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intratecal de células estromais mesenquimais multipotentes em equinos. Botucatu,
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RESUMO

Estudos com células estromais mesenquimais multipotentes (MSCs) estdo em
crescente progresso devido as suas propriedades imunomoduladoras, antiinflamatorias,
antiapoptoticas e de regeneracao tecidual, tornando essa modalidade de terapia celular
promissora no tratamento de diversas doengas. Devido a limitada capacidade
regenerativa do sistema nervoso central (CNS), causando sequelas funcionais, as MSCs
estdo sendo investigadas como uma alternativa terapéutica para condi¢des neurologicas
inflamatorias, vasculares, traumaticas e degenerativas em diversas espécies animais. A
Mieloencefalite protozoaria equina (EPM) causada por ambos os protozoarios do filo
Apicomplexa, Sarcocystis neurona e Neospora hughesi, permanece como uma
importante doenca neuroldgica dos equinos nas Américas, embora a maioria dos casos
seja devida a infeccdo por S. neurona. A aplicagdo da protedmica com sua gama de
ferramentas na clinica de equinos pode contribuir significativamente para o
entendimento de processos patologicos e facilitar a descoberta de novos alvos
terapéuticos ou marcadores diagndsticos. Neste contexto, os objetivos deste estudo
foram avaliar o perfil protedmico do liquido cefalorraquidiano (CSF) antes e apds
multiplos transplantes intratecal de MSCs em equinos higidos e o perfil protedmico do
CSF de equinos cronicamente afetados pela EPM. Doze cavalos adultos clinicamente
saudaveis foram divididos aleatoriamente em trés grupos experimentais: grupo DPBS
(DPBS ou control; n = 4) onde a solu¢do salina tamponada com fosfato de Dulbecco's
(DPBS) foi administrada pela via intratecal; grupo AD-G (AD-G; n = 4), no qual foram
realizados transplantes intratecal com MSCs alogénicas de tecido adiposo; e grupo BM-
G (BM-G; n = 4), no qual foram realizados transplantes intratecal com MSCs
alogénicas de medula 6ssea. Todos os grupos experimentais receberam trés tratamentos
seriados (DPBS ou MSCs) com intervalo de 30 dias entre eles. As amostras de CSF
foram coletadas dos grupos experimentais imediatamente antes do primeiro tratamento
(denominado momento MO ou Before) e 30 dias apdés o terceiro tratamento
(denominado momento M90 ou After). Ao mesmo tempo, os CSF de 16 equinos

clinicamente saudaveis e de 9 equinos cronicamente afetados por EPM foram coletados



da subaracnoéide, denominados grupo Control (Control; n = 16) e grupo EPM (EPM; n =
9) respectivamente. Cada uma das amostras de CSF do grupo Control e do grupo EPM
foram individualmente ressuspendidas e agrupadas em pool, totalizando dois pool
representativos de cada um dos grupos experimentais ¢ denominados igualmente
(Control e EPM) para avaliar o perfil protedmico dos mesmos. De modo similar, os trés
grupos que receberam transplantes e coletas de CSF nos dois distintos momentos, foram
agrupados em seis pool representativos para cada grupo ¢ momento. Considerando a
plataforma protedmica utilizada, os trés grupos foram pareadamente comparados: DPBS
After vs. Before, AD-G After vs. Before ¢ BM-G After vs. Before, sendo encontradas
208, 211 e 131 proteinas em cada comparagdo, respectivamente. Do mesmo modo, na
comparagdo pareada do CSF dos grupos EPM e Control, EPM vs. Control, 201
proteinas foram identificadas e 33 proteinas observadas exclusivamente no CSF do
grupo EPM. Ademais, também foi observada na comparacao pareada dos grupos DPBS,
BM-G e EPM, a presenca dos trés tipos de enolases interagindo entre si (ENO 1, ENO 2
e ENO 3), sendo em DPBS e BM-G como exclusivas do momento After e no grupo
EPM como exclusivas dele. Neste contexto, este estudo ao avaliar os perfis protedmico
do CSF antes e ap6s multiplos transplantes intratecal de MSCs em equinos higidos e do
CSF de equinos cronicamente afetados pela EPM permitiu identificar as enolases como
potenciais marcadores de lesdo neural e/ou de EPM. Novos estudos devem ser
realizados para confirmar estes achados e avancar no conhecimento dos efeitos da
terapia celular com MSCs pela via intratecal, para o tratamento de lesdes neuroldgicas

em equinos.

Palavras-chave: Células estromais mesenquimais multipotentes, terapia celular,

protedmica, liquido cefalorraquidiano, Mieloencefalite protozodria equina.
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ABSTRACT

Multipotent mesenchymal stromal cell (MSCs) studies are under increasing
progress because of their immunomodulatory, anti-inflammatory, antiapoptotic and
tissue regeneration properties, making this modality of cell therapy promising in the
treatment of various diseases. Due to the limited regenerative capacity of the central
nervous system (CNS), causing functional sequelae, MSCs are being investigated as a
therapeutic alternative for inflammatory, vascular, traumatic and degenerative
neurological conditions in various animal species. Equine protozoal myeloencephalitis
(EPM) caused by both protozoa of the Apicomplexa phylum, Sarcocystis neurona and
Neospora hughesi, remains an important neurological disease in horses in the Americas,
although most cases are due to S. neurona infection. The application of proteomics with
its range of tools in the equine clinic can contribute significantly to the understanding of
pathological processes and facilitate the discovery of new therapeutic targets or
diagnostic markers. In this context, the objectives of this study were to evaluate the
proteomic profiling of cerebrospinal fluid (CSF) before and after multiple intrathecal
transplantations of MSCs in healthy horses and the CSF proteomic profiling of horses
chronically affected by EPM. Twelve clinically healthy adult horses were randomly
divided into three experimental groups: DPBS (DPBS or control; n = 4), in which
intrathecal "transplants" with Dulbecco's phosphate buffered saline (DPBS) were
performed; group AD-G (AD-Gs; n = 4), in which intrathecal transplants were
performed with allogeneic adipose tissue MSCs; and BM-G group (BM-G; n = 4), in
which intrathecal transplants were performed with allogeneic bone marrow MSCs. All
experimental groups received three serial treatments (DPBS or MSCs) with a 30-day
interval between them. CSF samples were collected from the experimental groups
immediately before the first treatment (called the MO or Before) and 30 days after the
third treatment (called the M90 or After). At the same time, CSF of 16 healthy horses
and 9 horses chronically affected by EPM were collected from the subarachnoid,
Control group (Control; n = 16) and EPM group (EPM; n = 9) respectively. Each of the
CSF samples from the Control group and from the EPM group were individually



resuspended and pooled, totalizing two representative pools of each one the
experimental groups and also named (Control and EPM) to evaluate their proteomic
profilings. Similarly, the three groups that received transplants and CSF collections at
two different times were grouped into six representative pools for each group and time.
Considering the proteomic platform used, the three groups were similarly compared:
DPBS After vs. Before, AD-G After vs. Before and BM-G After vs. Before, being found
208, 211 and 131 proteins in each comparison, respectively. Likewise, in the paired
comparison of the CSF of the EPM and Control groups, EPM vs. Control, 201 proteins
were identified, and 33 proteins were observed exclusively in the CSF of the EPM
group. In addition, the presence of the three types of enolases interacting with each
other (ENO 1, ENO 2 and ENO 3) was also observed in the comparison of the DPBS,
BM-G and EPM groups, being exclusives in DPBS and BM-G at time After and in the
EPM group as its exclusively. In this context, this study, when evaluating the proteomic
profilings of CSF before and after multiple intrathecal transplantations of MSCs in
healthy horses and CSF of horses chronically affected by EPM, allowed the
identification of enolases as potential markers of neural and / or EPM injury. Further
studies should be performed to confirm these findings and to advance the knowledge of
the effects of intrathecal cell therapy with MSCs for the treatment of neurological

lesions in horses.

Key words: Multipotent mesenchymal stromal cells, cell-based therapy, proteomics,

cerebrospinal fluid, Equine protozoal myeloencephalitis.



CAPITULO 1

1 INTRODUCAO

Estudos com células estromais mesenquimais multipotentes (MSCs) estdo em
crescente avanco devido as suas propriedades imunomodulatorias, antiinflamatdrias e
de regeneracdo tecidual, tornando esta modalidade de terapia celular promissora no
tratamento de diversas enfermidades. (BURK et al., 2013; CARRADE et al., 2012;
CHAMBERLAIN et al., 2007; GUTIERREZ-NIBEYRO, 2011; NOTH et al., 2010).
Devido a limitada capacidade do sistema nervoso central (CNS) se regenerar, as MSCs
estdo sendo investigadas como alternativa terapéutica para condi¢des neurologicas
inflamatorias, vasculares, traumadticas e degenerativas (KARUSSIS; PETROU;
KASSIS, 2013).

Os mecanismos pelos quais as MSCs induzem efeitos positivos no tecido
nervoso lesionado ainda nao foram completamente elucidados. Alguns dos mecanismos
que podem ter um papel importante na neurorregeneracdo e neuroprotecao incluem a
secrecdo de fatores de crescimento neurotroficos, anti-apoptdticos e, assim como, de
citocinas antiinflamatdrias e proteinas de matriz extracelular (JONES; MCTAGGART,
2018).

Estudos tém demonstrado o potencial terapéutico das MSCs em tratar doencas
do sistema nervoso como Alzheimer, esclerose multipla e lesdes de medula espinhal,
mostrando efeitos benéficos (CHENG et al., 2015; COHEN, 2013; HYATT et al., 2014;
KARUSSIS; PETROU; KASSIS, 2013; LINDVALL; KOKAIA, 2006; MAZZINI et
al., 2010; PENHA et al., 2014; UCCELLI et al., 2011).

Ha diversas enfermidades neuroldgicas que afetam os equinos, cujos tratamentos
preconizados ndo sdo totalmente eficientes e acarretam em sequelas, como na
mieloencefalite protozoaria equina (EPM) e a mielopatia estendtica vertebral cervical
(CVSM) (DIRIKOLU; FOREMAN; TOBIN, 2013; REED; GRANT; NOUT, 2008).
Neste contexto a terapia com MSCs poderia trazer beneficios no tratamento destas
enfermidades. Contudo para que esta biotecnologia saia da bancada dos laboratorios
para a rotina clinica, faz-se necessario estudos clinicos de seguranca e eficécia, levando-
se em consideragdo a enfermidade a ser tratada, o tipo celular, a via de transplante, a
dose e a frequéncia dos tratamentos.

J& existem dados indicando que tanto as MSCs autdlogas quanto as alogénicas

sd0 bem toleradas em equinos quando administradas pelas vias intravenosa (IV), intra-



articular, intra/perilesional e intratecal (IT) (BARBERINI, 2017, CARRADE et al.,
2011a; MAIA et al., 2015; PIGOTT et al., 2013). As MSCs alogénicas sdo ideais para o
tratamento de lesdes agudas onde a expansdo celular de MSCs autdélogas em cultura ¢é
uma limitagdo para o uso imediato destas células na terapia.

A auséncia da expressao do complexo de histocompatibilidade principal classe 11
(MHC-II) na superficie das MSCs ¢ uma importante caracteristica imunomodulatoria
(BARBERINI et al., 2014). Esta auséncia fornece as MSCs o potencial de escapar do
reconhecimento das células T, fazendo com que a terapia alogénica seja possivel
(BORJESSON; PERONI, 2011; CARRADE et al., 2011b; RYAN et al., 2005; SOLE et
al., 2012). Por outro lado, estudos tém revelado que as MSCs alogénicas quando
transplantadas podem elicitar uma resposta humoral no hospedeiro, assim como
expressar MHC-II na presenca de interferon gama, acarretando em diminui¢do do
tempo de sobrevida celular (SCHNABEL et al., 2014; PEZZANITE et al., 2015).

Inumeros estudos descrevem aspectos morfoldgicos, de capacidade de
proliferacdo, diferencia¢do celular, imunofenotipagem e propriedades terapéuticas das
MSCs provenientes de diferentes fontes teciduais. Contudo, até o momento ndo esta
estabelecido um consenso de qual ¢ a melhor fonte tecidual para obten¢ao das MSCs em
equinos com finalidades terapéuticas (BARBERINI et al., 2015).

Pelo nosso conhecimento ndo existem estudos sobre o perfil protedmico do
liquido cefalorraquidiano (CSF) de equinos ap6s multiplos transplantes intratecal de
MSCs alogénicas provenientes do tecido adiposo (AD-MSCs) e MSCs alogénicas
provenientes da medula dssea (BM-MSCs). Além disso, desconhecemos a existéncia de
estudos sobre o perfil protedmico do CSF de equinos acometidos por EPM.

A analise protedmica do CSF de equinos, sadios ou com EPM, que receberam
multiplos transplantes intratecal de MSCs poderd revelar quais vias metabolicas e/ou
potenciais biomarcadores estdo diferencialmente expressos antes e apos os transplantes
celulares.

Os resultados obtidos com esta abordagem poderdo contribuir tanto com o
entendimento dos mecanismos de agdo das MSCs no processo de neuroregeneragdo do
CNS dos equinos, como com o desenvolvimento de um protocolo de terapia celular

seguro e eficiente



2 REVISAO DE LITERATURA

2.1 Células estromais mesenquimais multipotentes (MSCs)

As MSCs sdo células progenitoras multipotentes, ndo hematopoiéticas,
facilmente isoladas a partir de diversos tecidos adultos, e caracterizadas por sua extensa
habilidade proliferativa e de diferenciacdo in vitro em diversas linhagens mesenquimais
em resposta a um estimulo apropriado, incluindo osteoblastos, adipécitos, condrocitos,
tenocitos e midcitos (CHAMBERLAIN et al., 2007; NIXON et al., 2008; NOTH et al.,
2010).

Para a caracterizacdo imunofenotipica das MSCs em equinos, a aderéncia ao
plastico, a diferenciacdo nas linhagens osteogénica, condrogénica e adipogénica, a
expressdo dos marcadores CD90, CD44, CD105, CD29, e a ndo expressdo dos
marcadores CD34, CD14, CD79a ¢ MHC-II, s3ao as propriedades disponiveis mais
confidveis para a caracterizagdo das MSCs equinas (BARBERINI et al., 2014;
CARVALHO et al., 2011; DE SCHAUWER et al., 2012).

Diversas fontes podem ser utilizadas para obten¢do de MSCs, como sangue do
corddo umbilical (BARTHOLOMEW et al., 2009), tecido adiposo (AD) (CARVALHO
et al., 2011; MAMBELLI et al., 2009), medula 6ssea (BM) (BOURZAC et al., 2010;
RANERA et al., 2011), tecido do cordao umbilical (UC) (HOYNOWSKI et al., 2007),
membrana amnidtica (LANGE-CONSIGLIO et al.,, 2013), sangue periférico
(KOERNER et al., 2006) e tendao (BURK et al., 2013). Sendo que, a BM e 0 AD sdo as
fontes mais comuns de obtengdo de MSCs (GUTIERREZ-NIBEYRO, 2011;
KOERNER et al., 2006; RICHARDSON et al., 2007).

Normalmente, as MSCs sdo obtidas dos proprios pacientes (autdlogas)
(RICHARDSON et al., 2007), porém, sua utilizagdo para o tratamento possui
limitagdes, como em lesdes agudas, pois a expansdo das MSCs através da cultura pode
demorar de 10 a 21 dias (CARRADE et al., 2011a), e em pacientes idosos, pois ha uma
diminui¢do na quantidade, na proliferacdo e no potencial de diferenciacdo das MSCs
proporcionalmente a idade (ALT et al., 2012).

Estudos realizados em diversas espécies demonstram que o uso alogénico de
MSCs para aplicagdes clinicas ¢ possivel, indiferentemente do tecido de origem, pois
estas células possuem baixa imunogenicidade in vitro, e podem escapar do processo
normal de reconhecimento de aloantigenos (CARRADE et al., 2011b; RYAN et al,,

2005). Devido a esta caracteristica, as MSCs tém sido denominadas de imuno-



privilegiadas. Contudo, alguns estudos tém questionado este conceito (BERGLUND et
al., 2017). A disponibilidade do uso de MSCs alogénicas em equinos, por meio de um
banco de células, oferece a vantagem de se iniciar rapidamente o tratamento em casos
de lesdes agudas (BORJESSON; PERONI, 2011; BURK et al., 2013; CARRADE et al.,
2011a, 2011b; PERONI; BORJESSON, 2011).

2.2 Utiliza¢do das MSCs para o tratamento de lesées do CNS

Lesdes nervosas sdo particularmente incapacitantes, tanto para a espécie humana
como nos animais domésticos. Por causa da capacidade regenerativa limitada do tecido
neural, o potencial terapéutico do transplante de MSCs tem recentemente sido estudado
em vdrias condicdes patologicas do CNS, como condi¢des neurologicas degenerativas e
inflamatorias cronicas, assim como de dano neuronal agudo (KARUSSIS; PETROU;
KASSIS, 2013). Existem evidéncias de que as MSCs transplantadas no CNS migram
para o tecido danificado e se diferenciam em células neurais, melhorando a fungdo
neuroldgica (CHEN et al., 2001; VAQUERO et al., 2006).

Embora as interagdes entre MSCs e a barreira hematoencefalica ainda ndo sejam
completamente elucidadas, a utilizagdo de MSCs pode desempenhar um papel
importante na regulacdo das doengas inflamatdrias de equinos, devido as suas atividades
troficas e sua capacidade em estimular angiogénese, reduzir inflamagao, recrutar células
progenitoras residentes e minimizar a fibrose (PERONI; BORJESSON, 2011;
STEWART, 2011), podendo regenerar ou fornecer um suporte para a sobrevivéncia das
células existentes, parcialmente danificadas (KARUSSIS; PETROU; KASSIS, 2013).

Virios distirbios neuroldgicos tém levantado interesse particular para a terapia
celular, de forma que muitos estudos em modelos experimentais e clinicos foram
conduzidos (em ratos, camundongos, coelhos, cdes e em humanos), tais como a doenca
de Parkinson, acidente vascular cerebral, doenca de Huntington, esclerose lateral
amiotrofica, doenca de Alzheimer, esclerose multipla e lesdes da medula espinhal,
mostrando efeitos benéficos (COHEN, 2013; KARUSSIS; PETROU; KASSIS, 2013;
LINDVALL; KOKAIA, 2006).

2.2.1 Mecanismos de acao das MSCs

As MSCs possuem um potencial terapéutico enorme para enfermidades

neurologicas, devido aos seus efeitos imunomodulatorios, relacionado com a secreg@o



do fator de crescimento de hepatdcitos (HGF), fator de crescimento transformador beta
(TGFp), prostaglandina E2 (PGE2), indoleamina 2,3-dioxigenase (IDO), 6xido nitrico
(NO), fator de crescimento endotelial vascular (VEGF) e interleucina 6 (IL-6)
(CARRADE; BORIJESSON, 2013; KOTA et al., 2017), antiinflamatérios e de
neuroprotecdo (RAVANIDIS et al., 2015; ROBINSON et al., 2017). Promovem o
crescimento neuronal endogeno, diminuem a apoptose, reduzem os niveis de radicais
livres, incentivam a conexao sinaptica de neurdnios danificados e regulam a inflamagao,
principalmente através de agdes pardcrinas (AL DELFI et al., 2016; JOYCE et al., 2010;
KARUSSIS; PETROU; KASSIS, 2013). A secregao de fator neurotrofico derivado do
cérebro (BDNF), fator de crescimento nervoso (NGF) e neurotrofina 3 (NT-3) sdo
importantes efeitos terapéuticos das MSCs que promovem neurogénese € conexdes
sinapticas (CHUNG et al., 2016; SONG et al., 2015).

Foram relatadas que as células T reguladoras (Treg) possuem um papel
importante além da imunomodulacdo, elas também promovem a diferenciagdo de
oligodendrocitos e a (re) mielinizagdo (DOMBROWSKI et al., 2017), uma descoberta
importante visto que as MSCs agem estimulando as células Treg (LU et al., 2013;
MELIEF et al., 2013).

Existem evidéncias de que as MSCs transplantadas no CNS migram para a area
lesada, como areas de hipdxia, apoptoticas, inflamadas, degeneradas e se diferenciam
em células neurais, melhorando a fun¢do neurologica (CHEN et al., 2001; LEE et al.,
2003; LIU et al., 2008; PAUL; ANISIMOV, 2013; VAQUERO et al., 2006; YANO et
al., 2005). Embora a diferenciagdo das MSCs em células da linhagem neural ndo seja o
fator principal na recuperagdo funcional apdés uma lesdo cerebral ou medular
(MALTMAN; HARDY; PRZYBORSKI, 2011; PARR; TATOR; KEATING, 2007),
uma abordagem interessante seria a transdiferenciacdo das MSCs antes do transplante,
aumentando assim o beneficio terapéutico do tratamento, contribuindo para a
remielinizagdo de axdnios lesados e, assim, na recuperagdo funcional da medula
espinhal (CHELLUBOINA; DINH; VEERAVALLI, 2015).

Virios estudos t€ém demonstrado a seguranca da aplicagdo intratecal com MSCs
autdlogas (CHEN et al., 2015; MAIA et al., 2015; SATTI et al., 2016; ZEIRA et al.,
2015) e alogénicas (LIANG et al., 2009; VILLANOVA; BACH, 2015), mostrando
efeitos benéficos. No entanto, um relato do caso de uma mulher de 27 anos de idade
com mielite transversa aguda, demonstrou um episddio de encefalite e neurite Optica,
seguido da doenga desmielinizante encefalomielite disseminada aguda apds transplantes

de MSCs provenientes da MO (KISHK; ABOKRYSHA; GABR, 2013). Outro relato de
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caso, de um homem de 66 anos de idade que sofreu multiplas infusdes comerciais de
células-tronco  (alogénicas, embriondrias e mesenquimais) demonstrou o
desenvolvimento de uma neoplasia altamente proliferativa resultante da administragdo

de células-tronco pluripotentes (SAAD et al., 2016).

2.2.2 Vias de transplante

Diversas vias de transplante de MSCs tém sido utilizadas para atingir o CNS,
dentre elas a via intravenosa (IV), intra-arterial (IA) e intratecal (IT), intralesional e
intranasal (GALEANO et al., 2018).

Em comparagdo com a administragdo sist€émica, as vias de transplante topicas
(local, intralesional) possuem a vantagem de que as MSCs chegam diretamente ao
tecido alvo com pouca perda durante a migracdo. As MSCs administradas por via IV
sd0 mais facilmente presas em pequenos capilares pulmonares por causa de seu
tamanho e expressdo de moléculas de adesdo celular, este aprisionamento pulmonar
diminui o numero de células entregues aos tecidos alvo e pode resultar em um
tratamento ineficaz (ZHANG et al., 2015).

A distribuicdo das MSCs apos a aplicagdo sistémica pela via IV em
camundongos demonstrou que em animais jovens as MSCs migraram para os pulmoes,
linfonodos axilares, sangue, rim, medula 6ssea, bago figado, coracdo e cortex cerebral,
em animais idosos, somente no cortex cerebral (FABIAN et al., 2017; SCHREPFER et
al., 2007). Além disso, utilizando MSCs oriundas de animais idosos, a biodistribuigao
foi apenas em bago e sangue, o transplante em animais doentes (modelos transgénicos
de doenga de Alzheimer APP / PS1 (camundongos transgénicos que sobre-expressam
proteina precursora amildide humana (APPKM670 / 67INL) e presenilina-1
(PS1L166P) sob o controle do promotor Thy-1) teve uma distribuicdo neuronal grande
no cérebro, sendo encontradas no cortex, cerebelo, hipocampo, bulbo olfatério e tronco
encefalico; além de figado, medula 6ssea e pulmdo. Portanto, o envelhecimento do
receptor e das MSCs afeta drasticamente a eficiéncia do transplante e da migracao pos-
transplante (FABIAN et al., 2017).

Outro trabalho em caes com sinais neuroldgicos multifocais (meningoencefalite
de etiologia desconhecida (MUE)) comparando o uso das vias IT utilizada em conjunto
com a via [A , e via IT em conjunto com a via IV; demonstrou que os transplantes por
via IT e via IA associados possuem maior possibilidade de atingir o CNS do que por via

IV, induzindo efeitos neurotroficos e neuroprotetores (ZEIRA et al., 2015).
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Comparando as vias intraespinhal (centro da lesdo) e IT (intratecal), um trabalho
demonstrou que as MSCs transplantadas via intraespinhal podem promover a
regeneracdo em longo prazo, enquanto que as MSCs transplantadas pela via IT possuem
efeito através do mecanismo paracrino, que ndo exige que as células estejam presentes
no tecido (AMEMORI et al., 2015).

Em um modelo de trauma cerebral, foram comparadas as vias IT lombar e IV,
sendo que a IT demonstrou resultados mais eficientes (LIU et al., 2008). Outros
trabalhos recentes também utilizam a via IT (HARRIS; VYSHKINA; SADIQ, 2016;
VAQUERO et al., 2017).

2.2.3 Fontes de obtencao de MSCs e doses

Ainda ndo se sabe a melhor fonte ou dose para se utilizar na terapia celular
visando efeitos benéficos no sistema nervoso.

Um estudo em pacientes com esclerose multipla utilizou MSCs derivadas da
medula 6ssea (BM-MSCs), e foram realizadas entre 2 e 5 transplantes pela via IT de
doses crescentes. Com base na escala progressiva da dose, uma dose final de 2 a 10
milhdes de células a cada 3 meses foi bem tolerada sem eventos adversos significativos
(HARRIS; VYSHKINA; SADIQ, 2016).

No entanto, outro estudo com BM-MSCs em camundongos como modelo de
esclerose multipla, demonstrou que trés transplantes pela via IT com intervalo de uma
semana resultaram em melhora significativa dos sintomas da doenga em comparagdo
com uma Unica aplicagdo (HARRIS et al., 2012).

Para lesdo em medula espinhal, um estudo com BM-MSCs em humano utilizou
cinco transplantes a cada 3 e 4 meses pela via IT lombar, demonstrando melhorias
clinicas significativas (JAROCHA et al., 2015).

Em caes, foi utilizado um unico transplante de BM-MSCs na dose de 2 milhdes
de células pela via IT, 4 milhdes pela via IA e de 500 mil células/kg pela via IV para
meningoencefalomielite de causa desconhecida. Todos os caes apresentaram melhora
em suas condi¢des gerais e neuroldgicas, com efeito especial na dor cervical (ZEIRA et
al., 2015).

Ha ainda estudos com fontes de tecidos fetais, como Geléia de Wharton,
relatando ser melhor que BM-MSCs in vitro (DRELA et al., 2016) e sangue do cordao
umbilical (CHUNG et al., 2016), este tltimo indicando o inicio do tratamento com 3

dias ap6s a lesdo na medula espinhal em ratos e que um transplante adicional apos 3
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semanas poderia induzir maiores efeitos protetores. Em camundongos, foram utilizadas
MSCs derivadas do cordao umbilical (UC-MSCs) na dose de 2 milhdes de células pela
via IV para um modelo de doenga de Alzheimer, demonstrando efeitos benéficos (CUI
etal., 2017).

Em equinos foram utilizadas BM-MSCs para um estudo de seguranga do
transplante pela via IT através do espaco atlanto-occipital, na dose de 1 milhdo de

células por animal em uma unica aplicacdo (MAIA et al., 2015).

2.3 Enfermidades neurologicas em equinos

As doengas neuroldgicas sdo muitas vezes fatais e sdo uma das razdes mais
comuns para a eutanasia em cavalos (RECH; BARROS, 2015). Diversas enfermidades
neuroldgicas podem acometer os equinos, como a leucoencefalomalacia, EPM, CVSM,
doenga do neurénio motor, Herpesvirus tipo 1 (EHV-1) entre outras, que muitas vezes
ndo possuem um tratamento efetivo e frequentemente os animais apresentam sequelas
neurologicas. Neste contexto optamos por investigar um potencial marcador de lesdo
neural em equinos cronicamente afetados pela EPM, visto que ¢ uma enfermidade
comum no Brasil e que gera in(imeros prejuizos na indstria equina (LINS; FEIJO;

NOGUEIRA, 2012; PEIXOTO et al., 2003; STELMANN; AMORIM, 2010).

2.3.1 Mieloencefalite protozoaria equina (EPM)

A EPM ¢ uma sindrome neurologica que acomete o CNS dos equinos, sendo
causada pelos protozoarios Sarcocystis neurona € Neospora hughesi (DUBEY et al.,
2001; HOWE; MACKAY; REED, 2014; PUSTERLA et al., 2014). E uma doenca
infecciosa ndo contagiosa, endémica nas Américas, tendo os equinos como hospedeiros
acidentais, sendo de grande importancia econdmica (DIRIKOLU; FOREMAN; TOBIN,
2013; REED et al., 2016; WITONSKY et al., 2008).

A EPM induz lesdes multifocais inflamatdrias no CNS, os sinais clinicos podem
ser agudos ou cronicos e desenvolvem-se de acordo com o local anatomico da infecgao.
Normalmente, ha manifestacdes assimétricas da medula espinhal, atrofia muscular,
ataxia, disfagia, fraqueza muscular, tropeco e inclinacdo da cabeca (DUBEY et al.,
2001, 2015; REED et al.,, 2016). As lesdes macroscopicas aparecem como focos
necroticos vermelhos e descoloridos (hemorragicos), as lesdes microscopicas afetam

tanto a substadncia cinzenta quanto a branca com necrose, hemorragia e reagdo
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inflamatoria consistindo de linfécitos, macrofagos, neutrédfilos, eosinodfilos e algumas
células gigantes multinucleadas. Os merozoitos intracelulares podem ser observados em
neurdnios, células gigantes, neutrofilos ou macréfagos ou extracelularmente em cistos
dentro do neurdpilo (RECH; BARROS, 2015).

Nas ultimas duas décadas, diversos testes soroldgicos tornaram-se disponiveis
para ajudar no diagnostico de EPM causada por S. neurona, incluindo Western blot
(WB), reacdo de imunofluorescéncia indireta (RIFI) e ensaio de imunoabsor¢do
enzimatica (ELISA) de antigenos de superficie (SAG). Todos podem ser realizados no
soro e no CSF e nenhum ¢ considerado o padrdo ouro. A sensibilidade e especificidade
de cada método, respectivamente, sdo de aproximadamente 89% e 80% para WB, 92%
e 99% para RIFI, 88% e 96% para SAG ELISA (REED et al., 2016).

