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A Esclerose mudltipla (EM) € uma doengca autoimune complexa, pois varios processos
fisiopatoldgicos, incluindo inflamacdo, desmielinizacdo, lesdo axonal e mecanismos de
reparo estdo envolvidos em seu aparecimento. Atinge o sistema nervoso central (SNC),
podendo afetar tanto o encéfalo quanto a medula. Pesquisas tém demonstrado que
alteracdes na resposta imune e a presenga dos eventos pro-inflamatoérios, poderiam levar ao
surgimento da patologia e dos surtos na EM. Nesse contexto, torna-se importante o estudo
das enzimas colinesterases, tais como: acetilcolinesterase (AChE) e butirilcolinesterase
(BChE), bem como dos biomarcadores inflamatérios e nucleotideos e nucleosideos de
adenina e da enzima adenosina desaminase (ADA) na EM, pois todos estes parametros
estdo envolvidos na regulagcdo do sistema imune e nos processos pré e/ou anti-
inflamatérios. Assim, o objetivo deste estudo foi verificar a atividade da AChE em linf4citos e
sangue total bem como a atividade das enzimas BChE e ADA e os niveis da IL-1, IL-6, IL-10,
IFN-y, TNF-a e proteina C-reativa (CRP) em soro. Adicionalmente, foram avaliados também
os niveis de ATP, ADP, AMP, adenosina, inosina, hipoxantina e acido urico em individuos
saudaveis e no soro de pacientes com a forma remitente-recorrente da EM (RREM). Os
resultados obtidos demonstraram um aumento na atividade da AChE em linfécitos assim
como em sangue total e da BChE em soro de pacientes quando comparados com individuos
saudaveis (P<0.05). Também, foi observado em soro, um aumento nos niveis da IL-1, IL-6,
IFN-y, TNF-a e proteina C-reativa e uma diminuicdo na IL-10, em pacientes com RREM
guando comparados com o grupo controle. Outra constatacdo importante foi o aumento da
atividade da ADA em soro nos pacientes com RREM, em comparagdo com o grupo controle.
Além disso, os resultados das andlises dos nucleotideos em soro demonstraram que 0s
niveis de ADP, AMP, adenosina foram aumentados em portadores de RREM, enquanto que
os niveis de ATP foram diminuidos nesse grupo. Os resultados descritos aqui sugerem que
a atividade das colinesterases, e os biomarcadores inflamatérios e purinérgicos estédo
alterados em pacientes com RREM, sugerindo assim uma resposta inflamatéria exacerbada.
Esses achados poderdo ser Uteis para ampliar a janela terapéutica para o tratamento e
monitoramento desta doenca.

Palavras-chave: Esclerose multipla. Colinesterases. Adenosina desaminase. Inflamacao.
Citocinas. Nucleotideos.
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Multiple sclerosis (MS) is an autoimmune disease complex, since several pathophysiological
processes, including inflammation, demyelination, axonal damage and repair mechanisms
are involved in its emergence. It attacks the central nervous system (CNS) and may affect
both brain and bones. Researches have shown that changes in the immune response and
the presence of pro-inflammatory events may lead to the emergence of pathologies and
relapses in the MS. In this context, it becomes important to study cholinesterase enzymes
such as acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) as well as the
inflammatory biomarkers and nucleotides and nucleosides of adenine and adenosine
deaminase (ADA) because all these parameters are involved in regulating the immune
system and pro- and/or anti-inflammatory processes. Thus, the objective of this study was to
verify the AChE activity in lymphocytes and whole blood as well as the activity of BChE and
ADA enzymes and the levels of IL-1, IL-6, IL-10, IFN-y, TNF-a and C-reactive protein (CRP)
in serum. Additionally, we evaluated the levels of ATP, ADP, AMP, adenosine, inosine,
hypoxanthine, and uric acid in healthy subjects and in the serum of patients with the
relapsing-remitting form of MS (RRMS). Results showed a significant increase in the AChE
activity in lymphocytes as well as whole blood and serum BChE in patients compared with
healthy subjects (P <0.05). Also, we observed an increase in serum levels of IL-1, IL-6, IFN-
Y, TNF-a and C-reactive protein (CRP) and a decrease in IL-10 in patients with RRMS when
compared to the control group. Another important finding was the increased ADA activity in
serum in patients with RRMS compared to the control group. Furthermore, results of the
nucleotide analysis in serum showed that the levels of ADP, AMP and adenosine were
increased in carries of RRMS, whereas ATP levels were decreased in this group. The results
described here suggest that the cholinesterase activity, biomarkers and purinergic
inflammatory are altered in patients with RRMS, suggesting thus an exacerbated
inflammatory response. These findings may be useful to extend the therapeutic window for
the treatment and monitoring of this disease.

Keywords: Multiple Sclerosis. Cholinesterases. Adenosine deaminase. Inflammation.
Cytokines. Nucleotides.
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APRESENTACAO

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a
forma de um manuscrito, o qual se encontra no item Manuscrito. As se¢bes Materiais
e Métodos, Resultados, Discussdo e Referéncias encontram-se no proprio
manuscrito e representam a integra deste estudo.

O item Conclusdes encontra-se no final desta dissertacdo e apresenta
interpretacfes e comentarios gerais sobre o manuscrito contido neste trabalho.

As referéncias referem-se somente as citacbes que aparecem no item
Introducao desta dissertacao.

O manuscrito esta estruturado de acordo com as normas para a publicacédo da
revista cientifica Journal of Neurology.



1 INTRODUCAO

Na maioria dos neurbnios, a passagem do impulso nervoso necessita da
presenca da bainha de mielina, para que ocorra o processamento da informacao, e
assim, as tarefas impostas ao individuo, possam ser executadas corretamente. A
bainha de mielina facilita a condu¢do do impulso nervoso, através do aumento da
velocidade do impulso elétrico, pela conducdo “saltatéria”, gerando assim, uma
comunicacdo rapida entre sistema nervoso central (SNC) e o restante do corpo
(CASTRO; BRIBIAN; ORTEGA, 2013). Essa estrutura membranosa € sintetizada
pelos oligodendrécitos presente no SNC e pelas células de Schwann no sistema
nervoso periférico (SNP).

No entanto, pode ocorrer um comprometimento nesta homeostase do sistema
nervoso, em um processo conhecido como desmielinizacdo (Figura 1), o qual é
caracterizado por danos ou perda da bainha de mielina que reveste os axonios,
geralmente acompanhada de infiltracdo perivascular de linfocitos, glébulos
vermelhos e células mononucleares (PEIREIRA et al., 1996). Sédo referidas como
doencas desmielinizantes, as patologias que causam danos ou destruicdo das
bainhas de mielina no SNC e SNP (BUTTMANN; KAVERI; HARTUNG, 2013). Dentre
estas doencas que provocam desmielinizacdo no SNC, em humanos, destaca-se a

esclerose mdltipla (EM).

Células do sistema imune
atacando a bainha de

hY
‘.ﬁ
“éj\ mielina

Desmielinizacio

Figura 1 — Representacdo da bainha de mielina normal e apdés o processo de
desmielinizacédo (Adaptado de MALONI, 2013).


http://www.ncbi.nlm.nih.gov/pubmed?term=Buttmann%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23791035
http://www.ncbi.nlm.nih.gov/pubmed?term=Maloni%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=23454903
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As primeiras descri¢cdes clinico-patologicas da EM tiveram inicio em 1858,
com Jean Charcot, que realizou uma tentativa inicial de critérios diagnosticos para
esta doenca, e a chamou primeiramente de “esclerose em placas disseminadas”.
Mais tarde esta foi descrita como “esclerose disseminada” e somente, na década de
1960 ficou conhecida como “esclerose multipla®” (GAFSON; GIOVANNONI;
HAWKES, 2012). As palavras escolhidas para caracterizar a doenca foram
escolhidas devido as multiplas areas de cicatrizacdo (esclerose) que representam
varios focos de desmielinizacdo no SNC. Assim deram-se prosseguimento a varios
estudos, e apenas em 1949, Elvin Kabat confirmou que havia um componente
imunoldgico nesta doenca, através da deteccdo do aumento de imunoglobulinas no
liquor de pacientes (MOREIRA et al., 2002).

A EM ¢é uma desordem desmielinizante e neurodegenerativa
(KOUTSOURAKI; COSTA; BALOYANNIS, 2010), sendo a principal doenca de
carater inflamatério que afeta o SNC (REYNOLDS et al., 2011). Representa a causa
mais comum de incapacidade neuroldgica crénica ndo traumatica em adultos jovens,
gerando assim, grande impacto econémico a sociedade, pois, muitas vezes estes
individuos em plena idade economicamente ativa, acabam afastando-se de suas
atividades laborais (REIPERT, 2004; JORDY; TILBERY; FAZZITO, 2008; HASSAN-
SMITH; DOUGLAS, 2011; ELLIS; MOTL, 2013).

Além disso, € considerada uma doenca autoimune, caracterizada por
neuroinflamacédo e neurodegeneracdo no SNC (DARVESH et al., 2010; KIPP; STAR;
VOGEL, 2012). Ocorre agregacdo de multiplas placas de desmielinizacdo na
substancia branca encefalica e medular (GEURTS; BARKHOF, 2008), que levam a
perda multifocal de mielina e destruicdo de axénios (BRUCK, 2005; COMPSTON;
COLES, 2008), podendo atingir o encéfalo e a medula espinhal. Esta patologia
apresenta episodios repetidos de disfuncdo neurolégica com remissao variavel
(COSTA et al., 2005).

De acordo com a World Health Organization (WHO, 2008) a incidéncia media
de EM no mundo € 2,5/100.000 habitantes e a prevaléncia € 30/100.000 habitantes.
Estudos estimam que haja em torno de 2 a 2.5 milhdes de casos de EM no mundo,
entretanto, a incidéncia é maior em populacbes que residem em areas de clima
temperado (JORDY; TILBERY; FAZZITO, 2008) e maiores latitudes, como, por
exemplo, o Canada, os Estados Unidos, a Escécia e a Suécia (MILO; KAHANA,
2010; DOBSON; GIOVANNONI; RAMAGOPALAN, 2013), sugerindo que a
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localizacdo geogréfica possui um papel importante na susceptibilidade a doenca
(KURTZKE, 2000).

No Brasil, a prevaléncia da EM, também apresenta grandes variacdes entre
as regides, sendo mais frequente no sul e sudeste do pais do que no norte e
nordeste (CARDOSO et al., 2006). Esta diferenca é de aproximadamente 1,36 casos
por 100.000 habitantes nas areas equatoriais (FERREIRA et al., 2004) para 12,5 por
100.000 habitantes no sudeste (RIBEIRO et al.,, 2011). Além disso, pesquisas
recentes tém evidenciado que individuos que nascem na primavera brasileira sdo
mais propensos ao desenvolvimento desta patologia. Sendo que essa predisposi¢cao
pode ser resultante da baixa exposi¢cdo a luz solar durante os periodos criticos da
gestacdo, com consequente deficiéncia de vitamina D, a qual auxilia ha modulacao
do sistema imune (WILLER et al.,, 2005; BECKER et al., 2013). Conforme
Finkelsztejn et al. (2009), o estado do Rio Grande do Sul é o segundo em numeros
de internacdes hospitalares para o tratamento desta doenca.

A EM afeta adultos jovens na faixa etaria de 20 - 40 anos sendo a incidéncia
maior no sexo feminino e na raca branca (HENRIKSEN; SORENSEN, 2011;
TROJANO et al.,, 2012). E menor a incidéncia na raca negra (MARRIE, 2011),
entretanto, pesquisas recentes relatam uma progressao mais exacerbada da doenca
em individuos afro-descendente (FERREIRA et al., 2010). Além disso, cabe ressaltar
gue a EM também vem sendo diagnosticada em criancas e adolescentes (NESS et
al., 2007) demonstrando assim, que podem haver outros fatores relacionados com o
aparecimento desta doenca, como influéncia hormonal e genética (BANWELL et al.,
2007).

Clinicamente, o individuo com EM pode apresentar uma variedade de sinais e
sintomas neuroldgicos e o curso da doenca, € bastante variavel (LASSMAN, 2005),
dependente da forma de EM e dos locais de lesbes no SNC (KOUTSOURAKI,
COSTA; BALOYANNIS, 2010). E comum aparecerem sintomas como: fadiga
muscular crénica, espasticidade, visdo dupla, além de déficits cognitivos, disfuncéao
vesical e intestinal, dentre outras alteragdes (DeBOLT; McCUBBIN, 2004; KES et al.,
2013). Entretanto, os sintomas mais comuns sao déficits motores (fraqueza, fadiga e
falta de equilibrio) e sensitivos (hipoestesias ou anestesias), alteracdes visuais e
esfincterianas (BEN-ZACHARIA, 2011).

Segundo Callegaro et al. (2001), ap6s 10 anos do inicio dos sintomas, 50%

dos pacientes poderdo estar inaptos para realizarem atividades profissionais e até
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mesmo, domésticas. Neste contexto, alguns estudos tém associado a degeneracao
axonal como determinante para o surgimento dessas incapacidades (CORREALE;
MELI; YSRRAELIT, 2006). De acordo com a sintomatologia e achados clinicos,
existem quatro diferentes subtipos conhecidos para a EM: forma remitente-
recorrente, forma progressiva secundaria, forma progressiva primaria e a
progressiva-recorrente (Figura 2) (Das UN, 2012; MALONI, 2013).

A maioria dos pacientes, cerca de 80% dos casos (NOSEWORTHY et al.,
2000; STUVE; OKSENBERG, 2010), inicia seu quadro clinico com a forma
remitente-recorrente, também conhecida como surto remissdo, caracterizada por
episédios de desmielinizacdo com episddios agudos de disfuncdo neurolégica,
seguidos por periodos de remielinizacdo com remissdo parcial ou completa dos
sintomas e estabilidade clinica entre as recidivas (CONFAVREUX et al., 2000;
REIPERT, 2004). Com o passar do tempo, a remielinizagdo torna-se menos
frequente e a forma remitente-recorrente de EM (RREM) transforma-se na forma
progressiva secundaria, comprometendo axbénios e levando a um aumento
irreversivel dos déficits neurologicos (BJARTMAR; WUJEK; TRAPP, 2003). Alguns
pacientes, no entanto, desde o inicio da doenca manifestam sinais neurolégicos
progressivos, 0s quais caracterizam a forma progressiva primaria da EM (REIPERT,
2004). J& a progressiva-recorrente é a forma menos frequente entre os pacientes e
caracteriza-se por ser mais agressiva, uma vez que, 0S sinais e sintomas
neuroldgicos nao regridem. Sendo assim, ha um declinio das habilidades fisicas dos

pacientes ao longo do tempo (SEIXAS et al., 2009).
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Figura 2 — Formas de esclerose multipla (Adaptado de MALONI, 2013).

