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RESUMO

A insuficiéncia renal cronica € uma complicagdo grave de diferentes doengas,
como diabetes, hipertensdo e glomerulopatias. Quando os rins entram em
faléncia, é preciso substituir a fungao renal, terapia geralmente feita através de
hemodialise. A populagdo de pacientes dependentes de hemodialise, cujo
numero cresce de forma geométrica, estd exposta a taxas extremamente
elevadas de eventos cardiovasculares fatais e ndo fatais. Fatores de risco
classicos e especificos da uremia se somam conferindo alteragdes patolégicas
severas na parede dos vasos. A propria sessdo de hemodidlise ativa a
inflamacao e induz aterogénese. A degradacao da elastina e a apoptose das
células musculares lisas evoluem para a mudanca do fendtipo da camada
média, que se expande reduzindo o luimem em um processo de acentuada
calcificacao arterial. Alteragdes na atividade das metaloproteinases de matriz
extracelular (MMPs) 2 e 9 e desequilibrios com seus inibidores enddgenos, os
TIMPs, ajudam a compor este cenario ao estimular o remodelamento
cardiovascular e reorganizar a matriz extracelular, permitindo a expanséao
tecidual e o depdsito de calcio. Os niveis circulantes de MMP-2 e -9 estao
relacionados com maior severidade de doencas cardiovasculares na
hemodidlise. Diversos polimorfismos genéticos foram associados com
alteracbes na concentracdo e/ou atividade destas enzimas, e é possivel que
diferengas nas distribui¢des dos polimorfismos ajudem a discriminar individuos
expostos a niveis plasmaticos mais elevados de MMP-2 e -9 tanto antes como
apés a sessao de hemodialise. Os principais polimorfismos sao: um
polimorfismo de nucleotideo Gnico (SNP) (C'%?T) e um microssatélite (-90
CA14.24) Na regido promotora, e um SNP no exon 6 (A%°T, Q279R) da MMP-9,
e dois SNPs (C™%T e C'T) no promotor da MMP-2. Como estes
polimorfismos também foram associados com diversas doengas, o propdsito
deste estudo foi avaliar se eles influem na concentracao plasmatica de MMP-2
e MMP-9 em pacientes submetidos a hemodialise crbnica, e se afetam o efeito

que a sessao de hemodialise tem sobre os seus niveis circulantes.

Para atingir nosso objetivo, estudamos 98 pacientes com idades entre 18 e 65
anos e submetidos a hemodialise ha mais de 3 meses. Amostras de sangue
venoso foram coletadas em dois momentos, antes do inicio e apds o término

da sessao de hemodialise. As concentracbes de MMP-2 foram determinadas
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RESUMO

por zimografia e as de MMP-9, TIMP-1 e TIMP-2 foram analisadas por ELISA.
O DNA genbmico foi extraido a partir do sangue total e amostras foram entéo
genotipadas para os polimorfismos da MMP-2 e MMP-9. As frequéncias dos
haplotipos da MMP-2 e -9 foram estimadas pelo programa PHASE. Nossos
resultados mostraram que a sessdo de hemodialise reduz os niveis circulantes
de MMP-2 e ndo altera o TIMP-2, ao passo que os niveis de MMP-9 e TIMP-1
se encontram aumentados ao final da sessdo. Encontramos uma associagao
entre os gendtipos que envolvem o alelo de analise T do polimorfismo C7°T e
o haplotipo CT demonstrando niveis pré hemodialise significativamente
aumentados de MMP-2 (P= 0,0077 e P= 0,01, respectivamente), mas néo de
TIMP-2. Os gendtipos da MMP-2 ndo alteram o efeito da sesséo da
hemodialise, que reduziu a MMP-2 e o TIMP-2 independente de marcadores
genéticos. Marcadores genéticos da MMP-9 mostraram estar associados a
niveis maiores de MMP-9 apds a hemodialise: os gendtipos CC e QQ (P=
0,0081 e P= 0,0415, respectivamente) e o haplétipo CLQ (P= 0,0012). As
concentragcbes de TIMP-1 aumentaram significativamente apds a hemodialise
nos gendtipos HH e QR (P= 0,0375 e P= 0,0113, respectivamente) e no
haplétipo CHR (P= 0,0008). Adicionalmente, marcadores genéticos da MMP-9
nao alteraram os niveis basais de MMP-9 e TIMP-1. Estes achados sugerem
que marcadores genéticos da MMP-2 e -9 interferem nos niveis circulantes

destas proteases no contexto da hemodialise.

Palavras-chave: Hemodialise. Metaloproteinases de matriz extracelular.
Polimorfismos genéticos. Doenga renal em estadio terminal. Nefrologia.



ABSTRACT

Chronic renal disease is a serious complication which may occur in patients
who suffer from a vast range of diseases, such as diabetes, hypertension and
glomerulonephritis, among others. When the kidneys fail, it becomes necessary
to substitute the renal function, which is usually made through hemodialysis.
The population of patients that are dependent of hemodialysis are rapidly
growing in number. These patients are exposed to extremely high rates of
cardiovascular events. Both traditional and uremic specific factors account for
severe pathologic alterations on the walls of the vessels. The session of
hemodialysis itself stimulates inflammation and induces atherogenesis. The
degradation of elastin and the apoptosis of smooth muscle cells eventually
progresses to a change in the phenotype of the media layer, which expands,
thus reducing the arterial lumen in a process of accelerated calcification.
Alteration in the activity of the matrix metalloproteinases (MMPs) 2 and 9 and
imbalancements with its endogenous inhibitors - the TIMPs - help to set the
scenario for cardiovascular diseases by stimulating cardiovascular remodelling
and reorganizing the extracellular matrix, allowing tissue expansion and calcium
deposits. The circulating levels of MMP-2 and -9 are associated with greater
severity of cardiovascular diseases on patients undergoing hemodialysis.
Diverse genetic polymorphisms were associated with alterations on the
concentration and with the activity of these enzymes, and it is possible that
differences on the distribution of these polymorphisms may help to discriminate
individuals exposed to increased plasmatic levels of MMP-2 and -9, both before
and after hemodialysis. The main polymorphisms known are: one single
nucleotide polymorphism (SNP) (C'°%?T) and one microsatellite (-90 CA14.24) on
the promoter region, and one SNP on exon 6 (A%*°G, Q279R) of MMP-9, and
two SNPs (C™%T and C™°T) on the promoter of MMP-2. These
polymorphisms were also associated with a number of diseases. Our purpose
was to study whether they influence the circulating levels of MMP-2 and -9 in
patients undergoing hemodialysis, and whether they affect the levels of these

proteases after hemodialysis.

In order to reach our aim, we have studied 98 patients whose ages ranged
between 18 and 65 years of age and who were undergoing chronic

hemodialysis for at least 3 months. Venous samples were collected in two
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moments, before and after hemodialysis. The concentrations of MMP-2 were
assayed with gelatin zymography, and MMP-9, TIMP-1, and TIMP-2 were
analyzed with ELISA. Genomic DNA were extracted and samples were
genotypied for MMP-2 and -9 polymorphisms. The haplotypic frequencies were
analyzed by the PHASE software. Our results show that sessions of
hemodialysis reduce the levels of MMP-2, however, it does not alter TIMP-2,
while MMP-9 and TIMP-1 suffer an increase after the hemodialysis session. We
found an association amidst the genotypes with the variant allele T on the SNP
C*T and on the haplotype CT showing elevated pre hemodialysis levels of
MMP-2 (P= 0,0077 and P= 0,01, respectively), but not on TIMP-2. The MMP-2
genotypes do not modify the effect of a hemodialysis session. Genetic markers
of the MMP-9 were associated with enhanced levels of MMP-9 after
hemodialysis: the CC and QQ genotypes (P= 0,0081 and P= 0,0415,
respectively) and the haplotype CLQ (P= 0,0012). The concentrations of TIMP-
1 increased significantly after hemodialysis on the genotypes HH and QR (P=
0,0375 and P= 0,0113, respectively) and on the haplotype CHR (P= 0,0008).
Furthermore, genetic markers of the MMP-9 have not altered the basal levels of
MMP-9 and TIMP-1. These findings suggest that the genetic markers of MMP-2
and -9 interfere on circulating levels of these proteases on the hemodialysis
setting.

Key-words: Hemodialysis. Matrix metalloproteinases. Polymorphisms. End
stage kidney disease. Nephrology.
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LISTA DE SIGLAS E ABREVIATURAS

% - porcentagem
C - citosina
DCV - doencga cardiovascular

H — conjunto de alelos do microssatélite — 90 CA4..4 da MMP-9 englobando todos os

alelos acima de 21 repeti¢cées do dinucleotideo
IRC — insuficiéncia renal cronica

L - conjunto de alelos do microssatélite — 90 CA44..4 da MMP-9 englobando todos os

alelos abaixo de 21 repeticdes do dinucleotideo

MEC — matriz extracelular

mmHg — milimetros de mercurio

MMP — metaloproteinase de matriz extracelular

PA — presséo arterial

PCR - Polimerase chain reaction - reagao em cadeia da polimerase
pmp — pacientes por milhdo da populagao

T - timina

TIMP — tissue inhibitor of metalloproteinases — inibidores teciduais de metaloproteinase

de matriz extracelular

SNP - single nucleotide polymorphism — polimorfismo de nucleotideo Unico
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INTRODUCAO

Insuficiéncia renal cronica

O surgimento da lesédo renal crbnica tem causas bastante distintas,
como a hiperglicemia, elevados niveis pressoricos, isquemia, obstrugdo do
fluxo urinario ou injuria auto-imune [1]. Contudo, independentemente da
origem, a medida que a insuficiéncia renal se estabelece surge um fenétipo
comum manifestado por anemia, acidose, hipervolemia, hipertensao,
hiperparatireoidismo, hipovitaminose D e osteite fibrosa cistica [1-3]. Além
disso, alteragbes eletroliticas frequentes como hiperpotassemia e
hiperfosfatemia carregam alto potencial de letalidade [1]. A medida que o dano
progride aparecem sinais e sintomas clinicos de faléncia terminal como
pericardite, anorexia, vémitos, disfungdo plaquetaria e neuropatia urémica,
tornando necessaria a substituigdo da fungao renal. Entre as opg¢des de terapia
substitutiva, existem a hemodialise, a didlise peritoneal e o transplante renal
[4, 5]. A hemodialise é a mais disponivel e desponta como a terapia de escolha
na maioria dos casos [5]. De fato, mais de 90 % dos pacientes em dialise no

Brasil estdo em hemodialise [6].

A prevaléncia da IRC é alta e tem aumentado nas ultimas décadas [7].
Na mesma linha, a populagcdo dependente de hemodialise vem apresentando
crescimento importante nos ultimos anos, representando um elevado custo
econdmico e social [8, 9]. De fato, o Censo Brasileiro de 2010 aponta que o
numero de pacientes em hemodidlise aumentou mais de 100%, com
prevaléncia de 483 pacientes por milhdo da populacdo (pmp) [6]. Estes séo
pacientes expostos a taxas alarmantes de mortalidade, visto que um individuo
de 25 anos em hemodidlise tem a mesma chance de morrer que um individuo

de 85 anos com funcgéao renal normal [9]. Entre as variadas causas que ajudam
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INTRODUCAO

a montar este cenario, as principais responsaveis sdo as doencas
cardiovasculares (DCV) [9-11]. Extensa literatura aponta que elevadas taxas de
morte subita, cardiomiopatia, insuficiéncia cardiaca, acidente vascular cerebral
e infarto do miocardio agregam acentuada morbimortalidade para os pacientes

urémicos [10-15].

A DCV que acompanha a insuficiéncia renal crbénica (IRC) tem
manifestagdes histoldgicas exuberantes [13, 15, 16]. Ainda nas fases iniciais da
IRC, a vasculopatia urémica se inicia com a reorganizagdo da matriz
extracelular (MEC) e a degradagao da elastina, proteina fundamental para a
elasticidade e complacéncia das grandes artérias de condugao [17]. Os
peptideos derivados da elastina estimulam profundas mudancgas no fenétipo da
parede vascular, conduzindo a morte celular e espessamento médiointimal [17,
18]. Enquanto parte da populacdo de células musculares lisas da camada
média sofre apoptose; enquanto as sobreviventes, sob a influéncia de fatores
osteogénicos, se hipertrofiam adotando caracteristicas osteoblasticas [10, 16,
17]. Em estagios mais avangados ocorre o depdsito inapropriado de minerais
de calcio e fosforo (calcificagao vascular) em artérias, miocardio e valvas
cardiacas, preferencialmente nas areas de maior elastindlise [16]. A
calcificacao arterial clinicamente detectavel se correlaciona fortemente com
DCV e é um fator prognéstico de mortalidade na hemodialise [19]. Suas
manifestagées clinicas envolvem modificacdes funcionais como elevada
pressao de pulso e velocidade de onda de pulso [15, 20]. Este enrijecimento
arterial é a base de alteracbes comuns na IRC, como hipertrofia de ventriculo
esquerdo, disfuncéo sistdlica e placas ateroscleréticas em maior numero e

mais instaveis [21].
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Fatores de risco tradicionais como hipertensao, idade, histéria familiar,
tabagismo, diabetes e hiperlipidemia explicam apenas em parte as complexas
alteragdes vistas na vasculopatia urémica [11, 15]. Uma extensa lista de fatores
de risco especificos da uremia contribuem para este cenario [10]. Entre elas,
alteragdes do metabolismo mineral 6sseo como a hiperfosfatemia tem papel
preponderante [16]. A desnutricdo, a anemia e a presenca de toxinas urémicas
com proeminente inflamacgao e estresse oxidativo ajudam a compor um cenario
de acentuado risco vascular [13]. Alteracbes em enzimas do metabolismo da
MEC, como as metaloproteinases de matriz extracelular (MMPs) e as

catepsinas, também tem relacdo com este quadro [18, 22].

