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RESUMO

A trombose venosa profunda (TVP) ¢ uma doenga multifactorial, e possui uma alta taxa de
morbi-mortalidade devido a complicacdes como embolia pulmonar e a sindrome pos-
trombotica, e cerca de 25 % dos pacientes apresentardo recorréncia em 5 anos. A
identificacdo de novos fatores envolvidos na fisiopatologia da TVP pode ser convertida em
implicagdes de grande importancia no manejo destes pacientes, prevengdo de recorréncia e
no desenvolvimento de novas terapias. O interesse em avaliar as plaquetas e as amostras de
plasma se deve ao fato de que as fungdes plaquetdrias ndo estdo completamente
compreendidas, e aparentemente o papel das plaquetas poderia ir além do seu envolvimento
na hemostasia. Como o plasma potencialmente fornece uma janela para a observagdo do
individuo como um todo, a analise protedmica tanto das plaquetas como do plasma poderia
implementar o nosso conhecimento acerca da fisiopatologia da TVP. OBJETIVO: Neste
estudo foram analisados os perfis proteicos de plaquetas e amostras de plasma de trés
pacientes com TVP, que foram comparados com os resultados obtidos a partir de amostras
de 1 irmdo e 1 vizinho para cada paciente, a fim de minimizar as interferéncias genéticas e
ambientais. Estes pacientes apresentaram episodios espontaneos e recorrentes de TVP
proximal e mencionaram um histérico familiar de distirbios da coagulagio. METODOS: as
plaquetas necessitaram ser lavadas e lisadas, e as amostras de plasmas tiveram a albumina
depletada antes de as proteinas serem alquiladas, reduzidas, precipitadas com acetona e
hidrolisadas com tripsina. Os peptideos das plaquetas e das amostras de plasma foram
fracionados por cromatografia de fase reversa e troca cationica, respectivamente. Depois
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disto, os peptideos plaquetarios foram direcionados ao espectrometro de massas LTQ-
Orbitrap e a busca das proteinas foi realizadas através do Sorcerer/Sequest. Os peptideos
plasmaticos foram encaminhados ao espectrometro de massas ESI Q-TOF Premier e as
proteinas foram analisadas pelo Mascot. RESULTADOS: Cinco proteinas estiveram
presentes apenas nas plaquetas dos pacientes, estando ausentes em todos os controles: a
proteina ligante da Apolipoproteina Al, a sub-unidade {1 do Coatdmero, a Desidrogenase
11-17-B do Estradiol, a Leucotrieno A-4 Hidrolase e a Sorbitol Desidrogenase. Além disso,
verificou-se que outras proteinas estiveram diferencialmente expressas em amostras de
plasma pacientes e controles: a protease C4-A, o inibidor C1 da Inter-a-Tripsina, o inibidor
HI1 de cadeia pesada, a proteina Amildide Sérica A, a glicoproteina a-2-HS, a isoforma 2 da
inter- a-tripsina, a apolipoproteina A-IV e o inibidor de cadeia pesada H4. CONCLUSOES:
A avaliagdo de plaquetas e amostras de plasma de pacientes com TVP espontanea permitiu
a identificacdo de proteinas diferencialmente expressas quando comparados a irmios e
vizinhos, que podem desempenhar importantes papéis na fisiopatologia da doenga por se

relacionarem a processos inflamatdrios, imunes e no de transporte de lipideos.
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ABSTRACT

Deep venous thrombosis (DVT) is multi-causal disease associated to a high morbi-
mortality due to complications as pulmonary embolism and post-flebitic syndrome, and
about 25 % of the patients present recurrence in 5 years. The identification of new factors
involved to the physiopathology of DVT can be translated into important implications for
the management of these patients, prevention of recurrence, and for the development of
new therapies. We were interested about platelets and plasma because the platelets
functions are not completely understood and apparently their role goes beyond a hemostatic
player, and as the plasma potentially provides a window into the individual’s state of health
and disease, both could improve our knowledge about the DVT physiopathology. AIM: In
this study we analyzed the protein profile of platelets and samples of plasma of 3 DVT
patients and compared to results obtained from 1 sibling and 1 neighbor for each patient in
order to minimize the genetic and environmental interferences. These patients presented
spontaneous and recurrent episodes of proximal DVT and mentioned a familiar history of
coagulation disorders. METHODS: the platelets needed to be washed and lysed, and the
plasmas samples required albumin depletion before the proteins being alkylated, reduced,
precipitated with acetone and hydrolyzed by trypsin. The peptides were fractionated by
reverse phase and cation exchange liquid chromatography for platelets and plasmas
samples, respectively. After that, the platelets peptides were directed to LTQ-Orbitrap mass
spectrometer and the proteins search were performed by Sorcerer/Sequest. The plasma

peptides went to ESI Q-TOF Premier mass spectrometer and the proteins were searched by
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Mascot. RESULTS: We identified 5 proteins that were present on platelets from patients
and absent in all the controls: Apolipoprotein A1 Binding-Protein, Coatomer (1 sub-unit),
Estradiol 11-17-f Dehydrogenase, Leukotriene A-4 Hydrolase and Sorbitol
Dehydrogenase. In addition, we verified 6 proteins that were differently expressed between
patients and controls: C4-A plasma protease, C1 inhibitor Inter-alpha-trypsin, inhibitor
heavy chain H1, the serum amyloid A, alpha-2-HS-glycoprotein, isoform 2 of inter-alpha-
trypsin, apolipoprotein A-IV and the inhibitor heavy chain H4. CONCLUSIONS: The
evaluation of platelets and plasma samples from patients with spontaneous DVT allows the
identification of proteins that are differently expressed when compared to siblings and
neighbors, which can play important roles on the physiopathology of the disease due their

relation to inflammatory, immune and lipid transportation.
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1. Introducdo

Trombose Venosa

A trombose é o processo patologico resultante da ativagdo e propagagdo
inapropriada da resposta hemostatica normal do organismo. Pode acometer qualquer sitio
vascular, mas os membros inferiores sdo os mais comumente afetados. O tromboembolismo
venoso (TEV) € considerado uma doenga comum, com incidéncia anual de 1 a 3 casos por
1000 individuos (Silverstein et al., 1998). Embora a incidéncia seja aparentemente similar
entre homens e mulheres, hd um incremento importante do risco com a idade, indo de 3
para 20 casos a cada 10.000 individuos entre pessoas de 30-49 e 70-79 anos,
respectivamente (Fowkes et al., 2003).

A fisiopatologia da trombose baseia-se na Triade de Virchow, composta por lesdo
vascular, alteragdo dos componentes sanguineos e/ou estase venosa, sendo os dois tltimos
predominantes como fatores desencadeantes do TEV. Os efeitos agudos da trombose
venosa profunda (TVP) podem ser locais, decorrentes da obstru¢do do retorno venoso,
causando edema e dor no membro afetado. A embolia pulmonar € a sua complicagdo mais
grave e esta associada a uma alta morbi-mortalidade (Maffei et al., 2001).

Até o momento, varios fatores de risco ja foram relacionados a TVP. Os de natureza
adquirida s3o representados por condigdes como imobilizagdo, gravidez, cancer,
anticoncepcional hormonal, trauma, cirurgia, tabagismo, sindrome do anticorpo
antifosfolipideo, entre outros (Rosendaal, 1999; Robetorye e Rodgers, 2001). Ja os fatores
hereditarios decorrem de defeitos genéticos em um ou mais componentes da hemostasia,

como na deficiéncia das proteinas C, S, antitrombina, na muta¢do G1691A no gene do fator
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V (fator V de Leiden), na mutacdo G20210A no gene da protrombina e na
disfibrinogenemia. Nos ultimos anos, outras anormalidades da coagulagdo tém sido
descritas como potencialmente trombogénicas, como niveis elevados de alguns fatores da
coagulagdo, como o fibrinogénio e os fatores VIII, IX e XI (Rosendaal, 2005). No Brasil,
alguns estudos demonstraram que a trombofilia hereditaria também estd presente em
pacientes com TVP (Arruda et al., 1995; Arruda et al., 1997; Seixas et al., 1998; Torresan
et al., 2000; Morelli et al., 2002). Um estudo recente realizado em nosso laboratdrio
mostrou que apenas o aumento do fator VIII é um fator de risco independente para a TVP

na populacdo brasileira (Mello et al., 2009).

Uma nova teoria, no que se refere aos fatores de riscos para trombose venosa ou
arterial, vem emergindo: a teoria “da ultima gota que faz transbordar o copo”. Nela, se
infere que individuos portadores de importantes fatores riscos (genéticos e/ou adquiridos)
muitas vezes necessitariam de “gatilhos”, ou fatores desencadeadores do evento trombotico.
Estes fatores, muitas vezes compostos por atividades rotineiras, como ataques de tosse e
espirros, migranea, etc, seriam capazes de desencadear um episoédio de TVP na presenca de
um ou mais fatores de riscos. A tabela 1, publicada por Lippi et al (2010), cita alguns
exemplos de fatores de riscos do TEV, e os classifica como hereditarios, adquiridos,

predisponentes ou desencadeadores.

Tabela 1: Fatores hereditarios, adquiridos, predisponentes, desencadeadores e sua rela¢do

com o tromboembolismo venoso

Fator Herdado | Adquirido | Predisponente | Desencadeador
Deficiéncia de antitrombina v v
Deficiéncia de Proteina C v v
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Deficiéncia de Proteina S v v

Resisténcia a proteina C ativada v v v

Mutagdo no gene da

protrombina

Niveis aumentados dos fatores

N
N
N

da coagulagdo

Hiperhomocisteinemia v

Obesidade v

Imobilizagdo prolongada

Viagens a longa distancia

Cirurgia

Gravidez

Contraceptivos orais

Terapia de reposi¢@o hormonal

Faléncia cardiaca congestiva

Trauma

Anticoagulante lUpico

NN NN NN S

Cancer

Ataques de espirro e tosse

Migranea

Relagdes sexuais

Exercicios fisicos extenuantes

Abuso de drogas

ANERNERNEANEAN NN NI N BN B NI N N N N BN BN

SESN NN NS

Defecacao

Por se tratar de uma doenca multifatorial, a expressdao clinica da TVP é muito
variavel e dependente de inter-relagdes genéticas e adquiridas (Liu et al., 2005). O elo entre
0 gendtipo e o fendtipo nem sempre € algo 6bvio, sendo desafiador verificar como e quanto
0s genes relacionam-se entre si € com o meio ambiente, € 0 seu impacto sobre a

fisiopatologia da doenca (Mann et al., 2004; Lippi e Favarolo, 2009).
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Mesmo com o conhecimento acerca da influéncia de todos estes fatores de riscos
sobre o processo trombotico, entre 20 e 30 % dos pacientes com TVP ndo apresentam
nenhum fator causador, sendo estes casos entdo classificados como TVP espontanea. Esta é
uma situagdo intrigante, que leva a comunidade cientifica a inferir que ainda possam existir

fatores de riscos a serem descobertos (Seligsohn e Lubetsky, 2001).

Além disso, a TVP ¢ considerada uma doenga cronica, ¢ em 5 anos,
aproximadamente 25 % dos pacientes apresentardo recorréncia (Christiasen et al., 2005;
Prandoni et al., 1996, Hanson et al., 2000). Assim, a identificagdo dos pacientes com maior

risco de uma nova trombose tem grande impacto e aplicabilidade na pratica clinica.

Proteomica

A protedmica emergiu em meados de 1990, quando o termo foi introduzido por
Wilkins e Williams, indicando a complementaridade da producdo de ‘PROTEinas’
expressas pelo ‘genOMA’ de células, tecidos ou organismos inteiros (Wilkins, 1996). A
descri¢do do genoma formou a base para sedimentar a compreensdo dos mecanismos
celulares e moleculares (Lander et al., 2001; Venter et al., 2001; Waterston et al., 2002).
Contudo, como ndo ha necessariamente uma relagdo direta entre a sequéncia genOmica,
padrdo de transcri¢do e expressdo proteica (Gygi et al., 1999), a analise do nivel proteico
propriamente dito tornou-se imprescindivel na elucidacdo dos mecanismos biologicos.

Em um individuo, o genoma se mantém razoavelmente constante, mas as proteinas
que ele codifica sdo modificadas durante e apds sua tradugdo como resultado de interagdes
bioquimicas com o meio ambiente. Apesar de sua complexidade, ferramentas de analise do

proteoma ja possibilitaram o descobrimento de muitas proteinas unicas e grupos de
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proteinas (bioassinaturas) que estdo associadas tanto ao processo biologico normal como
também as desordens patologicas (Speicher, 2000). Assim, estas proteinas podem servir
como marcadores de doenga. Alguns exemplos de sucesso no emprego da protedmica em
doengas foram a identificacdo de marcadores de neoplasia de bexiga (Ostergaard et al.,
1999) e de mama (Page et al, 1999). Além disso, as proteinas identificadas através da
protedmica podem se tornar alvo para a produgdo de novos medicamentos. E importante
ressaltar que mais de 80 % de todos os medicamentos disponiveis agem sobre proteinas
(Drews, 2000).

Além da identificacdo de proteinas, esta ferramenta possibilita estimar a quantidade
de uma ou mais proteinas, permitindo a identificagdo de proteinas sub e superexpressas. A
analise das modificagdes pos-traducionais também pode ser realizada, e requer a analise de
todos os peptideos que apresentem um peso molecular ndo esperado. A fosforilagdo, a
glicosilacdo, a sulfatagdo, dentre outras, sdo modificagdes extremamente importantes na
determinagdo da atividade, estabilidade, localiza¢do e turnover de proteinas nos processos
celulares. Além disso, o conteido proteico secretado de células em cultura nas mais
diversas situagdes, ou “secretoma”, também vem somando informagdes a este ja tdo vasto e

desafiador campo de estudo.

Hemostasia, TVP e Proteoma

As plaquetas tém um importante papel na hemostasia, assim como nos processos de
cicatrizagdo e inflamacdo, tanto em condi¢des normais, como em situagdes patologicas. A
maioria dos estudos protedmicos de plaquetas podem ser agrupados em duas subcategorias:

na catalogacdo global das proteinas presentes em plaquetas ndo estimuladas (McRedmond
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et al., 2004; O’Neill ef al., 2002) e em resposta a estimulos (Garcia et al., 2004; Marcus e
Meyers, 2004; Maguire et al., 2002; Coppinger et al., 2004; Gevaert et al., 2000).