Para o tratamento da EPM, recomenda-se terapia com farmaco anti-protozodrio
(ponazuril, diclazuril ou sulfadiazina e pirimetamina) por tempo prolongado, sendo no
minimo de 28 dias, porém, a maioria dos cavalos com EPM sao tratados por um periodo
de 6 a 8 semanas ou mais, dependendo da resposta clinica (DUBEY et al., 2015; REED
et al., 2016).

Um estudo mostrou que 65,2% dos cavalos com EPM que foram tratados
melhoraram apds o tratamento. A maioria dos animais com déficits neurologicos leves
(74,1%) melhoraram apo6s o tratamento, ao passo que um nimero menor de cavalos com
moderados (57,8%) ou graves (50%) déficits neuroldgicos melhoraram apds o
tratamento (SAVILLE et al., 2000). Os cavalos podem apresentar recidiva clinica da
EPM, mesmo apds tratamento prolongado, com sinais clinicos semelhantes ao primeiro

episodio. A causa desta recidiva ainda ¢ desconhecida (DUBEY et al., 2015).

2.4 Protedomica

Compreender a fung¢do proteica ¢ um objetivo primario da era de
sequenciamento pods-genoma (HUBBARD, 2002). Para ser de maior valor, esse
entendimento deve ser holistico e aplicar-se a uma variedade de configuracdes
fisiopatologicas. A forte sensibilidade ao contexto do comportamento proteico requer
conhecimento de redes de proteinas e sua dindmica tempo-espacial in vivo, além de
compreender as propriedades das proteinas individuais isoladamente. Deste modo, para
identificar e entender essas diferencas ¢ fundamental conhecer o conjunto de proteinas
codificadas e expressas pelo genoma, denominado assim como proteoma (APPEL;
BAIROCH, 2004; HUBBARD, 2002; JANSSEN, 2003).
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O termo protedmica refere-se ao estudo do proteoma, e este ndo ¢ apenas a soma
dos produtos traduzidos a partir das sequéncias gendmicas, mas inclui também as
proteinas resultantes de processos poOs-transcricionais; bem como os complexos
formados por essas biomoléculas (JENSEN, 2004). Além de sua grande complexidade,
o proteoma ¢ extremamente dindmico e seu perfil se altera nas células, nos tecidos e nos
fluidos corporais em condigdes e/ou momentos distintos, de acordo com o estado
fisiologico do organismo, enquanto o genoma de um organismo permanece
relativamente estavel ao longo de sua vida; assim, um unico genoma pode gerar um
nimero muito grande de proteomas (HUBBARD, 2002).

Técnicas poderosas tornam possivel a triagem rapida da expressao de mRNA; no
entanto, muitas vezes existe uma fraca correlacdo entre a concentracdo de mRNA e a
quantidade de proteinas funcionais correspondentes. A protedmica ¢ um campo
cientifico emergente que envolve identificagdo, caracterizacdo e quantificacdo de
proteinas em uma célula, tecido ou fluido corporal. A ampla aplicagdo da protedmica
nas ciéncias basicas e clinica médica, com sua gama de ferramentas, ird acelerar nossa
compreensdo dos processos de doengas e podera facilitar a descoberta de novos alvos de
farmacos e marcadores de diagnostico (GYGI et al., 1999; IDEKER et al., 2001).

Estima-se que 20000 genes codificadores de proteinas sdo responsaveis pela
presenca de mais de 1 milhdo de proteinas encontradas em matrizes bioldgicas. A
quantificagdo dessas proteinas, comumente nas amostras de plasma, soro, urina, saliva e
tecidos, forneceu avangos significativos na ciéncia médica através do desenvolvimento
de ensaios diagnosticos e progndsticos para pacientes que apresentam ou estao sob risco
de uma grande quantidade de doengas (ISRAR; HEANEY; SUZUKI, 2018).

A protedmica clinica, definida como a aplicacdo da protedmica no campo da
medicina, tem o potencial de influenciar a pratica clinica diaria no fornecimento de
ferramentas para diagndstico ou prognostico, definindo estados de doenga, avaliando os
perfis de risco e resultados, estabelecendo estratégias terapéuticas individuais. Com esse
objetivo, a maioria das aplicagdes clinicas de protedmica foca em biomarcadores de
sangue (séricos ou plasmaticos), embora outros fluidos corporais possam ser usados. Ao
contrario das células ou tecidos, o sangue e outros fluidos corporais ndo possuem um
genoma, tornando as técnicas protedmicas uma das poucas opg¢des para descobrir
biomarcadores (GUO; FU; VAN EYK, 2007). A descoberta efetiva de biomarcadores,
mesmo em amostras bioldgicas simples, requer uma combinagdo de sub-fracionamento
e separacdo, ou enriquecimentos diretos de proteinas ou peptideos, antes da

identificacdo e caracterizacdo dos marcadores por espectrometria de massas, por
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exemplo. A tecnologia apropriada ou a combinacao de tecnologias para correlacionar as
questdes bioldgicas a serem respondidas devem ser cuidadosamente escolhidas para
permitir a cobertura maxima do "subproteoma" selecionado e maximizar a interpretacdo
¢ a utilidade e curso dos dados (SCHIESS; WOLLSCHEID; AEBERSOLD, 2009;
ZHOU; PETRICOIN III; LONGO, 2012).

De modo geral, as abordagens genomicas atuais oferecem informagdes uteis e
relativamente rapidas sobre o que as proteinas podem estar "fazendo" in vivo, mas, para
garantias mais concretas, muitas vezes serdo necessarias abordagens moleculares
complementares. A andlise em larga escala dos niveis de metabdlitos (metabolomica)
estd ganhando espago como um meio util para elucidar as fungdes das proteinas
refratdrias as abordagens baseadas em expressdo. Essa estratégia revelou com sucesso
impressoes digitais funcionais para genes metabolicos "silenciosos" que nao produziram
ou demonstravam nenhum fenétipo quando excluidos. No entanto, a analise global de
proteinas em seu contexto natural (protedmica) atualmente ¢ a arma mais promissora do
arsenal de "caca de fun¢do" (RAAMSDONK et al., 2001).

Deste modo, a analise do perfil protedmico ¢ definida como sendo o conjunto de
metodologias  analiticas empregadas para caracterizar  qualitativamente e
quantitativamente um proteoma, ou seja, um estudo em larga escala das proteinas que
estdo sendo expressas; usualmente por métodos bioquimicos para separagdo,
identificacdo e entdo quantificagdo das proteinas, tais como eletroforese, cromatografia,
espectrometria de massas e auxilio da bioinformatica, tratando-se de uma darea
interdisciplinar da ciéncia (AEBERSOLD; MANN, 2003; TYERS; MANN, 2003).

O sinergismo de tamanha interdisciplinaridade faz-se necessario em um cendrio
onde se pretende estudar a fungdo e o comportamento dos genes com base nos
proteomas presentes. Este cendrio, alavancou o desenvolvimento de novas tecnologias
para o estudo e a andlise do perfil protedmico. Estas ferramentas passaram entdo a
serem denominadas instrumentos da protedmica (SADYGOV; COCIORVA; YATES,
2004; TYERS; MANN, 2003).

2.4.1 Proteomica clinica ou translacional na medicina humana e veterinaria

Os avangos em abordagens protedmicas baseadas em espectrometria de massas e
suas combinagdes contribuiram para perfilar sistematicamente peptideos ou
componentes de proteinas de misturas complexas, vias celulares e bioquimicas,

permitindo a avaliacdo qualitativa e quantitativa comparada de estados ou momentos
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fisioldgicos de um organismo; presenca e/ou nao de doenca.

A protedmica funcional, focada em niveis de expressdo e atividade proteica,
contribui para uma compreensao mais completa dos processos bioldgicos e ndo apenas a
pura identifica¢do de proteinas (VAN GOOL; HENDRICKSON, 2012).

A protedmica quimica ¢ multidisciplinar, integrando bioquimica, biologia
celular, sintese orgénica e espectrometria de massas. Tipicamente, envolve trés etapas
principais: (1) imobilizagdo de uma molécula, (2) incubagdo da molécula/estado s6lido
com um extrato de tecido/lisado celular para permitir a ligacdo de proteica e (3) eluicdo
de proteinas interagentes seguidas de andlise usando espectrdmetro de massas. Esta
abordagem oferece a oportunidade de pesquisar multiplos potenciais biomarcadores e
alvos de farmacos (VAN GOOL; HENDRICKSON, 2012).

A protedmica clinica, ou a protedmica translacional, visa a descoberta e
compreensdo do papel das proteinas nas enfermidades, tais como a identificacdo de
estagios iniciais de doenga, a previsdo da progressdo da doenca, a identificacdo de
novos alvos terapéuticos e a avaliagcdo das respostas ao tratamento.

Essa abordagem baseada em espectrometria de massas, fornece uma
identificacdo altamente sensivel e especifica de centenas a milhares de proteinas
relacionadas a regulagdes fisiologicas e metabolismo energético e, portanto, tem sido
usada para compreender e diagnosticar doengas humanas importantes, como cancer
(CHAE e GONZALEZ-ANGULO, 2014), disturbios neurologicos (KROKSVEEN et
al., 2011) e varias condic¢des cardiovasculares (EDWARDS et al., 2008). Em medicina
veterindria, esta modalidade ainda estd no comeco; devido a falta de sequéncias do
genoma e descrigdes incompletas de fungdes de genes na grande maioria das espécies
domésticas.

Os imunoensaios especializados, como o ELISA e os radioimunoensaios (RIAs),
foram utilizados para identificar e quantificar proteinas (CELI, 2011; ISLAM et al.,
2013; THOMAS et al., 2015), porém, ha limitacdes relacionadas a técnica, custo e
tempo de processamento. Além disso, observa-se também uma falta de concordancia
nos resultados deles e entre eles; devido a variagdes na estrutura do epitopo entre os
individuos, satura¢do de anticorpos evitando a formagao de "sanduiches"; o que resulta
em uma falsa baixa concentragao dos analitos de interesse (THOMAS et al., 2015).

Uma vez que as proteinas sdo os mediadores da fun¢do celular, a natureza do
proteoma ¢ dindmica. As diferengas na expressdo das proteinas ou nos graus de
modificacdes pods transcricionais podem representar mudancas na homeostase

fisiologica. Portanto, eles sdo usados como indicadores sensiveis e confiaveis para o
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diagnostico de varias doengas (ECKERSALL e BELL, 2010). A abordagem protedmica
baseada em espectrometria de massas pode ser aplicada em uma variedade de amostras
bioldgicas, incluindo urina (ECKERSALL e BELL, 2010), LCR (NOBEN et al., 2006),
saliva (GUTIERREZ et al. 2014; JACOBSEN et al., 2014; SOUSA-PEREIRA et al.,
2015), fluido seminal (DE CANIO et al., 2014), biopsias de tecido (JOHN, 2009), leite
(GAGNAIRE et al., 2009; RONCADA et al., 2012; HERNANDEZ-CASTELLANO et
al., 2016; VERMA; AMBATIPUDI, 2016) e soro ou plasma (HENNING et al., 2014).
As revisdes mais recentes de abordagens protedmicas em medicina veterindria
concentraram-se na aplicagdo de protedmica a patogénese e diagndstico de doengas
animais (CECILIANI et al., 2014) e pesquisa de biomarcadores de cancer (KYCKO;
REICHERT, 2014; KLOPFLEISCH, 2015; CECILIANI et al., 2016). Alguns trabalhos
descreveram andlises de protedmica para o diagndstico de infec¢des por Babesia canis
canis em caes, analise das apolipoproteinas (APOA) em caes, composi¢do de proteinas
plasmaticas em cadelas prenhes e andlise de lagrimas de cdes para busca de potenciais
marcadores de cancer, entre outros. Em particular, reconheceu-se que a quantificagdo de
um grupo de proteinas sé€ricas chamadas proteinas de fase aguda (PFA) pode auxiliar na
avaliagdo de infeccdo, inflamagdo e trauma em animais. Esses avancos estdo agora
sendo aplicados em laboratorios de bioquimica clinica para o beneficio imediato no
diagnostico, prognosticos e monitoramento do tratamento de animais domésticos

(ECKERSALL, 2008).

2.4.2 Protedmica do liquido cefalorraquidiano (CSF)

O CSF o fluido intersticial incolor e geralmente denominado como um dialisado
do plasma e que flui no espago subaracndideo ao redor do cérebro, sistema ventricular e
a medula espinhal, sendo produzido no plexo cordide dos ventriculos cerebrais. Dentre
as suas fungdes, estdo a de proteger o tecido nervoso mecanicamente, transporte de
produtos celulares secretados, biossintetizados e metabolizados dentro ou fora do CNS.
A barreira hematoencefalica (BHE) separa o sistema circulatorio periférico do CNS e
confere permeabilidade seletiva as macromoléculas e assim contribui na manutencao da
homeostase i0nica e metabodlica de seu fluido (GOEHRING et al., 2006).

As proteinas do CSF podem ser derivadas diretamente de células neurais ou
serem ativamente transportadas por pinocitose através da BHE. O CSF ¢ um repositdrio
altamente especifico de subprodutos celulares, metabolitos, neurotransmissores e

fragmentos proteoliticos. O CSF também desempenha um papel mais ativo como meio
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de transporte para sinalizagdo de proteinas e peptideos; deste modo, ndo um mero e
simples "ultrafiltrado" do plasma. Por tanto, o CSF pode ser considerado um
"compartimento" biomarcador rico em informacgdes, no qual os peptideos e proteinas
biomarcadoras de seu proteoma representam o estado fisioldgico do tecido neural
afetado e produzem informagdes valiosas sobre os processos patologicos e
regenerativos em curso (BROCCARDO et al., 2013).

A busca de marcadores bioldgicos de doengas ¢ um enorme desafio para os
pesquisadores com o objetivo de caracterizar proteinas celulares, proteinas segregadas e
peptideos e fragmentos proteoliticos. Neste contexto, modelos de animais domésticos,
principalmente grandes animais, apresentam-se como uma oportunidade Unica para
investigar o CSF devido a facilidade de se obter volumes maiores de amostras e a
possibilidade de coletas sucessivas.

A andlise clinica laboratorial tradicional ou rotineira do CSF concentra-se no
exame fisico-quimico e citologico. Um dos desafios de caracterizagdo do proteoma do
CSF ¢ a baixa abundancia de proteinas, peptideos e fragmentos proteoliticos em
comparagdo com o soro sanguineo. A introdu¢do de andlise de microescala/molecular
levou a métodos de imunoensaios (e.g. WB), focalizagdo isoelétrica, 2-DE (letroforese
bidimensional em gel) e espectrometro de massas para andlise de CSF. O 2-DE foi
utilizado inicialmente para identificar mais de 500 bandas proteicas em CSF
(BROCCARDO et al., 2013).

As proteinas mais abundantes em CSF humano sdo a albumina sérica,
imunoglobulinas (Igs) e transferrina. Entre as menos abundantes, estdo as
apolipoproteinas, alfa-1 antitripsina, transtirretina, proteina ligante de retinol,
prostaglandina D2 sintetase (ou beta-traco), cistatina C, plasminogénio, gelsolina, beta-
2 microglobulina, hemopexina, fibrinogénio, ubiquitina, componentes e fatores do
complemento, calicreina, alfa-1-beta glicoproteina, alfa-2-HS glicoproteina, beta-
amildide e fragmentos de beta-amilodide (HU et al., 2005).

A concentragdo de proteinas no CSF ¢ muito menor do que a concentragdo de
proteinas no plasma devido a BHE. A maioria das proteinas altamente abundantes no
plasma também sdo abundantes no CSF, com excec¢do das proteinas com taxa de difusdo
muito baixa para o CSF. A apolipoproteina B-100 (Apo-B100) e a hemoglobina sdo
consideradas apenas do sangue e ausentes no CSF. Outras proteinas, como a cistatina C
e a prostaglandina D2 sintetase sdo mais abundantes no CSF em comparagdo com ao
sangue. A albumina e as imunoglobulinas foram relatadas para representar cerca de

50% e 15%, respectivamente, da quantidade total de proteinas do CSF. As
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imunoglobulinas encontradas no CSF sdo normalmente derivadas do plasma sanguineo.
No entanto, as infecgdes e inflamagdes envolvendo o CNS, como esclerose multipla,
comumente apresentam sintese intratecal de imunoglobulinas no CNS (CHAMOUN et
al., 2001).

A dinamica das proteinas originadas exclusivamente no CNS foi investigada
usando a taxa de fluxo do CSF no CNS influenciada pela concentracdo da albumina
através do quociente de sua concentracdo no CSF e no Soro sanguineo (CSF:Soro).
Dois grupos diferentes podem ser discriminados: proteinas de neurdnios ou células
gliais (e.g., proteina tau, enolase neurdnio-especifica e proteina S-100) que entram no
LCR principalmente no espago ventricular e cisternal. A sua concentracdo diminui entre
o CSF ventricular e lombar normais em comparagdo com as proteinas sanguineas em
humanos. As proteinas cerebrais com origem principalmente leptomeningea (e.g.,
proteina beta-traco e cistatina C) mostram uma concentragdo crescente entre o CSF
ventricular e lombar normal (REIBER e PETER, 2001).

Neste contexto, com as emergentes abordagens, combinacdes de técnicas
quantitativas e a abordagem protedmica especifica em modificagdes pos transcricionais,
tem-se revelado caracteristicas moleculares de "redes" celulares complexas; o que
contribuird para uma melhor compreensdo dos mecanismos moleculares multifacetados
das doencas neurodegenerativas. A combinagdo de neuroimagem, dados clinicos e
abordagem protedmica pode melhorar a precisdo do diagnoéstico de doengas
neurodegenerativas e aumentar a validagdo de candidatos biomarcadores. Além disso, o
estudo detalhado das vias metabolicas deste possiveis biomarcadores ou
proteinas/peptideos de interesse facilitard em muito a aquisi¢do e a interpretagdo dos

dados na rotina clinica (VAN GOOL; HENDRICKSON, 2012).

2.4.2.1 Proteomica do CSF em animais domésticos

A andlise protedmica do CSF de bovinos acometidos pela encefalopatia
espongiforme bovina (BSE) detectou primeiramente 11 proteinas como potenciais
"marcadores especificos" da enfermidade, além de outras proteinas altamente
abundantes também descritas como presentes no CSF bovino, tais como albumina, alfa-
lantitripsina, apolipoproteina A-I, apolipoproteina E, apolipoproteina J (cadeia alfa e
beta), imunoglobulinas (Igs) de cadeias leve e pesada, prostaglandina-HS D-sintetase,
transferrina e transtirretina (BRENN et al., 2009)..

Posteriormente, usando 2-DE e espectrometria de massas, foi realizado um
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mapeamento mais detalhado do proteoma de CSF bovino adulto com amostras
individuais de trés bovinos higidos coletados por pun¢do lombar (6-7mL), destacando a
presenga de 66 proteinas distintas, incluindo 58 que ndo haviam sido descritas
anteriormente. Segundo os autores, dos 66 genes relacionados a estas proteinas, 57
mostraram correlacdo com a presenca de proteinas homoélogas em CSF humano, e as
demais proteinas relatadas remetem a este baixo niimero de genes total representados
devido a existéncia de multiplas isoformas de proteinas bovinas e outras espécies, além
de modificagdes pds transcricionais identificadas nas amostras analisadas (BRENN et
al., 2009).

Nakamura et al. (2012) realizaram a analise protedmica do CSF de 40 caes
adultos de dois grupos fisiologicamente distintos, sendo 15 cdes saudaveis da raca
Beagle e 25 caes de diferentes ragas e diagnosticados MUE, respectivamente, tiveram
amostras de CSF coletadas e analisadas usando 2-DE e espectrometria de massas.
Foram encontradas 97 proteinas através do estudo e deste total, 36 foram identificadas e
classificadas ap6s pesquisa no sofiware MASCOT. Nos animais doentes (MUE), foram
encontrados um spot em 2-DE que estava up-regulated em comparagdo aos saudaveis
(controle). Apds a excisdo do spot de interesse e andlise em espectrometria de massas,
foi identificada como correspondente ao spot a proteina enolase neurdnio-especifica
(NSE). Interessantemente, a NSE ¢ conhecida como um biomarcador em humanos de
distirbios do CNS, como isquemias, traumatismo craniano ¢ medular e alguns tumores.
Embora os caes com MUE fossem um pouco mais jovens que os caes sauddveis, a NSE
estava elevada no CSF e em conjunto com a inflama¢ao devido a MUE. Como a NSE
estd geralmente presente no interior de células nervosas, ¢ possivel que a NSE
aumentada seja um indicativo de destrui¢ao neuronal ou processo inflamatorio.

Broccardo et al. (2014) caracterizou o perfil proteomico do CSF de seis equinos
higidos utilizando a estratégia shotgun e MS (2D-LC-MS / MS) na qual foram
detectadas 320 proteinas (NCBI - National Center for Biotechnology Information),
sendo as mais abundantes a albumina, a apolipoproteina e a serotransferrina. Deste total,
145 proteinas que tiveram termos ontoldgicos génicos "validos" no banco de dados de
proteinas em equinos (UniProt - Universal Protein Resource) foram apresentadas
segundo categorias de processos biologicos ao qual estdo relacionadas, e as categorias
de proteinas mais evidentes foram as envolvidas com processos celulares (18%) e de
regulacdo biologica (13%). Quando avaliadas em categorias quanto as fungdes
moleculares, as mais predominantes incluem fungdes de associacdo (42%), atividade

catalitica (21%) e atividade de regulag¢do enzimatica (14%).
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Modelos experimentais com grandes animais mostram-se uma Otima
oportunidade para investigar o CSF através de abordagens protedmicas baseadas em
espectrometria de massas, devido a possibilidade de se obter amostras com maior
volume e facilidade de se realizar multiplas coletas.

Esses achados sdo relevantes e de grande importancia pois sdo o ponto de partida
para o estudo de possiveis biomarcadores para diversas enfermidades neurologicas que
podem acometer os equinos como a leucoencefalomalacia, SVCM, doenca do neuronio
motor, EHV-1, entre outras; como a EPM, também abordada no presente estudo.

Ademais, visto que muitas vezes estas enfermidades sdo fatais ou levam a
sequelas, que comumente determinam a eutandsia dos animais, gerando inimeros
prejuizos na industria equina (RECH; BARROS, 2015). Neste contexto, mais estudos
devem ser realizados para a melhor caracterizagdo do perfil protedmico do CSF de
equinos higidos e com doengas neurologicas, assim como a resposta aos diferentes tipos

de tratamentos e a terapia celular, foco deste estudo.
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3 HIPOTESES

Multiplos  transplantes intratecal de células estromais mesenquimais
multipotentes (MSCs) altera o perfil protedmico do liquido cefalorraquidiano (CSF) de

equinos.

4 OBJETIVOS

4.1 Objetivo geral

Avaliar o perfil protedmico do liquido cefalorraquidiano (CSF) antes e apds
multiplos transplantes intratecal de células estromais mesenquimais multipotentes em
equinos saudaveis e o perfil protedmico do CSF de equinos cronicamente afetados pela

Mieloencefalite Protozoaria Equina (EPM).

4.2 Objetivos especificos

° Comparar as linhagens celulares de MSCs provenientes do AD e da BM
quanto aos efeitos sobre o perfil protedmico do CSF apds trés transplantes intratecal em
equinos saudaveis.

° Avaliar o perfil protedmico do CSF de equinos cronicamente afetados
pela EPM e compard-lo com o perfil protedmico do CSF de equinos clinicamente

saudaveis.
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CAPITULO 2

TRABALHO CIENTIFICO

Trabalho a ser enviado para a revista Stem Cell Research & Therapy.

PROTEOMIC PROFILING OF CEREBROSPINAL FLUID AFTER
INTRATHECAL TRANSPLANTATION OF MULTIPOTENT
MESENCHYMAL STROMAL CELLS IN HORSES

ABSTRACT

Background: Studies with multipotent mesenchymal stromal cells (MSCs) are in
increasing progress due to their immunomodulatory, anti-inflammatory, anti-apoptotic
and tissue regeneration properties, making this modality of cell therapy promising in the
treatment of several diseases. Due the limited regenerative capacity of the central
nervous system (CNS), causing functional sequelae, MSCs are being investigated as a
therapeutic alternative for inflammatory, vascular, traumatic and degenerative
neurological conditions in several animal species. The application of proteomics with its
range of tools in equine clinics can contribute significantly to the understanding of
pathological processes and facilitate the discovery of new therapeutic targets or
diagnostic markers. In this context, the objective of this study was to evaluate the
proteomic profile of cerebrospinal fluid (CSF) before and after multiple intrathecal
transplants of CSFs in healthy horses.

Methods: Twelve clinically healthy adult horses were randomly divided into three
experimental groups: control group (Control; n=4) where intrathecal Dulbecco's
phosphate-buffered saline solution (DPBS) was administered; adipose tissue group
(AD-G; n=4), in which intrathecal transplants with allogeneic MSCs from adipose
tissue (AD-MSCs) were performed; and bone marrow group (BM-G; n=4), in which
intrathecal transplants with allogeneic MSCs from bone marrow (BM-MSCs) were
performed. All the experimental groups received three successive treatments (DPBS or
MSCs) with an interval of 30 days between them. CSF samples were collected from the
experimental groups immediately before the first treatment (named MO or Before) and

30 days after the third treatment (named M90 or After).
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Results: Considering proteomics platform used, the six pools compared: Control After
vs. Control Before, AD-G After vs. AD-G Before and BM-G After vs. Before
(After:Before paired modes), obtained 208, 211 and 131 identified access numbers
corresponding to proteins and verified on UniProt database. Among the proteins
identified, the presence of the three types of enolases interacting (ENO 1, ENO 2 and
ENO 3) was also observed in the comparison of the group Control and BM-G 30 days
after transplantation.

Conclusion: This study allowed us to initially verify the presence of 3 types of enolases
interacting exclusively 30 days after transplantation in both the Control and BM-G
groups. In this context, a deeper analysis of these data should be carried out, since the
NSE (ENO-2) may play an important role in the pathogenesis of neural injury, as

described in others species.

Keywords: Equine, cerebrospinal fluid, multipotent mesenchymal stromal -cells,

proteomics, neural lesion biomarkers, enolases.

Background

Nowadays multipotent mesenchymal stromal cells (MSCs) have been presented
as a promising alternative in the treatment of inflammatory, traumatic, vascular and
degenerative diseases in various organ systems and in particular in the central nervous
system (CNS) due to its anti-inflammatory, immunomodulatory and neuroregenerative
properties. The cells are also easily isolated from a variety of sources and are easily
cultured (BURK et al., 2013; CARRADE et al., 2012; CHAMBERLAIN et al., 2007;
GUTIERREZ-NIBEYRO, 2011; NOTH et al., 2010). Studies in animal models and
clinical trials have demonstrated the therapeutic potential of MSCs in treating nervous
system diseases such as Alzheimer's, multiple sclerosis, stroke, traumatic spinal cord
injuries, among others, showing beneficial effects on the neuroregeneration process
(CHENG et al., 2015; COHEN, 2013; HYATT et al., 2014; KARUSSIS; PETROU;
KASSIS, 2013; LINDVALL; KOKAIA, 2006; MAZZINI et al., 2010; PENHA et al.,
2014; UCCELLI et al., 2011). In the context of veterinary medicine, there are several
neurological diseases that affect horses whose recommended treatments are not fully
efficient and often lead to important side effects, such as equine protozoal
myeloencephalitis (EPM) and cervical vertebral stenotic myelopathy (CVSM)
(DIRIKOLU; FOREMAN; TOBIN, 2013; REED; GRANT; NOUT, 2008). The use of

MSC:s for these neurological diseases in horses appears to be a promising alternative.
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However, the efficacy results of cell therapy with MSCs in neurological lesions
presented in preclinical and clinical studies are heterogeneous, postponing the use of
this biotechnology in the clinical routine, which demonstrates the need for more studies
in the area and in particular, studies focusing on safety and standardization of cell
transplantation techniques.

The transplantation pathway is one of the factors that may influence the efficacy
of cell therapy since the therapeutic properties of MSCs are fundamentally related to the
ability of these cells to produce and secrete justacrine and paracrine factors that promote
immunomodulation and neuroregeneration. In order to do so, MSCs need to migrate to
the site of the lesion, a process known as cell homing (CHENG et al., 2015; COHEN,
2013; HYATT et al., 2014; KARUSSIS; PETROU; KASSIS, 2013; LINDVALL,;
KOKALIA, 2006; MAZZINI et al., 2010; PENHA et al., 2014; UCCELLI et al., 2011);
Several MSC transplantation routes have been used to reach the CNS, including the
intravenous (IV), intra-arterial (IA), intrathecal (IT), intralesional and intranasal routes.
Although there is no consensus in the literature, transplantation routes that deliver
MSCs as close as possible to the lesion (e.g., intralesional and IT), seem to have
advantages over the systemic pathways (IV, IA), since they facilitate cellular homing.
The low number of cells delivered to target tissues may result in ineffective treatment
(ZHANG et al., 2015).

Cerebrospinal fluid (CSF) can be considered an information-rich biomarker
"compartment" in which the peptides and biomarker proteins of its proteome represent
the physiological state of the affected neural tissue and produce valuable information
about the pathogenesis and therapeutic response of ongoing disease.

To our knowledge, there are no studies on the proteomic profile of CSF of
horses after multiple intrathecal transplantations of MSCs from bone marrow (BM-
MSCs) and adipose tissue (AD-MSCs). Proteomic analysis of CSF from healthy horses
receiving multiple intrathecal MSCs transplants may reveal which metabolic pathways
and/or potential biomarkers expression differs from before and after cells
transplantations.

