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RESUMO

A sindrome do ovario policistico (SOP) é a endocrinopatia mais comum em
mulheres na idade reprodutiva e esta frequentemente associada a alguns fatores
de risco cardiovascular. A grande maioria das doencgas cardiovasculares (DCV)
ocorre inicialmente com o remodelamento vascular, em que as metaloproteinases
de matriz (MMPs) sao os principais mediadores. Sendo assim, o objetivo do
presente estudo foi comparar os niveis plasmaticos da MMP-2 e da MMP-9 e dos
inibidores teciduais de MMPs (TIMPs) das pacientes com SOP com as controles
saudaveis e examinar se os niveis desses biomarcadores estdo associados com
as caracteristicas clinicas e bioquimicas da SOP. Além disso, avaliar o efeito do
anticoncepcional oral sobre os niveis plasmaticos de MMPs e respectivos
inibidores endoégenos nas mulheres com SOP. Para isso, na primeira parte do
estudo, avaliamos 65 controles ovulatérias e 80 pacientes com SOP. As
concentragcbes plasmaticas de MMP-8, MMP-9, TIMP-1, TIMP-2 foram medidas
por Elisa e, as de MMP-2, por zimografia. Os niveis de MMP-2, MMP-8, MMP-9 e
TIMP-1 nao foram significativamente diferentes entre os grupos (p= 0,05).
Pacientes com SOP apresentaram menores niveis plasmaticos de TIMP-2 do que
as controles saudaveis (182,30 + 5,60 vs. 204,20 + 7,28 ng/ml; p <0,05). Além
disso, a testosterona foi preditor independente dos niveis de TIMP-2 (estimativa =
-0,35, p = 0,04) e da razao MMP-9/TIMP-1 (estimativa = 0,01, p = 0,04). Para
avaliar se a redugao do hiperandrogenismo iria promover alguma alteragdo no
perfii das MMPs, foram analisadas 20 mulheres com SOP que queriam
contracepcao hormonal (grupo SOP- ACO), 20 mulheres ovulatérias que
desejavam contracepcdo hormonal (grupo controle- ACO) e 15 mulheres

ovulatérias que desejavam contracepcdo nao-hormonal (grupo controle). O
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RESUMO

tratamento com
ACO contendo 30 mcg de etinilestradiol/2mg de acetato de clormadinona durante
6 meses reduziu significativamente as concentragdes plasmaticas de MMP-2 no
grupo controle ( de 1,44 + 0,11 unidades arbitrarias no tempo basal para 1,22 +
0,07 unidades arbitrarias apés 6 meses; p = 0,01), e no grupo SOP ( de 1,43 +
0,08 unidades arbitrarias no tempo basal para 1,25 + 0,09 unidades arbitrarias
apos 6 meses; p = 0,007). O ACO reduziu as concentragoes de TIMP-2 e TIMP-1
no grupo controle (todos p <0,05), mas nao teve efeitos na MMP-9 plasmatica e
nas razbes MMP-2/TIMP-2 e MMP-9/TIMP-1 (todos p= 0,05) nos grupos
avaliados. Os achados do presente estudo indicam que as mulheres com SOP
possuem um desequilibrio nas razées MMP-2/TIMP-2 e MMP-9/TIMP-1, bem
como niveis reduzidos de TIMP-2. Parte desses achados estao relacionados ao
hiperandrogenismo presente nessas mulheres. Na segunda parte do estudo,
observamos que a redugao do hiperandrogenismo, promovido pelo tratamento em
longo prazo com o ACO, reduziu as concentragdes plasmaticas de MMP-2.
Considerando o desequilibrio no perfil das MMPs apresentado pelas mulheres
com SOP e, as possiveis consequéncias decorrentes desse cenario, o tratamento
com ACO se mostra benéfico nessas pacientes, podendo reduzir os riscos de

futuras complicacdes cardiovasculares.

Palavras-chave: Metaloproteinase da matriz extracelular (MMP), Inibidor tecidual
da matriz extracelular (TIMP), Sindrome do ovario policistico (SOP),

Hiperandrogenismo, Anticoncepcional Oral (ACO), Risco cardiovascular.
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ABSTRACT

The polycystic ovary syndrome (PCOS) is the most common endocrinopathy in
women of reproductive age and it is often associated with some cardiovascular risk
factors. The maijority of cardiovascular disease (CVD) occurs initially with vascular
remodeling in which matrix metalloproteinases (MMPs) are key mediators.
Therefore, the aim of this study was to compare plasma levels of MMP-2 and
MMP-9 and tissue inhibitors of MMPs (TIMPs) of PCOS patients with healthy
controls and to examine whether the levels of these biomarkers are associated
with clinical and biochemical characteristics of PCOS. In addition to it, our goal was
to evaluate the effect of oral contraceptives on plasma levels of MMPs and their
endogenous inhibitors in women with PCOS. In order to prove it, in the first part of
the study we evaluated 65 controls and 80 patients with ovulatory PCOS. The
plasma concentration of MMP-8, MMP-9, TIMP-1 and TIMP-2 were measured by
Elisa, and MMP-2 by zymography. The levels of MMP-2, MMP-8, MMP-9 and
TIMP-1 were not significantly different between groups (p= 0.05). PCOS patients
had lower their plasma levels of TIMP-2 than healthy controls ones (182,30 + 5,60
vs. 204,20 + 7,28 ng/ml; p = 0,02). Furthermore, testosterone was an independent
predictor of the levels of TIMP-2 (estimate = -0.35, p = 0.04) and the MMP-9/TIMP-
1 ratio (estimate = 0.01, p = 0.04). To assess whether the reduction of
hyperandrogenism would promote a change in the profile of MMPs, we analyzed
20 women with PCOS who wanted to hormonal contraception (OC-PCOS group),
20 ovulatory women who required hormonal contraception (OC-control group) and
15 ovulatory women who wanted non-hormonal contraception wanted a non-
hormonal contraception (non-OC control group). Treatment with OC containing 2

mg chlormadinone acetate/30 ug ethinylestradiol for 6 months significantly reduced
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ABSTRACT

plasma MMP-2
concentrations in the OC-control (from 1.44 + 0.11 arbitrary units at baseline to
1.22 + 0.07 arbitrary units after 6 months; p = 0.01) and the PCOS groups (from

1.43 £ 0.08 arbitrary units at baseline to 1.25 + 0.09 arbitrary units after 6 months;
p = 0.007) and TIMP-2 and TIMP-1 levels (448.0 + 66.3 ng/mL versus 349.0
40.9 ng/mL; p = 0.009) in the OC-control group (all p <0.05) but had no effects on
MMP-9 concentrations or on MMP-2/TIMP-2 and MMP-9/TIMP- 1 ratios (all p=
0.05) in any group. The results of this study indicate that women with PCOS have
an imbalance in the MMP-2/TIMP-2 and MMP-9/TIMP-1 ratios and reduced levels
of TIMP-2. Parts of these findings are also related to hyperandrogenism presence
in these women. In the second part of the study, we observed that the reduction of
hyperandrogenism promoted by long-term treatment with the OC reduced plasma
concentrations of MMP-2. Given the imbalance in the profile of MMPs presented by
women with PCOS and the possible consequences of this scenario, treatment with
OC shows benéeficial in these patients may reduce the risk of future cardiovascular

complications.

Keywords: Extracellular matrix metalloproteinase (MMP), Tissue inhibitor of
extracellular ~ matrix  (TIMP), Polycystic ovary syndrome (PCOS),

Hyperandrogenism, Oral Contraceptive (OC), Cardiovascular Risk.
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INTRODUGCAO

Sindrome do Ovario Policistico

A sindrome do ovario policistico (SOP) foi descrita pela primeira vez em
1935 por Stein e Leventhal, que observaram uma associacdo entre a
amenorréia, o hirsutismo, ovarios com aspecto policistico e obesidade. A SOP é
uma das endocrinopatias mais frequentes em mulheres na idade reprodutiva,
acometendo cerca de 6-10% delas em todo o mundo [1]. Atualmente, a SOP é
caracterizada pela presenga de duas dentre as seguintes caracteristicas:
hiperandrogenismo clinico e/ou bioquimico, anovulacéo crénica e/ou a presenca
de ovarios policisticos no ultrassom [2]. O emprego de tais critérios permite o
diagndstico da SOP em mulheres com quatro fendtipos diferentes: 1)
hiperandrogenismo, anovulagao cronica e presenga de ovarios policisticos; 2)
hiperandrogenismo, anovulagdo crbnica e ovarios normais; 3)
hiperandrogenismo e ovarios policisticos, porém com ciclos ovulatérios; e 4)
anovulagao cronica, ovarios policisticos e leve aumento na concentracdo de
androgénio plasmatico.

Independente da heterogeneidade clinica observada entre as mulheres
com SOP, as caracteristicas mais frequentes nelas séo a presenca de ovarios
com padrao policistico, hirsutismo, acne, acantose nigricans, irregularidades
menstruais e resisténcia a insulina.

Devido a sua diversidade e complexidade, a fisiopatologia da SOP ainda
nao esta totalmente elucidada. No entanto, sugere-se que o ovario das mulheres
com SOP sejam predispostos a hipersecretarem andrégenos, provavelmente
desde a vida intra-uterina, e durante a ativacdo do eixo hipotalo-hipofise-ovario

que ocorre fisiologicamente no final da infancia e inicio da puberdade.
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INTRODUGCAO

Os niveis elevados de testosterona circulante estimulam a pituitaria a
uma hiperprodugdo de horménio luteinizante (LH) e também amplifica a
resisténcia a insulina. O aumento das concentragdes de LH e insulina ampliam
ainda mais a producdo de androgénio pelos ovarios e, portanto, podem
contribuir para o mecanismo de anovulagao.

Alguns disturbios metabdlicos sao comumente associados a SOP, entre
eles: a resisténcia a insulina (prevaléncia de 50 a 70% nas pacientes com SOP
[3]), diabetes mellitus do tipo 2 de inicio precoce, dislipidemia, hipertensao e
obesidade, que além de serem componentes da sindrome metabdlica sao
conhecidamente fatores de risco para as doencas cardiovasculares (DCV) [4-7].

Um estudo recente observou que a prevaléncia de sindrome metabdlica
em mulheres com SOP é cerca de oito vezes maior do que em mulheres nao-
SOP na mesma faixa etaria [4]. Devido ao aumento da prevaléncia dessas
comorbidades que, por sua vez, estdo intimamente relacionadas ao risco
cardiovascular nas mulheres com SOP, acredita-se que esse grupo de mulheres

estaria mais predisposto ao desenvolvimento precoce de DCV.

SOP e potenciais marcadores de doencgas cardiovasculares

Diversos estudos observaram a frequéncia pronunciada de fatores de
risco para DCV em mulheres com SOP quando comparados com mulheres na
mesma faixa etaria. Entretanto, ainda é incerto o aumento da mortalidade por
DCV nessas mulheres, ja que até o presente momento ndo ha estudos clinicos
prospectivos com esta finalidade.

Contudo, diferentes estudos demonstraram altera¢des na fung¢ao endotelial
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INTRODUGCAO

e aumento de alguns marcadores bioquimicos de DCV, assim como PAI-I,
proteina C-reativa, adiponectina, endotelina-1 e marcadores de estresse
oxidativo nas pacientes com SOP [4,8-11].

Achados como disfuncdo endotelial, que ¢é um preditor para o
desenvolvimento de DCV, aumento na espessura da camada intima-média [12-
14] e uma maior rigidez na artéria carétida [15] ja foram relatados em mulheres
com SOP. Os trés fatores também sao considerados marcadores precoces de
mudangas estruturais na artéria que, posteriormente, podem resultar em
eventos cardiovasculares como hipertrofia do ventriculo esquerdo e infarto do
miocardio. E importante ressaltar que a maior parte dos estudos inclui pacientes
obesas e/ou hipertensas e/ou resistentes a insulina, fatores que poderiam, por si
sO, explicar parte desses resultados. Entretanto, um estudo recente mostrou
aumento no indice da rigidez e redugao na distensibilidade da artéria carétida
em pacientes jovens e nao obesas com SOP sem fatores de risco classicos para
doenca cardiovascular [16].

A deteccao precoce de mudancgas estruturais em mulheres jovens com
SOP é extremamente relevante, pois essas alteragdes estdo associadas ao
aumento da morbidade e mortalidade por DCV. Além disso, mulheres na poés-
menopausa com caracteristicas clinicas de SOP tém probabilidade de
apresentar doencga arterial coronariana 2,5 vezes maior do que as controles da
mesma idade [17].

Em um estudo prospectivo foram avaliadas 61 mulheres com SOP e 85
mulheres controles durante nove anos. Observou-se que as mulheres com SOP

apresentaram maior prevaléncia de calcificagdo na artéria coronaria (45,9% vs
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INTRODUGCAO

30,6%) e na aorta (68,9% vs 55,3%) do que as controles. Esses resultados
estdo associados a presenga de aterosclerose subclinica [18].