O diagnéstico e a classificacdo do subtipo clinico em que o paciente se
enquadra sao de dificil preciséo, por conseguinte, baseados em diversos parametros
como: achados clinicos referente as lesdes, analise de fluido cérebro-espinhal,
histérico do paciente e, estudos de imagem como a ressonancia magnética de cranio
e medula, um método ndo invasivo, bastante sensivel para deteccdo de lesdes no
SNC (WAKERLEY; NICHOLAS; MALIK, 2008; FILIPPI; ROCCA, 2013).

Essa possivel dificuldade na obtencdo do diagndstico advém da caracteristica
“flutuante” da doenca, pois os sintomas surgem e muitas vezes desaparecem, com
sinais neurolégicos intermitentes. Assim, em alguns casos outros exames podem ser
requeridos pelos neurologistas. Dentre eles, a verificacdo dos potenciais evocados,
no qual ocorre o registro das respostas elétricas no encéfalo apds diferentes
estimulos exteroceptivos. Sendo que em individuos com EM observa-se uma
resposta mais lenta ou blogueada apdés estes estimulos, devido ao
comprometimento na conduco dos sinais nervosos (FERNANDEZ et al., 2012).

E neste cenario que Vvarios critérios vém sendo propostos para o diagnéstico
desta doenca desmielinizante, tendo iniciado com Charcot, através de analises de
uma série de casos (MINGUETTI, 2001). Atualmente, o padrdao adotado para
estudos clinicos sdo os critérios de McDonald, propostos em 2001, mas com
algumas retificacdes em 2010, que visam um diagnostico mais rapido, com maior
especificidade e sensibilidade (POLMAN et al., 2011).
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Ressalta-se, ainda, que, a EM apresenta um curso, geralmente episddico com
frequentes intervalos de exacerbacdes seguidos por periodos de remissdes, assim,
apresenta uma evolucdo variavel e imprevisivel (VAN HORSSEN et al., 2011).
Entretanto, a literatura mostra que quando as recidivas tornam-se mais frequentes
em pacientes com a RREM, ha um aumento de suas incapacidades (LUBLIN;
BAIER; CUTTER, 2003). Mesmo com os déficits que se estabelecem, no decorrer
dos anos, nos portadores de EM, estudos apontam uma expectativa de vida de
aproximadamente 35 anos de vida, apés o diagnostico. No entanto, a maioria desses
individuos morre cerca de 5 a 10 anos mais cedo que a populacdo em geral (RUNIA,;
VAN PELT-GRAVESTEIJN; HINTZEN, 2012).

Apesar dos investimentos em pesquisas com novos tratamentos para a EM, a
sua cura ainda nao foi encontrada. Assim, os sintomas desta doenca séao
minimizados utilizando-se medidas farmacolégicas, bem como, ndo farmacolégicas,
tais como: reabilitacdo, alteragdes no estilo de vida e suporte psicossocial (BEN-
ZACHARIA, 2011). Por conseguinte, o objetivo principal do tratamento € prevenir a
progressdo da doenca, como também, o acumulo de incapacidades motoras,
cognitivas e sensitivas (COMPSTON, 2004).

O tratamento padréo para as recidivas da EM em pacientes com a RREM
visando uma recuperacédo rapida e eficaz nos momentos de recaidas (surtos), € o
uso de glicocorticéides, dentre eles, a metilprednisolona intravenosa é a mais
utilizada (ZIVADINOV et al., 2008). A administracdo desta droga € realizada atraves
de pulsos ciclicos e a mesma, possui diversos mecanismos de acdo (MOREIRA et
al., 2002), podendo inibir a proliferacdo de células T e a producdo de citocinas
(TISCHNER; REICHARDT, 2007).

A primeira linha de terapia para o tratamento continuo dos pacientes com a
RREM é realizada atraveés de administracdo de drogas imunomoduladoras, também
conhecidas como modificadoras da doenca, dentre estas pode-se citar: o interferon
beta (IFN-B) e acetato de glatiramer, para 0s quais existem varios nomes comerciais.
Esses medicamentos sdo adotados por serem considerados modificadores da
doenca, pois induzem a remissédo ou controle da EM, desse modo, retardam a sua
progressdo (McGRAW,; LUBLIN, 2013). Estudos demonstram que, na maioria dos
casos, ambos os tratamentos, sdo bem tolerados e eficazes (POHL et al., 2007). Em
relacédo aos interferons (IFNs), esses séo citocinas que ocorrem naturalmente, e que

possuem propriedades anti-inflamatorias. Neste sentido, o IFN-B € uma forma
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recombinante destas citocinas, utilizado para modular a resposta inflamatoria,
inibindo agentes pro-inflamatérios e aumentando mediadores anti-inflamatorios
(KIESER, 2011). Ja, o acetato de glatramer é uma combinacdo de quatro
polipeptideos sintéticos (L-acido glutamico, L-alanina, L-tirosina e L-lisina) que
mimetizam a proteina basica de mielina, um dos principais componentes da bainha
de mielina (KALA; MIRAVALLE; VOLLMER, 2011). Esta droga foi criada para
competir com a proteina basica de mielina pela ligacdo ao complexo principal de
histocompatibilidade, sendo capaz de afastar essa proteina das células
apresentadoras de antigeno (SCHREMPF; ZIEMSSEN, 2007).

Observando a crescente incidéncia da EM, alguns estudos tém divergido
guanto a eficacia das terapias convencionais adotadas, como IFN-B e acetato de
glatiramer, alegando que estes farmacos ndo estdo sendo eficazes para o
tratamento desta desordem desmielinizante, pois, em muitos casos ndo conseguem
controlar os linfocitos autorreativos (MOHYEDDIN BONAB et al., 2013).

Vale ressaltar, que 0s aspectos etiologicos desta doenca ainda constituem o
principal alvo de exaustivos estudos. Entretanto, a hipétese patogénica mais aceita é
que a mesma seja oriunda de uma predisposicdo genética associada a um fator
ambiental desconhecido que, ao se apresentarem num mesmo individuo, originariam
uma disfuncdo no sistema imune (SOTGIU et al., 2004; COMPSTON; COLES,
2008). Essa disfuncdo mantém os linfécitos T ativados, 0s quais atravessam a
barreira hematoencefélica (BHE), desenvolvem uma ac¢ao lesiva contra a mielina e
os oligodendrécitos (AKTAS; WAICZIES; ZIPPI, 2007). Sendo assim, pode-se
concluir que os principais eventos envolvidos nas lesbes da EM incluem o
rompimento da barreira hematoenceféalica, inflamacdo, desmielinizacdo e morte de
oligodendrdcitos (TRAPP; NAVE, 2008; DUTTA; TRAPP, 2011).

A BHE é um importante componente da rede de comunicagcdo que conecta o
encéfalo e a medula aos tecidos periféricos, além disso, funciona como uma
interface que limita e regula a troca de substancias entre o sangue e o SNC
(CORREALE; VILLA, 2009). Sob condictes fisiologicas, esta barreira ndo permite
comunicacao entre muitas substancias quimicas presentes no sangue e o SNC. No
entanto, sua permeabilidade pode ser afetada pela acdo das citocinas pro-
inflamatorias (YU et al., 2008; HUPPERT et al., 2010).

Estudos tém demonstrado que as citocinas possuem um papel importante na

patogénese da EM. As citocinas proé-inflamatérias ativam o sistema imunitario
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periférico e assim, direta ou indiretamente, afetam o0s oligodendrécitos e
consequentemente a bainha de mielina (SOSPEDRA; MARTIN, 2005). Ap6s o
rompimento da BHE e consequente passagem de linfécitos, ocorre a infiltracdo de
células inflamatérias no SNC via circulacdo e esta resposta vem sendo associada
com a inflamacdo durante os estégios iniciais da doenca (HOCHMEISTER et al.,
2006).

Sabe-se que, a hematopoiese envolve a producao de granuldcitos, mondcitos,
células vermelhas do sangue, plaquetas e células progenitoras linféides que podem
diferenciar-se em linfécitos T, B ou NK (natural killer), dependendo do microambiente
em que estdo inseridas (GILBOA-GEFFEN; HARTMANN; SOREQ, 2012). Estas
células respondem rapidamente a uma grande variedade de estimulos, tendo sua
producao regulada por citocinas e quimiocinas, as quais sao capazes de ativar essas
populacdes celulares (CAVAZZANA et al., 2011).

A imunidade celular é realizada pelos linfocitos T, os quais se subdividem em:
linfocitos T citotoxicos (CD8"), que, quando ativados, atuam eliminando células
infectadas, e em linfocitos T helper (CD4%), que atuam secretando citocinas
reguladoras do sistema imune (WEISSERT, 2013). ApGs ativacdo, as células T
diferenciam em varias populacées com diferentes fungbes, os linfocitos T helper
liberam citocinas especificas que formam a base para a mediacdo celular/pro-
inflamatoria (Thl, Th1l7), a imunidade humoral/anti-inflamatéria (Th2), e atividade de
supressao/regulamentacédo (Trl,Treg) (COMABELLA; KHOURY, 2012; MOHYEDDIN
BONAB et al., 2013) (Figura 3).
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Figura 3 — Diferenciacdo funcional de células T (Adaptado de COMABELLA;
KHOURY, 2012).

As células T séo as principais responsaveis por impulsionar a resposta imune
nos processos imunopatologicos (BUC, 2013). Estudos demonstraram que 0sS
linfécitos T e os macréfagos figuram entre os principais componentes dos infiltrados
inflamatdrios na EM (JUNKER et al., 2007; COMABELLA; KHOURY, 2012). E bem
documentado na literatura, que as células T CD4" (Thl), e, por conseguinte, as
citocinas pro-inflamatorias, estdo associadas com a inducdo desta doenca, bem
como, com sua progressao (BEGOLKA et al., 1998).

Além disso, as células B também parecem estar intimamente relacionadas
com o aparecimento de les6es desmielinizantes (FRISCHER et al., 2009) e com a
promoc¢do da neuroinflamacéo, através da secrecdo de citocinas pré-inflamatorias,
tais como TNF-a e linfotoxinas (BAR-Or et al., 2010). Por outro lado, as células B
também possuem propriedades imunossupressoras, pois elas podem aumentar a
secrecdo de IL-10, e consequentemente, limitar a resposta de células T CD4" pro-
inflamatorias (FILLATREAU et al., 2002). Assim, este cenario sugere que a EM
apresenta um processo inflamatério mediado tanto pelo sistema imune celular
qguanto pelo humoral, os quais podem vir a contribuir para a desmielinizacdo, dano

axonal, e, por conseguinte, o surgimento da EM (FRANCIOTTA, 2008) (Figura 4).
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Figura 4 — Mecanismos envolvidos na patogénese da EM. (1) ativacao periférica; (2)
migracdo de linfécitos ativados através da BHE; (3) reativacdo de linfécitos T no
SNC e secrecdo de mediadores pro-inflamatorios; (4) inducédo da desmielinizacao;
(5) dano axonal (Adaptado de CORREALE et al., 2012).

Como ja mencionado anteriormente, os mediadores pré-inflamatoérios, estao
diretamente ligados a doencas como a EM, contudo, ndo atuam apenas como
reguladores, mas também, como efetores citotdéxicos, uma vez que varios estimulos
proé-inflamatérios sdo conhecidos por induzir a morte de oligodendrdcitos
(ANDREWS; ZHANG; BHAT, 1998; MOLINA-HOLGADO et al., 2001). Acredita-se
gue a imunopatogénese da EM esteja associada a um desiquilibrio entre as citocinas
produzidas por Thl e Th2 (COMABELLA; KHOURY, 2012).

Diante do exposto, a influéncia das citocinas na EM é extremamente
importante, uma vez que o processo inflamatorio inicia, este leva a producéao de uma
variedade de citocinas pré-inflamatérias, tais como as interleucinas (IL-1), (IL-6),
fator de necrose tumoral-alfa (TNF-a), os interferons (IFNs), e, a diminuicdo das
citocinas anti-inflamatdérias, como a IL-10. Essa desproporgao entre as citocinas pro
e anti-inflamatdrias também pode causar um aumento da producao de radicais livres
(Das UM, 2012).
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A interleucina-1 (IL-1) € uma citocina pleiotropica expressa durante o
desenvolvimento normal do SNC, bem como, aparece elevada em doencas
inflamatorias desmielinizantes (VELA et al., 2002). Esta citocina é rapidamente
regulada em resposta a insultos locais ou periféricos, medeia respostas de defesa
em lesdes locais e sistémicas, neuroinflamacéao, morte celular, e em doencas crénico
degenerativas, tais como a EM (ROTHWELL; LUHESHI, 2000). Além disso, nesta
patologia a IL-6, uma citocina pro-inflamatdria, comumente mostra-se elevada
(SCHONROCK; GAWLOWSK; BRUCK, 2000). Segundo MATSUSHITA e
colaboradores (2013), a IL-6 serve como um marcador de amplificagcdo da resposta
inflamatéria, bem como, apresenta uma correlagdo positiva com o grau de
incapacidades neuroldgicas dos pacientes com EM.

O fator de necrose tumoral-alfa (TNF-a) é classicamente uma citocina pro-
inflamatéria, ativado por macréfagos, podendo iniciar e sustentar a resposta
inflamatoria, contribuindo assim, para o surgimento de lesées no SNC (KOLLIAS et
al., 1999).

Ja o IFN-y, atua como uma citocina homodimera, classicamente envolvida na
defesa contra os virus, mas também participa no combate a bactérias e tumores
(FRICKE et al., 2006). Produzido pelas células NK e NKT que pertencem ao sistema
imunoldgico inato, desempenha um papel importante tanto na imunoestimulacéo
guanto na imunomodulacdo (PETERMANN; KORN, 2011), e estimula a
diferenciacdo de células Thl, entretanto, inibe a diferenciacdo das células Th2
(SEDER; PAUL, 1994).