The results obtained with this approach can contribute both to the understanding
of the mechanisms of action of MSCs in the process of neuroregeneration CNS of
horses, and to the development of a protocol of safe and effective cellular therapy
(GYGI et al., 1999; IDEKER et al., 2001).
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Materials and methods

All stages of the development of this work followed the Ethical Principles in
Animal Experimentation and were approved by the Ethics Committee for the Use of
Animals (CEUA) of the School of Veterinary Medicine and Animal Science (FMVZ),
Sao Paulo State University "Jalio de Mesquita Filho" (UNESP), Botucatu campus,
Brazil (BRA) under the CEUA Protocol 161/2014.

Groups and experimental design

For the development of this study, 12 clinically healthy horses (Equus caballus)
of both sexes (9 females and 7 males), mixed-breed, aged between 4 and 15 years and
body weight between 300-500 kg, belonging to the School of Veterinary Medicine and
Animal Science - Sao Paulo State University (Botucatu, Sao Paulo, Brazil) were used.
These animals were considered healthy based on the evaluation of the physical
examination, complete blood count and CSFanalysis (data not shown).

The horses were randomly divided into three experimental groups: control group
(Control; n=4) where intrathecal Dulbecco's phosphate-buffered saline solution (DPBS)
was administered; adipose tissue group (AD-G; n=4), in which intrathecal transplants
with allogeneic AD-MSCs were performed; and bone marrow group (BM-G; n=4), in
which intrathecal transplants with allogeneic BM-MSCs were performed. All the
experimental groups received three successive treatments (DPBS or MSCs) with an
interval of 30 days between them. CSF samples were collected from the experimental
groups immediately before the first treatment (named MO or Before) and 30 days after

the third treatment (named M90 or After).

MSC:s used for transplantation

Allogeneic cryopreserved AD-MSCs and BM-MSCs from young and healthy
equine donors were used to perform the cellular transplants. These cell lines were
thawed and expanded into culture until 80-90% of cell confluence was obtained.

Immediately before the transplantation procedure, the MSC culture bottles were
trypsinized, washed three times with Dulbecco's phosphate buffered saline solution
(DPBS: phosphate buffered saline solution (PBS) free of calcium chloride and
magnesium chloride) and the cell pellet resuspended in 3 mL of DPBS, containing
approximately 50x10° cells with at least 80% cellular viability. Counting and cell
viability test with Trypan blue were performed in a Neubauer chamber. The cells were

kept refrigerated at 5°C until the moment of transplantation.
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Immunophenotyping

Immunophenotypic analysis of AD-MSCs, BM-MSCs and was performed in the
third passage (P3) with the flow cytometer FACS Calibur (BD, Franklin Lakes, NJ,
USA), using mouse anti-rat antibodies CD90-FITC (clone OX7, Caltag Laboratories,
USA), CD34-FITC anti-human mouse (clone 581, BD, USA), CD105-FITC anti-human
mouse (clone SN6, Abcam, FL, USA), CD44 anti-horse mouse (clone CVS18, abD
Serotec, UK) and MHC class II monomorphic anti-horse mouse (clone CVS20, abD
Serotec, UK). The secondary anti-mouse IgG-FITC goat antibody (abD Serotec, UK)
was used for non-conjugated primary markers. The protocols used were those described

by the manufacturers.

Tri-lineage differetiation - osteogenic, adipogenic and chondrogenic

During P3, samples of BM-MSCs were stored in 6 Wells plates (Sarstedt, USA)
in triplicate for osteogenic and adipogenic differentiation, and incubated in an incubator
at 37°C in a humid atmosphere containing 95% air and 5% CO2. After confluence of
80-90%, the maintenance medium was removed and the Stempro® adipogenesis and
Stempro® osteogenesis (Invitrogen, USA) differentiation medium was added to the
cultures, with one well from each plate maintained as a control and two wells used to
evaluate the differentiation. The medium was changed every 3 days, remaining 15 days,
and the differentiation into adipose tissue was confirmed by deposition of fat droplets in
the cytoplasm by 0.5% Oil Red staining (Sigma-Aldrich Corp, USA). Bone tissue
differentiation was confirmed by positive staining of the extracellular calcium matrix by
the Alizarin Red dye 2% (Sigma-Aldrich Corp, USA).

For chondrogenic differentiation, a pellet of MSCs was cultured in a Falcon tube
and incubated in an incubator at 37°C in a humid atmosphere containing 95% air and
5% CO2. After two days, the maintenance medium was removed, and the Stempro
chondrogenesis differentiation medium (Invitrogen, USA) was added, with exchange
every 3 days, remaining for 21 days. To confirm the chondrogenic differentiation, the
pellets were stained with Alcian Blue (pH=2.5) and Toluidine Blue (pH=1) to identify

proteoglycans.
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CSF collection and transplantation of MSCs

The CSF was collected from the subarachnoid space between the cervical
vertebrae C1-C2 according to (PEASE; BEHAN; BOHART, 2012) and with
modifications made by (BARBERINI, 2017).

For this, the animals were sedated with detomidine (10-20 pg/kg intravenously)
and morphine (0.05 mg/kg intravenously). In quadrupedal position, an area of 15 x 15
cm, centered on the space of the cervical vertebrae C1-C2, was tricotomized and
aseptically prepared with 2% degerming chlorhexidine and 70% alcohol for sterile
puncture. Skin and subcutaneous tissue infiltration was performed with the anesthetic
lidocaine hydrochloride 2% without a constrictor vessel, using a local "button" block.
With the aid of ultrasound (ultrasound device MyLab™30Gold VET, ESAOTE®, ITA),
the subarachnoid space between the cervical CI1-C2 vertebrac was located, a
25Gx90mm spinal needle was inserted and the CSF aspirated using a 3 mL syringe.

The CSF was stored in a sterile cryogenic tube and free of DNase and RNase to
undergo freezing in liquid nitrogen at a temperature of -160°C and stored at a
temperature of -80°C for proteomic analysis.

Soon after this procedure, the DPBS (3 mL) or the MSCs (approximately 50x10°
cells in 3 mL of DPBS), according to the respective groups already described, were

transplanted by the same route.

Evaluation of CSF proteomic profiling
To evaluate the proteomic profile, the CSF samples were pooled according to the
experimental groups (Control, AD-G and BM-G) and moments (immediately before the
first transplant - MO or Before; and 30 days after the third M90 transplant or After).
Each representative sample had its proteins quantitatively identified with a
confidence interval (>95%) and the interaction between these proteins identified and
differentially expressed with a bidirectional p-value (<0.05) for the down-regulated

proteins, and (1-p>0.95), for the up-regulated proteins.

Sample preparation

The CSF samples were thawed slowly and kept refrigerated at 4-5°C for use.
Then, each selected sample was homogenized with the aid of a vortex and resuspended
with movements up and down in the pipette itself, being then the aliquot of the
standardized volume packed in LoBind plastic microtubes (Eppendorf®) corresponding

to the destination pool.



29

In each of the CSF samples of the twelve horses randomly divided into the three
groups (Control, AD-G and BM-G) and moments (M0/Before and M90/After) 150uL
were resuspended and grouped into a pool of four animals (150pL/animal) according to
their group (Control, AD-G and BM-G) and moment (MO/Before and M90/After),
totaling six pools representing the experimental groups.

These six pools were named according to their group and time. The MO was
named with Before and M90 After.

The six pools were so named: Control Before and After, AD-G Before and
After, BM-G Before and After.

Protein Quantification
The proteins present in the CSF samples were quantified in triplicate according
to the Bradford method (BioRad®; Protein Assay, cod. 500-0001), using bovine

albumin (BSA) as the standard protein to obtain the calibration curve.

Enzyme digestion in solution

Fifty micrograms (50ug) of each sample were solubilized in 50 uL of 50mM
ammonium bicarbonate buffer at pH=7.8. Subsequently, the samples were homogenized
in the presence of 25 uL of Rapigest surfactant (Waters) and incubated at 37°C for 60
minutes. After this period, the samples were submitted to reduction and alkylation steps,
using 10mM ditiotreitol (DTT) and 45mM iodoacetate (IAA), both solubilized in 50mM
ammonium bicarbonate solution. The samples were then submitted to proteolytic
digestion in the presence of the enzyme trypsin (Promega) at a concentration of 1:100
(enzyme:substrate), solubilized in 50mM ammonium bicarbonate buffer, pH=7.8. The
hydrolysis occurred for 18 hours, being interrupted with the addition of formic acid 1%
(v/v) in relation to the volume of the samples. These were then desalinated using Sep
Pak Vac C18 cartridges (Agilent). The digested and desalinated samples were reduced
in SpeedVac™ (Thermo Scientific) and kept at 4°C until the moment of analysis by

mass spectrometry.

Mass Spectrometry Analysis and Protein Identification

Triptych peptide analysis was performed in the nanoACQUITY UPLC system
(Waters, Milliford, USA) coupled to the Xevo Q-TOF G2 mass spectrometer (Waters,
Milliford, USA). For this purpose, the UPLC nanoACQUITY system was equipped
with a column type HSS T3 (Acquity UPLC HSS T3 column 75 mm x 150 mm; 1.8
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um, Waters), previously balanced with 7% of mobile phase B (100% ACN + 0.1%
formic acid). The peptides were separated by a linear gradient of 7-85% of mobile
phase B for 70 minutes with a flow of 0.35uL/min and the temperature of the column
maintained at 45°C. The spectrometer was operated in positive ion mode with a data
acquisition time of 75 minutes.

The data obtained were processed using the ProteinLynx GlobalServer (PLGS)
software version 3.03 (Waters, Milliford, USA). The samples were submitted to a mass
spectrometer in triplicates. The identification of the proteins was obtained through the
ion counting algorithm incorporated into the software. The data obtained were retrieved
from the Equus caballus species database downloaded from the UniProt catalogue
(Universal Protein Resource) in September 2018, using the following variables: trypsin
enzyme taking into account a lost cleavage; fixed carbamidomethylation modification;

variable methionine oxidation modification; MS and MSMS tolerance error 0.1 Da.

Analysis of differential expression through the label-free strategy

All proteins identified with a confidence score (>95%) were included in the
quantitative analysis. The ionic peak intensities of each protein were normalized, scaled
and compared between topographies by the PLGS software version 3.03 (Waters,
Milliford, USA) using a Bayesian algorithm (Monte Carlo method), which returns a
bidirectional p-value: (<0.05) for down-regulated proteins, and (1-p>0.95) for up-
regulated proteins.

In order to ensure even greater reliability in this analysis, the PLGS software
uses 14 parameters to correctly identify each protein and not only the score. After
performing the analysis, using these 14 parameters, we have 3 categories of
identification (named Flag or OK): red (less than 50% of chance of correct
identification), yellow (between 50 and 95% chance of correct identification) and green
(more than 95% chance of correct identification). We only accepted the categories
yellow and green (category red was excluded). Considering that this was standard when
our proteomics platform was used anda we use 15 distinct parameters, there is no need
to describe the parameters used for identification as threshold score or coverage of each

protein.

Analysis of interactions between differentially expressed proteins
Bioinformatics analysis was done to compare the treated groups with the control

group. These included the database Uniprot (https://www.uniprot.org/) to verify all
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acesses numbers provided from analyzes, the web-available STRING v10.5
(http://string-db.org/, by choosing the variables "Multiples proteins" and "organism
Equus caballus" in order to evaluate the interaction between the proteins identified

differently expressed between the groups compared.

Results

The six pools compared: Control After vs. Control Before, AD-G After vs. AD-
G Before and BM-G After vs. Before (After:Before paired modes), obtained 217, 238
and 156 identified access numbers corresponding to proteins, respectively, considering
the 3 categories of identification Flag (red, yellow and green).

Considering proteomics platform used (category red excluded), the six pools
compared: Control After vs. Control Before, AD-G After vs. AD-G Before and BM-G
After vs. Before (After:Before paired modes), obtained 208, 211 and 131 identified
access numbers corresponding to proteins and verified on UniProt database,
respectively (Tables 1-3).

In the Control comparison (After:Before), 208 access numbers were found, 49
were exclusives of the After moment, 50 exclusive of the Before moment, 3 up-
regulated, 3 down-regulated and 103 showed no difference in expression (Table 1).

AD-G After vs. AD-G Before, obtained 211 access numbers found, 7 were
exclusives of the After moment, 106 exclusive of the Before moment, 19 up-regulated,
22 down-regulated and 57 showed no difference in expression (Table 2).

BM-G After vs. BM-G Before, obtained 131 access numbers found, 35 were
exclusives of the After moment, 80 exclusives of the Before moment, 5 up-regulated, 2

down-regulated and 9 showed no difference in expression (Table 3).
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“Table 1. danified protens i vs.Bore
denified Proteins (1=208) “Access Number _ Genenames __ Score PLGS _Longth (aa) _Mass (<03) Protein existence. Expression Ratio (After:Bsfore) _p Value ratio
Glona 7 vansierin (Pop-vari FTLF2.F3.G GoTava Gl 0 7 Predicied Aer Ater
Hemopexin Fexiis HeX 207 62 51 Infored fom homology Ater Ater
Alpha-1-microglobulinikunin precursor FouzZHD AP 263 352 3 Predicied Arer Ater
Ublquitn conjugating enzymo E2 FoXR1S UBEZS 26 152 17 Infored fom homology Ater Ater
Ubiquitn conjugating enzyme E2 A FTBNFT r=n 226 154 18 Prediciod Ater Ater
RAD hormolog (Fragment) conixe EHR6A 26 126 14 Infened fom homology Ater Ater
Ubiquitn-conjugating enzyme E2 ke protein (Fragment) KoKCCo 226 8 1" Evidence at ranscriptlevel Ator Ater
Dickkop! WNT signaling pattway nhibor 3 FOWETS oKk 8 324 3 Prediciod Ater Ater
Urharcrzad gl HoGZTS 159 a5 E Precicted Ater Ater
Uncharacterzed pr FONCY1 154 a2 a7 Predict Arer Ater
imaanoaterba nmmm (Fragmen) KoK2Bs 154 310 34 Euidonca at anscriptiovel Ater Ater
Erlsse2Fragnend 13RS enoz 154 a2 5 Evidonce at ranscriptlevel Arer Ater
Enolase Fr0950 ENO3 154 a3 a7 Eudonce atvanscriptiovel Ater Ater
Eraeses FICX6 Enoz 154 s a Inferad fom homol Afr Ater
Enola FovTCt Enot 15 a3 a7 Evdence atvanscrptlevel Aer Ater
MINDY Iysine 48 doubiquitnase 3 F7DRKS MINDY3 s ass 50 predict Ater Ater
Phospholpd vansie protei F70R03 LTe 112 a%6 55 Predictod Ater Ater
Fibinogon A-lpha chain (Fragmont) o764l 107 a8t 50 Prodictod Ater Ater
Fibrinogen alpha chain (Fragment) a7mus 107 270 2 dercs t i v Arer Ater
Uncharacierized protein Frovel 105 s a7 Inford fom homology Ater Ater
Uncharacier; Froste 105 a2 a7 Iored omnonoiny Ator Ater
Uncharacierzed protein FIDXM5  LOC100065068 105 P a7 Infored fom homology Ater Ater
Bsav2 Spiz1: 105 az a Evidonca at ranscriptlevel Ater Ater
BSBVI1 sp2-12 105 21 a7 Evdence attanscriptlevel Ater Ater
Bsavi0 sp2-11 105 21 a7 Euidonca at ranscriptiovel Ater Ater
B5BVOS 5p2-10 105 a2 a7 Evdence at anscriptlevel Aot Ater
B5BVOE spi2-o 105 a21 a7 Euidonca at ranscriptiovel Ater Ater
B5BVOT Spizs 100 a2 a7 Evidence at ranscriptlevel Arer Ater
B5BVOS spi27 100 a1 a7 Euidonce attanscriptlovel Ater Ater
B5aVOS Spiz6 100 a2 @ vansciptlovel Ater Ater
BEBVDL spi2-s 100 a1 a7 Evdence atvanscriptlevel Aer Ater
BsaV03 Spiz-t 100 a1 a ransciptlovel Ator Ater
BEBVO2 spi2:3 100 a21 a7 Evidence at ranscriptlevel Ater Ater
BsavO1 spi22 100 21 a idance atranscriptlovel Ater Ater
Apha-1-antrypsin B5BVO0 spiz-t 100 a2 a7 Evidence at ranscriptlevel Arer Ater
Pas02s 100 21 a7 Euidonce at protein evel Ater Ater
Uncharacterzed pr FTBF31 s 100 a2 a7 n m homol Arer Ater
FAMIBEA ke Dvohm (Fuvm-m) KIKaKe % 367 4 Eudonce atvanscriptievel Ater Ater
Secreted phosphos F7AYC1 spet % 313 3 Afr Ater
Uncharaczed »mm FTEOFS 85 03 0 Procictod Ater Ater
Alpha-1-aniypsi Bt sp2-1a 85 a1 a Euidonce at ranscriptievel Ator Ater
o oaloacetc vansaminase 1 ke FBVRGS oLt 80 08 6 Prediciod Ater Ater
mmmn (Fragment) 7677 2 5 6 Prodictod Ater Ater
Gelsol FToHZ1 oSN 6 m 85 Predictod Arer Ater
ol F7E2D1 6 78 6 Procicted Ater Ater
Dinycropyimidinase ke 2 FT8320 opYsL2 60 572 &2 Prediciod Ator Ater
Tutelin 1 FozHaD TUFT1 & 388 44 Procicted Ater Ater
Angiotensinogen FonaR2 Gt 5 a5 5 Inforad Fom homal Afer Ater
Serpin familyF mer FTBKET SERPINF1 50 ar 6 Infored fom homology Ater Ater
Cardiolpin sym.mm protin (Fragment) = 1130 & o Evidenca at ranscriptlevel Bafore Before
Yons cRLst 1134 200 2 Prediciod Before Bofore
qsTawr [ 52 s Procicted Bofore Bofore
Qe 571 51 5 Evidence at potin evel Before Before
armes 571 54 6 Euidonca at protein evel Bofore Boloro
a7 Edl o 5 Evidonce at protein evel Before Bofore
KaKas7 ass 118 13 Eudence atvanscriptievel Bofore Boforo
xoxt s2m ass a " idence atranscriptlovel Before Before
QosnBE a5 50 3 Predi Before Bofore
otUP2 a0 61 i Predictod Bafore Before
Transrtn Fagmen) 7974 04 61 7 aic Jor Bofore
Plasminager FousPo LG 280 817 o2 Infored fom homology Bofore Before
Pa0010 L 280 338 ar Evidence at potin evel Before Before
Plasminogen (Fragment) TveD L 238 7 8 i Bofore Before
Symtaxin 19 A smxio 217 208 u Inferad fom homalog) Before Before
Lacioansferin (Lactferrn) (Fragmen) orrsn LTF 22 65 7 vdencs t o ove Before Before
Lacioransferin FoxLB1 LTF 22 708 7 homology Before Before
Uncharacierzed pr FoTO1 ONTRL 193 2527 269 P Before Before
Conlnte e (ragmont KO8 7 39 a0 Euidonca at ranscriptiovel Bofore Before
Apha-feoprotein Fouaxz aep 161 614 60 redict Before Before
m,mm.mmwm fetoprotan) (Apha-ftoglobulin) Pisose e 154 509 68 Euidonce at anscriptiovel Bofore Before
GLfamily Zinc g FoxLEE ous 149 1541 165 Prediciod Before Bofore
G o Fragment) 216RS 147 81 s Prodictod Bofore Before
F7DFOS PLoxoa 182 196 2 i Before Before
‘Solut carrier amily 25 member 28 Fowzez siczsazs 138 310 3 Infered fom homology Before Bofore
KA 138 191 2 Evidonca at ranscriptievel Bafore Before
166.5¢ AR 117 a5 9 Infered fom homology Before Bofore
AOATBSJOF4 "R 1z Bs2 o Inforad fom homology Bofore Before
AOATS6J9ET AR 1 a5 95 Infored fom homology Before Before
FoRSGH 117 400 6 Infored fom homology Bofore Belore
FoXBKG e 113 208 3 dicied Before Bofore
D 98t and SOCSboxcontaing 2 F7DHT2 wss2 108 03 r Procicted Bofore Beforo
peat and SOCS box containing F7DCCH wsez 108 a05 5 Precicted Befors Before
Pz domaivconaiing oo oo p— KoKAWS 95 260 2 Euidence atvanscriptlevel Bofore Bofore
PDZ domain contaning FoUSA2 PozD8 s 1151 128 Precicted Bafore Before
Mluﬂznanv fncto 13 isane chaperne FoULMB ASFIB. 89 202 2 Prediciod Before Befor
Nipsnap homolog 2 FesCBs NPSNAP2 i 258 31 Procicted Bofore Before
o N-psmm proten 2-ike profein (Fragmen) KIKADS 7 157 19 Evidence at ranscriptievel or Before
Coror F7DEWS corote 7 a7s 5 Infored fom homology Bofore Belore
Eukaryotciniaton acor Aike protein (Fragment) KoKAI 7 a3 3 Evidonce at ranscriptlevel Before Bofore
PDZ domain-containing 8l protei (Fragment) L7MRGT POZDS 7 114 13 Evdence atvanscriptlevel Bofore Boloro
charactrized protein FTEIs Loc10060539 6 1640 184 recicted Befors Before
Golld-<oil domain contaning 15 FoYK3B. ccoets 6 034 108 Prediciod Bofore Bofore
incharacterzed prot FICUG3  LOC100060539 65 1661 186 Precicted Bafore Before
Uncharacterzed pr FBTWZ  LOC100060539 65 1664 186 Predictod Before Before
ot conaiing OTPassachatng proten 3 FowGs2 65 1637 185 i Before Before
UPFOSzsgrfin FANI72Ae i g KoKD23 61 344 0 Evidence at ranscriptlevel Before Before
Family withsequence similarly 172 FI0UHO FAMI72A 61 a7 a3 Precicted Before Before
Nuclaar raceptorsusfamiy 4 graup A mero FoTEss NRAAS 59 2 7 Infored fom homology Before Before
\Qmattconalnng GTPaseacvan s FEYRCS 1aGAP1 0 1630 187 Precictod Before Before
FrBAYE s 12731 607 68 Precicted T 1
o o alrgen Equ63) pas7ar s 5778 607 69 Euidence at protein evel 109 098
Abuni (Fragmont) esmc ase7 7 5 Predictod 179 s
incharacterzed protein 235 233 235 27 Predicted 184 08a
Immmunoglobulinlambda light chain variabl region (Fragment) ADAOATESBS 6L 337 25 2 Euidonca at anscriptiovel 148 08
20uE2 oty a2 a0 52 idence atranscriptlovel 121 o085
Immmunoglobulinlambda ight chain variabl region (Fragment) ADAOATESYS 6L 305 25 2 Euidonce atvanscriptiovel 143 082
Immmunoglobulin lamb ight chain variab region (Fragment) ADAOATESXT 1oL 305 226 2 ransciptlovel 145 082
ADROATE493 oL 337 224 2 Evdence atanscriptlevel 139 081
Frag ~ADROATESHT 6L 395 225 2 Evidonca at ranscriptiovel 145 081
Immmunoglobulinlambda ight chain variableregion (Fragment) ADAOATE933 oL 305 223 2 Evdence at ranscrptlevel 139 08
imnogibuln anbia g chin araie g (agmer) ADAOATEAET 6L 305 225 2 Euidonca at ranscriptioval 142 08
Apolpoprote FozaL APoA1 635 265 3 Infered fom homol 146 08
\mmunomnbu\m fambda ight chain variabl region (Fragment) ADAOATES44 6L 337 25 2 Euidonco atkanscriptiovel 135 078
incharacterzed protein vvee 1409 % 1 o m homol a5 079
Inmnogon lanbda g raln e oin Fagmend ADAOATES38 6L 305 26 2 Eudonce atvanscriptiovel 139 071
Immmunoglobulin lamba ight chain variab region (Fragment) ~ADROATESHS oL a7 221 2 idence atranscriptlovel 132 077
S ity S oot 1 FIOYR1 SERPING1 70 63 52 Infored fom homology 212 077
mmrunegoblinlamibda ghchal vaae oo ragran) AIESXS oL s 222 2 Euidenca at ranscriptievel 142 o7
Uncharacterzed prote 50AUS ass 107 1" Predicted 132 075
immmor nnmanu\mlamnﬂaI\ghlmamvananlnuqmn(?raﬁmenn A0R0ATESD? 6L 305 25 2 Euidonce atvanscriptiovel 130 075
Uncharacie 5 337 107 1 Predictod 130 072
el s ghtchal vaaie e (Frogren) ADAOATESB2 6L 395 24 2 Euidonce atvanscriptiovel 125 o7
7921 PTGDS 570 194 2 Evidonce at protin evel 120 o071
mranogobuinlanbda Ghtcha araeeon (ragren) ADAOATEZB1 oL 337 25 2 Eudence atvanscriptlevel 127 07
Haptogloti XS 1143 345 3 Inforad fom homology 107 087
Uncraracetized prtin H9G208 108 337 7 Predictod 116 068
Tanstorin (Fragmen) oo7ses. 263 61 |4 Prodictod 130 06
Qosw3s o1 08 337 Ed Euidence attanscrptlevel 116 066
Tansforin (Fragmen) o773 263 61 7 Prodictod 121 064
Transfrtin (Fragmon) ou7678. 263 61 7 Prediciod 122 063
GC. viamin D binding protein FeToPE = 154 are 5 Procicted 109 055
Transfetin (Fragmen) QoTaRa 737 6 7 Prediciod 101 051
Immmunoglobulinlambda ight chain variableregion (Fragment) ADROATE4RS 6L 1688 225 2 Evdnce sttt 09 048
Immmunoglobulin lamba ight chain variab region (Fragment) AtENT 6L 1668 221 2 Evidence at ranscrpt 096 o4
Immmunoglobulinlambda ight chain variable region (Fragment) ADROATE44T oL 1668 223 2 Eudence atvansciptionl 083 047
Immmunoglobulinlambda light chain variabl rogion (Fragment) ADAOATES32 6L 1668 225 2 Euidonca at ranscriptlovel 091 048
Immmunoglabulin lamba ight chain variable region (Fragment) ADROATEAS oL 1668 223 2 Evidence at ranscriptlevel 091 046
Immmunoglobulinlambda ight chain variablo region (Fragment) ATE 6L 1810 224 2 Euidonca atanscriptiovel 094 0as
Immmunoglabulin lambda ight chain variablrogion (Fragment) ATE oL 1668 225 2 Evidonce at ranscriptlevel 087 0aa
Immmunoglobulinlambda ight chain variable region (Fragment) ADAOATESSS 6L 1668 224 2 Euvdonce atvanscriptiovel 088 044
‘Carboxyic stor hydrolase uxeT o1 565 &2 Infered fom nomol 092 o4z
munogabuinlanbda Ghtcha aratereon (rgreny AOROATEDT1 6L 1668 224 2 Evdence attanscrptlevel 084 043
Immmunoglobulin lamba ight chain variab region (Fragment) ADAOATEOGS 6L 1668 225 2 Evidonca at ranscriptlovel 052 oaa
innogelnlaroda lghtchain varablerogon (agment) ADAOATEZSS oL 1668 22 2 Evdence attranscrptlevel 088 042
Unchara ZEHD a798 990 109 Precicted 08 04z
Uncnarscred o cace 1668 "7 12 Predictod 090 042
immmor numunu\mlamnna”gmmamvanznlnlﬁmun(?mmmn ADAOATESS2 6L 1668 24 2 Euidonco atvanscriptiovel 0s1 04z
Transfrtin (Fagmen) Qe 1145 52 5 Prediciod 090 042
\mmunumubuhnlambnavalma\nvanzhlel«]mm?mymem) ADAOATES 6L 1668 24 2 Eudence atvanscriptievel 0s1 042
immmnog o light chain variabie region (Fragment) ADAOATES)S 1oL 1668 219 2 Evidonce at ranscriptievel 089 04z
inmmuncglobul b gh chln vatabe regon (ragmen) ADAOATESE? 6L 1610 224 2 Evdence attanscriptlevel 083 042
Immmunoglobulinlambda light chain variabl rogion (Fragment) ADAOATEOAS 1oL 1668 221 2 Euidonca at ranscriptiovel 086 041
P o g chan aritle e (e ADAOATEQZS 1oL 1668 22 2 Evidence at anscriptlevel 089 041
AOROATESNS 1oL 1668 226 2 Euidonca at ranscriptiovel 082 041
ADROATEDS1 oL 1668 221 2 idence atransciptlovel 090 o041
ADAOATEA06 1oL 1668 224 2 Eudonce atvanscriptievel 076 081
ADAOATESES 1oL 1668 223 2 vansciptlovel 084 04
g b 1 chalh varae g Frogmeny ADAOATESQS 6L 1688 225 2 Evdence atvanscriptlevel 090 04
‘Carboxyic stor hydrolase FoPRIS Loct000s1065 124 565 & " ot 090 04
Immmunoglobulinlambda ight chain variable region (Fragment) ADROATEANS 6L 1668 22 2 Evidence at ranscrptlevel 089 04
Immmunoglobulinlambda light chain variabl region (Fragment) AtEse2 1oL 1668 221 2 Euidonca at ranscriptiovel 089 04
Immmunoglobulin lambda ight chain variable region (Fragment) ADAOATE9SS o 1668 225 2 Evidence at anscriptlevel 033 04
Immmunoglobulinlambda ight chain variabl region (Fragment) Al 6L 1668 25 2 Euidonca atanscriptiovel 089 030
Immmunoglobulin lambda ight chain variablregion (Fragment) AOROATESH1 1oL 1668 226 2 Evidonce at ranscriptlevel 084 030
Immmunoglobulinlambda ight chain variabl region (Fragment) ADAOATESE2 6L 1668 25 2 Eudonce attanscriptiovel 00 038
Immmunoglobulin lamb ight chain variab region (Fragment) ADROATESGS 1oL 1668 221 x idence atranscriptlovel 082 03
munogbu anbds nqm chain variable region (Fragment) ADAOATE483 6L 1668 25 2 Evdence attanscriptlevel 087 038
Immmunoglobulin lamba ight chain variab region (Fragment) NE 6L 1668 224 2 Evidonca at ranscriptiovel 00 03
nminegebin ambda It chalh varabe o (Frogmenty ADROATESHS 6L 1688 222 2 Evidence at ranscriptlevel 084 038
Immmunoglobulinlambda light chain variabl rogion (Fragment) e 6L 1668 221 2 Euidonca at ranscriptioval 089 037
ADROATEBD2 oL 1668 225 2 Evidence at ranscrptlevel 086 037
Immmunoglobulinlambda ight chain variablo region (Fragment) AtEETT 6L 1668 22 2 Euidonco at anscriptiovel 084 037
Immmunoglobulin lambda ight chain variableregion (Fragment) ADAOATEOTS oL 1668 200 2 Evidonce at ranscriptlevel 089 037
Immmunoglobulinlambda ight chain variabl region (Fragment) ADROATESNS 6L 1668 20 2 Eddonce atvanscriptlovel 084 038
ight chain variaie region (Fragmen) ADROATESCH 6L 1668 224 2 Evidonce at ranscriptlevel 085 036
g chain artleredn (Fasmon) ADAOATESZ2 6L 1668 25 2 Evdence attanscriptlevel 088 035
imemmant gt chain variab region (Fragment) ADAOATEATO 6L 1668 226 2 Exidenca at ranscriptlevel 088 03
oo b 1 chalh varae o (Fregmenty ADAOATESRS =3 1688 221 2 Evidence at ranscriptlevel 089 034
Carboxyic stor yarolase FozMG o1 s67 & Inferad fom 085 034
Immmunoglobulin lambda ight chain variable region (Fragment) AOROATEEDT oL 1668 224 2 Evidence at ranscrptlevel 078 034
innogulnianbdatntchan arave egn gt ADAOATESES 6L 1668 225 2 Euidonce atvanscriptlevel 087 034
o Fragment) ADAOATEDAS oL 1610 224 2 idence atranscript lovel 081 033
Fragment ADAOATESS3 6L 1688 225 2 Evdence atvanscriptlevel 076 033
mer AtEe2 1oL 1668 224 2 ransciptlovel 077 03
Fragment) ADAOATESLO 6L 1668 22 2 Evidence at ranscriptlevel 079 032
Fragment) AAOATEAT2 oL 1668 224 2 idonce atranscriptlovel 080 031
79 338 7 Prediciod 090 031
e mraverogon (agnery AAOATEAL2 6L 1668 224 2 Euidonca atanscriptiovel 078 031
Immmanoglobulislambda igh chain variabe ragment) AOATESI oL 1668 223 2 Evidonce at ranscriptlevel 084 03
\mmunumubuhn ambaa lghtchain varabefegon (Fagmen) ADAOATESDO 1oL 1668 221 2 Euidonce atvanscriptlevel 083 020
na-1E-glycoprotein FoVIRS. ABG 169 500 5 Precicted 072 028
Inmnogonnands Hahtcha il rgion (gt ADROATESRS 6L 1668 225 2 Eudence atvanscrptlevel 076 028
Immmanoglobulin ight chain variabl region (Fragment) ADAOATESKT oL 1668 221 2 Evidonce at ranscriptlevel 084 028
KoKBYE 160 21 2 Evidence at ranscrptlevel 051 028
Tansforin (Fragmon) QoTaRs 623 a8 5 redi 076 024
FoXEss EIFSAEIR3ST0 107 1345 162 Infered fom homology 053 023
Uncharacierized protein HoGzss 219 a3 a7 ool 087 022
Uncharacterized prot HIGZUS 1177 325 3 Prediciod 086 017
Tanstrn Eagneny csTavy 1460 54 s Prodictod 069 017
(Fragment) arives. 2391 5 5 Predicied 084 014
Tansonin (Frgmen ou7s71 2381 5 5 Procictod 069 013
ekl (cin deplymoriing fcr) 40) i) cossr2 = 02 7 o Evidenca at protin evel 084 01z
Uncharacterzed prote HoGzUs a2 e 3% dicied 075 01
Tansirnagran) csTavs a5 189 21 Prodictod 075 01
Uncharacterzed protein FOPKET 838 340 Ed Predicted 042 008
Tanstortin (Fragmont) sTavt 1459 58 7 Prodictod 052 001
Alpha 2-H5 glycoprotein FrCi50 aHse 681 358 3 Predi 052 o
meta P2742s T 1098 06 7 Down-requiated 079 o