Garcia e colaboradores (2004) identificaram proteinas até entdo ndo descritas em
plaquetas, bem como moléculas reacionais, como a SH3GL1, demonstrando a utilidade
desta ferramenta na identificagdo de novas proteinas. Um estudo baseado em 2-
DE/MALDI-MS, LC/MS, LC-MS/MS catalogou mais de 300 proteinas liberadas de
plaquetas depois de ativadas pela trombina, incluindo o inibidor plasmatico C1 (C1-INH) e
a calumenina (Coppinger ef al., 2004).

Um outro estudo realizado em citosol de plaquetas ndo estimuladas usando 2-DE-
GE em uma faixa larga de pl (3—10) identificou 186 proteinas fosforiladas (Marcus ef al.,
2004). Isto representou um aumento de dez vezes no numero encontrado em estudos

anteriores, que ndo haviam utilizado a espectrometria de massas.

Piersma e colaboradores (2009) analisaram peptideos liberados apos a ativagdo do

receptor da trombina em individuos saudaveis usando LC-MS/MS, e identificaram 716

proteinas, incluindo proteinas liberadas dos granulos e proteinas presentes em microparticulas

geradas pela ativagao.

Na ultima década, também foram conduzidos estudos para identificagdo do perfil

protéico plaquetario em trombopatias hereditarias, como a Trombastenia de Glanzmann e a

Sindrome das Plaquetas Cinzentas (Gnatenko et al., 2006; Franchini et al., 2009). Este tipo de

analise promoveu a identificagdo de novos sitios de glicosilagdo neste tipo de patologia

(Nurden e Nurden, 2002). Além disso, a identificagdo da expressdo diferencial de proteinas

plaquetarias tem o potencial de agregar informagdes sobre o processo de ativagdo e formagao

do trombo.
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Srivastava e Dash (2001) realizaram medidas de anisotropia de fluorescéncia na
membrana de plaquetas de pacientes com antecedente de AVC e observaram um aumento
significativo da sua microviscosidade. Além disso, através do emprego de géis SDS e
immunoblotting, puderam verificar que em plaquetas ndo ativadas desses pacientes, proteinas
de 131, 100, 47 e 38 kDa mantiveram-se fosforiladas em sitios de tirosina.

Em relag¢do ao estudo das trombofilias, Corral e colaboradores (2004) investigaram
através da protedmica o efeito de mutacdes no gene da antitrombina sobre a proteina.
Verificou-se que peptideos tripticos de uma variante da antitrombina (P80S) conferiam uma
estabilidade aumentada a proteina, ao ponto de ela ndo se polimerizar mesmo apds
incubagdo prolongada. Assim, esta variante ndo seria eficientemente secretada do
hepatdcito, e seus niveis estariam diminuidos no plasma.

Em busca de elucidar o mecanismo envolvido no aumento do risco de TEV em
pacientes com a mutacdo G20210A no gene da protrombina, Gelfi e coraboradores (2004)
empregaram a eletroforese de géis 2D e ESI, e observaram que esta simples troca de
nucleotideos esta associada a uma maior glicosilacdo da protrombina, o que aumentaria a
sua estabilidade.

Svensson e seu grupo (2006) analisaram se proteinas plasmaticas de baixo peso
molecular (entre 500 e 20.000 Da) poderiam ser tteis no estudo de uma familia com
deficiéncia tipo 1 da proteina C, comparando o perfil dos individuos sauddveis e dos
acometidos por episodios de TEV antes dos 40 anos. Observou-se uma diferenca nos perfis,
que permitiram a distin¢@o do risco de TVP antes dos 40 anos com sensibilidade de 67 % e

especificidade de 86 %. Os autores consideraram que a abordagem protedmica empregada
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seria util na identificacdo de familiares mais predispostos a desenvolver complica¢des
tromboembodlicas.

Ja Davis e Patterson (2007) determinaram o efeito da coagulacdo do sangue em
tempos definidos (0, 15, 30, 45 e 60 minutos apds a coleta) e verificaram uma significativa
alteracdo nos peptideos de baixo peso molecular (<10 kD). Um primeiro pico, presumido
como sendo o fator 4 plaquetdrio, apareceria rapidamente apds a ativagao da hemostasia e

diminuiria ao longo do tempo, seguido pelo aparecimento de quatro outros picos, todos

fragmentos da cadeia a do fibrinogénio.

Estes resultados demonstram que a protedmica € uma drea bastante atraente, com
capacidade de agregar informagdes sobre o papel de diversos componentes da hemostasia, e
sob varias condig¢des.

Tendo em vista que os mecanismos celulares e moleculares que participam da
fisiopatologia do TEV compdem uma éarea da pesquisa ainda com muitas questdes em
aberto, e que mesmo com a identificagdo de inumeros fatores de risco, entre 20 e 30 % dos
pacientes com TVP ndo apresentam nenhum fator determinado, estima-se que ainda
existam fatores de risco a serem descobertos. Adicionalmente, mesmo pacientes com uma
mesma alteracdo genética tém apresentacdo clinica muito diversa, sugerindo uma possivel
interagdo com outros fatores no desencadeamento da TVP. Além disso, a TVP ¢
considerada uma doenga cronica, e em 5 anos, aproximadamente 25 % dos pacientes
apresentardo recorréncia. Assim, a descoberta de novos biomarcadores, capazes de

reconhecer os pacientes com maior risco de uma nova TVP, teria uma grande aplicabilidade

na pratica clinica.
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Os mecanismos celulares e moleculares que participam da fisiopatologia do TEV
compdem uma area da pesquisa ainda com muitas questdes em aberto. Mesmo com a
identificacdo de inumeros fatores de risco, entre 20 e 30% dos pacientes com TVP ndo
apresentam nenhum fator determinado. Por isso, estima-se que ainda haja fatores de risco a
serem descobertos. Adicionalmente, mesmo pacientes com uma mesma alteracdo genética
podem ter uma apresentagdo clinica muito diversa, sugerindo uma possivel interagdo com
outros fatores no desencadeamento da TVP. Além disso, a TVP é considerada uma doenca
cronica, e em 5 anos, aproximadamente 25% dos pacientes apresentardo recorréncia.
Assim, medidas que identifiquem os pacientes com maior risco de uma nova TVP tém

grande aplicabilidade na pratica clinica.

Objetivos Gerais
Definir o perfil protéico de plaquetas e amostras de plasma de pacientes com TVP e
compara-lo com o perfil do mesmo material proveniente de familiares e ndo familiares

saudaveis.

Objetivos Especificos

e Estabelecer um protocolo eficiente de separacdo e lavagem de plaquetas, além da

extragdo de suas proteinas totais;

e [Estabelecer um protocolo eficiente de deple¢do de albuminas de amostras de

plasmas;
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Otimizar a metodologia de troca catidnica e fase reversa para fracionamento dos
peptideos de plaquetarios e plasmaticos;
Identificar estas proteinas diferencialmente expressas empregando técnicas de

espectrometria de massas em ambos os materiais.

36



RESULTADOS

37



38



RESULTADOS

CAPITULO 1:
“Metabolic And Inflammatory Proteins Differently Expressed In Platelets From Deep

Venous Thrombosis Patients”

CAPITULO 2:

“Plasma Proteomics In Deep Venous Thrombosis Patients”

39



CAPITULO 1

“Metabolic And Inflammatory Proteins Differently Expressed In Platelets From Deep

Venous Thrombosis Patients”

Artigo submetido:
MC Flores-Nascimento, K Kleinfelder-Fontanesi, TM de Aratjo, GF Anhé®, SH Seeholzer,

H Ischiropoulos, JM Annichino-Bizzacchi

40



METABOLIC AND INFLAMMATORY PROTEINS DIFFERENTLY EXPRESSED

IN PLATELETS FROM DEEP VENOUS THROMBOSIS PATIENTS

MC Flores-Nascimento', K Kleinfelder-Fontanesi’, TM de Araujo3, GF Anhé’, SH

Seeholzer®, H Ischiropoulos*; JM Annichino-Bizzacchi'

1 Hematology-Hemotherapy Center, State University of Campinas (UNICAMP),
Campinas, SP, Brazil

2 Biology Institute, State University of Campinas (UNICAMP), Campinas, SP, Brazil

3 Department of Pharmacology, State University of Campinas (UNICAMP), Campinas, SP,
Brazil

4 Department of Pediatrics, The Children’s Hospital of Philadelphia Research Institute and
the Raymond and Ruth Perelman School of Medicine at the University of Pennsylvania

Philadelphia, PA, 19104, USA

Key words: Platelets, Deep Venous Thrombosis, Proteomics, Coatomer, Apolipoprotein A1l
Binding Protein, Leukotriene A4 Hidrolase, 11-17p3 Estradiol Dehydrogenase, Sorbitol

Dehydrogenase

Corresponding author: Hematology-Hemotherapy Center/State University of Campinas
(UNICAMP) P.O. Box 6198, 13083-970, Campinas - SP, Brazil. Tel.: +55 19 3521 8601,

fax: +55 19 3289 1089. E-mail address: flores mariane(@yahoo.com.br

41



Acknowledgements: The authors would like to thank to INCTS and to FAPESP for the
financial support; to the Protein Core at the Children's Hospital of Philadelphia Research
Institute for their assistance with mass spectrometry; to Cristina Ramos, Devanira Paixao

da Costa and Lucia Helena de Siqueira for their expert technical assistance.

Abbreviations: VTE: Venous Thromboembolism; PE: Pulmonary Embolism; DVT: Deep
Venous Thrombosis; MPS: Microparticles; ACD: Acid-Citrate-Dextrosis Anticoagulant
Solution; PRP: Platelet-Rich Plasma; PGE1: Prostacyclin; SDS: Sodium Dodecyl Sulfate;
DTT: Dithiothreitol; TFA: Trifluoroacetic Acid; ACN: Acetonitrile; HILIC: Hydrophilic
Interaction Chromatography; UPLC: Ultra Performance Liquid Chromatography; BSA:
Bovine Serum Albumin; NanoLLC: Nano Liquid Chromatography; RP-L.C: Reverse Phase
Liquid Chromatography; LTQ: Linear Quadrupole Ion Trap; COPZ1: {1 Sub-Unit of
Coatomer; APOA1BP: Apolipoprotein Al Binding Protein; LA4H: Leukotriene A4
Hydrolase; HSD17B11: 11-17p Estradiol Dehydrogenase; SORD: Sorbitol Dehydrogenase;
COPI: Coat Protein Complex I, ER: Endoplasmic Reticulum; LDL: Low Density
Lipoprotein; LTB4: Leukotriene B4; AIOX5AP: Arachidonate 5-Lipoxygenase-Activating
Protein; PS: Protein S; NO: Nitric Oxide; NOS: Nitric Oxide Synthase; MAPK: Mitogen-
Activated Protein Kinase; 3-Alpha-Diol: Androstan-3-Alpha,17-Beta-Diol; AR: Aldose

Reductase; I/R: Ischemia-Reperfusion

42



SUMMARY

Deep venous thrombosis (DVT) is multi-causal disease associated to a high
morbidity and mortality due to complications arising from increased risk for pulmonary
embolism. . The identification of new factors of relevance to the physiopathology of DVT
enhance our most basic understanding of disease mechanisms and can be translated into
improved management of patients, prevention of recurrence and development of new
therapies. The platelets functions are not completely understood, and apparently their role
goes beyond a hemostatic player. AIM: In this study we analyzed the whole platelet protein
profile of samples of 3 DVT patients and compared to results obtained from 1 sibling and 1
neighbor for each patient in order to minimize the genetic and environmental interferences.
These patients presented spontaneous and recurrent episodes of proximal DVT and
mentioned a familiar history of coagulation disorders. METHODS: the platelets were
washed, lysed, and the proteins were alkylated, reduced, precipitated with acetone and
hydrolyzed by trypsin. Peptides were first separated by HPLC and peptide fractions were
further detected by LC-MS/MS. RESULTS: We identified 5 proteins that were present on
patients and absent in all the controls: Apolipoprotein Al Binding-Protein, Coatomer (Cl
sub-unit), Estradiol 11-17-f Dehydrogenase, Leukotriene A-4 Hydrolase and Sorbitol
Dehydrogenase. CONCLUSIONS: The analysis identified proteins that currently are not
related to the physiopathology of DVT, which maybe of pathological importance for

metabolic and inflammatory processes in DVT.
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INTRODUCTION

The thrombosis is a multicausal pathology resulted from the activation and
propagation of the hemostatic response, and can occur in any vascular site. Venous
thromboembolism (VTE) is considered a common disease, and its incidence is from 1 to 3
cases per 1000 individuals (Silverstein ef al., 1998; Hanson et al., 1997). A total of 30 % of
patients suffering from VTE die within 30 days, a fifth from sudden death due to
pulmonary embolism (PE), and nearly 25 % develop recurrent VTE within 10 years.
Several hereditary and acquired risk factors have been identified in the last two decades,
but about 25 % of patients present spontaneous deep venous thrombosis (DVT) (Heit,
2002). Therefore, the search for mechanisms involved to the physiopathology of DVT can
be translated into important implications for the management of these patients, prevention
of recurrence, and for the development of new therapies.

Traditional coagulation tests, especially clot-based assays, are useful for describing
major abnormalities in the haemostatic response, but fail in their application to assessing
thrombotic risk in the healthy population. Recent evidence also attests that the analysis of a
vast array of genes can only explain a part of the individual thrombotic risk. Thus,
proteomic analysis may hold promise for characterizing or understanding biological
pathways and pathophysiological interactions (Lippi et al., 2010).

Until the moment, some abnormal proteins expression was identified by proteome
approaches in patients with increased risk to develop DVT. New findings have been done,
as the identification of one antithrombin variant (P80S) (Corral et al., 2004), which cannot
be efficiently secreted from the hepatocyte, associated to loss of function. Gelfi and
coworkers (2004) analyzed samples of pooled plasmas from carriers of the G20210A

prothrombin mutation and observed an increased level of glycosylation on this protein,
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which confer a greater stability. Another study performed on low molecular weight (500—
20,000 Da) proteins noticed that they could be useful differentiating members of a type |
protein C deficiency family who have suffered thrombotic events before the age of 40 years
from disease-free family members (Svensson et al., 2006).

The platelets have a multitude of physiological functions, as the control of
haemostasis, the regulation of the vascular tone, the interaction with leukocytes in
inflammatory reactions, vascular repair and the stimulation of cellular proliferation by the
supply of growth factors (Munnix et al., 2009). Studies in platelet cytosolic proteome made
possible the identification of many platelet glycoproteins and proteic defects in patients
with hereditary hemorrhagic diseases (Nurden e Nurden, 2002) and after stimuli response
(Garcia et al., 2004; Marcus and Meyer, 2004; Maguire et al., 2002; Coppinger ef al., 2004;
Gevaert et al., 2000). The microparticles (MPs) from DVT patients were also studied, and
increased expressed (galectin-3 binding protein and alpha-2 macroglobulin) and depleted
(fibrinogen beta and gamma chain precursors) proteins could be identified (Ramacciotti et

al.,, 2010).