Metaloproteinases de matriz extracelular

As MMPs sdo uma familia de endopeptidases dependentes de zinco,
secretadas como zimogénio e presentes no plasma na forma de homodimeros
[23]. Sado capazes de degradar diversas proteinas, incluindo componentes da
membrana basal e da matriz extracelular, como a fibronectina, a elastina, a
gelatina (colageno desnaturado), laminina, proteoglicanos e colageno tipo IV
[24]. Citocinas, fatores de crescimento, e moléculas de adeséao celular também
sdo substratos para a agao das MMPs [23, 25]. Sua regulagdo ocorre
primariamente pela transcrigdo, sendo também relevantes na sua atividade as
modificagdes pos translacionais e a interagédo com inibidores enddgenos, os
inibidores teciduais de metaloproteinases (TIMPs) [23, 26-28]. Entre as
diferentes classes de MMPs, se destacam a MMP-2 (gelatinase A, 72 kDa) e a
MMP-9 (gelatinase B, 92 kDa) [27, 29]. Elas desempenham papéis chave na

patogénese da IRC [30, 31] e em diversas patologias cardiovasculares em

17



INTRODUCAO

diferentes populacgdes [26, 32-36]. Recentemente, foi demonstrado que a MMP-

2 também é capaz de degradar alvos intracelulares [29].

Enquanto a MMP-2 é constitutivamente produzida e regulada por outras
MMPs, a MMP-9 é indutivel por células do sistema imune, especialmente os
macrofagos [25, 37]. As MMPs sao constituidas por um pré-dominio
autoinibitério, sitio catalitico, dominio tipo fibronectina, regido complexadora do
zinco, regiao da dobradi¢ca e dominio tipo hemopexina. A remogé&o proteolitica
do residuo de cisteina do pré-peptideo expde o zinco ativando a enzima para o
substrato [23, 24, 29]. Alternativamente, elas também podem ser ativadas por
alteragdes conformacionais no pro-dominio por subprodutos do estresse
oxidativo, como o peroxinitrito, levando a exposi¢ao do sitio catalitico sem a

clivagem do pro-peptideo [29].

Em condicbes fisiolégicas as MMPs sado relevantes para o
desenvolvimento normal do individuo, na cicatrizacdo e na adaptacdo deste a
mudancas ambientais [23]. Contudo, sob estimulo da inflamacao e do estresse
oxidativo, elas participam de alteracdes teciduais [24]. As a¢des das MMPs
levam a degradacgéo de pacotes de colageno, estimulando a sintese de novas
fitas de colageno e promovendo a fibrose tecidual [32]. Além disso, a
degradacédo de proteinas da MEC abre espago para a migragao das células
musculares lisas e a penetracdo de macrofagos levando a mais inflamagéo
local, agravando o quadro de fibrose [25]. O balango entre a degradagéo e a
sintese de elastina pode favorecer a hipertrofia celular e a calcificacao arterial
[38]. Juntas, as MMPs tém efeitos sinérgicos que parecem estimular o

remodelamento cardiovascular [39].
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Metaloproteinases de matriz extracelular na hemodialise

Estudos recentes tém apontado relevantes alteracoes nas MMPs na
vasculopatia urémica. Diferentes modelos animais de IRC mostram que tanto a
MMP-2 como a MMP-9 tem papel fundamental no inicio do processo
arteriosclerotico (através da elastocalcinose) como em fases mais avangadas
(participando ativamente do acentuado depdsito de calcio que ocorre em areas
de morte celular) [22, 40, 41]. Interessantemente, estes dados encontram
correspondéncia em humanos. Vasos obtidos de um elegante modelo
comparando receptores de transplante (casos) com doadores (controles)
mostram que os depdsitos de MMP-2 sdo intensos nos sitios de calcificacao e
estdo associados a alteragdes funcionais como maior enrijecimento arterial e
velocidade de onda de pulso [20, 38]. Quando comparado com pacientes sem
histérico de hemodiadlise prévia, aqueles com exposi¢cao dialitica crénica
demonstraram significativos aumentos na ativagao da MMP-2 e nas alteragbes

fenotipicas da artéria [38].

Niveis circulantes aumentados de MMP-2 e -9 tém sido associados com
marcadores de aterosclerose na IRC [18, 42, 43]. Contudo, trabalhos prévios
que procuraram determinar se os niveis destas gelatinases estao alterados na
hemodialise trouxeram resultados contraditérios. Comparados com controles
saudaveis, a MMP-2 esta aumentada na maioria dos estudos [42, 44-48], ao
passo que a MMP-9 tem resultados conflitantes [37, 42, 44-47, 49]. A analise
das concentracbes circulantes destas proteases ao final da sessdo de
hemodialise também tém sido alvo de interesse. A MMP-2 parece reduzir apos
uma sessao regular de 4 horas [46, 47, 50]. Por outro lado, os niveis pos

hemodialise da MMP-9 nao alteraram ou estavam reduzidos nestas séries [44,
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46, 47, 49, 50]. As diferengas nos estudos podem se dever a fatores genéticos.
De fato, um crescente corpo de evidéncias tem demonstrado que diferengas na
distribuicdo de polimorfismos com papéis funcionais em doengas [51-53],
mostrando que a magnitude da influéncia dos fatores genéticos pode ajudar a

explicar variagdes nos niveis circulantes das MMPs.

Polimorfismos genéticos da MMP-2 e -9 envolvidos em alteragoes

cardiovasculares

Polimorfismos genéticos sado variagdes especificas na sequéncia de
bases nitrogenadas do DNA, cuja prevaléncia na populacdo seja igual ou
superior a 1%. O tipo mais comum de variagao genética € a substituicdo de
apenas uma base nitrogenada por outra, chamado de polimorfismo de
nucleotideo unico (SNP - single nucleotide polymorphysms). Tal modificagéo
pode promover varias alteragdes como na sequéncia de aminoacidos que

codifica a proteina ou modificagdes na taxa de transcricao génica [54].

Dentre os polimorfismos identificados para o gene da MMP-9, que se
localiza no cromossomo 20, na regiao 20q11.2-9q13.1, trés sdo amplamente
estudados e apresentam grande relevancia clinica: um SNP na regido
promotora na posigao -1562, que pode conter uma citosina (alelo mais comum)
ou uma timina (alelo mais raro); um microssatélite na posi¢céo -90 do promotor,
constituindo-se de repeticées do dinucleotideo CA entre 14 e 24 vezes (sendo
a distribuicdo bimodal em torno de 14 repeticbes e em torno de 21-24
repeticdes); por ultimo, um SNP no exon 6 do gene, constituindo-se de uma

troca de adenina para guanina na posi¢gao 855. Este ultimo gera uma troca de
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glutamina (aminoacido polar néo carregado) para arginina (aminoacido polar

positivamente carregado) na posigao 279 da proteina.

O gene da MMP-2 esta localizado no cromossomo 16, na regido 16q13-
g21. Os polimorfismos mais estudados sdo um SNP gerando a troca de uma
base C para uma T na posi¢ao -1306 da regidao promotora da MMP-2, e um

SNP também gerando a troca de C para T na posicao -735 do promotor.

Todos estes polimorfismos sdo funcionais e alteram a atividade e a
concentragcdo das MMP-2 e -9 [28, 55-59]. Eles tém sido associados com maior
risco a diversas doencas ou desfechos cardiovasculares bastante prevalentes
na IRC, como faléncia cardiaca [60], aterosclerose [61], risco de eventos
cardiovasculares futuros [62], recuperacao pos infarto [63], ou outras doengas
que envolvem remodelamento tecidual, como cancer [59, 64] e rejeicao a

transplantes [65].

Apesar de varios estudos mostrarem a relevancia destes polimorfismos
em diversos contextos de DCV, eles ainda nao foram analisados em pacientes
urémicos. Como variagdes na sequéncia genética destas MMPs podem levar a
diferengas nos seus niveis circulantes, € plausivel esperar que eles influenciem
o remodelamento tecidual durante aterogénese e o curso da progressao da

lesdo vascular na IRC.
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OBJETIVOS

Os objetivos do nosso estudo foram:

2.1 - Avaliar o efeito dos polimorfismos da MMP-2 e MMP-9 nos seus niveis
plasmaticos em pacientes renais crénicos submetidos a hemodialise por fistula
arteriovenosa.

2.2 - Avaliar as possiveis associagbes de marcadores genéticos no gene da
MMP-2 e -9 com as oscilacdes induzidas pela hemodialise nos niveis circulantes

destas enzimas ao final da sess3io.
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Abstract: End-stage kidney disease (ESKD) is a major health problem associated with very high morbidity and monality second-
ary to cardiovascular complications, especially in ESKD patients on dialysis. Therefore, exploring key mechanisms underlying
cardiovascular alterations associated with ESKD may offer reasonable pharmacological targets that may benefit these patients.
Imbalanced matrix metalloproteinases (MMP) activities have been implicated in many cardiovascular diseases, and growing evi-
dence now indicates that excessive MMP activities contribute to cardiovascular complications in ESKD patients. However, there
is no study on the effects of MMP inhibitors (MMPIs) in such patients. MMPIs may prevent against the vascular and cardiac
changes associated with ESKD. In this MiniReview, we aimed at reviewing current evidence supporting the idea that pharmaco-
logical inhibition of imbalanced MMP activities in ESKD may decrease the morbidity and mortality associated with cardiovascu-
lar complications in ESKD patients. However, MMPs have variable effects during different phases of kidney disease, and
therefore optimal timing for MMP inhibition during a disease process may vary significantly and is largely undetermined. While
current research shows that MMPs play a role in the pathogenesis of the cardiovascular alterations found in ESKD patients, clini-
cal studies are required to validate the idea of using MMPIs in ESKD.

Chronic kidney disease (CKD) is a major health problem word-
wide, and the increasing prevalence of diabetes and hyperten-
sion will further enhance the number of patents developing
end-sige kidney disease (ESKD) [1]. Regardless of the initial
insult, CKD comprises a complex pathophysiclogy with pro-
gressive interstitial fibrosis, glomemlosclerosis, renal and sys-
temic wvascular stiffening, and cakification [2]. Tubular
epithelial cells become profibrotic, mesenchymal scarring cells,
with fibroblast and cytokine activation leading to extracellular
matrix (ECM) remodelling [2]. Importantly, a disequilibrium
between increased synthesis of ECM components and decreased
ECM degradation occurs as a result of imbalanced matrix metal-
loproteinases (MMP) activites [3], and this promotes vascular,
glomerular and tubular alterations associated with CKD [4-T7].
In this MiniReview, we aim at showing evidence that phar-
macological inhibition of imbalanced MMPs in ESKD may
decrease the morbidity and mortality associated with cardiovas-
cular diseases, a major cause of death in ESKD patents [1].

Author for correspondence: Jose E. Tanus-Santos, Department of
Pharmacology, Faculty of Medicine of Ribeirao Preto, University
of Sao Paulo, Av. Bandeirantes, 3900, 14049-900 Ribeirao Preto,
SP, Brazil (fax +55 16 3602 0220, e-mails tanus@fmrp.usp.br;
tanussantos @ yahoo.com).

ESKD Patients Are at Increased Risk of Developing
Cardiovascular Complications

Chronic kidney disease is an independent risk factor of cardio-
vascular diseases, and cardiovascular diseases promote CKD,
thus resulting in a vicious cycle [8, 9]. As detailed in fig. 1,
multiple risk factors interact, resulting in extremely high rates
of cardiovascular events and mortality associated with a more
aggressive natural history in ESKD patients [7, 10, 11].
Importantly, cardiovascular abnormalities increase gradually
with progressive decreases in glomemlar filtration rate [9, 10].
Risk factors typically related to mortality in general popula-
tion, such as body mass index and cholesterol levels, are posi-
tively associated with improved survival in dialysis patients,
highlighting particular mechanisms involved in the wvascular
disease in ESKD patients [10]. The main issue in these
patients is not the number or volume of atherosclerotic plaques
but its composition (reduced fibrous component and greater
calcification), which makes them more unstable and prone to
rupture [10-12].

Two different patterns of vascular injury co-exist in wraemic
patients: arnteriolosclerosis and atherosclerosis [9-11]. The for-
mer is a premature ageing that involves loss of elastic fibres,
reduced cushioning function and increased stiffness with

© 2002 The Authors
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Fig. 1. Multiple risk factors, both traditional and uraemic-specific. interact to promaote the vascular and cardiac alterations, which eventually cause

clinical outcome in the centre of this figure.

arerial medial cakification and larger pulse pressure. The lat-
ter comesponds to intima-media thickening and altiered conduit
function because of obstructive plaques. Renal failure probably
does not induce atherosclerosis, and rather aggravates pre-
existent lesions [10], and maladaptive vascular remodelling is
the final result of a complex conjunction of classic dsk factors
and specific ESKD features [13].

Uremic patients with alterations including increased volume
overload, left ventricular hypertrophy and diastolic dysfunction
[10] are more exposed to ischaemic damage resulting from
reduced coronary reserve and ventricular dilation, which wors-
ens microvascular oxygen diffusion [11, 14, 15].

MMPs and Cardiovascular Alterations in ESKD

Marmrix metalloproteinases are enzymes involved in tissue
remodelling and are usually secreted as pro-MMPs that are
eventually activated [16]. They are regulated at multiple levels
including gene transcrption, interaction with their endogenous
inhibitors [the tissue inhibitors of MMP (TIMPs)], and by
other factors including oxidative stress [17].

The catalytic domain of MMPs has a zinc-binding site, and
the prodomain contains a cysteine in coordination with the zinc
in the catalytic domain, which keeps the enzyme in its inactive
form. MMPs are activated by propeptide cleavage by proteases,
or by detachment of the prodomain after the interaction
berween the prodomain and the catalytic site is dismupted, thus
exposing the catalytic domain [18]. Many compounds may
exert such effect including reactive oxygen species, peroxyni-
trite, alkylating agents, heavy metals and disulphides [19].