o




33

15, Before
“Access Number __Gene names ScorePLGS _Lengin(aa) _Wass (Dal Ratio (AfterBefore) ___p Vaiue atio
FoQUAL 518 i 2 Prodcied ar er
Fo873 chsPs 654 173 20 Predicied Ater aer
Soieng kulamryy\uhm\uan and ysie rich protein 1 FoQINz SREK! a2 512 & Prodiciod Ator Ator
inesain.fc 12k poan (Fagmnt) KSKEXS a2 254 3 Euidonco at anscrptlovel Ator ater
ForOS2 wasHos. a2 1165 135 rodi Ater aer
Soumpomtve o (agment KoKBS3 363 449 52 Eudence atvansciptlevel Aer ater
tein HaGzve 336 118 1 Praciciea Ater ater
MC2 18418 a s Preciciea Before Befors
anase 12040 50 5 Euidence atprtein fevel oo
ansss 12040 5 6 Evidonco atprtoinlovel Bofore Bolore
anessr 1200 a 6 Evidence at prtein o Before efore
Unchaumnnm protin FoYYPS 6140 % 1 Infered fom homology. Before elore
oo7s21 PrGDS 2652 194 2 Euidence atprotein lovel Bofore Bolore
F1,F2,F3.6, 12, coTava 1997 10 1 Prodicied Bolore Belore
Fommogen st cra Claved i Foropepsds A Fragmen) Piaisz Foa 1632 14 2 Euidence atprtein level Before Before
KaKBPO 1574 27 2 Euidence at vansciptlevel Bolore Before
FONAadorin S8 metfransirse n-calac s TR Foz527 TRMTS 1871 g7 5 Infored fom homology. Botore Belore
Transiyr L ™ 1106 17 16 Infored fom homology. Belore
Aphar16.ghooprotin FoVIRE 186 969 500 st $ Bofore Bolore
Apolipoproli FezaLs ApoAT 695 266 2 Infored rom homology. Bofore Bolr
Fibrino in FoPHas 2 se7 450 5 e Before Befors
Inter-alpha-typsin iibior heavy chain 2 FreTss mrz 529 047 108 Predicied Before Belore
Inter-alpha-typsin inhibior heavy chain 2 FTDAFS m2 529 049 107 Pracicisd Bolore Bolore
e s s ke oy 2 FroL1T mHz 529 016 108 Pracictea Before efore
Apollpoproten D (Apo-D) FoxM13 APOD. 496 213 2 Infored fom homalogy. Before
nter-aipha xG\unuhmmmn\w H2 polypopide (Fragmont) A8PaCS Mz 168 19 2 Predicted Bofore Bolore
Ceruloplasmin (Fra onixo cp a2 W 5 Prodicied Before Belore
Gervloplasmin FoPQds o 27 1088, 122 Infored fom homology. Before
‘Globin A1 (Hemoglobin subunitbeta) F6ROD3 HBB GLNAT 413 147 16 Inferted fom homology. Before Bolore
t-microglobulnikunin precursor FouzHo Anee 105 32 3 Praciciec Before Belore
Fibrinogen alpha chain (Fragmen) anvaua 382 270 2 Evidence atprtein fovel Belore Belore
Alpha-1-antirypsin B58V12 Spi2-13 36 a1 g Euidence at vansciptlevel Bofore Before
Chromogranin-A cHon 365 18 50 Praciciea Belore Bolr
Uncharacterzed protin Fo 361 236 27 Pracictea Before efore
Uncharacterzed protin FTOXMS Loc 100085085 360 a2 P Infored fom homology. Before Belore
Alpha-1-antirypsin Bsavi1 5pi2-12 30 21 a7 Euidonco at ansciptiovel Bofore Bolore
Alpha-1-antirypsin BsVI0 spiz-11 360 a2t a Evidence at ransciptlevel Before Befors
Alpha-1-antirypsin B5BV09 Spiz-10 30 21 a Evidonce at ransorptlevel Before Before
Alpha-1-antirypsin BsVOs sp2s 30 1 a7 Evidonco at ansciptlevel Bofore Bolore
Hamioin s bels Gt gobi) (oo bot ) Poz062 Hee 36 146 16 Evidonce atprtoin lovel Bofore Belore
collular cholesterol ransporir 2 FrCIWS NPC2 5 149 16 Predicied Before
F-bv\m:qen Aalpha chain (Fragment) 007641 345 81 50 Prediciod Belore Bolore
exin Foxtie Hex 344 62 51 Infored rom homology. Bofore Belr
e onangsrien FoTOPG = 33 e 5 Predicied Belore elore
Unchararzd HoGz59 314 354 39 Predicted Before Before
Plasminogen Fouspo pLs 205 a7 2 erd fomtanlogy Bofore Bolore
Fianogen dshe chan FoRUZS Foa 287 795 88 Before efore
Uncharacterzed protin FroYPt 278 23 a7 e fomamciony o
Uncharacterized protin Frcsis 78 21 a7 org fon nomnvnay Bofore Bolore
FRY like ranscripion coact Fosvie FRYL 276 3014 330 Befors efore
st — KaKAGS 274 142 16 Eudonc ameratiow! Before efore
Globin B1 F6RFS7 0C100088926 GLNG 256 147 18 Infored fom homology. Bofore Bolore
Uncharacterized protin HoGzTS 255 335 s Prodicied Before Belore
Uncharacterized protin az8383 22 142 15 Infored fom homology. Before Before
Alpha-1-antinypsin B58VO7 sp28 235 21 a7 Evdoncestramctiow! Before Bolore
t-antinpsin BsBvOs 238 a1 a7 e atiarcrtiov Bofore Belr
Alpha-1-antirypsin B58VO5 235 a21 a nscrptlevel Belore 5
Alpha-1-antirypsin BSBVOL 235 21 a7 Edonce ttanscrpiovel Bofore Before
frypsin Bsv03 23 21 a7 Evdonce s tancilovl Bofore Bolore
sirypsin BsBv02 235 a1 a Evidonco at ransarptlevel Before Before
Alpha-1-antirypsin BSBVOT 235 21 a idence tvanscplevel Before Before
Alpha-1-antirypsin B5VO0 235 21 a7 Euidonco at vansciptlovel Bofore Bolore
Uncharacterized prosi FreF3t 25 a1 a Infored fom homology. Before efore
Hemoglobin-alpha 1 (Fragmen) ostiAT 29 o 10 Inforted fom homology. Before
Serpin amily C member 1 FICYR1 SERPING1 22 463 52 Inforted fom homology. Bofore Bolore
charactrized protein FoPxa Locioos29770 218 102 12 Praciciec Before Belore
Alpha-1-antirypsin BSBVI3 Spiz-14 215 a1 a Evidence at ransorptlevel Before
‘Serpinfamly F member 1 FIBKET SERPINFT 205 a7 b Inferted fom homology. Before Bolore
Uncharacterzed protin F7BLES 200 1215 135 icted Belore Belore
rotein FouUss 192 4 2 Infored fom homology. Before Before
‘Garboxylc ester hydrolase FoVXPT 191 565 62 Inferted fom homology. foro Belore
Carboxylc estar hyarolaso FezuGT 191 s67 82 Inforted fom homology Bofore Bolore
Carboxylc ster hycrolase FoPRIS Loc1000s1085 191 565 &2 Infored fom homology Before efore
Pigmentepiteliumderved factor BEK250 189 a7 6 Evidence at ranscrptevel Before Before
Uncharacterized protin Fr0163 Loc100060539 188 1681 186 Prodicts Belore Bolore
Urharacirznd protin FrEiss Loc100060530 188 1640 184 Praciciec Befors Befors
Uncharacterzed protl FrBTIT L0G 100060539 185 1664 186 Precicied Before Before
Frotronsn LCcaw\auun factorl) F7BR (1 156 623 70 Infered rom homal oo Bolore
‘Comple ke protein (Fragment) KoKBR1 145 27 % Evdnca sramstpiow! Bofore Bolore
Tersrin Fregon) csToRs 139 a8 s Prodicted Bolore Bolore
Fibrinogen gamma chain Fowayt = 135 a3 50 Praciciec Befors Before
jpha-2-macroglobulin 47 M 126 1ar7 164 Predi Before Belore
Anglotensinogen FoweR AGT 121 85 5 Infored rom homology. Bofore Bolore
ecrotad phosphoprosin 1 et sept 121 313 3s Praciciec Before Belore
Atastin Fre1z8 118 561 50 Predicied Before
TSC22 domain amiy membor 4 FeT2A6 TSc2204 115 395 41 Predicted Before Belore
RISET dommain FoRX36 PROMZ 115 1700 187 Pracicisc Before Belr
Ankyri ropeat domain 13t Fovars ANKRD13D 11 604 68 Predicied Belore
PR o ane gt o 2 ks oo (Fagment) KaKCY3 111 a3 as Euidence atvansciptlevel Bofore Bolore
Atastin-3-ike proein (Fragment) KSKENG 105 354 W0 Evidonco at vansciptlovel Bofore Bolore
Phosphaliid Fansier protein 03 PLTP 105 96 55 Preciciea Before efore
Alpha-2-macroglobuiin FoR942 M 103 1452 162 Predicied oo
Plasminogon (Fragme 0 PLG 103 7 8 Prodictod Bolore Bolore
Heuonatcol o YWRD NRCAM 101 1218 134 racicted Before elore
s bea A€ ot ho umlem (Fragment) KSKAUS 100 252 2 Evidence at ransorptevel Before elore
Newraat e schedon ot FovXYo NRCAM o 1286 142 Pradiciod Bofore Bolore
et ot achesonmelecs FOWIGH NRCAM % 1201 143 Praciciec Befors Belore
il adhesion molecule FovwPs NRGAM % 1199 132 Predicied Before Before
ol ol aedon ol FoXBUE NRCAM o 1306 148 Predicted Before Before
epidase anhancer Fowzss peoLcE 8 459 a9 Pracicisc Before Belr
Uncharacteriz FTE0FS 8 103 5 Predicied Belore 5
AOP tbos uunhmlwlnmdpmwm F70061 ARFRP1 & 201 2 Inforted fom homology. Before Bolore
Uncharacterized p FXSFT Loci000s9239 n 1750 193 Pracicied Belore Bolore
Serne pamoyonsos o oo iz FoTeNs srce 7 s 59 Infored fom homology. Before Before
Amyoid beta precursor protel FOXKRS PP 68 2 8 Predicied Before Before
‘nyiold beta precrsr rotin FexL78 PP 6 751 85 Praciciod Bolore Bolore
PG donn o 1 FouTs! APCODIL & a 5 Praciciec Befors elore
Sulovar FoUTDS & 218 2 Infored fom homology Before
Lo scvandrtn Lacolori) Fagment ormst e 50 695 7 Euidence atprotein lovel Bofore Bolore
Lacotansierin FoxLE1 e s 708 L Infored rom homology. Bofore Belore
Jateontin o Fagren) X T3 5 & 7 Predicied Before
Apolpoy Foz041 ApoH 52 345 3 Prediciod Belore Bolore
nchorscatavd o FoRMDD = E 768 P Infered from hamology. Before Belore
Transfrtin (Fragment) oo7678 20 61 7 Predicied 867 1
Transfertn (Fragment) a7iuss 3109 55 6 Predicied 1038 1
glycoprotoin Frcas0 anse 1023 ass 3 Pracicisc 241 1
Uncharacterzed protin Fozere 7667 990 109 Praciciea 1059 1
Haptoglobin FEXWMS. 79 36 3 Infored fom homology. 581 1
Gelsolin F7E2D1 = 111 78 P Prodicts 12 1
corawr 1047 52 6 Prodicied as6 1
Transfrtn (Fragment) 007973 200 61 7 Precicied 021 1
Tanserin Cagnard osre71 3109 5 5 Pradiciod 1208 1
rin Fragment) csTav a2 54 6 Prodicied 1007 1
Tranirtn (Fragnent) eTavt 1508 E 7 dicted 021 1
Transien (Fragnend sToRe aro & 7 Prediciod 885 1
Dickkop! WNT signaling pathway inhitor 3 FowETS oKKS 02 a4 s Praciciec 575 1
P2razs ™ 836 706 7 Evidence at ransorptlevel 1170 1
Q0482 o s01 P 5 Endonceatvanscnpiove 322 1
Uncharacrized ron FoPKET 80 a0 77 Pracict: 1159 099
Transfortin Fragment) coTans. 1952 52 s Procicied 401 099
Kali olated popiiase & FeSIF7 KLKS 319 204 2 Infored fom homology. 581 089
Transfrtin (Fragmen) osr6s 119 6t 7 Predictod 1007 06
Immunoglobulin gamma 1 heavy chain constantegion (Fragment) osns ot 1230 a7 7 Evidence at ranscrptlevel 62 or2
Uncharacterized protin H9GZ08 1236 337 37 Predicied 75 066
Uncharacterized protin HoGz08 1283 a2 3 Pradiciod 090 036
Uncharacterized prosin HoGzR2 859 a3 a7 Praciciec 091 032
Uncharacterized protin HoGzSS 859 338 7 Predicied 090 03
imomrogutlnlansda gt chan aral o Fagnend ADAOATE484 6L 665 24 2 Evdncestrancttiow! 086 023
immmunaglobuii fambca ightch ADAOATEERS e 665 25 2 Evidonco at ansciptlovel 086 021
Tminegoln abdat var AOAOATEO7S 1oL 665 209 2 Evidence at ransarptlevel 081 021
Immmunogiobulin lambdalightchain variabl region (Fragment) ADAOMES12 oL 665 224 2 Evidonco at ransciptevel 089 021
Immmunoglobuli lambda lghtchain variable region (Fragment) ADAOATEBHS 6L 665 22 2 Euidonco at ansciptlovel 082 019
e i lamb3a lightchain variable ragion (Fragmen) AAOATEBHT 1oL 665 26 P idonce atranscriptlevel 083 018
Immmunogiobuli lambdalghtchain variableregion (Fragment) ADAOATEST2 6L 665 224 2 Evidonce at ransciptevel 085 o017
Immmunogiobuli lambda lghtchain vriable region (Fragment) ADAOATEARS 6L 665 25 2 Euidonco at ansciptlevel 081 017
Immmunagiobuin lamba ADAGATEENS oL 665 26 2 i i o079 016
Immmunogiobulin lambda fg ADAOATEBKS oL 665 25 2 Evidencs i 082 016
immurogolnlanada g chan aral g agnerd AOAOATERZS 6L 665 2 2 Evidence at ransciptevel 086 015
Immmunoglobuli lambda i ADAGATEGES. 6 665 23 2 Evidonco at ransciptlovel 077 018
Inmmunoglobiin ambca ligh shai varaie rogion 0 ADAOATEED2 1oL 665 25 2 i tovel 085 015
Immmunogiobuli lambda lghtchain vriableregion (Fragment) ADAOATE47O 6L 665 26 2 Evidenco at ransciptevel 075 015
Immmunogiobulin lamda lightchain vari ADAOATESLO 6L 665 22 2 Evidonco at ansciptlovel 084 018
Immmunoglobuli lambda ert) ADAOATESCA 1oL 665 21 2 i i 082 014
Immmunogiobulin lambdalghtchain variablregion (Fragment) ADAOATEGAS. oL 665 221 2 Evidonco at ransciptevel 078 013
Immmunoglobuli lambda lghtchain vaiable region (Fragment) ADAOATEBQE 6L 665 25 2 Euidonco at ansciptlovel 076 013
Immmunoglobuli lambda AAOATESS2 1oL 665 225 2 Evidence at ransciptevel 080 012
Immmunoglobuli lambdalghtchain variableregion (Fragment) ADAOATEGQS oL 665 221 2 Evidonce. I 077 012
Immmunoglobuli lambda lightchain variabl region (Fagr 0 6L 665 219 2 Euidonco at ansciptlevel 083 012
Immmunagiobuin lamba ADADATEST! oL 665 24 2 idonce atranscriptievel 077 o012
Immmunogiobulin lambda lghtchain variable region (Fragment) AAOATEGE2 oL 665 25 2 Evidence at ransorptevel 078 on
Immmunogiobulin lambda lightchain variabl region (Fragment) ADAOATESSS 6 665 25 2 Evidence at ransciptevel 077 01
" Jobuin lamb ADAOATEAE3 6 665 25 2 Evi I o078 01
Immmunoglobuli lambda ADAOATEANE 1oL 665 22 2 i ot 080 01
Immmunogiobuli ambda lghtchain variable region (Fragme ADAOATESDO 6L 665 21 2 Evidenco at ransciptevel 076 01
i jobuin lamba ADAOATESST 6L 665 24 2 Evidonco at ansciptlovel 075 01
Immmunoglobulin lambda fig risbi rogion (Fragment) AAOATESSB 1oL 665 221 2 Evidence at ranscrptlevel 077 008
Uncharacterized proei F1CACS 665 17 2 Predicied 076 008
Immmunoglobuli lambda lghtchain variable egion (Fragment) ADAOATES4T oL 665 23 2 Stdurceatranacrptons 076 008
Immmunoglobuli lambda lightchain variable ragion (Fragmen) A0AOATEBK2 1oL 665 21 2 Evid 077 008
AOAOATESED oL 665 224 2 idence tvane 077 008
AOROATESIS oL 665 223 2 Evdoen stvamstpiows 079 008
ADAGATESRE 6L 665 24 2 Evidance. i o079 008
ADAOATEGNG oL 665 220 2 Evi i 077 008
ADAOATESES oL 665 25 2 Euidence at ansciptlevel 076 008
ADAGATEGKT 6L 665 221 2 Evidance at ransciptevel 076 008
ADAOATES1 1oL 665 21 2 Evidonce at ransarptlove 076 008
ADAOATESSE 6L 665 25 2 Euidence atvansciptleve 075 008
ADAOAIESZ2 6L 665 25 2 Evidonco at ansciptlovel o077 o007
ADAOATEERS oL 665 221 2 Evidence at ransotpt e o078 o007
ADAOATESS2 oL 665 224 2 Evidence at ransorptevel 076 007
ADAOATESBT 6L 665 221 2 Euidonco at ansciptlovel 078 o007
ADAOATESS2 oL 665 221 P idonce atranscriptlevel 076 o007
ADAOATEASS oL 665 22 2 Evidonce at ranscrptevel 076 006
ADAOATEGD? oL 665 224 2 Euidenco at ansciptlevel 076 006
ADAOATESS oL 665 25 2 i i 076 006
ADAOATEA0S oL 665 224 2 Evidence at ransorptevel 076 006
ADAOATESSS oL 665 25 2 Euidence atvansciptlevel 074 006
ADAOATEAL2 e 665 24 2 Evidonco at ansciptlovel 077 008
AOAOATESE. 1oL 665 24 2 Evidonce at ransarptlovel 075 005
ADAOMESYS. oL 665 225 2 Euidence at vansciptlevel 066 004
rized FoaAUs 665 fo7 b Pracicied 086 004
Immmunogiobuli lambda i risbi rogion (Fragmert) AOAOATEATT oL 665 22 2 Evidence at ransarptlevel 077 004
Immmunogiobulin lambda lightchain variabl region (Fragment) ADAOATESAS 6L 665 223 2 Evidence at ranscrptevel 075 004
Immmunoglobuli lambda lghtchain variable region (Fragment) ADAOATESD? 6L 665 25 2 Euidonco at ansciptlovel 085 003
Immmunoglobuli lambda lghtchain variable ragion (Fragmen) ADAOATEGHS 1oL 665 221 P Evidence at ransarptlevel 084 0o
Immmunoglobuli lambda lightchain variable region (Fragment) ADAOATES3B oL 665 26 2 Evidonce at ransorptevel 066 002
Immmunogiobuli lambda lghtchain variable region (Fragment) ADAOATESXS 6L 665 22 2 Euidonce at ansciptlevel 088 002
Immmunogiobulin lamba ightchain variabl region (Fragment) AAOATEdS3 = 665 24 2 Evidonco at ranscrptlovel 087 o002
Immmunoglobuli lambda lghtchain variable region (Fragment) ~ADAOATEGS2 oL 665 224 2 Evidonce at ransarptevel 065 002
Immmunogiobulin lambda lightchain variabl region (Fragment) ADAOATE481 = 665 225 2 Evidonco at ransciptlevel 064 002
s Fagnar) csTavs 73 189 21 Prodicied 044 o002
Uncharacteiz o7 665 107 1 Predicied Down-eguiated 061 002
\mmmunawahu\\n Tamots ghichan et rogon Fagmery ADAOATEBHT 6L 665 225 2 Evidenco attansciptioel  Down-oguiated 066 002
immmunaglobuiin famba ight chain vari ragment) ADAOATES44 6L 665 25 2 Evdoncesttamciliovl  Down-eqiaed 088 001
emncqailanid bt i veratl egon Fregmen) AAOATESS3 1oL 665 2 2 Evidenco atransoriptlovel  Down-reguiated 084 00
Immmunogiobulin lambdalghtchain variabl region (Fragment) ADAOMESXT oL 665 26 2 Eidence atvaneclaral  Downraguited 066 001
Uncharacterized protin HoGzUs 2501 325 3 Prodictod Down-oguiated 087 0
Immmunoglobuli lambda lghtchain variable agion (Fragment) ADAOATEAET oL 65 25 2 Evidence attransoriptiovel  Down-eguiated 088 o
Sermalurin argn ) P3s7aT Al 15118 607 60 Evidence atproeiniovel  Down-eguialed 050 0
Serum. B 33074 607 66 Predicted Down-eguiated 052 0
mneciin i ghtch n Fragment ADAOATEGS o 665 25 2 Down-eguiated 083 3
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Table 15 Bofore
dentifed Proteins (n =131) “Access Numbor Genenames _ Score PLGS _Length (aa) __Mass (<Da) Protein existence Exprossion Rato (After Before) __p Value ratio
Uncharacterzed protin FovvPs 55 % T nferred from homology nique Afer Aot Ater
Aburmin Fragment) sswc2 a5 a 5 Precicted Unique Afer Ator Ator
Clne 7 ansrin ot F1LR2,F,GHe, coTava 369 0 1 Prediciod Uniqua Afer Ater Ater
Plasminoge FousPe PG 31 817 @ Infrred from homology Unique Afer Arer Aer
Pa0010 PLG 314 33 3 Evidence at protein evel Unique Afer Aer Ater
Uncharacterized protin FoRuDD cra 301 768 6 Infered rom homology Uniqua Afer ator Ater
Myosin lightchain kinase family membs F7A%49 MvLKe 20 a1 3 Infrrad rom homology Uniqu Afer Arer Aer
Compementsc ke protn roagmenU KoKBR1 279 227 2 Euderce i ansrpoe Unique Afer Aer Ater
07921 PTGDS 27 194 2 Evidonca atproein lov Uniqu Afer Ator Atar
T e coTane. 275 52 5 Precictad Uniqua Afer Arer Ater
rized prtein H9GZ08 28 357 B Prodicted Unique Afer Ater Ater
oo gana 1 heswychalh condaniregion (Fragment coshss aHe1 2 537 57 Evidonce attanscriptlevel Unique Afer Ator Ater
Fom-1 homolog C FrAL7 Feuic 21 617 & Prociciod Uniqua Afer Ater Ater
ol hospnoprlin ke protin (Fragment KoKaP 210 199 2 Evidence at ranscriptlevel Unique Afer Arer Ater
Golgiphosphoproein 3 FoZER1 GoLPH3 210 236 27 Precicted Unique Afer Ater
Prothrombin (Coagulaton factor 1 F7BRI £ 70 a2 i Infered rom homology Uniqu Afer Ater
Garboxylc esterhydrolase FozGT 144 se7 & aredfom orlogy Unique Afer Aer
GG, viamin D binding protein F6T0PG oo 131 474 5 Predicied Unique Afer Aer
Homopoxin Foxiig Hex 129 462 51 Infered »m homoloay Uniqua Afer Atar
‘Garboxylc estar hydrolase. FoVXPT 126 565 & Infrrad rom homology Uniqua Afer aer
Garboxylc ester hydrolase FEPRIS LOC100051065 126 565 &2 Pionedtomnomeloay Unique Afer Aer
Fibrinogen gamma chain Fow2Y1 Foo " 37 50 edi Unique Afer Ator
Protein kinase CAMP-scivated cataytc subunitbata FeTVS PRKACE 103 354 4 Inforad rom homlogy Uniqua Afer ater
Proliinse ANP st et it e F7AD PRKACA 103 313 il Infrred from homology Unique Afer Ater
Uncharacterzed p FOPKE! 102 340 57 Precicted Unique Afer Ator
Rina 5 atonin FoVIRG atBG 101 500 5 Predictod Uniqu Afer Atar
Uncharacterzed protin HIGZS6 8 38 7 Predicied Unique Afer Aer
Uncharacterzed protin HoGzRZ 8 35 b Prodicted Unique Afer Ater
Uncharacteized protin HeGzTs 57 335 3 Prodictod Uniqua Afer Ater
Uncharacterzed protsin FowCY1 12 iz a7 Procicied Uniqua Afer aer
Hota-enasedt posin gy KoK28 12 310 a4 Evecettamcitont Unique Afer Ater
Enolaso 2 Fragment) R61 ence 12 24 6 Evidonce ati Uniqua Afer Ator
Enclase 3 Frcasa Eno3 2 P a7 Ecencesvamsptinct Unique Afer Ater
rolsez FCXe Enoz 12 34 a7 Infrred rom homology Unique Afer Ater
Enolas FavTct EnoY 12 434 47 Evidonce atvanscriptlevel Unique Afer Ator
- conixe AT 52 &0 7 Precictod Unique Bofore Befors
‘Apha-actalbumin BIC (Lactose synihase B protein) P08396 02 123 " Evidence at protein ovel Unique Bofore Before
Supororide dismutase (Cu-Zn] PoDe43 001 281 154 16 Evidonce at protein evel Unique Before Bofore
89 Rep4 26 201 2 Evidence atranscriptevel nique Bofore Belore
Immmunogiobuli lambda lightchain vriable ragion (Fragmen) A0AOATEDRS = 220 224 2 Evidence atranscriptlevel Unique Before Before
ADAOATESSS oL 220 225 2 Evidence at ranscriptevel Unique Before Before
ADAOATEOAS oL 20 221 2 Evidonca atvanscriptlovol Unique Bofore Bolore
ADAOATEAT2 oL 20 224 2 Evidence at ranscriptlevel Uniqua Before
ADAOAIESZ oL 20 2 2 Evidence at ranscriptlevel Unique Bofore
ADAOMTESZ2 ey 20 225 2 Evidonce atranscriptovel Unique Before Bofore Bofore
ADAOATEASS oL 20 22 2 Evidonca at ranscriptlovel nique Bofore Bofore fore
ADAOATEGRS 1oL 220 225 2 Evidence at ranscriptlevel Unique Befor Before
ADAOATEGRS oL 20 221 2 Evidence at anscriptlevel Unique Before Belore Before
ADAOATES38 oL 220 221 2 Evidonca at ranscriptlovol Unique Bofore Bofore Bofore
ADAOATEARE 1oL 220 225 2 Evidence at ranscriptlevel Unique Before Before Before
ADAOATES32 oL 20 25 2 Evidonce atanscriptevel Unique Bofore
ADAOATEGES oL 220 223 2 Evidonca atanscriptlovol Uniqua Befor Bofore Bofore
ADAOATEBE2 oL 20 225 2 Evidence at ranscriptlevel nique Before Before Before
ADAOATEGQS 6L 20 221 2 Evidence at ranscriptevel Unique Before Before
ADAOATEBQE ey 20 225 2 Evidonce atranscriptevel Unique Before Bofore Bofore
ADAOATEdE oL 20 225 2 Evidence atranscriptevel Unique Bofore Bolore Bafore
ADAOATEEDT oL 20 224 2 Evidence at ranscriptlevel Unique Before Before Before
ADAOATEED2 oL 20 225 2 Evidence at anscriptlevel Unique Before Belore Before
ADAOATEATT oL 220 22 2 Evidonca at ranscriptlovel Uniqua Bofor Before Jor
Immmunoglobuli lambda lghtchain vaiableragion (Fragmen) ADAOATEATO oL 220 226 2 Evidence at ranscriptlevel Unique Before Belore Before
Uncharacterzed protin FICACS 220 7 12 Predicted Unique Before Before Before
Immmunoglobuli lambda lghtchain variable egion (Fragment) ADAOATEd8S oL 220 224 2 Evidonca attanscriptlovel Unique Bofore Bofore Bofore
ADAGATEENS 1oL 20 220 2 Evidonca at ranscriptlovel Unique Bofore Before Before
TEGNS oL 20 226 2 Evidence at ranscriptlevel Unique Before Before Before
ADAOATEANE oL 20 222 2 Evidonce attanscriptlevel Unique Before Bofore Before
ADAOATEdS2 oL 20 224 2 idonca at ranscriptlovel Uniqua Befors
ADAOATEdRS oL 20 223 2 Evidence at ranscriptevel Unique Before Before
ADAOME44T oL 20 223 2 Evidonce atvanscriptlevel Unique Before Bolore Bofore
ADAGATESLO oL 20 22 2 Evidonca at ranscriptlovel nique Bofore Botore fore
ADAOAIEAL2 1oL 220 224 2 Evidence at ranscriptlevel Unique Befor Belore Before
ADAOATEOES oL 20 225 2 Evidonce attanscriptlevel Unique Before Bofore Before
ADAOATEBKT oL 20 221 2 Evidonca at anscriptlovol Unique Bofore Bofore Bofore
ADAOATEBKS 1oL 20 225 2 Evidence at ranscriptlovel Unique Bofore Before
ADAOATEBK? oL 20 224 2 Evidonce at ranscriptevel Unique Before
ADAOATESSS ey 20 224 2 Evidonce at ranscriptevel Unique Bofore Bofore Bofore
~ADAGATESDO oL 20 21 2 Evidence at ranscriptlovel niqus Bafore Betore Befors
AOAONTEES®. oL 20 224 2 Evidence at ranscriptlevel Unique Before Before
ADAOMEGJS. oL 20 219 2 Evidonce attranscriptevel Unique Before Bofore Bofore
ADADATESD oL 20 225 2 Evidonca at ranscriptlovel Unique Bofore Botore Before
ADAOATESTS 1oL 220 200 2 jdenco at anscrptovel Unique Bofore Belore Before
ADAOATES71 oL 20 224 2 Evidonce attanscriptlevel Unique Before Bofore
ADAOATEATT oL 220 221 2 Evidonca atvanscriptlovol Uniqua Befor Bofore Bofore
ADAOATESCA oL 220 224 2 Evidence at ranscriptlevel Unique Before Before Before
ADAOMEST2 oL 220 224 2 Evidence at ranscriptevel Unique Before Before Before
AOROATESIS 6L 20 223 2 Evidonce at ranscriptevel Unique Bofore Bofore Bofore
~ADAOATESSS oL 20 225 2 Evidence attranscriptlevel Unique Before Belore Before
ADAOATESBT oL 20 221 2 Evidence at ranscriptlevel Unique Bofore Before Before
ADAOATE40B oL 20 224 2 Evidonce attanscriptlevol Unique Before Bofore Bofore
ADAOATESST oL 20 224 2 idonca at ranscriptovel Unique Bofore Before Jor
ADAOAIESS2 1oL 220 221 2 Evidence at ranscriptlevel Unique Before Before Before
ADAOATEGHS oL 20 22 2 Evidence at anscriptlevel Unique Before Belore Before
ADAOATESHT oL 220 225 2 Evidonca at ranscriptlovol nique Boforo Bofore fore
Immmunoglobuli lambda lghtchain variableragion (Fragmen) ADAOATEDSS 1oL 20 225 2 Evidence at ranscriptlevel Unique Before Before Before
Apollpoprotein D (Ap0-D) Fow13s RBP4 200 164 19 Infrred rom homology Unique Before Before Before
Immmunogiobuli lambda lghtchain variable egion (Fragment) AAOATES4S oL W76 225 2 Evidonca attanscriptlovol Unique Bofore Bofore Bofore
Immmunogiobuli lambda lightchain variable ragion (Fragmen) AOAOATESYS 1oL 176 225 2 Evidence at ranscriptlevel Unique Before Before Before
Immmunogiobulin lambda lightchain vriabl region (Fragment) ADAOATED3B 1oL 176 226 2 Evidence at ranscriptevel Unique Before
Immmunogiobuli lambda lghtchain variable region (Fragment) ADAOATES33 ey 176 223 2 Evidonce atranscriptlvel Unique Before Bofore Bofore
Immmunoglobuli lambda lightchain vaiable ragion (Fragment) AOAOATERKT 6L 176 225 2 Evidonca at ranscriptlovel nique Bafore Botore fore
Immmunoglobuli lambda lghtchain vriable region (Fragment) ADAOATESXS oL 178 2 2 Evidence at ranscriptlevel Unique Befor Before
Immmunogiobulin lambda lightchain variable region (Fragment) ADAOATE4S3 oL 176 224 2 Evidence atanscriptlevel Unique Before Belore Before
Immmunoglobulin lambda lghtchain variable ragion (Fragment) ADAOATEdET =y 176 225 2 Evidonca at ranscriptlovel Unique Bofore Botore Bafore
Uncharacterzed protein F60AUS 176 107 it Predicied Unique Before Belore Before
Immmunogiobulin lambda lightchain variabl region (Fragment) ADAOATEGSS oL 176 25 2 Evidonce atanscriptlevel Unique Bofore Before Before
Immmunogiobuli lambda lghtchain variable region (Fragment) ADAOATESB2 ey 176 224 2 Evidonca atvanscriptlovol Unique Bofore Bofore Bofore
Immmunogiobuli lambda lightchain variable ragion (Fragmen) ADAOATEdB 1oL 176 225 2 Evidenca at ranscriptlovel Unique Bofore Before Before
Immmunoglobuli lambda lghtchain variabl region (Fragment) ADAOATESDT oL 176 225 2 Evidonce at ranscriptevel Unique Bofore Before Before
Uncharacterized protein FesQD7 176 107 " Precicted Unique Before Bofore Belore
Immmunoglobuli lambda lightchain variable agion (Fragmen) ADAOATESHT oL 176 225 2 Evidonce atranscriptlevel Unique Bofore Before Befors
Immmunogiobuli lambda lghtchain variable region (Fragmen) ADAOATEGH3 oL 178 221 2 Evidence at ranscriptevel Unique Before Before Before
Uncharacterzed protin P25 18 236 27 Precicted Unique Before Bofore Bofore
Secrated phosphoprotein 1 Fravct seP1 145 a1 3 Predictod Unique Bofore Bofore Before
D heat shock proten iy (Hep40) member 814 FoTas oNABIA 12 335 37 Predicted Unique Before Belore Before
Uncharacterzed protin Fovizz 138 20 2 Inferred rom homology Unique Before Bofore Before
KaKEYE 125 214 27 Evidonca atvanscriptlevel Unique Before Bofore Bofore
Uncharacterzed protin HOGZUY 2 225 E Preciciod Upregulated 053 1
Uncharacterzed protin HoGzUB 149 320 36 Predicted Up-reguiated 101 1
azessz o 317 19 52 Evidonca atvanscriptlovol Up-eguiated 049 1
P2rizs i 450 708 7 Evidence at ranscriptlovel Upreguiated 032 099
Serm lurin alrgen ) P3s7a7 A 3865 607 60 Evidence at protein evel Up-reguiated 006 o7
Haptoglobi FEXWMS. 361 346 3 Infered fomhomology  No iference vs. contol 178 091
T (Fagment ceTavs 265 189 2 Predictod Nocifrance ve. contol 087 086
Transfrtin (Fragment) 07973 194 61 7 Predicied Nocifrence ve. contol 214 o073
Transtern (Fragment) 007966 194 61 7 Prodicted No diference vs.contol T8 064
Transfortn (Fragment) oa7678 194 6t 4 Prodictod Nocifrance vs. contol 175 083
nsferin (Fragmen) eTavt 190 55 4 Precicied Nociferance ve. control 197 0s2
ed protin FozEHe asis 990 108 Predicted Nodiference vs. contol 058 0as
Transiorn (Fragment) 3105 3 4 Prodictod Nodifrance vs. contol 103 008
Transfrtin (Fragment) 7071 2087 5 5 predi Nociferan: ol 145 007
Transfortn (Fragment) arives 2087 53 5 Predicted Downeguiaied 139 004
Serum albumin F78AYE A 5680 60 68 Prodictod Downeguiated 013 002