Alteration on the platelets protein profile has a potential to contribute to the
pathogenesis of DVT. Here, we present a comprehensive proteomic profile of human
platelets from patients with spontaneous and recurrent DVT, with the comparison to
healthy siblings and neighbors. Our hypothesis was that the patient’s platelets could present

a different protein expression.
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PATIENTS AND METHODS

Patients

Patients were recruited from the Outpatient Clinic of the Hematology and
Hemotherapy Center of Campinas — UNICAMP. Samples were collected between February
2009 and September 2009. We selected patients 6 months after withdrawal of warfarin
therapy, which diagnosis of DVT was confirmed by Doppler ultrasonography. Patients
older than 50, with acquired or a known hereditary thrombophilia, cancer,
myeloproliferative syndrome, liver or renal disease were excluded. In order to minimize the
environmental and genetic influence in the proteic expression, two control groups
composed by siblings and individuals originated from the same geographic area were
included. The neighbors had no personal or familial history of DVT, and were matched by
gender, age (+/- 5 years), predominant ethnic origin and tobaccoism. None of the patients
and controls had taken antiplatelet drugs or anti-inflammatory drugs for 15 days before the
blood collection. This study was performed in accordance with the Declaration of Helsinki
and was approved by our local medical ethics committee. All patients and controls signed a

written informed consent.

Sample collection

Blood (24 mL) was drawn from the antecubital vein. The first sample was collected
into a vacuum tube (Greiner Bio-One, Kremsmunster, Austria) containing EDTA and was

directed to a blood count in order to avoid problems during analysis due its contamination

46



with traces of collagen and thrombin. The blood directed to the platelets separation was
collected with a wide—bore (16-gauge) needle with syringe containing 1 volume of acid-
citrate-dextrosis anticoagulant solution (ACD; 85 mM citric acid, 66.6 mM trisodium
citrate and 111 mM dextrose, pH 4.5), and were added with 6 volumes of blood as
previously described by Cazenave and coworkers (2004). The platelets were isolated
immediately after blood donation to avoid changes in their physiology and viability. After
the blood samples were kept resting at 37 °C for 15 min, they were centrifuged at 200 x g /
37 °C for 15 min to obtain the platelet-rich plasma (PRP). The lower third of the platelet
rich plasma was left in the tube in order to avoid contamination with other blood cells such
as erythrocytes and leukocytes. The PRP were separated and incubated at 37 °C for 15 min
and then centrifuged at 2200 x g/37 °C for 12 min. The supernatants were discarded and the
platelet pellets were ressuspended in Tyrode’s albumin solution (145 mM NaCl, 5 mM
KCl, 1 mM MgCl2, 10 mM HEPES, 10 mM glucose, pH 7.4) supplemented with 10 U/mL
of heparin and 0.5 uM prostacylin (PGE1) (Sigma-Aldrich, St. Louis, MO, EUA). After 15
min incubation at 37 °C, 0.5 uM of PGE1 were added to the first wash and then centrifuged
at 1900 x g for 8 min. This washing procedure was repeated and after that the platelets,
erythrocytes and leucocytes were counted in an automatic analyzer. The platelet suspension
was incubated again at 37 °C for 15 min, added of PGE1 0.5uM t and then centrifuged at

1900 g for 8 min. The platelet pellets were frozen in liquid nitrogen and stored at -80 °C.

Protein Extraction
The protein extraction and digestion were performed according to Wojcechowskyj

and coworkers (2011). The platelets were taken out of -80 °C and put on ice. One mL of
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lysis buffer (SDS 0.3 %, 20 mM DTT in a tris buffer) plus 10 pL of protease inhibitor
(P8465, Sigma-Aldrich, St. Louis, MO, EUA) was added to 50 uL of cell pellets and the
samples were boiled in water for 5 min. Benzonase 10 % (Novagen”, Madison, WI — EUA)
was added and the samples were let sit at room temperature for 5 min. lodoacetamide (final
concentration 50 mM) was added and let sit at room temperature on the dark for 30 min.
After that, SmL of acetone were added, the samples were vortexed for 5 min and left at -20
°C for 2 hours. The aliquots were taken out of the -20 °C and spin at 1500 x g at 5 °C for 5
min. The supernatant was discarded and the process was performed twice using 5 mL of
acetone 80 %. The proteins were immediately directed to the digestion process.
Protein in-solution digestion

The pellets were ressuspended in 200 uL of trypsin mix (10ng/uL Porcine Trypsin -
Promega, Madison, WI, USA; 0.1 % Rapigest - Waters®, Milford, MA, USA in 30mM
NH4HCO:3) and were let rotate at room temperature for 1 hour. After that, they were put at
37 °C for 4 hours. The digestion was stopped with formic acid (2.5 % final concentration)
and the samples were let sit at 37 °C for 1 hour and spin at 20,000 x g for 20 min to pellet
the rapigest. The samples were passed thru Sep-Pak columns (C18, Waters”, Milford, MA,
USA) in order to remove salts. The process was performed according to the manufacturer.
The columns were activated with 2 mL of acetonitrile (ACN) 100% and were equilibrated
with 2 mL of 0.1 % trifluoroacetic acid (TFA). The samples were added slowly, the
columns were washed with 2 mL of 0.1 % TFA and then eluted with 2 mL of 75 %

ACN/0.1 % TFA. The samples were frozen in liquid nitrogen and lyophilized.

48



Hydrophilic interaction chromatography (HILIC)

The HILIC was performed according to McNulty e Annan (2008). The peptides
were fractionated according to their hydrophilicity applying the column TSKgel Amide-80
21487, 1 mm x 25 cm, 5 A (TOSOH Bioscience”, Tokyo, Japan) connected to the UPLC
(Shimadzu Scientific®, Duisburg, German). The column was conditioned by multiple
washes and runnings of 1 pg/uL of the standard (MassPREP BSA Digestion Standard,
Waters”, USA) in ACN 90 %/0.1 % TFA.

As the peptides of the standard and from all the samples were lyophilized, they were
ressuspended with 100 pL of 50 % ACN and centrifuged 30,000 rpm for 1 min. The
supernatant were dosed using the Nanodrop (Thermo Scientific®, Waltham, MA, EUA),
and 100 pg of peptides were re-lyophilized and ressuspended with 50 pL. of 90 % ACN/ 0.1
% TFA. The peptides were fractionated according to their affinity with two different
buffers: one hydrophilic (A: 0.1 % TFA) and one hydrophobic (B: 98 % ACN/0.1 % TFA).
The analysis was performed with flow of 0.5 mL/min and initiated with 85 % of buffer B
for the first 10 min, and its concentration had a gradual decrease over 65 min, with a
concomitant increase of the 0.1 % TFA. From there, the buffer B concentration decreased
from 70 to 10 % in 10 min and was kept in that condition for 10 minutes more, which
finally returned to 85 % in the last 2 minutes (t=85 min). This made possible the gradual
release of the peptides from the column, which were collected in 8 intervals of 10 minutes

each, from t=5 to t=85 min.

Mass spectrometric analysis
After fractionation, the tryptic peptides were frozen in liquid nitrogen and then

lyophilized and ressuspended in 40 pL of 0.1 % formic acid and directed to the hybrid mass
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spectrometer LTQ-Orbitrap (Thermofisher Scientific, San Jose, CA, USA) and auto-
sampler coupled with a pump NanoLC (Eksigent Technologies, Livermore, CA, USA). A
second reverse phase chromatography was performed on a nanocapillary column: 75 mm
(I.D.) x 20 cm ProteoPep (New Objective”, Woburn, MA, USA). The mobile phase A
consisted of 1 % methanol/0.1 % formic acid and mobile phase B of 1 % methanol/0.1 %
formic acid/79 % ACN. Peptides were eluted into the mass spectrometer at 300 nL./min
with each RP- LC run comprising a 15 min sample load at 3 % B and a 90 min linear
gradient from 5 to 45 % B. The mass spectrometer was set to repetitively scan m/z from
300 to 1800 (R=100,000 for LTQ-Orbitrap) followed by data-dependent MS/MS scans on
the six or ten most abundant ions, with a minimum signal of 1000, isolation width of 2.0,
normalized collision energy of 28, and waveform injection and dynamic exclusion enabled.
FTMS full scan AGC target value was 1°, while MSn AGC was 5°, respectively. FTMS full
scan maximum fill time was 500 ms, while ion trap MSn fill time was 50 ms; microscans
were set at one. FT preview mode, charge state screening, and monoisotopic precursor
selection were all enabled with rejection of unassigned and 1+ charge states. The raw data
files were submitted to Sorcerer-SEQUEST (ver. 4.0.3, rev 11; SagenResearch, San Jose,
CA). The search was performed against the REV US HUMAN TS 2MC 090324
database, with a parent tolerance of 1.0 Da, a peptide mass tolerance of 50 ppm and one
trypsin missed cleavage. lodoacetamide derivative of cysteine and oxidation of methionine
were specified as fixed and variable modifications, respectively. The output of the search
was loaded into Scaffold 3 (Scaffold 3 00 3, Proteome Software Inc. Portland, OR, USA),
and initially filtered using xcorr cutoffs (+1>1.8, +2>2.5 and +3>3.5). A peptide was
considered as unique when it differed in at least 1 amino acid residue; modified peptides,

including N- or C-terminal elongation (i.e. missed cleavages) were also considered as
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unique while different charge states of the same peptide and modifications were not
counted as unique. SEQUEST sequence-to-spectrum assignments were analyzed by
Scaffold (Proteome Software, Portland, OR, USA), the TransProteomic Pipeline (TPP ver.

4.0.2).

Semi quantitative analysis

The spectral counting is correlated with peptide abundance (Vogel and Marcotte,
2008) by counting the number of detected tryptic peptides and their corresponding MS
spectra. However, spectral counting is confounded by the fact that peptide physicochemical
properties severely affect MS detection resulting in each peptide having a different
detection probability. Lu et al. (2007) described a modified spectral counting technique,
Absolute Protein Expression (APEX), which improves on basic spectral counting methods
by including a correction factor for each protein (called Oi value) that accounts for variable
peptide detection by MS techniques. The technique uses machine learning classification to
derive peptide detection probabilities that are used to predict the number of tryptic peptides
expected to be detected for one molecule of a particular protein (Oi). This predicted
spectral count is compared to the protein's observed MS total spectral count during APEX
computation of protein abundances. Due this properties, the semi quantitative analysis was
performed applying the Apex Quantitative Proteomics Tool (Version 1.1.0, Pathogen
Functional Genomics Resource Center, Rockville, MD, USA) according to Lundgren et al
(2010) and required the construction of one arff, one oi and finally one apex file, which

estimates the amounts of each identified protein.
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RESULTS

According to the criteria, from the 30 pre-selected subjects, 3 with clinically
documented DVT were selected because they showed spontaneous and recurrent DVT,
positive familiar history and appropriate controls were available. They consisted of one
male and two female individuals, two Caucasian and one Afro-descendent (see
demographic data on table 1). None of the patients reported use of tobacco, diabetes,
cancer, hypothyroidism, renal or liver disease, but one of them was under treatment for
arterial hypertension with amlodipine besylate and atenolol. All patients presented proximal
DVT and the time between the last DVT event and the sample collection varied from 1 to 4
years. All the siblings and neighbors were matched to the patients as described on the

methods section.

Table 1: Demographic data from patients with Deep Venous Thrombosis (DVT), siblings

and neighbors.

N of males/females | Mean age; min-max (years) P

Patients 1/2 46.33 ; 44-50 -
Siblings 1/2 49.67 ; 41-56 0.7
Neighbors 1/2 46.00 ; 40-50 0.83

In the blood count, the platelets count varied from 263 to 312, 185 to 365 and from
230 to 466 x 1000/ul. between patients, siblings and neighbors respectively. Using

previously established protocols the platelets from all individuals were separated, washed
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and pelleted in order to minimize the contamination with other cells or plasma. In the last
step, the platelets were counted by a cell counter (Cell Dyn 1700, Abott® Laboratories,
North Chicago, IL, USA), and the presence of contaminant leukocytes and erythrocytes
was estimated to be <0.2 % of platelet population [leucocytes med= 0.09 % (0 - 0.2 %);
erythrocytes med= 0.03 (0 - 0,007 %)]. In the end of the analysis, proteins typically
associated with RBCs (such as o and B-globin or spectrin) were not detected, further
verifying that the contamination with these cells in the isolated platelets was minimal.
Applying the HILIC technology, the peptides obtained by the enzymatic digestion
of the platelets proteins were successfully fractionated, enhancing the identification of the
proteins after the mass spectrometry analysis. The figure 1 illustrates the chromatograms
obtained on the peptides fractionation, resulted from the platelet sample of a DVT patient
(figure A), his sibling (figure B) and his neighbor (figure C). In those figures, it is possible
to observe the gradual decrease of the 98 % ACN/0.1 % TFA from the beginning until the
middle of the process, as well as its sudden decrease and increase concentration in the end
of the analysis, which allowed the gradual release of the peptides from the column. The
figure D shows the superposition of the chromatograms, illustrating the interindividual
differences that could be a consequence of different protein expression patterns between the

analyzed group.
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Figure 1: Chromatograms obtained on the peptides fractionation by reverse phase applying
the UPLC in platelets from a DVT patient (figure A), his sibling (figure B) and his
neighbor (figure C). The figure D shows the superposition of the chromatograms,

illustrating the interindividual differences.

Mass spectrometry

The first analysis performed was the methodological variability applied on the
proteins identification of all the subjects of this study. The number of proteins identified is
shown on figure 2, and was very similar in each set of analysis. The variability observed

was considered acceptable for the methodologies employed.
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Figure 2: Number of proteins identified after mass spectrometry analysis of platelets
tryptic peptides from 3 spontaneous DVT patients, their 3 siblings and 3 matched
neighbors. The black line shows the number of common proteins identified between the

analyzed groups.

The presence and absence of the proteins was evaluated by two different ways:
proteins present on all the patients and absent in all the controls and vice-versa. On total, 5
proteins were present in all the patients and absent in all the controls. They were: (1 sub-
unit of coatomer (COPZ1), apolipoprotein al binding protein (APOA1BP), leukotriene A4
hydrolase (LA4H); 11-17B estradiol dehydrogenase (HSD17811) and sorbitol
dehydrogenase (SORD). When we inverted the analysis, looking for proteins absent on the
patients and present on the controls, none of the proteins remained constant in all the
evaluated individuals.