Increased MMP activities enhance the degradation of ECM
components, as well as the processing of non-matrix substrates
including cytokines, cell adhesion molecules and growth
factors [20, 21]. Although other MMPs may be relevant, this
review is mainly focused on gelatinases (MMP-2, 72 kDa;
MMP-9, 92 kDa) because these enzymes play imporant roles
in the cardiovascular alterations associated with different car-
diovascular diseases in different populations [22-27). They
cleave denatured collagen (gelatin), elastin and laminin [21,
24, 28], and abnormal MMP activity is a key feature in car-
diovascular remodelling [26, 28, 29].

Atherosclerotic conditions such as membolic syndrome,
obesity and hypertension have been associated with increased
MMP activities [30-32]. Both MMP-2 and MMP9 were
shown at increased levels in hypertension and may be in-
volved in both vascular and cardiac remodelling of hy perten-
sion [33-35]. Moreover, imbalanced MMP activities may
increase aortic stiffness, an independent marker of mortality in
ESKD [36], and vascular MMP up-regulation is probably a
result of activation of nuclear factor kappa-B pro-inflammatory
pathways [21, 37]. Importantly, MMP-9 levels strongly corre-
lated with carotid atherosclerosis burden independently of
other factors in early, moderate and advanced CKD [38]. Sim-
ilarly, the circulating levels of MMP-2 have been strongly
linked to intima-media thickness in ESKD patients on
haemodialysis [39]. These findings emphasize the role of
imbalanced activities of pro-inflammatory proteases in the
development of vascular alterations in CKD [21, 39]. In fact,
inflammatory markers predict clinical events in ESKD patients
and trigger sudden cardiac death by inducing plaque instability

© 2042 The Authors
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or by directly affecting the myocardium electrical conduction
system [14, 40].

The vascular alterations in ESKD include vascular thicken-
ing, smaller elastic fibres, calcification, vasomotor dysfunction
and hypertrophy and apoptosis of smooth muscle cells, which
may be related to MMP-2 activation because of mineral imbal-
ance typically found in ESKD [7, 26, 41-43] (fig. 2). Suppon-
ing this idea, MMP-2 and MMP-9, o potent elastases, were
up-regulated in arteries from diabetic ESKD patients, and
these alterations correlated with vascular stiffness [25]). Inter-
estingly, progressive CKD increased the circulating MMP-2
levels in association with increasing MMP-2, MMP-9 and
TIMP-1 expression in the aorta [26]. Fragmented elastic lamel-
lae may predispose to calcification, especially in the presence
of uraemic factors such as hyperphosphatacmia. Indeed, calei-
fied deposits that develop in the media are associated with
regions of elastin disorganization [23, 43]. In line with these
results, uraemic rats showed increased blood pressure, arterial
medial calcification, elastin degradation and increased vascular
MMP-2 expression [42]. Moreover, MMP-2 over-expression
and vascular smooth muscle cell phenotype change found in
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elastocalcinosis were shown as eardy events in CKD and pre-
ceded cell loss and anerial medial calcification [43].

MMP Levels in ESKD Patients and the Effect of Dialysis

A number of studies have been carried out to examine MMP/
TIMP levels in ESKD patents on dialysis, and table 1 sum-
marizes their findings. However, conflicting results have been
reported, and MMP-9 levels were not different in three studies
[39, 44, 45], higher in two studies [46, 47] and lower in one
study [48]), compared with healthy controls. These differences
among studies may be explained by differences in ethnicity,
age, type of dialysis membrane, causal diseases or other clini-
cal conditions [49].

Matrix metalloproteinase-9 was positively correlated with
severe hypertension in blacks, and significantly elevated when
compared with healthy controls, although MMP-9 levels were
similar to those found in hypertensive patients with normal
renal function [47].

Most smudies showed increased MMP-2 levels in ESKD
compared with controls [39, 44, 46, 47] and maybe associated

| Doxyoycline inhibits MMPs

Fig. 2 Vascular alterations begin very early in chronic kidney disease (CKD) in a contimmm in which MMPs are up-regulated, thus affecting the
relation between vascular smooth muscle cells { VSMC) and the extracellular mairix (ECM). With time, arterial medial calcification becomes clini-
cally detectable. Note the dark calcium deposits scattered in the later stages. Doxycycline may prevent these alterations and protect against the vas-
cular structural modifications associated with CKD. Intima (T), media (M) and adventitia (A).

© 2002 The Authors
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Table 1.
Studies to compare matrix metalloproteinase (MMP)-2, MMP-9, tissue inhibitors of metalloproteinase (TIMP)-1 and TIMP-2 levels in end-stage
kidney disease (ESKD) patients on haemodialysis (HD) with those found in healthy comtrols (upper signals). or to compare the levels of these

markers afier HD with those before a HD session (lower signals).

References Pat/Con Post-HD measurements MMP-2 MMP-2 TIMP-1 TIMP-2
[48] 18115 Yes = I ! 1
8 td 11 g
[46] 19/30 Yes 1 1 1 1
i 1l 1l 1
[44] 23118 Yes 1 = NA NA
[47] 30/18 No 1 f NA NA
[45] 21120 Yes NA = NA NA
[39] 40720 No 1 = T T
[50] 17110 No = NA NA NA
[49] EL Yes NA NA NA NA
i 1 d T

Upper signals: 1, higher levels than healthy controls; =, similar levels compared with healthy controls; |, lower levels than healthy controls. Lower
signals: 11, haemodialysis increases the levels; «, haemodialysis has no effects on the levels; | |, haemodialysis decreases the levels. Pat/Con,
number of ESKD patients/number of healthy controls; HD, haemodialysis: NA, not available.

with organ damage but not with hypertension [47]. However,
two studies showed similar MMP-2 levels [48, 50] in patients
compared with healthy controls (table 1). Moreover, TIMP-1
and -2 comparisons between ESKD and controls have also
shown conflicting results [46, 48]. As detailed in table 1, a
single session of haemodialysis apparentdy does not affect or
may decrease both MMP-2 and MMP-9 levels, as well as
TIMP-1 and TIMP-2 levels [44—46, 48, 49]. Collectively,
these studies suggest increased MMP levels in ESKD patients,
and dialysis may decrease, partcularly MMP-2 levels. The
potential reason for this decrease is not known, because
MMP-2 is a large molecule (>60-70 kDa for the different
forms), and this feature should preclude its dialysability. Mea-
suring systemic MMP levels may not reflect precisely MMP
activities at tissue level. Furthermore, care must be taken ©
avoid amificial results caused by lack of pre-analytical care,
because there are remarkable differences between serum and
plasma samples [51, 52], and the use of appropriate samples is
of major relevance [33].

It is possible that genetic factors involving MMP-2 and
MMP-Y9 may interact with ESKD 10 modulate MMP levels.
Indeed, it has been suggested that genetic factors may interact
with environmental and disease factors and affect MMP levels
in some groups of patients [23, 53-55]. Further research is
required o understand how MMP polymorphisms may modify
the effects of long-tenm dialysis on plasma MMPs. The study
of genetic MMP polymorphisms may help to identify patients
with worse prognosis and that could respond to pharmacologi-
cal interventions [56], possibly including MMP inhibitors
(MMPIs).

Uncertain Effects of MMP Inhibitors in Non-dialytic CKD

Matrix metalloproteinase inhibitors have been studied in dia-
betic and hypertensive nephropathy, retardation of CKD, trans-
plantation and attenuation of cystic diseases [2, 4, 26, 57-62].

Doxycycline, a non-selective MMPI that is easily available,
improved elastic fibre integrty and reduced arterial stiffness in
Marfan syndrome [63]. While eardier clinical trials of MMPIs
in chronic cardiovascular disorders failed to show clear effects
[64], doxycycline reduced proteinuria both in short open trials
with patients and in animal models of diabetic nephropathy
[60—62]. In line with these findings, chronic administration of
MMPIs delayed CKD progression in hypertensive and diabetic
nephropathy [59]. However, these findings were not repro-
duced in other forms of kidney diseases [65]. Moreover, the
test of candesartan in the adriamycin kidney injury model
resulted in regression of established glomerulosclerosis associ-
ated with increased glomemlar MMP-2 activity, and such
effect was attenuated by pre-treatment with doxycycline or by
targeted deletion of MMP-2 gene [65], thus suggesting a pro-
tective effect of MMP-2 activity. These findings suggest that
MMPs may not be deleterious in all kidney diseases, although
most of the studies suggest that this may be true.

A selective MMPI for gelatinases was tested in a kidney
transplantation model of chronic allograft nephropathy [58].
Adding complexity to the understanding of how MMPs affect
kidney diseases, early MMP inhibition resulted in significantly
lower-grade chronic allograft nephropathy in that study,
whereas late inhibition induced higher proteinuria and more
severe chronic allograft nephropathy [58], thus suggesting a
time-dependent effect for the MMPL Another important factor
that should be taken into consideration to explain discrepan-
cies between studies is that differences in the MMPI dosage
scheme or species may affect drug responses [22], and further
studies are required to better define useful doses of MMPIs,
especially in human beings.

Increased MMP-2 and diminished MMP-9 activities were
shown in patients with different simges of CKD [66]. There
is now evidence for imbalanced MMP/TIMP actvity and
increased deposition of ECM in CKD at intermediate stages of
disease [2, 5]. However, MMPs may have different and maybe
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apparently contrasting effects during different disease phases
[2]. Indeed, MMPs may play dual roles in a number of pn-
mary nephropathies, with an acute, harmful effect contributing
to damage in the eardy phases and a protective, compensatory
effect against deletedous ECM deposition in later-phases [4,
58]. Therefore, optimal timing for MMPs inhibition during a
disease process may vary significantly and is largely undeter-
mined [4]. Moreover, MMP expression varies according o
localization, and therefore MMPI may have different effects
along the entire nephron [5, 58]. A major challenge for future
therapeutic interventions using MMPIs will certainly be how
to achieve therapeutic effects without causing any harm. More
detailed studies on the involvement of MMPs and TIMPs in
CKD will help to improve our understanding of how MMPIs
may be helpful.

It should be noted that a number of drugs affecting the car-
diovascular system may down-regulate MMP activities. These
drugs include diuretics [31], calcium channel blockers [67-
70], angiotensin converting enzyme inhibitors [71] and statins
[72], among others. However, il remains to be determined
how these drugs may affect MMP activities in ESKD.

MMP Inhibition May Protect ESKD Patients against
Cardiovascular Complications

Typical features of ageing and cardiovascular diseases in the
general population are utterly accelerated in ESKD patients,
leading to far amplified occurrence of CV events in dialysis
patients [8, 73]. Despite receiving the best available therapy, a
considerable proportion of ESKD patients die from cardiovas-
cular issues [10]. Therefore, exploring key mechanisms under-
lying specific renal atherosclerotic events may offer reasonable
pharmacological targets that may benefit these patients [74].
While there is evidence that imbalanced MMP activities con-
tribute to cardiovascular diseases in ESKD patients, there is
no study on the effects of MMPIs in such patients.
Imbalanced MMP activities in CKD may promote cardio-
vascular disease, and therefore it is possible that MMPIs may
exert beneficial effects by postponing cardiac remodelling and
vascular events more clearly in patients than in individuals
with nomnal renal function. In line with this suggestion, doxy-
cycline attenuated aortic calcification in a CKD animal model
[26] and prevented elastin degradation caused by eady MMP-
9 activation [73], thus suggesting that inhibiing MMPs is a
potential therapeutic strategy to protect against the vascular
alterations commonly found in patients with ESKD. However,
the use of MMPIs in the non-dialytic CKD may be nisky [4].
The risk of accelerated CKD progression after MMP inhibition
in non-dialytic patients may preclude them from using MMPIs
to improve cardiovascular health. This is because MMPs
apparently preserve residual kidney function in such patients
[65]). Moreover, patients with moderate CKD have less severe
cardiovascular diseases, and the possible benefis of MMPIs
would probably be less evident in these patients [10].
Hypervolaemia is an important issue in patients with anuria,
and it is aggravated by the presence of arteriovenous fistula
because the fismla increases cardiac output by approximately
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20%%. Increased MMP activities preceded left ventricular
remodelling induced by experimental chronic volume ovedoad
[76]. and MMP inhibition atienuated this effect and prevented
left ventricular dilation and hyperrophy, thus preserving ven-
tricular function [76]. Whether this protective effect associated
with MMP inhibition is found in ESKD patients on haemodi-
alysis is not known.