The web-available STRING v10.5 (http://string-db.org/), by choosing the
variables "Multiples proteins" and "organism Equus caballus", identified 66 access
numbers from our total data obtained on Control comparison. Likewise, 69 and 38
access numbers were availabled for the comparisons of AD-G and BM-G, respectively.

Evaluating the interactions between the proteins identified with differential
expression and exclusives between the groups compared in the web-available STRING
v10.5, in the Control comparison (After:Before), 45 access numbers were found, 22
were exclusives of the After moment, 21 exclusives of the Before moment, 1 up-

regulated and 1 down-regulated (Table 4). Among these proteins, it was possible to
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identify an interaction between 3 types of enolases (Figure 1), respectively, ENO 1

(Enolase 1), ENO 2 (Enolase 2) and ENO 3 (Enolase 3).

Table 4. Identified proteins exclusives and with diferential expression in the compare group Control After vs. Before from the web-available STRING v10.5

“Access Number Protein names Gene names Expression
F6X118 Hemopexin HPX Unique after
F6XR18 Ubiquitin conjugating enzyme E2 B UBE2B Unique after
F7BNF7 Ubiquitin conjugating enzyme E2 A UBE2A Unique after
FEWE78 Dickkopf WNT signaling pathway inhibitor 3 DKK3 Unique after
H9GZT5 Uncharacterized protein Unique after
F6WCY1 Uncharacterized protein Unique after
F7C959 Enolase 3 ENO3 Unique after
F7CIX6 Enolase 2 ENO2 Unique after
FeV7C1 Enolase 1 ENO1 Unique after
F7DRK3 MINDY lysine 48 deubiquitinase 3 MINDY3 Unique after
F7CRO3 Phospholipid transfer protein PLTP Unique after
F7CYP1 Uncharacterized protein Unique after
F7DXM5 Uncharacterized protein LOC100065068 Unique after
P38029 Alpha-1-antiproteinase 2 (Alpha-1-antitrypsin 2) (Alpha-1-proteinase inhibitor 2) (SPI2) Unique after
F7AYC1 Secreted phosphoprotein 1 SPP1 Unique after
F7EOF5 Uncharacterized protein Unique after
FE6VRG6 Glutamic-oxaloacetic transaminase 1 like 1 GOT1L1 Unique after
F7E2D1 Gelsolin GSN Unique after
F7B320 Dihydropyrimidinase like 2 DPYSL2 Unique after
F6ZH40 Tuftelin 1 TUFT1 Unique after
F6W4R2 Angiotensinogen AGT Unique after
F7BKE1 Serpin family F member 1 SERPINF1 Unique after
F6Y9A3 Cardiolipin synthase 1 CRLS1 Unique before
P80010 Plasminogen [Cleaved into: Plasmin heavy chain A; Plasmin light chain B] (Fragment) PLG Unique before
F6UAH4 Syntaxin 19 STX19 Unique before
077811 Lactotransferrin (Lactoferrin) (Fragment) LTF Unique before
F6TJO1 Uncharacterized protein CNTRL Unique before
P49066 Alpha-fetoprotein (Alpha-1-fetoprotein) (Alpha-fetoglobulin) AFP Unique before
F6XL68 GLI family zinc finger 3 GLI3 Unique before
F7DFO05 Phosphatidylinositol specific phospholipase C X domain containing 3 PLCXD3 Unique before
F6WZG2 Solute carrier family 25 member 28 SLC25A28 Unique before
F6R5G1 Uncharacterized protein Unique before
F6XBK6 Ethanolamine kinase 2 ETNK2 Unique before
F7DCC9 WD repeat and SOCS box containing 2 WsB2 Unique before
FB6USA2 PDZ domain containing 8 PDZD8 Unique before
F6ULM8 Anti-silencing function 1B histone chaperone ASF1B Unique before
F6SCB6 Nipsnap homolog 2 NIPSNAP2 Unique before
F7DEWS5 Coronin CORO1C Unique before
F7BTW7 Uncharacterized protein LOC100060539 Unique before
FEWGS2 1Q motif containing GTPase activating protein 3 IQGAP3 Unique before
F7CUHO Family with sequence similarity 172 member A FAM172A Unique before
F6TE84 Nuclear receptor subfamily 4 group A member 3 NR4A3 Unique before
FBYRC5 1Q motif containing GTPase activating protein 1 IQGAP1 Unique before
P35747 Serum albumin (allergen Equ ¢ 3) ALB Up-regulated
F7C450 Alpha 2-HS glycoprotein AHSG Down-regulated

aAccess Number is based on protein ID from the UniProt protein database (http://www.uniprot.org/).

Figure 1. String interaction between 3 types of enolases,
ENO 1 (Enolase 1), ENO 2 (Enolase 2) and ENO 3 (Enolase 3)

ENO3
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The interactions between the proteins identified with differential expression and
exclusives between AD-G After vs. AD-G Before in the web-available STRING v10.5,
obtained 64 access numbers, 4 were exclusives of the After moment, 49 exclusives of
the Before moment, 7 up-regulated and 4 down-regulated (Table 5). In addition, 35 GO
terms (Gene Ontology) related to the biological processes associated with these proteins
were identified (Table 6).

Table 5. Identified proteins exclusives and with diferential in the compare group AD-G After vs. Before from the web-available STRING v10.5
“Access Number _ Protein names Gene names Expression
F6Q873 Calcium binding protein 5 CABP5 Unique after
F6Q3N2 Splicing regulatory glutamic acid and lysine rich protein 1 SREK1 Unique after
F6RQ92 WASH complex subunit 5 WASHC5 Unique after
HIGZV9 Uncharacterized protein Unique after
097921 H2 D PGD synthase) (Lipocalin-typs D synthase) D2 synthase) (PGD2 synthase) (PGDS) (P PTGDS Unique before
F62527 RNA N(1 talytic subunit TRM6 TRMT6 Unique before
F6UL68 Transthyretin TR Unique before
FEVJRG Alpha-1B-glycoprotein A1BG Unique before
F622L5 Apolipoprotein A1 APOA1 Unique before
F6PH38 Fibrinogen beta chain FGB Unique before
F7DAF6 Inter-alpha-trypsin inhibitor heavy chain 2 ITIH2 Unique before
FEXM13 Apolipoprotein D (Apo-D) APOD Unique before
F6PQ46 Ceruloplasmin cP Unique before
F62I35 Uncharacterized protein Unique before
F7DXM5 Uncharacterized protein LOC100065068 Unique before
P02062 in subunit beta (Beta-globin) beta chain) HBB Unique before
F7CIW5 NPC intracellular cholesterol transporter 2 NPC2 Unique before
FoX1i8 Hemopexin HPX Unique before
F6TOP6 GC, vitamin D binding protein GC Unique before
HIGZS9 Uncharacterized protein Unique before
F6RUZ6 Fibrinogen alpha chain FGA Unique before
F7CYP1 Uncharacterized protein Unique before
FESV16 FRY like transcription coactivator FRYL Unique before
FORF57 Globin B1 100068926 GLNE Unique before
HIGZTS Uncharacterized protein Unique before
F7CYR1 Serpin family C member 1 SERPINC1 Unique before
F7BKE1 Serpin family F member 1 SERPINF1 Unique before
F7BLE3 Uncharacterized protein Unique before
F6UU86 Uncharacterized protein Unique before
FOVXP7 Carboxylic ester hydrolase Unique before
F6ZMG7 Carboxylic ester hydrolase Unique before
F6PRIS Carboxylic ester hydrolase LOC100051065 Unique before
F7BTW7 Uncharacterized protein LOC100060539 Unique before
F7BFJ1 Prothrombin (Coagulation factor Il) F2 Unique before
FEW2Y1 Fibrinogen gamma chain FGG Unique before
F6RI47 Alpha-2-macroglobulin A2M Unique before
FEW4R2 Angiotensinogen AGT Unique before
F7AYC1 Secreted phosphoprotein 1 SPP1 Unique before
F7B1Z8 Atastin GTPase 3 ATL3 Unique before
F6TZAS TSC22 domain family member 4 TSC22D4 Unique before
FERX96 PRISET domain 2 PRDM2 Unique before
F6VQ75 Ankyrin repeat domain 13D ANKRD13D Unique before
F7CR03 Phospholipid transfer protein PLTP Unique before
F6XBUS Neuronal cell adhesion molecule NRCAM Unique before
FOWZ69 Procollagen C-endopeptidase enhancer PCOLCE Unique before
F7EOF5 Uncharacterized protein Unique before
F7DJ61 ADP ribosylation factor related protein 1 ARFRP1 Unique before
F6XSF7 Uncharacterized protein LOC100059239 Unique before
F6TBNS Serine palmitoyltransferase long chain base subunit 2 SPTLC2 Unique before
FOXL78 Amyloid beta precursor protein APP Unique before
077811 Lactotransferrin (Lactoferrin) (Fragment) LTF Unique before
F62041 Apolipoprotein H APOH Unique before
F6RMDO Uncharacterized protein CFB Unique before
F7C450 Alpha 2-HS glycoprotein AHSG Up-regulated
F6ZEH8 Uncharacterized protein Up-regulated
FEXWMS Haptoglobin Up-regulated
F7E2D1 Gelsolin GSN Up-regulated
FOWE78 Dickkopf WNT signaling pathway inhibitor 3 DKK3 Up-regulated
Q29482 Clusterin [Cleaved into: Clusterin beta chain; Clusterin alpha chain] oLy Up-regulated
F6SIF7 Kallikrein related peptidase 6 KLKS Up-regulated
F6QAUS Uncharacterized protein Down-regulated
F6SQD7 Uncharacterized protein Down-regulated
HIGZU9 Uncharacterized protein Down-regulated
P35747 Serum albumin (allergen Equ ¢ 3) ALB Down-regulated

aAccess Number is based on protein ID from the UniProt protein database (hitp:/www.uniprotorg)).
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Table 6. Biological processes linked to the proteins exclusives and with diferential expression in the compare group AD-G After vs. Before from the web-available STRING v10.5

Pathway ID Pathway description Observed gene count False discovery rate
G0.0065007 biological regulation 8 7.38e-06
G0.0006810 transport 6 1.89e-05
G0.0048523 negative regulation of cellular process 6 1.89e-05
G0.0050789 regulation of biological process 7 1.96e-05
G0.1902578 single-organism localization 5 0.000114
G0.0065008 regulation of biological quality 5 0.00021
G0.0006950 response to stress 5 0.000491
G0.0051179 localization 5 0.000491
G0.0008150 biological process 7 0.000718
G0.0043066 negative regulation of apoptotic process 3 0.00155
G0.0044765 single-organism transport 4 0.00215
G0.0009653 anatomical structure morphogenesis 3 0.00361
G0.0030162 regulation of proteolysis 3 0.00408
G0.0031333 negative regulation of protein complex assembly 2 0.00445
G0.0051248 negative regulation of protein metabolic process 3 0.00445
G0.0000902 cell morphogenesis 2 0.0163
G0.0031324 negative regulation of cellular metabolic process 3 0.0163
G0.0032680 regulation of tumor necrosis factor production 2 0.0163
G0.0050790 regulation of catalytic activity 3 0.0163
G0.0044699 single-organism process 5 0.0164
G0.0050896 response to stimulus 4 0.0172
G0.0009605 response to external stimulus 3 0.0183
G0.0055072 iron ion homeostasis 2 0.0183
G0.0048583 regulation of response to stimulus 3 0.0196
G0.0051130 positive regulation of cellular component organization 2 0.0218
G0.0051239 regulation of multicellular organismal process 3 0.0239
G0.0051704 multi-organism process 3 0.0239
G0.0006953 acute-phase response 2 0.0248
G0.0044089 positive regulation of cellular component biogenesis 2 0.0248
G0.0006952 defense response 3 0.0268
G0.0048856 anatomical structure development 3 0.0279
G0.0071822 protein complex subunit organization 2 0.0283
G0.0010951 negative regulation of endopeptidase activity 2 0.0339
G0.0009968 negative regulation of signal transduction 2 0.0375
G0.0044767 single-organism developmental process 3 0.0396

BM-G After vs. BM-G Before interactions between the proteins identified with
differential expression and exclusives between AD-G After vs. AD-G Before in the
web-available STRING v10.5, obtained 36 access numbers found, 24 were exclusives
of the After moment, 8 exclusives of the Before moment, 4 up-regulated and no down-

regulated found (Table 7).

Table 7. Identified proteins exclusives and with diferential expression in the compare group BM-G After vs. Before from the web-available STRING v10.5

*Access Number Protein names Gene names Expression
P80010 Plasminogen [Cleaved into: Plasmin heavy chain A; Plasmin light chain B] (Fragment) PLG Unique After
F6RMDO Uncharacterized protein CcFB Unique After
F7A949 Myosin light chain kinase family member 4 MYLK4 Unique After
097921 H2D. PGD synthase) (Lipocalin-typ D synthase) ( in-D2 synthase) (PGD2 synthase) (PGDS) (PGDS2) PTGDS Unique After
H9GZQ9 Uncharacterized protein Unique After
F7AJU7 Fem-1 homolog C FEM1C Unique After
F6ZER1 Golgi phosphoprotein 3 GOLPH3 Unique After
F7BFJ1 Prothrombin (Coagulation factor ) F2 Unique After
F6ZMGT Carboxylic ester hydrolase Unique After
F6TOPG GC, vitamin D binding protein GC Unique After
FoX118 Hemopexin HPX Unique After
FEVXP7 Carboxylic ester hydrolase Unique After
F6PRIS Carboxylic ester hydrolase LOC100051065 Unique After
FEW2Y1 Fibrinogen gamma chain FGG Unique After
F6TVJ6 Protein kinase cAMP-activated catalytic subunit beta PRKACB Unique After
F7AI06 Protein kinase cAMP-activated catalytic subunit alpha PRKACA Unique After
FOVJRG Alpha-1B-glycoprotein A1BG Unique After
HIGZS6 Uncharacterized protein Unique After
HIGZR2 Uncharacterized protein Unique After
HO9GZTS Uncharacterized protein Unique After
FEWCY1 Uncharacterized protein Unique After
F7C959 Enolase 3 ENO3 Unique After
F7CIX6 Enolase 2 ENO2 Unique After
FeV7C1 Enolase 1 ENO1 Unique After
P00443 Superoxide dismutase [Cu-Zn] sopt Unique Before
Q28369 Retinol-binding protein 4 (Plasma retinol-binding protein) (PRBP) (RBP) RBP4 Unique Before
F7CAC5 Uncharacterized protein Unique Before
FEQAUS Uncharacterized protein Unique Before
F6SQD7 Uncharacterized protein Unique Before

F62135 Uncharacterized protein Unique Before
F7AYC1 Secreted phosphoprotein 1 SPP1 Unique Before
F6TQ51 DnaJ heat shock protein family (Hsp40) member B14 DNAJB14 Unique Before
HIGZU9 Uncharacterized protein Up-regulated
HOGZUB Uncharacterized protein Up-regulated
Q29482 Clusterin [Cleaved into: Clusterin beta chain; Clusterin alpha chain] cLu Up-regulated
P35747 Serum albumin (allergen Equ ¢ 3) ALB Up-regulated

aAccess Number is based on protein ID from the UniProt protein database (http:/www.uniprotorg/)

Among the proteins identified, the presence of the three types of enolases
interacting (ENO 1, ENO 2 and ENO 3) was also observed in the comparison of this
group BM-G.
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Discussion

The traditional or routine clinical laboratory analysis of the CSF is focused on
physical-chemical and cytological examination. One of the challenges in characterizing
the CSF proteome is the low abundance of proteins, peptides and proteolytic fragments
compared to blood serum. The introduction of microscale/molecular analysis has led to
immunoassay methods (e.g., Western Blot, WB), isoelectric focusing, two-dimensional
electrophoresis (2-DE) and MS for CSF analysis.

Broccardo et al. (2014) characterized the protein profile of the CSF of six
healthy horses and 320 proteins were detected, the most abundant were albumin,
apoliprotein and serotransferrin. Of this total, 145 proteins that had "valid" access
numbers in the UniProt database related with Equus proteins were presented according
to categories of biological processes to which they are related, and the most evident
categories of proteins were those involved with cellular processes (18%) and biological
regulation (13%). When evaluated in categories regarding molecular functions, the most
predominant include association functions (42%), catalytic activity (21%) and
enzymatic regulation activity (14%).

To our knowledge, there are no studies on the proteomic profile of CSF of
horses after multiple intrathecal transplantations of MSCs. According to our results, the
numbers of proteins identified exceed the values found in this unique proteomic study
addressing horses. In addition, we have taken a step further by trying to evaluate
transplantation of different types of MSCs.

Enolase (2-phospho-D glycerate hydrolyase or phosphopyruvate hydratase, EC
4.2.1.11) is a glycolytic enzyme that converts 2-phospho-D glycerate to phospho-
enolpyruvate, being responsible for catalyzing the only dehydration step in the
glycolytic pathway (LIMA et al., 2004; WILSON et al., 2004). It is a protein which is
functionally active as a heterodimer assembled from a combination of three subunits: a,
B and y (LIMA et al., 2004). Enolase is found from archaebacteria to mammals, and its
sequence is highly conserved (GILBERT et al., 2005). In vertebrates, the enzyme
occurs as three isoforms: a-enolase (Enol) is found in almost all human tissues,
whereas B-enolase (Eno3) is predominantly found in muscle tissues, and y-enolase
(Eno2) is only found in neuron and neuroendocrine tissues (MARANGOS; PARMA;
GOODWIN, 1978). The yy and ay isoenzymes are referred to as neuron-specific
enolase (NSE) (MARANGOS et al., 1979; MARANGOS; SCHMECHEL, 1987),
although it was found in neuroendocrine cells and several non-neuronal and non-

neuroendocrine cells, as in platelets and red blood cells (MARANGOS et al., 1980).
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However, neurons express the yy isoenzyme, while non-neuronal cells contain
predominantly the ay isoenzyme (MARANGOS; SCHMECHEL, 1987). In rat, monkey
and human’s adult brains, higher concentrations of NSE are found in the gray matter
(e.g., neocortex) and lower levels in the white matter (e.g., pyramidal tract and corpus
callosum) (MARANGOS et al., 1979). NSE has a high stability in biological fluids and,
as a free soluble cytoplasmic protein, can easily diffuse to the extracellular medium and
CSF when neuronal membranes are injured. Our findings have shown the presence of
all three isofroms of enolase in the Control and BM groups, in contrast with the AD-G.

Several studies in humans have shown that CSF-NSE yields a reliable estimate
of the severity of neuronal injury, as well as, clinical outcome of patients with serious
clinical manifestations such as in cases of stroke (HAY et al.,, 1984), head injury
(PERSSON et al., 1987), anoxic encephalopathy (ROINE et al., 1989), encephalitis
(STUDAHL et al., 2000), brain metastasis (ROYDS; TIMPERLEY; TAYLOR, 1981),
and status epilepticus (CORREALE et al., 1998). In dogs CSF-NSE concentrations are
increased in cases of GMI1 gangliosidosis (SATOH et al, 2007) and
meningoencephalitis (NAKAMURA et al., 2012).

Besides measurements of CSF-NSE have been described as an important marker
of neuronal damage, the nature, location and extension of the lesion; CSF turnover and
time elapsed between neuronal injury and CSF sample collection have to be considered
to avoid misinterpretation (ROYDS; TIMPERLEY; TAYLOR, 1981; HARDEMARK
et al., 1989). For example, CSF-NSE may be increased secundarily due CSF blood cells
contamination during spinal tap. However, there were no relevant blood cells
contaminations during CSF collection in all three experimental groups (data not shown).

It has been suggested that there may be an increase of CSF-NSE at earlier stages
of neurodegenerative disorders, followed by a gradual decrease in chronic stages due
neuronal degeneration. In contrast to other human demential disorders, high CSF-NSE
and 14-3-3 protein levels have been described in Creutzfeldt-Jacob disease as a relevant
information to establish the diagnosis (KROPP et al., 1999). The presence of CSF-NSE
in the control and BM groups, suggest that this brain-specific protein may be a potential

neuronal injury biomarker for horses.

