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Dissertacdo de Mestrado
Programa de P6s-Graduagdo em Ciéncias Farmacéuticas
Universidade Federal de Santa Maria

AVALIACAO DO EIBRINOGENIO COMO UMA NOVA FONTE PARA
A FORMACAO IN VITRO DE PRODUTOS PROTEICOS DE
OXIDACAO AVANCADA

AUTORA: VANESSA DORNELES TORBITZ
ORIENTADOR: PROF. DR. RAFAEL NOAL MORESCO
CO-ORIENTADOR: PROF. DR. JOSE EDSON PAZ DA SILVA
Local e Data da Defesa: Santa Maria, 08 de julho de 2015.

O estresse oxidativo é caracterizado pelo desequilibrio entre a producdo de radicais livres, em
particular espécies reativas de oxigénio (EROs), e a capacidade de defesa do organismo contra
essas espécies, levando a um progressivo dano oxidativo. As proteinas sdo consideradas o
principal alvo para o dano oxidativo, uma vez que estas sdo as maiores componentes dos sistemas
bioldgicos e podem neutralizar 50 a 75% dos radicais livres. Recentemente, foi descrita uma nova
classe de compostos formados em consequéncia do estresse oxidativo, designada como produtos
proteicos de oxidacdo avancada (AOPP). O acimulo de AOPP foi primeiramente descrito em
pacientes com insuficiéncia renal crnica submetidos a hemodialise e, posteriormente, verificou-
se que este marcador estd envolvido em uma série de condi¢Bes patoldgicas, como diabetes,
aterosclerose, obesidade e insuficiéncia renal aguda. Estudos prévios tém identificado AOPP
como um novo marcador de dano oxidativo a proteinas e uma nova classe de mediadores
inflamatdrios, promovendo efeitos tanto a nivel celular, quanto a nivel sistémico. Neste contexto,
diferentes estruturas bioldgicas, incluindo proteinas plasmaticas como a albumina e o
fibrinogénio, sdo passiveis a oxidacdo por EROs. Sabe-se que a albumina é o principal alvo do
estresse oxidativo no plasma de pacientes urémicos, no entanto, ja foi demonstrado que o
fibrinogénio também é passivel de sofrer modificacdes oxidativas. Considerando que 0s processos
inflamatdrios e oxidativos estdo envolvidos na fisiopatologia de uma série de condicGes clinicas e
que AOPP ¢é um biomarcador que pode refletir essas alteracdes, € de extrema relevancia a
avaliacdo da susceptibilidade de outras proteinas a formacao desses produtos, além da albumina.
Assim, o principal objetivo deste estudo foi investigar a formacdo de AOPP a partir do
fibrinogénio em um modelo in vitro, bem como avaliar alteragdes estruturais e funcionais na
molécula desta proteina pro-coagulante. Desse modo, para a promocdo de AOPP in vitro, o
fibrinogénio foi exposto ao &cido hipocloroso (HOCI) em diversas concentracdes (1, 2 e 4mM).
Apos a verificacdo da efetividade do fibrinogénio em produzir AOPP, foi demonstrado que a
formacéo destes produtos promove alteragdes funcionais no fibrinogénio, causando modificacBes
em seus dominios estruturais e aumentando sua atividade pré-coagulante. Portanto, o fibrinogénio
pode ser considerado uma fonte de formacdo de AOPP e as alteracbes provocadas por este
processo na molécula desta proteina, podem estar relacionadas a diversas condi¢des patoldgicas
envolvendo o sistema da coagulacao e contribuir especialmente, no desenvolvimento de processos
tromboticos.

Palavras-chave: Fibrinogénio. Estresse oxidativo. Produtos proteicos de oxidacdo avancgada.
Inflamacao.
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Oxidative stress is characterized by an imbalance between the production of free radicals,
particularly reactive oxygen species (ROS), and the defense capacity of the organism against these
species, leading to a progressive oxidative damage. Proteins are considered to be the primary
target for oxidative damage, since they are major components of biological systems and may
neutralize 50 to 75% of free radicals. Recently, a new class of compounds formed as a result of
oxidative stress was described, referred to as advanced oxidation protein products (AOPP). The
accumulation of AOPP was first described in patients with chronic renal failure on hemodialysis
and subsequently it was found that this marker is involved in a number of pathological conditions
such as diabetes, atherosclerosis, obesity, and acute renal failure. Previous studies have identified
AOPP as a new marker of oxidative damage to proteins and a new class of inflammatory
mediators promoting effects both at the cellular level, as at systemic level. In this context,
different biological structures, including plasma proteins such as albumin and fibrinogen are
susceptible to oxidation by ROS. It is known that albumin is the major target of oxidative stress in
plasma of uremic patients, however, it has been demonstrated that the fibrinogen is also capable
of undergoing oxidative modification. Whereas the oxidative and inflammatory processes are
involved in the pathophysiology of a number of clinical conditions and AOPP is a biomarker
which can reflect these changes, it is extremely important to evaluate the susceptibility of other
proteins to the formation of these products, in addition to albumin. Thus, the aim of this study was
to investigate the formation of AOPP from the fibrinogen in an in vitro model and evaluate
structural and functional changes in the molecule of this pro-coagulant protein. Thus, to promote
in vitro AOPP, fibrinogen was exposed to hypochlorous acid (HOCI) at various concentrations (1,
2 and 4 mM). After checking the effectiveness of fibrinogen to produce AOPP, was demonstrated
that the formation of these products promotes functional alterations in fibrinogen, causing changes
in their structural domains and increasing their procoagulant activity. Therefore, the fibrinogen
can be considered a source of AOPP formation and deterioration caused by this process in the
molecule of this protein, may be related to several pathological conditions involving coagulation
system and contribute especially in the development of thrombotic processes.

Keywords: Fibrinogen. Oxidative stress. Advanced oxidation protein products. Inflammation
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APRESENTACAO

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a forma de
artigo, o qual se encontra no item ARTIGO CIENTIFICO. As secdes Materiais e Métodos,
Resultados e Discussdo encontram-se no proprio artigo e representam a integra deste estudo.
O item CONCLUSOES, encontrado no final desta dissertacdo, apresenta interpretacdes e
comentarios gerais sobre o artigo cientifico contido neste trabalho. As REFERENCIAS
BIBLIOGRAFICAS referem-se somente as citagdes que aparecem nos itens
INTRODUGCAO e CONCLUSOES desta dissertacdo, uma vez que as referéncias utilizadas

para a elaboracdo do artigo estdo mencionadas no proprio artigo.



1 INTRODUCAO

O estresse oxidativo é caracterizado pelo desequilibrio entre a producéo de radicais
livres e a capacidade de defesa do organismo contra essas espécies, levando a um progressivo
dano oxidativo (VALKO et al., 2007). Os principais e mais reativos radicais livres sdo
representados pelas espécies reativas de oxigénio (EROs), que sdo derivadas de reacdes que
envolvem o oxigénio molecular. Este pode sofrer reducdo tetravalente com aceitagédo de
quatro elétrons, resultando na formacéo de agua (H,0). Durante este processo, sdo formados
intermediarios reativos, como os radicais superoxido (O;"), hidroxila (OH") e o peroxido de
hidrogénio (H,O;). Quando a geracao de radicais livres excede a capacidade antioxidante do
organismo, ocorre um desequilibrio no estado redox celular, promovendo o estresse oxidativo
(HALLIWELL, 2006).