In conclusion, mounting evidence indicates that cardiovas-
cular complications deserve pharmacological intervention in
ESKD patients. Taking into consideration that abnommal cho-
lesterol levels are not the major issue in the pathogenesis of
cardiovascular diseases in these patients, the development of
new tangible targets has been encouraged [74]. Current data
suggest that excessive degradation of the ECM is a critical
step in the pathogenesis of the vascular alterations found in
ESKD patients, and imbalanced MMP activities contribuie to
these alterations. While there is now reasonable evidence sup-
porting the use of MMPIs to prevent these alterations, clinical
studies are required to validate this suggestion. Genetic
research may add imporant evidence because genetic poly-
morphisms may help to identify patients with worse prognosis
that may have better responses to MMPIs.
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Abstract

Background: Matrix metalloproteinases (MMPs) play impor-
tant roles in the pathophysiology of renal diseases, and im-
balanced MMP-2 and its endogenous inhibitor (the tissue in-
hibitor of metalloproteinases-2; TIMP-2) are implicated in the
vascular alterations of end-stage kidney disease (ESKD) pa-
tients. We have examined whether MMP-2 gene polymor-
phisms and haplotypes modify MMP-2 and TIMP-2 levels in
ESKD patients as well as the effects of hemodialysis on the
concentrations of these biomarkers. Methods: We deter-
mined MMP-2 and TIMP-2 plasma levels by gelatin zymogra-
phy and ELISA, respectively, in 98 ESKD patients and in 38
healthy controls. Genotypes for two relevant MMP-2 poly-
morphisms (C'3°T and C7°T in the promoter region) were
determined by TagMan® allele discrimination assay and real-
time polymerase chain reaction. The software program
PHASE 2.1 was used to estimate the haplotype frequencies.
Results: We found increased plasma MMP-2 and TIMP-2 lev-
els in ESKD patients compared to controls (p < 0.05), and he-
modialysis decreased MMP-2 (but not TIMP-2) levels (p <

0.05). The T allele for the C735T polymorphism and the C-T
haplotype were associated with higher MMP-2 (but not
TIMP-2) levels (p < 0.05), whereas the C*%T had no effects.
Hemodialysis decreased MMP-2 (but not TIMP-2) levels in-
dependently of MMP-2 genotypes or haplotypes (p < 0.05).
Conclusions: MMP-2 genotypes or haplotypes modify MMP-
2 levels in ESKD patients, and may help to identify patients
with increased MMP-2 activity in plasma. Hemodialysis re-
duces MMP-2 levels independently of MMP-2 genetic vari-

ants. Copyright @ 2012 5. Karger AG, Basel

Introduction

Matrix metalloproteinases (MMPs) are a wide family
of zinc-dependent proteases that regulate tissue remodel-
ing, cell proliferation and angiogenesis by cleaving many
components of the extracellular matrix [1]. Whereas their
activities are balanced by their interactions with endog-
enous inhibitors (the tissue inhibitors of metalloprotein-
ases; TIMPs), there is now clear evidence that they play
important roles in the pathophysiology of renal diseas-
es [2].
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End-stage kidney disease (ESKD) patients have unsta-
ble atherosclerotic plaques that are prone to rupture [3].
This process includes enhanced arterial calcification and
activation of fibroblasts and cytokines, eventually lead-
ing to vascular extracellular matrix remodeling [4, 5].
While growing evidence suggests that MMP abnormali-
ties are involved in the vascular changes associated with
kidney failure [6], a particular imbalance between MMP-
2 and its endogenous inhibitor, TIMP-2, has been impli-
cated in the vascular alterations of ESKD [7]. Previous
studies showed altered MMP-2 and TIMP-2 levels in di-
alysis patients, thus suggesting a mechanism for cardio-
vascular disease (CVD) complications in these patients
[8-12]. However, inconsistent results have been reported
with respect to the effects of hemodialysis on the circulat-
ing MMP levels. Some studies suggested that plasma
MMP-2 and TIMP-2 are unaltered or even reduced in
uremic subjects compared to healthy controls [13, 14]. In
addition, conflicting results have been reported with re-
spect to the effects of a single hemodialysis session on
MMP-2 and TIMP-2 levels [10, 11, 14, 15].

There is now evidence that a single nucleotide poly-
morphism (SNP) in the MMP-2 gene may affect MMP-2
expression or activity [16, 17]. Two SNPs in the promoter
region of the MMP-2 gene apparently affect MMP-2 ex-
pression [18, 19] (the C 39T 15 243865, and the C7T; rs
2285053) and have been associated with malignancies
and CVD [20-22]. Nevertheless, no previous study has
examined how these functional MMP-2 polymorphisms,
or their combinations within haplotypes, affect MMP-2
levels in ESKD patients. Moreover, no previous study has
examined how these MMP-2 polymorphisms may mod-
ify the effects of a hemodialysis session on MMP-2/
TIMP-2 levels.

We compared MMP-2 and TIMP-2 plasma levels in
healthy volunteers with those found in ESKD patients on
hemodialysis, and we examined the effects of a single he-
modialysis session on these biochemical markers. We hy-
pothesized that MMP-2 alleles, genotypes, and haplo-
types could alter the circulating levels of MMP-2 and
TIMP-2 and modify the effects of a single hemodialysis
session on these biochemical markers in ESKD patients.

Subjects and Methods

Patients and Healthy Controls

This cross-sectional, observational study was approved by the
Research Ethics Committee of the Pontificia Universidade Catoli-
ca do Rio Grande do Sul (PUCRS), and informed consent was
obtained from each participant.
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We studied 98 patients with end-stage renal disease on chron-
ic hemodialysis followed in three dialysis clinics (ESKD group).
We included patients aged between 18 and 65 years who were on
regular treatment for at least 3 months and were clinically stable.
Patients with previous CVD or using medications were excluded
from our sample because we aimed at sampling representative
patients on hemodialysis. The etiology for ESKD and concomi-
tant CVD are described in supplementary table S1 (for all online
suppl. material, see www.karger.com/doi/10.1159/000336108).
The patients were routinely dialyzed three times a week for 4 h
with a polysulfone hollow-fiber membrane, bicarbonate dialysate,
and standard heparin anticoagulation. Reverse osmosis was used
for water treatment and the dialysate was regularly checked for
the presence of endotoxin. Dialysis adequacy was evaluated by
measuring Kt/V. Blood pressure was measured using a calibrated
sphygmomanometer with appropriated cuff size.

A group of 38 healthy volunteers with normal renal function
was recruited among blood donors at the blood bank of the Uni-
versity Hospital (PUCRS) as a control group. These subjects were
matched for age and gender with the patients in the ESKD group.
All subjects provided a complete health history and underwent
physical examination and laboratory analysis to exclude subjects
with hypertension, diabetes mellitus, other concomitant CVDs,
respiratory, hepatic, renal, or hematological dysfunction.

Venous blood samples from each subject were collected into
EDTA Vacutainer tubes (Becton-Dickinson, Sao Paulo, Brazil) by
venipuncture. Patients in the ESKD group were sampled imme-
diately before and at the end of the hemodialysis session. The
blood samples were centrifuged at 1,000 g for 10 min and plasma
fractions were immediately stored at -70°C until used for bio-
chemical measurements. Venous blood samples were also collect-
ed to extract genomic DNA.

Hematological and biochemical parameters were determined
by routine techniques using an automated analyzer (Johnson Vit-
ros Chemistry 5.1 SS). LDL cholesterol was calculated using Frie-
dewald’s formula.

Assessment of MMP-2 Levels in Plasma by

SDS-Polyacrylamide Gel Electrophoresis Gelatin Zymography

Gelatin zymography of MMP-2 of plasma samples was per-
formed as previously described [23]. Brietly, plasma samples were
subjected to electrophoresis on 7% SDS-polyacrylamide gel electro-
phoresis (PAGE) co-polymerized with gelatin (1%) as the substrate.
After electrophoresis was complete, the gels were incubated for 1 h
at room temperature in a 2% Triton X-100 solution, and incubated
at 37°C for 16 h in Tris-HCI buffer, pH 7.4, containing 10 mmol/l
CaCls. The gels were stained with 0.05% Coomassie Brilliant Blue
G-250 for 3 h, and then destained with 30% methanol and 10% ace-
tic acid. Gelatinolytic activities were detected as unstained bands
against the background of Coomassie blue-stained gelatin. The gels
were scanned and the digital images were obtained from the scan-
ner. The intensity of the band corresponding to MMP-2 (72 kDa)
was analyzed with an image analysis software (Image | 1.43u). The
intensity value for the MM P-2 band was calculated as relative activ-
ity according to the intensity of related MMP-2 standard [23].

Enzyme Immunoassay of TIMP-2

Plasma TIMP-2 concentrations were measured with commer-
cially available ELISA assay kits (R&D Systems, Minneapolis,
Minn., USA), according to the manufacturer’s instructions.
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Genotyping for MMP-2 Polymorphisms

Genomic DNA was extracted from the cellular component of
1 ml of whole blood and stored at -20°C until analyzed. Geno-
types for the C-'3%T (rs 243865) and the C-7*°T (rs 2285053) in
the 5'-flanking region of the MMP-2 gene were determined by
TagMan® allele discrimination assay (Applied Biosystems, Carls-
bad, Calif., USA). Probes and primers used for the C-**T geno-
typing assay were customized as follows: forward 5'-GCCATTG-
TCAATGTTCCCTAAAACA-3, reverse 5" TGACTTCTGAGC-
TGAGACCTGAA-3', and probes 5'-CAGCACTC[T/CJACCTC-
T-3". TagMan polymerase chain reaction (PCR) was performed in
a total volume of 12 pl (3 ng of dried DNA, 1x TagMan master
mix, 900 nM of each primer, and 200 nMm of each probe) placed in
96-well PCR plates. Fluorescence from PCR amplification was de-
tected using Chromo 4 Detector (Bio-Rad Laboratories, Hercules,
Calif, USA) and analyzed with the manufacturer’s software.
Probes and primers used in the MMP-2 C7*°T assay were de-
signed by Applied Biosystems (ID: C_26734093-20). TagMan
PCR and fluorescence reading were performed as described above
for the C™13%T polymorphism [24].

Statistical Analysis

Clinical features were compared between the groups using un-
paired Student’s t or Mann-Whitney’s tests. The distribution of
the genotypes for each polymorphism was assessed for deviation
from the Hardy-Weinberg equilibrium using y? tests. To examine
the effects of the MMP-2 genotypes and haplotypes on circulating
levels of MMP-2, TIMP-2, or MMP-2/TIMP-2 ratios, we used un-
paired Student’s t test and one-way ANOVA (followed by Tukey’s
posttest), respectively. Comparisons of MMP-2, TIMP-2, or
MMP-2/TIMP-2 ratios in the ESKD group before and after hemo-
dialysis were made with paired Student’s t test.

Haplotype frequencies were estimated using PHASE software
(http://depts.washington.edu/uwcdc/express-licenses/assets/
phase/). Only haplotypes with frequencies higher than 5% were
taken into consideration. The possible haplotypes including ge-
netic variants of two polymorphisms in the MMP-2 gene studied
(C-13%T and C-73*T) were: H1 (C,C); H2 (C,T); H3 (T,C), and H4
(T.T). Because the TT genotype for both polymorphisms was very
rare, we grouped the CT and TT genotypes. A value of p < 0.05
was considered statistically significant.

Results

Clinical features of studied subjects are shown in ta-
ble 1. Although the groups were matched by age, gender,
and race distributions (all p > 0.05), significant differ-
ences were found in arterial blood pressure, BMI, lipid
fractions, hemoglobin, hematocrit, creatinine, phospho-
rus, and potassium concentrations (all p < 0.05). Further
details with respect to the etiology of ESKD etiology or
previous CVD diagnoses are shown in online supplemen-
tary table S1.

The distributions of allele, genotype, and haplotype
frequencies in ESKD patients are shown in online supple-
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Table 1. Demographic and clinical features of healthy controls
and ESKD patients

Clinical features Controls ESKD patients p
(n=38) (n=98)

Age, years 509 al 1] NS
Race, white/non-white 30/8 81/17 NS
Male/female 19/19 55/43 NS
Current smokers 6 45 0.0011
SBP, mm Hg 120X 11 141£30 <0.0001
DBP, mm Hg TJ9ED 81x+14 NS
Diabetes mellitus 0 33 <0.0001
Hypertension 0 7T <0.0001
BMI 27751 2541538 0.0077
Total cholesterol, mg/dl 198.5%£452 158.9%55.9 0.0002
HDL cholesterol, mg/dl  50.6£17.6 38.0+£128 <0.0001
LDL cholesterol, mg/dl  119.5+42.6 86.3+t426 <0.0001
Triglycerides, mg/dl 1151*x6l.6  1945%151.2 0.0169
Hemoglobin, g/dl 13.4+1.02 10.6X£2.5 <0.0001
Hematocrit, % 403%34 31.7x6.0 <0.0001
Leukocytes, x10%/pl 6.0x£75 67121 NS
Creatinine, mg/dl 0.86+0.29 9.03%+322 <0.0001
Calcium, mg/dl 9.20+0.76 8.90x1.10 NS
Phosphorus, mg/dl 3.18%£0.70 591+1.60 <0.0001
Potassium, mg/dl 4.19+0.33 5.32+096 <0.0001
PTH, pg/ml NA 530£655 =
Albumin, mg/dl NA 3.91+£0.34 =

mentary table S2. The distribution of genotypes for each
polymorphism showed no deviation from Hardy-Wein-
berg equilibrium (p > 0.05).

The plasma concentrations of MMP-2 and TIMP-2
were evaluated both in controls and in ESKD patients
(before and after hemodialysis). While we found higher
MMP-2 and TIMP-2 levels in ESKD patients compared
to healthy controls (fig. 1a, b, respectively; both p <
0.0001), no significant differences between the groups
were found in MMP-2/TIMP-2 ratios (p = 0.0575; fig. 1c).
Interestingly, hemodialysis decreased MMP-2 levels (p <
0.0001; fig. 1a) without changing TIMP-2 concentrations
(p = 0.8916; fig. 1b), thus lowering MMP-2/TIMP-2 ratios
(p < 0.0001; fig. 1c).

When ESKD patients were divided according to the
genotypes for the C*%T polymorphism, we found no
differences in MMP-2 or TIMP-2 levels before hemodi-
alysis (both p > 0.05; fig. 2a, b). Hemodialysis decreased
MMP-2 (but not TIMP-2) levels independently of the
genotypes for the C*%T polymorphism (p < 0.0001;
fig. 2a, b).
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Fig. 1. Effects of hemodialysis on plasma MMP-2 and TIMP-2 levels, and on MMP-2/TIMP-2 ratios. Concentrations of MMP-2, TIMP-
2, and MMP-2/TIMP-2 ratios in healthy controls and in ESKD patients before (pre) and after (post) hemodialysis (HD). * Statistically

significant.
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Fig. 3. Plasma concentrations of MMP-2 =
and TIMP-2 according to MMP-2 C-735T pre-HD post-HD pre-HD post-HD pre-HD post-HD pre-HD post-HD
genotypes before (pre) and after (post) he- GG CT+TT cc CT+TT
modialysis (HD). * Statistically signifi- a -735 (/T genotypes b -735 C/T genotypes
cant.