Sabe-se que o0 processo aterosclerdtico € caracterizado por um
remodelamento vascular da matriz extracelular e que as metaloproteinases de
matriz (MMPs) tém sido implicadas como mediadores principais no estagio
inicial de remodelamento vascular. Estudos também tém demonstrado o
aumento da expressao de algumas MMPs na placa aterosclerética, uma vez que
a ativacdo das MMPs parece facilitar a instalagdo da aterosclerose, a
desestabilizagdo da placa e a agregacao plaquetaria [19-21]. Além de participar
de processos patologicos como a formagao de placa aterosclerética, as MMPs
também participam de processos fisioldgicos como a ovulacdo [22] e o

crescimento folicular [23].

Metaloproteinases da Matriz Extracelular

As metaloproteinases da matriz extracelular (MMPs) sdo uma familia de
mais de 20 subtipos de proteases zinco e calcio-dependentes, estruturalmente
relacionadas. Elas sao caracterizadas pela habilidade de degradarem
componentes da matriz extracelular, como o colageno, fibronectina e varias
proteoglicanas [24].

As MMPs participam das etapas de proliferagao celular, diferenciagao,
remodelamento da matriz extracelular, vascularizagdo e migracao celular [25].
Elas exercem papeis importantes durante o remodelamento tecidual fisiolégico
como: o desenvolvimento embrionario, a morfogénese, a reproducdo e

reabsorcao tecidual e, ainda, em processos patoldgicos que incluem reacgdes
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INTRODUGCAO

inflamatdrias, destruicio da cartlagem na artrite, ruptura de placas
ateroscleroticas, reestenose miocardica, aneurismas, invasdo neoplasica, entre
outros.

As MMPs sao classificadas de acordo com os substratos que degradam
[26]. Desse modo, elas podem ser agrupadas em:

1. Colagenases (MMP-1, MMP-8, MMP-13 e MMP-18). Colagenases
sao responsaveis por clivar o colageno fibrilar (colagenos do tipo I, Il e Ill);

2. Gelatinases (MMP-2 e MMP-9). Degradam principalmente o
colageno desnaturado (gelatina);

3. Estromelisinas (MMP-3 e MMP-10). Apesar de possuirem
similaridade em relagao ao substrato, a MMP-3 possui uma maior eficiéncia
proteolitica quando comparada a MMP-10;

4. Matrilisinas (MMP-7 e MMP-26). Nao possuem o dominio
hemopexina;

5. MMPs do tipo membrana (MT1-MMP a MT8-MMP). A MT1-MMP
pode degradar o colageno do tipo I, Il e Il e outros componentes da matriz
extracelular;

6. Metaloelastases (MMP-12).

Independentemente do substrato que degradam, as MMPs apresentam
algumas similaridades estruturais. De um modo geral, elas constituem-se de um
peptideo sinal, um pré-dominio autoinibitério (dominio pro-peptidico), um
dominio catalitico e um dominio hemopexina. O pro-dominio possui um dominio

N-terminal, permitindo que a enzima seja transportada para o meio extracelular.
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O pré-dominio também contém uma cisteina que protege o dominio catalitico da
enzima. A presenga do ion zinco no dominio catalitico e o residuo de cisteina
sao caracteristicas comuns a todas MMPs. O dominio catalitico das gelatinases
MMP-2 e MMP-9 é exclusivo, ja que é o unico que contém trés fibronectinas do
tipo 2, que formam um dominio de ligagcdo com o colageno, permitindo a jungao
e subsequente clivagem do mesmo. Com excec¢ao das matrilisinas (MMP-7 e
MMP-27), as MMPs contém uma regiao flexivel (de dobradura) que é conhecida
como dominio hemopexina, o qual esta ligado a cauda C-terminal.

As MMPs sao secretadas na forma de precursores inativos (zimogénios)
cuja laténcia é mantida através da interacao entre o residuo de cisteina, que
esta presente no pro-dominio, e o zinco presente no dominio catalitico, o que
impede o acesso ao sitio ativo pelo substrato. Elas também podem ser ativadas
por outras MMPs (ex: MT-MMPs) e por outras classes de proteases, como, por
exemplo, a plasmina, que promove a clivagem do dominio pré-peptidico,
deixando o sitio catalitico da enzima livre para interagdo com o respectivo
substrato [24], ou por meio da agc&o nao-proteolitica como o estresse oxidativo e
detergentes [27].

A regulacdo da atividade proteolitica dessas enzimas pode ocorrer em
varios niveis: 1) através da transcrigdo génica; 2) tradugdo e sintese de
zimogénios; 3) secrecdo dos zimogénios; 4) ativacdo dos zimogénios nos
tecidos; 5) interacdo com inibidores teciduais de metaloproteinases (TIMPs)
[24,28]. Esses inibidores teciduais sao pequenas proteinas que agem formando
um complexo na proporgao de 1:1 com o zinco do dominio catalitico das MMPs

promovendo, assim, um impedimento estérico dessas com 0s seus substratos.
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O equilibrio tecidual entre MMPs e TIMPs ¢é primordial para a dinamica da
degradacado da matriz extracelular, sendo fundamental para a manutencédo da
homeostase tecidual [26]. Varios hormbnios, assim como citocinas, angiotensina
[I, fatores de crescimento, estresse de cisalhamento e estresse oxidativo

também podem interferir nessa regulacao [29,26].

Envolvimento das MMP-2 e MMP-9 em doencgas cardiovasculares

As acobes proteoliticas das MMPs, entre outras fungdes, desempenham
um importante papel no remodelamento vascular e na migragao celular.

Dentre as diversas MMPs conhecidas, duas delas merecem destaque: a
MMP-2 e a MMP-9. Essas duas MMPs degradam gelatina e colageno do tipo IV
e V e participam de alteragdes estruturais e funcionais observadas no
remodelamento vascular presente em diversas doengas cardiovasculares
[19,20].

Estudos com animais knock-out para a MMP-2 e MMP-9 tém observado
que essas MMPs estdo envolvidas na disfuncdo cardiaca, na ruptura apos
infarto do miocardio e no desenvolvimento de aneurisma abdominal da aorta
[30-32]. Além disso, diversos grupos tém demonstrado, tanto em estudos
clinicos quanto experimentais um aumento significativo na atividade e expressao
das MMP-2 e MMP-9 em varias doengas cardiovasculares, tais como
aterosclerose, hipertensao e insuficiéncia cardiaca [33-35].

A MMP-2 é expressa constitutivamente e é amplamente distribuida pela
maioria das células do tecido conjuntivo (fibroblastos), células endoteliais e
epiteliais.
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Alguns trabalhos tém demonstrado o aumento da MMP-2 em amostras do
miocardio de pacientes com cardiomiopatia [35] e em modelos experimentais de
hipertensao [36-38]. Estudos clinicos observaram, ainda, um aumento da MMP-
2 plasmatica em pacientes com insuficiéncia cardiaca [39-41] e na
cardiomiopatia hipertrofica com disfuncao sistdlica [41]. Além disso, um aumento
na expressao de MMP-2 foi evidenciado em aneurisma de aorta [42,19,43], e na
restenose coronariana [42,19]. Além disso, a participagao da MMP-2 também foi
demonstrada durante a formacgao de lesdes arteriais no processo aterosclerético
[44,45].

A MMP-9 também tem participagio em algumas doencgas
cardiovasculares, podendo até ser considerada como um potencial marcador,
sobretudo nas patologias com componente inflamatério, uma vez que ela é
sintetizada e secretada por diversas células inflamatérias, como macréfagos e
neutréfilos. Essa enzima também participa dos processos de migracdo e
proliferagcdo de células musculares lisas vasculares, pois permite que essas
células rompam a barreira de tecido conjuntivo ao redor [42,46].

Os trabalhos que avaliaram as regides vulneraveis de placas
ateroscleroticas observaram que essa MMP estava altamente expressa, Dessa
maneira, acredita-se que ela possua uma participagdo importante no
remodelamento associado a aterosclerose e a ruptura dessas placas, o que
pode resultar em eventos cardiovasculares fatais [21,20,19].

Niveis elevados da enzima também foram relatados em pacientes com
angina instavel [40], aneurisma de aorta [47], e naqueles que posteriormente

apresentaram um evento cardiovascular fatal [48]. A elevagcado dos niveis foi
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relacionada a presenca e severidade de DCV e a rigidez arterial em pacientes
com doenca arterial coronariana [39,40,49].

Estudos recentes tém revelado a participacdo da MMP-8, além da MMP-9
e da MMP-2, em placas instaveis na carétida [50,51]. O aumento dos niveis
séricos e da expressao da MMP-8 também foi observados em lesdes
ateroscleroticas. O aumento da lesdo foi proporcional com o aumento da
expressao dessa enzima [52,53]. Trabalhos recentes encontraram uma
associacao entre a presenga e severidade de doencgas cardiovasculares com o
aumento plasmatico de MMP-8.

A fisiopatologia da SOP ainda nao esta totalmente esclarecida. Apesar
disso, sabe-se que a SOP esta intrinsecamente associada a resisténcia insulina,
obesidade, hipertensdo e dislipidemia que sao fatores de risco para DC.
Entretanto ainda ndo foram elucidados os mecanismos responsaveis pelo
desenvolvimento de hipertensao e de outras comorbidades associadas com DC
em mulheres com SOP. Sendo assim, o entendimento da fisiopatologia da SOP
€ essencial para a redugao dos riscos cardiovasculares, aos quais as mulheres
com SOP estao frequentemente expostas.

Como exposto, a MMP-2 e a MMP-9 sao enzimas conhecidas por
estarem envolvidas no desenvolvimento de hipertrofia ventricular esquerda
[54,55], hipertensdo [55,37,38], e no processo de ruptura de placa
aterosclerotica [40,56]. Além disso, por estarem relacionadas a doengas
cardiovasculares, torna-se pertinente avaliar as concentragdes circulantes
dessas enzimas, bem como investigar se o tratamento com o anticoncepcional

oral pode alterar as concentragdes dessas MMPs nas mulheres com SOP. Pois,
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o anticoncepcional oral € a droga de primeira escolha no tratamento das
mulheres com SOP que desejam contracepc¢do, uma vez q ele regula o ciclo
menstrual, promove prote¢cdo endometrial e reduz o hiperandrogenismo nessas

pacientes.
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OBJETIVOS

Os objetivos do primeiro artigo foram:
1. Determinar se existe alteragdes significativas nas concentragdes
plasmaticas de MMP-2 e MMP-9 e do TIMP-1 e TIMP-2 em pacientes com
SOP quando comparadas com as do grupo controle.
2. Avaliar se os niveis desses biomarcadores estdo associados com as

caracteristicas clinicas e bioquimicas da SOP.

O objetivo do segundo artigo foi:

1. Auvaliar o efeito do anticoncepcional oral sobre os niveis plasmaticos de

MMPs e respectivos inibidores endégenos nas mulheres com SOP.
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Abstract Altered levels of matrix metalloproteinases
(MMPs) may reflect relevant pathogenetic mechanisms of
disease conditions. The objective of this study was to
compare the plasma levels of MMPs and tissue inhibitors of
MMPs (TIMPs) in polycystic ovary syndrome (PCOS)
patients with those found in healthy ovulatory controls and
to examine whether the levels of these biomarkers are
associated with clinical and biochemical feamres of this
syndrome. Sixty-five healthy ovulatory subjects (controls)
and 80 patients with PCOS were include in this stdy.
MMP-2, MMP-8, MMP-9, TIMP-1, TIMP-2 concentrations
were measured in plasma samples by gelatin zymography or
enzyme-linked immunoassays. MMP-2, MMP-8, MMP-9,
and TIMP-1 levels were similar in PCOS patients and in
healthy controls (P > 0.05). PCOS patients had lower
plasma TIMP-2 levels than healthy controls (P < 0.05). We
found higher MMP-2/TIMP-2 and MMP-9/TIMP-1 ratios
in PCOS patients than in healthy controls (all P < 0.05).
Testosterone levels correlated positively with the MMP-9/

V. A. Gomes - A. L. Jacob-Ferreira - V. A. Belo
Department of Pharmacology, Faculty of Medical Sciences,
State University of Campinas, Campinas, SP 13081-970, Brazil

C. S. Vieira - G. M. Soares - I. B. F. Fernandes - R. A. Ferriani
Department of Gynecology and Obstetrics, Faculty of Medicine
of Ribeirao Preto, University of 530 Paulo, Av. Bandeirantes,
3900, Ribeirao Preto, SP 14049-900, Brazil

C. S. Vieira - R. A, Ferriani
National Institute of Hormones and Women's Health,
Ribeirdo Preto, SP 14049-900, Brazil

J. E. Tanus-Santos ()

Department of Pharmacology, Faculty of Medicine of Ribeirao
Preto, University of Sao Paulo, Av. Bandeirantes, 3900,
Ribeirao Preto, SP 14049-900, Brazil

e-mail: tanus @fmrp.usp.br; tanussantos@yahoo.com

TIMP-1 ratio and negatively with TIMP-2 levels (r = 0.26,
P<001l and r=-021, P =002, respectively). In
addition, only testosterone was an independent predictor of
TIMP-2 levels (estimate = —0.35, P = 0.04) and the
MMP-9/TIMP-1 ratio (estimate = 0.01, P = 0.04). We
found evidence indicating that the balance between MMPs
and TIMPs in women with PCOS is altered, probably due to
androgen excess found in these women.