The analysis of the increased and decreased proteins was performed by Apex

Software, and the data evaluation were performed as in the presence/absence analysis: after
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the separation of all the differentially expressed proteins (p > 0.01) in each individual, the
proteins were compared between each patient with his sibling and neighbor, resulting in a
list of different expressed protein per set of analysis. In the end, the results of each set were

compared to the other two, and unfortunately no protein could be identified as a constant.

DISCUSSION

Platelets are the main mediators of haemostasis and thrombin generation, and there is
no doubt about their relevance in the pathophysiology of VTE. Since platelets are readily
available, are easily isolated in relatively large numbers, lack nuclei and genomic DNA,
and have a limited RNA pool, proteomic techniques are ideally suited for the analysis of
platelets. Toward this goal, we employed a proteomic approach in order to identify the
platelets proteins from DVT patients and compare to profiles obtained from their siblings
and neighbors.

The inclusions of two different kinds of controls in order minimize the genetic and
environmental influence over the proteins expression increased the reliability and the level
of exigency over the results as well. We attribute this fact over the lack of results on the
differential expressed analysis by Apex. There were no proteins that were constantly
increased or decreased between each patient with his controls and, after that, among all the
patients.

The platelet proteome is subject to rapid changes in response to external signals,
giving rise to potentially large within- and between subject variation (Gnatenko et al.,
2006). In this study, the methodology applied was carefully developed by Cazenave and
coworkers (2004) in order to isolate the platelets with minimum activation and

contamination with other cells and plasma. In this methodology, the blood was collected by
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syringe, minimizing the impact of the platelets to the tube, and the first tube was discarded
due the high levels of thrombin generated by the lesion of the vessel wall. The
anticoagulant ACD was chosen due its capacity of better prevents the platelet spontaneous
activation (Pignatelli et al., 1995). The wash buffer had glucose, physiologic pH and the
prostacyclin (PGI3) was added in order to inhibit the platelet function by the decrease of
expression of platelet fibrinogen receptors and P-selectin (Kozek-Langenecker ef al., 2003).
The PGI3 is produced by the endothelial cells and actives the platelet protein G, which acts
over the adenilciclase of the membrane. The adenilciclase converts ATP in cAMP, and the
last one blocks the calcium release from the dense tubular system and the release of the
triphosphate inositol and several kinases, preventing the platelet aggregation (Schror K.,
1997). The washes were intercalated with incubations at 37 °C, which could revert initial
activation processes.

During the analysis, it was identified 5 proteins that were only present on patients: the
apolipoprotein Al binding-protein, the Tl sub-unit of coatomer), the estradiol 11-17-f
dehydrogenase, the leukotriene A-4 hydrolase and the sorbitol dehydrogenase. Those
proteins were below the threshold of identification in controls: Part of them had relation
with lipid transportation, metabolism and inflammation.

The platelets, for long time considered merely effectors of thrombosis, have been
implicated in inflammatory conditions and on the pathobiology of these disease processes.
Not only do platelets enhance vascular injury through thrombotic mechanisms but also
appear to help orchestrate pathologic immune responses and are pivotal players in
facilitating leukocyte recruitment to vulnerable tissue (Semple ef al., 2011). Activated

platelets are involved in processes of leukocyte extravasation in response to inflammatory

57



stimuli, increasing leukocyte rolling on a pro-inflammatory surface, utilizing different types
of adhesion molecules, in a reciprocal cross-talk (Krishnan et al., 2011). Sehgal and Storrie
(2007) have identified two classes of a-granule: one that contains fibrinogen and another
that contains von Willebrand factor. It is tempting to speculate that platelets may also
differentially package pro-inflammatory and anti-inflammatory molecules into distinct
granule subpopulations. If so, it would indicate that platelets may store immunomodulatory
substances in a specific manner in order to respond to different types of tissue damage.

In the literature, the leukotriene family is mentioned as important players in
immediate hyposensitivity reactions and inflammation. The leukotriene A4 hydrolase
(LA4H) is a proinflammatory enzyme that generates the inflammatory mediator leukotriene
B4 (LTB4). Qiu and collegues (2006) reported increased mRNA and protein levels of
LA4H in 72 human carotid atherosclerotic plaques compared to 6 controls. The proteins co-
localized within macrophages in intimal lesions, presumably facilitating enzyme coupling
and leukotriene B4 (LTB4) synthesis. There was a correlation between increased levels of
LA4H mRNA and recent or ongoing symptoms of plaque instability. Unstable vascular
plaques showed abundant accumulation of activated neutrophils that produce leukotriene
B4, which induces the myeloperoxidase. This protein generates potent oxidants such as
hydrochloric acid, oxidizes LDL cholesterol and renders them proinflammatory (Naruko et
al., 2002, Zhang et al., 2001, Schmitt et al, 1999), inactivates protease inhibitors and
consumes nitric oxide, all of which escalate the inflammatory response (Eiserich et al.,
2002). It is known that the vascular endothelial cells release nitric oxide, PGI2 and CD 39
as protector agents, inhibiting the platelet adhesion to the wall. Myeloperoxidase levels
have been shown to be elevated in patients with diagnosed coronary artery disease and

within atherosclerotic lesions that are prone to rupture (Zhang et al., 2001; Sugiyama et al.,
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2001). These findings were corroborated by Spanbroek and colleagues (2003), who
investigated the 5-lipoxygenase cascade, which leads the formation of leukotrienes and
exhibit strong proinflammatory activities in human atherosclerosis, and verified that the 5-
lipoxygenase pathway was abundantly expressed in arterial walls of patients afflicted with
various lesion stages of atherosclerosis of the aorta and of coronary and carotid arteries.

The number of 5-lipoxygenase expressing cells markedly increased in advanced lesions.

Variants of the gene that encodes the arachidonate 5-lipoxygenase-activating protein
(ALOXS5AP) have been associated with risk of myocardial infarction (Helgadottir et al.,
2004). In another study, the same group (2006) showed that a haplotype spanning the
LA4H gene, which has the same biochemical pathway than ALOXS5AP, confers risk of
myocardial infarction in an Icelandic cohort. Neutrophils from myocardial infarction cases
with the at-risk haplotype resulted in more LTB4 than controls. Hakonarson and coworkers
(2005) performed a randomized, prospective, placebo-controlled, crossover trial of an
inhibitor of 5-lipoxygenase—activating protein in myocardial infarction patients who carried
the risk variants of the 5-lipoxigenase-activating protein gene or in the leukotriene A4
hydrolase gene and observed that the haplotype in the leukotriene B4 receptor complex was
found to confer a 2.3-fold increase in risk of ischemic and cardioembolic stroke in England

and German cohorts.

All those studies are in a completely accordance with the ours, and the presence of
LA4H can indicate a sustained inflammatory status, which could enhance not only the
platelet activation, but also could retro-feed the process stimulating the neutrophils and

endothelial cells and their interactions.
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The 11-17-B-estradiol dehydrogenase (11-17BED) is an interesting protein that
converts androstan-3-alpha,17-beta-diol (3-alpha-diol) to androsterone in vitro (Brereton et
al., 2001), suggesting that it may participate in androgen metabolism during
steroidogenesis. It may act by metabolizing compounds that stimulate steroid synthesis
and/or by generating metabolites that inhibit it. This protein is localized on the ER
membrane under normal conditions and is transferred to lipid droplets after the induction of

its formation (Horiguchi et al., 2008).

The involvement of this protein on the coagulation disorders is presently
contradictory. While some data describs a protective effect, other studies imply deleterious

effects.

Estrogen is known to have multiple protective effects on the cardiovascular system
(Mendelsohn and Karas, 1999). Wang and colleagues (2002) also showed that 11-17BED
deficiency leads to a decrease in total cardiac NOS activity due to changes in NOS3
activity. Cardiac myocytes and cardiac fibroblasts contain estrogen receptor isoforms, and
they can regulate the cardiac expression of endothelial and inducible NO synthase and
connexin 43 (Massion et al., 2003). Estrogen also modulates the activity of the mitogen-
activated protein kinase (MAPK) pathways in cardiac myocytes (Damy et al, 2004). In
fact, myocyte cross-sectional area was attenuated by estrogen treatment compared to
placebo. Another study performed by van Eickels and coworkers (2001) supports the
hypothesis that estrogens have direct effects on cardiac myocytes by the inhibition of the
p38-MAPK phosphorylation and increase the expression of ventricular atrial natriuretic

peptide, resulting in an antihypertrophic effect in our model of pressure overload.
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However, the anticoncepcional use and the post-menopausal hormone therapy are
established risk factors to DVT (Robetorye e Rodgers, 2001). Suzuki and coworkers (2010)
investigated the molecular mechanisms behind the reduction in PS levels in pregnant
woman. They observed that 11-17BE might modulates the ligand-dependent repression of
the PS alpha gene and also the production of mRNA and antigen of PS in HepG2 and ER «
cells. Cohen (2005) postulates that many effects of the postmenopausal hormone
replacement therapy could be explained by the down regulation of 11-17BED, which
reduces the tissue specific cortisol production and diminishes the endogenous anti-
inflammatory effects, allowing the progression of both vascular and pulmonary
inflammation.

The {1 sub-unit of the coatomer is a 700 kDa cytosolic protein complex
consisting of seven equimolar subunits (a-, B-, B'-, y-, 0-, - and (). The coatomer
complex and the ADP-ribosylation factor 1 are the main components of coat protein
complex I (COPI), which is involved in vesicle transport between the endoplasmic
reticulum and the golgi apparatus (Daro et al., 1997; Gu et al., 1997; Whitney et al.,
1995), and for the retrograde Golgi-to-ER transport of dilysine-tagged proteins
(Titorenko e Rachubinski, 2001). The perturbation in COPI increased the storage of
triglycerides by decreasing the lipolysis rate (Beller et al, 2008; Guo et al., 2008).
Furthermore, parallel studies in yeast and Drosophila S2 cells (Guo et al., 2008) also
suggested a role of coatomer function in lipid droplet regulation. Another study
(Dekroon e Armati, 2001) verified that apolipoprotein E synthesis depends on the
COPZ1 complex.

The complex also influences the Golgi structural integrity, protecting its
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membrane from uncontrolled fusion (Elazar et al., 1994; Lippincott-Schwartz et al.,
1989; Scheel et al., 1997; Guo et al., 1994) by the endocytic recycling of LDL receptors
(Passreiter et al., 1998). Beller and coworkers (2008) found a positive regulation of
lipolysis by the coatomer retrograde-vesicle trafficking pathway. He studied this protein
by knockdowns of the complex members in Drosophila S2 and Kcl167 cells, and in
mouse 3T3-L1 and AMLI2 cells. Surprisingly, only the g-subunit repeatedly failed to
produce a lipid storage phenotype following RNAI in both the S2 (Guo et al., 2008) and
on the Kc167 cells.

The lipid metabolism and transportation maybe could present relevance on DVT.
This is also corroborated by another protein associated with this function: the
apolipoprotein A-I Binding Protein (APOA1BP). Ritter and coworkers (2002)
confirmed direct binding between the apolipoprotein A1 (APOAI) and its binding
protein (APOA1BP) by in vitro protein binding assays and co-purification of the 2
proteins from hepatoma cell lysates. The APOA is synthesized by human intestine and
liver and its biological function is not completely understood. This protein is considered
an anti-atherogenic protein due its participation as a constitutive part of the
chylomicrons and HDL. The APOA1 would interact with the precursor beta HDL,
accepting the free cholesterol released from tissues to the liver. APOAT also would
activate the lecithin cholesterol acil transferase (LCAL) as its cofactor, which is related
with the esterification of the free cholesterol in HDL particles. In Budd-Chiari syndrome
(BCS), a rare vascular liver disorder caused by thrombosis of the hepatic veins, the
patients showed a significant decrease of APOAT1 plasma levels (Talens et al., 2011). In

another interesting study, Nordey and coworkers (2003) discovered that the fasting
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levels of activated FVII (FVIla) and FVII-Ag correlated to serum triglycerides and
APOAI1. FVIla and FVII:C increased during postprandial hyperlipemia, but the
concentrations of fasting FVIla and in these patients were reduced by treatment with
atorvastatin plus placebo. The relationship between eating and acute episodes of VTE is
less established, and to date only a single case had been reported in the literature, of a 60
years-old man who was suffering of dizziness during the meals, and after a check-up
was verified a cerebral venous thrombosis (Fukutake ef al., 2001). The ingestion of fatty
meals as a part of daily living mighty lead endothelial dysfunction, hypercoagulability,
and platelet hyperactivity that might finally predispose to the onset of acute episodes of
thrombosis (Miller, 1998; Anderson et al., 2001). Fututake and coworkers (2001) also
speculated that episodic congestion of the jugular venous drainage during mealtime due
to an increase in the circulatory volume of the external carotid-jugular system might
have contributed to trigger thrombosis. The apparent role suggested by those studies on
the etiology of thrombosis was contradicted by a longitudinal approach in 114
rheumatoid arthritis patients, which demonstrated an independent negative prediction of
carotid intima-media thickness by APOA1, but a positive by APOB/APOA1 ratio. This
complex ratio is also considered strongly predictive for ischemic stroke in elderly
subjects (Kostapanos et al., 2010). Our hypothesis is that the APOA1 can be a protective
protein released by the organism in critical situations, in order to minimize the damage.
This hypothesis is corroborated by the study of Jin and coworkers (1998), which was
performed trying to better understand the mechanism involved in the reduction of the
cardiovascular risk of postmenopausal women under estrogen therapy. They verified

that the estrogen therapy increases plasma HDL levels, triggers the accumulation of
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apoA-I in the stimulated Hep G2 media and stimulates newly transcribed hepatic apoA-I

mRNA without effect on apoA-I mRNA half-life.

APOAIBP also would bind to APOA2 and high-density lipoprotein (HDL) in a
yeast two-hybrid screen (Ritter et al., 2002; Kalbitzer et al., 2007). The work of Kula
and colleagues (2008) suggested an enzymatic function for APOA1BP that is likely to
include a nucleotide-containing substrate during capacitation at the level of cholesterol
efflux that may be regulated by phosphorylation. Thus, the genetic loci associated with
hyperlipidemia in both mice and men include the site of the APOA1BP gene, further
supporting the hypothesis that APOA1BP is involved in the process of cholesterol efflux

(Jha et al., 2008).