In contrast to the C™*%T polymorphism, when ESKD
patients were divided according to the genotypes for the
C7T polymorphism, we found higher MMP-2 (but not
TIMP-2) levels before hemodialysis in subjects with the
CT/TT genotypes compared with those found in subjects
with the CC genotype (p = 0.0077; fig. 3a, b). However, in

212 Am ] Nephrol 2012;35:209-215

36

parallel with the C'3%T polymorphism, hemodialysis
decreased MMP-2 (but not TIMP-2) levels independently
of the genotypes for the C7*T polymorphism (p <
0.0010; fig. 3a, b).

The analysis of haplotypes showed higher MMP-2 (but
not TIMP-2) levels in ESKD patients with the C-T haplo-
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haplotype H4 (T.T) was not observed.

type compared with those with the C-C haplotype (the
most common haplotype; p < 0.01; fig. 4a, b). Hemodi-
alysis decreased MMP-2 (but not TIMP-2) levels in all
MMP-2 haplotype groups (p < 0.0004; fig. 4a, b).

Discussion

The main findings of the present study were: (i) pa-
tients with ESKD have higher circulating MMP-2 and
TIMP-2 levels than healthy controls; (ii) ESKD patients
carrying the T allele for the C7**T polymorphism or the
C-T haplotype have higher plasma MMP-2 levels than
those without these genetic markers, and (iii) hemodialy-
sis decreases plasma MMP-2 (but not TIMP-2) concen-
trations in ESKD patients. However, these effects are not
modified by MMP-2 polymorphisms. This is the first
study to examine how genetic MMP-2 variants may affect
MMP-2/TIMP-2 levels in ESKD patients or modify the
effects of hemodialysis.

Abnormal MMP-2 activity clearly contributes to the
vasculopathy found in ESKD patients [7, 25]. Interesting-
ly, experimental evidence showed an early upregulation
of MMP-2 expression in areas of elastin degradation and
smooth muscle cells phenotype change in chronic kidney
disease course, which is associated with increased circu-
lating MMP-2 levels [4-6]. These alterations clearly pro-
mote vascular medial layer calcification [6], and the in-
creases in MMP-2 levels correlated positively with vascu-
lar stiffness and phosphate concentrations in chronic
kidney disease patients [25]. In line with our results show-
ing increased MMP-2 and TIMP-2 levels in ESKD pa-
tients, elevated circulating MMP-2 and TIMP-2 levels
have been described as an indicator of CVD in dialysis

MMP-2 Levels in End-Stage Kidney
Disease

patients [8, 9]. It is possible that TIMP-2 levels increase in
order to protect against abnormal proteolytic activity in
patients on dialysis, which could promote excessive ex-
tracellular matrix remodeling, as previously suggested [9,
15]. While most of the previous studies agree with our
findings [8, 10-12], two studies detected no significant
changes in these markers [13, 14], and one study showed
lower TIMP-2 levels and augmented MMP-2/TIMP-2 ra-
tios in ESKD [14]. Probably, the exclusion of CVD pa-
tients from that study may have affected the conclusions
drawn by the authors [14]. The explanation for such dis-
crepancies between studies may be explained by differ-
ences in the studied populations, ethnicity, age, sample
size, and etiology for ESKD [15].

Several studies analyzed the effects of a hemodialysis
session on the circulating levels of MMP-2. However,
conflicting results have been reported. In line with our
findings, most studies showed that hemodialysis reduced
MMP-2 levels, with one exception [10, 11, 14, 15]. Variable
results have also been reported for the effects of hemodi-
alysis on TIMP-2 levels [10, 14, 15]. However, this study is
the first to report significant reductions in MMP-2/
TIMP-2 ratios after a dialysis session, whereas MMP-2/
TIMP-2 ratios were not affected in another study [14]. It
is not clear why TIMP-2 (a 21-kDa molecule) levels are
not altered by hemodialysis, whereas the concentrations
of MMP-2 (72 kDa) decrease. The larger size of MMP-2
should have precluded its filtration, thus suggesting that
a mechanism other than ultrafiltration is certainly in-
volved. Interestingly, although hemodialysis activates in-
flammatory responses, which promote MMP release [11],
no study showed increased MMP-2 levels after a session.

Genetic markers may contribute to the variability in
MMP-2 in ESKD patients. Given the importance of
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MMP-2 to CVD [6, 26-28], MMP-2 polymorphisms
could affect MMP-2 levels in uremic patients and there-
fore influence the prevalence of CVD in uremic patients.
Whereas no previous study has examined this possibility
in ESKD patients, we studied the effects of two function-
ally relevant MMP-2 SNPs in the promoter of MMP-2.
The C73T and C 13T SNPs disrupt the Spl regulatory
elementin the promoter site (CCACC box), thus affecting
MMP-2 expression in an allele-specific manner [18]. In
line with the idea that the C allele for the C*°T poly-
morphism increases MMP-2 activity, higher MMP-2 lev-
els and MMP-2/TIMP-2 ratios were reported in subjects
exposed to mercury and carrying this allele [16]. How-
ever, this polymorphism had no significant effects on
MMP-2 levels in our uremic patients. This apparent dis-
crepancy between studies is probably explained by differ-
ences between clinical conditions, with different factors,
possibly with MMP-2 gene variants.

We found that the T allele for the C7**T polymor-
phism and the C-T haplotype were associated with in-
creased MMP-2 (but not TIMP-2) levels in ESKD pa-
tients. While our results may not be consistent with pre-
vious molecular findings discussed above [18], little is
known about the complex regulation of MMPs, especial-
ly MMP-2 in ESKD patients. In vivo clinical findings may
differ significantly from in vitro molecular studies. In
line with our findings, previous studies showed that the
C-C haplotype was more commonly found in hyperten-
sive patients with a lower left ventricular mass index [22],
and this clinical finding also contrasts with molecular
studies [18]. Although further studies are required to
clarify the mechanisms underlying these clinical associa-
tions, it is interesting that we found no effects of MMP-2
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polymorphisms on the changes in MMP-2 levels associ-
ated with a hemodialysis. These findings suggest that he-
modialysis decreases MMP-2 levels independently of ge-
netic factors.

The present study has some limitations. First, although
this cross-sectional study allows the detection of associa-
tions, causality is not properly addressed. Second, we
studied a relatively small number of patients, and this
may have limited our chances to detect differences be-
tween the groups. Third, the patients included in the
present study were under pharmacological treatment,
and this may have altered MMP-2 and/or TIMP-2 levels
[29, 30]. However, it is clearly unacceptable not to treat
uremic patients.

In conclusion, we found that the MMP-2 genotypes or
haplotypes modify MMP-2 levels in ESKD patients, and
may help to identify patients with increased levels of
MMP-2 while TIMP-2 remains unaltered. Our findings
show that hemodialysis reduces MMP-2 levels indepen-
dently of MMP-2 genetic variants.
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Etiology and previous cardiovascular (CVD) diagnosis of end stage kidney disease

patients ineluded in our study

Etiology Mumber of paticnts (98)
Diabetes Mellitus (n) 28

Essential hypertension (n} 17

Glomerulonephritis {n) 15

Polyeystic kidney discase (n) 14

Urologic causes (n) &

Chronic interstitial nephritis (n) 4

Unknown {n) 15

Previous CVD diagnosis Mumber of paticnts (38)
[schemic heart discase (n) 24

Stroke (n} 14

Penipheral artery discase (n) 13

Orther features

Currently on anti-hypertensive treatment (n) 65

Mean time of chronic HD {months) 50 4+ 42

Besidual diuresis {n} 43

Table 52

Distribution of MMP-2 genotyvpes, alleles, and haplotypes frequencies in end stage

kidney disease patients.

Genotypes Alleles Haplotvpes
,E-Ijﬂd]- n (%'] i _’md-r n E%'] n E%']

CC 73(74.5) C 170 (86T H1 {C) 154 (T8.6)

CT 24 (24.5) T 26 (133 H2(CTI) 16 (8.2}

TT 1 (1) H3 (T,C) 26 (13.2)
CET T H4 (T, Ty 0O{0)

CC B3 (B4.T) C IR0 91.8)

CT 14(14.3) T 16 (82}

T 1 (1)
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Background: Altered levels of matrix metalloproteinases (MMPs) and their inhibitors, the tissue inhibitors of
metalloproteinases (TIMPs), are involved in cardiovascular alterations associated with end stage kidney dis-
ease (ESKD). Genetic polymorphisms in MMP-9 gene affect MMP-9 levels. We examined how MMP-9 poly-
morphisms and haplotypes affect the changes in plasma MMP-9 and TIMP-1 levels found in patients with
ESKD undergoing hemodialysis.

Methods: We studied 94 ESKD patients undergoing hemodialysis for at least 3 months. MMP-9 and TIMP-1

Ki ds: ¥ 3 T

El?ld“;.;ge kidney disease were measured by ELISA in plasma from blood samples collected before and after a session of hemodialysis.
Haplotypes Genotypes for three MMP-9 polymorphisms (C~""%°T, rs3918242; —90 (CA)14-24, 1s2234681; and Q279R,
Hemodialysis 1s17576) were determined by Tagman® Allele Discrimination Assay and real-time polymerase chain reac-

tion. Haplotype frequencies were determined with the software program PHASE 2.1.

Results: Hemodialysis increased MMP-9 and TIMP-1 levels (P<0.05). Genotypes had no effects on baseline
MMP-9 and TIMP-1 levels (P>0.05). Hemodialysis increased MMP-9 and TIMP-1 levels in subjects with
the CC (but not CT or TT) genotype for the C~'"5*T polymorphism (P<0.05), and increased MMP-9 levels
in subjects with the QQ (but not QR or RR) genotype for the Q279R polymorphism (P<0.05), whereas the
CA(n)14-24 polymorphism had no major effects. While MMP-9 haplotypes had no effects on baseline
MMP-9 levels ( P>=0.05), hemodialysis increased MMP-9 levels and MMP-9/TIMP-1 ratios in subjects carrying
the CLQ haplotype (P=0.0012 and P=0.0045, respectively).

Conclusion: ESKD patients with the QQ genotype for the Q279R polymorphism or with the CLQ haplotype are
exposed to more severe increases in MMP-9 levels after hemodialysis. Such patients may benefit from the use
of MMP inhibitors.

Matrix metalloproteinase-9
Polymorphism

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Patients with end stage kidney disease (ESKD) bear a heavy burden
of cardiovascular diseases (CVD) [1], and hemodialysis may trigger a
maladaptive process leading to arterial medial calcification, stiffness,
and loss of function mimicking the atherogenic effects of uremic factors
and inflammation [1,2]. These vascular alterations found in ESKD are
linked to extracellular matrix remodeling and elastocalcinosis [2,3]
and involve imbalanced matrix metalloproteinase (MMP) activity [4].

MMPs are structurally related, zinc dependent, enzymes that
degrade the extracellular matrix and other non-extracellular matrix-

* Corresponding author ar: Department of Pharmacology, Faculty of Medidne of
Ribeirao Preto, University of Sao Paulo, Av. Bandeirantes, 3900 14049-900 Ribeirao
Preto, SP, Brazil. Tel: +55 16 3602 3163; fax: + 55 16 3633 2301.

E-mail addresses: tanus@fm rp.usp.br, tanussantos@yahoo.com (J.E. Tanus-Santos).

' These authors contributed equally to this manuscript.

0009-8981/3 - see front matter © 2012 Elsevier B.V. All rights reserved.
htp://dx.doi.org/10.1016/j.cca.2012.08.014

42

related substrates [5]. They are regulated at transcriptional and
post-translational levels, and their activity is also dependent on
endogenous inhibitors, the tissue inhibitors of MMPs (TIMPs) [6].
Mounting evidence indicates that imbalanced MMP activity contributes
to diseased vessels in patients with renal failure [3,7-9], particularly
MMP-9, which is associated with atherosclerosis in non-dialytic chronic
kidney disease (CKD) [7,8]. Moreover, increased MMP-9 expression has
been reported in monocytes from patients with ESKD [10], and recent
studies have shown altered MMP-9 and TIMP-1 levels in patients
on dialysis [11-15]. Nevertheless, inconsistent findings have been
reported regarding the effects of hemodialysis on the circulating MMP
levels. Some studies suggest that plasma MMP-9 remains unaltered
[11,12,16] or decreases after a hemodialysis session [13,17].

MMP-9 activity is highly dependent on its expression levels [6,18],
and functional genetic polymorphisms in the MMP-9 gene may affect
MMP-9 concentrations [19], possibly modifying the susceptibility to
cardiovascular diseases [18,20,21]. Therefore, we hypothesized that
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2 functional polymorphisms in the promoter region of MMP-9 gene
(the C~'°°2T — 153918242, and the microsatellite (CA)y4_24 in —90
position — rs2234681), and one polymorphism in exon 6 (the
Q279R; rs17576) could affect the changes in MMP-9 levels associated
with hemodialysis. In support of this hypothesis, these polymorphisms
have been associated with variable MMP-9 levels in other clinical
conditions [22-24]. While previous works have studied MMP-2 [25]
and MMP-9 [26] polymorphisms in dialysis, no previous study has
examined how functional MMP-9 polymorphisms, or their combinations
within haplotypes, affect the changes in MMP-9 and TIMP-1 levels
during a hemodialysis session

2. Materials and methods
2.1. Patients

The present study was carried out in accordance with the Helsinki
Declaration ethical guidelines. Approval for use of human blood was
obtained from the Research Ethics Committee of the Pontificia
Universidade Catélica do Rio Grande do Sul, and informed consent
was obtained from each participant. Ninety-four patients with ages
from 18 to 65y were studied in 3 hemodialysis units. ESKD was
defined as glomerular filtration rate <15 ml/min associated with clin-
ical signs of uremic syndrome requiring dialysis. The patients were on
continuous therapy for at least 3 months and were stable (without
clinical complications). Clinical data were based on medical history,
physical examination, and routine analytical tests. While the patients
included in the present study had different causes for their clinical
condition, diabetes mellitus, hypertension, glomerulonephritis, and
polycystic kidney disease were the main causal diseases. The dialysis
schedule included three 4-h dialysis sessions per week with a
polysulfone hollow-fiber membrane, bicarbonate dialysate, and regular
heparin anticoagulation. Reverse osmosis was used for water treatment
and the dialysate was regularly checked for the presence of endotoxin.
Dialysis adequacy was evaluated by measuring Kt/V. Blood pressure
was measured using a calibrated sphygmomanometer with appropriated
cuff size.