A IL-10, é uma citocina anti-inflamatéria, imunoregulatéria que pode ser
utilizada como um biomarcador na EM (BIELEKOVA; MARTIN, 2004). Essa
interleucina reduz os danos celulares e, por conseguinte, melhora a reparacéo de
lesbes em doencas inflamatérias desmielinizantes, através da protecdo aos
oligodendrocitos e seus progenitores (MOLINA-HOLGADO et al., 2001). A literatura
mostra que, a terapia com IFN-B, leva a um aumento significativo na producéo de IL-
10 em individuos com a RREM, e este seria um resultado benéfico para os
portadores da doenca, pois gera uma reducéo de citocinas pro-inflamatorias, visando
a homeostase (MIRANDOLA et al., 2009).

Estudos tém demonstrado que os niveis séricos de TNF-a e IFN-y,
apresentam-se elevados em pacientes com EM, durante a fase aguda da doenca,
podendo induzir ao aparecimento dos sintomas (HOHNOKI; INOUE; KOH, 1998).
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Além disso, algumas pesquisas relatam um aumento nos niveis de IFN-y e IL-6, bem
como, do TNF-a e IL-10 em pacientes RRMS, sugerindo que, ainda h4 na fase de
remissao clinica, um sistema complexo de citocinas pré e anti-inflamatorias, que
podem interagir para modular a atividade e progressao da doenca (KALLAUR et al.,
2013).

A proteina C-reativa (CRP) é uma proteina de fase aguda, sintetizada no
figado, e sua producédo é induzida por citocinas tais como, IL-1, IL-6 e TNF-q,
(SELLNER; GREEVE; MATTLE, 2008). Esta proteina, também vem sendo utilizada
como um marcador do grau de inflamag¢ao em pacientes com EM (HON et al., 2012).

Neste contexto, trabalhos tém mostrado uma correlagdo positiva entre o
aumento dos niveis da CRP e episddios inflamatérios nas recidivas clinicas da EM
(GIOVANNONI et al., 1996; HON et al., 2009), bem como a elevacdo dessa proteina
esta relacionada, muitas vezes, com maiores déficits e progressdo da doenca em
pacientes com RRMS (SOILU-HANNINEN et al., 2005).

Vale salientar aqui que, o processo de desmielinizacdo pode ser decorrente
de véarios mecanismos, dentre eles: o TNF-a e IFN-y podem ser toxicos para o0s
oligodendrocitos, como as citocinas podem ativar macréfagos, que entdo fagocitam
mielina, e também as citocinas pro-inflamatdérias podem estar envolvidas na inducao
de apoptose e subseqiente desmielinizacdo (SOSPEDRA; MARTIN, 2005). Em
suma, a inflamacao estéa presente em todas as fases da EM, tanto na fase aguda e
consequentemente na forma remitente-recorrente, como também, nas formas
progressivas da doenca (FRISCHER et al., 2009). Assim, os processos inflamatérios
em associacdo com a formacdo de espécies reativas, podem ser responsaveis pela
progressdo da doenca (NEGRE-SALVAYRE et al., 2008).

Estudos demonstraram uma maior probabilidade ao aparecimento de outras
doencas autoimunes, como por exemplo, psoriase e artrite reumatoide; em
individuos portadores de EM, sugerindo que pode haver genoétipos especificos que
levam ao aumento da susceptibilidade para o desenvolvimento da autoimunidade
(BARCELLOS et al., 2006).

Apesar de ainda ser incerto o evento que leva ao surgimento desta doenca,
as caracteristicas histologicas da EM, bem como a inflamacéo cronica, sdo eventos
bem descritos na literatura. Supfe-se, que esses processos sejam decorrentes de

uma disfuncéo na sinalizacédo imune, levando a uma reacgdo inflamatoria persistente,
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com tempo de sobrevida maior das células imunoldogicas (CAPPELLANO et al.,
2013).

O sistema colinérgico é uma das mais importantes vias de modulacdo do
SNC. Os componentes desse sistema incluem: a acetilcolina (ACh); a colina-
acetiltransferase (ChAT); o transportador de colina (ChT); o transportador de
acetilcolina vesicular (VAChT); os receptores muscarinicos (MAChR) e os nicotinicos
(nAChR) e a acetilcolinesterase (AChE) (Figura 5). O papel classico do sistema
colinérgico tem sido atribuido ao seu papel na neurotransmissao colinérgica
(KAWASHIMA; FUJI, 2000; SARTER; PARIKH, 2005), entretanto, a demonstracao
que linfocitos expressam todos os componentes da sinalizacdo colinérgica tem
apontado a importancia desse sistema também na regulacdo das respostas

imunoldgicas.

leurdnio pre-sinaptico
ChAT Acetil-CoA
+Colina

Ns(1,45p A —>ca2tA
DAG T—>PKC

Neurdnio pés-sinaptico

oach (Im1 (Im2 iAChE-S OvAchT

Figura 5 — Esquema da sinapse colinérgica: Acetilcolina (ACh), acetilcolinesterase
sinaptica (AChE-S), receptor muscarinico do tipo 1 (M1), receptor muscarinico do
tipo 2 (M2), transportador de ACh vesicular (VAChT) (Adaptado de SOREQ;
SEIDMAN, 2001).

Algumas pesquisas apontam o0 nervo vago como um possivel modulador da

resposta imune e também, como responsavel pelo controle da progressao de
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doencas inflamatérias através da via “anti-inflamatoria colinérgica”. Percebe-se,
portanto, que hd uma relacédo entre o sistema colinérgico e 0 imune, pois 0 nervo
vago tem como principal neurotransmissor a ACh, e esta quando liberada na fenda
sinaptica, modula através de seus receptores, a producao e liberacdo de citocinas
pro-inflamatérias, tais como TNF-q, IL-1 e IL-6 (TRACEY, 2007; 2009).

Além disso, os linfocitos também podem sintetizar e liberar a ACh, a qual tem
sido considerada um agente imunomodulador (KAWASHIMA; FUJI, 2003a). A ACh
age como um anti-inflamatério (WANG etal., 2003), pois regula a sintese de
citocinas através de seu efeito agonista com os receptores do tipo a7 nicotinicos
(a7nAChR). Ap6s a ativacdo desses receptores expressos na superficie dos
macrofagos, a ACh induz a uma diminuicdo na sintese de citocinas pré-inflamatérias
produzidas por células (PAVLOV; TRACEY, 2005), e concomitantemente mantém a
producdo de citocinas anti-inflamatérias (MARRERO et al., 2011).

Os efeitos extracelulares da ACh podem ser mediados tanto pela ativacéo de
receptores colinérgicos nicotinicos como muscarinicos (LUCAS-MEUNIER et al.,
2003). Contudo, a ativacdo de receptores nicotinicos, promove o influxo de Ca™"
intracelular, atenuando a resposta pré-inflamatéria de tecidos periféricos (KIMURA et
al., 2003; CARNEVALE; DE SIMONE; MINGHETTI, 2007), reforcando a idéia de que
o sistema colinérgico linfocitico estd envolvido na regulacdo da funcdo imune via
receptores de acetilcolina (AChRs) (KAWASHIMA; FUJII, 2003b; 2004).

Desse modo, as reacdes imunes podem ser moduladas através da interacao
e ativacdo desses receptores pela ACh, uma vez que esta molécula atua inibindo a
liberacdo de citocinas como IL-1 e TNF-a (Das UN, 2007). Assim, no sistema
nervoso, o sistema colinérgico ndo apenas medeia as interagbes neuroimunes,
como também, pode servir como um regulador interno de respostas imunes (NIZRI
et al., 2006). E ainda, conforme estudos realizados por Tyagi e colaboradores
(2010), a via anti-inflamatoria colinérgica regulada pelo a7nAChR, existente tanto no
encéfalo como na periferia, pode ser um alvo terapéutico potencial para regular a
neuroinflamacéo.

As funcbes da ACh no sistema imune ira depender da sua biodisponibilidade
gue pode ser controlada, por exemplo, na sua sintese e degradacédo (OLIVEIRA et
al., 2012). O controle homeostético da ACh é efetuado por diferentes enzimas,
conhecidas como colinesterases. Essas estdo envolvidas na hidrélise de ACh em

vias de sinalizacado neuronais como nao neuronais (GIACOBINI, 2004). Dentre elas,
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destaca-se a acetilcolinesterase (AChE, EC 3.1.1.7), que é responsavel pela
degradacgéo da ACh em colina e acetato (JAQUES et al., 2011).

A AChE esta presente no encéfalo, juncdo neuromuscular, eritrécitos e
linfocitos, e € essencial para regulacdo da quantidade de ACh na fenda sinaptica
(ANGLISTER et al.,, 2008), pois, determina a duracdo e a eficacia da
neurotransmisséo colinérgica (MASSOULIE et al., 1993; BRENNER et al., 2008).
Além disso, atualmente vem sendo um importante alvo relacionado com as
respostas imunes devido ao fato de estar presente tanto em linfocitos T quanto B,
com maior expressdo em celulas T (TAYEBAT et al., 2002).

Essa enzima tem sido alvo terapéutico de muitas doencas do SNC (SILMAN;
SUSSMAN, 2005). Além do seu papel classico na atividade catalitica, também
executa funcdes na neurogénese, na adesdo celular, na sinaptogénese, na
hematopoiese e trombopoiese (SOREQ; SEIDMAN, 2001). Os inibidores das AChE,
um vasto grupo de compostos quimicos com diferentes propriedades fisico-
quimicas, estdo sendo muito utilizados para o tratamento de varias doencas com o
objetivo de aumentar os niveis extracelulares de ACh, melhorando assim os déficits
cognitivos relacionados com doencas neurodegenerativas (POHANKA, 2011).
Entretanto, tem sido observado que essa classe terapéutica também pode atuar
como agentes anti-inflamatérios reduzindo a proliferacéo de células T e a secrecao
de citocinas pro-inflamatorias, sendo este mecanismo dependente da ativacdo do
a7nAChR, resultando em aumento da concentracdo de ACh pela inibicdo da AChE
(BRENNER et al., 2008). Estudos também apontam que esses agentes terapéuticos
sdo promissores, no tratamento de varias desordens neuroldgicas, tais como, a
doenca de Alzheimer, deméncia senil, miastenia gravis e outras patologias que
envolvam processos inflamatérios (MUKHERJEE et al., 2011).

De particular importancia, estudos prévios realizados em nosso laboratorio
demonstraram que o tratamento com IFN-B diminuiu a atividade da AChE em
estruturas cerebrais de ratos desmielinizados pelo brometo de etidio, sugerindo que
os efeitos imunomoduladores desse medicamento pode estar associado com a
sinalizacdo colinérgica (MAZZANTI et al., 2006). Além disso, evidéncias indicam que
a disfuncdo colinérgica, devido aos processos inflamatorios contra a bainha de
mielina, contribui para o surgimento da EM (NIZRI et al., 2006) e que uma inibicao
na atividade da AChE pode gerar um efeito positivo em seu tratamento por aumentar
os niveis de ACh (PORCEL; MONTALBAN, 2006). E importante destacar também
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que, um aumento na atividade da AChE tem sido sugerido como marcador de
inflamacé@o sistémica de baixo grau em véarias doencas; dentre elas, patologias
neuroldgicas, diabetes mellitus e hipertensdo. Esse aumento, muitas vezes, ocorre
simultaneamente a uma elevacao nos niveis de CRP, IL-6 e TNF-a (Das UN, 2007).

Estudos j& observaram um aumento na atividade da AChE em sangue total,
bem como, em linfécitos, em patologias, como cancer de pulmdo (ZANINI et al.,
2013) e leucemia linfoblastica (BATTISTI et al., 2009) supondo-se uma estreita
relacdo entre a elevacdo na atividade da AChE e a patofisiologia de doencas que
geram alteracdes inflamatorias e imunes. Relatos na literatura sobre a atividade da
AChE em linfocitos de portadores de EM séo escassos, entretanto acredita-se que
ela possa ter um papel relevante nessa patologia, uma vez que, a ACh liberada por
essas células é responsavel pela inibicdo da producao de citocinas pré-inflamatérias,
como TNF-a e IL-1, as quais tem sido descritas por terem um papel fundamental na
patogénese da doenca (KAWASHIMA; FUJI, 2003a; Das UN, 2007)

Além do envolvimento da AChE na regulacao dos niveis plasméaticos de ACh,
a butirilcolinesterase (BChE, EC 3.1.1.8), também esta relacionada a esse processo.
A BChE é conhecida como uma colinesterase plasmatica ou pseudocolinesterase,
por ndo ser uma enzima especifica para o substrato ACh (POHANKA, 2011). No
entanto, a BChE é uma enzima capaz de hidrolisar uma grande variedade de
ésteres incluindo ACh, presente no figado, plasma, fluido cérebro-espinhal
(JOKANOVIC, 2009). Esta € expressa em altos niveis na massa branca encefalica,
na glia e em certas popula¢fes de neurdnios (DARVESH et al., 2010). Além disso, o
aumento da sua atividade, em vérias condi¢gbes clinicas pode servir como um
marcador da inflamacéo sistemética de baixo grau (Das UN, 2007).

A BChE pode servir como marcador de desordens neurodegenerativas, tendo
em vista que também, pode atuar como um co-regulador na neurotransmisséo
colinérgica, bem como, atuar na proliferacéo celular e crescimento neuritico durante
0 desenvolvimento do sistema nervoso (DARVESH; HOPKINS; GEULA, 2003).
Segundo Darvesh et al. (2010) essa enzima apresenta a sua atividade aumentada
como consequencia das lesdes causadas pela EM, e isso poderia estar contribuindo
para a ativacdo de respostas imunes e pro-inflamatorias. Além disso, dados da
literatura demonstraram que doencas como Alzheimer e deméncia causam um

aumento significativo na atividade dessa enzima, portanto, a inibicdo da BChE pode
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ser benéfica no tratamento de patologias neurolégicas (LANE; POTKIN; ENZ, 2006;
Zhu et al., 2013).

Por fim, cabe ressaltar que, o aumento na atividade da AChE e da BChE
refletem indiretamente em concentracdes reduzidas de ACh que, por sua vez, irdo
reforcar eventos inflamatdrios locais e sistémicos, por conseguinte, ambas as
colinesterases ndo servem apenas como alvos terapéuticos, mas também podem
servir como marcadores para predizer o desenvolvimento de doencas com presenca
de processos inflamatorios (RAO; SRIDHAR; Das, 2007).