When cells derived from kidney proximal tubules were stimulated with APOAT1 or
HDL, APOA1BP showed a concentration-dependent release into the media implicating
its role in the renal tubular degradation or resorption of APOAI1. This found suggested
that the ostensive presence of the APOAIBP would be a consequence of the APOA1
increased levels. Interestingly, in our study the APOAL levels in platelets samples were

similar between patients the controls.

Another interesting protein found was the sorbitol desidrogenase (SORD). In
the polyol pathway, the aldose reductase (AR) is the first and rate-limiting enzyme, and
promotes the reduction of glucose to sorbitol with NADPH as the cofactor. The second
enzyme in this via is the SORD, responsible for oxidation of sorbitol to fructose using
NAD(+) cofactor. Carr and Markham (1995) stated that the accumulation and toxicity of

sorbitol in specific tissues had been implicated in the development of microvascular
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problems in some diabetic patients. Recently, the sorbitol via had been implicated in
osmotic and oxidative stress (Lo ef al., 2007). The SORD production is favored by low

oxygen conditions, and is an alternative way to the glucose oxidative metabolism.

Three very similar studies were performed in order to evaluate the effects of
inhibition AR or SORD over the cerebral ischemic injury (Lo et al., 2007) and ischemia-
reperfusion (I/R) induced myocardial infarction (Tang et al., 2008) in animal models. In
the first study, the researchers noticed that the AR deletion protected animals from
severe neurological deficits and large infarct. AR(-/-) brains showed lower expression of
transferrin and transferrin receptor with less iron deposition and nitrotyrosine
accumulation. Most interestingly, a pharmacological inhibition of AR by Fidarestat also
protected animals against cerebral ischemic injury. Tang and collegues (2008) found
that inhibition of AR or SORD both attenuated the I/R-induced myocardial infarction by
the increase of hypoxia inducible factor-1 alpha, transferrin and its receptor, and
intracellular iron content. The inhibition also reduced the I/R-induced infarct area of the
heart. They also found that the polyol pathway activity could increase the cytosolic
NADH/NAD+ ratio, and consequently activate the hypoxia inducible factor-1 alpha,
which would induce the expression of transferrin receptor, which in turn would increase
transferrin uptake and iron accumulation and exacerbates oxidative damage. This was
confirmed by the fact that administration of the iron chelator deferoxamine attenuated
the I/R-induced myocardial infarction. Ananthakrishnan and coworkers (2011)
determined a significantly higher expression and activities of AR and SORD in hearts
from aged rats subjected to global ischemia followed by reperfusion, and the induction

of ischemia further increased AR and SORD activity in the aged hearts. Blockade of AR
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reduced ischemic injury and improved cardiac functional recovery on reperfusion in
aged hearts. Apparently, this protein would be foreseen as a consequence of hypoxia
derived on an acute DVT episode. However, it was markedly preset on recurrent DVT,
indicating that these patients probably present an oxygen privation, as occur in post-
thrombotic syndrome.

Summarizing, a diverse group of proteins associated with inflammatory status and
metabolic alteration in patients presenting DVT were characterized in this study. We can
speculate that these proteins could represent harmful and protective proteins as an attempt
to equilibrate the damage. New direct experimental studies evaluating the role of these

proteins could reveal more pitfalls on the maintenance of the thrombogenic status.
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SUMMARY

Deep vein thrombosis (DVT) is multi-causal disease associated to a high morbidity and
mortality due to complications as pulmonary embolism and post-thrombotic syndrome, and
around 25 % of the patients will present recurrence in 5 years. The identification of new
factors involved in the pathophysiology of DVT can help in the management of these
patients, prevention of recurrence and in the development of new therapies. The evaluation
of plasma components using proteomics potentially provides a window into the individual’s
state of health and diseases. Here we analyzed the protein profile of plasma samples from 3
DVT patients and compared to results obtained from 1 sibling and 1 neighbor from each
patient. These patients were selected because they presented a personal and family history
of spontaneous and recurrent episodes of proximal DVT. METHODS: the albumin was
removed using Affi-Gel Blue Gel, and the proteins were alkylated, reduced, precipitated
and hydrolyzed by trypsin. The peptides were fractionated by SCX chromatography, and
the 7 fractions obtained were directed to the ESI Q-TOF Premier mass spectrometer. The
proteins search was performed using Mascot engine against [Pl human database.

RESULTS: Proteins that were statistically overexpressed in DVT patients included: C4-A
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plasma protease, C1 inhibitor Inter-alpha-trypsin, inhibitor heavy chain H1 and the serum
amyloid A. Proteins that were statistically reduced in DVT patients included: alpha-2-HS-
glycoprotein, isoform 2 of inter-alpha-trypsin, apolipoprotein A-IV and the inhibitor heavy
chain H4. CONCLUSIONS: The evaluation of plasma samples from patients with
spontaneous DVT allows the identification of proteins that are differently expressed when
compared to controls, which maybe have pathological importance for immune and

inflammatory processes in DVT.

INTRODUCTION

The thrombosis is the pathologic process of clot formation inside venous and
arterial vessels resulted from disequilibrium between the procoagulant, anticoagulant and
fibrinolytic activity. Venous thromboembolism (VTE) is considered a common disease,
with an incidence from 1 to 3 cases per 1000 individuals (Silverstein et al., 1998; Hanson et
al., 1997). A total of 30 % of patients suffering from VTE die within 30 days, a fifth from
sudden death due to PE, and nearly 25 % develop recurrent VTE within 5 years (Prandoni
et al., 2007). Many acquired and hereditary risk factors for VTE have been described, but
in around 25 % of the cases, the predisposing factors remain unknown (Heit, 2002). The
identification of new factors associated with deep vein thrombosis (DVT) can result in
important insights about prevention, diagnostic and treatment options for these patients.

Traditional coagulation tests, especially clot-based assays, are useful for describing
major abnormalities on the hemostatic response, but fail in their application of assessing

thrombotic risk on the healthy populations. Recent evidences also attest that the analysis of
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a vast array of genes can only explain a part of the individual thrombotic risk (Polkinghorne
et al., 2009). Human blood plasma can be easily obtained, and contains a combination of
proteins, or sub-proteomes, derived from different tissues. Therefore, the evaluation of the
protein profiles of human plasma using proteomics methodologies provides an interesting
window into an individual’s state of health and disease. In fact, these methodologies have
already been used in DVT patients (Gelfi et al., 2004; Lippi et al,, 2007; Ganesh et al.,
2007).

Here, we present a comprehensive proteomic profile of human plasma samples from
patients with spontaneous proximal DVT, for whom predisposing factors were not

identified.

PATIENTS AND METHODS
Patients

Patients were recruited from the Outpatient Clinic of the Hematology and
Hemotherapy Center of University of Campinas — UNICAMP. Samples were collected
between February and September 2009. The diagnosis of DVT was confirmed by Doppler
ultrasonography. Three patients were selected, all with a history of spontaneous proximal
DVT, and without known hereditary thrombophilia, or the diagnosis of any other systemic
disease judged by the investigators to have any influence on the plasma proteomic profile
of the patiets. A history of VTE in first and second-degree relatives was present in all three
patients. Patients older than 50, with acquired or a known hereditary thrombophilia, cancer,
myeloproliferative syndrome, liver or renal disease were excluded. In order to minimize

the environmental and genetic influence over the proteic expression, two control groups
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composed by siblings and individuals originated from the same geographic area were
included. The neighbors had no personal or familial history of DVT, and were matched by
gender, age (+/- 5 years), predominant ethnic origin and tobaccoism. This study was
performed in accordance with the Declaration of Helsinki and was approved by our local

medical ethics committee. All patients and controls signed a written informed consent.

Sample preparation

Blood (10 mL) was drawn from the antecubital vein of individuals who did not take
any antiplatelet or anti-inflammatory drugs during the two weeks prior to blood collection.
Samples were collected into two vacuum tubes (Greiner Bio-One®, Kremsmunster, Austria)
containing EDTA. The first tube was used for a complete blood count, so as to avoid the
contamination with collagen and thrombin in the proteomic analysis. The second one
remained in ice bath until the separation of the platelet poor plasma (PPP) at 4 °C. PPP
aliquots were then stored at -80 °C. After that, 250 uL. of plasma samples were filtered in
0.45 nm filters (Millipore®, Billerica, MA, USA), and the albumin was depleted with the
DEAE Affi-Gel Blue Gel (Bio-Rad”, Hercules, CA, USA) according to the manufacturer
instructions. The protein concentration of the albumin-depleted plasma was measured by
the Bradford assay. At the time of analysis, the albumin-depleted plasma samples were
taken out of -80 °C and put on ice. A mixture of 20 mM DTT in a 100mM Tris-HCI buffer,
12 uL of protease inhibitor (P8465, Sigma-Aldrich®, St. Louis, MO, EUA) and 350 pL of
plasmas samples were sonicated and boiled for 5 min. lodoacetamide (final concentration
50 mM) was added and this mixtures were let sit at room temperature on the dark for 30

min. After that, 5 mL of acetone were added, the sample was vortexed for 5 min and left at

85



-20 °C for 2 hours. The samples were taken out of the -20 °C and were spined at 1500g at 5
°C for 5 min. The supernatants were discarded and the process was repeated twice using 5

mL of acetone 80 %. The proteins were immediately directed to the digestion process.

Protein in-solution digestion

The protein digestion was performed according to Wojcechowskyj and coworkers
(2011). The pellets were ressuspended in 300 ul trypsin mix, composed by 0.9 mg of
Porcine Trypsin (Promega”, Madison, WI, USA) to 80ug of plasma proteins plus 0.1 %
Rapigest (Waters”, Milford, MA, USA in 30 mM NH4HCO;3), and were let rotate at room
temperature for 1 hour. After that, they were put at 37° C overnight. The digestion was
stopped with formic acid (2.5 % final concentration) and centrifuged at 20,000 x g for 20
min. The samples were desalted using Sep-Pak columns (C18, Waters”, Milford, MA,

USA) and dried.

Peptides fractionation (cation exchange)

The mixture of peptides were fractionated by strong cation exchange
chromatography (SCX) applying a PolySulfoethyl ATM column (PolyLC Inc.) coupled to a
HPLC Waters 2796 Bioseparations Module and Waters 2996 Photodiode Array Detector.
The following gradient was employed for peptide elution at 0.5 ml/min of a KCl buffer (1
mM to 40mM for 8 min), IM KCL for 2 min, and re-equilibration of the column with 1 M
KH,PO4 for the last 1,3 min. Eluting peptides were monitored at 214 nm. The peptides were

then desalted by a reverse phase applying a Bio Suite C18 PA-A, 3 um, 2.1 x 150 mm
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column (Waters, Milford, MA, USA). Fifty fractions of 1.0 ml were collected from the SCS

separation and lyophilized. Fractions were combined in 7 pools.

Mass spectrometric analysis

The enzymatic digestion by a site-specific protease product a mixture of peptides,
which are introduced inside the mass spectrometer. lons of a particular peptide are isolated
in an initial step of mass spectrometry and collided with gas to produce daughter ions.
These fragments are cataloged to produce a tanden mass spectrum. Identification of each
MS/MS as a particular peptide sequence is typically performed by database search
algorithms such as Mascot (Tabb et al., 2006).

The mass spectrometric analysis was performed according to Paes Leme and
coworkers (2011). In a label free analysis, the resulted peptides were resuspended in 20 pL
of formic acid 0.1% and an aliquot of 4.5 ul was separated by C18 (10 cm x id 100 um, 1.7
um particle size) RP-nanoUPLC (nanoAcquity, Waters) coupled with a Q-Tof Premier
mass spectrometer (Waters) with nanoelectrospray source at a flow rate of 0.6 pl/min. The
gradient was 2-90% acetonitrile in 0.1% formic acid over 45 min. The nanoelectrospray
voltage was set to 3.5 kV, a cone voltage of 30 V and the source temperature was 100°C.
The instrument was operated in the ‘top three’ mode, in which one MS spectrum is
acquired followed by MS/MS of the top three most-intense peaks detected. After MS/MS
fragmentation, the ion was placed on exclusion list for 60s.

The raw data files were submitted to Mascot Search Engine (Matrix Science”,
London, UK). The searches were performed against the IPI human database v3.79, with a
parent tolerance of 0.1 Da, a peptide mass tolerance of 0.1 Da, and one trypsin missed

cleavage. lodoacetamide derivative of cysteine and oxidation of methionine were specified
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as fixed and variable modifications, respectively. The outputs files of the searches were
loaded into Scaffold 3 (Scaffold 3_00 3, Proteome Software”™ Inc. Portland, OR, USA) and

the quantitative value was obtained.

Statistical analysis

The quantitative values, which normalize spectral counts across samples to each
protein, were compared between patients with their siblings and neighbors. The fold change
was calculated by dividing the average counts for each protein identified, and the amounts

higher than 1.5 and lower than 0.5 were considered significant.

RESULTS

Three patients with spontaneous proximal DVT were included: one male and two
female, 2 Caucasians and one Afro-descendent, all of them presented familiar history of
VTE. All patients presented proximal DVT and the median time between the last DVT
event and sample collection was 2 years (range 1 to 4 years). One of the patients had
controlled hypertension, treated with amlodipine besylate and atenolol besylate. All patients
presented proximal DVT and the median time between the last DVT event and sample
collection was 2 years (range 1 to 4 years).

The patients and controls blood count presented normal results, and did not present
statistically differences between the analyzed parameters. DEAE Affi-Gel Blue Gel
successfully depleted the albumin from the platelet poor plasma with reduction of 77.67 %
of the total proteins. The 10 % SDS-PAGE gel showed this non-complete depletion, but it
was possible to observe one substantial decrease on albumin after the depletion. A third run

was performed with one suspension of the column used during the depletion; the albumin

88



and other proteins that could be unspecifically holded by the column or carried by albumin
were observed. Currently, there is no procedure available to get rid of albumin without
losses of other proteins (Eriksson et al., 2010).

During the fractionation by SCX, the majority of the peptides were released from
the column on the first half of the process, and the fractions with lower amounts of peptides

were combined, and a total of 50 fractions were reduced to 7 fractions.