Blood samples were collected into EDTA vaccutainer tubes
(Becton-Dickinson, Sdo Paulo, Brazil) by venipuncture of the arterio-
venous fistula before and after a hemodialysis session. The blood
samples were centrifuged at 1000 xg for 10 min and plasma fractions
were immediately stored at —70 °C until used for biochemical
measurements. Blood samples were also collected to extract genomic
DNA. The biochemical and hematological parameters were determined
by routine techniques using an automated analyzer (Johnson Vitros
Chemistry 5.1 SS). LDL-cholesterol was calculated using the Friedewald's
formula.

2.2, Genotyping

Genotypes for the C'°%T (rs3918242) polymorphism in the
5'-flanking region of MMP-9 were determined by polymerase chain
reaction (PCR) amplification using the primers: 5'-GCCTGGCAC
ATAGTAGGCCC-3 (sense) and 5-CTTCCTAGCCAGCCGGCATC-3
(antisense), and PCR conditions as described elsewhere [27]. The ampli-
fied products were digested with Sphl (New England Biolabs, Ipswich,
MA) overnight at 37 °C, producing fragments of 247 and 188 bp in the
case of a polymorphic varant (allele T), or an undigested 435-bp band
in the case of a wild type allele (allele C). Fragments were separated by
electrophoresis in 12% polyacrylamide gels and visualized after silver
staining.

The —90 (CA)js04 (rs3222264) microsatellite was detected by
polymerase chain reaction as described previously [19], using the
primers 5'-GACTTGGCAGT GGAGACTGCGGGCA-3' (sense) and 5'-GAC
CCCACCCCTCCTTGACAGGCAA-3' (antisense ). Amplified products were
separated in a 7% polyacrylamide-urea gel and visualized after silver
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staining, Differences in molecular weight (or number of bases), from
144 bp to 168 bp, were determined by a comparison with migration
of a 10-bp DNA ladder (Invitrogen, Carlsbad, CA) and to homozygous
samples previously sequenced. In order to make easier the analysis of
the bands in the gel, the alleles were classified in accordance with the
biallelic distribution of this polymorphism: alleles were grouped as
“low” (L) when the number of CA repeats was less than 21, and as
“high” (H) when the number of CA repeats was =21 [28].

Genotypes for the MMP-9 Q279R (rs17576) polymorphism were
determined by Tagman® Allele Discrimination assay. Probes and
primers used in the MMP-9 assay were designed by Applied Biosystems
(ID: C_11655953_10). TagMan polymerase chain reaction was
performed in a total volume of 12 pl (3 ng of DNA, 1x TagMan master
mix, 900 nmol/l of each primer and 200 nmol/1 of each probe) placed
in 96-well PCR plates. Fluorescence from polymerase chain reaction
amplification was detected using Chromo 4 Detector (Bio-Rad Labora-
tories, Hercules, CA) and analyzed with the manufacturer's software
[23].

2.3. Measurement of plasma MMP-9 and TIMP-1 concentrations

The plasma MMP-9 and TIMP-1 concentrations were measured
with commercially available enzyme-linked immunosorbent assay
kits (DY911 and DY970, respectively; R&D Systems, Minneapolis,
MN, USA) according to the manufacturer's instructions.

24 Statistical analysis

Statistical analysis was carried out using the Stat-View (SAS
Institute, Cary, NC). The clinical characteristics, plasma MMP-9
and TIMP-1 concentrations, and MMP-9/TIMP-1 ratios were compared
with Student’s paired t-test (parametric data), Mann-Whitney U-test
(non-parametric data) or chi-square (categorical data). The distribution
of genotypes for each polymorphism was assessed for deviation from
the Hardy-Weinberg equilibrium by using chi-squared tests. Difference
in the alleles, genotypes, and haplotype frequencies was assessed
with chi-squared tests. Because the TT genotype for the C~'*2T
polymorphism was very rare, we combined this genotype with the
heterozygous CT genotype. A P<0.05 was considered statistically
significant.

The Bayesian statistical-based program Phase 2.1 was used to
estimate the haplotype frequencies in each group (http://depts.
washington.edu/uwc4c/express-licenses/assets/phase/). The possi-
ble haplotypes including genetic variants of three MMP-9 polymor-
phisms studied (C™'°5%T, 90(CA)14-24, and Q279R) were H1 (C, L,
Q); H2 (C,L,R); H3 (C, H, Q); H4 (C, H,R); H5 (T, L,Q); H6 (T, L, R);
H7 (T, H, Q); and H8 (T, H, R). Differences in haplotype frequency
distributions were further tested using contingency tables, and to
compare specific haplotype frequencies, a value of P<0.01 (0.05/
number of observed haplotypes) was considered significant to correct
for multiple comparisons. We excluded the rare haplotypes H5, HE
and H7 from the analysis.

3. Results

Clinical characteristics of patients are shown in Table 1. Detailed
information regarding the etiology of renal failure and coexistent
cardiovascular diseases and medications is provided in Supplementary
Table S1. The distribution of allele, genotype, and haplotype frequencies
in hemodialysis subjects are shown in Supplementary Table 52. The
distribution of genotypes for each polymorphism showed no deviation
from Hardy-Weinberg equilibrium (P=>0.05).

The plasma MMP-9 and TIMP-1 concentrations were evaluated in
ESKD patients, both before and after hemodialysis. While the session
of hemodialysis increased MMP-9 and TIMP-1 plasma concentrations
(Fig. 1; P=0.0087 and P =0.0148, respectively), the MMP-9/TIMP-1
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Table 1

Clinical and demographic characteristics of the patients.
Clinical characteristics Patients, N =94
Age, y 51+108
Race (white/non-white) 79/15
Sex (masculine/feminine) 52/42
Smoking 4439
SAP, mm Hg 141.4+403
DAP, mm Hg 7884125
Diabetes mellitus 346
Hypertension 79.6
BMI, kg/m? 2529+5.18
Total cholesterol, mg/dl 157.8+54.6
HDL cholesteral, mg/dl 3844119
LDL cholesterol, mg/dl 86,64+ 40.9
Triglycerides, mg/dl 196.1+£150.6
Hemoglobin, g/dl 104+ 2.8
Hematocrit, % 319461
Leukocytes, » 10° jul 6518 £2137
Creatinine, mg/dl 96+3.2
Calcdum, mg/dl 8841
Phosphorus, {mg/dl) 66+42
Potassium, (mg/dl) 52412
PTH (pg/ml) 519.2+ 452
Albumin (mg/dl) 3824032

ratios tended to increase after hemodialysis (Fig. 1; P=0.0561). We
found no significant differences when patients with primary kidney
diseases and secondary kidney diseases were compared (data not
shown).

When ESKD patients were divided according to genotypes, we found
no significant effects of genotypes on MMP-9 and TIMP-1 levels
measured before hemodialysis (Figs. 2, 3, and 4; all P> 0.05). However,
hemodialysis increased MMP-9 levels in some genotype groups.
Specifically, we found significant increases in both MMP-9 and
TIMP-1 levels in subjects with the CC genotype for the C '*%T
polymorphism (Fig. 2; both P<0.05), but not in subjects with CT or
TT genotypes for this polymorphism. When the patients were divided
according the genotypes for the CA(n);4.24 polymorphism, we found
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that TIMP-1 levels increased in subjects with the HH genotype (Fig. 3;
P=0.0375). However, this increase in TIMP-1 levels was not associated
with significant changes in MMP-9/TIMP-1 ratios (Fig. 3; P>0.05).
Interestingly, we found a trend for increased MMP-9 after hemodialysis
in subjects with the LL or the HL genotypes for this polymorphism
(Fig. 3; P=0.0668 and P=0.0730, respectively). When the patients
were divided according to genotypes for the Q279R polymorphism,
we found significant increases in MMP-9 levels and in MMP-9,/TIMP-1
ratios in subjects with the QQ genotype for this polymorphism (Fig. 4;
both P<0.05). While we found significant increases in TIMP-1 levels
in subjects with the QR genotype, this change was not associated with
significant changes in MMP-9/TIMP-1 ratios (Fig. 4; P =0.05).

The analysis of haplotypes showed no effects of MMP-9 haplotypes
on both MMP-9 and TIMP-1 levels measured before hemodialysis
(Fig. 5; P=0.05). However, we found significant increases in MMP-9
(but not TIMP-1) levels in subjects carrying the CLQ haplotype (Fig. 5;
P=0.0012), thus resulting in increased MMP-9/TIMP-1 ratio in this
particular haplotype group (Fig. 5; P=0.0045). While hemodialysis
was associated with inaeased TIMP-1 levels in subjects with the CHR
haplotype, no significant changes were found in MMP-9/TIMP-1 ratio
(Fig. 5: P>0.05).

4. Discussion

This study examined how MMP-9 genetic polymorphisms affect the
changes in MMP-9 and TIMP-1 levels associated with a hemodialysis
session in ESKD patients. While we found that MMP-9 polymorphisms
do not significantly affect baseline MMP-9 or TIMP-1 levels in ESKD
patients, we found a significant genetic contribution of MMP-9
polymorphisms and haplotypes to hemodialysis-induced changes
in MMP-9 levels and MMP-9/TIMP-1 ratios. Our findings may help
to understand the relevance of MMP-9 genetic polymorphisms to
the pathophysiology of cardiovascular complications associated
with ESKD and hemodialysis.

MMPs ( particularly MMP-9) are important for extracellular matrix
remodeling and play key roles in cardiovascular diseases [5,15,20,29].
MMP-9 activation promotes TGF-B signaling and a sequence of events
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Fig 1. Effects of hemodialysis (HD) on the circulating MMP-9 and TIMP-1 concentrations and on MMP-9,TIMP-1 ratios. Concentrations of MMP-9, TIMP-1 and MMP-9/TIMP-1 ratios
in end stage kidney disease patients before (Pre HD) and after (Post HD) a session of HD. Data are shown as mean + SD. *Statistically significant
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Fig 2. Effects of hemodialysis (HD) on the circulating MMP-9 and TIMP-1 concentrations and on MMP-9/TIMP-1 ratios in end stage kidney disease patients according to their ge-
notypes for the MMP-9 C~"**T polymorp hism. Concentrations of MMP-9, TIMP-1 and MMP-9,TIMP-1 ratios are shown before (Pre HD) and after ( Post HD) a session of HD. Data

are shown as mean +5D. *Statistically significant
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Fig. 3. Effects of he modialysis (HD) on the circulating MMP-9 and TIMP-1 concentrations and on MMP-9/TIMP-1 ratios in end stage kidney disease patients according to their ge-
notypes for the MMP-9 90( CA)14-22 polymorphism. Concentrations of MMP-8, TIMP-1 and MMP-9TIMP-1 ratios are shown before (Pre HD) and after (Post HD) a session of HDL

Data are shown as mean £ S0, *Statistically significant.

that leads to elastocalcinosis and vascular stiffness [29] Indeed,
recent studies showed that upregulated MMP-9, without proper
balance of TIMP-1, disrupts elastin and affects normal vascular
smooth muscle cells allowing the extracellular matrix to expand
and calcify, eventually leading to overt hydroxyapatite deposition
and vascular dysfunction [3,7,9].

Our results showing that hemodialysis elevated the circulating
levels of MMP-9 and TIMP-1 differ from previous reports, which
described reduced or unaltered MMP-9 and TIMP-1 levels after
hemodialysis [11,13,16,17]. We found minor increases in MMP-9/
TIMP-1 ratios, and this finding agrees with previous results [12].
It is likely that inconsistencies in reported plasma MMP levels
reflect the complex regulation of inflammation and MMPs, as well
as differences in sample size, populations, anticoagulation regimen,
vascular access, type of membrane and causal diseases for ESKD. In
addition, pre-analytical issues may also explain dissimilarities,
since modifications in processing the samples may alter MMP-9
levels [30,31]. MMP-9 is expressed constitutively at very low levels
in bone marrow-derived cells, however it is highly inducible under
oxidative and inflammatory conditions [6,10]. Since hemodialysis
activates inflammatory and coagulation pathways, it is plausible to
find increased MMP-9 levels after hemodialysis.

MMP-9 gene polymorphisms may modify MMP-9 concentrations
and affect the development of cardiovascular complications in ESKD,
as previously suggested [1]. Indeed, the C~'***T polymorphism
results in loss of a nuclear repressor protein binding site and enhanced
MMP-9 mRNA and protein levels when the T allele is present [18,21].
The microsatellite 90{CA)14-24 in the promoter region of the MMP-9
gene was shown to reduce MMP-9 promoter activity when the [CA)
14 allele is present as compared with the (CA)21 allele [32]. The Q279R
polymorphism causes an aminoacid residue substitution, thus affecting

MMP-9 activity [22,33]. Our results showing similar baseline MMP-9
and TIMP-1 levels suggest that these polymorphisms do not have
major effects in ESKD patients, at least in terms of circulating
MMP-9 levels.