Keywords Polycystic ovary syndrome -
Hyperandrogenism - Metalloproteinases -
Tissue inhibitors of metalloproteinases

Introduction

Polycystic ovary syndrome (PCOS) is the most common
female endocrinopathy, affecting about 6-10% [1] of
women of reproductive age. PCOS is characterized by
hyperandrogenism, chronic anovulation, and/or polycystic
ovaries on ultrasound [2]. The syndrome is also a multi-
faceted metabolic disease that is associated with insulin
resistance, obesity, and metabolic syndrome [3—6], and this
may contribute to increased risk of developing cardiovas-
cular disease.

Although PCOS has been associated with a wide variety
of cardiovascular risk factors, there is no definitive evidence
for increased cardiovascular morbidity and mortality in
women with PCOS. Nevertheless, endothelial dysfunction
and elevated biochemical markers of cardiovascular and
inflammatory disease have been demonstrated in women
with PCOS [7-9]. In addition, smdies found an increased
intima-media thickness [10, 11] and increased stiffness in
the carotid artery [12] in PCOS patients, both of which are
early signs of arterial structural changes. However, the
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majority of studies included obese and/or hypertensive and/
or insulin resistant patients, and these factors per se could
explain part of these findings. In this respect, a recent study
demonstrated an increased common carotid antery stiffness
index and reduced distensibility of the carotid artery in
young, non-obese PCOS patients without classical risk
factors for cardiovascular disease [13]. These findings are
associated with the presence of subclinical atherosclerosis.
It is known that the atherosclerotic process is charac-
terized by vascular remodeling of the extracellular matrix.
Matrix metalloproteinases (MMPs) have been implicated
as primary mediators of this remodeling [14-16]. MMPs
and tissue inhibitors of metalloproteinases (TIMPs) have
been shown to play significant roles in many physiological
conditions, including embryo implantation, angiogenesis,
bone remodeling, ovarian follicular growth, and ovulation.
They also coniribute to pathological states, such as ath-
erosclerosis, inflammation, and arthritis,. MMP-2 and
MMP-9 have been associated with cardiovascular disease
[17], including atherosclerosis, coronary artery disease, and
stroke [18-20], thus giving further support to the sugges-
tion that MMP-2 and MMP-9 could play an important role
in the development of cardiovascular diseases. Recently, it
was suggested that circulating MMP-8 may be a marker of
atherosclerosis [21-23]. The extent of remodeling of the
extracellular matrix depends upon the critical equilibrium
between MMPs and TIMPs. Studies have shown that
alterations of circulating MMPs/TIMPs concentrations are
implicated in the pathophysiology of a variety of cardio-
vascular diseases. The imbalance between MMPs and
TIMPs has been observed in different contexts, including
metabolic syndrome [24], obese children [25], and hyper-
tensive disorders of pregnancy [26]. At present, only a
limited number of stdies have investigated possible
alterations of circulating MMPs/TIMPs concentrations in
women with PCOS [27-29]. In addition, there has been no
evaluation of the circulating levels of MMP-8 in PCOS.
Due to the important association of the MMPs/TIMPs
ratio with many cardiovascular diseases [23, 30], in the
present smdy we assessed (1) whether there are significant
alterations in the plasma concentrations of MMPs, TIMPs,
and MMPs/TIMPs in PCOS young and no-obese patients
compared with those found in healthy ovulatory controls and
(2) the association between these markers and clinical and
biochemical characteristics present in women with PCOS.

Materials and methods
Subjects and study protocol

A cross-sectional study was conducted at the University
Hospital of the Faculty of Medicine of Ribeirao Preto,

@ Springer
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University of Sdo Paulo (HC-FMRP-USP), Brazil. The
smdy protocol was approved by the local institutional
review board, and all volunteers gave writlen informed
consent. Eighty women with PCOS were included in the
study immediately after diagnosis, and 65 healthy ovula-
tory women were recruited at a basic health unit before the
prescription of a contraceptive method. Inclusion criteria
were age between 18 and 35 years and BMI <30 kg.-‘mz.
The diagnosis of PCOS was confirmed by the presence of
at least two of the three criteria of the Rotterdam Con-
sensus [31]: chronic anowvulation, clinical, andfor bio-
chemical signs of hyperandrogenism, and polycystic
ovaries. Exclusion criteria for all subjects were smoking;
alcoholism: drug addiction; current pregnancy; current or
previous use (up to 2 months before the study) of oral,
vaginal, monthly injectable, or transdermal hormonal
contraceptives; current or previous use (up to 6 months
before the study) of a long-lasting hormonal contraceptive
method (injectable, implant, or intrauterine device); use of
antiandrogenic or hypoglycemic drugs, anti-inflammatory
dmugs, or statins; presence of systemic diseases (diabetes
mellitus type 2, cardiovascular diseases, antoimmune dis-
eases, liver disease, thyroid disease, or congenital renal
hyperplasia); personal history of arterial or venous throm-
bosis; chronic or acute inflammatory processes; and puer-
perium of 12 weeks or less. Inclusion criteria for ovulatory
women were regular menstrual cycles, absence of clinical
and laboratorial hyperandrogenism, and ultrasonography
performed during the early follicular phase to confirm
normal ovarian morphology.

Anthropometric measurements and laboratory tests

The following anthropometric variables were determined:
weight, height, body mass index (BMI), and waist cir-
cumference (the lowest measurement found between the
iliac crest and the inferior margin of the last rib). Blood
samples were collected in the Gynecology Laboratory of
HC-FMRP-USP between 8:00 and 9:00 a.m. after at least
10 h of fasting and always during the follicular phase (third
to seventh day of the cycle) for control women and for
women with PCOS and oligomenorthea. PCOS patients
with amenorthea were evaluated after a pelvic unliraso-
nography showing no evidence of either a follicle equal to
or greater than 10 mm or a corpus luteum. Samples of
whole blood (20 ml) were collected and divided into tbes
without anticoagulant (for serum separation) and in plastic
conical tubes (BD-Becton-Dickinson, Plymouth, UK) with
no vacuum and containing sodium citrate anticoagulant at
3.2% (in a fixed proportion of 9 parts whole blood to 1 part
anticoagulant).

The blood samples were processed within a maximum
of 2 h after collection. Serum was stored at —80°C for
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simultaneous determination of the following serum vari-
ables: fasting serum glucose determined by the oxidase
method using a Konelab 60i analyzer (Wiener Lab®,
Rosario, Argentina); total cholesterol, HDL-cholesterol,
and triglycerides (TG) determined by an enzymatic method
using the BT 3000 plus analyzer (Wiener 1ab®); LDL-
cholesterol as calculated according to the Friedewald for-
mula [LDL-cholesterol = total cholesterol—(HDL-C +
TG/5)] because none of the samples contained triglyceride
levels exceeding 400 mg/dl [32]; ultrasensitive C reactive
protein (CRP), sex hormone binding globulin (SHBG), and
insulin were measured by chemoluminescence with the
DPC Immulite® 2000 analyzer (Diagnostic Products Cor-
poration, Los Angeles, CA, USA@'); interleukin-6 (IL-6)
was determined by chemoluminescence using the DPC
Immulite® 1000 analyzer and the respective kits for Im-
mulite® 1000 (Siemens®, CA, USA); and total testosterone
was determined by radioimmunoassay using the Tri Carb
2100 TR scintillator (Packard® Instrument Company, Illi-
nois, USA). The free androgen index (FAT) was calculated
using the following formula: total testosterone (nmol/1)
SHBG (nmol/1) > 100 [33]. Insulin resistance was deter-
mined according to the homeostasis model assessment-
insulin resistance (HOMA-IR) index, i.e.,, HOMA-IR =
fasting serum glucose (mg/dl) x 0.05551 x fasting insulin
(nU/ml)/22.5 [34].

Measurement of plasma MMP-9, MMP-8, TIMP-1,
and TIMP-2 concentrations

Whole blood was centrifuged at 120xg (700 rpm) in a
Sorvall RC 3 centrifuge (Sorvall Kendro Laboratory
Products GmbH, Langenselbold, Germany) at room tem-
perature (mean 22°C; range 18-24°C) for 15 min. Plasma
was obtained by centrifuging the samples at 1600xg
(2500 rpm) for 30 min using a Universal 32 R centrifuge
(Hettich Zentrifugen, Tuttlingen, Germany) at 4°C. Plasma
aliquots were stored at —70°C until they were analyzed.
Concentrations of MMP-8, MMP-9, TIMP-1, and TIMP-2
were measured using a commercially available enzyme-
linked immunosorbent (ELISA) assay kit (R&D Systems,
Minneapolis, MN, USA) according to the manufacturer’s
instructions.

SDS-polyacrylamide gel electrophoresis (PAGE)
gelatin zymography of MMP-2

Gelatin zymography of MMP-2 from plasma samples was
performed as previously described [35-37]. Briefly, plasma
samples were subjected to electrophoresis on 7% SDS-
PAGE co-polymerized with gelatin (1%) as the substrate.
After electrophoresis was complete, the gel was incubated
for 1 h at room temperature in a 2% Triton X-100 solution
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and incubated at 37°C for 16 h in Tris—HCI buffer, pH 7.4,
containing 10 mmol/l CaCl,. The gels were stained with
0.05% Coomassie Brilliant Blue G-250 and then destained
with 30% methanol and 10% acetic acid. Gelatinolytic
activities were detected as unstained bands against the
background of Coomassie blue-stained gelatin, Enzyme
activity was assayed by densitometry using ImageJ version
1.42q (Wayne Rasband National Instimtes of Health,
USA). MMP-2 was identified as a band at 72 kDa by the
relation of log Mr to the relative mobility of Sigma SDS-
PAGE LMW marker proteins.

Statistical analysis

All the results were expressed as mean + SEM. An
unpaired Student’s f test was used to compare normally
distributed variables. The Mann—Whitney U test was used
to compare non-normally distributed variables. Spearman’s
correlation was applied to calculate the correlation between
the variables. Data were analyzed using SPSS 16.0 for
Windows (SPSS Inc., Chicago, Illinois, USA).

Univariate analyses were performed to assess the rela-
tionship between MMPs or TIMPs concentrations and
clinical variables that could influence their levels. HOMA,
BMI, PCOS, and testosterone levels were included as
independent variables in a multiple linear regression model
to explain changes in MMPs, TIMPs, and the MMPs/
TIMPs ratio using SAS 9.0 software (SAS Institute Inc.,
Cary, NC, USA). The results were defined as statistically
significant when P < 0.05.

Results

The clinical characteristics of all participants are summa-
rized in Table 1. We found no significant differences in
age, diastolic arterial pressure (DAP), lipid profile, fasting
serum glucose, IL-6, and CRP when controls were com-
pared with patients with PCOS (all P > 0.05). However,
patients with PCOS had higher BMIs and HOMA (all
P < 0.05) than in controls. The mean systolic arterial
pressure and waist circumference were higher in PCOS
patients than in controls but was within normal limits (all
P < 0.01). In addition, PCOS patients had a greater ovarian
volume. Similarly, total testosterone and FAI were higher
in PCOS patients than in controls, and SHBG levels were
lower in women with PCOS than in controls (all P < 0.01).

Patients with PCOS had significant lower plasma TIMP-
2 concentrations compared with those found in con-
trols (182.30 £ 5.60 vs. 204.20 £ 7.28 ng/ml; P = 0.02;
Table 2), while MMP-2, MMP-9, MMP-8, and TIMP-1
levels did not differ significantly between groups (all
P > 0.05; Table 2). However, we found higher MMP-2/
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Table 1 Clinical and laboratory characteristics of the study groups
Controls (n = 65) PCOS (n = 80) P value

Age (years) 23.54 + 0.56 2440 £ 0.4 009"
BMI (kg/m?) 22.86 + 039 2643 £0.73  <001*
WC (em) 72.81 + 091 8606 £ 1.79 <001*
SAP (mmHg) 112.10 + 107 11760 +£ 1.24  <001*
DAP (mmHg) 76.26 + 0.89 78690 £0.92 006"
Ovarian volume (em®)  6.60 + 021 1170 £ 0.40  <0.01*
TChol (mg/dl) 168.60 + 257 17310 £3.60  053*
TG (mg/dl 76.56 + 549 9299 £59%4  022*
HDL (mg/dl) 50.80 + 0.90 4984 £ 1.8 037"
LDL (mg/dl) 101.60 + 214 10470 £3.11  062*
Glycemia (mg/dl) 88.67 + 056 8755 £ 1.05  034*
Insulin (pUfmly 5.50 + 031 1107 £ 1.44  001*
HOMA-IR 1.22 + 007 245 +£0.34 003"
Testosterone (ng/dl)  52.18 + 166 7767 £3.58 <001*
SHBG (nmol/l) 46.93 + 140 3551 £2.12  <001*
FAI (%) 4.44 + 020 964 +0.89 <0.01*
Interdeukin-6 (pg/ml) 1.71 + 0.10 202 +£0.15 058
CRP (mgfl) 3.83 + 062 246 £0.36 036"

Values are the mean + SEM

BMI body mass index, WC waist circumference, SAP systolic arterial
pressure, DAP diastolic anterial pressure, TCho! total cholesterol,
TG Triglycenides, HOMA-IR homeostasis model assessment-insulin
resistance, SHBG sex hormone binding globulin, FAT free androgen
index, CRP C reaclive protein

* P value obtained by the Mann—Whitney test

® P value obtained by the unpaired f test

TIMP-2 and MMP-9/TIMP-1 ratios in women with PCOS
than in controls (all P < 0.05; Table 2).