Nas ltimas décadas, o papel dos radicais livres em processos fisiopatologicos
relacionados ao estresse oxidativo tem sido intensamente investigado (ROBERTS et al.,
2009). Diferentes estruturas bioldgicas, incluindo proteinas plasmaticas como a albumina e o
fibrinogénio (FB), sdo passiveis a oxidacdo por EROs. Himmelfarb & MacMonagle (2001)
demonstraram que a albumina € o principal alvo do estresse oxidativo no plasma de pacientes
urémicos. No entanto, ja foi demonstrado que o FB também ¢é passivel de sofrer modificacbes
oxidativas (SELMECI et al., 2006). FB é uma proteina soltvel, abundantemente encontrada
no plasma, constituida por cadeias ligadas por pontes dissulfeto (MOSESSON, 2005). Além
de ser considerado uma molécula chave no processo de coagulacdo, o FB apresenta alta
susceptibilidade ao ataque oxidativo e a modificagdes pos-transducionais (SHACTER et al.,
1994).

Em 1996 foi descrito um novo marcador do estresse oxidativo proteico em pacientes
urémicos, denominado de produtos proteicos de oxidacdo avancada (AOPP) (WITKO-
SARSAT et al., 1996). AOPP compreende uma familia heterogénea de compostos proteicos
modificados estruturalmente, provenientes do estresse oxidativo, principalmente a partir do
acido hipocloroso (HOCI) sintetizado pela mieloperoxidase (MPO), uma enzima amplamente
expressa em células do sistema imunoldgico. Em algumas situac@es clinicas nas quais had um
guadro inflamatério envolvido, essa enzima pode estar constantemente ativa, levando a um
aumento da producdo de HOCI, o que promovera, consequentemente, o acimulo de AOPP

plasmatico. Além disso, foi demonstrado que os AOPP também desempenham um importante
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papel no progresso fisiopatoldgico, visto que este marcador é capaz de ativar células
inflamatorias, como monacitos, macrofagos e neutrofilos, induzindo e amplificando o estado
pré-inflamatorio (WITKO-SARSAT et al., 2003).

Considerando que os processos inflamatdrios e oxidativos estdo envolvidos na
fisiopatologia de uma série de condi¢des clinicas e que AOPP é um biomarcador que pode
refletir essas alteragdes, é de grande aplicabilidade clinica a avaliagdo da susceptibilidade de
outras proteinas além da albumina a formacao desses produtos. Assim, este estudo tem como
objetivo investigar a formacdo de AOPP em um modelo in vitro, partir da exposicdo do FB ao
HOCI, além de verificar se a formacdo destes produtos pode estar associada a alteraces

funcionais na molécula desta proteina pré-coagulante.

1.1 Fibrinogénio

Fibrinogénio é uma glicoproteina essencial para a funcdo plaquetaria, especialmente
para a agregacao. Possui peso molecular de 340 kDa e trés pares de cadeias polipeptidicas (o,
B e v) unidas por pontes dissulfeto. Esta molécula consta de trés dominios estruturais, sendo
uma regido central que contém os fibrinopeptidios A e B e a regido NH-terminal de seis
cadeias polipeptidicas; duas regides distais conectadas a anterior por seus segmentos
helicoidais e as regides carboxiterminais das cadeias a, p e y (MOSESSON et al., 2001),
conforme ilustrado na Figura 1.

E sintetizado primariamente no figado, onde sua producdo é regulada por estimulos
pré-inflamatorios, como a interleucina-1 (IL-1) e a interleucina-6 (IL-6), e a sua sintese é
estimulada em resposta a infeccBes e outros processos inflamatérios (PEREZ et al., 1999). O
FB representa uma das proteinas mais abundantes no plasma sanguineo com uma
concentracdo média de 150-300 mg/dL e uma meia-vida em humanos de 3-5 dias (COLLEN
et al., 1972). Em situacGes de les&o tissular e inflamacédo, ocorre ativagdo da trombina, uma
importante enzima da cascata da coagulacdo a qual se une ao FB circulante, liberando os
fibrinopeptidios A e B e formando os mondmeros de fibrina, processo este, que influencia

diretamente nos parametros da coagulacédo (SCOTT et al., 2004).



18

FPA
FPB
/ ’
t \
1:1‘ T AD Apéndice Polar Ac

1|I/
p U hﬂig'ﬁ\
A \\ . .

Apéndice Polar Ao

Figura 1. Representacdo esquematica da molécula de fibrinogénio. A estrutura basica consiste em trés pares de
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cadeias polipeptidicas a, p ¢ y. FPA e FPB representam os fibrinopeptideos A e B. * Grupos de Carboidratos. -|—
Anéis dissulfeto. (Reproduzido por FUSS, 2004).

Diversas influéncias genéticas e ambientais permitem explicar as importantes
variacdes detectadas nos valores de FB em diferentes populacdes (HUMPHRIES et al., 1999).
No entanto, alguns estudos demonstraram que os determinantes ambientais desempenham um
papel mais importante sobre as variagdes plasmaticas dessa proteina. O FB é uma proteina de
fase aguda cuja concentracdo aumenta em numerosas situacfes como idade avancada, sexo
feminino, menopausa, hipertensdo arterial, tabagismo, diabetes, dislipidemia, obesidade,
inflamacéo e infeccbes (MARGAGLIONE et al., 1998).

Esta proteina desempenha um papel essencial na coagulacdo sanguinea, agregacéao
plaquetaria e também estd envolvida no processo inflamatorio e na aterogénese (ERNST &
RESCH, 1993). Neste contexto, estados inflamatorios agudos estdo relacionados com um
aumento dos valores de FB, principalmente quando estdo associados a enfermidade vascular
(MEADE et al., 1987). Além disso, esta proteina também tem sido associada com a sindrome
metabolica. Deficiéncias hereditarias, insuficiéncia hepatica e coagulacdo intravascular
disseminada sdo situacfes na qual ha uma reducéo nos niveis de FB (LINDAHL et al., 1996).

As concentractes de FB e produtos da degradacdo de fibrina/fibrinogénio (PDFs)

também podem fornecer informacfes adicionais a respeito da hemostasia, a qual € um
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processo fisiologico que tem como objetivos a manutencao da integridade e do fluxo vascular
e o controle da hemorragia e trombose. Este processo depende de interagcdes complexas entre
o0 endotélio vascular, plaquetas, fatores de coagulacdo (e seus co-fatores) e fatores
fibrinoliticos. Em adicdo, as plaquetas, fundamentais para a hemostasia, sdo ativadas, aderem
ao local da adeséo e secretam substancias necessarias para a coagulacao e para 0 processo de
cicatrizacdo, formando agregados que impedem a perda sanguinea (SMITH, 2010). Além
disso, o FB exerce efeitos relevantes sobre a funcdo plaquetaria, visto que a
hiperagregabilidade de plaquetas estd associada com hiperfibrinogenemia e trombose
(SCHNEIDER et al., 2001).

Considerando que o FB exerce um importante papel em uma série de condi¢des
patoldgicas, Maresca et al. (1999) demonstraram que 0s niveis plasmaticos de FB sao
preditores independentes de doencas cardiovasculares. Além disso, foi relatado que
modificacOes oxidativas em proteinas também podem estar envolvidas no desenvolvimento de
processos isquémicos (TAJES et al., 2013) e que alteragdes na estrutura molecular do FB
humano, como exemplo, a nitracdo dos residuos de tirosina, resultou na aceleracdo da
formacéo de coagulos de fibrina in vitro e in vivo (PARASTATIDIS et al., 2007). ). Ill-Raga
et al. (2015) também demonstraram que 0 estresse nitrativo pode afetar o processo de
coagulacdo, através de um andlise por tromboelastometria, a qual demonstrou que
inicialmente a nitrotirosinacdo do fibrinogénio retarda a formacdo de coagulos, porém mais
tardiamente fazem esses coagulos mais resistentes a fibrinolise. Assim, a nitracdo do FB pode
ser considerada um importante fator para o desencadeamento de doencas cardiovasculares
(CASTELLI et al., 1986).