We found that hemodialysis inaeased MMP-9 and TIMP-1 levels in
subjects with the CC (but not CT or TT) genotypes for the C~ 5T poly-
morphism, and increased MMP-9 (but not TIMP-1) levels in subjects
with the QQ genotype for the Q279R polymorphism, thus increasing
MMP-9/TIMP-1 ratios. However, the haplotypic analysis may be much
more effective and informative than the single locus analysis [20]
While baseline MMP-9 and TIMP-1 levels were not affected by
MMP-9 haplotypes, subjects with the CLQ haplotype showed increased
MMP-9 (but not TIMP-1) levels after hemodialysis. Interestingly, this
particular haplotype combines the C allele for C~ 5T polymorphism,
and L allele for the 90{CA)4_24 polymorphisms, which have been asso-
ciated with lower MMP-9 upregulation [18,21,32]. While we have not
examined the molecular mechanisms possibly explaining these find-
ings, our results suggest that the CLQ haplotype combines a group of
MMP-9 genetic markers that may lead to the highest rates of cardiovas-
cular complications associated with abnormal MMP-9 activity in ESKD
patients undergoing hemodialysis. It remains to be determined wheth-
er MMP-9 inhibition is a suitable pharmacologic approach to prevent or
postpone cardiovascular in this highly susceptible population. In fact,
pharmacological blockade of MMPs has been suggested in hemodialysis
patients [4] and experimental evidence suggests that non-specific
MMP inhibition may prevent cardiovascular alterations through
complex mechanisms [34,35].

This study has some limitations that should be taken into consider-
ation. The findings reported here may be quantitatively small because
the differences that we found were not of major magnitude and some
of our findings may not resist correction for multiple comparisons.
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Fig. 4. Effects of he modialysis (HD) on the circulating MMP-9 and TIMP-1 concentrations and on MMP-9/TIMP-1 ratios in end stage kidney disease patients according to their ge-
notypes for the MMP-G Q™R polymorphism. Concentrations of MMP-8, TIMP-1 and MMP-8/TIMP-1 ratios are shown before { Pre HD) and after { Post HD ) a session of HD. Data are

shown as mean + SD. *Statistically significant.
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Fig 5. Effects of hemodialysis (HD) on the circulating MMP-9 and TIMP-1 concentrations and on MMP-9/TIMP-1 ratics in end stage kidney disease patients according to their
MMP-9 haplotypes. Concentrations of MMP-9, TIMP-1 and MMP-9/TIMP-1 ratios are shown before (Pre HD) and after (Post HD) a session of HD. Data are shown as mean =+ SD.

*Statistically significant.

However, it is common sense that the contribution of a single
polymorphism to any clinical condition is usually of minor magnitude,
and our findings suggest that MMP-9 polymorphisms may have some
minor effects on MMP-9 changes induced by dialysis. Moreover,
the assays used in the present study are based on antigen detection
and may not reflect activity, particularly where a genotypic difference
may affect activity.

In conclusion, we found evidence supporting the idea that MMP
genetic polymorphisms affect MMP alterations in ESKD patients [25]
undergoing hemodialysis. ESKD patients with the QQ genotype for
the Q279R polymorphism or with the CLQ haplotype are exposed to
more severe increases in MMP-9 levels after hemodialysis. These
findings may indicate a group of patients that will have worse
cardiovascular prognosis when undergoing hemodialysis. Whether
such patients would benefit from the use of MMP inhibitors remains
to be elucidated.
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SUPPLEMENTARY TABLES

Table S1

Etiology and previous cardiovascular (CVD) diagnosis of end stage kidney disease
patients included in our study

Etiology MNumber of patients (94)
Diabetes Mellitus (n) 28
Essential hypertension (n) 15
Glomerulonephritis (n] 15
Polycystic kidney disease (n) 14
Urologic causes (n) 5
Chronic interstitial nephritis (n) 4
Unknown (n) 13
Previous CWVD diagnosis MNumber of patients (38)
Ischemic heart disease (n) 24
Stroke (n) 13
Peripheral artery disease (n) 13

Other features

Currently on anti-hypertensive treatment (n) 65

Mean time of chronic HD (months) 58+9
Residual diuresis (n) 42
Table S2

Distribution of MMP-9 genotypes, alleles, and haplotypes frequencies in end stage
kidney disease patients.

Genotypes Alleles Haplotypes

CHer n (%) C1T 1 (%) 1 (%)

CC 76(80.9) C 169(89.9) HI1(CH.Q) 39(20.7)

CT 17 (18.1) T 19(10.1) H2(CH,R) 40(21.3)

T 1(1) H3 (C,L,Q) 86(45.7)
CAl4.24 CAla.24 H4 (C,L.RB) 4(2.1)

HH 30(32) H 98(52.1) HS(T.H.Q) 0(0)

HL 38(404) L 9% (479) He6(T.HR) 19(10.1)

LL 26(27.6) H7(T.L.Q) 0(0)
Q279R H8(T.L.R) 0(0)

QQ 42 (44.7) Q 125 (66,5)

QR 41 (43.6) R 63 (33.5)

RR 11(11.7)
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Os artigos apresentados nos Capitulos 2 e 3 foram os primeiros estudos
a investigar a importancia dos polimorfismos genéticos das MMPs no contexto
da hemodialise. No caso da MMP-2, os marcadores genéticos que envolvem o
alelo de analise T do polimorfismo da posicdo -735 estdo associados com
maiores niveis basais de MMP-2, porém sem alterar os niveis pos hemodialise.
Por outro lado, polimorfismos e haplétipos da MMP-9, enquanto ndo modificam
os niveis pré hemodialise, contribuem para as alteragdes nas concentragoes de

MMP-9 e TIMP-1 notadas apds a sessao.

Todos estes polimorfismos que estudamos tém reconhecida
funcionalidade por evidéncias in vitro de efeitos sobre a expressédo e/ou
atividade da MMP-2 ou da MMP-9. O SNP C®°T do promotor da MMP-9
resulta na perda de um sitio repressor de anelamento do tipo AP-1, o qual age
reduzindo a expressao do gene. Desta forma, o alelo de andlise T gera maiores
niveis de MMP-9 [28, 66]. O microssatélite -90 CA(14-24) da regido promotora
tem alelos que se distribuem mais frequentemente ao redor de 14 repetigdes
(tratadas nesta tese como “L”, low) e ao redor de 21-24 repetigbes (tratadas
nesta tese como “H”, high). Os alelos com maiores repeticoes (H) tem maior
atividade do promotor, provavelmente por afetar o distanciamento entre sitios
de ligacdo de fatores de transcrigdo [56]. O polimorfismo Q279R (A%*°G) do
exon 6 da MMP-9 causa uma substituicio do aminoacido Glutamina para
Arginina dentro de um dominio tipo fibronectina, assim afetando a atividade da
MMP-9 [55]. Este dominio é altamente conservado entre as espécies e é
responsavel pelo reconhecimento ao colageno e sua ligagcédo ao sitio catalitico
da enzima. Alteracbes na sua estrutura leva a uma enzima com baixa afinidade

pelo colageno [57]. Desta forma, podemos imaginar que o alelo que gera a
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enzima com Glutamina na posi¢cao 279 a faz ter alta afinidade pelo colageno,
resultando em atividade plena da enzima associada a maiores niveis
circulantes de MMP-9 com potencial implicagdo na DCV [62]. Dois
polimorfismos funcionais na regido promotora da MMP-2, C"*T e o C™*%T,
sdo associados a alteracbes funcionais da MMP-2 por abolirem
independentemente dois sitios regulatérios tipo SP-1, na regido promotora, que
agem como enhancers de expressdo da MMP-2 [58]. Interessantemente, o
haplétipo unindo os dois alelos C destes SNPs parece ter efeito sinérgico sobre

a expressao do gene [59].

Uma doenga crénica requer uma complexa teia de mecanismos para
surgir e se estabelecer. Condi¢gbes facilmente mensuraveis e modificaveis
(glicose, pressao arterial, colesterol) se juntam a influéncias comportamentais
(tabagismo, etilismo, sedentarismo) e ambientais (exposicdo a agentes
nocivos) na armagao do quadro patolégico. Contudo, ainda assim existe um
grau elevado de suscetibilidade individual que ndo pode ser predito pelos
fatores acima. Até hoje, este componente é genericamente referido como
histéria familiar. O avangco no entendimento de como pequenas variagdes
genéticas colaboram para o processo de doenga vem aperfeicoando este
conceito [55]. Desta forma, polimorfismos genéticos influenciando a
expressao/atividade das MMPs podem contribuir para o risco genético global
que ajuda a determinar o fendtipo da doenca. Apesar de os mecanismos
moleculares exatos serem incertos, €& provavel que o efeito destes
polimorfismos causando propensao para eventos CV ocorra de varias formas.
Por exemplo, é plausivel que uma maior expressao de MMP-9 associada ao

alelo -1562T amplie a migracao das células musculares lisas na formagao das
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placas ateroscleroéticas. Estes individuos também podem estar predispostos a
uma maior instabilidade da placa aterosclerética devido a degradagéo da matriz
e terem uma maior predisposicdo para o desenvolvimento de complicacdes

clinicas como resultado da reorganizacgao fibrética em trombos murais.

Nés mostramos que variantes genéticas das MMPs modificam o
potencial proteolitico do plasma ao alterar as MMPs sem um aumento
proporcional de seus inibidores. Pacientes em hemodialise portadores do
polimorfismo QQ tem um desbalanceamento entre a MMP-9 com seu inibidor
TIMP-1 apés a sessao, achado condizente com a idéia que este gendtipo esta
relacionado com maiores niveis de MMP-9. No entanto, alguns resultados
foram inesperados. Enquanto o alelo -735T da MMP-2 aumentou os niveis pré
hemodialise de MMP-2 e também da relacgo MMP-2/TIMP-2, estudos
moleculares mostram que este alelo esta relacionado a menores taxas de
transcricdo. O haplétipo CLQ, que também esta relacionado com MMP-9 e
MMP-9/TIMP-1 aumentadas apdés a hemodialise, combina dois alelos cujas
evidéncias moleculares apontam para menores niveis de MMP-9 (o alelo -
1562C e o alelo L do microssatélite CA(,)). Esta aparente discrepancia entre os
estudos é provavelmente explicada por diferencas entre condigdes clinicas e
fatores envolvidos, pois achados in vivo podem se distinguir significativamente
de achados in vitro. Por exemplo, o alelo -1306C, relacionado a maiores niveis
de MMP-2, esta associado com menores massas do ventriculo esquerdo em
pacientes hipertensos [67], refletindo a complexa e ainda pouco conhecida
regulaggo das MMPs na IRC. Independentemente destas aparentes
inconsisténcias, estes resultados sugerem que marcadores genéticos podem

levar a taxas maiores de complicacbes cardiovasculares associadas a
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atividades aumentadas das MMP-2 e -9 em pacientes em hemodialise crénica.
Cabe ressaltar que, embora ndo tenhamos encontrado efeito em alguns dos
SNPs estudados, ainda assim é possivel que eles tenham acdo levando a
maior formacéo tecidual de MMP, nao sendo refletido através da avaliacao dos

niveis circulantes, conforme discusséo abaixo.

A hemodialise, apesar de atenuar algumas das anormalidades
relacionadas a uremia, introduz outras perturbacées no plasma. E qualquer
disturbio na homeostase celular vai levar a mudangas na expressao génica em
uma tentativa de se adaptar frente a novas demandas. O paciente urémico
convive com o milieu invariavelmente inflamado, que piora durante a sessao e
causa uma série de mudangas moleculares [68]. Genes inflamatérios, como os
das MMPs, sdo particularmente ativados [13]. Isto torna mais perceptivel o
efeito que os SNPs sao capazes de exercer na producdo de determinada
enzima. Fatores genéticos sdo presumivelmente mais importantes para a
MMP-9 do que para a MMP-2, ao menos nos niveis circulantes apdés uma
sessdo de hemodialise. Como o gene da MMP-9 é altamente controlado por
fatores de transcrigao relacionados a inflamagao como o NF-kp [27], € plausivel

que sua ativacao ocorra mais do que a MMP-2 durante a sessio.

Nossos resultados mostram uma redu¢cao na MMP-2 e na relagaéo MMP-
2/TIMP-2 circulante apds a hemodialise, enquanto o TIMP-2 n&o sofre
alteracdo. Por outro lado, a MMP-9 e o TIMP-1 aumentam apds a hemodialise
na mesma populagdo. Diversos estudos clinicos anteriores que avaliaram os
niveis circulantes das gelatinases na doenga renal terminal apresentam
resultados conflitantes, conforme descrito na Tabela 1 do Capitulo 1. Enquanto

para a MMP-2 a maioria das séries € concordante com nosso achado, existem
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maiores discordancias quanto a MMP-9. A inconsisténcia de tais achados pode
se dever a diversos fatores de confusao, como diferengas nos cuidados pré-
analiticos durante o processo de coleta [69-71]. Por exemplo, a utilizagcao de
amostras de soro ao invés de plasma causa a liberagao artificial de MMP-9
leucocitaria levando a alteracbes nos valores [71, 72]. Na mesma linha, os
esquemas de anticoagulagéo utilizados na sesséo de hemodialise ndo foram
uniformes, o que também pode interferir com os resultados obtidos [71, 73].
Adicionalmente, ndo é possivel realizar a sessao sem a “heparinizagdo a
pleno”, o que incute um inevitavel viés de afericdo, ao menos na coleta pos
hemodialise. O tipo de membrana empregada também pode alterar as MMPs
pds hemodidlise [50]. Uma ampla gama de farmacos cardiovasculares
utilizadas por nossos pacientes modificam o0s niveis circulantes das
proteinases, o que reduz a homogeneidade entre os estudos e pode induzir a
comparagdes equivocadas [74-77]. Naturalmente, nédo ¢é factivel realizar
estudos na IRC sem a presengca de uma extensa lista de medicacoes.
Diferencas na composicido étnica da populacdo estudada [78] e no tamanho
amostral também podem também desempenhar um papel relevante nas
diferengas observadas. Enquanto nds procuramos atingir uma populagao
proxima a 100 pacientes, o tamanho amostral foi menor em todas as demais
séries. Os antecedentes das populagdes estudadas também podem justificar
dissimilaridades, visto que as doencas de base podem ter diferencas na
concentracao/expressao das MMPs [20, 45, 50]. NOs procuramos representar a
distribuicdo habitual de doengas causais que compde as clinicas de dialise.
Assim, diabetes e hipertensdo constituem o grupo majoritario em nossa

amostra. Na maioria dos estudos anteriores foram estudadas coortes com
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predominio de glomerulopatias, rins policisticos e nefrites intersticiais. Além
disso, a auséncia de pacientes com histérico de DCV em algumas séries

impede uma comparacédo mais adequada [46, 47].