‘We examined the correlation between MMPs and TIMPs
with clinical characteristics of all participants in both groups.
MMP-9 was positively correlated with MMP-8 (r = 0.20,
P = 0.01), and MMP-8 levels were positively correlated
with TIMP-1 (r = 0.43, P < 0.01) and negatively with tri-
glycerides levels (r = —0.24, P < 0.01). Waist circumfer-
ence (r = 0.20, P = 0.02), glucose (r = 0.21, P = 0.02),
and testosterone (r = 0.26, P < 0.01) were positively
correlated with the MMP-S/TIMP-1 ratio.

To determine the influence of PCOS and certain vari-
ables (HOMA, BMI, and testosterone) on MMPs, TIMPs,
and MMPs/TIMPs ratios, we performed a multiple linear
regression analysis (Table 3). HOMA-IR was significantly
related to the MMP-9/TIMP-1 ratio when not considering
BMI in the multiple regression model (data not shown).
However, testosterone was an independent predictor of
TIMP-2 levels (estimate = —0.35, P = 0.04) and of the
MMP-9/TIMP-1 ratio (estimate = 0.01, P = 0.04).

Discussion

The main findings of the present study in women with
PCOS are that: (i) compared with healthy subjects, patients
with PCOS have an imbalance between MMPs and TIMPs,
including lower concentrations of TIMP-2 and increased
MMP-2/TIMP-2 and MMP-9/TIMP-1 ratios and (ii) TIMP-

Table 2 MMP and TIMP

R s e Controls (n = 65) PCOS (n = 80) P value

controls MMP-2 (arbifrary units) 0.99 + 0.03 101 + 003 0.66
MMP-9 (ng/ml) 146.80 + 1052 17590 + 1245 0.07
MMP-8 (ng/ml) 496.10 + 49.54 59850 + 68.13 078
TIMP-2 (ng/ml) 204.20 + 728 18230 + 560 0.02
TIMP-1 (ng/ml) 479.10 + 29.11 42730 + 2154 030

Values are the mean + S.EM MMP-2/TIMP-2 ratio (x1000) 5.19 £ 025 591 4 025 0.02

P value obtained by the Mann—  \np_g/TIMP-1 ratio 0.36 & 0.03 048 + 004 0.01

Whitney test

Table 3 Results from multiple linear regression analyses for MMP, TIMPs, and MMPs/TIMPs ratios using PCOS as an independent variable

MMP-2 MMP-9 MMP-§ TIMP-2 TIMP-1 MMP-2/TIMP-2 MMP-9/TIMP-1

(R* = 0.05) (R = 0.03) (R* = 0.03) (R* = 0.07) (R = 0.06) (R* = 0.03) (R = 0.09)

E P E P E P E P E P E P E P
PCOS 005 045 003 078 026 016 137 090 002 083 0001 070 001 0.94
HOMA 001 066 002 028 —0.02 061 -241 027 —-001 064 0.001 0.17 0.03 0.21
Testosterone —001 (.11 001 045 001 067 —-035 004 —-001 006 0001 054  0M 0.04
BMI —-001 007 -001 099 -001 096 -031 074 —-001 033 —0001 017 001 0.45
E estimate
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2 was negatively related to testosterone levels, while the
MMP-9/TIMP-1 ratio was positively related to testosterone
levels. To our knowledge, this is the first study showing
evidence for a negative association between testosterone
and TIMP-2 and a positive association between testoster-
one and the MMP-9/TIMP-1 ratio. Our results suggest that
the hyperandrogenism present in most women with PCOS
can be a contributor to cardiovascular risk because there is
a link between the imbalance in MMPs/TIMPs ratios and
cardiovascular disease.

The MMPs constitute a large family of proteolytic
enzymes that degrade the extracellular matrix and facilitate
remodeling under normal and pathological conditions [30].
MMPs can be strictly regulated at multiple levels through
the control of gene transcription, posttranslational activa-
tion of zymogens, and the interactions of secreted MMPs
with TIMPs, which are small proteins that inhibit MMPs by
noncovalently binding them with a 1:1 stoichiometry.
TIMP-1 and TIMP-2 are the major inhibitors of MMP-9
and MMP-2, respectively [30]. In the present study, we
found reduced levels of TIMP-2 and an elevated MMP-2/
TIMP-2 ratio in women with PCOS when compared with
healthy controls. In addition to inhibiting MMPs, TIMP-2
may inhibit the migration and apoptosis of macrophages
and foam cells. Moreover, studies have demonstrated that
TIMP-2 is also involved in the activation of MMP-2. At
low concentrations, TIMP-2 serves as a receptor for MMP-
2, forming the membrane-type matrix metalloproteinase
1-TIMP-2 (MT1-MMP-TIMP-2) complex and conse-
quently leading to MMP-2 activation [38, 39]. However, at
high concentrations, TIMP-2 neutralizes membrane-type
matrix metalloproteinase 1 (MT-MMP-1) and prevents
MMP-2 activation [38, 39]. Therefore, changes in TIMP-2
can contribute to an imbalance in the MMP-2/TIMP-2
ratio, favoring extracellular degradation. In spite of higher
MMP-9 levels and lower TIMP-1 levels in the group of
PCOS women, these differences were not statistically sig-
nificant when compared with control group. However,
theses alterations contributed to higher MMP-9/TIMP-1
ratio observed in the PCOS group.

Our findings showing that women with PCOS have
higher MMP-2/TIMP-2 and MMP-9/TIMP-1 ratios than
ovulatory controls are in agreement with previous studies
[27, 29]. These results are important because a critical
equilibrium between MMPs and TIMPs determines exira-
cellular matrix degradation, and alterations in the MMPs/
TIMPs ratios may lead to disease conditions. Therefore, the
assessment of MMP-9/TIMP-1 and MMP-2/TIMP-2 ratios
may be better markers of net MMPs activities.

The MMP-9 and MMP-2 levels in the present study were
not significantly different between PCOS patients and
healthy controls. These findings are in contrast with
previous studies [27, 29] that reported higher serum
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concentrations of MMP-9 [27, 29] and MMP-2 [29] in
women with PCOS than in controls. It is possible that the
small sample size and the use of serum samples instead of
plasma, could explain the difference observed between the
studies. Indeed, previous studies used serum samples to
assess circulating levels of MMPs, and serum samples can
artificially increase MMP-9 levels [35-37].

Most women with PCOS exhibit a clustering of car-
diovascular risk factors, including obesity and insulin
resistance. Indeed, BMI and HOMA-IR were significantly
higher in PCOS women compared with control women
enrolled in the present study, even though BMI <30 kgh'ﬂ2
was used as an inclusion criteria. We evaluated the
potential impact of BMI and insulin resistance on MMPs
and TIMPs levels. However, theses markers of cardiovas-
cular risk were not relevant predictors of MMPs or TIMPs
levels. These findings are not enough to completely rule
out the possibility that insulin resistance and obesity con-
tribute to imbalanced MMPS/TIMPs under other
conditions.

We found a negative correlation between plasma TIMP-
2 concentrations and testosterone levels. We also found a
positive correlation between the MMP-9/TIMP-1 ratio and
testosterone. These results are consistent with reduced
levels of TIMP-2 and an increased MMP-9/TIMP-1 ratio,
which confirms the findings obtained when we compared
PCOS patients with ovulatory women. Hyperandrogenism
is a major component of PCOS, and the association
between testosterone, TIMP-2, and MMP-9/TIMP-1 ratio
suggests a role for testosterone in the angmentation of
cardiovascular risk factors. In a multivariate model, tes-
tosterone was also an independent predictor of TIMP-2
levels and the MMP-9/TIMP-1 ratio. The Rotterdam cri-
teria for PCOS include four phenotypes of polycystic ovary
syndrome, and only one phenotype does not require clinical
hyperandrogenism for the diagnosis [40]. Women with the
three phenotypes that include hyperandrogenism have
higher levels of cardiovascular risk markers [41, 42]. Pre-
viously, Luque-Ramirez [42] compared control women
with PCOS patients, and the carotid intima-media thickness
was increased in PCOS women independently of obesity
and was directly related to hyperandrogenism, suggesting
that androgen excess is associated with cardiovascular risk.
Our data suggest that hyperandrogenism, and not the PCOS
diagnosis, is the major factor in the imbalance in the
MMPs/TIMPs ratios found in women with PCOS. How-
ever, future studies are necessary to confirm these findings
and to determine the mechanisms explaining the interaction
between MMPs/TIMPs ratios and testosterone.

In conclusion, we found evidence that the plasma
MMPs/TIMPs profile is altered in PCOS. Patients with
PCOS have lower TIMP-2 levels and higher MMP-2/
TIMP-2 and MMP-S/TIMP-1 ratios when compared with
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controls. Furthermore, total testosterone is an independent
predictor of TIMP-2 levels and MMP-9/TIMP-1 ratio.
Together, these results suggest that hyperandrogenism is a
key characteristic in women with PCOS that may con-
tribute to an imbalance between MMPs and TIMPs,
therefore this scenario can favor an increased risk of
developing cardiovascular diseases in this group of women
with PCOS. Pharmacological interventions focusing on
MMPs may be justified in patients with PCOS.
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Abstract: Biochemical markers of cardiovascular disease, including matrix metalloproteinases (MMPs), are altered in women
with polycystic ovary syndrome (PCOS), with many of these alterations thought to be due to excess androgen concentrations.
Despite oral contraceptives (OCs) being the first-line pharmacological treatment in women with PCOS and the importance of
MMPs in many physiological conditions and pathological states, including cardiovascular diseases, no study has yet evaluated
whether OCs alter plasma concentrations of MMPs. We therefore assessed whether treatment with an OC containing the
anti-androgenic progestogen alters MMP profiles in women with PCOS. We analysed 20 women with PCOS who wanted
hormonal contraception (OC-PCOS group), 20 ovulatory women who required hormonal contraception (OC-control group) and
20 ovulatory women who wanted non-hormonal contraception (non-OC-control group). OC consisted of cyclic use of 2 mg
chlormadinone acetate/30 pg ethinylestradiol for 6 months. Plasma concentrations of MMP-2, MMP-9, TIMP-1 and TIMP-2
were measured by gelatin zymography or enzyme-linked immunoassays. OC treatment for 6 months significantly reduced plasma
MMP-2 concentrations in the OC-control and OC-PCOS groups and TIMP-2 and TIMP-1 concentrations levels in the OC-control
group (all p <0.05), but had no effects on MMP-9 concentrations or on MMP-2/TIMP-2 and MMP-9/TIMP-1 ratios in any
group (all p > 0.05). These findings indicated that long-term treatment with an OC containing chlormadinone acetate plus
ethinylestradiol reduced plasma MMP-2 concentrations in both healthy and PCOS women. As the latter have imbalances in
circulating matrix MMPs, treatment of these women with an OC may be beneficial.

Matrix metalloproteinases (MMPs) are a large endogenous
family of proteolytic enzymes that degrade extracellular colla-
gen and participate in vascular remodelling. In addition, the
equilibrium between MMPs and their endogenous tissue inhib-
itors (TIMPs) is crucial for regulating the degradation of extra-
cellular matrix, and its remodelling. MMPs play significant
roles in many physiological conditions and are involved in
several pathological states, including atherosclerosis.
Endothelial dysfunction and increased concentrations of bio-
chemical markers of cardiovascular diseases have been
observed in women with polycystic ovary syndrome (PCOS)
[1-8]. Several MMPs [9-11], especially MMP-2 and MMP-9
[12-15], are involved in cardiovascular diseases including
atherosclerosis, coronary artery disease and stroke [16-18].
Few studies to date, however, have investigated whether the
levels of circulating MMPs and TIMPs are altered in women
with PCOS [19-22], although we recently reported that
women with PCOS have imbalances in circulating MMPs and
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that these alterations were associated with excess circulating
androgen in these women [22].

The firstline pharmacological therapy used in PCOS
patients who do not want to conceive is an oral contraceptive
(OC) because it effectively reduces androgen excess. To our
knowledge, no study has evaluated whether the use of OC can
alter plasma concentrations of MMPs in women with PCOS.
‘We therefore investigated whether the administration to
women with PCOS of an OC containing the anti-androgenic
agent progestogen, thus reducing hyperandrogenism, could
alter their MMP profiles.

Materials and Methods

Subjects and study protocol. This study was approved by the
Institutional Review Board at the Faculty of Medicine of Ribeirio
Preto, University of Sio Paulo, Brazil, and each subject provided
written informed consent. The present work was carried out in
accordance with the ethics standards of the Helsinki Declaration.

‘We evaluated 20 women with PCOS who wanted hormonal contra-
ception (OC-PCOS group), 20 ovulatory women who required hor-
monal contraception (OC-control group) and 20 ovulatory women
who wanted a method of non-hormonal contraception (condoms or a
copper intrauterine device) (non-OC-control group). All of these
women had visited a basic health unit of the Faculty of Medicine of
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Ribeitio Preto, University of 580 Paulo (FMEP-USF), Brazil, betacen
Jmuary 2008 and lamuary 2010. Each woman with PCOS was
matched by ape and hody mass index (BMI) to two ovulatory com-
trals, 1 OC and 1 non-OC. Women were included if they were 18—
35 years old, sconlly active, winted a method of contaception, had a
BMI > 18 and <3 kg/m” and had normal menstrual cycles (duration
of between 24 and 32 days with individual varation of £3 days). The
ovulatory women had pre-ovalatory symptoms, and those with PODS
were diagnosed using the Rotterdam criteria (2004) [23].