Conclusion
This study allowed us to initially verify the presence of 3 types of enolases

interacting exclusively 30 days after transplantation in both the Control and BM-G



40

groups. In this context, a deeper analysis of these data should be carried out, since the
NSE (ENO-2) may play an important role in the pathogenesis of neural injury, as

described in others species.
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CAPITULO 3

TRABALHO CIENTIFICO

Trabalho a ser enviado para a revista Brazilian Journal of Veterinary Pathology.

PROTEOMIC PROFILING OF CEREBROSPINAL FLUID FROM

HORSES WITH EQUINE PROTOZOAL MYELOENCEPHALITIS

Abstract

Equine protozoal myeloencephalitis (EPM) caused by both apicomplexa
protozoans, Sarcocystis neurona and Neospora hughesi, remains as an important
neurological disease of horses in the Americas, although the majority of cases are due S.
neurona infection. Several studies have reported the seroprevalence of S. neurona in
horses from North and South America ranging from as low as 15% to a high of 89%,
depending on geographic location. The aim of this study was to evaluate the proteomic
profiling of cerebrospinal fluid (CSF) of chronically EPM-affected horses and to
compare it with the proteomic profiling of CSF of clinically healthy horses. Results of
this work allow to know the profiling of the CSF of equines in a pathological state and
provide new insights driven to identify CSF markers of equine neural injury, as well as
for EPM, applying modern proteomic tools. The CSF was collected from the
subarachnoid space between the cervical vertebrae C1-C2 from 16 clinically healthy
horses named control group (Control; n=16) and from 9 chronically EPM-affected
horses (EPM group; n=9). Each one of the CSF samples of Control group and EPM
group were resuspended and grouped totaling 2 pools representing each one of the
experimental groups to evaluate the proteomic profiling of them. Of the total 247

proteins founded in CSF groups from EPM vs. Control, 201 proteins were confidentily
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identified in UniProt database and amount 33 proteins exclusively observed in the CSF
from EPM group, the enolases (ENO), may play an important role in the pathogenesis
of equine neurological disease. In conclusion, the results obtained in this study support
the hypothesis-driven for CSF enolases as an exploitable protein marker for neural

injury and S. neurona infection in horses.

Keywords: Equine, cerebrospinal fluid, enolase, proteomics, neural lesion markers,

Equine protozoal myeloencephalitis.

Introduction

Equine protozoal myeloencephalitis (EPM) caused by both apicomplexa
protozoans, Sarcocystis neurona and Neospora hughesi, remains as an important
neurological disease of horses in the Americas, although the majority of cases are due S.
neurona infection [1], [2], [3]. Several studies have reported the seroprevalence of S.
neurona in horses from North and South America ranging from as low as 15% to a high
of 89%, depending on geographic location [4], [5], [6], [7], [8], [9]. There are no
pathognomonic clinical signs for the disease and the neurological signs depending of
anatomical localization of the lesion within central nervous system (CNS) [3].
Moreover, affected horses can have focal or multifocal CNS disease involving both
white and gray matter in the brain, brainstem, or spinal cord. [1], [2], [3]. Signs of gray
matter involvement include focal muscle atrophy and severe muscle weakness, whereas
damage to white matter frequently results in ataxia and weakness in limb. Usually, the
signs of brain/brainstem disease include abnormal consciousness, head tilt, facial nerve
paralysis, dysphagia or even seizures, although others neurologic signs can be present.

Severely affected horses might have difficulty standing or walking and the disease can
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progress very rapidly, resulting in recumbency [3]. EPM can be difficult to diagnose
antemortem and several serological tests, as Western blot (WB) [10], S. neurona SAT
[11], IFAT [12] and ELISAs based on the SnSAG2, SnSAG3, and SnSAG4 surface
antigens [13], have been developed to help overcome the negative impact of antigenic
diversity in the S. neurona population and the varied immune responses that occur in
different horses. Fusion of SnSAG3 and SnSAG4 into a single chimeric protein
(rSnSAG4/3) and concurrent analysis with two ELISAs (rSnSAG2 ELISA and
rSnSAG4/3 ELISA) have been employed for commercial testing of equine samples
(Equine Diagnostic Solutions, LLC, Lexington, KY, USA). Furthermore, extensive
validation studies have shown that the SnSAG ELISAs are specific and do not
crossreact with serum from horses infected with other species of Sarcocystis [14], [15].
SnSAGs are valuable biomarkers that accurately detect infection with S. neurona [2].
However, since seroprevalence of S. neurona in horses vary widely, the simple
detection of serum antibodies against this protozoan has limited diagnostic value.
Detection of antibodies in cerebrospinal fluid (CSF) is more clinically relevant for EPM
diagnosis.

CSF can be considered to be the best fluid for the analysis of protein and peptide
biomarkers to study neurological disorders and to support CNS drug development [16],
[17]. In addition to containing proteins that are secreted from brain regions and
components of blood, CSF also plays a more active role as a transport medium for
signaling proteins and peptides. CSF proteome is expected to constitute a rich
biomarker compartment in which protein represent the physiological state of the CNS
and reflect valuable information about the disease process [17]. One of the goals of
proteomics is to characterize cellular proteins, secreted proteins and peptides and
proteolytic fragments as potential biomarkers in light of specific pathologic processes.

Serial evaluation of CSF for monitoring disease progression or treatment efficacy
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demonstrates the clinical utility of CSF proteomic analysis [16]. Otherwise, studies of
CSF are challenging because of the invasiveness of sample collection and the difficulty
in obtaining sufficient sample from humans and small animal models. In this context,
large animals models present a unique opportunity to investigate CSF due to the ease of
obtaining large sample volumes at distinct moments of the disease [18].

The aim of this study was to evaluate the proteomic profiling of CSF of
chronically EPM-affected horses and to compare it with the proteomic profiling of CSF
of clinically healthy horses. Results of this work allow to know the profiling of the CSF
of equines in a pathological state and provide new insights driven to identify CSF

markers of equine neural injury, as well as for EPM, applying modern proteomic tools.

Materials and Methods

Experimental groups

Clinically healthy horses

For the development of this study were used 16 clinically healthy horses (Equus
caballus) of both sexes (9 females and 7 males), mixed-race, aged between 4 and 15
years and body weight between 300-500 kg, belonging to the School of Veterinary
Medicine and Animal Science (FMVZ), Sao Paulo State University "Jilio de Mesquita
Filho" (UNESP), Botucatu campus, Brazil. These animals were considered healthy
based on the evaluation of the physical examination, complete blood count and CSF

(data not shown), and named control group (Control; n=16).

Equines with EPM
Nine horses were selected using the following minimum criteria: positive

laboratory diagnosis for EPM (SAG ELISA), having already been treated with
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antiprotozoal drugs for at least 30 days, and showing neurological signs of
myeloencephalopathy, such as motor incoordination resulting from EPM sequelae.
These animals were from owners who applied to participate in the present study after
referral performed by referenced veterinarians. The owners signed a consent term (in
accordance with the Ethical Principles on Animal Experimentation) and committed not
to initiate any other treatment during the study.

After this previous selection, this group (EPM group; n=9) consisted of horses of
both sexes (5 females and 4 males), distinct races (Quarter of Mile (QM; n=4), Brazilian
Equestrian (BH; n=3) and mestizo (SRD; n=2)), with ages between 2 and 23 years and
body weight between 350-560 kg; and minimum criteria mentioned above. EPM group
were kept in pickets and/or stalls in the properties in which they were found and

appropriate feeding regime, but varied according to the location.

CSF collection

The CSF was collected from the subarachnoid space between the cervical
vertebrae C1-C2 according to Pease [43] and with modifications made by Barberini
[42].

For this, the animals were sedated with detomidine (10-20 pg/kg intravenously)
and morphine (0.05 mg/kg intravenously). In quadrupedal position, an area of 15 x 15
cm, centered on the space of the cervical vertebrae C1-C2, was tricotomized and
aseptically prepared with 2% degerming chlorhexidine and 70% alcohol for sterile
puncture. Skin and subcutaneous tissue infiltration was performed with the anesthetic
lidocaine hydrochloride 2% without a constrictor vessel, using a local "button" block.
With the aid of ultrasound (ultrasound device MyLab™30Gold VET, ESAOTE®, ITA),
the subarachnoid space between the cervical C1-C2 vertebrae was located, a

25Gx90mm spinal needle was inserted and the CSF aspirated using a 3 mL syringe.
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The CSF was stored in a sterile cryogenic tube and free of DNase and RNase to
undergo freezing in liquid nitrogen at a temperature of -160°C and stored at a
temperature of -80°C for proteomic analysis.

Soon after this procedure, 3 mL of DPBS were administrated by the same route

according already described.

Evaluation of the proteomic profile of the CSF

To evaluate the proteomic profile, the CSF samples were pooled according to the
experimental groups (Control and EPM).

Each representative sample had its proteins quantitatively identified with a
confidence interval (>95%) and the interaction between these proteins identified and
differentially expressed with a bidirectional p-value (<0.05) for the down-regulated

proteins, and (1-p>0.95), for the up-regulated proteins.

Sample preparation

The CSF samples were thawed slowly and kept refrigerated at 4-5°C for use.
Then, each selected sample was homogenized with the aid of a vortex and resuspended
with movements up and down in the pipette itself, being then the aliquot of the
standardized volume packed in LoBind plastic microtubes (Eppendorf®) corresponding
to the destination pool.

In each one of the CSF samples of the 16 healthy horses (Control group) and 9
EPM affected horses (EPM group), 100uL were resuspended and grouped into a pool of
the 16 healthy horses (100uL/animal) (representing the experimental group Control)
and the 9 EPM affected horses (100uL/animal) (representing the experimental group

EPM), totaling 2 pools representing the each one experimental groups.



50

Protein Quantification
The proteins present in the CSF samples were quantified in triplicate according
to the Bradford method (BioRad®; Protein Assay, cod. 500-0001), using bovine

albumin (BSA) as the standard protein to obtain the calibration curve.

Enzyme digestion in solution

Fifty micrograms (50ug) of each sample were solubilized in 50 uL of 50mM
ammonium bicarbonate buffer at pH=7.8. Subsequently, the samples were homogenized
in the presence of 25 uL of Rapigest surfactant (Waters) and incubated at 37°C for 60
minutes. After this period, the samples were submitted to reduction and alkylation steps,
using 10mM ditiotreitol (DTT) and 45mM iodoacetate (IAA), both solubilized in 50mM
ammonium bicarbonate solution. The samples were then submitted to proteolytic
digestion in the presence of the enzyme trypsin (Promega) at a concentration of 1:100
(enzyme:substrate), solubilized in 50mM ammonium bicarbonate buffer, pH=7.8. The
hydrolysis occurred for 18 hours, being interrupted with the addition of formic acid 1%
(v/v) in relation to the volume of the samples. These were then desalinated using Sep
Pak Vac C18 cartridges (Agilent). The digested and desalinated samples were reduced
in SpeedVac™ (Thermo Scientific) and kept at 4°C until the moment of analysis by

mass spectrometry.

Mass Spectrometry Analysis and Protein Identification

Triptych peptide analysis was performed in the nanoACQUITY UPLC system
(Waters, Milliford, USA) coupled to the Xevo Q-TOF G2 mass spectrometer (Waters,
Milliford, USA). For this purpose, the UPLC nanoACQUITY system was equipped
with a column type HSS T3 (Acquity UPLC HSS T3 column 75 mm x 150 mm; 1.8

um, Waters), previously balanced with 7% of mobile phase B (100% ACN + 0.1%
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formic acid). The peptides were separated by a linear gradient of 7-85% of mobile
phase B for 70 minutes with a flow of 0.35uL/min and the temperature of the column
maintained at 45°C. The spectrometer was operated in positive ion mode with a data
acquisition time of 75 minutes.

The data obtained were processed using the ProteinLynx GlobalServer (PLGS)
software version 3.03 (Waters, Milliford, USA). The samples were submitted to a mass
spectrometer in triplicates. The identification of the proteins was obtained through the
ion counting algorithm incorporated into the software. The data obtained were retrieved
from the Equus caballus species database downloaded from the UniProt catalogue
(Universal Protein Resource) in September 2018, using the following variables: trypsin
enzyme taking into account a lost cleavage; fixed carbamidomethylation modification;

variable methionine oxidation modification; MS and MSMS tolerance error 0.1 Da.

Analysis of differential expression through the label-free strategy

All proteins identified with a confidence score (>95%) were included in the
quantitative analysis. The ionic peak intensities of each protein were normalized, scaled
and compared between topographies by the PLGS software version 3.03 (Waters,
Milliford, USA) using a Bayesian algorithm (Monte Carlo method), which returns a
bidirectional p-value: (<0.05) for down-regulated proteins, and (1-p>0.95) for up-
regulated proteins.

In order to ensure even greater reliability in this analysis, the PLGS software
uses 14 parameters to correctly identify each protein and not only the score. After
performing the analysis, using these 14 parameters, we have 3 categories of
identification (named Flag or OK): red (less than 50% of chance of correct
identification), yellow (between 50 and 95% chance of correct identification) and green

(more than 95% chance of correct identification). We only accepted the categories
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yellow and green (category red was excluded). Considering that this was standard when
our proteomics platform was used and we use 15 distinct parameters, there is no need to
describe the parameters used for identification as threshold score or coverage of esch

protein.

Analysis of interactions between differentially expressed proteins

Bioinformatics analysis was done to compare the EPM group with the control
group. These included the database Uniprot (https://www.uniprot.org/) to verify all
acesses numbers provided from analyzes, the web-available STRING v10.5
(http://string-db.org/, by choosing the variables "Multiples proteins" and "organism
Equus caballus" in order to evaluate the interaction between the proteins identified
differently expressed between the groups compared, as well as the software applications

Cytoscape (http://www.cytoscape.org/) and its plug- in ClusterMarker and String.

Results

The 2 pools compared: EPM vs. Control (EPM:Control paired modes), obtained
247 identified access numbers corresponding to proteins considering the 3 categories of
identification Flag (red, yellow and green).

Considering proteomics platform used (category red excluded), the 2 pools
compared (EPM vs. Control) obtained 201 identified access numbers corresponding to
proteins and verified on UniProt database (Tabela 8 - Additional file 1).

In the comparison from 201 access numbers found, 33 were exclusives of the
EPM group, 33 exclusives of the Control group, 7 up-regulated, 25 down-regulated and
133 showed no difference in expression (Tabela 8 - Additional file 1).

The web-available STRING v10.5 (http://string-db.org/, by choosing the

variables "Multiples proteins" and "organism Equus caballus" in order to evaluate the
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interaction between the proteins identified exclusives differently expressed between the
groups compared, as well as the software applications Cytoscape
(http://www.cytoscape.org/) and its plug- in ClusterMarker and String, allowed to
evaluate the interaction of the 35 proteins recognized in this database from 98 access
numbers (Tabela 8 - Additional file 1), and build a protein-protein interaction network
based on the ratio value of our results (EPM:Control), of which 35 proteins, 5 exclusive
of the EPM group, 19 exclusive to the Control group, 6 up-regulated and 5 down-
regulated (Figure 2 ).

Correlating the data obtained in Tabela 8 - Additional file 1 and Figure2, it was
possible to associate them to the KEGG (Kyoto Encyclopedia of Genes and Genomes)
pathways and to show the crossing of the gluconeogenesis and HIF-1 pathways to the

interactions between the 3 types of enolases.

Statistical analysis

Each representative sample had its proteins quantitatively identified with a
confidence interval (>95%), normalized, scaled and compared between topographies by
the PLGS software version 3.03 (Waters, Milliford, USA) using a Bayesian algorithm
(Monte Carlo method), and the interaction between these proteins identified and
differentially expressed with a bidirectional p-value (<0.05) for the down-regulated

proteins, and (1-p>0.95), for the up-regulated proteins.

Discussion

Of the total 247 proteins founded in CSF groups from EPM vs. Control, 201
proteins were confidentily identified and converted from protein accession numbers

after verifing all of them on UniProt database (https://www.uniprot.org/). Of these 201
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proteins, 33 were identified exclusively in the EPM group, 33 exclusively in the control
group and 135 in both. From these 135, 7 were up-regulated and 25 were down-
regulated in the p value ratio EPM:Control. While 113 there were no differences
between the experimental groups.

Biomarker research in equine CSF, may be of particular interest for studying
equine neurological disorders such as equine herpesvirus myelitis, EPM, equine
degenerative myelopathy, equine epilepsy/narcolepsy, and cervical vertebral stenotic
myelopathies (CVSM) [18]. The CSF proteins identified in our study provide new data
about healthy equine comprehensive global proteomic analysis and their associated
Gene Ontology (GO) terms, as well as, provide a specific disease states in the EPM
affected horses, driven to search potential targets for markers related with diagnosis and
neural lesions.

In this context, amount 33 proteins exclusively observed in the CSF from EPM
group, the enolases (ENO) may play an important role in the pathogenesis of equine
neurological disease, as described in humans and rodents [19], [20]. Enolase (2-
phospho-D glycerate hydrolyase or phosphopyruvate hydratase, EC 4.2.1.11) is a
glycolytic enzyme that converts 2-phospho-D glycerate to phospho-enolpyruvate, being
responsible for catalyzing the only dehydration step in the glycolytic pathway [19],
[21]. It is a protein which is functionally active as a heterodimer assembled from a
combination of three subunits: a, 3 and y [19]. Enolase is found from archaebacteria to
mammals, and its sequence is highly conserved [22], thought to be evolutionarily
derived from a photosynthetic lineage by a secondary endosymbiosis event between
green algae and apicomplexans [23], [24]. In vertebrates, the enzyme occurs as three
isoforms: a-enolase (Enol) is found in almost all human tissues, whereas B-enolase
(Eno3) is predominantly found in muscle tissues, and y-enolase (Eno2) is only found in

neuron and neuroendocrine tissues [25]. The yy and ay isoenzymes are referred to as
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neuron-specific enolase (NSE) [26]; [27], although it was found in neuroendocrine cells
and several non-neuronal and non-neuroendocrine cells, as in platelets and red blood
cells [28]. However, neurons express the yy isoenzyme, while non-neuronal cells
contain predominantly the oy isoenzyme [27]. In rat, monkey and human's adult brains,
higher concentrations of NSE are found in the gray matter (e.g., neocortex) and lower
levels in the white matter (e.g., pyramidal tract and corpus callosum) [26]. NSE has a
high stability in biological fluids and, as a free soluble cytoplasmic protein, can easily
diffuse to the extracellular medium and CSF when neuronal membranes are injured. Our
results have shown the presence of all three isoforms of enolase exclusively into CSF of
the EPM group.

Several studies in humans have shown that CSF-NSE yields a reliable estimate
of the severity of neuronal injury, as well as, clinical outcome of patients with serious
clinical manifestations such as in cases of stroke [31], head injury [32], anoxic
encephalopathy [33], encephalitis [34], brain metastasis [29], and status epilepticus
[35]. In dogs CSF-NSE concentrations are increased in cases of GM1 gangliosidosis
[36] and meningoencephalitis [37].

Besides measurements of CSF-NSE have been described as an important marker
of neuronal damage, the nature, location and extension of the lesion; CSF turnover and
time elapsed between neuronal injury and CSF sample collection have to be considered
to avoid misinterpretation [29], [30]. For example, CSF-NSE assessment may be
inconsistent in mild or chronic neurological disorders [38]. It has been suggested that
there may be an increase of CSF-NSE at earlier stages of neurodegenerative disorders,
followed by a gradual decrease in chronic stages due neuronal degeneration. In contrast
to other human demential disorders, high CSF-NSE and 14-3-3 protein levels have been
described in Creutzfeldt-Jacob disease as a relevant information to establish the

diagnosis [39]. The presence of CSF-NSE in the EPM group in our study, suggest that
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even in chronic stage, this brain-specific protein may be a potential neuronal injury
marker for horses. Furthers studies should be performed to state if CSF-NSE is non
specific neuronal injury or may also represent an specific EPM marker.

On the other hands, studies have established two distinct isoforms of enolase,
ENO1 and ENO?2, in T. gondii ENOI primarily exists in the bradyzoite stage of 7.
gondii whereas ENO2 is more highly expressed in the tachyzoite stage [40]. When an
unknown event triggers a stage conversion in apicomplexan parasites from tachyzoite to
bradyzoite, enolase genes are either overexpressed or exclusively expressed at both the
transcriptional and protein levels within the bradyzoite stage [23] as compared to levels
detected in the tachyzoite. This is significant considering that related parasites like 7.
gondii rely on anaerobic glycolysis during their bradyzoite encystment period, due to
non-functioning mitochondria [21].

However, enolase shown potentially other roles in different protozoa, as in
Leishmania Mexicana, it can bind host plasminogen or in Plasmodium spp., whereas
enolase is immunostimulatory, and anti-Plasmodium enolase antibodies can be
protective [21]. These studies further support enolase as an exploitable target molecule
for immunoprophylaxis of parasite stages. Cross-reactivity of individual enolase
isoforms between related parasites has been described. For example, anti-T. gondii
enolase 2 antibody demonstrated cross-reactivity to Neospora spp. tachyzoites and S.
neurona merozoites by immunoblot analysis, but the anti-T. gondii enolase 1 antibody
did not react with S. neurona merozites by immunoblot analysis [21]. Based on the
sequence homology of known DNA sequences of enolase 1 and 2 between
Sarcocystidae parasites, it would be expected that the proteins may be very similar and
may show similar expression profiles [21]. Sarcocystis neurona merozoites and
schizonts reacted with both anti-enolase 1 and 2 antibodies. The staining for anti-

enolase 1 was much weaker as compared to the very strong staining of anti-enolase 2 to
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the S. neurona merozoites and schizonts, suggesting the existence of at least two
putative enolase proteins in S. neurona [41]. Thus, the CSF-ENO1 and CSF-ENO2
findings in the horses infected by S. neurona in our study may represent a potential
EPM marker to be investigate in future studies.

In conclusion, the results obtained in this study support the hypothesis-driven for
CSF enolases as an exploitable protein marker for neural injury and S. neurona

infection in horses.
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Figure 2. Protein-protein interaction network between the proteins identified
exclusives and differently expressed in the compare groupe EPM:Control. The color of
nodes indicated proteins exclusives and the differential expression correlated with
Additional file 1. The dark red and dark green nodes indicate proteins unique to the
control and EPM group, respectively. The light red and light green nodes indicate

downregulation and upregulation, respectively.
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Tabela 8 - Additional file

Control.

Additional file 1. Identified proteins in the compare group EPM vs. Control

1 — Identified

63

proteins in the compare group EPM vs.

Protein names (=201 ) y\;::;:‘r Gene names lsfl'l;: :‘:ﬂ';“"' x:)i’) Protein existence Expression :‘;;:’I:Commn ’r’nlinv"‘”
Hemoglobin-alpha 1 (Fragment) QI5MAT 4617 90 10 Inferred from homology Unique EPM EPM EPM
Transferrin (Fragment) QITQVI 1978 587 Predicted Unique EPM EPM EPM
Transthyretin F6UL68 TTR 805 147 16 Inferred from homology Unique EPM EPM EPM
Globin Al (Hemoglobin subunit beta) F6RDD3 HBB GLNAI 654 147 16 Inferred from homology Unique EPM EPM EPM
Hemoglobin subunit alpha (Alpha-globin) (Hemoglobin alpha chain) PO1958 HBA 652 92 15 Evidence at protein level Unique EPM EPM EPM
Hemoglobin subunit beta (Beta-globin) (Hemoglobin beta chain) P02062 HBB 69 146 16 Evidenceatprotinlevel  Unique EPM EPM EPM
Uncharacterized protein Q28383 504 9215 Inferred from homology Unique EPM EPM EPM
Globin B F6RFS7 LOCI00068926 GLNBI 454 147 16 Inferred from homology Unique EPM EPM EPM
Protein RFT1 homolog F6TKD2 210 541 60 Inferred from homology Unique EPM EPM EPM
Protein RFT1 homolog (Fragment) K9KD0O 200 223 24 Evidence attranscriptlevel  Unique EPM EPM EPM
Cell division cycle 16 FOTYS83 CDCl16 195 605 70 Predicted Unique EPM EPM EPM
Celldivision cycle protein 16-like protein-like protcin (Fragment) K9KAT9 180 255 29 Evidence attranscriptievel  Unique EPM EPM EPM
Uncharacterized protein F6RMDO CFB 161 768 86 Inferred from homology Unique EPM EPM EPM
Inter-alpha-trypsin inhibitor (IT1) (EI-14) (HI-14) (Inhibitory fragment of ITI) § § §
(Fragment) P04365 161 125 14 Evidence at protein level Unique EPM EPM EPM
Complement factor B-like protein (Fragment) K9KBRI 148 227 26 Evidence attranscriptlevel  Unique EPM EPM EPM
Apolipoprotein D (Apo-D) F6XMI13 APOD 137 213 24 Inferred from homology Unique EPM EPM EPM
Uncharacterized protein F6S7HT 136 236 27 Predicted Unique EPM EPM EPM
Fibrinogen alpha chain (Fragment) Q7M2U4 133 270 28 Evidence at protein level Unique EPM EPM EPM
(Tg;"';s::')‘(’;:;’r‘::r:;: L:;y:::;")""‘""‘""g hormone subunit beta) (TSH-B) (1376 TSHB 131 133 16 Evidence at transcriptlevel  Unique EPM EPM EPM
Uncharacterized protein F6XSF7 LOC100059239 17 1750 193 Predicted Unique EPM EPM EPM
Proline rich 30 F6RGD6 PRR30 114 392 42 Predicted Unique EPM EPM EPM
G phosphate isomerase (G F6T471 GNPDAI 10 289 33 Inferred from homology Unique EPM EPM EPM
Uncharacterized protein FoWCY1 7 22 47 Predicted Unique EPM EPM EPM
Alpha-enolase-like protein (Fragment) KIK2B9 77 310 34 Evidence at transcript level  Unique EPM EPM EPM
Enolase 2 (Fragment) 13RM61 ENO2 7 424 46 Evidence attranscriptlevel  Unique EPM EPM EPM

(continued on next page)
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Protein names (n=201 ) *Access Gene names Score  Length Mass o o o Expression Ratio P Value
Number PLGS (aa)  (kDa) (EPM:Control) ratio
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE6CE  IGL 293 2 23 Evidence at transcriptlevel  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE6CO  IGL 293 25 23 Evidence at transcriptlevel  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE6LS  IGL 293 25 23 Evidence attranscriptlevel  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE6I7  IGL 293 21 23 Evidence at transcript level  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE6I2  IGL 293 25 23 Evidence at transcript level  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE4I0  IGL 293 219 23 Evidence at transcript level  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE4UO  IGL 293 23 23 Evidence at transcript level  Unique Control Control Control
Alpha-1,4 glucan phosphorylase F6ZD04 PYGB 286 764 87 Inferred from homology Unique Control Control Control
Antithrombin 111 protein (Fragment) QINIX2 AT3 174 60 7 Predicted Unique Control Control Control
Uncharacterized protein F6PKE1 159 340 37 Predicted Unique Control Control Control
Carboxylic ester hydrolase F6UNSS LOC100050992 77 565 62 Inferred from homology Unique Control Control Control
Transferrin (Fragment) Q71UCT 50 31 4 Predicted Unique Control Control Control
Transferrin (Fragment) QINIF7 50 47 5 Predicted Unique Control Control Control
Alpha-1,4 glucan phosphorylase F6RV94 PYGL 29 830 95 Inferred from homology Unique Control Control Control
Alpha-1,4 glucan phosphorylase BIAIYT PYGL 29 81 97 Evidence at transcript level  Unique Control Control Control
Uncharacterized protein HIGZS6 1046 338 37 Predicted Up-regulated 136 1
Haptoglobin F6XWMS 1360 346 38 Inferred from homology Up-regulated 149 1
Uncharacterized protein HYGZR2 1046 338 37 Predicted Up-regulated 136 1
Apolipoprotein Al F6Z2L5 APOAL 193 266 30 Inferred from homology Up-regulated 2.51 1
GC, vitamin D binding protein F6TOPG GC 163 a7 53 Predicted Up-regulated 167 099
Alpha-1B-glycoprotein F6VIR6 AIBG 186 500 54 Predicted Up-regulated 227 098
Albumin (Fragment) QIsMC2 909 44 5 Predicted Up-regulated 134 096
Clusterin [Cleaved into: Clusterin beta chain; Clusterin alpha chain] Q29482 cLU 703 449 52 Evidence attranscriptlevel  No difference vs. control 1.19 092
Uncharacterized protein HIGZU9 5231 325 36 Predicted No difference vs. control  1.08 087
Uncharacterized protein F6ZI35 263 236 27 Predicted No difference vs. control 1,52 085
Prothrombin (Coagulation factor IT) FTBEJ1 P2 75 623 70 Inferred from homology No difference vs. control ~ 1.40 083
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGH3  IGL 387 21 23 Evidence at transcript level  No difference vs. control 123 0.82
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE3X3 IGL 387 22 23 Evidence at transcript level  No difference vs. control 121 08