A determinagdo dos niveis circulantes das MMPs pode ser realizada
tanto com ELISA como por zimografia de gelatina [27, 79]. Ambas técnicas
podem indicar a concentracdo das MMPs com alta confiabilidade e tem boa
correlagdo, como observado em nosso laboratério. Optamos por realizar a
zimografia no caso da MMP-2, um ensaio de atividade que mostra mais que o
ELISA, tentando observar se ao final da sessédo haveria o surgimento de outras

bandas associadas a MMP-2, o que acabou n&o ocorrendo.

Um ponto decisivo para a nossa idéia de pesquisa € a relevancia dos
niveis circulantes destas proteases para o contexto da vasculopatia urémica. A
concentragao plasmatica de MMPs ndo necessariamente refletem a expresséo
e atividade das MMPs teciduais e podem n&o ser relacionados diretamente a
degradagdo da MEC e ao enrijecimento arterial [20]. Ndo esta claro quais
células sdo os maiores contribuidores para as MMPs circulantes [32]. Enquanto
células imunoldgicas sao as principais fontes para a MMP-9 [27], existem
muitas outras fontes possiveis para as demais MMPs, como observado na
Figura 1. Além disto, a liberagdo de MMPs do intersticio para o sangue nao

necessariamente € proporcional as concentracdes internas do tecido.

Um crescente numero de estudos tem demonstrado um
desbalanceamento na atividade das MMPs tanto em modelos experimentais de
vasculopatia urémica como em humanos [22, 38, 40, 41], e isto tem estimulado

a investigagdo das MMPs como potenciais biomarcadores de severidade da
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doenca. E possivel que a concentracdo circulante destas enzimas possam ser
associadas a complicagdes cardiovasculares e com progndstico, sendo assim
de utilidade clinica. Por exemplo, niveis elevados de MMP-9 circulantes foram
relacionados com severidade de aterosclerose na IRC [43]. Na mesma linha, a
MMP-2 plasmatica foi relacionada com prevaléncia de DCV e aterosclerose
carotidea na hemodialise [42] e com maior velocidade de onda de pulso e
enrijecimento adrtico na IRC pré-dialitica [18]. Assim, sugerimos que estas
MMPs sejam avaliadas como possiveis desfechos substitutos (surrogate
endpoints) para a DCV na hemodialise. Nao sabemos neste momento se
modificagbes nos niveis circulantes das MMPs através de terapia
medicamentosa refletiia em mudancas num desfecho clinicamente

significativo.
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Figura 1. Potenciais fontes circulantes das MMPs encontradas no plasma.

Adaptado de Fontana et al., Clin Chim Acta, 2012.
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As alteracbes do vaso que acometem o0s pacientes renais cronicos
provavelmente sdo uma reagao inicialmente adaptativa frente ao acumulo de
substancias urémicas, a hiperfosfatemia e a injuria hipertensiva imposta pela
congestdo hidrica. Mesmo sob este ponto de vista, a tentativa de reparagao se
torna um mecanismo mal adaptado que paradoxalmente contribui para o
crescimento da disfungao cardiaca e vascular, impondo a busca de inibidores
farmacoldgicos na tentativa de evitar ou postergar a progressdo da DCV. De
fato, a inibicdo das MMPs pode ser um horizonte terapéutico e tem sido alvo de
intensa pesquisa, como mostrado no Capitulo 1. Nossa pesquisa pode ajudar a
identificar subgrupos genéticos de pacientes expostos a maiores niveis de
MMPs e com maior potencial beneficio do emprego de inibigdo farmacoldgica

na prevencgao de eventos cardiovasculares.

Tomados juntos, esses resultados indicam que polimorfismo C7*°T da
MMP-2 junto com o polimorfismo Q279R e o haplétipo CLQ da MMP-9
modulam o equilibrio entre as MMP-2 e -9 e seus inibidores na hemodialise.
Estas variagcbes tem a perspectiva de se tornarem biomarcadores genéticos de

severidade da vasculopatia urémica.
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Em concluséo, noés identificamos marcadores genéticos que parecem
afetar moderadamente, porém de forma significativa, a concentragao
plasmatica das MMPs no contexto da hemodialise. Nossos achados indicam
que a sessao de hemodialise reduz os niveis circulantes de MMP-2 e a relacéo
MMP-2/TIMP-2 enquanto aumenta os niveis de MMP-9 e TIMP-1. Nossas
evidéncias sugerem que pacientes portadores do alelo T para o polimorfismo C”
3*T ou o hapldtipo C-T tem maiores niveis pré hemodialise de MMP-2 e da
relacdgo MMP-2/TIMP-2. Na mesma linha, pacientes que carregam o
polimorfismo QQ do SNP Q279R ou o haplétipo CLQ apresentam maiores
aumentos da MMP-9 e da relagcao MMP-9/TIMP-1 ao final da sessdo. Nossos
achados indicam um grupo de pacientes em hemodidlise que podem ter pior
prognéstico cardiovascular. Enquanto intervengbes farmacoldgicas na via
MMPs/TIMPs podem eventualmente beneficiar estes pacientes, estudos

clinicos e experimentais sdo necessarios para validar esta sugestao.
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ANEXOS

Pentificia Universidade Catolica do Rio Grande do Sul
PRO-REITORIA DE PESQUISA E POS-GRADUACAO
COMITE DE ETICA EM PESQUISA

Oficio 0799/07-CEP Porto Alegre, 18 de julho de 2007.
Senhor(a) Pesquisador(a):

O Comite de Etica em Pesquisa da PUCRS
apreciou e aprovou seu protocolo de pesquisa registro CEP 07/03787, intitulado:
‘Avaliagdo de marcadores genéticos e bioquimicos de suscetibilidade a

insuficiéncia renal crénica em pacientes em terapia de substitui¢cdo renal”.

Sua Investigagdo esta autorizada a partir da
presente data.

Relatorios parciais € final da pesquisa devem ser
encaminhados a este CEP

Atenciosamente,

AL A
Prole%sé Ro Qo Goldim
k\ COORDENADOR DO CEP-PUCRS

\

limo(a) Sr(a)
Dr(a) Carlos Eduardo Poli de Figueiredo
N/Universidade

Campus Central
PL]CR S Av_lIpranga, 6690 - 3%andar - CEP: 90610-000
. Sala 314 - Fone Fax: (51) 3320-3345
E-mail: cep@pucrs.br :
www.pucrs.br/prppg/cep
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ANEXOS

Observagdo: O projeto “Influéncia de polimorfismos genéticos sobre os niveis
circulantes das metaloproteinases de matriz extracelular 2 e 9 durante hemodialise” é
um desdobramento do projeto “Avaliagdo de marcadores genéticos e bioquimicos de
suscetibilidade a insuficiéncia renal crénica em pacientes em terapia de substituicdo
renal” realizado em colaboragao com o professor Carlos Eduardo Poli de Figueiredo

do Servigo de Nefrologia do Hospital Sdo Lucas da PUCRS.
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ANEXOS

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
LINHA DE PESQUISA EM NEFROLOGIA:
Avaliacido de Marcadores Genéticos e Bioquimicos de Suscetibilidade a

Insuficiéncia Renal Crénica em Pacientes em Terapia de Substituicido Renal

Pesquisadores Responsaveis: Carlos Eduardo Poli de Figueiredo, Bartira Ercila
Pinheiro da Costa, Bernardo Pavinato Marson, José Eduardo Tanus dos Santos.

Entrevistador da Equipe de Pesquisa:

Nome do (a) paciente:

SOBRE A PESQUISA: A presente pesquisa avalia aspectos da insuficiéncia renal
crbnica, como a pressdo alta, na busca do aumento do conhecimento, alivio do
sofrimento e melhora da saude dos pacientes.

Nos estudos serdo avaliados diversos aspectos que podem influenciar na doenca, tais
como: marcadores presentes no sangue; fungdo dos vasos sanguineos; fungdo das
células; funcdo de o6rgaos, como os rins; e fatores genéticos que possam estar
relacionados a suscetibilidade a essa doenca.

A idéia é estudar fatores que possam ser importantes para a ocorréncia da doenga
renal cronica. Estes testes poderao ajudar a diagnosticar as pessoas em risco ou com
esta condigao, ou eventualmente auxiliar na formulagdo de novos tratamentos.

O QUE SERA FEITO: Vocé sera convidado(a) para uma entrevista com um dos
membros da equipe de pesquisa. O pesquisador lhe dira de que se trata a linha de
pesquisa e o0 estudo que esta sendo oferecido. Entdo sera perguntado se deseja
participar da pesquisa.

Caso concorde, apds assinar este Termo de Consentimento Livre e Esclarecido, serao
perguntados dados de sua histéria médica, coletado um volume de sangue venoso
antes da sessdo de hemodialise ou da troca da bolsa de CAPD, além das coletas dos
exames de rotina. Se vocé for individuo do grupo controle a coleta de sangue sera
através de pungao de veia periférica. Em alguns estudos, serao avaliados a presenca
de marcadores genéticos. Os genes a serem estudados sédo extraidos do sangue,
tentando identificar especificamente os possiveis causadores desta doenca. Estas
avaliacbes nao interferirdo nas suas avaliagdes e cuidados rotineiros.

O material biologico da pesquisa sera coletado e congelado até a analise pelos
colaboradores do Laboratério de Nefrologia da PUCRS. Os resultados serao
publicados em revistas de circulagdo no meio médico e em congressos.

Para que os estudos possam ser realizados, € necessario que vocé faga a opgao
autorizando ou n&o a coleta dos diferentes materiais ou realizacado dos exames:
Sangue: AUTORIZO (Favor escrever SIM ou NAO).

Analise genética: AUTORIZO (Favor escrever SIM ou NAO).

*OBS.: Nem todos os testes acima serdo necessariamente realizados.
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CONFIDENCIALIDADE: Os registros serdo mantidos em segredo.

MATERIAL EM ESTUDO E ARMAZENAMENTO: O material podera ser utilizado
apenas para esta pesquisa, ou também ser armazenado para emprego em futuros
estudos. E necessario que vocé faca a opc¢do autorizando ou ndo o armazenamento
para emprego futuro: AUTORIZO (Favor escrever SIM ou NAO).

Se houver possibilidade de fazermos novas andlises com o material coletado, sera
novamente solicitada a aprovacdo das Comissdes de Etica em Pesquisa para realizar
a avaliagao adicional. Os estudos sao desenvolvidos de forma anénima. Os resultados
da pesquisa estarao disponiveis a vocé em qualquer momento por qualquer motivo.
Questionamos se vocé gostaria de ser comunicado(a) sobre o resultado do estudo. E
necessario que vocé faga a opgéo escrevendo SIM ou NAO: QUERO
SABER DO RESULTADO DA PESQUISA.

RISCOS E BENEFICIOS: Os riscos ou desconfortos dessa pesquisa sdo
considerados minimos. Este estudo nao lhe trara nenhum tipo de discriminacao
individual ou coletiva. A presente pesquisa se propde a colaborar com o conhecimento
sobre a insuficiéncia renal crbnica e suas doencas relacionadas e a pressao arterial,
nao trazendo beneficios diretos para os(as) pacientes participantes.

LIBERDADE: A sua participacdo na pesquisa é totalmente voluntaria e vocé pode
desistir a qualquer momento, sem prejuizo do tratamento e sem a necessidade de
explicar o motivo.

Eu, fui informado(a)
pelo(a) dos objetivos e
justificativas dessa pesquisa de forma bem clara e detalhada. Recebi informacgodes
sobre cada passo que estarei envolvido(a). Todas as minhas duvidas foram
respondidas com clareza, e sei que poderei solicitar novos esclarecimentos a qualquer
momento. Estou ciente que as informagdes por mim fornecidas serdo mantidas em
segredo e usadas somente conforme opgao acima. Fui informado(a) que se existirem
danos a minha saude, causados diretamente pela pesquisa, terei direito a tratamento
meédico e indenizagao, conforme estabelece a lei. Também sei que nao terei nenhum
custo que seja relacionado a pesquisa.

Caso tiver novas perguntas sobre este trabalho, posso chamar os pesquisadores pelos
seguintes telefones (051) 33367700 ou 33203000 - Ramais 3174 ou 2344, para
qualquer duvida como participante deste estudo.

Esta pesquisa tem aprovacdo do Comité de Etica em Pesquisa da PUCRS. Sob as
condi¢gdes acima mencionadas, concordo em participar do presente estudo. Declaro
que recebi copia do presente Termo de Consentimento Livre e Esclarecido,
aprovando-o e assinando-o apés Ié-lo com todo o cuidado possivel.

Porto Alegre, de de
Paciente ou Responsavel Investigador
Cl CI/CRM

*EQUIPE PARTICIPANTE: Carlos Eduardo Poli de Figueiredo, Bartira Ercila
Pinheiro da Costa, Bernardo Pavinato Marson, José Eduardo Tanus dos Santos,
Samantha Dickel, Silvia Mattos.
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