Women were excluded at screening if they had any clinical condition
comesponding to category 3 or 4 of the World Health Organization med-
ical eligibility criteria for OC use [24]. Other exclusion criteria included
smoking, alcoholism, memational drug use, any systemic discase: (sys-
emic arerial hypartension, diabetes mellitus, immune system discases
or thymid diszases) except POOS, curemt or previous (up to 2 months
hefore the study ) use of an aral, vaginal, monthly njectable or transder-
mal combined hormonal contmceptive of curent or previous use (up to
6 months before the study) of a long-lasting hormonal contraceptive
method (injectable, implant or intrauterine device). Women who had
given birth within 12 weeks of study entry, those currently breastfecding
or who had stopped breastfeedingg within 2 months of the screening visit
and those with chronic and/or acuie inflammatory processes were ako
excluded All participants provided written informed consent, and the
study was approved by the institutional review board of the FMREP-USP.

The OC used contained 2 mg of chlormadinone acetate (CMA) and
3 pg of cthinylestradiol (EE) (Belam®; Jmssen Cilag GmBH,
Griinenthal, Germany). No participant in the OC-PCOS and OC-con-
tral groups was cxcluded from the study. Of the 20 participants in the
non-OC-contral group, 5 were exchaded, including 3 who changed to
a hormonal method and 2 who abandoned the protocol; thus, after
6 months, 15 women were evaluated (fig. 1)

Anthropometric measuremenis and laboratory tests. Wdght, height,
BMI and waist cimumferencs (the lowest messumment betwemn the
iliac crest and the inferior margin of the last db) wer measured at
sgeming. Blood samples wem colected in the Gynecology
Labomtory of the University Hospital of the FMEP-USP betaeen 8:00
and %:00 a.m. after at least 10 hr of fasting. Samples were collected
from contmol women and women with PCOS and oligomenomrhoea
during the follicular phase (third to seventh day of the cycle). PODS
patimnts with anenorthoca were evaluated after pelvic ulimsonography
showed no evidence of dther a follicle > 10 mm or 2 corpus Iuteum.
Whok blood (20 mL) samples were divided inio tubes withowt
anticoagulant (for scrum scpamtion) and into plastic conical tubes
(BD-Beaton Dickinson, Plymouth, UK) with no vacuum and containing
32% sodium cirate, in & fived proportion of nine parts whaole blood
0 one part anticoagulant.

All hiood samples were pmooessed within 2 hr after collection, with
soum samples siomd at -80°C. Fasting serom plucoss concentration

Starled OC Evaluated in &
[ WPCoE ]_ (DC-PCOS graup) manthe {n = 209
Evaluated in &
- manths {n = 15)
hammenal methods
{ne-DC-contral
L — s i
S discontmued
Starled OC Evaluated in §
{OC-contrad group) manths {n = 20

Fig. 1. Study flow chart.

was dotermined by the oxidase method wsing 2 Konclab 604 analyser
(Wiener Lab®, Rosario, Argentina). The concentrations of total cho-
lestem], HDLcholesterol and triglycerides (TG) wer messured enzy-
matically using a BT 3000 plus analyser (Wicner lab®); LDL-
cholesierol concentrations were calculated acconding to the Fricdewald
formula [LDL-chalestem] = total  chaolesteml — (HDL-C + TGS)]
because mone of the samples contained triglyceride concentrmtions
=400 mgfdL [25]. Sex hormone-binding globulin (SHBG) and insulin
wem measured by chemoluminescence with the DPC Immulite® 2000
analyser (Diagnostic Products Corporation®, Los Angeles, CA, USA),
and total testosterone was determined by mdioimmmunoassay using the
Td Carb 2100 TR scintillator (Packand® Instument Company, IL,
USA} The free andmpgen index (FAI) was caleulated using the for- [E]
mula: total testosterone (nMYSHBG (nM) = 100 [26]. Insulin mesis-
tance was determined according to the homocostasis  model
assessment-insulin msistance (HOMA-IR) index, that is HOMA-
IR = fasting serum glocose {(mgidL)  x 005551 x fasting insulin
{pUmL)/22.5 [27).

Measurement of plasma MMFP-9, TIMP-1 and TIMP-2 concenirations.
Whale blood samples collected into anticoagulant were contrifuged at
120 » g (700 rpm) in a Sorvall RC 3 cemrifuge (Sorvall Kendm
Labomtory Products GmbH, Langensethold, Germany) at mom emperanme:
(mean ZPC; mnge 18-24°C) for 15 min Plisma was obtained by
centrifugng the mmples at 1600 x g (2500 rpm) for 3 min. in a
Universal 32 B contrifuge (Hettich Zentrifupen, Tuttlingen, Germany)
at 4°C, and plasma aliquots weme stored at —T70°C il analysed.
MMP-9, TIMP-1 and TIMP-2 concoentrations weme measured using
commercially available enzyme-lnked immmosorbent (ELISA) assay
kits (R&D Systems, Minneapolis, MM, USA) accomding to the
manufacturer’s instructions.

SDS-polyacrylamide gel elearaopharesis (PAGE) gelatin gymagraphy
af MMP-2. Gdatin zymogmphy of MMP-2 from plesma samples was
performed 85 described  [28-30]. Brcfly, plasma samples were
subjecied to clectrophoresis on 7% SDS-PAGE co-polymerized with
gelatin {1%). The gel was incubated for 1 hr at room temperature: in
2% Triton X-100) solution and subsequently at 37°C for 16 hr in Tris—
HCl buffer, pH 74, containing 10 mM CaCly. The gek wem stained
with (L05% Coomassic Brilliant Blue G-250 and destained with 30%
methanal/10% acctic acid Gelatnolytic activities wer detected as
unstained bands agninst the background of Coomassie blue-stained
gelatin. Enzyme activity was assayed densitometrically using imagel
version 1.42q (Wayne Rashand Mational Institmtes of Health, USA). El
MMP-2 was identified as a 72 kDa band

Sutistical analysis. The mean TIMP-2 concentration in women with
POOS [22] indicated that the inclusion of at least 16 of these women
would be necessary to obsave a difforence of one standard deviation
betwem the pre- and post-treatment measuements, with a est power
of 0% and an alpha of 5%.

All results were expressed as mean = standard emor of the mean (5.
EM.). Monnormally distributed variables wee compared using the
Kruskal-Wallis test with post hoc Dumnn's multiple comparison test,
and normally distributed variables were compared by onc-way AMNO-
VA with post hoc Tukey's test. Comparisons within each group were
assessed using Student’s paired tests. Results were considered statis-
tically significant when p < 0.05.

Results

The clinical characteristics of all participants are summarized
in table 1. The mean ages of the OC-POS (25.1 + 0.9 years),
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Table §.

Clinical and labormorial characteristics of stdy subjects.

Non-OC-control group OC-control group OC-PCOS group

BL 6M BL aM BL [0 ]
BMI (kg/m™! 21.76 = 068 2217 = 088 2353 = 075T 24.03 = 083 2252 = 0.96 2270 = 095
WC {cm) 69.53 £ 193 TORD = 2.11 7358178 75.80 = 221* TEOS = 224+ 7705 £ 217
SAP (mmHg) 109.20 = 221 11210 = 205 11330 % 175 114.00 = 152 11390 = 1.38 1124 = 1.97
DAP {mmHg} 7507 £ 1.72 7733 = 1.58 TrO95 % 134 7410 = 153+ T6.65 = 1.47 7450 = 108
Orvarian volume (em?®) 5497 =020 58T =032 6.28 = 032 525032 1072 = 0.59%+* 7.35 2 050
TChol (mgfdL) 14620 % 673 14830 = 6.02 161.30 = 693 161.00 = 448 16850 + 5.63 18R.90 = THR*
TG (mgfdL) 5603 = 685 5013 =172 75.55 £ 670 9200 = 624 7555 = 1352 127.10 = 16.07*
HOL (mgtdL) 46.53 = 158 4580 = 1.63 49.50 = 192 53.95 = 199+ 51.10 = 1.80 61.40 = 1.86%
LDL (mg/dL) 10990 = 643 E4.47 = 4.TR* 9785 = 461 B5.90 = 275+ 10260 = 4.45 101.10 = 680
Glycaemia (mgfdL) 8573191 253 =357 B5.30 = 139 75.45 = 308* B7.00 = 1.43 BOBD = 163
Insulin (pU/mL}) 32 = 043 228 =021 5.94 = OBE** 4.84 = 075 524 £ 0.77* 602 = 109
HOMA-IR 072 = 0.14 062 = (.15 1.30 = 0.19%+ 0.9 = 0.15* 115 = 0.17 1.26 = 025
SHBG (nM) 5087 = 343 5608 = 519 58.90 = 469 154.30 = BR3* 4200 = 383+ 217.00 + 25.28¢%
FAI (%) 200 = 039 345 =037 3.57 = 043 1.57 = 028+ Q.69 = 2.61* 092 = 1.66%

BML, body mass index; WC, waist cicumference; SAP, sysiolic anterial pressure; DAF, disstolic arterial pressure; TChol, total chalesterol; TG, tri-
glycerides; HOMA-IR, homocostasis model asscssment-insulin resistance; SHBG, scx hormone-binding globuling FAl, free androgen index; CRP,

C madtive protein; POOS, polycystic ovary syndrome.
Valies are the mean = SE.M.

'Significantly different by the Mann-W hitney D-test.
“Significantly different by the unpaired stest.

*p < (105 versus bascline by two-tailed (bascline versus 6 months) paired r-test.
**p < (.05 versus bascline by two-tailed (bascline versus contmlbascline) Kruskal-Wallis test with post hoc Dunn’s multiple comparison test for
normally distributed variahles or by one-way ANOVA with post hoc Tukey s test for non-normally distributed variahles.

DU R

OC-control (24.0 % 1.3 years) and non-OC-Conirel (27.5 =
0.9 years) groups were similar (p = 0.09). Similarly BML sys-
tolic arterial pressure (SAP), diastolic arterial pressure (DAP)
and concentrations of total cholesterol (TChol), triglycerides,
HDL, LDL and fasting serum pglucose were similar in the
three groups (p > 0.05 each) However, patients with PCOS
had higher ovarian volume, waist circumference and insulin
(p <005 eah) than ocontrols Insulin  concentrations
(39 £ 0.8 1WmL versus 3.0 £04 IUMmL, p <005) and
HOMA-IR score (1.3 & 0.1 versus 0.7 £ 0.1, p < 0.05) were
significantly higher in the OC-Control than in the non-OC-
Control group, but remained within normal limits. In addition,
FAI was significantly higher, and SHBG concentrations wete
significantly lower in the OC-PCOS than in the control groups
{7 =< 0.01 each).

At baseline, the MMP-2 concentrations were similar among
the three groups (p > 0.05), whereas TIMP-2 concentrations
were significantly lower in the OC-PCOS than in the OC-Con-
trol group (161.0 + 6.5 ng/ml. versus 2062 £ 11.2 ng/mL;
p =001; fig. 2B). As expected, the baseline MMP-2/TIMP-2
ratio was significantly higher in the OC-PCOS gmup than in
the OC-Control group (0.009 £ 0.0005 ng/mL versus 0.007 +
0.0004 ng/ml; p = 0.005; fig. 2C). However, MMP-9 and
TIMP-1 concentrations and the MMP-9/TIMP-1 ratio were
similar in the three groups (p > 0.05 each) (fig. 3).

Treatment with OC increased waist circomference and HDL
concentration, and reduced DAP, LDL and serum glicose con-
centrations in the OC-Control group. In the OC-PCOS group,
6 months of OC increased TChol, triglyceride and HDL concen-
trations, while reducing serum glucose concentrations and FAL

Treatment with OC for 6 months significantly reduced
MMP-2 concentrations in the OC-control group, from 1.44 +
0.11 arbitmary units at baseline to 1.22 + 0.07 arbitrary units
after & months (p = 0.01), and in the OC-PCOS group, from
1.43 = 0.08 arbitrary units at baseline to 1.25 + 0.09 arbitrary
units after & months (p = 0.007) (fig. 2A). Moreover, OC
treatment of women in the OC-Control group significantly
educed TIMP-1 (448.0 + 663 ng/mL versus 349.0 + 40.9 ng/
ml; p=0.009; fig. 3B) and TIMP-2 (206.2 = 11.3 ng/fmL
versus 1817 £ 10.4 ng/mL; p = 0.03; fig. 2B) concentrations
after & months. However, OC treatment did not alter MMP-9
concentrations or the MMP-9TIMP-1 and MMP-ZTIMP-2
mtios after & months (p > 0.05 each).

Discussion

We have shown here for the first time that the long-term treat-
ment with an OC containing chlormadinone acetate plus
combined with -ethinylestradiol reduced plasma MMP-2
concentrations levels in both PCOS and healthy women.