(continued on next page)
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Protein names (n=201 ) “Access Gene names Score  Length Mass o o existence Expression Ratio p Vahe
Number PLGS (aa)  (kDa) (EPM:Control) ratio
Enolase 3 F1C959 ENO3 7 434 47 Evidence attranscriptlevel  Unique EPM EPM EPM
Enolase 2 FICIX6 ENO2 7 434 47 Inferred from homology Unique EPM EPM EPM
Enolase 1 FoV7C1 ENOI 7 434 47 Evidence attranscriptlovel  Unique EPM EPM EPM
Hemopexin FoX 118 HPX 76 462 51 Inferred from homology Unique EPM EPM EPM
Kininogen 1 FIC0D9 KNG1 61 645 71 Predicted Unique EPM EPM EPM
Kininogen 1 F7C0Z0 KNGI 61 653 72 Predicted Unique EPM EPM EPM
Sorting nexin 31 F7BAM6 SNX31 36 40 51 Predicted Unique EPM EPM EPM
Uncharacterized protein F6VE37 LOCI00054161 2 151 17 Inferred from homology Unique EPM EPM EPM
Transferrin (Fragment) QOTQW? st 2 6 Predicted Unique Control Control Control
Transferrin (Fragment) QUTQR3 1049 48 5 Predicted Unique Control Control Control
Alpha-1,4 glucan phosphorylase BIAIUY PYGM 791 842 97 Evidence attranscriptlevel  Unique Control Control Control
Clone 7 transferrin (Pop-variant * transferrin) (Pop-variant D, F1, F2, F3, G, H2,
0 ransferriny (Fragmeny QITQV4 ss1 10 1 Predicted Unique Control Control Control
Uncharacterized protein FoSP11 293 106 11 Predicted Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATES49  IGL 203 220 23 Evidence attranscriptlevel  Unique Control Control Control
Immmunoglobulin lamba light chain variable region (Fragment) AOAOAIE6GO  IGL 293 219 23 Evidence attranscriptlevel  Unique Control Control Control
Immmunoglobulin lamba light chain variable region (Fragment) AOAOAIE3Y7  IGL 293 222 24 Evidence attranscriptlevel  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGF4  IGL 293 224 23 Evidence attranscriptlevel  Unique Control Control Control
Immmunoglobulin lamba light chain variable region (Fragment) AOAOATEGF3  IGL 203 225 23 Evidence atuanseriptlevel  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEG96  IGL 203 224 23 Evidence atwanseriptlevel  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATEGO]  IGL 203 223 23 Evidence attranscriptlevel  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE92I  IGL 203 223 23 Evidence attranseriptlevel  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE3W4 IGL 203 224 24 Evidence attranscriptlevel  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE4S2  IGL 293 221 23 Evidence attranscriptlevel  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE9I6  IGL 203 220 23 Evidence attranscriptlevel  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGPS  IGL 203 225 23 Evidence attwanseriptlevel  Unique Control Control Control
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE3VY  IGL 293 23 23 Evidence attranscriptlevel  Unique Control Control Control

(continued on next page)
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Protein names (=201 “Access Gene names Score  Length Mass i existence Expression Ratio p Vale
Number PLGS  (a)  (kDa) (EPM:Control) ratio
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATE944  1GL 387 225 24 Evidenceattranscriptlevel  Nodifference vs. control 123 0.79
Lactotransferrin (Lactoferrin) (Fragment) 077811 LTF 31 695 76 Evidence atproteinlevel  Nodifference vs. control 1.38 0.79
Uncharacterized protein H9GZTS 12 35 36 Predicted No difference vs. control 154 079
Lactotransferrin F6XLBI LTF 31 708 77 Inferred fromhomology  Nodifference vs. control 135 078
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE493  IGL 387 224 23 Evidence atwranscriptlevel  No difference vs. control 1,19 077
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGHT 1GL 37 25 23 Evidenceattranscriptlevel  Nodifference vs. control 122 077
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATE3Y3  1GL 387 225 23 Evidence attranscriptlevel  Nodifference vs. control 1,19 075
Uncharacterized protein F6QAUS 387 107 11 Predicted No difference vs. control 121 075
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGB6  1GL 387 225 24 Evidence attranscriptlevel  No difference vs. control 123 075
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATEOD7  1GL 387 225 23 Evidence attranscriptlevel  Nodifference vs. control 1,19 075
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE93S  1GL 387 223 23 Evidence attranscriptlevel  No difference vs. control 119 074
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE4BI  1GL 387 225 24 Evidenceattranscriptlevel  Nodifference vs. control 115 074
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATE3X7 IGL 387 226 24 Evidence attranscriptlevel  Nodifference vs. control 116 07
Uncharacterized protein F6SQD7 37107 11 Predicted No difference vs. control 119 0n
Serpin family F member 1 FBKEI SERPINFI 76 417 46 Inferred fromhomology  No difference vs. control 149 0n
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATE4E7  1GL 387 225 24 Evidence attranscriptlevel  No difference vs. control 115 07
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGB2  1GL 37 224 23 Evidenceattanscriptlevel  Nodifference vs. control 115 07
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATES3S  1GL 387 226 24 Evidence attranscriptlevel  Nodifference vs. control 1.14 0.65
Serpin family C member 1 FICYRI SERPINCI 189 463 52 Inferred fromhomology  Nodifference vs. control 165 0.64
Uncharacterized protein H9GZS9 18 354 39 Predicted No difference vs. control 108 0.59
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE4T6  IGL 293 222 23 Evidence attranscriptlevel  No difference vs. control 1.1 0.57
P in-H2  D-isomerase  (Glutathi PGD
(Lipocalin-type in-D synthase) ( D2 synthase) (PGD2 097921 PIGDS 2545 194 22 Evidence atproteinlevel  Nodifference vs. control 1.04 051
synthase) (PGDS) (PGDS2)
Immunoglobulin gamma 1 heavy chain constant region (Fragment) QosM34 1GHCI 3223 337 37 Evidence attranscriptlevel  No difference vs. control 0.96 05
Uncharacterized protein H9GZQ9 3223 37 37 Predicted No difference vs. control 097 0.44
Uncharacterized protein FoYYPS 2539 99 11 Inferred from homology No difference vs. control 0,94 038

(continued on next page)
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Protein names (=201 ) “Access Gene names Score  Length Mass o0 ovistence Expression Ratio p Value
Number PLGS (a)  (KDa) (EPM:Control) ratio
Alpha 2-HS glycoprotein 70450 AHSG 1028 358 38 Predicted No difference vs. control 0,90 028
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE976  1GL 2000 209 22 Evidence attranscriptlevel  No difference vs. control 0.83 024
Uncharacterized protein HIGZUS 3533 324 36 Predicted No difference vs. control 0.89 022
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGE2  1GL 2000 225 23 Evidence attranscriptlevel  No difference vs. control 0.82 022
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE4S3  IGL 2000 225 23 Evidence attranscriptlevel  No difference vs. control 0.84 022
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATE4NS  1GL 2000 222 23 Evidence atuanscriptlevel  No difference vs. control 0.76 022
Immimunoglobulin lambda light chain variable region (Fragment) AOAOAIEGK2  1GL 2000 224 23 Evidence attanscriptlevel  No difference vs. control 0.84 022
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE4T2  IGL 2000 224 23 Evidenceattranscriptlevel  No difference vs. control 0.79 021
Serpin I11 (Fragment) QIM387 1610 49 6 Evidenceatproteinlevel  Nodifference vs. control 053 021
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE3Z9  1GL 2009 222 23 Evidence attranscriptlevel  No difference vs. control 0,80 02
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGNS  1GL 2000 226 24 Evidence attranscriptlevel  No difference vs. control 0.83 02
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE4AY  1GL 2009 223 23 Evidence attranscriptlevel  No difference vs. control 076 02
Tnmmunoglobulin lambda light chain variable region (Fragment) AOAOATEGLO  1GL 2000 222 23 Evidence attranscriptlevel  No difference vs. control 0.70 02
Immimunoglobulin lambda light chain variable region (Fragment) AOAOAIE417  IGL 2000 221 23 Evidence attranscriptlevel  No difference vs. control 0.79 02
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATEGHI  1GL 2000 226 23 Evidence attranscriptlevel  No difference vs. control 0.80 02
Immimunoglobulin lambda light chain variable region (Fragment) AOAOAIEGRS  1GL 2000 221 23 Evidence attranscriptlevel  No difference vs. control 0.78 019
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGKT  1GL 2000 221 23 Evidence attranscriptlevel  No difference vs. control 0.78 0.19
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIES  1GL 2000 225 23 Evidence attranscriptlevel  No difference vs. control 0.79 018
Tmmmunoglobulin lambda light chain variable region (Fragment) AOAOAIE477  1GL 2000 222 23 Evidence atuanscriptlevel  No difference vs. control 0.76 0.18
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEIC4  IGL 2000 224 24 Evidence attranscriptlevel  No difference vs. control 0.76 0.18
Transferrin (Fragment) QITQR4 3197 63 7 Predicted No difference vs. control 0.75 0.8
Tmmunoglobulin lambda light chain variable region (Fragment) AOAOAIE4RS  1GL 2000 225 23 Evidence attranscriptlevel  No difference vs. control 0.7 017
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGIS  1GL 2009 224 23 Evidence attranscriptlevel  No difference vs. control 079 017
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIESG2  1GL 2000 221 23 Evidence attranscriptlevel  No difference vs. control 0.76 017
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE3Z2  1GL 2009 225 23 Evidence attranscriptlevel  No difference vs. control 079 0.16
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEAL2  IGL 2000 224 23 Evidence attranscriptlevel  No difference vs. control 0.7 0.16
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATESST  IGL 2000 221 23 Evidence attranscriptlevel  No difference vs. control 0.76 016
Uncharacterized protein FI0IG3 LOC100060539 13 1661 186 Predicted No difference vs. control 0.57 0.16
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Additional file 1. (continued)

Protein names (n=201 ) *Access Gene names Score  Length Mass o existence Expression Ratio p Value
Number PLGS  (aa)  (kDa) (EPM:Control) ratio
Tmmmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGES  IGL 2009 223 23 Evidence atwanscriptievel  No difference vs. control 078 0.15
Serpin I (Fragment) Q7M388 610 54 6 Evidence atproteinlevel  No difference vs. control 055 0.5
Uncharacterized protein FICACS 2000 117 12 Predicted No difference vs. control 0.75 015
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE4S2  1GL 2009 224 23 Evidence attanscriptlevel  No difference vs. control 0.76 0.5
Tmmmunoglobulin lambda light chain variable region (Fragment) AOAOATE447  1GL 2000 223 23 EBvidence atwanscriptlevel  No difference v, control 0.75 015
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATE6K4  1GL 2000 225 23 Evidence attranscriptlevel  No difference vs. control 0.75 0.5
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE9G6  1GL 2000 225 23 Bvidence atwanscriptlevel  No difference vs. control 076 0.15
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATE406  1GL 2000 224 23 Evidence attranscriptlevel  Nodifference vs. control 0.73 0.5
Tmmmunoglobulin lambda light chain variable region (Fragment) AOAOAIES67  1GL 2000 224 23 Bvidence atwanscriptlevel  No difference vs. control 070 0.15
Uncharacterized protein F7BLE3 67 1215 135 Predicted No difference vs. control 0,68 0.5
Tmmimunoglobulin lambda light chain variable region (Fragment) AOAOATE9A3  1GL 2000 221 23 Evidence atwanscriptlevel  No difference vs. control 073 0.14
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGD7  IGL 2000 224 23 Evidence attranscriptlevel  No difference vs. control 0.76 0.14
Tmmmunoglobulin lambda light chain variable region (Fragment) AOAOAIESSS  1GL 2009 224 23 Evidence attanscriptievel  Nodifference vs. control 078 0.14
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGJ6  IGL 2009 219 23 Evidence atwanscriptlevel  No difference vs. control 071 0.14
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATEGY  1GL 2000 223 23 Evidence atwanscriptlevel  No difference vs. control 077 0.14
Uncharacterized protein FIBTW7 LOC100060539 79 1664 186 Predicted No difference vs. control 0,56 0.14
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIESS6  1GL 2000 225 24 Evidence attranscriptlevel  No difference vs. control 0.73 0.13
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATE6QY  1GL 2000 221 23 Evidence atwanscriptlevel  No difference vs. control 076 013
Serpin I (Fragment) Q7M389 610 54 6 Evidence atproteinlevel  No difference vs. control 054 0.13
Tmmmunoglobulin lambda light chain variable region (Fragment) AOAOAIEG3  1GL 2000 225 23 Bvidence atwanscriptlevel  No difference v, control 074 0.13
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATE6RY  1GL 2000 225 23 Evidence attranscriptlevel  No difference vs. control 0.75 0.12
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE6D2  1GL 2000 225 24 Bvidence atwanscriptlevel  No difference vs. control 070 012
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATE464  1GL 2000 224 24 Evidence attranscriptlevel  No difference vs. control 0.79 0.12
Transferrin (Fragment) 097971 ws s 6 Predicted No difference vs. control 0,58 0.12
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEODO  1GL 2000 221 23 Evidence attranscriptlevel  No difference vs. control 0.7 012
Tmmimunoglobulin lambda light chain variable region (Fragment) AOAOAIE4SS  1GL 2000 222 23 Evidence atwanscriptlevel  No difference vs. control 070 0.1
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIES3S  IGL 2000 221 23 Evidence attranscriptlevel  No difference vs. control 0.73 011
Transferrin (Fragment) Q71UBS ws s 6 Predicted No difference vs. control 0.62 0.1
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Protein names (n=201) NA“::; Gene names lsf&';: (l:l';g"' '(\:";s:) Protein existence Expression :lsxl;c;.mml) I:mnvm
Immmunoglobulin lambda light chain variable region (Fragment) AOAOATEGNY  IGL 2000 220 23 Evidence at transcript level  No difference vs. control 0.74 011
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE6Q6  IGL 2000 225 24 Evidence attranscriptlevel  Nodifference vs. control .70 0.1
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE97l  IGL 2009 224 23 Evidence at transcriptlevel  No difference vs. control  0.71 0.1
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIESSS  IGL 2009 225 23 Evidence attanscriptlevel  Nodifference vs. control 073 0.1
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE470  IGL 2000 226 24 Evidence attranscriptlevel  No difference vs. control 0.73 0.00
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE412  IGL 2009 224 23 Evidence atwanscriptiovel  Nodifference vs. control 067 0.09
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE9AS  IGL 2000 224 23 Evidenceattranscriptlevel  Nodifference vs. control 0.58 0.08
Uncharacterized protein FICSLS 205 420 47 Inferred from homology No difference vs. control 038 0.08
Transferrin (Fragment) 097966 M0 6l 7 Predicted No difference vs. control 032 0.08
Transferrin (Fragment) 097678 s 6l 7 Predicted No difference vs. control 033 0.07
Serum albumin (allergen Equ ¢ 3) P35747 ALB 12189 607 69 Evidence atproteinlevel  Nodifference vs. control 096 0.07
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIEGHS  IGL 2009 222 23 Evidence atwanscriptlovel  No difference vs. control 0.67 0.07
Carboxylic ester hydrolase F6ZMGT ) 567 62 Inferred from homology No difference vs. control 041 0.06
Uncharacterized protein FIE4s4 LOC100060539 84 1640 184 Predicted No difference vs. control 048 0.06
Transferrin (Fragment) 007973 438 6l 7 Predicted No difference vs. control 028 0.05
;1:’*5‘;;;;3““‘”°m"““ 2 (Alpha-1-anitrypsin 2) (Alpha-1-proteinase inhibitor 3¢, 289 421 47 Evidence atproteinlevel  No difference vs. control 036 005
Alpha-1-antitrypsin BSBV02 Spi-3 289 421 47 Evidenceattranscriptievel  Down-regulated 035 0.04
Uncharacterized protein F6ZEHS 764 990 109 Predicted Down-regulated 077 0.03
Alpha-1-antitrypsin BSBV06 Spi2-7 289 421 47 Evidence atwanscriptlovel  Down-regulated 038 0.03
Alpha-1-antitrypsin BSBVOI Spi-2 289 421 47 Evidenceattranscriptievel  Down-regulated 038 0.03
Transferrin (Fragment) QITQVS 2043 189 21 Predicted Down-regulated 0.60 0.03
Immmunoglobulin lambda light chain variable region (Fragment) AOAOAIE9EY  IGL 2000 225 24 Evidenceattranscriptievel  Down-regulated 0.64 0.03
Carboxylic ester hydrolase F6PRIS LOC100051065 ) 565 62 Inferred from homology Down-regulated 0.44 0.03
Uncharacterized protein FICYPI 205 423 47 Inferred from homology Down-regulated 035 0.02
Serum albumin FIBAY6 ALB 1552 607 68 Predicted Down-regulated 093 0.02
Alpha-1-antitrypsin BSBVI2 Spi2-13 205 421 47 Evidenceattranscriptievel  Down-regulated 035 0.02
Alpha-1-antitrypsin BSBV10 Spi2-11 205 421 47 Evidence atwanscriptlovel  Down-regulated 039 0.02

(continued on next page)
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Protein names (n=201) *Access Gene names Score  Length Mass | o e Expression Ratio P Value
Number PLGS (an)  (kDa) (EPM:Control) ratio
Alpha-1-antitrypsin BSBV07 289 21 47 Evidence at transcript level  Down-regulated 036 0.02
Alpha-I-antitrypsin BSBVO0S 205 21 a4 Evidence at transeript level  Down-regulated 029 0.02
Alpha-I-antitrypsin BSBV04 289 21 47 Evidence at transeript level  Down-regulated 038 0.02
Alpha-1-antitrypsin BSBV00 289 21 47 Evidence at transcript level  Down-regulated 037 0.02
Uncharacterized protein FTBF31 289 21 a4 Inferred from homology Down-regulated 038 0.02
Carboxylic ester hydrolase F6VXPT 69 565 62 Inferred from homology Down-regulated 0.44 0.02
Alpha-1-antitrypsin BSBV13 289 21 a7 Evidence at transcript level  Down-regulated 034 0.01
Alpha-I-antitrypsin BSBV09 205 21 47 Evidence at transcript level  Down-regulated 035 0.01
Transferrin (Fragment) QITQV7 454 54 6 Predicted Down-regulated 041 0.01
Uncharacterized protein F7DXMS LOC100065068 205 22 47 Inferred from homology Down-regulated 033 0
Alpha-I-antitrypsin BSBVI1 Spi2-12 205 21 47 Evidence at transeript level  Down-regulated 033 0
Alpha-1-antitrypsin BSBVO8 Spi2-9 205 21 47 Evidence at transeript level  Down-regulated 033 0
Alpha-1-antitrypsin BSBV03 Spi2-4 289 21 47 Evidence at transeript level  Down-regulated 034 0
Serotransferrin (Transferrin) (Beta-1 metal-binding globulin) (Siderophilin) ~ P27425 TF 7563 706 T8 Evidence at transcript level  Down-regulated 0.66 0

aAccess Number is based on protein ID from the UniProt protein database (http:/www.uniprot.org).
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CAPITULO 4

1 DISCUSSAO GERAL

A andlise clinica laboratorial tradicional do CSF concentra-se no exame fisico-
quimico e citoldgico. A introducdo de analise de microescala/molecular levou métodos
de imunoensaios (e.g., Western Blot, WB), focalizagdo isoelétrica, 2-DE e
espectrometria de massas para andlise de CSF.

Broccardo et al. (2014) caracterizou o perfil proteomico do CSF de seis equinos
higidos utilizando espectrometria de massas, na qual foram detectadas 320 proteinas,
sendo as mais abundantes a albumina, a apoliproteina e a serotransferrina. Deste total,
145 proteinas que tiveram numeros de acesso encontrados no banco de dados de
proteinas em equinos do UniProt e foram apresentadas segundo categorias de processos
biologicos ao qual estdo relacionadas, e as categorias de proteinas mais evidentes foram
as envolvidas com processos celulares (18%) e de regulacdo biologica (13%). Quando
avaliadas em categorias quanto as fun¢des moleculares, as mais predominantes incluem
funcdes de associagdo (42%), atividade catalitica (21%) e atividade de regulagdo
enzimatica (14%).

A analise protedmica do CSF de equinos, sadios ou com EPM, que receberam
multiplos transplantes intratecal de MSCs pode revelar quais vias metabolicas e/ou
potenciais marcadores estdo diferencialmente expressos antes e apOs os transplantes
celulares. Ao compararmos o perfil protedmico do CSF de equinos saudaveis
submetidos a multiplos transplantes intratecal de BM-MSCs e AD-MSCs, objetivamos,
ndo apenas avaliar as interacdes proteicas que pudessem elucidar potenciais
mecanismos de acdo das MSCs, mas também buscar marcadores de lesdo/regeneragdo
neural.

Avaliando-se as interagdes entre as proteinas identificadas como diferentemente
expressas e exclusivas dos grupos comparados e seu distintos momentos (Control after
vs. Control before, AD-G after vs. AD-G before e BM-G after vs. before) na ferramenta
de bioinformatica String v10.5 (https://string-db.org/), na compara¢do controle
(After:Before), foram encontrados 45 nimeros de acesso correspondentes a proteinas,
sendo 22 exclusivos do momento After, 21 exclusivos do momento Before, 1 up-

regulated e 1 down-regulated (Tabela 4).
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As interagdes entre as proteinas identificadas com diferenca de expressdo e
exclusivas da comparacdo AD-G (After:Before), obtiveram 64 proteinas reconhecidas,
sendo 4 exclusivas do momento After, 49 exclusivas do momento Before, 7 up-
regulated e 4 down-regulated (tabela 5). Além disso, foram identificados 35 termos GO
(Gene Ontology) relacionados aos processos bioldgicos associados a essas proteinas
(tabela 6).

BM-G (After:Before), obteve nas interacdes entre as proteinas identificadas
como diferentemente expressas e exclusivas 36 niimeros de proteinas encontradas, 24
eram exclusivas do momento After, 8 exclusivas do momento Before, 4 up-regulated e
nenhuma down-regulated encontrada (tabela 7).

Entre as proteinas identificadas exclusivamentes nos grupos Control e BM-G, no
momento After, destacam-se a presenca das enolases ENO 1, ENO 2 e ENO 3. Ja no
AD-G, nao foi observado a presenga das enolases. Por outro lado, o score PLGS destas
enolases no grupo Control foi maior que o do BM-G, sugerindo maior presenga das
enolases.

A enolase (2-phospho-D glycerate hydrolase or phosphopyruvate hydratase, EC
42.1.11) ¢ wuma enzima glicolitica que converte o 2-fosfoglicerato em
fosfoenolpiruvato, sendo responsavel por catalisar a unica etapa de desidratacdo na via
glicolitica (LIMA et al., 2004; WILSON et al, 2004). E uma proteina que &
funcionalmente ativa como um heterodimero montado a partir de uma combinacdo de
trés subunidades: a, B e y (LIMA et al,, 2004). A enolase ¢ encontrada desde as
arqueobactérias até os mamiferos, e sua sequéncia ¢ altamente conservada (GILBERT et
al., 2005). Em vertebrados, a enzima aparece em trés isoformas: a a-enolase (Enol) ¢é
encontrada em quase todos os tecidos humanos, enquanto que a B-enolase (Eno3) ¢
encontrada predominantemente nos tecidos musculares, e a fy-enolase (Eno2) ¢
encontrada apenas em neurdnios e tecidos neuroendocrinos (MARANGOS; PARMA;
GOODWIN, 1978). As isoenzimas yy e ay sdo denominadas enolase neuronio-
especifica (NSE) (MARANGOS et al., 1979; MARANGOS; SCHMECHEL, 1987),
embora tenha sido encontrada em células neuroenddcrinas e em varias células ndo
neuronais e ndo neuroendocrinas, como nas plaquetas e nos eritrocitos (MARANGOS et
al., 1980). No entanto, os neurdnios expressam a isoenzima yy, enquanto as células nao
neuronais contém predominantemente a isoenzima ay (MARANGOS; SCHMECHEL,
1987). Nos cérebros adultos do rato, macaco ¢ humano, encontram-se concentragdes
mais elevadas de NSE na substancia cinzenta (por exemplo, neocortex) e niveis mais

baixos na substincia branca (por exemplo, trato piramidal e corpo caloso)
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(MARANGOS et al., 1979). NSE tem uma alta estabilidade em fluidos bioldgicos e,
como uma proteina citoplasmatica soluvel livre, pode facilmente se difundir para o meio
extracelular e para o CSF quando as membranas neuronais sdo lesadas. Nossos achados
mostraram a presenca de todas as trés isoformas de enolase nos grupos Control e BM-G,
em contraste com o AD-G.

Diversos estudos em humanos mostraram que a CSF-NSE produz uma
estimativa confidvel da gravidade da lesdo neuronal, bem como o resultado clinico de
pacientes com manifestagdes clinicas graves, como em casos de acidente vascular
cerebral (HAY et al, 1984), traumatismo craniano (PERSSON et al., 1987),
encefalopatia andxica (ROINE et al., 1989), encefalite (STUDAHL et al., 2000),
metastase cerebral (ROYDS et al., 1981) e estado epiléptico (CORREALE et al., 1998).
Em caes, as concentracdes de CSF-NSE estdo aumentadas nos casos de gangliosidose
GM1 (SATOH et al., 2007) e meningoencefalite (NAKAMURA et al., 2012).

Além disso, as medi¢gdes de CSF-NSE foram descritas como um marcador
importante de lesdo neuronal, da natureza, localizagdo e extensdo da lesdo; O retorno do
CSF e o tempo decorrido entre a lesdo neuronal e a coleta da amostra do CSF devem ser
considerados para evitar erros de interpretagdo (ROYDS et al., 1981; HARDEMARK et
al., 1989). Por exemplo, o CSF-NSE pode estar aumentado secundariamente devido a
contaminagdo do CSF por células sanguineas durante a pungdo. No entanto, nao houve
contaminacdo relevante por células sanguineas durante a coleta do CSF nos trés grupos
experimentais (dados ndo mostrados).

Tem-se sugerido que pode haver um aumento do CSF-NSE em estagios iniciais
de distarbios neurodegenerativos, seguido por uma diminui¢do gradual nos estdgios
cronicos devido a degeneragdo neuronal. Em contraste com outros distirbios de
deméncia em humanos, altos niveis de proteina CSF-NSE e 14-3-3 foram descritos na
doenca de Creutzfeldt-Jacob como uma informacdo relevante para estabelecer o
diagnodstico (KROPP et al., 1999). A presenca de CSF-NSE nos grupos Control e BM-G
sugere que essa proteina especifica do cérebro pode ser um potencial biomarcador de
lesdo neuronal para equinos. J4 ndo hd nenhuma AD-G mais forte esta fonte de MSC
para terapia celular intratecal. J& a auséncia no AD-G pode indicar maior seguranca
desta fonte de MSC para terapia celular intratecal.

A mieloencefalite protozoaria equina (EPM) causada por ambos os protozodrios
apicomplexa, Sarcocystis neurona e Neospora hughesi, permanece como uma
importante doenca neuroldgica dos equinos nas Américas, embora a maioria dos casos

seja devida a infeccdo por S. neurona (DUBEY et al., 2001; DUBEY et al., 2015;
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REED et al., 2016). Varios estudos relataram a soroprevaléncia de S. neurona em
equinos da América do Norte e do Sul variando de 15% a 89%, dependendo da
localizagdo geografica (BENTZ et al., 1997; BENTZ et al., 2003; SAVILLE et al.,
1997; TILLOTSON et al., 1999; DUBEY; KERBER; GRANSTROM, 1999; DUBEY et
al., 1999). Além disso, os equinos afetados podem ter doenca do CSN focal ou
multifocal envolvendo tanto a substancia branca quanto a cinzenta no cérebro, tronco
cerebral ou medula espinhal (DUBEY et al., 2001; DUBEY et al., 2015; REED et al.,
2016). Os sinais de envolvimento da substancia cinzenta incluem atrofia muscular focal
e fraqueza muscular severa, enquanto que os danos a substancia branca frequentemente
resultam em ataxia e fraqueza no membro. Normalmente, os sinais de doenga cerebral /
tronco encefalico incluem estado de consciéncia anormal, inclinagdo da cabecga,
paralisia do nervo facial, disfagia ou mesmo convulsdes, embora outros sinais
neuroldgicos possam estar presentes. Cavalos gravemente afetados podem ter
dificuldade em ficar em pé ou andar e a doencga pode progredir muito rapidamente,
resultando em decubito (REED et al., 2016).

EPM pode ser dificil de diagnosticar antemortem e varios testes sorologicos,
como Western blot (WB) (GRANSTROM et al., 1993), S. neurona SAT (LINDSAY;
DUBEY, 2001), IFAT (DUARTE et al., 2003) e ELISAs baseados nos antigenos de
superficie SnSAG2, SnSAG3 e SnSAG4 (YEARGAN; HOWE, 2011), foram
desenvolvidos para ajudar a superar o impacto negativo da diversidade antigénica na
populacdao de S. neurona e as variadas respostas imunes que ocorrem em diferentes
cavalos. SnSAGs sdo valiosos biomarcadores que detectam com precisdo a infec¢ao por
S. neurona (DUBEY et al., 2015). No entanto, como a soroprevaléncia de S. neurona
em equinos varia muito, a simples detec¢cdo de anticorpos séricos contra esse
protozoario tem valor diagnostico limitado. A deteccdo de anticorpos no CSF ¢ mais
clinicamente relevante para o diagnostico de EPM.

O CSF pode ser considerado para ser o melhor fluido para a andlise de proteinas
e peptideos biomarcadoras para se estudar distirbios neuroldgicos e permitir o
desenvolvimento de farmacos para o CNS (ROMEO et al., 2005; VAN GOOL;
HENDRICKSON, 2012). A pesquisa de biomarcadores no CSF equino, pode ser do
interesse particular para se estudar desordens neurologicas de equinos tais como a
mielite por Herpesvirus tipo 1 (EHV-1), a EPM, a mielopatia degenerativa equina, a
epilepsia equina/narcolepsia e a mielopatia estenotica vertebral cervical (CVSM)
(BROCCARDO et al., 2014). O proteoma do CSF constitui-se como um compartimento

rico em biomarcadores no qual as proteinas representam o estado fisiologico do CNS e
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expoem informacdes valiosas sobre o processo da doenca (VAN GOOL;
HENDRICKSON, 2012). Um dos objetivos da protedmica € caracterizar proteinas
celulares, proteinas secretadas e peptideos e fragmentos proteoliticos como potenciais
biomarcadores a luz de processos patoldgicos especificos. A avaliagdo seriada do CSF
para monitorar a progressao da doenga ou a eficacia do tratamento demonstra a utilidade
clinica da analise protedmica do CSF (ROMEO et al., 2005). Por outro lado, estudos
sobre o CSF sdo desafiadores devido a invasividade do procedimento de coleta de
amostras e a dificuldade em obter amostras suficientes de humanos e modelos de
experimentacdo animal de pequeno porte. Neste contexto, modelos experimentais de
grandes animais apresentam como uma oportunidade Unica para investigar o CSF
devido a facilidade de se obter grandes volumes de amostra e em momentos distintos da
doengca (BROCCARDO et al., 2014).