Mass spectrometry

After the spectral search by Mascot, it was possible the proteins identification of
each one of the three patients and their respective controls (one sibling and one neighbor).
The quantitative value, derived by the spectral count (SC) of each protein, was compared
between patients and siblings, and the fold change was calculated. The SC depends on the
number of MS/MS spectra mapped to peptides with high confidence, so that optimization
for SC also favors optimization for total protein identification (Bantscheff ef al., 2007). The
signal intensities of all ions detectable by MS can be used for quantitation, increasing the
reliability of abundance estimates and also extending the dynamic range of MS-based

quantitation (Silva et al., 2005). An example of spectrum obtained is shown on figure 1.
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Figure 1. Spectrum of alpha-2-HS-glycoprotein obtained on the label free analysis of

plasma samples from Deep Vein Thrombosis patients, their siblings and neighbors.

The number of identified proteins was similar between the groups (199), and the
individual analysis of proteins showed significantly higher number of peptides from
complement C4-A plasma protease, C1 inhibitor Inter-alpha-trypsin, inhibitor heavy chain
HI and serum amyloid A were detected on patient samples. Peptides from alpha-2-HS-
glycoprotein, isoform 2 of inter-alpha-trypsin, apolipoprotein A4 and the inhibitor heavy
chain H4 were present in reduced amounts on the patient samples. The results are expressed

on table 1.
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Table 1. Identification of differentially expressed proteins by LC-MS/MS, showing the
accession number, quantitative value (QV) and the fold change presented by the

comparison between patients and siblings and patients and neighbors

Accession Qv Qv Fold Qv Fold
number Patients | Siblings | Change| Neighbors| Change

Complement C4-A plasma | IP100032258 176,99 117,21 1,51 58,42 3,03
protease
C1 inhibitor inter alpha IP100291866 76,86 45,63 1,68 31,51 2,44
trypsin
Inter alpha trypsin 1P100292530 9,67 6,37 1,52 3,57 2,71
inhibitor heavy chain H1
Serum amyloid A IP100552578 12,90 1 12,90 1 12,90
Isoform 2 of inter alpha IP100218192 5,00 10,49 0,48 34,41 0,15
trypsin H4
Apolipoprotein A-1V IP100304273 2,77 10,40 0,27 5,47 0,51
Alpha-2-HS-glycoprotein | IP100022431 5.95 19.33 0,31 88.66 0,07

DISCUSSION

The DVT is a common disease, and 25 % of patients did not present any risk factors.
As the plasma is an important carrier of proteins, and the proteomic tool has a potential to
elucidate some factors involved on its pathophysiology.

The depletion of albumin is a crucial part of any plasma proteomic study, due the
interference of albumin over the analysis of other proteins. The mechanism by which the
albumin interacts with the sepharose contained on the Affi-Gel Blue Gel is not fully
clarified. It has been shown that the dye presents affinity for enzymes that utilize AMP for

reactions (Bohme et al., 1972). Further, it has been suggested that the dye may resemble a
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nucleotide in shape and thus bind to any protein that has a 'nucleotide fold' (Thompson et
al., 1975). This tenacious binding of albumin to dye would, on this basis, indicate that it is
also capable of binding nucleotides. These hypotheses could explain the high nonspecific
bind of other proteins to albumin, and consequently their loss on this analysis. This fact
could compromise the results, but all the proteomics studies prefer to assume this bias and
many interesting results have been emerged.

In this study, the differently expressed proteins identified between patients and
controls seem to play important role on inflammation, immune system and lipid
transportation. Although inflammation-induced thrombosis is a well-known mechanism, its
pathogenesis is not fully understood. Coagulation also increases inflammation, causing a
vicious cycle. This is mainly achieved by thrombin-induced secretion of proinflammatory
cytokines and growth factors, and by the triggering of dendritic cells by platelets. There are
many systemic inflammatory diseases characterized by thrombotic tendency, including
Behget disease, antineutrophilic cytoplasmic antibody-associated vasculitides, Takayasu
arteritis, rheumatoid arthritis, systemic lupus erythematosus (SLE), antiphosholipid
syndrome (SAPS), familial Mediterranean fever, thromboangiitis obliterans and
inflammatory bowel disease (Johannesdottir ef al., 2012)

The C4 complement protein is mainly synthesizes by the liver and it is essential for
the propagation of the classical complement pathway (Blanchong et al., 2001). Cls cleaves
C4 to C4a and C4b (Schifferli e Paccaud, 1989), and C4A ensures the solubilization of
antibody—antigen aggregates through binding to IgG or to antigens of immune complexes
(IC), and clearance of IC through binding to complement receptor CR1. Production of
complement C4 in excess of the balancing regulatory components could possibly cause

over activation of the complement pathways and exacerbate the inflammatory response at
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the local tissues (Carroll, 1998). Until the moment, there is no specific linking between
complement C4-A plasma protease and DVT, but as this protein plays a role on
inflammation and the immune system, it has a potential to also participate on DVT
physiopathology.

Serum amyloid A (SAA) is a family of acute-phase proteins synthesized primarily
by the liver. Plasma levels of SAAs (SAA1 and SAA?2) rise dramatically up to 1000-fold in
inflammation, as a result of increased transcription by inflammatory cytokines such as
TNF, IL-1, and IL-6 (Jensen et al., 1998). This is observed in some inflammatory diseases
like metabolic syndrome, diabetes, rheumatoid arthritis or lupus. Indeed, patients with
inflammatory disease and DVT, as on SAPS and SLE + antiphospholipid antibodies
presented higher SAA, PCR and IL-6 levels. It seems that increased SAA amounts can also
indicate a progression from a non-inflammatory thrombotic condition to an inflammatory
one (Jensen et al., 1998). On our study, the higher amounts of SAA associated to other
proteins also related to inflammation corroborate this hypothesis.

The inter-alpha-trypsin inhibitors (Ial) are a family of structurally related serine
protease inhibitors that are mainly secreted by the liver and are present in the blood at
considerably high concentrations (0.15-0.5 mg/ml). The main metabolites of Ial-family
proteins inhibit a broad spectrum of proteases, including trypsin, chymotrypsin, plasmin,
granulocyte elastase, and cathepsin (Chi et al., 2008; Zhuo e Kimata, 2008; Pugia et al.,
2007). They seem to be acute-phase proteins, and slightly increased concentrations were
observed in plasmas samples from patients with inflammatory disorders (Choi-Miura,
2004). Again, the increased amounts of Iol found in this study also suggest an

inflammatory status on DVT patients.
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The inhibitors heavy chain H are a family of serine protease composed by five
subunits (H1, H2, H3, H4 and HS; Josic et al., 2006), which have been recently implicated
in inflammation and cancer metastasis (Fries et al., 2003; Lim et al., 2003). Zhang and
colleagues (2004) demonstrated an increase of serum subunits HI and H4 in patients with
ovarian cancer when compared to other pathologic pelvic conditions, and supposed that this
protein could be considered a marker of this type of neoplasia. In this study, we found
increased levels of H1 and decreased amounts of H4 subunits in DVT patients, and further
studies are required in order to clarify their relation to the vein thrombosis.

Human o2HS-glycoprotein is synthesized and secreted by the liver, and its
concentration decreases significantly following infection (Jethwaney er al, 2005),
malignancy (Sakwe et al., 2010), and is regarded as a marker for vascular inflammation and
calcification (Baumann et al., 2009). Mathews and coworkers (2002) found decreased
levels of plasma a2HS-glycoprotein within few hours in MI patients, with return to normal
concentration after 5 to 7 days after the acute episode. Bilgir and coworkers (2010) also
observed decreased levels of a2HS-glycoprotein in stable angina. Those results indicate
that it could be considered a negative acute phase protein in coronary artery disease. We
showed that our patients presented decreased amounts of a2HS-glycoprotein, and like in

arterial disease, this glycoprotein could be associated to DVT.

The apolipoproteins Al, A4 and E are the main protein constituents of high-density
lipoprotein (HDL). It has been established that HDL inhibits the coagulation pathway,
decreasing platelet aggregation and thrombus formation (Li et al, 1999; Norfer et al.,
1998) probably due direct interactions with platelets (Barlage et al., 2006; Schmitz et al.,

2006). Populational studies demonstrate that there is an inverse association between plasma
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high-density lipoprotein (HDL) levels and recurrent venous thromboembolism (Braekkan et
al., 2009; Braekkan et al., 2012). Plasma proteomic analysis of patients with Budd-Chiari
syndrome showed decreased levels of Apo Al (Talens et al, 2011). Our results of
decreased levels of Apo A4 are interesting and corroborate a participation of those

apolipoproteins on the mechanisms of the vein thrombosis.

In this study, only spontaneous and recurrent DVT patients were recruited. Indeed,
the strict criteria adopted to select the patients certainly improved the reliability on the
results. Besides, the inclusion of two different controls to each patient (one sibling and one
neighbor) minimized the genetic and environmental influence on the proteins expression.
Our results showed that proteins associated to inflammation, immune system and lipid
transportation were differently expressed in patients presenting vein thrombosis. The link
between inflammation and DVT has been largely discussed in the literature, and it is
corroborated on this study. New direct experimental studies evaluating the role of these

proteins could reveal more pitfalls on their involvement on the thrombogenic status.
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A TVP resulta de um desequilibrio entre a atividade procoagulante, anticoagulante e
fibrinolitica. O fator tissular, presente em grande quantidade na adventicia dos vasos
sanguineos, exerce um papel fundamental na ativa¢do da coagulagdo, que ocorre apds a
injaria vascular. Contudo, ndo € incomum a trombose ocorrer na auséncia de lesdo vascular,
e assim a ativacdo seria fruto de outros mecanismos. A complexa combinagdo entre a
predisposi¢do genética e a diversidade fenotipica, composta por fatores adquiridos ao longo
da vida do individuo somados a fatores desencadeadores torna o estudo desta doenga ainda
mais desafiador. A busca pelo entendimento de como esta afinada orquestra perde o tom se
tornou o nosso mais ambicioso objetivo. Diversas ferramentas podem e devem ser adotadas
nesta audaciosa empreitada. Os testes tradicionais da coagulagdo, principalmente aqueles
baseados na formagdo do codgulo, sdo imensamente uteis na identificacdo de grandes
anormalidades do sistema hemostatico, mas ndo mimetizam as reais condi¢des em que as
reagdes acontecem no organismo e se mostram falhos na analise do risco trombdtico de

individuos saudaveis.

A descri¢do do genoma foi o mais importante salto da medicina dos tltimos tempos,
e forneceu as bases para a uma melhor compreensdo de mecanismos fisiopatologicos
(Lander et al., 2001; Venter et al., 2001; Waterston et al., 2002). No entanto, a sua
transcri¢do depende da influéncia de interagdes bioquimicas associadas ou ndo com o meio
ambiente. As proteinas sdo consideradas as reais efetoras das reagdes que promovem 0s
estados de satide e doenga do organismo, e por isso tornam-se alvo na elucida¢do da
fisiopatologia das doengas e na produgdo de novas drogas, ja que mais de 80 % de todos os

medicamentos disponiveis agem sobre proteinas (Drews, 2000).
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E consensual que as perturbagdes nas fun¢des proteicas afetam o processo de
diversas doengas (Powell e Timperman., 2004), e isto poderia estar presente também no
processo trombdtico. A analise protedmica apresenta um alto potencial em implementar o
conhecimento de vias biolégicas pois possibilita a identificagio de proteinas sub ou
superexpressas, além de agregar informagdes acerca de sua atividade, estabilidade,
localizagdo e furnover. Exemplos de sucesso no seu emprego foram a identificagdo de
marcadores de neoplasia de bexiga (Ostergaard ef al., 1999) e mama (Page et al., 1999).

A relevancia das plaquetas na hemostasia é algo estabelecido, e as novas
descobertas sobre suas supostas fungdes sobre o sistema inflamatorio e imune foram um
grande incentivo para que este estudo fosse realizado. Varios trabalhos t€ém demonstrado o
papel da resposta inflamatéria na TVP, mas também na sua relagdo com a sindrome pos-
trombotica (Henke e Wakefield, 2009; Roumen-Klappe et al., 2009; Shbaklo et al., 2009).
No entanto, o efeito do trombo nas células que compdem a parede do vaso é pouco
compreendido, mas parece resultar em um aumento na rigidez e da espessura da parede
vascular, na diminui¢do da adesdo das células endoteliais € em uma matriz com arquitetura
aberrante (Henke et al., 2007). E de se esperar que individuos com TVP espontanea e de
repeticdo devam apresentar, em niveis individualizados, alteragdes em proteinas
relacionadas a inflamag¢do. O mesmo pode-se dizer sobre o transporte e metabolizagdo de
lipideos.

No estudo do plasma também foi possivel a identificagdo de proteinas intimamente
relacionadas a inflamag¢do, imunidade e transporte de lipideos, embora muitas delas ainda
ndo tenham sido relacionadas a TVP propriamente dita. Novas pesquisas serdo

imprescindiveis para a determinagdo se elas s6 agravariam o quadro de
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hipercoagulabilidade ja presente nestes pacientes ou se teriam poder suficiente para
desencadear o processo.

Além disso, alguns comentarios se fazem necessarios no que se refere ao proteoma
do plasma. A deplecdo da albumina foi uma etapa critica neste estudo, e trés métodos
diferentes foram empregados na tentativa de melhor realizar esta tarefa: coluna de afinidade
Hitrap Blue HP em FPLC, kit para deple¢do das 20 proteinas mais abundantes do plasma
(ProteoPrep, Sigma) e Affi-gel blue gel. No final, consideramos os resultados deste tltimo
como satisfatorios, embora ainda apresentando interferéncias importantes. Como visto, o
seu emprego permitiu a deplecdo de cerca de 77 % do montante inicial de proteinas, mas
através da corrida géis SDS-PAGE pudemos verificar que outras proteinas estavam sendo
carreadas neste processo de deplecdo. O mecanismo pelo qual a albumina ¢ removida do
plasma ndo ¢ esclarecido pelo fabricante, e muito pouco foi publicado até o0 momento sobre
o assunto. Bohme e colaboradores (1972) mencionam que o Cibacron Blue possui uma alta
afinidade por enzimas que utilizam AMP em suas reacdes. Além disso, tem sido sugerido
que o corante também possui afinidade a nucleotideos (Thompson et al., 1975). Com isto,
estima-se que haja uma grande taxa de liga¢des inespecificas durante o procedimento, o que
por sua vez pode ter causado a perda de importantes proteinas. No entanto, a analise do
plasma se mostra invidvel sem que haja a deple¢do da albumina, tendo em vista que a sua
presenga ostensiva praticamente impossibilita a analise de proteinas menos expressas, que
muito provavelmente possam ter uma grande relevancia nos processos patologicos. Assim,
o desenvolvimento de técnicas que possam promover a remog¢do da albumina de maneira

especifica possibilitaria a analise do plasma com muito mais confiabilidade.
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A andlise protedmica mostrou que as proteinas

- sub-unidade {1 do coatdomero (COPZI),

- a proteina ligante da apolipoproteina A1 (APOA1BP),

- a hidrolase A4 do leucotrieno (LA4H),

- a desidrogenase 11-17 do estradiol (HSD17p11) e

- a desidrogenase do sorbitol estiveram presentes apenas em plaquetas dos pacientes com

TVP, e ausentes nos seus 3 irmaos e 3 vizinhos.