Hyperandrogenism, a key component of PCOS, is often
associated with increased metabolic and cardiovascular risks
in women with PCOS. According to the Rotterdam criteria,
only one of the four phenotypes of PCOS does not require
clinical hyperandrogenism for diagnosis [31]. Women with the
three phenotypes that include hyperandrogenism have higher
levels of cardiovascular risk markers [32], such as increased
carotid intima-media thickness [33]. Reducing circulating
androgen concentrations may therefore decrease parameters
associated with cardiovascular risk.
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Fig. 2. Effect of oml contraceptive on plasma concentmations of (A)
MMP-2 and (B) TIMP-2, and on (C) the MMP-2TIMP-2 ratio in
pon-OC-Contmls (N = 15), OC-Controls (N = 2{) and OC-PCOS
(N = X)) women after & months, 'p-:lll]S verss baseline by two-
tailed (bascline versus bascline) unpaired #test. *p < (.05 versus hase-
finc by two-tailed (bascline versus 6 months) paired st

Oral contraceptives is the medical treatment most widely
used to reduce hyperandrogenism in women with PCOS. As
expected, we found that an anti-androgenic OC containing eth-
inylestradiol and chlormadinone acetate increased total choles-
terol, triglyceride and HDL concentrations in women with
PCOS, but not in women without POCOS. OC use reduced serum
glucose concentrations in both groups. All the alterations in bio-
chemical metabolism we observed were within normal limits
and were in agreement with results of previous studies [34, 35].

Fig. 3. Effect of oml contmeeptive on plisma concemtrations of (A)
MMP-9 and (B) TIMP-1, and on {C) the MMP-9/TIMP-1 mmtio in
no-OC-Contrals (N = 15), OC-Controls (N =20} and OC-PCOS
(N =20} women after & months. ’P < 005 versus baseline by two-
tailed (bascline versus bascline) unpaired est. *p < 0.05 versis hase-
linc: by two-tailed (bascline versus € months) paired r-est.

We found that use of an anti-androgenic OC containing
ethinylestradiol and chlormadinone acetate reduced phsma MMP2
concentrations in women with and without PCOS. These find-
ings suggest that the reduction of free testosterone induced by
this anti-androgenic contraceptive may be involved in the redue-
tion in MMP-2 concentrations we observed. While this is the
first study showing such effects for OC, there is growing experi-
mental [36-39] and clinical [40] evidence that some cardiovas-
cular drugs may affect MMP levels, we have not included
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patients taking any other medications in the present study and
therefore, our findings reflect the effects exerted by OC only.

Few studies have evaluated the relationship between MMP-
2 and testosterone. Androgen has been shown to stimulate
MMP-2 expression via androgen receptor transactivation in
human prostate cancer LNCaF cells [41], and two androgen
response elements involved in androgen-induced MMP-2
Hexpression have been identified [42]. Although testosterone
reduced MMP-2 activity in the ovaries of a rat model of
PCOS but not in control rats [43], testosterone had no effect
on the MMP-2 gene and protein expression in human aortic
smooth muscle cells [44], but in this study, the testosterone
concentrations were based on the average level of free testos-
terone in an adult male. Additional studies are necessary to
confirm these findings and to determine the mechanisms link-
ing MMP-2 and testosterone interaction.

Marrix metalloproteinases cleady play a role in cadiovascu-
lar remodelling, especially MMP-2 [45-48]. In fact, imbal-
anced MMPs have been shown in many conditions associated
with increased cardiovascular risk [49-52], and it is possible
that altered circulating MMP levels contribute to this increased
risk. Consequently, the ability of an anti-androgenic OC to
rednce MMP-2 concentrations in women with PCOS muay
reduce their cardiovascular risk.

Alterations in MMP and TIMP concentmations have been
observed in women with PCOS [19, 21, 22]. Moreover, we
reported that hyperandrogenism, one of the main characteris-
tics of PCOS, was an independent predictor of reduced TIMP-
2 concentrations and increased MMP-9/TIMP-1 mtios [22].
We have shown here that the reduction of hyperandrogenism,
promoted by teamment with OC, reduced MMP-2 levels in
women with PCOS.

This study had several limitations. Circulating MMPs and
TIMPs may be teleased into the bloodstream by vatious tissue
sources, including cardiac, ovarian and vascular tissues, as well
as peripheml blood neutrophils. Therefore, our esults should be
interpreted with cantion because plasma MMP and TIMP levels
may not eflect local cardiovascular tissue concentrations.
Although OC reduced MMP-2 concentrations in both women
with PCOS and healthy controls, it is not known whether the
cardiovascular risk of these women will be affected in the
future. In addition, we have not studied the effects of other ther-
apies for PCOS on MMPs.

In conclusion, we showed that an OC containing 2 mg
chlormadinone acetate and 30 pg of ethinylestradiol with anti-
andmgenic effects reduced plasma concentrations of MMP-2
in women with PCOS, suggesting that this may be an impor-
tant benefit of OCs in this group.
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A SOP além de ser uma endocrinopatia frequente entre as mulheres com
idade reprodutiva esta frequentemente associada as comorbidades que séao
sabidamente fatores de risco cardiovascular. Deste modo, acredita-se que
mulheres com SOP estejam predispostas a desenvolver DCV precocemente.
Assim, ja que as MMPs estdo implicadas a doengas cardiovasculares, torna-se
pertinente avaliar as concentragdes plasmaticas de MMPs e TIMPs em pacientes
com SOP.

Nossos achados iniciais sao que: (1) as pacientes com SOP tém um
desequilibrio entre MMPs e TIMPs, incluindo concentragdes mais baixas de TIMP-
2 e aumento nas razées MMP-2/TIMP-2 e MMP-9/TIMP-1 em comparagdo com
individuos saudaveis e (2) a testosterona foi relacionada negativamente com os
niveis plasmaticos de TIMP-2 e positivamente com a razdo MMP-9/TIMP-1.

Esse € primeiro estudo que mostra uma associagédo entre a testosterona e
os niveis de TIMP-2 e com a razdao MMP-9/TIMP-1, sugerindo que o
hiperandrogenismo, observado na maioria das mulheres com SOP, pode ser um
fator contribuinte para o risco cardiovascular, devido a participacdo dessas
enzimas e seus inibidores teciduais em DCV.

Inicialmente, o principal achado desse trabalho € que as mulheres com
SOP possuem um desequilibrio entre MMPs e TIMPs. Nossos resultados mostram
um aumento das razées MMP-2/TIMP-2 e MMP-9/TIMP-1 em mulheres com SOP
quando comparadas com mulheres saudaveis. Esses resultados sao importantes
porque €, justamente, o equilibrio critico entre MMPs e TIMPs que determina a

degradacao da matriz extracelular.
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Atualmente, tem-se sugerido que a razdes entre MMPs/TIMPs sejam
melhores marcadores do que as MMPs e os TIMPs isoladamente. Pois, alteragdes
no equilibrio entre esses dois parametros, favorecendo o aumento da degradacéao
da matriz, podem resultar em alteragdes estruturais e funcionais cardiacas
associadas a DCV como, por exemplo, a hipertensao [26,57].

Além disso, quando comparamos a concentracdo plasmatica de TIMP-2
entre as mulheres saudaveis e as mulheres com SOP, as ultimas tiveram valores
significativamente inferiores. A atividade das MMPs é regulada principalmente pela
interagcdo dessas enzimas com os TIMPs. Até o momento, existem quatro TIMPs
conhecidos até o momento e eles sao responsaveis por inibir mais de 25 MMPs.
Contudo, embora os TIMPs possam inibir qualquer MMP, os TIMP-1 e TIMP-2 sao
os principais inibidores da MMP-9 e da MMP-2, respectivamente [58].

E importante salientar que as acdes dos TIMPs n&o se limitam a inibir a
acao proteolitica das MMPs. Os TIMPs participam na regulagdo da migragao
celular, proliferagcao e apoptose. Além disso, estudos também tém demonstrado
que os TIMPs podem estimular a produc¢ao de colageno por fibroblastos cardiacos
[59,24,60-62].

Recentemente, Kandalam et al [59], demonstraram que o TIMP-2 exerce
papel chave na regulacdo das respostas cardiacas ao infarto do miocardio.
Portanto, é possivel considerar que o TIMP-2 possa contribuir para as alteragdes
cardiovasculares em mulheres com PCOS. Além disso, o TIMP-2, quando esta em
altas concentragdes inibe a MMP-2. Por outro lado, quando esse inibidor esta em
baixas concentragdes participa da ativacdo da MMP-2 [63,64]. A ativagao da pro-

MMP-2 pela MT1-MMP requer a formagcdo de um complexo trimolecular entre a
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pr6-MMP-2, MT1-MMP e o TIMP-2, em que o dominio C-terminal do TIMP-2 liga-
se ao dominio hemopexina da pro-MMP-2 e, o dominio N-terminal desse inibidor
se liga ao sitio ativo da MT1-MMP. Uma vez formado o complexo, a MT1-MMP
adjacente ao complexo cliva o pro-dominio da MMP-2, tornando-a ativa [64,63].

Portanto, as baixas concentragbes plasmaticas de TIMP-2 em mulheres
com SOP é um achado importante, pois além de favorecer o desequilibrio da
razao entre MMP-2/TIMP-2, que pode induzir ao aumento da degradacao da
matriz extracelular como citado anteriormente, também pode favorecer a ativacao
da MMP-2.

Sabe-se, ainda, que essa MMP exerce importante papel no remodelamento
cardiovascular envolvido no mecanismo patolégico de diversas DCVs. Um
trabalho recente relatou a presenga de MMP-2 no interior do cardiomidécito, regiao
em que essa enzima atua sobre os substratos intracelulares, entre eles a
troponina | [65].

Além da troponina |, ja se descobriram outros substratos nao relacionadas a
matriz extracelular para a MMP-2. Estes substratos incluem a big endotelina-1
[66], o peptideo relacionado ao gene da calcitonina (CGRP) [67] e a
adrenomedulina (AM) [68]. Ao clivar esses substratos, a MMP-2 gera metabdlitos
com agdes vasoconstritoras potentes.

Recentes estudos sugeriram a participagcdo da MMP-8 em algumas DCVs,
entre elas a aterosclerose [53]. As concentracbes plasmaticas da MMP-8 foram
positivamente associadas a presencga e severidade de doenga arterial coronariana
[53,69]. O Aumento nos niveis plasmaticos de MMP-8 ja foram relatados em

pacientes com sindrome metabdlica. O presente estudo foi o primeiro a propor a
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avaliacao das concentragdes plasmaticas dessa MMP em pacientes com ovario
policistico. Os nossos resultados nao indicam a participagdo dessa MMP na SOP,
ja que nao encontramos diferencga significativa nos niveis de MMP-8 nas mulheres
com SOP quando comparadas com mulheres saudaveis.

O aumento das razées MMP-2/TIMP-2 e MMP-9/TIMP-1 observados nesse
estudo corroboram com os demais estudos que avaliaram os mesmos parametros
nas pacientes com SOP [70,71]. Embora as razbées MMPs/TIMPs estejam
aumentadas nas pacientes com SOP, a elevacdo dos niveis de MMP-9 e a
reducao dos niveis de TIMP-1 que foram observados nessas pacientes, nao foram
estatisticamente significativos quando comparados com individuos saudaveis.
Apesar disso, essas alteragbes contribuiram para o aumento da razdo MMP-
9/TIMP-1 observado no grupo SOP. No entanto, esses achados estdo em
contraste com os estudos anteriores [70,72], que encontraram um aumento nas
concentracdes séricas de MMP-2 [72] e de MMP-9 [72,70] em pacientes com SOP
quando comparadas com pacientes saudaveis. Por outro lado, no estudo de
Lewandowski et al [72], o aumento dos niveis de MMP-9 e MMP-2 em mulheres
com PCOS pode ser devido a obesidade presente no grupo SOP.

Os resultados contrastantes entre o presente trabalho e os anteriores
podem ser parcialmente explicados pelas diferencas entre os estudos. Uma das
diferencas diz respeito ao tipo de método empregado nos trabalhos para
determinar os niveis plasmaticos de MMP-2. No presente estudo utilizamos
zimografia ja, no trabalho citado anteriormente o ensaio utilizado foi o Elisa. Outra
diferenca entre os estudos é o tipo de amostra empregada para determinar os

niveis plasmaticos de MMPs e TIMPs. Nos trabalhos anteriores foram utilizados
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soro ao invés de plasma. Diferengas a respeito do tipo de amostra utilizada para
determinar os niveis plasmaticos de MMPs ja foram evidenciadas em estudos
anteriores. Nesses trabalhos foi observado que amostras de soro nao sao
apropriadas para a determinagcdo de MMPs [73,74], visto que no soro, durante a
coagulacgao sanguinea, ocorre a liberagao de diversas proteases que podem ativar
a MMP-9. Além disso, também ocorre a liberacdo de MMPs por plaquetas e/ou
leucdcitos durante a ativagao plaquetaria, resultando em niveis artificialmente
aumentados quando comparados com os niveis plasmaticos [73-75].

Além dessas diferengas, o tamanho amostral dos estudos anteriores é
inferior ao do presente estudo, o que pode, em parte, explicar a divergéncia entre
os estudos. Além disso, a presenca e severidade das comorbidades presentes nas
mulheres com SOP avaliadas podem ter impacto sobre os niveis circulantes das
MMPs.