De um total de 247 proteinas encontradas no CSF da comparacdo EPM vs.
Control, 201 proteinas foram identificadas apos o critério de alta confianga estabelecido
na metodologia e conversdo de todos os nimeros de acesso verificados no banco de
dados UniProt (https://www.uniprot.org/). Destas 201 proteinas, 33 foram identificadas
como exclusivas do grupo EPM, 33 exclusivas do grupo Control e 135 presentes em
ambos. Das 135 presentes nos dois grupos de comparacao, 7 estavam up-regulated e 25
down-regulated de acordo com o valor p da relagdo EPM:Control. Enquanto 113 ndo
demonstraram diferencas de expressdo na comparagdo. As proteinas do CSF
identificadas em nosso estudo forneceram novos dados sobre a analise protedmica
global de equinos saudaveis e seus termos GO (Gene Ontology) associados, bem como,
fornecem um estado de doenca especifico nos cavalos afetados pela EPM, conduzindo
para pesquisar potenciais alvos para biomarcadores relacionados com o diagndstico e
lesoes neurais. Neste contexto, entre as 33 proteinas exclusivas observadas no CSF do
grupo EPM, as enolases (Eno) podem desempenhar um papel importante na patogénese
da doenca neuroldgica equina, como descrito em humanos e roedores (LIMA et al.,
2004; HATFIELD; MCKERNAN, 1992).

Por outro lado, estudos estabeleceram duas isoformas distintas de enolase,
ENO1 e ENO2, em 7. gondii a ENOI existe principalmente no estagio de bradizoito de
T. gondii, enquanto que a ENO2 ¢ mais expressa no estigio de taquizoito
(DZIERSZINSKI et al., 2001). Quando um evento desconhecido desencadeia uma
conversao de estdgio em parasitas apicomplexa de taquizoitos para bradizoitos, os genes
enolase estdo sobreexpressos ou exclusivamente expressos tanto no nivel transcricional

e como de proteina no estagio de bradizoito (DZIERSZINSKI et al., 1999) quando em
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compara¢cdo com os niveis detectados no estdgio de taquizoito. Isto € significativo
considerando que os parasitas relacionados como 7. gondii dependem da glicdlise
anaerdbia durante o periodo de encistamento de bradizoitos, devido a mitocondria nao
funcional (WILSON et al., 2004). Estes estudos sustentam ainda mais a enolase como
uma molécula alvo de prospecdo para a imunoprofilaxia de estdgios do parasita. A
reatividade cruzada individual das isoformas de enolase entre os parasitas relacionados
foi descrita. Por exemplo, anticorpo anti-7. gondii enolase 2 demonstrou a reatividade
cruzada com taquizoitos de Neospora spp. € merozoitos de S. Neurona pela analise de
WB, mas o anticorpos anti-T. gondii enolase 1 ndo reagiu com os merozitas de S.
Neurona pela analise do WB (WILSON et al.,, 2004). Com base na sequéncia de
homologia das sequéncias conhecidas de DNA de enolase 1 e 2 entre os parasitas
Sarcocystidae, era de se esperar que as proteinas poderiam ser muito semelhantes e
mostrarem perfis de expressdo semelhantes (WILSON et al., 2004). Merozoitos de
Sarcocystis neurona e os esquizontes reagiram com os anticorpos da anti-enolase 1 e 2.
A coloracdo para anti-enolase 1 foi muito mais fraca em comparagdo com a coloragdo
mais forte de anti-enolase 2 para os merozoitos de S. Neurona e esquizontes, sugerindo
a existéncia de pelo menos duas supostas proteinas enolase em S. Neurona (BOLTEN et
al., 2008). Assim, os achados de CSF-ENO1 e CSF-ENO2 nos cavalos infectados por S.
neurona em nosso estudo podem representar um potencial marcador de EPM a ser

investigado em estudos futuros.

2 CONCLUSOES GERAIS

Os resultados obtidos com esta abordagem protedmica podem contribuir com o
entendimento dos mecanismos de agdo das MSCs no processo de neuroregeneragdo do
CNS dos equinos; com o desenvolvimento de um protocolo de terapia celular com
MSCs mais seguro e eficiente e com a identificagdo de potenciais marcadores de lesdo
neural e/ou de EPM.

Neste contexto, este estudo ao avaliar os perfis protedmico do CSF antes e apds
trés transplantes intratecal de MSCs em equinos higidos e do CSF de equinos
cronicamente afetados pela EPM permitiu identificar as enolases como potenciais
marcadores de lesdo neural e/ou de EPM. Novos estudos devem ser realizados para
confirmar estes achados e avangar no conhecimento dos efeitos da terapia celular com

MSC:s pela via intratecal no CSF, para o tratamento de lesdes neurologicas em equinos.
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4 ANEXOS

4.1 Anexo 1

Normas de publica¢do da Revista Stem Cell Research & Therapy.

Submission Guidelines

Preparing your manuscript
The information below details the section headings that you should include in
your manuscript and what information should be within each section.

Please note that your manuscript must include a 'Declarations' section including
all of the subheadings (please see below for more information).

Title page
The title page should:

present a title that includes, if appropriate, the study design e.g.:

"A versus B in the treatment of C: a randomized controlled trial", "X is a risk
factor for Y: a case control study", "What is the impact of factor X on subject Y: A
systematic review"

or for non-clinical or non-research studies a description of what the article
reports

list the full names, institutional addresses and email addresses for all authors

if a collaboration group should be listed as an author, please list the Group name
as an author. If you would like the names of the individual members of the Group to be
searchable through their individual PubMed records, please include this information in
the “Acknowledgements” section in accordance with the instructions below

indicate the corresponding author

Abstract

The Abstract should not exceed 350 words. Please minimize the use of
abbreviations and do not cite references in the abstract. Reports of randomized
controlled trials should follow the CONSORT extension for abstracts. The abstract must
include the following separate sections:

Background: the context and purpose of the study

Methods: how the study was performed and statistical tests used

Results: the main findings

Conclusions: brief summary and potential implications

Trial registration: If your article reports the results of a health care intervention
on human participants, it must be registered in an appropriate registry and the
registration number and date of registration should be in stated in this section. If it was
not registered prospectively (before enrollment of the first participant), you should
include the words 'retrospectively registered'. See our editorial policies for more
information on trial registration

Keywords

Three to ten keywords representing the main content of the article.
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Background

The Background section should explain the background to the study, its aims, a
summary of the existing literature and why this study was necessary or its contribution
to the field.

Methods
The methods section should include:

the aim, design and setting of the study

the characteristics of participants or description of materials

a clear description of all processes, interventions and comparisons. Generic drug
names should generally be used. When proprietary brands are used in research, include
the brand names in parentheses

the type of statistical analysis used, including a power calculation if appropriate

Results

This should include the findings of the study including, if appropriate, results of
statistical analysis which must be included either in the text or as tables and figures.

Discussion
This section should discuss the implications of the findings in context of existing
research and highlight limitations of the study.

Conclusions
This should state clearly the main conclusions and provide an explanation of the
importance and relevance of the study reported.

List of abbreviations
If abbreviations are used in the text they should be defined in the text at first use,
and a list of abbreviations should be provided.

Declarations
All manuscripts must contain the following sections under the heading
'Declarations':

Ethics approval and consent to participate

Consent for publication

Availability of data and material

Competing interests

Funding

Authors' contributions

Acknowledgements

Authors' information (optional)

Please see below for details on the information to be included in these sections.

If any of the sections are not relevant to your manuscript, please include the
heading and write 'Not applicable' for that section.

Ethics approval and consent to participate
Manuscripts reporting studies involving human participants, human data or
human tissue must:



92

include a statement on ethics approval and consent (even where the need for
approval was waived)

include the name of the ethics committee that approved the study and the
committee’s reference number if appropriate

Studies involving animals must include a statement on ethics approval.

See our editorial policies for more information.

If your manuscript does not report on or involve the use of any animal or human
data or tissue, please state “Not applicable” in this section.

Consent for publication

If your manuscript contains any individual person’s data in any form (including
any individual details, images or videos), consent for publication must be obtained from
that person, or in the case of children, their parent or legal guardian. All presentations of
case reports must have consent for publication.

You can use your institutional consent form or our consent form if you prefer.
You should not send the form to us on submission, but we may request to see a copy at
any stage (including after publication).

See our editorial policies for more information on consent for publication.

If your manuscript does not contain data from any individual person, please state
“Not applicable” in this section.

Availability of data and materials

All manuscripts must include an ‘Availability of data and materials’ statement.
Data availability statements should include information on where data supporting the
results reported in the article can be found including, where applicable, hyperlinks to
publicly archived datasets analysed or generated during the study. By data we mean the
minimal dataset that would be necessary to interpret, replicate and build upon the
findings reported in the article. We recognise it is not always possible to share research
data publicly, for instance when individual privacy could be compromised, and in such
instances data availability should still be stated in the manuscript along with any
conditions for access.

Data availability statements can take one of the following forms (or a
combination of more than one if required for multiple datasets):

The datasets generated and/or analysed during the current study are available in
the [NAME] repository, [PERSISTENT WEB LINK TO DATASETS]

The datasets used and/or analysed during the current study are available from the
corresponding author on reasonable request.

All data generated or analysed during this study are included in this published
article [and its supplementary information files].

The datasets generated and/or analysed during the current study are not publicly
available due [REASON WHY DATA ARE NOT PUBLIC] but are available from the
corresponding author on reasonable request.

Data sharing is not applicable to this article as no datasets were generated or
analysed during the current study.
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The data that support the findings of this study are available from [third party
name] but restrictions apply to the availability of these data, which were used under
license for the current study, and so are not publicly available. Data are however
available from the authors upon reasonable request and with permission of [third party
name].

Not applicable. If your manuscript does not contain any data, please state 'Not
applicable' in this section.

More examples of template data availability statements, which include examples
of openly available and restricted access datasets, are available here.

BioMed Central also requires that authors cite any publicly available data on
which the conclusions of the paper rely in the manuscript. Data citations should include
a persistent identifier (such as a DOI) and should ideally be included in the reference
list. Citations of datasets, when they appear in the reference list, should include the
minimum information recommended by DataCite and follow journal style. Dataset
identifiers including DOIs should be expressed as full URLs. For example:

Hao Z, AghaKouchak A, Nakhjiri N, Farahmand A. Global integrated drought
monitoring and prediction system (GIDMaPS) data sets. figshare. 2014.
http://dx.doi.org/10.6084/m9.figshare.853801

With the corresponding text in the Availability of data and materials statement:

The datasets generated during and/or analysed during the current study are
available in the [NAME] repository, [PERSISTENT WEB LINK TO
DATASETS].[Reference number]

Competing interests
All financial and non-financial competing interests must be declared in this
section.

See our editorial policies for a full explanation of competing interests. If you are
unsure whether you or any of your co-authors have a competing interest please contact
the editorial office.

Please use the authors initials to refer to each authors' competing interests in this
section.

If you do not have any competing interests, please state "The authors declare that
they have no competing interests" in this section.

Funding

All sources of funding for the research reported should be declared. The role of
the funding body in the design of the study and collection, analysis, and interpretation
of data and in writing the manuscript should be declared.

Authors' contributions
The individual contributions of authors to the manuscript should be specified in
this section. Guidance and criteria for authorship can be found in our editorial policies.
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Please use initials to refer to each author's contribution in this section, for
example: "FC analyzed and interpreted the patient data regarding the hematological
disease and the transplant. RH performed the histological examination of the kidney,
and was a major contributor in writing the manuscript. All authors read and approved
the final manuscript."

Acknowledgements

Please acknowledge anyone who contributed towards the article who does not
meet the criteria for authorship including anyone who provided professional writing
services or materials.

Authors should obtain permission to acknowledge from all those mentioned in
the Acknowledgements section.

See our editorial policies for a full explanation of acknowledgements and
authorship criteria.

If you do not have anyone to acknowledge, please write "Not applicable" in this
section.

Group authorship (for manuscripts involving a collaboration group): if you
would like the names of the individual members of a collaboration Group to be
searchable through their individual PubMed records, please ensure that the title of the
collaboration Group is included on the title page and in the submission system and also
include collaborating author names as the last paragraph of the “Acknowledgements”
section. Please add authors in the format First Name, Middle initial(s) (optional), Last
Name. You can add institution or country information for each author if you wish, but
this should be consistent across all authors.

Please note that individual names may not be present in the PubMed record at
the time a published article is initially included in PubMed as it takes PubMed
additional time to code this information.

Authors' information
This section is optional.

You may choose to use this section to include any relevant information about the
author(s) that may aid the reader's interpretation of the article, and understand the
standpoint of the author(s). This may include details about the authors' qualifications,
current positions they hold at institutions or societies, or any other relevant background
information. Please refer to authors using their initials. Note this section should not be
used to describe any competing interests.

Endnotes

Endnotes should be designated within the text using a superscript lowercase
letter and all notes (along with their corresponding letter) should be included in the
Endnotes section. Please format this section in a paragraph rather than a list.

References
Examples of the Vancouver reference style are shown below.
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See our editorial policies for author guidance on good citation practice

Web links and URLs: All web links and URLs, including links to the authors'
own websites, should be given a reference number and included in the reference list
rather than within the text of the manuscript. They should be provided in full, including
both the title of the site and the URL, as well as the date the site was accessed, in the
following format: The Mouse Tumor Biology Database.
http://tumor.informatics.jax.org/mtbwi/index.do. Accessed 20 May 2013. If an author or
group of authors can clearly be associated with a web link, such as for weblogs, then
they should be included in the reference.

Example reference style:

Article within a journal

Smith JJ. The world of science. Am J Sci. 1999;36:234-5.

Article within a journal (no page numbers)

Rohrmann S, Overvad K, Bueno-de-Mesquita HB, Jakobsen MU, Egeberg R,
Tjenneland A, et al. Meat consumption and mortality - results from the European
Prospective Investigation into Cancer and Nutrition. BMC Medicine. 2013;11:63.

Article within a journal by DOI

Slitka MK, Whitton JL. Clinical implications of dysregulated cytokine
production. Dig J Mol Med. 2000; doi:10.1007/s801090000086.

Article within a journal supplement

Frumin AM, Nussbaum J, Esposito M. Functional asplenia: demonstration of
splenic activity by bone marrow scan. Blood 1979;59 Suppl 1:26-32.

Book chapter, or an article within a book

Wyllie AH, Kerr JFR, Currie AR. Cell death: the significance of apoptosis. In:
Bourne GH, Danielli JF, Jeon KW, editors. International review of cytology. London:
Academic; 1980. p. 251-306.

OnlineFirst chapter in a series (without a volume designation but with a DOI)

Saito Y, Hyuga H. Rate equation approaches to amplification of enantiomeric
excess and  chiral symmetry  breaking. Top  Curr Chem. 2007.
doi:10.1007/128 2006 108.

Complete book, authored

Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a guide to the
management of common illness. 3rd ed. Oxford: Blackwell Science; 1998.

Online document
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Doe J. Title of subordinate document. In: The dictionary of substances and their
effects. Royal Society of Chemistry. 1999. http://www.rsc.org/dose/title of subordinate
document. Accessed 15 Jan 1999.

Online database

Healthwise = Knowledgebase. @~ US  Pharmacopeia, = Rockville.  1998.
http://www.healthwise.org. Accessed 21 Sept 1998.

Supplementary material/private homepage

Doe J. Title of supplementary material. 2000. http://www.privatehomepage.com.
Accessed 22 Feb 2000.

University site

Doe, J: Title of preprint. http://www.uni-heidelberg.de/mydata.html (1999).
Accessed 25 Dec 1999.

FTP site

Doe, J: Trivial HTTP, RFC2169. ftp://ftp.isi.edu/in-notes/rfc2169.txt (1999).
Accessed 12 Nov 1999.

Organization site

ISSN International Centre: The ISSN register. http://www.issn.org (2006).
Accessed 20 Feb 2007.

Dataset with persistent identifier

Zheng L-Y, Guo X-S, He B, Sun L-J, Peng Y, Dong S-S, et al. Genome data
from sweet and grain sorghum (Sorghum bicolor). GigaScience Database. 2011.
http://dx.doi.org/10.5524/100012.

Figures, tables and additional files

Preparing figures
Back to top
When preparing figures, please follow the formatting instructions below.

Tables should NOT be submitted as figures but should be included in the main
manuscript file.

Multi-panel figures (those with parts a, b, ¢, d etc.) should be submitted as a
single composite file that contains all parts of the figure.

Figures should be numbered in the order they are first mentioned in the text, and
uploaded in this order.

Figures should be uploaded in the correct orientation.

Figure titles (max 15 words) and legends (max 300 words) should be provided in
the main manuscript, not in the graphic file.
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Figure keys should be incorporated into the graphic, not into the legend of the
figure.

Each figure should be closely cropped to minimize the amount of white space
surrounding the illustration. Cropping figures improves accuracy when placing the
figure in combination with other elements when the accepted manuscript is prepared for
publication on our site. For more information on individual figure file formats, see our
detailed instructions.

Individual figure files should not exceed 10 MB. If a suitable format is chosen,
this file size is adequate for extremely high quality figures.

Please note that it is the responsibility of the author(s) to obtain permission from
the copyright holder to reproduce figures (or tables) that have previously been published
elsewhere. In order for all figures to be open access, authors must have permission from
the rights holder if they wish to include images that have been published elsewhere in
non open access journals. Permission should be indicated in the figure legend, and the
original source included in the reference list.

Figure file types

We accept the following file formats for figures:

EPS (suitable for diagrams and/or images)

PDF (suitable for diagrams and/or images)

Microsoft Word (suitable for diagrams and/or images, figures must be a single
page)

PowerPoint (suitable for diagrams and/or images, figures must be a single page)

TIFF (suitable for images)

JPEG (suitable for photographic images, less suitable for graphical images)

PNG (suitable for images)

BMP (suitable for images)

CDX (ChemDraw - suitable for molecular structures)

For information and suggestions of suitable file formats for specific figure types,
please see our author academy.

Figure size and resolution
Figures are resized during publication of the final full text and PDF versions to
conform to the BioMed Central standard dimensions, which are detailed below.

Figures on the web:

width of 600 pixels (standard), 1200 pixels (high resolution).
Figures in the final PDF version:

width of 85 mm for half page width figure

width of 170 mm for full page width figure

maximum height of 225 mm for figure and legend

image resolution of approximately 300 dpi (dots per inch) at the final size

Figures should be designed such that all information, including text, is legible at
these dimensions. All lines should be wider than 0.25 pt when constrained to standard
figure widths. All fonts must be embedded.

Figure file compression

Vector figures should if possible be submitted as PDF files, which are usually
more compact than EPS files.
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TIFF files should be saved with LZW compression, which is lossless (decreases
file size without decreasing quality) in order to minimize upload time.

JPEG files should be saved at maximum quality.

Conversion of images between file types (especially lossy formats such as
JPEG) should be kept to a minimum to avoid degradation of quality.

If you have any questions or are experiencing a problem with figures, please
contact the customer service team at info@biomedcentral.com.

Preparing tables
Back to top
When preparing tables, please follow the formatting instructions below.

Tables should be numbered and cited in the text in sequence using Arabic
numerals (i.e. Table 1, Table 2 etc.).

Tables less than one A4 or Letter page in length can be placed in the appropriate
location within the manuscript.

Tables larger than one A4 or Letter page in length can be placed at the end of the
document text file. Please cite and indicate where the table should appear at the relevant
location in the text file so that the table can be added in the correct place during
production.

Larger datasets, or tables too wide for A4 or Letter landscape page can be
uploaded as additional files. Please see [below] for more information.

Tabular data provided as additional files can be uploaded as an Excel
spreadsheet (.xIs ) or comma separated values (.csv). Please use the standard file
extensions.

Table titles (max 15 words) should be included above the table, and legends
(max 300 words) should be included underneath the table.

Tables should not be embedded as figures or spreadsheet files, but should be
formatted using ‘Table object’ function in your word processing program.

Color and shading may not be used. Parts of the table can be highlighted using
superscript, numbering, lettering, symbols or bold text, the meaning of which should be
explained in a table legend.

Commas should not be used to indicate numerical values.

If you have any questions or are experiencing a problem with tables, please
contact the customer service team at info@biomedcentral.com.

Preparing additional files

Back to top

As the length and quantity of data is not restricted for many article types, authors
can provide datasets, tables, movies, or other information as additional files.

All Additional files will be published along with the accepted article. Do not
include files such as patient consent forms, certificates of language editing, or revised
versions of the main manuscript document with tracked changes. Such files, if
requested, should be sent by email to the journal’s editorial email address, quoting the
manuscript reference number. Please do not send completed patient consent forms
unless requested.

Results that would otherwise be indicated as "data not shown" should be
included as additional files. Since many web links and URLs rapidly become broken,
BioMed Central requires that supporting data are included as additional files, or
deposited in a recognized repository. Please do not link to data on a
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personal/departmental website. Do not include any individual participant details. The
maximum file size for additional files is 20 MB each, and files will be virus-scanned on
submission. Each additional file should be cited in sequence within the main body of
text.

If additional material is provided, please list the following information in a
separate section of the manuscript text:

File name (e.g. Additional file 1)

File format including the correct file extension for example .pdf, .xls, .txt, .pptx
(including name and a URL of an appropriate viewer if format is unusual)

Title of data

Description of data

Additional files should be named "Additional file 1" and so on and should be
referenced explicitly by file name within the body of the article, e.g. 'An additional
movie file shows this in more detail [see Additional file 1]".

For further guidance on how to use Additional files or recommendations on how
to present particular types of data or information, please see How to use additional files.

4.2 Anexo 2

Normas de publicagdo da Veterinary Research.

Submission Guidelines

Preparing your manuscript

Length of article

The length of research articles should not exceed 35 pages. The journal allows a
maximum of 70 references for research articles.

Title page
The title page should:

present a title that includes, if appropriate, the study design

list the full names, institutional addresses and email addresses for all authors

if a collaboration group should be listed as an author, please list the Group name
as an author. If you would like the names of the individual members of the Group to be
searchable through their individual PubMed records, please include this information in
the “Acknowledgements” section in accordance with the instructions below

indicate the corresponding author

Abstract

The Abstract should not exceed 250 words

Keywords
Three to ten keywords representing the main content of the article.

Introduction
The Introduction section should be written in a way that is accessible to
researchers without specialist knowledge in that area and must clearly state - and, if
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helpful, illustrate - the background to the research and its aims. The section should end
with a brief statement of what is being reported in the article.

Materials and methods
The Materials and methods section should include:

the aim, design and setting of the study

the characteristics of participants or description of materials

a clear description of all processes, interventions and comparisons. Generic
names should generally be used. When proprietary brands are used in research, include
the brand names in parentheses

the type of statistical analysis used, including a power calculation if appropriate

Results

This section should describe the outcome of the study. Data should be presented
as concisely as possible, if appropriate in the form of tables or figures.

Discussion
The Discussion should be an interpretation of the results and their significance
with reference to work by other authors.

Declarations

List of abbreviations

If abbreviations are used in the text they should be defined in the text at first use,
and a list of abbreviations should be provided.

Ethics approval and consent to participate
Manuscripts reporting studies involving human participants, human data or
human tissue must:

include a statement on ethics approval and consent (even where the need for
approval was waived)

include the name of the ethics committee that approved the study and the
committee’s reference number if appropriate

Studies involving animals must include a statement on ethics approval.

See our editorial policies for more information.

If your manuscript does not report on or involve the use of any animal or human
data or tissue, this section is not applicable to your submission. Please state “Not
applicable” in this section.

Consent for publication

If your manuscript contains any individual person’s data in any form (including
individual details, images or videos), consent to publish must be obtained from that
person, or in the case of children, their parent or legal guardian. All presentations of
case reports must have consent to publish. You can use your institutional consent form
or our consent form if you prefer. You should not send the form to us on submission,
but we may request to see a copy at any stage (including after publication).

See our editorial policies for more information on consent for publication.



101

If your manuscript does not contain any individual persons data, please state
“Not applicable” in this section.

Availability of data and materials

For all journals, BioMed Central strongly encourages all datasets on which the
conclusions of the manuscript rely to be either deposited in publicly available
repositories (where available and appropriate) or presented in the main paper or
additional supporting files, in machine-readable format (such as spreadsheets rather than
PDFs) whenever possible. Please see the list of recommended repositories in our
editorial policies.

For some journals, deposition of the data on which the conclusions of the
manuscript rely is an absolute requirement. Please check the Criteria section for this
article type (located at the top of this page) for journal specific policies.

For all journals, authors must include an “Availability of data and materials”
section in their article detailing where the data supporting their findings can be found. If
you do not wish to share your data, please state that data will not be shared, and state
the reason.

For information on how to cite your data and format this section, see preparing
your manuscript.

Competing interests

All financial and non-financial competing interests must be declared in this
section. See our editorial policies for a full explanation of competing interests. If you
are unsure whether you or any of your co-authors have a competing interest please
contact the editorial office.

Funding

All sources of funding for the research reported should be declared. The role of
the funding body in the design of the study and collection, analysis, and interpretation
of data and in writing the manuscript should be declared.

Authors' contributions
The individual contributions of authors to the manuscript should be specified in
this section. Guidance and criteria for authorship can be found in our editorial policies.

Acknowledgements

Please acknowledge anyone who contributed towards the article who does not
meet the criteria for authorship including anyone who provided professional writing
services or materials.

Authors should obtain permission to acknowledge from all those mentioned in
the Acknowledgements section.

See our editorial policies for a full explanation of acknowledgements and
authorship criteria.

Group authorship: if you would like the names of the individual members of a
collaboration group to be searchable through their individual PubMed records, please
ensure that the title of the collaboration group is included on the title page and in the
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submission system and also include collaborating author names as the last paragraph of
the “Acknowledgements” section. Please add authors in the format First Name, Middle
initial(s) (optional), Last Name. You can add institution or country information for each
author if you wish, but this should be consistent across all authors.

Please note that individual names may not be present in the PubMed record at
the time a published article is initially included in PubMed as it takes PubMed
additional time to code this information.

Authors' information

You may choose to use this section to include any relevant information about the
author(s) that may aid the reader's interpretation of the article, and understand the
standpoint of the author(s). This may include details about the authors' qualifications,
current positions they hold at institutions or societies, or any other relevant background
information. Please refer to authors using their initials. Note this section should not be
used to describe any competing interests.

Endnotes

Endnotes should be designated within the text using a superscript lowercase
letter and all notes (along with their corresponding letter) should be included in the
Endnotes section. Please format this section in a paragraph rather than a list.

References
See our editorial policies for author guidance on good citation practice.

All references, including URLs, must be numbered consecutively, in square
brackets, in the order in which they are cited in the text, followed by any in tables or
legends. Each reference must have an individual reference number. Please avoid
excessive referencing. The journal allows a maximum of 70 references for Research
articles. If automatic numbering systems are used, the reference numbers must be
finalized and the bibliography must be fully formatted before submission.

Only articles and abstracts that have been published or are in press, or are
available through public e-print/preprint servers, may be cited; unpublished abstracts,
unpublished data and personal communications should not be included in the reference
list, but may be included in the text and referred to as "unpublished observations" or
"personal communications" giving the names of the involved researchers. Obtaining
permission to quote personal communications and unpublished data from the cited
colleagues is the responsibility of the author. Footnotes are not allowed, but endnotes
are permitted. Journal abbreviations follow Index Medicus/MEDLINE. Citations in the
reference list should include all named authors, up to the first 30 before adding 'et al."..

Any in press articles cited within the references and necessary for the reviewers'
assessment of the manuscript should be made available if requested by the editorial
office.

Examples of the Veterinary Research reference style are shown below. Please
ensure that the reference style is followed precisely; if the references are not in the
correct style they may have to be retyped and carefully proofread.

For authors using EndNote, below is the output style that supports the formatting
of in-text citations and reference list.
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EndNote: SpringerBasicNumber

Authors may wish to make use of reference management software to ensure that
reference lists are correctly formatted. An example of such software is Papers, which is
part of Springer Science+Business Media.

Examples of the Veterinary Research reference style

Article within a journal

Mihovilovic MD, Leisch HG, Mereiter K (2004) Microwave-mediated
intramolecular Diels-Alder cyclization of biodihydroxylated benzoic acid derivatives.
Tetrahedron Lett 45:7087-7090

Article within a journal supplement
Fubini B (1997) Surface reactivity in the pathogenic response to particulates.
Environ Health Perspect 105(Suppl 5):1013-1020

In press article

Van Damme S, Langenaeker W, Bultinck P (2012) Prediction of Blood-brain
partitioning: a model based on ab initio calculated quantum chemical descriptors.
Journal of Molecular graphics and modeling, in press

Published abstract

Herres-Pawlis S, Haase R, Bienemann O (2011) Dissecting the role of guanidine
copper complexes in atom transfer radical polymerization by density functional theory
[abstract] J Cheminf 3(Suppll):P28

Article within conference proceedings

Schurath U, Wipprecht V (1980) Reactions of peroxiacyl radicals. In: Versino B,
Ott H (eds) Proceedings of the 1st European Symposium on the Physico-Chemical
Behavior of Atmospheric Pollutants, Ispra, October 1979. Commission of the European
Communities, pp 157-166.

Book chapter, or article within a book
Ellis GP (1977) The chemistry of heterocyclic compounds. In: Weissberger A,
Taylor ECE (eds) Chromene, Chromanes and Chromone, Volume 2. Wiley, New York

Whole issue of journal
Weckhuysen B (Ed) (2010) In-situ characterisation of heterogeneous catalysts.
Chem Soc Rev 39:4541-5072
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Figure size and resolution
Figures are resized during publication of the final full text and PDF versions to
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additional file. Please see the section below for more information.

Tabular data provided as additional files can be uploaded as an Excel
spreadsheet (.xIs ) or comma separated values (.csv). Please use the standard file
extensions.
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Commas should not be used to indicate numerical values.
If you have any questions or are experiencing a problem with tables, please
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As the length and quantity of data is not restricted for many article types, authors
can provide datasets, tables, movies, or other information as additional files.

All Additional files will be published along with the accepted article. Do not
include files such as patient consent forms, certificates of language editing, or revised
versions of the main manuscript document with tracked changes. Such files, if
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