Além do sistema colinérgico, o envolvimento do sistema punérgico também
tem sido extensivamente estudado nas desordens que envolvem processos
imunologicos e inflamatérios (SCHETINGER et al., 2007). Esse sistema é formado
principalmente por: nucleotideos e nucleosideos extracelulares; receptores atraves
dos quais esses irdo exercer seus efeitos; bem como, ectoenzimas responsaveis
pelo controle dos niveis extracelulares dessas moléculas (YEGUTKIN, 2008). Esses
trés componentes fazem parte da sinalizacdo purinérgica, a qual vem sendo
amplamente estudada devido ao seu importante papel na modulacdo de inUmeros
processos, dentre eles, a neurotransmissdo e a resposta imune e inflamatéria
(BOURS et al., 2006; ABBRACCHIO et al., 2009).

Os nucleotideos de adenina ATP, ADP e AMP e seu correspondente
nucleosideo adenosina, ao se ligarem a receptores especificos sdo importantes
moléculas de sinalizacdo extracelular em varios tecidos (YEGUTKIN, 2008). Os
nucleotideos possuem afinidade por receptores P2, os quais segundo estrutura
molecular sdo divididos em duas subfamilias: P2Y e P2X. Os receptores P2X
(ionotrépico) e P2Y (metabotrdpico) sao expressos no SNC e participam do processo
sinaptico, estando assim particularmente associados com a neurotransmissao
(MAJUMBER et al., 2007). A ativacdo de receptores purinérgicos, como o P2,
altamente expressos em astrocitos, na microglia e linfécitos T pode induzir a
secrecdo de citocinas pro-inflamatorias, bem como a migracdo e a proliferacdo de
células imunitarias que irdo contribuir para o processo de desmielinizacdo e lesdo
axonal (CIESLAK; KOMOSZYNSKI, 2011).

O ATP exerce um importante papel em varios processos incluindo: a
neurotransmisséo, a tromboregulagcédo, o controle do tonus vascular, bem como a
regulacao de alteracdes imunes e inflamatorias (Di VIRGILIO et al., 2005; SEIFFERT

et al., 2006). Assim, em resposta a estimulacao celular, estresse ou dano tecidual o
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ATP pode ser liberado no meio e reconhecido por células do sistema imunoldgico
como um sinal de perigo, provocando assim, uma variedade de respostas proé-
inflamatorias (JUNGER, 2011). Estudos tém demonstrado que essa molécula
promove a estimulacdo e a proliferacdo de linfocitos T, sendo essencial para a
liberacé@o de citocinas pro-inflamatorias como a IL-2 e o IFN-y (TRAUTMANN, 2009).
Por outro lado, a adenosina, produto da hidrolise do ATP, desempenha um papel
importante no controle do sistema imune inato e adaptativo, devido a inibicdo da
proliferacéo de células T e secrecéo de citocinas (GESSI et al., 2007). Desse modo
esse nucleosideo possui tanto acdo anti-inflamatéria como imunosupressora
(DEAGLIO et al., 2007).

A hidrolise dos nucleotideos extracelulares ATP, ADP e AMP em seu
respectivo nucleosideo adenosina, é realizada por varias enzimas conhecidas como
ectonucleotidases (ATKINSON et al., 2006), as quais estdo ancoradas a membrana
plasmatica com seu sitio catalitico voltado para o meio extracelular (ZIMMERMANN,
2001; ROBSON; SEVIGNY; ZIMMERMANN, 2006). Dentre estas se destacam: E-
NTPDases (Ecto-nucleotideo trifosfato difosfoidrolase, EC 3.6.1.5), a ecto-5-
nucleotidase (EC 3.1.3.5) e ecto-adenosina desaminase (ADA, EC 3.5.4.4)
(YEGUTKIN, 2008). Juntas essas enzimas formam uma cadeia enzimatica cuja
atuacao inicia com a acao da E-NTPDase, a qual catalisa a hidrolise do ATP e do
ADP formando AMP. Na sequéncia, a enzima 5’-nucleotidase hidrolisa a molécula do
AMP formando adenosina, que logo apés, é degradada pela ADA gerando inosina
(ZIMMERMANN, 2001) (Figura 5).
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SEEEEES AL BELEEEERALELLALLY
1. E-NPP ATP = AMP + PP;
2. E-NTPDase ATP = ADP + P;; ADP - AMP + P;
3. Ecto-5’-nucleotidase AMP = adenosine + P;
4. Adenosine deaminase Adenosine = Inosine
5. PNP Inosine = hypoxanthine

Figura 6 — Cascata de ectoenzimas responsaveis pela hidrélise de nucleotideos e
nucleosideos de adenina (Adaptado de YEGUTKIN, 2008).

As NTPDases sdo uma familia de enzimas que hidrolisam nucleotideos
extracelulares tri e difosfatados para formar AMP, que pode servir como um
substrato para a ecto-5'-nucleotidase (ZIMMERMANN; ZEBISCH; STRATER, 2012).

A NTPDase-1 (Apirase, CD39), é uma proteina de membrana que hidroliza
ATP e ADP extracelular & AMP na presenca de ions Ca™" e Mg"™" (ZIMMERMANN,
2001). Esta enzima €& expressa em células natural killers, mondcitos, células
dendriticas, e subconjuntos de células T ativadas. Ela tem sido considerada um
marcador de ativacdo de linfocitos; além disso, desempenha um papel relevante no
controle da resposta imune celular (ZIMMERMANN; ZEBISCH; STRATER, 2012),
pois atua na modulacdo da expressdo das citocinas e nas respostas inflamatérias
(KANNAN, 2002; MIZUMOTO et al., 2002). Em linfocitos de pacientes com a forma
RREM, a atividade bem como a expressao dessa enzima encontra-se aumentada,
demonstrando assim, que a sinalizacao purinérgica esta envolvida nos mecanismos
patogénicos da EM (SPANEVELLO et al., 2010b).

E bem estabelecido na literatura que a ecto-5-nucleotidase (EC 3.1.3.5, CD
73) é ancorada na membrana via GPl, e que catalisa a desfosforilacdo de
nucleotideos monofosfatos, tais como a AMP em adenosina (BIANCHI; SPYCHALA,
2003; HUNSUCKER; MITCHELL; SPYCHALA, 2005). A ecto-5-nucleotidase é

conhecida como uma proteina de superficie dos linfocitos, representando um


http://www.sciencedirect.com/science/article/pii/S0024320506009477#bib39
http://www.sciencedirect.com/science/article/pii/S0024320506009477#bib39
http://www.ncbi.nlm.nih.gov/pubmed?term=Hunsucker%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=15963349

35

marcador importante de linfocitos T e B (CHRISTENSEN; ANDERSEN; RYDER,
1996). Algumas citocinas como a IL-1, TNF-a, e a ativagdo da CRP sao
consideradas fortes indutores da expressao ecto-5-nucleotidase (HUNSUCKER,;
MITCHELL; SPYCHALA, 2005). Alem disso, tem sido demonstrado também, que
esta enzima possui uma funcdo relevante na adesdo de linfécitos a células
endoteliais vasculares, sendo este um evento importante na migracdo de linfocitos
através da parede do vaso sanguineo e em locais de inflamac&o (AIRAS; NIEMELA,
JALKANEN, 2000).

Ja em relacdo a ADA, esta é considerada uma enzima chave no metabolismo
das purinas, pois catalisa a desaminacdo irreversivel de adenosina e 2’-
desoxiadenosina em inosina e 2’-desoxiinosina, respectivamente, e a mesma possui
atividade maior em células T quando comparada a células B e eritrocitos (FRANCO
et al., 2007; GESSI et al., 2007; SHAROYAN et al., 2006). Além disso, essa enzima
possui um papel essencial na diferenciagéo, crescimento normal e proliferacdo de
linfécitos (ALDRICH; BLACKBURN; KELLEMS, 2000), sendo sua atividade bastante
relevante no desenvolvimento e manutencao do sistema imunitario (ZAVIALOV et al.,
2010).

Pesquisas revelaram que a CD26, uma proteina de membrana, e o receptor
de adenosina Al, sdo 0s responsaveis pelo ancoramento da ecto-ADA na
membrana celular (YEGUTKIN, 2008). Tem sido relatado que a ecto-ADA ao
interagir com a proteina CD26 expressa em linfocitos leva a um aumento na
producdo de células T e de citocinas pro-inflamatéria. Esses achados sugerem que
essa interacdo entre diferentes tipos de células atua no sistema imune (PACHECO
et al., 2005).

Em humanos, ja sdo conhecidas trés isoformas moleculares da ADA: a ADAL,
a ADA1+ CP, a qual é formada por duas moléculas de ADA1 combinadas por uma
proteina de ligacdo (CP), e a ADA2 codificada por um gene separado de posi¢cao
ainda desconhecida, sendo o papel fisiol6gico desta ultima forma ainda € pouco
compreendido (UNGERER et al.,1995; ANDREASYAN et al., 2005). A ADAl
representa a maior parte da atividade da ADA total e, esta presente em todos os
tecidos, enquanto que, a ADA2 é a isoenzima predominante no soro (NIEDZWICKI;
ABERNETHY, 1991).

E importante salientar aqui, que uma deficiéncia na ADA em humanos leva a

anomalias no desenvolvimento de células T, B e NK, que por conseguinte altera a
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formacgéo e funcdo dos linfécitos, bem como, gera uma variedade de disfuncdes
sistémicas (GASPAR et al., 2011). Estudos tém atribuido essa imunodeficiéncia, ao
acumulo de substratos para ADA, prejudicando o desenvolvimento e sobrevivéncia
dos linfécitos, pois elevados niveis de adenosina poderiam provocar uma sinalizacao
exacerbada do receptor de adenosina (ALDRICH; BLACKBURN; KELLEMS, 2000).

Os receptores de adenosina desempenham um papel central nos
mecanismos de inflamac&do em varias patologias, pois apds serem ativados ocorre
uma reducado na liberacdo de citocinas proé-inflamatérias (Dos SANTOS JAQUES et
al., 2013). Neste contexto, conforme Anwar e colaboradores (2013), o aumento na
atividade da ADA pode conduzir a uma rapida desaminacdo da adenosina causando
uma diminuicdo nos niveis extracelulares dessa molécula, o que poderia afetar a
sensibilidade dos receptores de adenosina e desse modo, promover alteracfes nas
respostas pré-inflamatérias.

Estudos relatam que os niveis da ADA em soro mostram-se elevados em
varias condicfes patoldgicas, tais como distlurbios autoimunes, sindrome da
imunodeficiéncia adquirida (AIDS), e tuberculose. Esses dados sugerem que o
aumento na atividade dessa enzima possa estar envolvido no desenvolvimento
dessas doengas (ANDREASYAN et al., 2005). Ungerer et al. (1992) demonstraram
que os niveis de ADA em soro refletem a atividade e/ou quantidade de mondcitos e
macrofagos presentes em varias doencas de carater inflamatorio como: hepatite,
mononucleose infecciosa, tuberculose, pneumonia e artrite reumatoide. Assim,
alteracBes em sua atividade podem ser utilizada como um marcador bioquimico para
a inflamacéo (SARI et al., 2003), bem como um indicador de disturbios imunolégicos
(POURSHARIFI et al., 2009).

Cabe ressaltar que 0 nosso grupo de pesquisa tém demonstrado que em
varias condigbes patoldgicas, bem como, em modelos experimentais ocorrem
alteracbes na atividade das enzimas do sistema purinérgico bem como das
colinesterases, sugerindo que essas enzimas podem ser utilizadas como
importantes marcadores de processos patolégicos (MALDONADO et al.,, 2008;
SCHMATZ et al., 2009; BAGATINI et al., 2011; LEAL et al., 2011; THOME et al.,
2012; PIMENTEL et al., 2013). De particular importancia, estudos realizados com
pacientes com a forma surto remissao da EM tém demonstrado que a atividade da
NTPDase, 5-nucleotidase e ADA estdo alteradas tanto em linfécitos quanto em

plaquetas (SPANEVELLO et al., 2010a,b) sugerindo que essas enzimas podem ter
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um papel importante para preservacdo da integridade celular e para modular a
resposta imune associada a essa doenca desmielinizante. Entretanto, o papel da
ADA em soro, bem como a atividade de colinesteresases, ainda tem sido pouco
investigado na EM.

Considerando-se o importante papel dos biomarcadores inflamatérios, o
envolvimento do sistema colinérgico extraneural e o notavel potencial
imunomodulador dos nucleotideos e nucleosideos de adenina, além do
envolvimento da ADA em processos imunes e inflamatérios, torna-se relevante
avaliar esses parametros em amostras de sangue de portadores de EM, uma vez
que estes poderdo futuramente ser Uteis na clinica médica para 0 monitoramento

desta doenca.



2 OBJETIVOS

2.1 Objetivo geral

Avaliar a atividade das colinesterases e da adenosina desaminase, bem como
determinar a concentracdo de biomarcadores inflamatorios no sangue de pacientes

com a forma remitente-recorrente da Esclerose Mdltipla.

2.2 Objetivos especificos

Em pacientes com a forma remitente-recorrente da EM e em individuos

saudaveis:
» Verificar a atividade da enzima acetilcolinesterase em sangue total e linfécitos;
» Determinar a atividade da butirilcolinesterase em soro;
> Avaliar a atividade da enzima adenosina desaminase em soro;

» Analisar os biomarcadores inflamatérios como: as interleucinas (IL-1, IL-6 e
IL-10), o fator de necrose tumoral alfa, o interferon gama e a proteina C-

reativa em soro;

» Quantificar os niveis de purinas no soro (ATP, ADP, AMP, adenosina, inosina,

hipoxantina e acido Urico).
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Abstract

Multiple sclerosis (MS) is one of the main chronic inflammatory diseases of the
central nervous system (CNS) that cause functional disability in young adults. It has
unknown etiology characterized by the infiltration of lymphocytes and macrophages
into the brain. The aim of this study was to evaluate the acetylcholinesterase (AChE)
activity in lymphocytes and whole blood, as well as butyrylcholinesterase (BChE) and
adenosine deaminase (ADA) activities in serum. We also checked the levels of
nucleotides, nucleosides, biomarkers of inflammation such as cytokines (IL-1, IL-6,
IFN-y, TNF-a and IL-10) and C-reactive protein (CRP) in serum from 29 patients with
the relapsing-remitting form of MS (RRMS) and 29 healthy subjects as the control
group. Results showed that AChE in lymphocytes and whole blood as well as BChE,
and adenosine deaminase (ADA) activities in serum were significantly increased in
RRMS patients when compared to the control group (P<0.05). In addition, we
observed a decrease in ATP levels and a significant increase in the levels of ADP,
AMP, adenosine and inosine in serum from RRMS patients in relation to the healthy
subjects (P<0.05). Results also demonstrated an increase in the IFN-y, TNF-qa, IL-1,
IL-6 and CRP (P<0.05) and a significant decrease in the IL-10 (P<0.0001) in RRMS
patients when compared to control. Our data suggest that biomarkers of inflammation
and hydrolysis of nucleotides and nucleosides are altered during the relapsing-
remitting form of MS, as well as the enzyme activity important for proper immune and

inflammatory response.