Sabe-se que é frequente a presenca de fatores de risco cardiovascular,
como resisténcia a insulina e obesidade em mulheres com SOP quando
comparadas a mulheres saudaveis. Um dos critérios de inclusdo no estudo foi o
IMC <30 kg/m?. Apesar disso, na primeira parte do estudo, as mulheres do grupo
SOP apresentaram IMC e HOMA-IR significantemente maiores do que as
controles. A medida da circunferéncia abdominal, a média da presséao sistdlica e
os niveis de insulina também foram estatisticamente diferentes, entretanto os
valores estao no limiar normal.

Noés também avaliamos dois marcadores inflamatérios, a interleucina 6 e a
proteina C reativa (CRP), e ambos nao foram diferentes entre os dois grupos

analisados. Varios trabalhos ja se propuseram estudar esses dois marcadores e
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os resultados obtidos foram conflitantes, pois alguns deles sugerem o aumento
dos niveis em mulheres com SOP quando comparadas a individuos saudaveis,
enquanto que outros nado observaram essas diferengcas. Uma meta-analise
realizada recentemente sugere que as mulheres com SOP possuem niveis
elevados de CRP quando comparadas a mulheres saudaveis. Porém, nao foi
constatado diferencas nas concentragdes de interleucina 6 entre mulheres com
SOP e mulheres saudaveis [76].

Para avaliar a influéncia de algumas variaveis comumente observadas na
SOP (IMC, HOMA e testosterona), assim como a préopria SOP sobre as
concentragcdes plasmaticas de MMPs, TIMPs e das razbes entre MMPs e TIMPs,
realizamos uma analise por regressao linear multipla. Apesar de alguns trabalhos
mostrarem aumento dos niveis de MMPs na obesidade [77], inclusive em
mulheres obesas [78,79], o IMC nao foi preditor de nenhuma das MMPs e nem
dos TIMPs estudados no presente estudo. Contudo, a diferencga significativa do
IMC entre as pacientes com SOP e as controles saudaveis deve-se ao sobrepeso
apresentado por algumas pacientes do primeiro grupo e ndo a obesidade.

O indice HOMA também n&o foi preditor de nenhum dos parametros
avaliados, mesmo tendo estudos que mostram que a hiperinsulinemia aumenta
tanto a MMP-2 (em aproximadamente 6 vezes) quanto a MMP-9 (em
aproximadamente em 13 vezes) [80,81]. Embora, a média do indice HOMA tenha
sido maior nas SOPs, os valores desse parametro estdo na faixa de normalidade.
Todavia, esses achados ndo sao suficientes para eliminar completamente a
possibilidade de que a resisténcia a insulina e/ou a obesidade possam contribuir

para o desequilibrio das razées entre MMPs e TIMPs observado na SOP.
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Um dos principais achados desse estudo € que a testosterona foi um
preditor independente dos niveis de TIMP-2 e da razdo MMP-9/TIMP-1, sendo um
preditor negativo para o TIMP-2 e positivo para a razao MMP-9/TIMP-1. Este é o
primeiro estudo mostrando a evidéncia dessas associagbes. Esse resultado
corrobora com outro resultado do mesmo estudo, em que encontramos uma
correlagdo negativa entre as concentragdes plasmaticas de TIMP-2 e os niveis de
testosterona e uma correlagao positiva entre a razao MMP-9/TIMP-1, novamente
com a testosterona.

Uma das principais caracteristicas da SOP ¢é a presengca de
hiperandrogenismo clinico e/ou laboratorial. Os nossos achados também sugerem
a participacao da testosterona no aumento dos fatores de risco cardiovascular nas
mulheres com SOP, que € aqui representado pelo desequilibrio da relacao entre
MMPs e TIMPs e com a reducdo plasmatica de TIMP-2 observada nessas
pacientes.

Os critérios de Rotterdam para o diagndstico da SOP abrange quatro
fendtipos, e somente um deles ndo necessita do hiperandrogenismo para o
diagnostico [82]. Logo, o hiperandrogenismo, que € observado em
aproximadamente 60-80% das pacientes com SOP, é uma das caracteristicas
fundamentais dessa sindrome. Alguns estudos ja se propuseram a avaliar quais
fenodtipos representam maiores e menores riscos cardiovasculares. Um deles
observou que o unico fendtipo que nao possui o hiperandrogenismo foi o que
apresentou caracteristicas endocrinas e metabdlicas mais leves [83]. Ja, as
mulheres com os trés fendtipos que incluem hiperandrogenismo possuem niveis

mais elevados de marcadores de risco cardiovascular (41, 42), como por exemplo,
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0 aumento da espessura da camada intima - média da carétida observada nas
mulheres com SOP esta correlacionada com o hiperandrogenismo [84,13].

Apesar desses achados, sugerindo o envolvimento dos andrégenos
endégenos no desenvolvimento de DCV, os poucos estudos com mulheres sem
SOP, que examinaram a associacao entre andrégenos enddégenos e o
desenvolvimento de DCV nao observaram participacdo importante dos
androgenos nesse processo [85]. Entretanto, recentemente um grande estudo
associou as altas concentracbes de testosterona com o0s marcadores de
aterosclerose [86].

A disfuncdo endotelial também tem sido relacionada com o aumento da
testosterona livre [87]. Além disso, as concentragdes de androgénios no soro
foram relatadas como preditor da pressdo sanguinea em mulheres jovens sem
SOP [88]. A testosterona livre, por sua vez, foi caracterizada como preditor nas
mulheres jovens com SOP [89]. Embora, nenhum estudo tenha provado a relagéao
causa-efeito entre a testosterona e a DCV em um trabalho com modelo
experimental, a administracdo de testosterona em primatas fémeas foi associado
ao aumento da aterogénese [90].

Contudo, apesar de varias evidéncias, tanto bioquimicas quanto clinicas,
ainda nao se sabe, até o presente momento, qual o papel preciso da testosterona
endoégena no desenvolvimento da aterosclerose e de outras DCVs. Nossos
resultados sugerem uma possivel participagdo do hiperandrogenismo no
desequilibrio entre MMPs e TIMPs observado nas mulheres com SOP. Este
panorama de alteracédo do equilibrio entre MMPs e TIMPs, consequentemente,

pode favorecer um aumento do risco de desenvolvimento de doencgas
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cardiovasculares neste grupo de mulheres. Portanto, intervengdes farmacoldgicas,
focando a reducao do hiperandrogenismo e/ou das MMPs podem ser benéficas
nas pacientes com SOP.

Na primeira parte do estudo nao foi observado um aumento nas
concentragbes plasmaticas de MMP-2 e MMP-9 em mulheres com SOP.
Entretanto, as relagbes MMP-2/TIMP-2 e MMP-9/TIMP-1 estavam aumentadas, o
que poderia predispbé-las a um risco cardiovascular maior. De acordo com os
nossos achados, a testosterona poderia ser um preditor do desequilibrio entre
MMPs e TIMPs observado na SOP.

A droga de primeira escolha para a reducdo do hiperandrogenismo em
mulheres com SOP que ndo desejam a contracepg¢ao € o anticoncepcional oral
(ACO). Dessa maneira, na segunda parte do estudo foi investigado se a reducéao
do hiperandrogenismo com a administracdo de ACO com propriedades
antiandrogénicas em mulheres com SOP é acompanhado da redugao dos niveis
de MMPs nessas mulheres.

Acredita-se que o hiperandrogenismo presente na SOP seja de origem
multifatorial, onde o ovario possui a maior parcela de contribuicao tendo portanto
uma participagao primordial. Em menor propor¢do temos a contribuicdo das
adrenais e por ultimo do tecido adiposo.

Diversas drogas que visam bloquear a produg¢do ovariana de andrégenos
ou sua acao periférica sao utilizadas no tratamento do hiperandrogenismo. Uma
das drogas mais utilizadas em mulheres que desejam a contracepcgao € o ACO. A
reducao do hiperandrogenismo pelo ACO é uma agao conjunta dos dois

componentes presentes na sua formulagdo. No nosso caso, o ACO utilizado é
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composto por etinilestradiol e acetato de clormadinona. O etinilestradiol aumenta
os niveis circulantes de horménio sexual ligado a globulina (SHBG) que, por sua
vez, reduz a concentragao de testosterona livre circulante, uma vez que o SHBG
liga-se preferencialmente a testosterona. O componente progestageno inibe a 5a-
redutase e atua como antagonista no receptor de androgénios [91]. Além disso, o
ACO também diminui a producdo de androgénio pela adrenal, através de um
mecanismo ainda pouco esclarecido. Mas, possivelmente, seja devido a uma
diminui¢cao na produgao hormonal de adrenocorticotropina (ACTH).

O principal achado desse trabalho foi a redugao dos niveis plasmaticos da
MMP-2 depois de seis meses de tratamento com o ACO, contendo etinilestradiol e
acetato de clormadinona em mulheres com SOP. Vale ressaltar, que nenhum
trabalho prévio avaliou o perfil das MMPs nas mulheres com SOP apés o
tratamento com ACO. Estas descobertas sugerem que a redugao da testosterona

livre induzida por esse contraceptivo antiandrogénico pode estar envolvida na

diminuigdo da MMP-2 plasmatica observada no presente estudo.

O aumento da expressao e atividade da MMP-2 ja foi demonstrado diversas
vezes em DCV [34,39,45,20], assim como o aumento plasmatico. Além disso,
essa MMP esta associada as alteragcbes morfolégicas arteriais em modelo
experimental de hipertensdo [37,38] e de aterosclerose [20]. Do mesmo modo, a
MMP-2 pode induzir agdes vasoconstritoras, por alterar as concentragdes
teciduais de alguns peptideos vasoativos, como citado anteriormente. Portanto, &
possivel que o aumento da atividade da MMP-2 possa contribuir para uma

disfuncdo endotelial e para o aumento da resisténcia vascular periférica. Estes
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estudos também propdéem a participagdo da MMP-2 no remodelamento vascular
relacionado a DCV. Portanto, medidas que visam a reducdo de marcadores que
tenham envolvimento com a instalagdo e progressdao de DCV nas mulheres com
SOP é relevante. Porém, poucos estudos avaliaram a relagao entre a MMP-2 e a
testosterona para sugerirmos um suposto mecanismo para a redugdo da MMP-2
por consequéncia da redugao da testosterona disponivel.

Em um estudo com células LNCaP demonstrou-se que o androgénio regula
a expressao de MMP-2 via receptor de androgénios de maneira dependente da
PI3K [92], sugerindo que 0 androgénio possa ser um possivel modulador da MMP-
2. Recentemente, identificou-se que dois elementos de resposta ao androgénio
estdo envolvidos na indugdo da MMP-2 pelo androgénio [93]. Contudo, em um
segundo estudo com células musculares lisas de humanos, a testosterona nao
teve nenhum efeito sobre a expressao do gene da MMP-2 [94].

De modo contrario aos demais achados, Henmi et al [95] observaram
reducdo da atividade da MMP-2 no ovario de ratas estimuladas com
dehidroepiandrosterona (DHEA) durante sete e quinze dias. Portanto, esses
resultados sugerem que a regulacdo da MMP-2 é dependente de estimulo
especifico e do tipo celular. Mesmo assim, sdo necessarios estudos adicionais
para determinar os mecanismos de interagcao entre a MMP-2 e a testosterona.

O tratamento com ACO né&o alterou significativamente os niveis de MMP-9,
TIMP-1 e TIMP-2 nas mulheres com SOP. Também n&o foram observadas
modificacdes relevantes nas razées MMP-2/TIMP-2 e MMP-9/TIMP-1. Uma
limitacdo importante dos nossos estudos € que nao conseguimos delimitar a

principal fonte das MMPs e TIMPs circulantes, pois os dois marcadores podem ser
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liberados na corrente sanguinea por diferentes fontes teciduais, visto que
numerosos tipos celulares podem expressar essas enzimas, incluindo células
vasculares, cardiomiocitos, células endoteliais, células musculares lisas,
fibroblastos e neutrofilos. Desse modo, os resultados dos nossos estudos devem
ser interpretados com prudéncia, visto que os niveis plasmaticos, tanto de MMPs
quanto de TIMPs podem nao refletir as concentragdes plasmaticas do sistema
cardiovascular.

Ademais, mesmo nado sendo o foco principal do nosso trabalho, as
concentragcbes plasmaticas de alguns marcadores de risco cardiovascular que
refletem disfuncédo metabdlica foram avaliados, uma vez que os ACOs possuem
alguns efeitos conhecidos sobre o metabolismo lipidico. Como esperado, o uso do
ACO durante 6 meses aumentou as concentragdes plasmaticas do colesterol total,
dos triglicérides e do HDL e reduziu os niveis de glicose. Esses achados, além de
estarem de acordo com estudos anteriores, [91,96,97] também estdo dentro dos
limites desejaveis.