Na analise protedmica de plasmas, verificou-se que as proteinas

- complemento C4-A,
- inhibitor C1 da inter-a-tripsina,
- inibidor H1 de cadeia pesada e

- proteina amildide sérica A estiveram hiperexpressas, e as proteinas:

- glicoproteina a-2-HS,
- isoforma 2 da inter-o-tripsina,
- apolipoproteina A-IV e o

- inibidor de cadeia pesada H4 estiveram suprimidas nestes mesmos individuos.

111



112



REFERENCIAS BIBLIOGRAFICAS

113



114



Ananthakrishnan R, Li Q, Gomes T, Schmidt AM, Ramasamy R. Aldose reductase
pathway contributes to vulnerability of aging myocardium to ischemic injury. Exp

Gerontol. 2011;46(9):762-7.

Anderson RA, Jones CJ, Goodfellow J. Is the fatty meal a trigger for acute coronary

syndromes. Atherosclerosis 2001; 159(1):9-15.

Arruda VR, Annichino-Bizzacchi JM, Costa FF, Reitsma PH. Factor V Leiden (FVQ 506) is

common in a Brazilian population. Am J Hematol. 1995 Jul;49(3):242-3.

Arruda VR, Annichino-Bizzacchi JM, Gongalves MS, Costa FF. Prevalence of the
prothrombin gene variant (nt20210A) in venous thrombosis and arterial disease. Thromb

Haemost. 1997;78(6):1430-3.

Bantscheff M, Schirle M, Sweetman G, Rick J, Kuster B. Quantitative mass spectrometry

in proteomics: a critical review. Anal. Bioanal. Chem. 2007; 389(4),1017-31.

Barlage S, Boettcher D, Boettcher A, Dada A, Schmitz G. High density lipoprotein

modulates platelet function. Cytometry A. 2006; 69: 196-9.

Baumann M, Richart T, Sollinger D, Pelisek J, Roos M, Kouznetsova T et al. Association
between carotid diameter and the advanced glycation end product N-epsilon-

carboxymethyllysine (CML). Cardiovasc Diabetol. 2009;6;8:45.

115



Beller M, Sztalryd C, Southall N, Bell M, Jackle H, Auld DS et al. COPI complex is a

regulator of lipid homeostasis. PLoS Biol. 2008;6(11):292.

Bilgir O, Kebapcilar L, Bilgir F, Bozkaya G, Yildiz Y, Pinar P ef al. Decreased serum
fetuin-A levels are associated with coronary artery diseases. Intern Med. 2010;49(13):1281-

5.

Blanchong CA, Chung EK, Rupert KL, Yang Y, Yang Z, Zhou B ef al. Genetic, structural
and functional diversities of human complement components C4A and C4B and their

mouse homologues, Slp and C4. Int Inmunopharmacol. 2001;1(3):365-92.

Bohme HJ, Kopperschlager G, Schulz J, Hofmann E. Affinity chromatography of

phosphofructokinase using Cibacron blue F3G-A. J Chromatogr. 1972;69(1):209-14.

Braekkan SK, Borch KH, Mathiesen EB, Njelstad I, Hansen JB. HDL-cholesterol and
future risk of venous thromboembolism: the Tromse Study. J Thromb Haemost.

2009;7(8):1428-30.

Braekkan SK, Hald EM, Mathiesen EB, Njolstad I, Wilsgaard T, Rosendaal FR et al

Competing risk of atherosclerotic risk factors for arterial and venous thrombosis in a

general population: the tromso study. Arterioscler Thromb Vasc Biol. 2012;32(2):487-91.

116



Brereton P, Suzuki T, Sasano H, Li K, Duarte C, Obeyesekere V et al. Panlb (17-beta-
HSD11)-enzymatic activity and distribution in the lung. Molec. Cell. Endocr. 2001;171:

111-17.

Carr IM e Markham AF. Molecular genetic analysis of the human sorbitol dehydrogenase

gene. Mammalian Genome 1995; 6: 645-52.

Cazenave JP, Ohlmann P, Cassel D, et al. Preparation of washed platelet suspensions from
human and rodent blood. In: “Platelets and Megakaryocytes - Methods in Molecular
Biology”. Edited by Gibbins JM and Mahaut-Smith MP. Humana Press Inc., Totowa, NJ

2004. pp. 373.

Chi L, Wolff JJ, Laremore TN, Restaino OF, Xie J, Schiraldi C et al. Structural analysis of

bikunin glycosaminoglycan. J Am Chem Soc. 2008;130(8):2617-25.

Christiasen SC, Cannegiete SC, Koste T, Vaderbroucke JP, Rosendaal FR. Thrombophilia,

clinical factors and recurrent venous thrombotic events. The JAMA 2005; 293(19):2352-61.

Choi-Miura NH. Novel human plasma proteins, IHRP (acute phase protein) and PHBP
(serine protease), which bind to glycosaminoglycans. Curr Med Chem Cardiovasc Hematol

Agents. 2004;2(3):239-48.

117



Cohen PG. Estradiol induced inhibition of 11beta-hydroxysteroid dehydrogenase 1: an
explanation for the postmenopausal hormone replacement therapy effects. Med

Hypotheses. 2005;64(5):989-91.

Coppinger JA, Cagney G, Toomey S, Kislinger T, Belton O, McRedmond JP et al
Characterization of the proteins released from activated platelets leads to localization of novel

platelet proteins in human atherosclerotic lesions. Blood 2004; 103:2096-104.

Corral J, Huntington JA, Gonzalez-Conejero R, Mushunje A, Navarro M, Marco P et al.
Mutations in the shutter region of antithrombin result in formation of disulfide-linked

dimers and severe venous thrombosis. J] Thromb Haemost. 2004;2(6):931-9.

Damy T, Ratajczak P, Shah AM, Camors E, Marty I, Hasenfuss G et al. Increased neuronal
nitric oxide synthase-derived NO production in the failing human heart. Lancet

2004;363:1365-7.

Daro E, Sheff D, Gomez M, Kreis T, Mellman I. Inhibition of endosome function in CHO
cells bearing a temperature-sensitive defect in the coatomer (COPI) component epsilon-

COP. J. Cell Biol. 1997; 139:1747-59.

Davis MT e Patterson SD. Does the serum peptidome reveal hemostatic dysregulation? Ernst.

Schering. Res. Found. Workshop 2007; (61), 23—44.

118



Dekroon RM, Armati PJ. Synthesis and processing of apolipoprotein E in human brain

cultures. Glia. 2001;33(4):298-305.

Drews J. Drug discovery: a historical perspective. Science, 2000; 287: 1960-64.

Fowkes FJ, Price JF, Fowkes FG. Incidence of diagnosed deep vein thrombosis in the general

population: systematic review. Eur. J. Vasc. Endovasc. Surg. 2003; 25, 1-5.

Eiserich JP, Baldus S, Brennan ML, Ma W, Zhang C, Tousson A et al. Myeloperoxidase, a

leukocyte-derived vascular NO oxidase. Science. 2002;296:2391-4.

Elazar Z, Orci L, Ostermann J, Amherdt M, Tanigawa G, Rothman JE. ADP-ribosylation

factor and coatomer couple fusion to vesicle budding. J. Cell Biol. 1994; 124:415-24.

Eriksson C, Schwenk JM, Sjoberg A, Hober S. Affibody molecule-mediated depletion of
HSA and IgG using different buffer compositions: a 15 min protocol for parallel processing

of 1-48 samples.Biotechnol Appl Biochem. 2010;56(2):49-57.

Franchini M, Favaloro EJ, Lippi G. Glanzmann thrombasthenia: an update. Clin. Chim. Acta.

2009; 411(1-2), 1-6.

Fukutake T, Shimoe Y, Hattori T. Dizziness when eating: an unusual isolated presentation

of cerebral venous thrombosis. Intern Med 2001;40(9):961-63.

119



Ganesh SK, Sharma Y, Dayhoff J, Fales HM, Van Eyk J, Kickler TS et al. Detection of

venous thromboembolism by proteomic serum biomarkers. PL.oS One. 2007;2(6):e544.

Garcia A, Prabhakar S, Hughan S, Anderson TW, Brock CJ, Pearce AC et al. Differential
proteome analysis of TRAP-activated platelets: involvement of DOK-2 and

phosphorylation of RGS proteins. Blood, 2004; 103:2088-95.

Gelfi C, Vigano A, Ripamonti M, Wait R, Begum S, Biguzzi E et al. A proteomic analysis
of changes in prothrombin and plasma proteins associated with the G20210A mutation.

Proteomics. 2004;(4): 2151-9.

Gevaert K, Eggermont L, Demol H, Vandekerckhove J. A fast and convenient MALDI-MS

based proteomic approach: identification of components scaffolded by the actin

cytoskeleton of activated human thrombocytes. J. Biotechnol 2000;78:259—-69.

Gnatenko DV, Perrotta PL, Bahou WF. Proteomic approaches to dissect platelet function:

Half the story. Blood 2006;108, 3983-91.

Gu F, Aniento F, Parton RG, Gruenberg J. Functional dissection of COP-I subunits in the

biogenesis of multivesicular endosomes. J. Cell Biol. 1997; 139:1183-95.

120



Guo Q, Vasile E, Krieger M. Disruptions in Golgi structure and membrane traffic in a
conditional lethal mammalian cell mutant are corrected by epsilon-COP. J. Cell Biol. 1994;

125:1213-24.

Guo Y, Walther TC, Rao M, Stuurman N, Goshima G, Terayama K ef al. Functional
genomic screen reveals genes involved in lipid-droplet formation and utilization. Nature.

2008;453:657-61.

Gygi SP, Rochon Y, Franza BR, Aebersold R. Correlation between protein and mRNA

abundance in yeast Mol. Cell Biol. 1999; 19, 1720-30.

Hakonarson H, Thorvaldsson S, Helgadottir A, Gudbjartsson D, Zink F, Andresdottir M et
al. Effects of a 5-lipoxygenase-activating protein inhibitor on biomarkers associated with

risk of myocardial infarction: a randomized trial. JAMA. 2005;293(18):2245-56.

Hanson PO, Werlin L, Tibblin G, Eriksson H. Deep vein thrombosis and pulmonary

embolism in the general population. Archives Internal Medicine 1997; 157:1665-70.

Hanson PO, Sorbo J, Eriksson H. Recurrent venous thromboembolism after deep vein

thrombosis. Arch Intern Med 2000; 160: 769-74.

121



Heit JA. Venous thromboembolism epidemiology: implications for prevention and

management. Semin. Thromb. Hemost. 2002; 28, 3—13.

Helgadottir A, Manolescu A, Thorleifsson G, Gretarsdottir S, Jonsdottir H, Thorsteinsdottir
U et al. The gene encoding 5-lipoxygenase activating protein confers risk of myocardial

infarction and stroke. Nature Genet. 2004; 36: 233-9.

Henke PK, Varma MR, Moaveni DK, Dewyer NA, Moore AJ, Lynch EM et al. Fibrotic
injury after experimental deep vein thrombosis is determined by the mechanism of

thrombogenesis. Thromb Haemost 2007; 98: 1045-55.

Henke PK e Wakefield T. Thrombus resolution and vein wall injury: dependence on

chemokines and leukocytes. Thromb Res 2009; 123 (Suppl 4): S72-78.

Horiguchi Y, Araki M, Motojima K. Identification and characterization of the ER/lipid

droplet-targeting sequence in 17beta-hydroxysteroid dehydrogenase type 11. Arch Biochem

Biophys. 2008;479(2):121-30.

Jensen LE e Whitehead AS. Regulation of serum amyloid A protein expression during the

acute-phase response. Biochem J. 1998;334 ( Pt 3):489-503.

122



Jethwaney D, Lepore T, Hassan S, Mello K, Rangarajan R, Jahnen-Dechent W et al.
Fetuin-A, a hepatocyte-specific protein that binds Plasmodium berghei thrombospondin-

related adhesive protein: a potential role in infectivity. Infect Immun. 2005;73(9):5883-91.

Jha KN, Shumilin IA, Digilio LC, Chertihin O, Zheng H, Schmitz G ef al. Biochemical and
structural characterization of apolipoprotein A-I binding protein, a novel phosphoprotein

with a potential role in sperm capacitation. Endocrinology. 2008;149(5):2108-20.

Jin FY, Kamanna VS, Kashyap ML. Estradiol stimulates apolipoprotein A-I- but not A-II-
containing particle synthesis and secretion by stimulating mRNA transcription rate in Hep

G2 cells. Arterioscler Thromb Vasc Biol. 1998;18(6):999-1006.

Johannesdottir SA, Schmidt M, Horvath-Puho E, Serensen HT. Autoimmune skin and
connective tissue diseases and risk of venous thromboembolism: a population-based case-

control study. J Thromb Haemost. 2012 Feb 21. [Epub ahead of print]

Josic D, Brown MK, Huang F, Lim YP, Rucevic M, Clifton JG et al. Proteomic
characterization of inter-alpha inhibitor proteins from human plasma. Proteomics.

2006;6(9):2874-85.

Kostapanos MS, Christogiannis LG, Bika E, Bairaktari ET, Goudevenos JA, Elisaf MS et
al. Apolipoprotein B-to-A1 ratio as a predictor of acute ischemic nonembolic stroke in

elderly subjects. J Stroke Cerebrovasc Dis. 2010;19(6):497-502.

123



Kozek-Langenecker SA, Spiss CK, Michalek-Sauberer A, Felfernig M, Zimpfer M. Effect
of prostacyclin on platelets, polymorphonuclear cells, and heterotypic cell aggregation

during hemofiltration. Crit Care Med. 2003;31(3):864-8.

Krishnan S, Gaspari M, Della Corte A, Bianchi P, Crescente M, Cerletti C ef al. OFFgel-
based multidimensional LC-MS/MS approach to the cataloguing of the human platelet

proteome for an interactomic profile. Electrophoresis. 2011;32(6-7):686-95.

Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC, Baldwin J ef al. Initial sequencing

and analysis of the human genome. Nature 2001, 409, 860-921.