1.2 Processos oxidativos envolvendo o fibrinogénio

O estresse oxidativo € um estado de desequilibrio entre a producdo de radicais livres,
em particular EROs, e a capacidade de defesa do organismo contra essas espécies, levando a
um progressivo dano oxidativo (VALKO et al., 2007). Os radicais livres sdo todas as espécies
quimicas que possuem um ou mais elétrons desemparelhados em sua Ultima camada
eletronica. Essa caracteristica confere um alto poder de reatividade aos radicais livres
(HALLIWELL, 2006). As EROs, bem como as espécies reativas de nitrogénio (ERNS), sdo

produzidas de forma continua em concentracfes fisiologicas pelo metabolismo celular
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(VALKO et al., 2006). No entanto, em situacdo de desequilibrio entre a formacao e a remocgéo
dessas espécies decorrentes da diminui¢do dos antioxidantes enddgenos, ou ainda do aumento
da geracdo de espécies oxidantes, é gerado um estado pro-oxidante caracteristico do estresse
oxidativo (VALKO et al., 2007).

EROs podem ser derivados de fontes exdgenas como a exposicao a irradiacdes gama e
ultravioleta, poluentes ambientais, tabagismo, drogas, alcool, pesticidas e solventes
industriais, como também de processos essenciais do metabolismo endogeno (SHACTER,
2000). A formacéo das EROs ocorre continuamente nas células, em consequiéncia de reacoes
enzimaticas e ndo enzimaticas. Nas células dos mamiferos, locais conhecidos de geracdo de
EROs incluem a mitocdndria e o reticulo endoplasmético. Nos peroxissomos, peroxido de
hidrogénio (H,0) é produzido pela beta oxidacdo dos &cidos graxos (OCKNER et al, 1993),
a qual também pode produzir radical superéxido (O,"), via transferéncia de elétron catalizada
pela enzima Acetil-CoA oxidase (SCHONFELD et al., 2009). O estresse oxidativo favorece a
ocorréncia de ataques das EROs a componentes celulares, podendo resultar em danos
oxidativos a macromoléculas e diversas estruturas celulares, tecidos e érgdos, intervindo,
assim, em inumeras funcdes fisiologicas vitais. Este processo estd envolvido em uma grande
variedade de condicOes patoldgicas e acredita-se que seja um agente patogénico em muitas
dessas condi¢cGes (DHALLA et al., 2000; VICTOR et al., 2009). Neste contexto, ha uma
constante investigacdo de substancias bioldgicas que possam servir como potenciais
biomarcadores em condic6es clinicas associadas a formacdo de EROs. Além disso, 0 estresse
oxidativo pode ser considerado um importante alvo para o desenvolvimento de terapias
farmacologicas que, ao reduzir ou prevenir 0 dano oxidativo, conferem protecdo aos
componentes celulares.

As proteinas sdo importantes alvos de varias modificacGes causadas pelo estresse
oxidativo, levando a alteracdes estruturais e, consequentemente, a perda parcial ou total de
suas funcbes (SILVA et al.,, 2015). O FB participa de um importante percentual destas
proteinas plasmaticas, as quais podem sofrer modificacbes poés-translacionais em suas
moléculas (MARTINEZ et al., 2013). Dentre essas modificaches estdo as reacOes de
oxidacdo, que induzem a alteracBes nos residuos de amino&cidos, alterando a estrutura e
funcdo das proteinas, além de poderem ocasionar a formacdo de ligagdes cross-linking e
fragmentacéo proteica (DALLE-DONNE et al., 2006).

Como as proteinas desempenham diversas fungfes biologicas, o dano a essas
estruturas pode promover varias consequéncias, incluindo alteracdes na atividade fisioldgica

destas moléculas (DALLE-DONNE et al., 2006). Dentre esses efeitos, destacam-se 0 dano a
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enzimas, o qual promove modificacBes severas no metabolismo, e o dano a proteinas
estruturais como, por exemplo, o FB, que pode resultar na inibicdo da coagulagéo
(SHACTER, 2000). Um exemplo de marcador bem estabelecido de dano oxidativo proteico é
a formacdo de grupos carbonil. Estes grupos carbonil (aldeidos ou cetonas) sdo produzidos
através de diferentes mecanismos. As EROs podem reagir diretamente com as proteinas ou
com moléculas de agucares e lipidios, gerando compostos carbonilicos altamente reativos que
entdo interagem com as proteinas. Esses derivados carbonilicos, como o glioxal, metilglioxal,
acroleina e o malondialdeido sdo compostos altamente reativos, resultantes tanto da oxidagéo
das cadeias laterais de arginina, lisina, treonina e prolina ou ainda pela clivagem das ligacGes
peptidicas (LIPINSKI, 2001). Os grupos carbonil também podem ser introduzidos nas
proteinas através da decomposicdo oxidativa dos &cidos graxos poliinsaturados, gerando
aldeidos, os quais reagem diretamente com os residuos de lisina, histidina e cisteina. Por fim,
0s grupos carbonil ainda podem ser introduzidos nas proteinas através da reacdo do grupo
amino primario da lisina com derivados carbonil reativos produzidos pela reacdo com 0s
acucares redutores (DALLE-DONE et al., 2006). Assim, o conteldo de proteina carbonil
pode ser considerado um biomarcador abrangente e inespecifico de dano oxidativo proteico.
Uma vez formados, os grupos carbonil sdo quimicamente estaveis, o que facilita a sua
deteccdo (DALLE-DONNE et al., 2006).

Existem outros tipos de modificacdes proteicas que podem ser induzidas por EROs,
incluindo a perda de grupamentos tidis (-SH), a formacéo de ligacdes dissulfeto, sulfoxido de
metionina, ligacBes ditirosina, nitrotirosina e glicoxidacdo. A perda de grupos -SH das
proteinas pode ser induzida por varias EROs e é uma das respostas mais precoces em uma
situacdo de estresse oxidativo (SHACTER, 2000). A formacéo de ligacGes ditirosina € outra
importante modificacdo oxidativa que acomete as proteinas e estas ligacGes sdo formadas
através da dimerizacdo do aminodcido tirosina, sendo a formagdo destas ligagdes um
marcador de dano oxidativo proteico (WITKO-SARSAT et al., 1996).

Devido as proteinas serem consideradas as macromoléculas mais suscetiveis ao dano
oxidativo (DAVIES et al., 1999), a exposi¢cdo de uma proteina a compostos reativos leva a
modifica¢Oes covalentes nas cadeias laterais de seus aminoécidos, que incluem a formagéo de
grupos sulfoxido de metionina, ditirosina e grupos carbonil (ISCHIROPOULOQOS et al., 1998).
Estas alteragbes induzem efeitos funcionais, incluindo modificacdo do sitio de ativacéo,
inativacdo de enzimas e susceptibilidade & degradacdo proteolitica. Nesse contexto,
evidéncias indicam que estas modificacbes oxidativas, como a nitracdo de proteinas

plasmaticas envolvidas na coagulacdo sanguinea, podem levar a alteracdo do processo
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hemostatico (STIEF et al., 2000). Foi demonstrado que as proteinas plasmaticas apresentam
susceptibilidade diferencial & modificagdo oxidativa, e, sobretudo, o FB ¢é altamente
susceptivel ao ataque oxidante (SHACTER et al., 1995).

O FB oxidado esta presente no plasma de pacientes com cancer de pulmao e fumantes
(PIGNATELLI et al., 2001) e esta oxidacdo altera a sua atividade, bem como a agregacéao
plaquetéria (BELISARIO et al., 1997). Além disso, também foi evidenciado que pacientes
diabéticos com complicagdes ateroscleroticas apresentaram depdsitos fibrosos intravasculares
que continham, além de LDL - colesterol oxidado, substancias denominadas materiais
semelhantes a fibrinogénio (FLM), e tem sido sugerido que a formacdo destas FLM esta
associada com a formacéo de ligagdes ditirosina entre as cadeias o do FB (LIPINSKI, 2001).
O FB modificado por nitracdo, induzida por peroxinitrito, também foi encontrado no plasma
de pacientes com sindrome do desconforto respiratério agudo e doenca arterial coronariana
(VADSETH et al., 2004).