As principais conclusées do estudo mostram que: 1) em comparagao com
individuos saudaveis, as pacientes com SOP tém um desequilibrio entre MMPs e
TIMPs, incluindo menores concentracdes de TIMP-2 e aumento das razées MMP-
2/TIMP-2 e MMP-9/TIMP-1; 2) o TIMP-2 foi negativamente relacionado aos niveis
de testosterona, enquanto que a razdo MMP-9/TIMP-1 foi positivamente
relacionada aos niveis de testosterona e 3) o uso do anticoncepcional oral,
contendo etinilestradiol e acetato de clomardinona por 6 meses reduz os niveis
plasmaticos de MMP-2, o que sugere que esse tratamento pode reduzir o risco de

futuro evento cardiovascular neste grupo de mulheres.
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CONCLUSOES

Nossos dados demonstram que as razées MMP-2/TIMP-2 e MMP-9/TIMP-1 estao
aumentadas nas mulheres com SOP e que os niveis plasmaticos de TIMP-2 estao
reduzidos nessas pacientes, quando comparadas as controles. Além disso, a
testosterona total foi um preditor independente dos niveis de TIMP-2 e da razao
MMP-9/TIMP-1. Juntos, esses resultados revelam que o hiperandrogenismo,
caracteristica-chave em mulheres com SOP, pode contribuir para o desequilibrio
observado entre MMPs e TIMPs nas pacientes. Na segunda etapa do nosso
estudo, observamos que o uso do anticoncepcional oral (2 mg de acetato de
clormadinona e 0,03 mg de etinilestradiol) durante 6 meses reduziu os niveis de
MMP-2, tanto nas controles saudaveis quanto nas portadoras de SOP, além de
reduzir os niveis de TIMP-2 e TIMP-1 nas primeiras. Sendo assim, a diminuicdo do
hiperandrogenismo com o uso do anticoncepcional oral nas pacientes com SOP
pode possuir efeito benéfico, uma vez que diminui os niveis de MMP-2 plasmatica,
0 que pode contribuir também para a redugcdo do risco cardiovascular nessas
mulheres. Entretanto, sdo necessarios estudos maiores e com maior tempo de
tratamento para confirmar os efeitos benéficos ou ndo do uso de anticoncepcional

oral em pacientes com SOP.
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information listed at the bottom of this form.

License Number 2930020997437

License date Jun 15, 2012

Licensed content publisher  John Wiley and Sons

Licensed content publication Basic & Clinical Pharmacology & Toxicology

Licensed content title Oral Contraceptive Containing Chlormadinone Acetate and
Ethinylestradiol Reduces Plasma Concentrations of Matrix
Metalloproteinase-2 in Women with Polycystic Ovary Syndrome

Licensed content author Valéria A. Gomes,Carolina S. Vieira,Anna L. Jacob-Ferreira,Vanessa
A. Belo,Gustavo M. Soares,Janaina B. Franga,Rui A. Ferriani,Jose E.
Tanus-Santos

Licensed content date May 11, 2012

Start page n/a

End page n/a

Type of use Dissertation/Thesis
Requestor type Author of this Wiley article
Format Print and electronic
Portion Full article

Will you be translating? No

Order reference number
Total 0.00 USD
Terms and Conditions

TERMS AND CONDITIONS

This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. or one of
its group companies (each a "Wiley Company") or a society for whom a Wiley Company has
exclusive publishing rights in relation to a particular journal (collectively WILEY"). By clicking
"accept"” in connection with completing this licensing transaction, you agree that the following
terms and conditions apply to this transaction (along with the billing and payment terms and
conditions established by the Copyright Clearance Center Inc., ("CCC’s Billing and Payment terms
and conditions"), at the time that you opened your Rightslink account (these are available at any
time at http://myaccount.copvright.com)

Terms and Conditions
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1. The materials you have requested permission to reproduce (the "Materials") are protected by
copyright.

2. You are hereby granted a personal, non-exclusive, non-sublicensable, non-transferable,
worldwide, limited license to reproduce the Materials for the purpose specified in the licensing
process. This license is for a one-time use only with a maximum distribution equal to the number
that you identified in the licensing process. Any form of republication granted by this licence must
be completed within two years of the date of the grant of this licence (although copies prepared
before may be distributed thereafter). The Materials shall not be used in any other manner or for
any other purpose. Permission is granted subject to an appropriate acknowledgement given to the
author, title of the material/book/journal and the publisher. You shall also duplicate the copyright
notice that appears in the Wiley publication in your use of the Material. Permission is also granted
on the understanding that nowhere in the text is a previously published source acknowledged for
all or part of this Material. Any third party material is expressly excluded from this permission.

3. With respect to the Materials, all rights are reserved. Except as expressly granted by the terms
of the license, no part of the Materials may be copied, modified, adapted (except for minor
reformatting required by the new Publication), translated, reproduced, transferred or distributed,
in any form or by any means, and no derivative works may be made based on the Materials
without the prior permission of the respective copyright owner. You may not alter, remove or
suppress in any manner any copyright, trademark or other notices displayed by the Materials. You
may not license, rent, sell, loan, lease, pledge, offer as security, transfer or assign the Materials,
or any of the rights granted to you hereunder to any other person.

4, The Materials and all of the intellectual property rights therein shall at all times remain the
exclusive property of John Wiley & Sons Inc or one of its related companies (WILEY) or their
respective licensors, and your interest therein is only that of having possession of and the right to
reproduce the Materials pursuant to Section 2 herein during the continuance of this Agreement.
You agree that you own no right, title or interest in or to the Materials or any of the intellectual
property rights therein. You shall have no rights hereunder other than the license as provided for
above in Section 2. No right, license or interest to any trademark, trade name, service mark or
other branding ("Marks") of WILEY or its licensors is granted hereunder, and you agree that you
shall not assert any such right, license or interest with respect thereto.

5. NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR REPRESENTATION OF ANY
KIND TO YOU OR ANY THIRD PARTY, EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE
MATERIALS OR THE ACCURACY OF ANY INFORMATION CONTAINED IN THE MATERIALS,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTY OF MERCHANTABILITY,
ACCURACY, SATISFACTORY QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY,
INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES ARE HEREBY EXCLUDED BY
WILEY AND ITS LICENSORS AND WAIVED BY YOU.

6. WILEY shall have the right to terminate this Agreement immediately upon breach of this
Agreement by you.

7. You shall indemnify, defend and hold harmless WILEY, its Licensors and their respective
directors, officers, agents and employees, from and against any actual or threatened claims,
demands, causes of action or proceedings arising from any breach of this Agreement by you.

8. IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR ANY OTHER PARTY OR
ANY OTHER PERSON OR ENTITY FOR ANY SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT,
EXEMPLARY OR PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN CONNECTION
WITH THE DOWNLOADING, PROVISIONING, VIEWING OR USE OF THE MATERIALS REGARDLESS
OF THE FORM OF ACTION, WHETHER FOR BREACH OF CONTRACT, BREACH OF WARRANTY,
TORT, NEGLIGENCE, INFRINGEMENT OR OTHERWISE (INCLUDING, WITHOUT LIMITATION,
DAMAGES BASED ON LOSS OF PROFITS, DATA, FILES, USE, BUSINESS OPPORTUNITY OR
CLAIMS OF THIRD PARTIES), AND WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES. THIS LIMITATION SHALL APPLY NOTWITHSTANDING ANY
FAILURE OF ESSENTIAL PURPOSE OF ANY LIMITED REMEDY PROVIDED HEREIN.
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9. Should any provision of this Agreement be held by a court of competent jurisdiction to be
illegal, invalid, or unenforceable, that provision shall be deemed amended to achieve as nearly as
possible the same economic effect as the original provision, and the legality, validity and
enforceability of the remaining provisions of this Agreement shall not be affected or impaired
thereby.

10. The failure of either party to enforce any term or condition of this Agreement shall not
constitute a waiver of either party’'s right to enforce each and every term and condition of this
Agreement. No breach under this agreement shall be deemed waived or excused by either party
unless such waiver or consent is in writing signed by the party granting such waiver or consent.
The waiver by or consent of a party to a breach of any provision of this Agreement shall not
operate or be construed as a waiver of or consent to any other or subsequent breach by such
other party.

11. This Agreement may not be assigned (including by operation of law or otherwise) by you
without WILEY's prior written consent.

12. Any fee required for this permission shall be non-refundable after thirty (30) days from
receipt.

13. These terms and conditions together with CCC’s Billing and Payment terms and conditions
(which are incorporated herein) form the entire agreement between you and WILEY concerning
this licensing transaction and (in the absence of fraud) supersedes all prior agreements and
representations of the parties, oral or written. This Agreement may not be amended except in
writing signed by both parties. This Agreement shall be binding upon and inure to the benefit of
the parties' successors, legal representatives, and authorized assigns.

14, In the event of any conflict between your obligations established by these terms and
conditions and those established by CCC'’s Billing and Payment terms and conditions, these terms
and conditions shall prevail.

15. WILEY expressly reserves all rights not specifically granted in the combination of (i) the
license details provided by you and accepted in the course of this licensing transaction, (ii) these
terms and conditions and (iii) CCC’s Billing and Payment terms and conditions.

16. This Agreement will be void if the Type of Use, Format, Circulation, or Requestor Type was
misrepresented during the licensing process.

17. This Agreement shall be governed by and construed in accordance with the laws of the State
of New York, USA, without regards to such state’s conflict of law rules. Any legal action, suit or
proceeding arising out of or relating to these Terms and Conditions or the breach thereof shall be
instituted in a court of competent jurisdiction in New York County in the State of New York in the
United States of America and each party hereby consents and submits to the personal jurisdiction
of such court, waives any objection to venue in such court and consents to service of process by
registered or certified mail, return receipt requested, at the last known address of such party.

Wiley Open Access Terms and Conditions

All research articles published in Wiley Open Access journals are fully open access: immediately
freely available to read, download and share. Articles are published under the terms of the
Creative Commons Attribution Non Commercial License. which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is not used for
commercial purposes. The license is subject to the Wiley Open Access terms and conditions:
Wiley Open Access articles are protected by copyright and are posted to repositories and websites
in accordance with the terms of the Creative Commons Attribution Non Commercial License. At
the time of deposit, Wiley Open Access articles include all changes made during peer review,
copyediting, and publishing. Repositories and websites that host the article are responsible for
incorporating any publisher-supplied amendments or retractions issued subsequently.

Wiley Open Access articles are also available without charge on Wiley's publishing platform,
Wiley Online Library or any successor sites.
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Use by non-commercial users

For non-commercial and non-promotional purposes individual users may access, download, copy,
display and redistribute to colleagues Wiley Open Access articles, as well as adapt, translate, text-
and data-mine the content subject to the following conditions:

® The authors' moral rights are not compromised. These rights include the right of
"paternity” (also known as "attribution" - the right for the author to be identified as such) and
"integrity" (the right for the author not to have the work altered in such a way that the
author's reputation or integrity may be impugned).

* Where content in the article is identified as belonging to a third party. it is the obligation
of the user to ensure that any reuse complies with the copyright policies of the owner of that
content.

e If article content is copied, downloaded or otherwise reused for non-commercial research
and education purposes, a link to the appropriate bibliographic citation (authors, journal,
article title, volume, issue, page numbers, DOI and the link to the definitive published
version on Wiley Online Library) should be maintained. Copyright notices and disclaimers
must not be deleted.

e Any translations, for which a prior translation agreement with Wiley has not been agreed,
must prominently display the statement: "This is an unofficial translation of an article that
appeared in a Wiley publication. The publisher has not endorsed this translation."

Use by commercial "for-profit" organisations

Use of Wiley Open Access articles for commercial, promotional, or marketing purposes
requires further explicit permission from Wiley and will be subject to a fee. Commercial
purposes include:

e Copying or downloading of articles, or linking to such articles for further redistribution,
sale or licensing;

e Copying, downloading or posting by a site or service that incorporates advertising with
such content;

® The inclusion or incorporation of article content in other works or services (other than
normal quotations with an appropriate citation) that is then available for sale or licensing, for
a fee (for example, a compilation produced for marketing purposes, inclusion in a sales
pack)

* Use of article content (other than normal quotations with appropriate citation) by for-profit
organisations for promotional purposes

* Linking to article content in e-mails redistributed for promotional, marketing or
educational purposes;

e Use for the purposes of monetary reward by means of sale, resale, licence, loan, transfer or
other form of commercial exploitation such as marketing products

® Print reprints of Wiley Open Access articles can be purchased from:

corporatesales@wiley.com
Other Terms and Conditions:
BY CLICKING ON THE "I AGREE..." BOX, YOU ACKNOWLEDGE THAT YOU

HAVE READ AND FULLY UNDERSTAND EACH OF THE SECTIONS OF AND
PROVISIONS SET FORTH IN THIS AGREEMENT AND THAT YOU ARE IN
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AGREEMENT WITH AND ARE WILLING TO ACCEPT ALL OF YOUR
OBLIGATIONS AS SET FORTH IN THIS AGREEMENT.

vl.7

If you would like to pay for this license now, please remit this license along with your
payment made payable to "COPYRIGHT CLEARANCE CENTER" otherwise you will be
invoiced within 48 hours of the license date. Payment should be in the form of a check
or money order referencing your account number and this invoice number
RLNK500799832.

Once you receive your invoice for this order, you may pay your invoice by credit card.
Please follow instructions provided at that time.

Make Payment To:
Copyright Clearance Center
Dept 001

P.O. Box 843006

Boston, MA 02284-3006

For suggestions or comments regarding this order, contact RightsLink Customer
Support: customercare@copyright.com or +1-877-622-5543 (toll free in the US) or +1-
978-646-2777.

Gratis licenses (referencing $0 in the Total field) are free. Please retain this printable
license for your reference. No payment is required.
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