Li D, Weng S, Yang B, Zander DS, Saldeen T, Nichols WW et al. Inhibition of arterial
thrombus formation by ApoA1l Milano. Arterioscler. Thromb. Vasc. Biol. 1999; 19: 378-

83.

Lim YP, Bendelja K, Opal SM, Siryaporn E, Hixson DC, Palardy JE. Correlation between

mortality and the levels of inter-alpha inhibitors in the plasma of patients with severe

sepsis. J Infect Dis. 2003;188(6):919-26.

Lippi G e Favaloro EJ. The missing link between genotype, phenotype and clinics. Biochem.

Med 2009. 19, 137-45.

124



Lippi G, Favaloro EJ, Plebani M. Proteomic analysis of venous thromboembolism. Expert

Rev Proteomics. 2010;7(2):275-82.

Lippt G, Franchini M, Favaloro EJ. Unsuspected triggers of venous thromboembolism —

trivial or not so trivial? Semin. Thromb. Hemost. 2009; 35, 597-604.

Lippi G, Franchini M, Montagnana M, Guidi GC. Genomics and proteomics in venous
thromboembolism: building a bridge toward a rational personalized medicine framework.

Semin. Thromb. Hemost. 2007;33, 759-70.

Lippincott-Schwartz J, Yuan LC, Bonifacino JS, Klausner RD. Rapid redistribution of
Golgi proteins into the ER in cells treated with brefeldin A: evidence for membrane cycling

from Golgi to ER. Cell 1989; 56:801-13.

Lo AC, Cheung AK, Hung VK, Yeung CM, He QY, Chiu JF ef al. Deletion of aldose
reductase leads to protection against cerebral ischemic injury. J Cereb Blood Flow Metab.

2007;27(8):1496-509.

Lu P, Vogel C, Wang R, Yao X, Marcotte EM. Absolute protein expression profiling
estimates the relative contributions of transcriptional and translational regulation. Nat

Biotechnol. 2007;25(1):117-24.

Lundgren DH, Hwang SI, Wu L, Han DK. Role of spectral counting in quantitative

proteomics. Expert Rev Proteomics. 2010;7(1):39-53.
125



Maffei FHA, Rollo HA, Lastdria S. Tromboses venosas. In: Zago MA, Falcao RS, Pasquini

R. Hematologia — Fundamentos e Pratica. Sdo Paulo: Ed. Atheneu; 2001. p. 855-96.

Maguire PB, Wynne KJ, Harney DF, O'Donoghue NM, Stephens G, Fitzgerald DJ.
Identification of the phosphotyrosine proteome from thrombin activated platelets.

Proteomics. 2002;2(6):642-8.

Mann KG, Brummel-Ziedins K, Undas A, Butenas S. Does the genotype predict the

phenotype? Evaluations of the hemostatic proteome. J] Thromb Haemost 2004; 2, 1727 34.

Marcus K e Meyer HE. Two-dimensional polyacrylamide gel electrophoresis for platelet

proteomics. Methods Mol. Biol 2004; 273: 421-34.

Massion PB, Feron O, Dessy C, Balligand JL. Nitric oxide and cardiac function: ten years

after, and continuing. Circ Res 2003; 93:388-98.

Mathews ST, Deutsch DD, Iyer G, Hora N, Pati B, Marsh J et al. Plasma alpha2-HS
glycoprotein concentrations in patients with acute myocardial infarction quantified by a

modified ELISA. Clin Chim Acta. 2002;319(1):27-34.

126



McNulty DE e Annan RS. Hydrophilic interaction chromatography reduces the complexity
of the phosphoproteome and improves global phosphopeptide isolation and detection. Mol

Cell Proteomics 2008; 7: 971-80.

McRedmond JP, Park SD, Reilly DF, Coppinger JA, Maguire PB, Shields DC et al
Integration of proteomics and genomics in platelets: a profile of platelet proteins and platelet-

specific genes. Mol. Cell. Proteomics 2004; 3:133—44.

Mello TB, Machado TF, Montalvdo SA, Ozello MC, Annichino-Bizzacchi JM. Assessing the
coagulation factor levels, inherited thrombophilia and ABO blood group on the risk for

venous thrombosis among Brazilians. Clin Appl Thromb Hemost 2009;15(4):408-14.

Mendelsohn ME e Karas RH. The protective effects of estrogen on the cardiovascular

system. N Engl J Med. 1999;340:1801-11.

Miller GJ. Postprandial lipaemia and haemostatic factors. Atherosclerosis 1998;141(Suppl

1):847-S51.

Morelli VM, Lourenco DM, D'Almeida V, Franco RF, Miranda F, Zago MA et al
Hyperhomocysteinemia increases the risk of venous thrombosis independent of the C677T
mutation of the methylenetetrahydrofolate reductase gene in selected Brazilian patients.

Blood Coagul Fibrinolysis. 2002; 13:271-5.

127



Munnix IC, Cosemans JM, Auger JM, Heemskerk JW. Platelet response heterogeneity in

thrombus formation. Thromb Haemost. 2009;102(6):1149-56.

Naruko T, Ueda M, Haze K, van der Wal AC, van der Loos CM, Itoh A et al. Neutrophil
infiltration of culprit lesions in acute coronary syndromes. Circulation. 2002;106(23):2894-

900.

Nordey A, Svensson B, Hansen JB. Atorvastatin and omega-3 fatty acids protect against
activation of the coagulation system in patients with combined hyperlipemia. J Thromb

Haemost. 2003;1(4):690-7.

Nurden AT e Nurden P. Inherited disorders of platelet function. Academic Press. 2002.

London, United Kingdom. 681-700.

O'Neill EE, Brock CJ, von Kriegsheim AF, Pearce AC, Dwek RA, Watson SP et al. Towards

complete analysis of the platelet proteome. Proteomics 2002;2:288-305.

Ostergaard M, Wolf H, Orntoft TF, Celis JE. Psoriasin (SI00A7): a putative urinary marker

for the follow-up of patients with bladder squamous cell carcinomas. Electrophoresis, 1999;

(20) 349-54.

128



Paes Leme AF, Sherman NE, Smalley DM, Sizukusa L.O, Oliveira AK, Menezes MC ef al.
Hemorrhagic activity of HF3, a snake venom metalloproteinase: insights from the

proteomic analysis of mouse skin and blood plasma. J Proteome Res. 2012;11(1):279-91.

Page MJ, Amess B, Townsend RR, Parekh R, Herath A, Brusten L et al. Proteomic definition

of normal human Iluminal and myoepithelial breast cells purified from reduction

mammoplasties. Proc. Natl Acad. Sci, 1999; 96, 12589-94.

Passreiter M, Anton M, Lay D, Frank R, Harter C, Wieland FT et al. Peroxisome

biogenesis: involvement of ARF and coatomer. J. Cell Biol. 1998; 141:373-83.

Piersma SR, Broxterman HJ, Kapci M, de Haas RR, Hoekman K, Verheul HM et al.

Proteomics of the TRAP-induced platelet releasate. J. Proteomics 2009; 72, 91-109.

Pignatelli P, Pulcinelli FM, Ciatti F, Pesciotti M, Sebastiani S, Ferroni P ef al. Acid citrate

dextrose (ACD) formula A as a new anticoagulant in the measurement of in vitro platelet

aggregation. J Clin Lab Anal. 1995;9(2):138-40.

Polkinghorne VR, Standeven KF, Schroeder V, Carter AM. Role of proteomic technologies

in understanding risk of arterial thrombosis. Expert Rev Proteomics. 2009;6(5):539-50.

Powell MJ, Timperman AT. Proteome analysis. Methods Mol Biol. 2004;251:387-400.

129



Prandoni P, Lensing AWA, Cogo A, Cuppini S, Villalta S, Carta M et al. The long term

clinical course of acute deep venous thrombosis. Ann Intern Med 1996; 125:1-7.

Prandoni P, Noventa F, Ghirarduzzi A, Pengo V, Bernardi E, Pesavento R ef al. The risk of
recurrent venous thromboembolism after discontinuing anticoagulation in patients with
acute proximal deep vein thrombosis or pulmonary embolism. A prospective cohort study

in 1,626 patients. Haematologica. 2007;92(2):199-205.

Pugia MJ, Valdes R Jr, Jortani SA. Bikunin (urinary trypsin inhibitor): structure, biological

relevance, and measurement. Adv Clin Chem. 2007;44:223-45.

Qiu H, Gabrielsen A, Agardh HE, Wan M, Wetterholm A, Wong CH et al. Expression of
5-lipoxygenase and leukotriene A4 hydrolase in human atherosclerotic lesions correlates

with symptoms of plaque instability. Proc. Nat. Acad. Sci. 2006;103: 8161-6.

Ramacciotti E, Hawley AE, Wrobleski SK, Myers DD Jr, Strahler JR, Andrews PC et al.
Proteomics of microparticles after deep venous thrombosis. Thromb Res.

2010;125(6):€269-74.

Ritter M, Buechler C, Boettcher A, Barlage S, Schmitz-Madry A, Orso E et al. Cloning and
characterization of a novel apolipoprotein A-I binding protein, AI-BP, secreted by cells of

the kidney proximal tubules in response to HDL or ApoA-I. Genomics 2002; 79: 693-702.

130



Robertorye RS e Rodgers GM. Update on selected inherited venous thrombotic disorders.

American Journal of Hematology 2001; 68:256-68.

Rosendaal FR. Risk factors for venous thrombotic disease. Thrombosis and Haemostasis

1999; 82(2):610-19.

Rosendaal FR. Venous thrombosis: the role of genes, environment, and behavior.

Hematology 2005,1:1-12.

Rosenson RS, Lowe GD. Effects of lipids and lipoproteins on thrombosis and rheology.

Atherosclerosis. 1998;140(2):271-80.

Roumen-Klappe EM, Janssen MC, Van Rossum J, Holewijn S, Van Bokhoven MM,
Kaasjager K ef al. Inflammation in deep vein thrombosis and the development of post-

thrombotic syndrome: a prospective study. J Thromb Haemost 2009; 7: 582-7.

Rudolph C, Sigruener A, Hartmann A, Orso E, Bals-Pratsch M, Gronwald W et al. ApoA-
I-binding protein (AI-BP) and its homologues hYjeF N2 and hYjeF N3 comprise the
YjeF N domain protein family in humans with a role in spermiogenesis and oogenesis.

Horm Metab Res 2007;39:322-335.

131



Sakwe AM, Koumangoye R, Goodwin SJ, Ochieng J. Fetuin-A ({alpha}2HS-glycoprotein)
is a major serum adhesive protein that mediates growth signaling in breast tumor cells. J

Biol Chem. 2010;285(53):41827-35.

Scheel J, Pepperkok R, Lowe M, Griffiths G, Kreis TE. Dissociation of coatomer from
membranes is required for brefeldin A-induced transfer of Golgi enzymes to the

endoplasmic reticulum. J. Cell Biol. 1997; 137:319-33.

Schifferli JA, Paccaud J. Two Isotypes of human C4, C4A and C4B, have different

structure and function, Complement and Inflammation 1989;6:19-26.

Schmitt D, Shen Z, Zhang R, Colles SM, Wu W, Salomon RG et al. Leukocytes utilize
myeloperoxidase-generated nitrating intermediates as physiological catalysts for the
generation of biologically active oxidized lipids and sterols in serum. Biochemistry.

1999;38:16904-15.

Schmitz G, Schambeck CM. Molecular defects in the ABCA1 pathway affect platelet

function. Pathophysiol Haemost Thromb. 2006;35(1-2):166-74.

Schror K. Aspirin and platelets: the antiplatelet action of aspirin and its role in thrombosis

treatment and prophylaxis. Semin Thromb Hemost. 1997;23(4):349-56.

132



Sehgal S e Storrie B. Evidence that differential packaging of the major platelet granule
proteins von Willebrand factor and fibrinogen can support their differential release. J

Thromb Haemost. 2007;5(10):2009-16.

Seixas CA, Hessel G, Siqueira LH, Machado TF, Gallizoni AM, Annichino-Bizzacchi JM.
Study of hemostasis in pediatric patients with portal vein thrombosis. Haematologica.

1998;83(10):955-6.

Seligsohn U e Lubetsky A. Genetic susceptibility to venous thrombosis. N Engl J Med. 2001;

344(16):1222-31.

Semple JW, Italiano JE Jr, Freedman J. Platelets and the immune continuum. Nat Rev

Immunol. 2011;11(4):264-74.

Shbaklo H, Holcroft CA, Kahn SR. Levels of inflammatory markers and the development

of the post-thrombotic syndrome. Thromb Haemost 2009; 101: 505-12.

Silva JC, Denny R, Dorschel CA, Gorenstein M, Kass 1J, Li GZ et al. Quantitative
proteomic analysis by accurate mass retention time pairs. Anal Chem. 2005;77(7):2187-

200.

Silverstein MD, Heit JA, Mohr DN, Petterson TM, O’fallon WM, Melton LJ. Trends in the
incidence of deep vein thrombosis and pulmonary embolism. Archives Internal Medicine.

1998 158:585-93.
133



Spanbroek R, Grabner R, Lotzer K, Hildner K, Urbach A, Ruhling K et al. Expanding
expression of the 5-lipoxygenase pathway within the arterial wall during human

atherogenesis. Proc Natl Acad Sci U S A. 2003; 100: 1238-43.

Speicher KD, Kolbas O, Harper S, Speicher DW. Systematic analysis of peptide recoveries
from in-gel digestions for protein identifications in proteome studies. J Biomol Tech. 2000

Jun;11(2):74-86.

Srivastava K e Dash D. Altered membrane fluidity and signal transduction in the platelets

from patients of thrombotic stroke. Mol. Cell. Biochem. 2001; 224, 143-9.

Sugiyama S, Okada Y, Sukhova GK, Virmani R, Heinecke JW, Libby P. Macrophage
myeloperoxidase regulation by granulocyte macrophage colony-stimulating factor in
human atherosclerosis and implications in acute coronary syndromes. Am J Pathol.

2001;158:879-91.

Suzuki A, Sanda N, Miyawaki Y, Fujimori Y, Yamada T, Takagi A et al. Down-regulation
of PROST1 gene expression by 17beta-estradiol via estrogen receptor alpha (ERalpha)-Spl
interaction recruiting receptor-interacting protein 140 and the corepressor-HDAC3

complex. J Biol Chem. 2010;285(18):13444-53.

134



Svensson AM, Whiteley GR, Callas PW, Bovill EG. SELDI-TOF plasma profiles
distinguish individuals in a protein C-deficient family with thrombotic episodes occ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>