Desse modo, ha outros estudos que demonstraram que a nitracdo do FB pode levar a
um aumento da taxa de formacao do coagulo de fibrina, diminuicdo da taxa de lise do coagulo
e alteracdo estrutural do coagulo de fibrina, bem como de suas propriedades viscoelasticas
(VADSETH et al., 2004). Estes efeitos funcionais indicam que o FB oxidado por nitracéo
pode representar um fator de risco para trombose durante a inflamacéo e estresse oxidativo
(NOWAK et al., 2007).

Lee & Shacter (1995) observaram que o FB é uma proteina altamente susceptivel a
modificacdo oxidativa em comparacdo com outras proteinas plasmaticas. O FB e a albumina
sdo proteinas que podem atuar como antioxidantes. 1sso se deve a presenca de aminoacidos
em suas estruturas que possuem afinidade por espécies reativas, neutralizando o efeito pro-
oxidante das mesmas (HALLIWELL et al., 1995). Nesse contexto, Karpel et al. (1991)
demonstraram que radicais O, produzidos através da reacédo entre Cu?* e ascorbato induziram
modificagdes oxidativas no FB. Neste estudo, o FB comportou-se como uma molécula
antioxidante, neutralizando as espécies reativas e, consequentemente, sofrendo alteracGes
oxidativas. Além disso, a oxidacdo do FB conduziu a disturbios do processo de coagulacdo
(KARPEL et al., 1991).

Embora a concentracdo de albumina no plasma seja superior a do FB, durante o
processo inflamatorio ocorre um aumento da sintese de proteinas de fase aguda de elevados
pesos moleculares, tais como ceruloplasmina (230kDa) e FB (340kDa). Nesse contexto, essas
proteinas de fase aguda sdo consideradas antioxidantes complementares e sdo necessarias para

neutralizar a producdo excessiva de EROs liberadas pelos leucécitos ativados. Assim, estas
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proteinas de elevado peso molecular sdo antioxidantes Uteis na detoxificacdo de espécies
reativas durante o processo oxidativo e no aumento de radicais livres decorrentes de
condicdes inflamatdrias, resultando na oxidacao dessas proteinas (OLINESCU, 2001).

Desta forma, ha uma constante investigacdo de indicadores biologicos que possam
servir como potenciais biomarcadores em condigdes clinicas associadas ao estresse oxidativo.
Neste contexto, a mensuracdo dos niveis de AOPP, os quais sdo considerados uma familia
heterogénea de compostos modificados oxidativamente, pode servir como um biomarcador de
uma série de modificacdes oxidativas, como a formacdo de grupamentos carbonil e ligacbes

ditirosina.

1.3 Produtos proteicos de oxidacdo avangada

A avaliacdo de biomarcadores das reacfes que envolvem as EROs tem potencial nao
apenas de determinar a extensdo do dano oxidativo, mas também de predizer a eficiéncia das
estratégias terapéuticas destinadas a reduzir ou prevenir os danos promovidos pelo estresse
oxidativo. Desse modo, o desenvolvimento de biomarcadores validados para doencas
humanas €é essencial para melhorar o diagnéstico e acelerar o desenvolvimento de novas
terapias (COLOMBO et al., 2015). H& aproximadamente duas décadas, foi descrita e
caracterizada uma nova classe de compostos formados em consequéncia do estresse
oxidativo, designada como AOPP (WITKO-SARSAT et al., 1996). Esses compostos sdo
considerados um grupo heterogéneo de proteinas, predominantemente a albumina,
modificadas principalmente pela acdo do HOCI (HENLE et al., 1999). Este acido ¢ um dos
oxidantes formados in vivo pela agdo da enzima MPO que catalisa a reacéo entre o ion cloreto
(CI') e 0 H,0O, para gerar grandes quantidades de HOCI (KETTLE et al., 1997).

Evidéncias crescentes sugerem que as AOPP sdo mediadores patogénicos envolvidos
em uma série de transtornos fisioldgicos, o que justifica a necessidade urgente de
compreender os seus efeitos sobre as células, tecidos e 6rgdos (XIE et al., 2014). Analises de
especies moleculares e das propriedades espectrais dos AOPP demonstraram que ha
modificagdes estruturais, como a formacdo de grupamentos carbonilicos e componentes
ditirosina, induzidas pelo HOCI sobre as proteinas (CAPEILLERE-BLANDIN et al., 2004).
Assim, Witko-Sarsat et al. (1996) demonstraram que € possivel formar AOPP in vitro

(albumina-AOPP), incubando a albumina sérica humana purificada em uma solucdo de HOCI.
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Davies et al. (1999) observaram que grupos carbonil e ditirosina tambem séo formados pela
exposicdo da albumina ao HOCI. A fim de comprovar a formacdo dessas modificacGes
estruturais, demonstrou-se que grupos carbonil e ditirosina foram correlacionados
positivamente com os niveis de AOPP em pacientes urémicos (WITKO-SARSAT et al.,
1998). Assim, os AOPP podem ser considerados marcadores confidveis para estimar o grau
de modificacOes oxidativas de proteinas (PIWOWAR et al., 2007).

Tem sido sugerido que a albumina é a principal proteina plasmatica responsavel pela
formacéo de AOPP. Esta formacdo ocorre principalmente atraves da oxidacao promovida pelo
HOCI secretado pela MPO durante o processo inflamatorio (CAPEILLERE-BLANDIN et al.,
2004). Esta enzima, além de liberar oxidantes clorados, também é responsavel pela secrecdo
de oxidantes derivados do nitrogénio (WITKO-SARSAT et al., 2003). Nesse sentido, foi
demonstrado que a administracdo de lipopolissacarideo, indutor do processo inflamatorio,
promoveu uma elevacdo dos niveis de FB oxidado por nitracdo, bem como o aumento da
atividade da MPO. Assim, h4 uma associacdo entre o aumento da atividade da MPO e a
oxidacdo do FB (HEFFRON et al., 2009).

Neste contexto, com o objetivo de avaliar as fracBes plasmaticas responsaveis pela
reatividade dos AOPP, Selmeci et al. (2006) demonstraram que os niveis plasmaticos deste
biomarcador, utilizando EDTA e citrato como anticoagulantes, foram superiores aos niveis
séricos, sugerindo que proteinas consumidas durante o processo de coagulacdo podem estar
envolvidas na formacdo de AOPP. Além disso, neste mesmo estudo, foi observado que o FB
contribui para reatividade dos AOPP. Assim, sugere-se que o FB também é uma importante
proteina envolvida na formagdo de AOPP. Contudo, ndo ha estudos que demonstram a
formacdo de AOPP através da interacdo entre o FB e o HOCI, bem como se este processo de

oxidag&o altera sua estrutura e atividade.



2 OBJETIVOS

2.1 Objetivo geral

Avaliar o potencial do FB como uma nova fonte para a formacéo de AOPP a partir de

um modelo in vitro, bem como verificar altera¢Ges funcionais e estruturais nesta proteina.

2.2 Objetivos especificos

e Promover a inducdo da formacdo de AOPP in vitro através da incubacdo de FB e
HOCI;

e Avaliar modificagfes estruturais do FB exposto ao HOCI, analisando seu perfil

eletroforético através de eletroforese em gel de poliacrilamida (SDS-PAGE);

e |nvestigar alteracdes funcionais do FB oxidado através do ensaio de sua atividade.



3 ARTIGO CIENTIFICO

As se¢des “Métodos”, “Resultados” e “Discussao” estdo apresentadas no artigo a seguir, o

qual foi aceito para publicacdo no periodico Inflammation.



