
PD. Conclusion: Allele G of the VDR Bsm | polymorphism was associated with

protection against ESRD.
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ARTIGO 2:

ANALYSIS OF THE ASSOCIATION OF POLYMORPHISM IN THE OSTEOPROTEGERIN GENE
WITH SUSCEPTIBILITY TO CHRONIC KIDNEY DISEASE AND PERIODONTITIS.

Baioni CS, de Souza CM, Ribeiro Braosi AP, Luczyszyn SM, Dias da Silva MA, Igndcio SA,
Naval Machado MA, Benato Martins WD, Riella MC, Pecoits-Filho R, Trevilatto PC.

J Periodontal Res. 2008 Oct;43(5):578-84 Impact factor (IF) 2.146

Background and Objective: Chronic kidney disease (CKD) is a complex disorder, which
results in several complications involving disturbance of mineral metabolism.
Periodontal disease is an infectious disease that appears to be an important cause of
systemic inflammation in CKD patients. Periodontal disease is characterized 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 OPG 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 associated 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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ARTIGO 3

ORAL HEALTH IN BRAZILIAN PATIENTS WITH CHRONIC RENAL DISEASE.

Souza CM, Braosi AP, Luczyszyn SM, Casagrande RW, Pecoits-Filho R, Riella MC, Ignacio
SA, Trevilatto PC.

Rev Med Chil. 2008 Jun;136(6):741-6. Epub 2008 Aug 26. Impact factor (IF) 0.345

BACKGROUND: Poor oral health status may have an impact on the health status of
patients with chronic renal failure. AIM: To describe the oral health status of a group of
Brazilian patients with chronic renal failure. MATERIAL AND METHODS: Retrospective
review of the medical records of patients with chronic renal failure, of whom 13 (4.5%)
were in a predialysis stage, 158 (55%) were on hemodialysis, 23 (8.4%) were on
peritoneal dialysis and 92 (32.1%) were transplanted. General oral health, presence of
dental calculus, and halitosis were recorded. The number of decayed, missed and filled
teeth was analyzed by means of DMF-T (Decayed, Missed and Filled Teeth) index.
RESULTS: The sample was composed of 152 men (53%) and 134 women (47%), aged
42+/-13 years. Oral health status was considered defective in most patients (83%).
Eighty-seven percent had dental calculus and 55% had halitosis. Transplant patients
reported significantly less halitosis (40.2%) than the rest of the groups. The DMF-T for
the whole population was 20.6 and had a positive correlation with age. CONCLUSIONS:
This group of patients with chronic renal failure presented a poor oral health status.
Dental treatment programs for these patients should be implemented to avoid the

exposure to dental pathogens.
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