Keywords Multiple sclerosis - Cholinesterases - Lymphocytes - Adenosine

deaminase - Inflammation - Cytokines.
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Introduction

Multiple sclerosis (MS) is an autoimmune disease characterized by
neurodegeneration and neuroinflammation in the central nervous system (CNS) [1].
In the MS, it occurs the aggregation of multiple plates of demyelination in the brain
and spinal cord white matter [2]. MS presents episodes of neurological dysfunction
with variable remission [3] and it is considered one the most common causes of
neurological disability in young adults [4, 5] and the incidence is higher in women
than in men [6]. It can be present in different forms, such as primary progressive
(PPMS), secondary progressive (SPMS), progressive relapsing (RPMS) and
relapsing-remitting (RRMS), which is the most prevalent form (80% cases) [7, 8].

The etiology of MS remains unclear; however studies have demonstrated that
autoimmune T cells, targeting myelin components play a role in mediating
inflammatory process, particularly in the early stages of RRMS [9]. This dysfunction
in the immune system keeps T lymphocytes activated crossing the blood brain barrier
and developing a harmful action against myelin and oligodendrocytes [10].

Several mediators are able to modulate the actions of lymphocytes; among
these we can highlight acetylcholine (ACh). This molecule synthesized and released
from lymphocytes is considered an immunomodulatory agent [11]. According to
experiments in humans, it acts in various nonneuronal cells, such as in immune
system and blood cells [12]. Recently it was demonstrated that it acts as anti-
inflammatory and thus induces a decrease in the production of pro-inflammatory
cytokines by macrophages [13].

The homeostatic control of ACh is performed by different enzymes, among
them acetylcholinesterase (AChE, EC 3.1.1.7), which is responsible for the
degradation of ACh into metabolites choline and acetate [14]. In addition,
butyrylcholinesterase (BChE, EC 3.1.1.8) is an enzyme capable of hydrolysing a
variety of esters including ACh [1]. Several studies have shown that the activities of
these enzymes are altered in inflammatory diseases [15, 13], such as Alzheimer's
disease and diabetes mellitus [16].

Apart from the involvement of ACh in pro- and anti-inflammatory events, ATP
and adenosine also contribute to the fine-tuning of inflammatory and immune
responses [17]. Adenine nucleotides and nucleosides, including adenosine
triphosphate (ATP) and adenosine, are important signaling molecules that exert
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regulation of immune defenses [18, 19]. In pathological conditions, high levels of ATP
act as a pro-inflammatory agent [20], whereas, its breakdown product, adenosine,
exhibits potent anti-inflammatory and immunosuppressive action [21].

Adenosine is produced in high concentrations under metabolic unfavorable
conditions. Its concentration is normally regulated through the catabolism of
adenosine deaminase (ADA, EC 3.5.4.4) [22]. This enzyme is considered a key
enzyme in purine metabolism; it acts inactivating the adenosine [23] and its
regulation happens through the cytokines on the cell surface during T cell activation
[24].

During MS a chronic inflammatory process occurs leading to the production of
a variety of pro-inflammatory cytokines, such as interleukins (IL-1 and IL-6), tumor
necrosis factor-alpha (TNF-a), and interferons (IFNs). Moreover, a reduction in anti-
inflammatory cytokines such as IL-10 possibly occurs, and this cytokine imbalance
concerning pro- and anti-inflammatory leads to an increased production of free
radicals [7]. C-reactive protein is an acute phase protein synthesized in the liver and
it can be used as a potential marker of inflammatory activity and prognosis in MS.
Also, its production is induced by cytokines such as IL-6, IL-1 and TNF-a [25, 26].

Other studies have already been performed in human and animal models of
MS. Our research group has already investigated the AChE activity in brain
structures (in vitro and in vivo) in animal models of MS induced with etidium bromide
treated with Interferon-B, cyclosporine A, vitamin E e ebselen [27-29]. This same
model was used to evaluate the role of purinergc system in lymphocytes and
synaptosomes as well as stress oxidative parameters [30, 31]. Moreover, activities of
the enzymes of the purinergic system have been checked in lymphocytes and
platelets from patients with MS [32, 33]. Therefore, it is of our interest to continue
elucidating mechanisms of this disease in RRMS patients.

Based on all the points raised above as well as due to the mechanisms still
poorly understood in relation to the pathogenesis of this disease and considering the
scarcity of reports in the literature involving the action of cholinesterase enzymes in
the blood of patients with MS, the aim of this study was to assess the role of key
regulatory enzymes of the immune system in lymphocytes, serum and whole blood.
Furthermore, we studied the inflammatory profile of patients with MS in order to
cooperate for a better understanding of this neurodegenerative disease.
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Methods
Study population

The sample consisted of 29 patients with MS and 29 healthy subjects as a
control group. The diagnosis of MS was based on the McDonald criteria [34], and all
patients had the relapsing-remitting form (RRMS). Most patients were treated with
current immunosuppressive therapy. The general characteristics of the patients are
shown in Table 1. All subjects gave written informed consent to participate in this
study and the Human Ethics Committee of the Health Science Center from the
Federal University of Santa Maria approved the protocol under number
23081.007854/2007-44. Twelve milliliters of blood was obtained from each patient
and used for lymphocyte preparation and other biochemical determinations. The
same procedure was carried out for the control group.

Isolation of mononuclear cells from human blood

Mononuclear leukocytes were isolated from human blood collected with EDTA
and separated on Ficoll-Histopaque density gradients as described by Boyum [35].
Despite the fact that the methodology described above is employed for separating
mononuclear cells, the study performed by Jaques et al. [36] demonstrated that there
is a high incidence of lymphocytes in these samples and the amount of monocytes is
practically insignificant. For this reason we treat the samples as containing only
lymphocytes. Lymphocyte viability and integrity were confirmed by determining the
percentage of cells, excluding 0.1 % trypan blue and measuring lactate
dehydrogenase (LDH) activity [37]. These samples were used for the assay of
enzymatic AChE.

AChE enzyme assay in lymphocytes

After lymphocyte isolation, AChE activity was determined as described by the
colorimetric method of Ellman et al. [38] modified by Fritzgerald et al. [39]. The
reaction mixture was composed of 1.0 mM acetylthiocholine, 0.1 mM 5,5'-dithio-bis-2-
nitrobenzoic acid (DTNB), 0.1 M phosphate buffer (pH 8.0) and 100uL of the intact
mononuclear cells suspended in saline solution was added to the reaction. The
proteins of all samples were adjusted to 0.1-0.2 mg/mL. The absorbance was read

on a spectrophotometer at 412 nm before and after incubation for 30 min at 27°C. All
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samples were run in triplicate and the specific activity of lymphocyte AChE was
calculated from the quotient between lymphocyte AChE activity and protein content,

and results are expressed as umol/h/mg of protein.
AChE enzyme assay in the whole blood

For AChE activity in whole blood with EDTA, samples were hemolyzed with
phosphate buffer 0.1 M, pH 7.4 containing Triton X-100 (0.03 %) and stored at -20 °C

for 1 week.
Whole blood AChE activity

Whole blood AChE activity was determined by the method of EIman et al. [38]
modified by Worek et al. [40]. With the purpose of reaching the appropriate
temperature and complete reaction of sample matrix sulfhydryl groups with DTNB,
the mixture was incubated for 10 min prior to the addition of substrate. The enzyme
activity was corrected for spontaneous hydrolysis of the substrate and DTNB
degradation. The BChE was inhibited by ethopropazine. The AChE activity was
measured at 436 nm and 37 °C using polystyrene cuvettes. The activity of whole
blood AChE was calculated from the quotient between AChE activity and protein

content, and results are expressed as pmol/ h/mg of protein.
Blood serum collect

The blood was collected in vacutainer tubes without an anticoagulant system
and centrifuged at 2500 x g for 10 min at room temperature. The clot was discarded
and the serum was used for the determination of the BChE and ADA activities, as
well as purine levels, TNF-qa, IFN-y, IL-1,IL-6, IL-10 and CRP.

Serum butyrylcholinesterase (BChE) activity

BChE activity was performed in serum. The BChE enzymatic assay was
determined by a modification of the spectrophotometric method of Ellman et al. [38]
as previously described by Rocha et al. [41]. The reaction mixture (2 mL final volume)
contained 100 mM potassium phosphate buffer, pH 7.5, and 1.0 mM DTNB. The
method is based on the formation of the yellow anion, 5,5-dithio-bis-acid
nitrobenzoic, measured by absorbance at 412 nm during 2 min incubation at 25°C.

The enzyme was pre-incubated for 2 min. The reaction was initiated by adding 0.8
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mM butyrylthiocholine iodide (BuSCh). All samples were run in duplicate or triplicate
and enzyme activity was expressed in pumol BuSCh/h/mg of protein.

Adenosine deaminase (ADA) activity determination

ADA activity in serum was determined according to Guisti and Galanti [42].
Briefly, 50 pL of serum reacted with 21nmol/L of adenosine, pH 6.5 and was
incubated at 37°C for 60 min. This method is based on the direct production of the
ammonia when ADA acts in excess of the adenosine. Results were expressed in
units per liter (U/L). One unit (1 U) of ADA is defined as the amount of enzyme
required to release 1mmol the ammonia per minute from adenosine at standard

assay conditions.
Analysis of purine levels in serum by high pressure liquid chromatography (HPLC)

The denaturation of sample proteins was performed using 0.6mol/L perchloric
acid. All samples were then centrifuged (14000xg for 10min) and the supernatants
were neutralized with 4.0 N KOH and clarified with a second centrifugation (14000xg
for 15 min). Aliquots of 50 uL were applied to a reverse-phase HPLC system using a
25 cm C18 Shimadzu column (Shimadzu, Japan) at 260 nm with a mobile phase
containing 60mM KH;PO,4, 5.0mM tetrabutylammonium chloride, pH 6.0, in 30%
methanol according to a method previously described by Voelter et al. [43]. The peaks
of purines (ATP, ADP, AMP, adenosine, inosine, hypoxanthine, and uric acid) were
identified by their retention times and quantified by comparison with standards. Results

are expressed by the amount of the different compounds per mL of serum.
Quantification of Cytokines

Cytokine quantification was assessed by ELISA using commercial kits for
human IFN-y, TNF-a, IL-1, IL-6 and IL-10 (eBIO-SCIENCE, San Diego, USA),
according to the manufacturer's instructions. The presence and concentration of the
cytokines were determined by the intensity of the color measured by spectrometry in
a micro ELISA reader.

Determination of C-reactive protein (CRP)

Values of serum CRP were determined from samples analyzed by high-

sensitivity latex-enhanced nephelometry on a BN 1l Nephelometer (Dade Behring,
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Siemens). The assay used monoclonal anti-CRP antibodies and a calibrator that was
traceable to the World Health Organization (WHO) reference material. The mean

replicate coefficient of variation for the assay is 6.4%.
Protein Determination

Protein was measured by the Coomassie blue method according to Bradford

[44] using serum albumin as standard.
Statistical analysis

Data were analyzed statistically by the Student’s t-test for independent
samples. P<0.05 was considered to represent a significant difference in all analyses

used. All data were expressed as mean + SEM.

Results

Table 1 presents general characteristics of the patients. We observed that MS
affected women more than men and the onset of MS tended to be earlier in men (age
13) than in women (age 18). Most patients evaluated had the RRMS form and the
treatment used for the majority of the patients was glatiramer acetate.

Figure 1 shows that the AChE activity was significantly increased in
lymphocytes from RRMS patients (1.14 = 0.09) when compared with the control
group (0.87 + 0.07) (P<0.05). AChE in the whole blood and BChE in serum activities
are shown in Figures 2 and 3, respectively. We observed a significant increase in the
activity of these enzymes in RRMS patients (AChE: 449.5 + 21.49/BChE: 8.92 +
0.61) when compared with the control group (AChE: 384.5 £ 17.8/BChE: 6.90 £ 0.49)
(P<0.05).

The ADA activity (Fig. 4) was higher in patients than in the control group
(20.63£1.19/13.66 + 0.59) (P<0.0001). In addition, nucleotide and nucleoside levels
evaluated by HPLC revealed a decrease in ATP levels and a significant increase in
the levels of ADP, AMP, adenosine, and inosine in serum from RRMS patients in
relation to healthy subjects (Table 2) (P<0.05). No differences were observed in the
levels of hypoxanthine and uric acid comparing MS patients and the control group
(Table 2).
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Figure 5 presents the results obtained for cytokine levels. As can be observed,
in both IL-1 (Fig. 5a) and IL-6 (Fig. 5b) the levels were significantly increased in
RRMS patients when compared with the control group (P<0.0001). Moreover, levels
of TNF-a (Fig. 5¢) and IFN-y (Fig. 5d) also presented a significant increase in
patients when compared with the control group (P<0.05). However, we found a
significant decrease in the IL-10 (Fig. 5e) levels in RRMS patients when compared
with the control group (P<0.0001).

Statistical analysis revealed that RRMS patients had a significant increase in

the CRP levels in serum when compared with healthy individuals (Fig. 6, P=0.022).

Discussion

It has long been known that immune cells attack the nervous system to give
rise to neuroimmunological diseases, such as MS [45]. This disease is accompanied
by several inflammatory manifestations, demyelization, and axonal loss [46], being
that alterations in the immune system are intimately related to these processes.