27

In vitro oxidation of fibrinogen promotes functional alterations and the formation of

advanced oxidation protein products, an inflammation mediator

Vanessa Dorneles Torbitz'?, Guilherme Vargas Bochi'®, José Antonio Mainardi de
Carvalho'?, Rodrigo de Almeida Vaucher®, José Edson Paz da Silva®, Rafael Noal

Morescol 2>

!Laboratory of Clinical Biochemistry, Department of Clinical and Toxicological Analysis,
Center of Health Sciences, Federal University of Santa Maria, Santa Maria, RS, Brazil
’Pharmaceutical Sciences Postgraduate Program, Center of Health Sciences, Federal
University of Santa Maria, Santa Maria, RS, Brazil

pPharmacology Postgraduate Program, Center of Health Sciences, Federal University of Santa
Maria, Santa Maria, RS, Brazil

*Laboratory of Microbiology, Center of Health Sciences, Franciscan University Center, Santa

Maria, RS, Brazil

*Corresponding Author: Rafael Noal Moresco

Universidade Federal de Santa Maria, Centro de Ciéncias da Salde, Departamento de
Analises Clinicas e Toxicologicas, Avenida Roraima 1000, Prédio 26, Sala 1401, Camobi,
97105-900, Santa Maria-RS, Brazil.

Phone.: +55 55 32208941; Fax: +55 55 32208018;

Email: rnmoresco@ufsm.br



28

Abstract

Fibrinogen (FB) is a soluble blood plasma protein and is a key molecule involved in
coagulation. Oxidative modification of proteins, such as the formation of advanced oxidation
protein products (AOPP), a heterogeneous family of protein compounds structurally modified
and derived from oxidative stress, may be associated with the pathophysiology of a number of
chronic inflammatory diseases. Therefore, the aim of this study was to determine whether the
formation of this mediator of inflammation occurs from FB, and whether its generation is
associated with structural changes. Results of the present study suggest that the oxidation of
FB may provoke the formation of AOPP, which in turn, may promote functional alterations in

FB, thus causing changes in its structural domains and increasing its pro-coagulant activity.

Keywords: Advanced oxidation protein products, coagulation, fibrinogen, inflammation,

oxidative stress.

1. Introduction

Fibrinogen (FB) is a soluble blood plasma protein and is a key molecule involved in
coagulation and hemostasis [1]. It is a dimeric glycoprotein with a molecular mass of 340 kDa
that is synthesized primarily in the liver. After albumin and globulins, it represents the third
most abundant protein in plasma, with an average concentration of 150-400 mg/dL and half-
life of 3-5 days [2]. FB is composed of two pairs of three non-identical chains termed Aa, B,
and y. Together, the chains comprise a symmetrical molecule composed of one globular E
region flanked on each side by globular D regions that are connected by three-stranded alpha
helical coiled-coils [3, 4]. The E region, which is composed of all three chains, contains

fibrinopeptides A and B [3, 5]. Cleavage of these peptides by thrombin exposes knobs A and
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B, thus resulting in the formation of fibrin monomers [6]. Specific sites in each of these
chains are subject to oxidative modification [3]. Oxidative stress has been widely implicated
in inflammatory processes related with diabetes mellitus, carcinogenesis, atherogenesis, and
especially arterial and venous thrombosis. In this context, proteins are major targets for
oxidants, and FB includes a large percentage of plasma proteins, which may be a target for
oxidative posttranslational modifications [7].

Numerous mechanisms for the induction of protein modifications may lead to different
types of these protein alterations. The detection of protein carbonyl groups is the most
frequently used measure the level of protein modification [8]. However, advanced oxidation
protein products (AOPP) are also markers of protein oxidation, as well as being mediators of
inflammation [9]. AOPP are a heterogeneous family of compounds that are structurally
modified and derived from oxidative stress, mainly from HOCI synthesized by
myeloperoxidase (MPQO), which is an enzyme broadly expressed in cells of the immune
system. In some clinical conditions in which inflammation is involved, this enzyme can be
constantly active, thus leading to an increased production of HOCI and the accumulation of
AOPP in plasma. It has been demonstrated that the spectral characteristics of AOPP
correspond to several chromophores, which include dityrosine, carbonyls, and pentosidine
[10]. In this context, although albumin is considered the major target for the formation of
AOPP, it is known that FB is also a key molecule in the reactivity of this product [11].
However, it has not been established yet whether FB is a source of AOPP formation. Since
oxidative and inflammatory processes are implicated in the pathophysiology of a number of
clinical conditions that involve the formation of AOPP, and since this biomarker can reflect
these changes, it is important to evaluate the susceptibility of other proteins to form AOPP.
Furthermore, it is important to investigate whether the formation of these products from FB

may be associated with changes in the activity of this procoagulant protein. Therefore, the aim
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of this study was to determine whether AOPP is formed from FB, and if this generation is
associated with structural changes and the appearance of FB fragments associated with band

formation.

2. Methods
2.1 Chemicals and reagents

Purified human FB, chloramine-T, and citric acid (CgHgO7) were purchased from
Sigma Chemical Co. (St. Louis, USA). Potassium iodide (K1) and sodium hydroxide (NaOH)
were purchased from Vetec Chemistry (Rio de Janeiro, Brazil). FB solutions were prepared
by diluting in 50 mM phosphate buffer (PBS). In this study, the term hypochlorous acid
refers to the sum of both HOCI and OCI" species. The hypochlorite concentration was
determined spectrophotometrically using a wavelength of 292 nm (e= 350 M™ cm™) after
dilution with 10 mM NaOH. The assays were performed in 50 mM PBS (pH 7.4). All

experiments were carried out in replicates (n=5).

2.2 Treatment of samples

FB was exposed to HOCI in order to produce FB-AOPP. The FB solution (300 mg/dL)
was incubated for 30 min with different concentrations of HOCI (1, 2, and 4 mM) at 37 °C
since it has been reported that this incubation time is suitable for the formation of AOPP [12].
FB samples exposed to HOCI were dialyzed overnight against PBS in order to reduce the
HOCI interference. We used 300 mg/dL FB because this is close to physiological
concentrations of FB. FB incubated only with PBS (FB-PBS) was used as the control. We
also tested a sample of FB incubated with NaOH and PBS (FB-NaOH) in order to

demonstrate that the NaOH used for diluting HOCI does not interfere with the AOPP levels.
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2.3 Determination of AOPP

First, a curve with different concentrations of HOCI (1, 2, and 4 mM) was obtained to
check the concentration-dependent increase of AOPP. Next, we tested different
concentrations of FB (30, 100, and 300 mg/dL) in order to investigate the association between
FB concentrations and AOPP levels. The AOPP concentrations were expressed in
chloramines-T equivalents (umol/L) and were measured spectrophotometrically using the
Cobas Mira® automated analyzer (Roche Diagnostics, Basel, Switzerland) by a method

previously described [13].

2.4 Spectrophotometric quantification of FB

In order to investigate the impact of FB exposure to HOCI on its concentration, FB
was quantified using the UV-Visible Spectrophotometer UVmini-1240® (Shimadzu, Kyoto,
Japan) at A=280 nm. The results were obtained from a calculation using the molar extinction

coefficient e=1.6 mg mL™ cm™ [14]. PBS was used as the blank.

2.5 SDS-PAGE of FB-AOPP

To determine if the oxidation of FB was associated with structural alterations in order
to generate bands associated with fragments or aggregates of this protein, FB-AOPP was
subjected to electrophoresis as described previously [15] on a 12% polyacrylamide gel for 2.5
h at a constant current of 30 mA using the Mini-PROTEAN® Tetra Cell (Bio-Rad
Laboratories, Hercules, CA, EUA). Gels were stained with Coomassie brilliant blue. FB-PBS
was used as a control. The Aa, BB, and y bands were quantified by scanning densitometry
using DS-5000® (Loccus Biotechnology, Cotia, SP, Brazil). Imagel software (National

Institutes of Health, USA) was used to determine the concentration of the bands on the gel.
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2.6 FB activity assays

To identify activity alterations of FB exposed to HOCI, we measured its activity
through a detection method consisting of light scattering (A = 660 nm) in the automated
coagulation Ca-1500® (Sysmex, Kobe, Japan) using a Thrombin reagent (Sigma Chemical

Co; St. Louis, MO, USA).

2.7 Statistical analysis

All experiments were performed in replicates (n= 5). Data are expressed as mean *
standard error and were compared using one-way analysis of variance (ANOVA) followed by
Tukey’s test for multiple comparisons. P <0.05 was considered statistically significant.
Statistical analyses were performed using the GraphPad Prism software version 4.00 for

Windows (GraphPad Software, San Diego, CA, USA).

3. Results

Exposure of FB to HOCI promoted the formation of AOPP in a concentration-
dependent manner, as shown in Figure 1. We also performed assays with different
concentrations of FB (30, 100, and 300 mg/dL), and the highest formation of AOPP occurred
in FB at a concentration of 300 mg/dL, as shown in Figure 2. In addition, we observed lower
concentrations of FB in the FB-AOPP group (Figure 3). Based on this observation, FB-AOPP
was subjected to SDS-PAGE so that we could observe the band formation with protein
aggregates of higher molecular weight, as well as band alterations in the FB Aa, BB, and vy
chains in relation to FB-PBS (Figure 4). In addition, densitometric scanning of the gel showed
that FB concentrations decreased in the Aa, B, and y bands (FB-PBS: Aa= 49.4mg/dL;
Bp=29.8mg/dL; y=31.7mg/dL; FB-NaOH: Ao= 42.3mg/dL; Bp=34.2mg/dL; y=27.2mg/dL;

FB-AOPP: Ao=11.2mg/dL; Bp=15.4mg/dL; and y=16.5mg/dL), and the percentage of FB
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degradation in FB-AOPP in relation to FB-PBS was 32%. As shown in Figure 5, FB exposed
to HOCI had increased activity when compared to FB-PBS, thus demonstrating that the
formation of AOPP may lead to decreased clotting time.

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

4. Discussion

In the present study, we demonstrated that FB is a target of HOCI-induced damage and
may be a source for the formation of AOPP. In this context, HOCI oxidation significantly
increased FB-AOPP levels in a concentration-dependent manner. Although albumin is the
major protein susceptible to the formation of AOPP [9], Selmeci et al. (2006) demonstrated
that plasma samples showed increased levels of AOPP in relation to serum samples,
suggesting that FB could be involved in the reactivity of AOPP. Interestingly, this notion was
supported by the observation that higher FB concentrations were associated with an enhanced
molar ratio of AOPP to FB [11]. In this present study, we have demonstrated that incubating
FB with different concentrations of HOCI induced an increase in AOPP formation in a
concentration-dependent manner, thus suggesting that FB may be involved not only in the
reactivity of AOPP, but also in the formation of these products.

AOPP is a heterogeneous family of structurally modified proteins that are derived
from oxidative stress, specifically from HOCI synthesized by MPO [16]. HOCI produced by
mieloperoxidase is likely the major oxidant from neutrophils, and may be an important

contributor to inflammatory tissue injury. The plasma fibronectin oxidized by the
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myeloperoxidase system and by reagent HOCI resulted in the loss of tryptophan and cysteine
[17]. FB treatment with HOCI leads to the preferential oxidation of specific methionine
residues on the a, B, and y chains. The oxidation of one or all of these residues is associated
with reduced lateral aggregation of protofibrils, resulting in gels with smaller fibers and
higher fiber density when compared to untreated fibrin gels [18]. Therefore, during pro-
oxidant conditions associated with the formation of HOCI, FB may be a target of HOCI, thus
triggering the formation of AOPP concomitantly with the formation of AOPP from albumin.
In addition, AOPP formation from FB may promote functional and structural changes in this
protein, and may contribute to disorders in the coagulation process.

FB is a dimeric glycoprotein with a molecular mass of 340 kDa that is synthesized
primarily in the liver [2]. It plays an essential role in blood coagulation and platelet
aggregation, and is also involved in inflammatory processes and atherogenesis. It is critical
protein for clot formation, both in the fibrin network and in platelet aggregation, which are
ultimately required for the generation of the hemostatic thrombus. Perturbations in these
functions may influence the formation and properties of the fibrin network and promote
pathological states, including thrombosis and thromboembolism [19, 20]. In this context,
oxidative stress leads to covalent oxidative modifications of plasma proteins, including FB. It
has been shown elsewhere that oxidized FB has an increased ability to form fibrin and that
acetylation prevents the enhancement of clot formation [21]. We have also demonstrated that
the FB exposure to HOCI promoted an increase in FB activity.

It has been reported that the treatment of FB with oxidizing reagents increased the
concentration of the carbonyl proteins to approximately 20 times that of the levels observed in
non-stressed cells. The formation of dityrosine, as well as the loss of tryptophan during the
oxidation of FB [22], was also observed. In the present study, we demonstrated that FB

treated with HOCI induced the formation of AOPP. We also observed changes in the
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concentration and activity of the FB. We detected a decrease in the FB concentration, which
was in contrast to the increase in FB activity that we observed. Furthermore, we have also
shown the presence of structural changes in FB incubated with HOCI, as well as alterations in
the band content of the Aa, Bf, and y chains. We infer from this that the formation of high
mass bands is likely a result of protein aggregation of FB. Moreover, based on the
densitometry scanning analysis of the gels, a decrease in the FB concentration in the bands of
the sample oxidized by HOCI was observed, thus suggesting that the change in the activity of
this protein may be specifically related to changes in these structural domains of the molecule.

The main findings of this study was to demonstrate that the oxidation of FB may lead
to the formation of AOPP in this in vitro model, and that this formation may promote
functional alterations in FB, thus causing changes in their structural domains and increasing
its activity. Finally, we suggest that the formation of FB-AOPP may contribute for the
generation of thrombosis and that FB, as well as albumin, may be a source of AOPP
formation. However, additional in vivo studies are required to confirm the role of FB-AOPP

in the pathophysiology of thromboembolic diseases.
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Figure 1 — HOCI versus FB-AOPP. Concentration-dependent effects of HOCI on FB-AOPP
formation. the FB solution (300 mg/dL) was incubated for 30 min with the HOCI solution (1,

2, and 4 mM) at 37 °C (n=5). NaOH was used as the control. Data are expressed as mean +

SEM. *p<0.05, **p<0.01.
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Figure 2 — FB versus FB-AOPP. Concentration-dependent effect of FB on FB-AOPP
formation. FB solutions (30, 100, and 300 mg/dL) were incubated for 30 min with the HOCI
solution (4 mM) at 37 °C (n=5). NaOH was used as the control. Data are expressed as mean +

SEM. *p<0.05, **p<0.01.
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Figure 3 — FB spectrophotometric quantification. FB-AOPP was obtained by incubating
FB (300 mg/dL) with HOCI (4 mM). The results were determined from a calculation using

the extinction coefficient of e=1.6 mg mL*cm™. NaOH was used as the control. Data are

expressed as mean £ SEM. *p<0.05, **p<0.01.
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Figure 4 — Effects of FB oxidation on the electrophoretic pattern. Proteins bands on a 12%
SDS-PAGE gel were visualized by Coomassie Blue staining. The positions of FB-AOPP, FB-
NaOH, and FB-PBS are indicated. Approximately 15 uL of sample was added to each lane.
Molecular masses are shown on the right. (A) Protein aggregates of higher molecular mass.
The intensity of the bands of the Aa, BB, and y FB chains were quantified by densitometry.

The experiment was repeated at least three times.
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Figure 5 — Effects of oxidation on the activity of FB. FB-AOPP was obtained by incubating
FB (300 mg/dL) with HOCI (4 mM). The results are expressed in coagulation time. Data are

expressed as mean £ SEM. *p<0.05, **p<0.01.