Several studies including of our research group have reported that both
purinergic [47-49] and cholinergic systems are important in the modulation of the
inflammatory and immune responses [27, 50].

Our results corroborated other studies performed by Nakatsuji et al. [51] and
Ramagopalan et al. [52] showing that the incidence of RRMS was higher in women
than in men. Another important aspect observed in our work is that the vast majority
of patients with EM have mean age at onset of the disease 30 years [53-55].

We have also observed an increase in the AChE activity in lymphocytes and
whole blood of MS patients (Figs. 1, 2). It is well established in the literature that
lymphocytes present AChE activity [56], which is expressed in T and B cells [57].
Hence, immunological activation of lymphocytes appears to enhance local
cholinergic signal transmission between T and B cells, by increasing synthesis and
release of ACh by T cells [58].

Over the last decade it has been established that both muscarinic and nicotinic
ACh receptors are present in lymphocytes isolated from peripheral blood, and when
stimulated by these receptors they cause a variety of biochemical and functional
effects [59]. The results found in this study indicated a possible reduction in the ACh

levels in blood and a consequent decrease in the neuroprotective and anti-
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inflammatory properties promoted by this molecule, contributing to the immunological
and inflammatory changes observed in patients with MS. A similar result in the AChE
activity in whole blood was observed in a study carried out in our research group with
individuals diagnosed with acute lymphoblastic leukemia [60] and lung cancer [61].

Mack et al. [62] have reported that neurodegenerative diseases may induce
changes in the cholinesterase activities. We have also shown in this study that the
BChE activity increased in the group of patients with MS (Fig. 3). BChE may be
involved in activated microglia in MS and may lead to increased hydrolysis of ACh
[1], while AChE can be considered a marker of early differentiation [63]. It is important
to note that ACh inhibits the production of pro-inflammatory cytokines in leukocytes
therefore the cholinergic parameters are important in inflammatory diseases [64].

The increase in the cholinesterase activities found in this study could be
contributing to the pro-inflammatory immune response in RRMS patients, since a
reduction of acetylcholine levels would in turn reduce the cholinergic input to the
immune cells. This response could lead to the release of pro-inflammatory cytokines
and promote neuroinflammation according to Darvesh et al. [1]. Evidence suggests
that the inhibition of AChE activity may have a positive effect in the treatment of MS
[65]. Another important aspect reported in previous studies is that the inflammation in
the myelin sheath generates a cholinergic dysfunction that contributes to the onset of
MS [66].

Beyond the extraneural cholinergic system, present in the lymphocytes, also it
controls the immune system that is regulated by cytokines [11]. It is known that ACh
can interact with alpha7 nicotinic acetylcholine receptors expressed by macrophages
and other cytokine-producing cells and thus this mechanism regulates pro-
inflammatory cytokine synthesis [67]. Moreover, this molecule reduces the production
of TNF-a, IL-1, IL-6 [68]. Thus, we can speculate that the increase in the
cholinesterase activity found in this study may be caused by an impairment of ACh
ability. Also, alterations in cytokine levels found in this study may be due to the
decrease of ACh levels, since ACh is responsible for regulating inflammatory
processes.

Another important aspect to be discussed is that the pro-inflammatory cytokine
levels were also increased in RRMS patients (Fig. 5a-d); however, the IL-10, a
molecule with anti-inflammatory properties, was decreased in this population (Fig.

5e). The IL-10 plays an important role in the regulation of immune responses and is
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considered the main anti-inflammatory cytokine [69]. These findings indicate that the
inflammatory process is well characterized in patients with RRMS, since in this study
we verified a reduction of IL-10 and simultaneously an increase of pro-inflammatory
cytokines in the patient group.

Regarding IFN-y and TNF-a, we observed an increase of these cytokines in
the patient group when compared with the control group. As described by Bansi et al.
[70], these findings may be associated with the course of the disease. Reinforcing
this line of reasoning, Killestein et al. [71] demonstrated that patients with PPMS
express less pro- and more anti-inflammatory cytokine, decreasing the production of
T cells compared to the RRMS and SPMS forms of the disease.

In addition, a significant increase in the CRP levels in RRMS patients was
found in this study (Fig. 6). These findings confirm previous reports that have showed
a significant elevation of TNF-a, CRP, IL-1 in RRMS patients and the onset of the
disease before 30 years when compared to healthy controls [72].

In the present study, most RRMS patients performed the treatment with
glatiramer acetate in relation to IFN-B (Table 1). It is important to point out that, even
making use of immunomodulator therapy, the RRMS patients remained with
inflammatory biomarkers elevated when compared to healthy subjects. However, the
literature has demonstrated that the introduction of immunomodulatory drugs, such
as the interferon B (IFN-B) and glatiramer acetate for the treatment RRMS has been
well accepted and most of the times effective for the reduction of relapses and
deficiencies in MS patients [73-75].

In this scenario, we suggest that the increase in biomarkers of inflammation
was probably a result not only of the elevation in the inflammation production due to
the demyelization event that occurred in MS but also of the increased activity of
cholinesterase discussed previously. Furthermore, it has been demonstrated in
literature that adenine nucleotides and nucleosides play a fundamental role in
inflammation process. ATP is considered the pro-inflammatory molecule, whereas
adenosine has anti-inflammatory actions. In this context, our results demonstrate an
increase of ADA activity in serum from patients with MS (Fig. 4). ADA is an important
enzyme that degrades adenosine to inosine, tightly regulating local extracellular
concentrations of adenosine [23, 76].

It is well established that adenosine receptors (ARs) play a central role in

mechanisms of inflammation, suggesting that their stimulation has a different effect
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on the release of pro-inflammatory cytokines in various pathologies [77]. In line with
this, it is important to note that the increase in the pro-inflammatory cytokine levels
observed in this study may be associated with an increase of ADA activity in RRMS.
Our results are in agreement with several studies which have showed that ADA has
significant roles in immune response, and alterations in their activities have been
observed in some autoimmune diseases, such as lupus [78] and rheumatoid arthritis
[79].

Previous studies carried out in our laboratory have demonstrated that ADA is
an enzyme that plays an important role in inflammation mechanisms. Also, alterations
in its activity have been observed in various diseases being very important
physiological and pathological parameters [33, 80, 81].

We have observed that the levels of ATP, ADP, AMP, adenosine and inosine
were altered in patients with MS compared to controls. These levels were significantly
increased in the serum of MS from the patient group, with exception of ATP that
showed decreased levels, which may be a result to the increase of purine
metabolism observed in this work. Furthermore, evidence indicates that high
extracellular ATP levels act through specific cell surface receptors as a pro-
inflammatory agent that potentiates the release of pro-inflammatory cytokines [17]
from activated lymphocytes [82].

Similar results have demonstrated that ATP levels were also decreased,;
nevertheless, the AMP and adenosine levels as well as ADA activity were increased
in chronic disease [83]. The increase of ADP and AMP hydrolysis contributes to an
increase of adenosine production. Based on our findings, we may suggest that a
rapid deamination of adenosine by ADA causes a reduction of the levels of this
nucleoside in the circulation. Consequently, this situation may produce a favorable
scenario for the development of inflammatory diseases.

In conclusion, results found in the present study have demonstrated alterations
in the cholinesterase and adenosine deaminase activities, enzymes that are
fundamental to control the activity of the immune system alterations in cytokines and
CRP levels, as well as in the adenine nucleotide and nucleoside hydrolysis from
patients with RRMS. These findings are of great relevance, since they can potentially
contribute to the enlargement of the therapeutic window for the treatment of holders
of this disease and, thus, improve the prognostic of these individuals through the

development of new therapies.



52
Acknowledements

The authors wish to thank the neurologist Juarez Lopes and the MS patients
and healthy subjects that contributed for the realization of this study. We also thanks
the Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPQ),
Fundacdo de Amparo a Pesquisa do Rio Grande do Sul (FAPERGS), Fundacédo
Coordenacédo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES), Instituto
Brasileiro de Neurociéncia (IBN-Net), INCT for Excitotoxicity and Neuroprotection,

and the Federal University of Santa Maria, RS, Brazil for the financial support.

Disclosures

This work is original and is not under consideration by another journal. All the
patients signed the written consent and the work was approved by the Human Ethical
Committee from the Federal University of Santa Maria Hospital. Finally, this

manuscript has been approved by all authors and has no conflict of interest.

References

1. Darvesh S, Leblanc AM, Macdonald IR, Reid GA, Bhan V, Macaulay RJ, Fisk JD
(2010) Butyrylcholinesterase activity in multiple sclerosis neuropathology. Chem Biol
Interact 187:425-431

2. Minguetti G (2001) Ressonancia Magnética na Esclerose Mdltipla, analise de 270

casos. Arq Neuropsiquiatr 59:563-569

3. Costa CCR, Fonteles JL, Praca LR, Andrade AC (2005) O adoecimento do
portador de esclerose multipla: percepcdes e vivéncias a partir da narrativa de dois
casos clinicos. RBPS 18:117-124

4. Jordy SS, Tilbery CP, Fazzito MM (2008) Immunomodulator therapy migration in
relapsing remitting multiple sclerosis: a study of 152 cases. Arq Neuropsiquiatr 66:11-
14


http://www.ncbi.nlm.nih.gov/pubmed/?term=Butyrylcholinesterase+activity+in+multiple+sclerosis+neuropathology
http://www.ncbi.nlm.nih.gov/pubmed/?term=Butyrylcholinesterase+activity+in+multiple+sclerosis+neuropathology
http://www.ncbi.nlm.nih.gov/pubmed?term=Jordy%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=18392406
http://www.ncbi.nlm.nih.gov/pubmed?term=Tilbery%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=18392406
http://www.ncbi.nlm.nih.gov/pubmed?term=Fazzito%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=18392406
http://www.ncbi.nlm.nih.gov/pubmed/?term=JORDY%2C+S.S%3B+TILBERY%2C+C.P%3B+FAZZITO%2C+M.M.+Immunomodulator+therapy+migration+in+relapsing+remitting+multiple+sclerosis%3A+a+study+of+152+cases.+Arquivos+de+Neuropsiquiatria%2C+v.+66%2C+n.+1%2C+p.+11-14%2C+mar.+2008.

53

5. Reipert B (2004) Multiple sclerosis: a short review of the disease and its
differences between men and woman. J Mens Health Gend 1:334-340

6. Koch-Henriksen N, Sorensen PS (2011) Why does the north-south gradient of
incidence of multiple sclerosis seem to have disappeared on the northern
hemisphere? J Neurol Sci 311:58-63

7. Das UN (2012) Is multiple sclerosis a proresolution deficiency disorder? Nutrition
28:951-958

8. Compston A, Coles A (2008) Multiple sclerosis. Lancet 372:1502-1517

9. Lassmann H (2005) Mechanisms of multiple sclerosis. Drug Discovery Today:
Disease Mechanisms 2:447-452

10. Aktas O, Waiczies S, Zipp F (2007) Neurodegeneration in autoimmune
demyelination: recent mechanistic insights reveal novel therapeutic targets. J
Neuroimmunol 184:17-26

11. Kawashima K, Fujii T (2003) The lymphocytic cholinergic system and its
biological function. Life Sci 72:2101-2109

12. de Almeida JP, Saldanha C (2010). Nonneuronal cholinergic system in human
erythrocytes: biological role and clinical relevance. J Membr Biol 234:227-234

13. de Oliveira P, Gomes AQ, Pacheco TR, Vitorino de Almeida V, Saldanha
C, Calado A (2012) Cell-specific regulation of acetylcholinesterase expression
under inflammatory conditions. Clin Hemorheol Microcirc 51:129-137

14. Jaques JA, Rezer JF, Gongalves JF, Spanevello RM, Gutierres JM, Pimentel
VC, Thomé GR, Morsch VM, Schetinger MR, Leal DB (2011) The effect of curcumin
in the ectonucleotidases and acetylcholinesterase activities in synaptosomes from

the cerebral cortex of cigarette smoke-exposed rats. Cell Biochem Funct 29:703-707

15. Bencherif M, Lippiello PM, Lucas R, Marrero MB (2011) Alpha7 nicotinic
receptors as novel therapeutic targets for inflammation-based diseases. Cell Mol Life
Sci 68:931-949