4 CONCLUSOES

O FB quando incubado com HOCI, foi capaz de promover a formacéo de AOPP in
Vitro;

A oxidacéo do FB para a formacdo de AOPP induziu a modificacfes estruturais na
molécula desta proteina, modificando seu perfil eletroforeético;

O FB oxidado apresentou aumento em sua atividade pro-coagulante atraves de

uma diminuig&o de seu tempo de coagulagéo.
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In Vitro Oxidation of Fibrinogen Promotes Functional
Alterations and Formation of Advanced Oxidation Protein
Products, an Inflammation Mediator
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Abstract—TFibrinogen (FB) is a soluble blood plasma protein and is a key molecule involved in
coagulation. Oxidative modification of proteins, such as the formation of advanced oxidation protein
products (AOPP), a heterogeneous family of protein compounds structurally modified and derived from
oxidative stress, may be associated with the pathophysiology of a number of chronic inflammatory
diseases. Therefore, the aim of this study was to determine whether the formation of this mediator of
inflammation occurs from FB and whether its generation is associated with structural changes. Results of
the present study suggest that the oxidation of FB may provoke the formation of AOPP, which in turn,
may promote functional alterations in FB, thus causing changes in its structural domains and increasing

its procoagulant activity.

KEY WORDS: advanced oxidation protein products; coagulation; fibrinogen; inflammation; oxidative stress.

INTRODUCTION

Fibrinogen (FB) is a soluble blood plasma protein and
is a key molecule involved in coagulation and hemostasis
[1]. It is a dimeric glycoprotein with a molccular mass of
340 kDa that is synthesized primarily in the liver. After
albumin and globulins, it represents the third most abundant
protein in plasma, with an average concentration of 150~
400 mg dL" and half-life of 3-5 days [2]. FB is composed
of two pairs of three nonidentical chains termed Ao, BG,
and +y. Together, the chains comprise a symmetrical mole-
cule composed of one globular E region flanked on each
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side by globular D regions that are connected by three-
stranded alpha-helical coiled coils [3, 4]. The E region,
which is composed of all three chains, contains fibrinopep-
tides A and B [3, 5]. Cleavage of these peptides by throm-
bin exposes knobs A and B, thus resulting in the formation
of fibrin monomers [6]. Specific sites in each of these
chains are subject to oxidative modification [3]. Oxidative
stress has been widely implicated in inflammatory process-
es related with diabetes mellitus, carcinogenesis, atherogen-
esis, and especially arterial and venous thrombosis. In this
context, proteins are major targets for oxidants, and
FB includes a large percentage of plasma proteins,
which may be a target for oxidative posttranslational
modifications [7].

Numerous mechanisms for the induction of protein
modifications may lead to different types of these protein
alterations. The detection of protein carbonyl groups is the
most frequently used measure the level of protein modifi-
cation [8]. However, advanced oxidation protein products
(AOPP) are also markers of protein oxidation, as well as
being mediators of inflammation [9]. AOPP are a hetero-
geneous family of compounds that are structurally modi-
fied and derived from oxidative stress, mainly from HOCI
synthesized by myeloperoxidase (MPO), which is an
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enzyme broadly expressed in cells of the immune system.
In some clinical conditions in which inflammation is in-
volved, this enzyme can be constantly active, thus leading
to an increased production of HOCI and the accumulation
of AOPP in plasma. It has been demonstrated that the
spectral characteristics of AOPP correspond to several
chromophores, which include dityrosine, carbonyls, and
pentosidine [10]. In this context, although albumin is con-
sidered the major target for the formation of AOPP, it is
known that FB is also a key molecule in the reactivity of
this product [11]. However, it has not been established yet
whether FB is a source of AOPP formation. Since oxida-
tive and inflammatory processes are implicated in the
pathophysiology of a number of clinical conditions that
involve the formation of AOPP, and since this biomarker
can reflect these changes, it is important to evaluate the
susceptibility of other proteins to form AOPP. Further-
more, it is important to investigate whether the formation
of these products from FB may be associated with changes
in the activity of this procoagulant protein. Therefore, the
aim of this study was to determine whether AOPP is
formed from FB, and if this generation is associated with
structural changes and the appearance of FB fragments
associated with band formation.

METHODS

Chemicals and Reagents

Purified human FB, chloramine-T, and citric acid
(CgHgO7) were purchased from Sigma Chemical Co. (St.
Louis, USA). Potassium iodide (KI) and sodium hydroxide
(NaOH) were purchased from Vetec Chemistry (Rio de
Janeiro, Brazil). FB solutions were prepared by diluting
in 50 mM phosphate buffer (PBS). In this study, the term
hypochlorous acid refers to the sum of both HOCI and
OCI™ species. The hypochlorite concentration was
determined spectrophotometrically using a wavelength of
292 nm (¢=350 M em™') after dilution with 10 mM
NaOH. The assays were performed in 50 mM PBS (pH
7.4). All experiments were carried out in replicates (n=5).

Treatment of Samples

FB was exposed to HOCI in order to produce FB-
AOPP. The FB solution (300 mg dL™") was incubated for
30 min with different concentrations of HOCI (1, 2, and
4 mM) at 37 °C since it has been reported that this
incubation time is suitable for the formation of AOPP
[12]. FB samples exposed to HOC] were dialyzed

overnight against PBS in order to reduce the HOCI
interference. We used 300 mg dL™' FB because this is
close to physiological concentrations of FB. FB
incubated only with PBS (FB-PBS) was used as the con-
trol. We also tested a sample of FB incubated with NaOH
and PBS (FB-NaOH) in order to demonstrate that the
NaOH used for diluting HOCI does not interfere with the
AOPP levels.

Determination of AOPP

First, a curve with different concentrations of HOCI
(1, 2, and 4 mM) was obtained to check the concentration-
dependent increase of AOPP. Next, we tested different
concentrations of FB (30, 100, and 300 mg dL™") in order
to investigate the association between FB concentrations
and AOPP levels. The AOPP concentrations were
expressed in chloramines-T equivalents (ptmol L") and
were measured spectrophotometrically using the Cobas
Mira® automated analyzer (Roche Diagnostics, Basel,
Switzerland) by a method previously described [13].

Spectrophotometric Quantification of FB

In order to investigate the impact of FB exposure to
HOCI on its concentration, FB was quantified using the
UV-Visible Spectrophotometer UVmini-1240®
(Shimadzu, Kyoto, Japan) at A=280 nm. The results were
obtained from a calculation using the molar extinction
coeflicient e=1.6 mg mL™" cm™ [14]. PBS was used as
the blank.

SDS-PAGE of FB-AOPP

To determine if the oxidation of FB was associated
with structural alterations in order to generate bands asso-
ciated with fragments or aggregates of this protein, FB-
AOPP was subjected to electrophoresis as described pre-
viously [15] on a 12 % polyacrylamide gel for 2.5 h at a
constant current of 30 mA using the Mini-PROTEAN®
Tetra Cell (Bio-Rad Laboratories, Hercules, CA, EUA).
Gels were stained with Coomassie brilliant blue. FB-PBS
was used as a control. The Ay, BG, and -~y bands were
quantified by scanning densitometry using DS-5000%
(Loccus Biotechnology, Cotia, SP, Brazil). Imagel soft-
ware (National Institutes of Health, USA) was used to
determine the concentration of the bands on the gel.

B Activity Assays

To identify activity alterations of FB exposed to
HOCI, we measured its activity through a detection method
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consisting of light scattering (A=660 nm) in the automated
coagulation Ca-1500® (Sysmex, Kobe, Japan) using a
Thrombin reagent (Sigma Chemical Co; St. Louis, MO,
USA).

Statistical Analysis

All experiments were performed in replicates (n=5).
Data are expressed as mean+standard error and were com-
pared using one-way analysis of variance (ANOVA)
followed by Tukey’s test for multiple comparisons.
P<0.05 was considered statistically significant. Statistical
analyses were performed using the GraphPad Prism soft-
ware version 4.00 for Windows (GraphPad Software, San
Diego, CA, USA).

RESULTS

Exposure of FB to HOCI promoted the formation of
AOPP in a concentration-dependent manner, as shown in
Fig. 1. We also performed assays with different concentra-
tions of FB (30, 100, and 300 mg dL™"), and the highest
formation of AOPP occurred in FB at a concentration of
300 mg dL™, as shown in Fig. 2. In addition, we observed
lower concentrations of FB in the FB-AOPP group (Fig. 3).
Based on this observation, FB-AOPP was subjected to
SDS-PAGE so that we could observe the band formation
with protein aggregates of higher molecular weight, as well
as band alterations in the FB Aa, B, and + chains in
relation to FB-PBS (Fig. 4). In addition, densitometric
scanning of the gel showed that FB concentrations
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decreased in the Aa, B, and -y bands (FB-PBS: 4a=49.4
mg dL™', B4=29.8 mg dL, and y=31.7 mg dL;
FB-NaOH: Aa=42.3 mg dL™', B3=342 mg dLL™", and
v=27.2 mg dL™'; FB-AOPP: da=11.2 mg dL7',
BB=15.4 mg dL™', and 4=16.5 mg dL™") and the
percentage of FB degradation in FB-AOPP in relation to
FB-PBS was 32 %. As shown in Fig. 5, FB exposed to
HOCI had increased activity when compared to FB-PBS,
thus demonstrating that the formation of AOPP may lead to
decreased clotting time.

DISCUSSION

In the present study, we demonstrated that FB is a
target of HOCl-induced damage and may be a source for
the formation of AOPP. In this context, HOCI oxidation
significantly increased FB-AOPP levels in a concentration-
dependent manner. Although albumin is the major protein
susceptible to the formation of AOPP [9], Selmeci ef al.
[11] demonstrated that plasma samples showed increased
levels of AOPP in relation to serum samples, suggesting
that FB could be involved in the reactivity of AOPP.
Interestingly, this notion was supported by the observation
that higher FB concentrations were associated with an
enhanced molar ratio of AOPP to FB [11]. In this present
study, we have demonstrated that incubating FB with dif-
ferent concentrations of HOCI induced an increase in
AOPP formation in a concentration-dependent manner,
thus suggesting that FB may be involved not only in the
reactivity of AOPP, but also in the formation of these
products.

AOPP (pmol/l)
o
D

N
[~
1
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i
*%
=
PBS  NaOH 1 2 4
HOCI

Fig. 1. HOCI versus FB-AOPP. Concentration-dependent effects of HOCI on FB-AOPP formation. The FB solution (300 mg dL™") was incubated for 30 min
with the HOCI solution (1, 2, and 4 mM) at 37 °C (»=5). NaOH was used as the control. Data are expressed as mean SEM. *»<0.05; *¥»<0.01.
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Fig. 2. FB versus FB-AOPP. Concentration-dependent effect of FB on FB-AOPP formation. FB solutions (30, 100, and 300 mg dL.™") were incubated for
30 min with the HOCI solution (4 mM) at 37 °C (n=>5). NaOH was used as the control. Data are expressed as mean SEM. *p<0.05; **p<0.01.

AOPP is a heterogeneous family of structurally mod-
ified proteins that are derived from oxidative stress, specif-
ically from HOCI synthesized by MPO [16]. HOCI pro-
duced by myeloperoxidase is likely the major oxidant from
neutrophils, and may be an important contributor to in-
flammatory tissue injury. The plasma fibronectin oxidized
by the myeloperoxidase system and by reagent HOCI
resulted in the loss of tryptophan and cysteine [17]. FB
treatment with HOCI leads to the preferential oxidation of
specific methionine residues on the e, 3, and -y chains. The
oxidation of one or all of these residues is associated with
reduced lateral aggregation of protofibrils, resulting in gels
with smaller fibers and higher fiber density when com-
pared to untreated fibrin gels [18]. Therefore, during pro-
oxidant conditions associated with the formation of HOCI,
FB may be a target of HOCI, thus triggering the formation

of AOPP concomitantly with the formation of AOPP from
albumin. In addition, AOPP formation from FB may pro-
mote functional and structural changes in this protein and
may contribute to disorders in the coagulation process.

FB is a dimeric glycoprotein with a molecular mass of
340 kDa that is synthesized primarily in the liver [2]. It
plays an essential role in blood coagulation and platelet
aggregation and is also involved in inflammatory processes
and atherogenesis. It is critical protein for clot formation,
both in the fibrin network and in platelet aggregation,
which are ultimately required for the generation of the
hemostatic thrombus. Perturbations in these functions
may influence the formation and properties of the fibrin
network and promote pathological states, including throm-
bosis and thromboembolism [19, 20]. In this context, ox-
idative stress leads to covalent oxidative modifications of

400-
5
< 300-
£ e
$ 200-
g’ *%
£ .
5 100
.

0
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Fig. 3. FB spectrophotometric quantification. FB-AOPP was obtained by incubating FB (300 mg dL™) with HOCI (4 mM). The results were determined
from a calculation using the extinction coefficient of e=1.6 mg mL™" cm™'. NaOH was used as the control. Data are expressed as mean SEM. *»<0.05;

520,01,

52



In Vitro Oxidation of Fibrinogen Promotes Functional Alterations

Lo
(]
=
© 2]
= o
3 [
= r

1205

FB-NaOH

Fig. 4. Effects of FB oxidation on the electrophoretic pattem. Proteins bands on a 12 % SDS-PAGE gel were visualized by Coomassie Blue staining. The
positions of FB-AOPP, FB-NaOH, and FB-PBS are indicated. Approximately 15 puL of sample was added to each lane. Molecular masses are shown on the
left. 4 Protein aggregates of higher molecular mass. The intensity of the bands of the Aa, B3, and 4 FB chains were quantified by densitometry. The

experiment was repeated at least three times.

plasma proteins, including FB. It has been shown else-
where that oxidized FB has an increased ability to form
fibrin and that acetylation prevents the enhancement of clot
formation [21]. We have also demonstrated that the FB
exposure to HOCI promoted an increase in FB activity.

It has been reported that the treatment of FB with
oxidizing reagents increased the concentration of the car-
bony! proteins to approximately 20 times that of the levels
observed in non-stressed cells. The formation of dityrosine,
as well as the loss of tryptophan during the oxidation of FB
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[22], was also observed. In the present study, we demon-
strated that FB treated with HOCI induced the formation of
AOPP. We also observed changes in the concentration and
activity of the FB. We detected a decrease in the FB
concentration, which was in contrast to the increase in FB
activity that we observed. Furthermore, we have also
shown the presence of structural changes in FB incubated
with HOC], as well as alterations in the band content of the
Ac, Bf3, and +y chains. We infer from this that the formation
of high mass bands is likely a result of protein aggregation

_
10 A
. PBS NaOH FB-AOPP

Fig. 5. Effects of oxidation on the activity of FB. FB-AOPP was obtained by incubating FB (300 mg dL™") with HOCI (4 mM). The results are expressed in

coagulation time. Data are expressed as mean+SEM. *p<0.05; **p<0.01.
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of FB. Moreover, based on the densitometry scanning
analysis of the gels, a decrease in the FB concentration in
the bands of the sample oxidized by HOCI was observed,
thus suggesting that the change in the activity of this
protein may be specifically related to changes in these
structural domains of the molecule.

The main findings of this study was to demonstrate
that the oxidation of FB may lead to the formation of
AOPP in this in vitro model, and that this formation may
promote functional alterations in FB, thus causing changes
in their structural domains and increasing its activity. Fi-
nally, we suggest that the formation of FB-AOPP may
contribute for the generation of thrombosis and that FB,
as well as albumin, may be a source of AOPP formation.
However, additional in vivo studies are required to confirm
the role of FB-AOPP in the pathophysiology of thrombo-
embolic diseases.
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