http://www.ncbi.nlm.nih.gov/pubmed?term=Koch-Henriksen%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21982346
http://www.ncbi.nlm.nih.gov/pubmed?term=Sorensen%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=21982346
http://www.ncbi.nlm.nih.gov/pubmed/?term=HENRIKSEN%2C+K.N.%3B+SORENSEN%2C+P.S.+Why+does+the+north%E2%80%93south+gradient+of+incidence+of+multiple+sclerosis+seem+to+have+disappeared+on+the+Northern+hemisphere%3F%2C+Journal+of+the+Neurological+Sciences%2C+v.+311%2C+n.+1-2%2C+p.+58%E2%80%9363%2C+dez.+2011.
http://www.ncbi.nlm.nih.gov/pubmed?term=Das%20UN%5BAuthor%5D&cauthor=true&cauthor_uid=22521616
http://www.ncbi.nlm.nih.gov/pubmed?term=Compston%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18970977
http://www.ncbi.nlm.nih.gov/pubmed?term=Coles%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18970977
http://www.ncbi.nlm.nih.gov/pubmed/?term=COMPSTON%2C+A.%3B+COLES%2C+A.+Multiple+sclerosis.+The+Lancet%2C+v.+372%2C+n.+9648%2C+p.+1502-17%2C+out.+2008.
http://www.ncbi.nlm.nih.gov/pubmed?term=Aktas%20O%5BAuthor%5D&cauthor=true&cauthor_uid=17222462
http://www.ncbi.nlm.nih.gov/pubmed?term=Waiczies%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17222462
http://www.ncbi.nlm.nih.gov/pubmed?term=Zipp%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17222462
http://www.ncbi.nlm.nih.gov/pubmed/?term=AKTAS%2C+O.%3B+WAICZIES%2C+S.%3B+ZIPPi%2C+F.+Neurodegeneration+in+autoimmune+demyelination%3A+recent+mechanistic+insights+reveal+novel+therapeutic+targets.+Journal+of+Neuroimmunology%2C+v.+184%2C+n.1-2%2C+p.17-26%2C+mar.+2007.
http://www.ncbi.nlm.nih.gov/pubmed/?term=AKTAS%2C+O.%3B+WAICZIES%2C+S.%3B+ZIPPi%2C+F.+Neurodegeneration+in+autoimmune+demyelination%3A+recent+mechanistic+insights+reveal+novel+therapeutic+targets.+Journal+of+Neuroimmunology%2C+v.+184%2C+n.1-2%2C+p.17-26%2C+mar.+2007.
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawashima%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12628464
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujii%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12628464
http://www.ncbi.nlm.nih.gov/pubmed/?term=KAWASHIMA%2C+K.%3B+FUJII%2C+T.+The+lymphocytic+cholinergic+system+and+its+biological+function.+Life+Sciences%2C+v.+72%2C+n.+18-19%2C+p.+2101-9%2C+mar.+2003.
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Almeida%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=20352203
http://www.ncbi.nlm.nih.gov/pubmed?term=Saldanha%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20352203
http://www.ncbi.nlm.nih.gov/pubmed/?term=ALMEIDA%2C+J.P.%3B+SALDANHA%2C+C.+Nonneuronal+cholinergic+system+in+human+erythrocytes%3A+Biological+role+and+clinical+relevance.+Journal+of+Membrane+Biology%2C+v.+234%2C+n.+3%2C+p.+227-34%2C+abr.+2010.
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Oliveira%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22240379
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomes%20AQ%5BAuthor%5D&cauthor=true&cauthor_uid=22240379
http://www.ncbi.nlm.nih.gov/pubmed?term=Pacheco%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=22240379
http://www.ncbi.nlm.nih.gov/pubmed?term=Vitorino%20de%20Almeida%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22240379
http://www.ncbi.nlm.nih.gov/pubmed?term=Saldanha%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22240379
http://www.ncbi.nlm.nih.gov/pubmed?term=Saldanha%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22240379
http://www.ncbi.nlm.nih.gov/pubmed?term=Calado%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22240379
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cell-specific+regulation+of+acetylcholinesterase+expression+under+inflammatory+conditions
http://www.ncbi.nlm.nih.gov/pubmed?term=Jaques%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=21932293
http://www.ncbi.nlm.nih.gov/pubmed?term=Rezer%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=21932293
http://www.ncbi.nlm.nih.gov/pubmed?term=Gon%C3%A7alves%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=21932293
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanevello%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=21932293
http://www.ncbi.nlm.nih.gov/pubmed?term=Gutierres%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=21932293
http://www.ncbi.nlm.nih.gov/pubmed?term=Pimentel%20VC%5BAuthor%5D&cauthor=true&cauthor_uid=21932293
http://www.ncbi.nlm.nih.gov/pubmed?term=Pimentel%20VC%5BAuthor%5D&cauthor=true&cauthor_uid=21932293
http://www.ncbi.nlm.nih.gov/pubmed?term=Thom%C3%A9%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=21932293
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=21932293
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=21932293
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=21932293
http://www.ncbi.nlm.nih.gov/pubmed/?term=JAQUES%2C+J.A.+et+al.+The+effect+of+curcumin+in+the+ectonucleotidases+and+acetylcholinesterase+activities+in+synaptosomes+from+the+cerebral+cortex+of+cigarette+smoke-exposed+rats.+Cell+Biochemistry+and+Function%2C+v.+29%2C+n.+8%2C+p.+703-7%2C+dez.+2011.
http://www.ncbi.nlm.nih.gov/pubmed?term=Bencherif%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20953658
http://www.ncbi.nlm.nih.gov/pubmed?term=Lippiello%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=20953658
http://www.ncbi.nlm.nih.gov/pubmed?term=Lucas%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20953658
http://www.ncbi.nlm.nih.gov/pubmed?term=Marrero%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=20953658
http://www.ncbi.nlm.nih.gov/pubmed/?term=BENCHERIF%2C+M.%2C+LIPPIELLO%2C+P.M.%2C+LUCAS%2C+R.%2C+MARRERO%2C+M.B.+Alpha7+nicotinic+receptors+as+novel+therapeutic+targets+for+inflammation-based+diseases%2C+Cellular+and+molecular+life+sciences%2C+v.+68%2C+n.+6%2C+p.+931%E2%80%9349%2C+mar.+2011.
http://www.ncbi.nlm.nih.gov/pubmed/?term=BENCHERIF%2C+M.%2C+LIPPIELLO%2C+P.M.%2C+LUCAS%2C+R.%2C+MARRERO%2C+M.B.+Alpha7+nicotinic+receptors+as+novel+therapeutic+targets+for+inflammation-based+diseases%2C+Cellular+and+molecular+life+sciences%2C+v.+68%2C+n.+6%2C+p.+931%E2%80%9349%2C+mar.+2011.

54

16. Das UN (2007) Acetylcholinesterase and butyrylcholinesterase as possible

markers of low-grade systemic inflammation. Med Sci Monit 13:214-221

17. Bours MJ, Swennen EL, Di Virgilio F, Cronstein BN, Dagnelie PC (2006)
Adenosine 5'-triphosphate and adenosine as endogenous signaling molecules in
immunity and inflammation. Pharmacol Ther 112:358-404

18. Zimmermann H. ATP and acetylcholine, equal brethren (2008) Neurochem Int
52:634-648

19. Ferrero ME (2011) Purinoceptors in inflammation: potential as anti-inflammatory
therapeutic targets. Front Biosci (Landmark Ed) 16:2172-2186

20. Gombault A, Baron L, Couillin | (2012) ATP release and purinergic signaling in

NLRP3 inflammasome activation. Front Immunol 3:414

21. Linden J (2006) New insights into the regulation of inflammation by adenosine. J
Clin Invest 116:1835-1837

22. Gessi S, Varani K, Merighi S, Fogli E, Sacchetto V, Benini A, Leung E, Mac-
Lennan S, Borea PA (2007) Adenosine and lymphocyte regulation. Purinergic Signal
3:109-116

23. Franco R, Casadé V, Ciruela F, Saura C, Mallol J, Canela El, Lluis C (1997) Cell
surface adenosine deaminase: much more than an ectoenzyme. Prog Neurobiol
52:283-294

24. Cordero 0J, Salgado FJ, Fernandez-Alonso CM, Herrera C, Lluis C, Franco
R, Nogueira M (2001) Cytokines regulate membrane adenosine deaminase on

human activated lymphocytes. J Leukoc Biol 70:920-930

25. Sellner J, Greeve |, Mattle HP (2008) Atorvastatin decreases high-sensitivity C-

reactive protein in multiple sclerosis. Mult Scler 14:981-984

26. Gabay C, Kushner | (1999) Acute-phase proteins and other systemic responses

to inflammation. N Engl J Med 340:448-454


http://www.ncbi.nlm.nih.gov/pubmed?term=Das%20UN%5BAuthor%5D&cauthor=true&cauthor_uid=18049445
http://www.ncbi.nlm.nih.gov/pubmed/?term=Das+UM.+Acetylcholinesterase+and+butyrylcholinesterase+as+possible+markers+of+low-grade+systemic+inflammation.+Med+Sci+Monit.+V.+13%2C+n.+12%2C+p.+214-21%2C+dec.+2007.
http://www.ncbi.nlm.nih.gov/pubmed?term=Bours%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=16784779
http://www.ncbi.nlm.nih.gov/pubmed?term=Swennen%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=16784779
http://www.ncbi.nlm.nih.gov/pubmed?term=Di%20Virgilio%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16784779
http://www.ncbi.nlm.nih.gov/pubmed?term=Cronstein%20BN%5BAuthor%5D&cauthor=true&cauthor_uid=16784779
http://www.ncbi.nlm.nih.gov/pubmed?term=Dagnelie%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=16784779
http://www.ncbi.nlm.nih.gov/pubmed/?term=BOURS+M.J.%2C+SWENNEN+E.L.%2C+DI+VIRGILIO+F.+et+al.+Adenosine+5%E2%80%99+triphosphate+and+adenosine+as+endogenous+signaling+molecules+in+immunity+and+infla-+mmation.+Pharmacology+%26+therapeutics%2C+v.+112%2C+n.+2%2C+p.+358-404%2C+nov.+2006
http://www.ncbi.nlm.nih.gov/pubmed?term=Zimmermann%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18029057
http://www.ncbi.nlm.nih.gov/pubmed/?term=ZIMMERMANN%2C+H.+ATP+and+acetylcholine%2C+equal+brethren.+Neurochemistry+internacional%2C+n.+52%2C+v.+(4-5)%2C+p.+634-48%2C+set.+2007.
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferrero%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=21622169
http://www.ncbi.nlm.nih.gov/pubmed/?term=FERRERO+ME.+Purinoceptors+in+inflammation%3A+potential+as+anti-inflammatory+therapeutic+targets.+Frontiers+in+Bioscience%2C+v.1%2C+n.+16%2C+p.+2172-86%2C+jun.+2011.
http://www.ncbi.nlm.nih.gov/pubmed?term=Gombault%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23316199
http://www.ncbi.nlm.nih.gov/pubmed?term=Baron%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23316199
http://www.ncbi.nlm.nih.gov/pubmed?term=Couillin%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23316199
http://www.ncbi.nlm.nih.gov/pubmed/23316199
http://www.ncbi.nlm.nih.gov/pubmed?term=Linden%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16823484
http://www.ncbi.nlm.nih.gov/pubmed/?term=LINDEN+J.+New+insights+into+the+regulation+of+inflammation+by+adenosine.+The+Journal+of+Clinical+Investigation%2C+v.+116+n.+7%2C+p.+1835-7%2C+jul.+2006.
http://www.ncbi.nlm.nih.gov/pubmed/?term=LINDEN+J.+New+insights+into+the+regulation+of+inflammation+by+adenosine.+The+Journal+of+Clinical+Investigation%2C+v.+116+n.+7%2C+p.+1835-7%2C+jul.+2006.
http://www.ncbi.nlm.nih.gov/pubmed?term=Gessi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18404424
http://www.ncbi.nlm.nih.gov/pubmed?term=Varani%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18404424
http://www.ncbi.nlm.nih.gov/pubmed?term=Merighi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18404424
http://www.ncbi.nlm.nih.gov/pubmed?term=Fogli%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18404424
http://www.ncbi.nlm.nih.gov/pubmed?term=Sacchetto%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18404424
http://www.ncbi.nlm.nih.gov/pubmed?term=Benini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18404424
http://www.ncbi.nlm.nih.gov/pubmed?term=Leung%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18404424
http://www.ncbi.nlm.nih.gov/pubmed?term=Mac-Lennan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18404424
http://www.ncbi.nlm.nih.gov/pubmed?term=Mac-Lennan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18404424
http://www.ncbi.nlm.nih.gov/pubmed?term=Borea%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=18404424
http://www.ncbi.nlm.nih.gov/pubmed/?term=GESSI+K%2C+VARANI+S%2C+MERIGHI+S.+et+al.+Adenosine+and+lymphocyte+regulation.+Purinergic+Signalling%2C+v.+3%2C+p.+109%E2%80%9316%2C+jan.+2007.
http://www.ncbi.nlm.nih.gov/pubmed?term=Franco%20R%5BAuthor%5D&cauthor=true&cauthor_uid=9247966
http://www.ncbi.nlm.nih.gov/pubmed?term=Casad%C3%B3%20V%5BAuthor%5D&cauthor=true&cauthor_uid=9247966
http://www.ncbi.nlm.nih.gov/pubmed?term=Ciruela%20F%5BAuthor%5D&cauthor=true&cauthor_uid=9247966
http://www.ncbi.nlm.nih.gov/pubmed?term=Saura%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9247966
http://www.ncbi.nlm.nih.gov/pubmed?term=Mallol%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9247966
http://www.ncbi.nlm.nih.gov/pubmed?term=Canela%20EI%5BAuthor%5D&cauthor=true&cauthor_uid=9247966
http://www.ncbi.nlm.nih.gov/pubmed?term=Lluis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9247966
http://www.ncbi.nlm.nih.gov/pubmed/?term=FRANCO+R%2C+CASAD%C3%93+V%2C+CIRUELA+F%2C+LAURA+C%2C+MALLOL+J%2C+CANELA+E%2C+LLUIS+C.+Cell+surface+adenosine+deaminase%3A+much+more+than+an+ectoenzyme.+Journal+of+Leukocyte+Biology%2C+v.+52%2C+p.+283-92%2C+dez.+1997.
http://www.ncbi.nlm.nih.gov/pubmed?term=Cordero%20OJ%5BAuthor%5D&cauthor=true&cauthor_uid=11739555
http://www.ncbi.nlm.nih.gov/pubmed?term=Salgado%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=11739555
http://www.ncbi.nlm.nih.gov/pubmed?term=Fern%C3%A1ndez-Alonso%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=11739555
http://www.ncbi.nlm.nih.gov/pubmed?term=Herrera%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11739555
http://www.ncbi.nlm.nih.gov/pubmed?term=Lluis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11739555
http://www.ncbi.nlm.nih.gov/pubmed?term=Franco%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11739555
http://www.ncbi.nlm.nih.gov/pubmed?term=Franco%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11739555
http://www.ncbi.nlm.nih.gov/pubmed?term=Nogueira%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11739555
http://www.ncbi.nlm.nih.gov/pubmed/?term=CORDERO+O.J.%2C+SALGADO+F.J.%2CFERN%C3%81NDEZ-ALONSO+C.M.+et+al.+Cytokines+regulate+membrane+adenosine+deaminase+on+human+activated+lymphocytes.+Journal+of+Leukocyte+Biology%2C+v.+70%2C+dez%2C+2001.
http://www.ncbi.nlm.nih.gov/pubmed?term=Sellner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18573823
http://www.ncbi.nlm.nih.gov/pubmed?term=Greeve%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18573823
http://www.ncbi.nlm.nih.gov/pubmed?term=Mattle%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=18573823
http://www.ncbi.nlm.nih.gov/pubmed/?term=SELLNER+J%2C+GREEVE+I%2C+MATTLE+HP.+Atorvastatin+decreases+high-sensitivity+C-reactive
http://www.ncbi.nlm.nih.gov/pubmed?term=Gabay%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9971870
http://www.ncbi.nlm.nih.gov/pubmed?term=Kushner%20I%5BAuthor%5D&cauthor=true&cauthor_uid=9971870
http://www.ncbi.nlm.nih.gov/pubmed/9971870

55

27. Mazzanti CM, Spanevello RM, Pereira LB, Goncalves JF, Kaizer R, Corréa
M, Ahmed M, Mazzanti A, Festugatto R, Graca DL, Morsch VM, Schetinger MR
(2006) Acetylcholinesterase activity in rats experimentally demyelinated with ethidium
bromide and treated with interferon beta. Neurochem Res 31:1027-1034

28. Mazzanti CM, Spanevello R, Ahmed M, Schmatz R, Mazzanti A, Salbego
FZ, Graga DL, Sallis ES, Morsch VM, Schetinger MR (2007) Cyclosporine
A inhibits acetylcholinesterase activity in rats experimentally demyelinated with
ethidium bromide. Int J Dev Neurosci 25:259-264

29. Mazzanti CM, Spanevello R, Ahmed M, Pereira LB, Gongalves JF, Corréa
M, Schmatz R, Stefanello N, Leal DB, Mazzanti A, Ramos AT, Martins TB, Danesi
CC,Graca DL, Morsch VM, Schetinger MR (2009) Pre-treatmant with ebselen and
vitamin E modulate acetylcholinesterase activity: interaction with demyelinating

agents. Int J Dev Neurosci 27:73-80

30. Spanevello RM, Mazzanti CM, Kaizer R, Zanin R, Cargnelutti D, Hannel L, Correa
M, Mazzanti A, Festugatto R, Graca D, Schetinger MR, Morsch VM (2006) Apyrase
and 5'-nucleotidase activities in synaptosomes from the cerebral cortex of rats
experimentally demyelinated with ethidium bromide and treated with interferon-beta.
Neurochem Res 31:455-462

31. Spanevello R, Mazzanti CM, Schmatz R, Bagatini M, Stefanello N, Correa M,
Kaizer R, Maldonado P, Mazzanti A, Graca DL, Martins TB, Danesi C, Morsch VM,
Schetinger MR (2009) Effect of vitamin E on ectonucleotidase activities in
synaptosomes and platelets and parameters of oxidative stress in rats experimentally
demyelinated. Brain Res Bull 80:45-51

32. Spanevello RM, Mazzanti CM, Schmatz R, Thomé G, Bagatini M, Correa M, Rosa
C, Stefanello N, Bellé LP, Moretto MB, Oliveira L, Morsch VM, Schetinger MR (2010)
The activity and expression of NTPDase is  altered in  lymphocytes of multiple
sclerosis patients. Clin Chim Acta 411:210-214

33. Spanevello RM, Mazzanti CM, Bagatini M, Correa M, Schmatz R, Stefanello
N, Thomé G, Morsch VM, Becker L, Bellé L, de Oliveira L, Schetinger MR (2010)


http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzanti%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanevello%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed?term=Pereira%20LB%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed?term=Gon%C3%A7alves%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaizer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed?term=Corr%C3%AAa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed?term=Corr%C3%AAa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahmed%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzanti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed?term=Festugatto%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed?term=Gra%C3%A7a%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=16871442
http://www.ncbi.nlm.nih.gov/pubmed/?term=MAZZANTI+CM%2C+SPANEVELLO+RM%2C+PEREIRA+LB%2C+et+al.+Acetylcholinesterase+activity+in+rats+experimentally+demyelinated+with+ethidium+bromide
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzanti%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=17467222
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanevello%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17467222
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahmed%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17467222
http://www.ncbi.nlm.nih.gov/pubmed?term=Schmatz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17467222
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzanti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17467222
http://www.ncbi.nlm.nih.gov/pubmed?term=Salbego%20FZ%5BAuthor%5D&cauthor=true&cauthor_uid=17467222
http://www.ncbi.nlm.nih.gov/pubmed?term=Salbego%20FZ%5BAuthor%5D&cauthor=true&cauthor_uid=17467222
http://www.ncbi.nlm.nih.gov/pubmed?term=Gra%C3%A7a%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=17467222
http://www.ncbi.nlm.nih.gov/pubmed?term=Sallis%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=17467222
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=17467222
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=17467222
http://www.ncbi.nlm.nih.gov/pubmed/?term=MAZZANTI+CM%2C+SPANEVELLO+R%2C+AHMED+M+et+al.+Cyclosporine+A+inhibits+acetylcholinesterase+activity+in+rats+experimentally+de
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzanti%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanevello%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahmed%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Pereira%20LB%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Gon%C3%A7alves%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Corr%C3%AAa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Corr%C3%AAa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Schmatz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Stefanello%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzanti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Ramos%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Martins%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Danesi%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Danesi%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Gra%C3%A7a%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=18930802
http://www.ncbi.nlm.nih.gov/pubmed/?term=MAZZANTI+CM%2C+SPANEVELLO+R%2C+AHMED+M+et+al.+Pre-treatment+with+ebselen+and+vitamin+E+modulate+acetylcholinesterase+activity%3A+interaction+with+demyelinating+agents.+Int+J+Dev+Neurosci.+27(1)%3A73-80%2C+feb%2C+2009.
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanevello%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzanti%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaizer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed?term=Zanin%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed?term=Cargnelutti%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed?term=Hannel%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed?term=C%C3%B4rrea%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed?term=C%C3%B4rrea%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzanti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed?term=Festugatto%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed?term=Gra%C3%A7a%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=16758353
http://www.ncbi.nlm.nih.gov/pubmed/?term=SPANEVELLO+RM%2C+MAZZANTI+CM%2C+KAIZER+R%2C+et+al.+Apyrase+and+5'-nucleotidase+activities+in+synaptosomes+from+the+cerebral+cortex+of+rats+experimentally+demyelinated+with+ethidium+bromide+and+treated+with+interferon-beta.+Neurochem+Res.+2006+Apr%3B31(4)%3A455-62.
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanevello%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzanti%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Schmatz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Bagatini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Stefanello%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Correa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Correa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaizer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Maldonado%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzanti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Gra%C3%A7a%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Martins%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Danesi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=19463911
http://www.ncbi.nlm.nih.gov/pubmed/?term=SPANEVELLO+R%2C+MAZZANTI+CM%2C+SCHMATZ+R.+et+al.+Effect+of+vitamin+E+on+ectonucleotidase+activities+in+synaptosomes+and+platelets+and+parameters+of+oxidative+stress+in+rats+experimentally+demyelinated.+Brain+Res+Bull.+2009+Aug+28%3B80(1-2)%3A45-51.
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanevello%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzanti%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Schmatz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Thom%C3%A9%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Bagatini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Correa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Rosa%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Rosa%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Stefanello%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Bell%C3%A9%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Moretto%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Oliveira%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=19914228
http://www.ncbi.nlm.nih.gov/pubmed/?term=SPANEVELLO+RM%2C+MAZZANTI+CM%2C+SCHMATZ+R+et+al.+The+activity+and+expression+of+NTPDase+is+altered+in+lymphocytes+of+multiple+sclerosis+patients.+Clin+Chim+Acta.+2010+Feb%3B411(3-4)%3A210-4.
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanevello%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=19629564
http://www.ncbi.nlm.nih.gov/pubmed?term=Mazzanti%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=19629564
http://www.ncbi.nlm.nih.gov/pubmed?term=Bagatini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19629564
http://www.ncbi.nlm.nih.gov/pubmed?term=Correa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19629564
http://www.ncbi.nlm.nih.gov/pubmed?term=Schmatz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19629564
http://www.ncbi.nlm.nih.gov/pubmed?term=Stefanello%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19629564
http://www.ncbi.nlm.nih.gov/pubmed?term=Stefanello%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19629564
http://www.ncbi.nlm.nih.gov/pubmed?term=Thom%C3%A9%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19629564
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=19629564
http://www.ncbi.nlm.nih.gov/pubmed?term=Becker%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19629564
http://www.ncbi.nlm.nih.gov/pubmed?term=Bell%C3%A9%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19629564
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Oliveira%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19629564
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=19629564

56

Activities of the enzymes that hydrolyze adenine nucleotides in platelets from multiple
sclerosis patients. J Neurol 257:24-30

34. McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP, Lublin FD,
McFarland HF, Paty DW, Polman CH, Reingold SC, Sandberg-Wollheim M, Sibley
W, Thompson A,van den Noort S, Weinshenker BY,Wolinsky JS (2001)
Recommended diagnostic criteria for multiple sclerosis: guidelines from the

International Panel on the diagnosis of multiple sclerosis. Ann Neurol 50:121-127

35. Boyum A (1968) Isolation of mononuclear cells and granulocytes from human
blood. Isolation of monuclear cells by one centrifugation, and of granulocytes by
combining centrifugation and sedimentation at 1 g. Scand J Clin Lab Invest Suppl
97:77-89

36. Jaques JA, Peres Rezer JF, Ruchel JB, Gutierres J, Bairros AV, Gomes Farias
IL, Almeida da Luz SC, Mello Bertoncheli Cd, Chitolina Schetinger MR, Morsch
VM, Leal DB (2011) A method for isolation of rat lymphocyte-rich mononuclear cells
from lung tissue useful for determination of nucleoside triphosphate

diphosphohydrolase activity. Anal Biochem 410:34-39

37. Bergmeyer HU (1983) Methods of enzymatic analysis. Verlag Chemie, Deerfiled

Beach

38. Ellman GL, Courtney KD, Andres V Jr, Feather-stone RM (1961) A new and rapid
colorimetric determination of acetylcholinesterase activity. Biochem Pharmacol 7:88-
95

39. Fitzgerald BB, Costa LG (1993) Modulation of muscarinic receptors and
acetylcholinesterase activity in lymphocytes and in brain areas following repeated

organophosphate exposure in rats. Fundam Appl Toxicol 20:210-216

40. Worek F, Mast U, Kiderlen D, Diepold C, Eyer P (1999) Improved determination

of acetylcholinesterase activity in human whole blood. Clin Chim Acta 288:73-90


http://www.ncbi.nlm.nih.gov/pubmed/?term=SPANEVELLO+RM%2C+MAZZANTI+CM%2C+BAGATINI+M+et+al.+Activities+of+the+enzymes+that+hydrolyze+adenine+nucleotides+in+platelets+from+multiple+sclerosis+patients.+J+Neurol.+2010+Jan%3B+257(1)%3A24-30.
http://www.ncbi.nlm.nih.gov/pubmed?term=McDonald%20WI%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Compston%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Edan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Goodkin%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Hartung%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Lublin%20FD%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Lublin%20FD%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=McFarland%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Paty%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Polman%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Reingold%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Sandberg-Wollheim%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Sibley%20W%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Sibley%20W%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Thompson%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20den%20Noort%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Weinshenker%20BY%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed?term=Wolinsky%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=11456302
http://www.ncbi.nlm.nih.gov/pubmed/?term=MCDONALD+WI%2C+COMPSTON+A%2C+EDAN+G%2C+GOODKIN+D%2C+HARTUNG+H%2C+LUBLIN+F%2C+MCFARLAND+F%2C+PATY+D%2C+REINGOLD+S%2C+SANDBERG-WOLLHEIM+M
http://www.ncbi.nlm.nih.gov/pubmed?term=B%C3%B6yum%20A%5BAuthor%5D&cauthor=true&cauthor_uid=4179068
http://www.ncbi.nlm.nih.gov/pubmed/4179068
http://www.ncbi.nlm.nih.gov/pubmed?term=Jaques%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed?term=Peres%20Rezer%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed?term=Ruchel%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed?term=Gutierres%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed?term=Bairros%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomes%20Farias%20IL%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomes%20Farias%20IL%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed?term=Almeida%20da%20Luz%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed?term=Mello%20Bertoncheli%20Cd%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed?term=Chitolina%20Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=21059335
http://www.ncbi.nlm.nih.gov/pubmed/?term=A+method+for+isolation+of+rat+lymphocyte-rich+mononuclear+cells+from+lung+tissue+useful+for+determination+of+nucleoside+triphosphate+diphosphohydrolase+activity.+Analytical+Biochemistry%2C+v.+410%2C+n.+1%2C+p.+34%E2%80%939%2C+mar.+2011.
http://www.ncbi.nlm.nih.gov/pubmed?term=ELLMAN%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=13726518
http://www.ncbi.nlm.nih.gov/pubmed?term=COURTNEY%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=13726518
http://www.ncbi.nlm.nih.gov/pubmed?term=ANDRES%20V%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=13726518
http://www.ncbi.nlm.nih.gov/pubmed?term=FEATHER-STONE%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=13726518
http://www.ncbi.nlm.nih.gov/pubmed/?term=ELLMAN%2C+G.L.%3B+COURTNEY%2C+K.D.%3B+ANDRES%2C+V.%3B+FEATHERSTONE%2C+R.M.+A+new+and+rapid+colorimetric+determination+of+acetylcholinesterase+activity.+Biochemical+Pharmacology%2C+v.+7%2C+p.+88-95%2C+jul.+1961.
http://www.ncbi.nlm.nih.gov/pubmed?term=Fitzgerald%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=8449393
http://www.ncbi.nlm.nih.gov/pubmed?term=Costa%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=8449393
http://www.ncbi.nlm.nih.gov/pubmed/?term=Modulation+of+muscarinic+receptors+an+acetylcholinesterase+activity+in+lymphocytes+and+brain+areas+following+repeated+organophosphate+exposure+in+rats.+Fundamental+and+Applied+Toxicology%2C+v.+20%2C+n.+2%2C+p.+210%E2%80%936%2C+fev.+1993.
http://www.ncbi.nlm.nih.gov/pubmed?term=Worek%20F%5BAuthor%5D&cauthor=true&cauthor_uid=10529460
http://www.ncbi.nlm.nih.gov/pubmed?term=Mast%20U%5BAuthor%5D&cauthor=true&cauthor_uid=10529460
http://www.ncbi.nlm.nih.gov/pubmed?term=Kiderlen%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10529460
http://www.ncbi.nlm.nih.gov/pubmed?term=Diepold%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10529460
http://www.ncbi.nlm.nih.gov/pubmed?term=Eyer%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10529460
http://www.ncbi.nlm.nih.gov/pubmed/?term=WOREK%2C+F.%3B+MAST%2C+U.%3B+KINDERLEN%2C+D.%3B+DIEPOLD%2C+C.%3B+EYER%2C+P.+Improved+determination+of+acetylcholinesterase+activity+in+human+whole+blood.+Clinica+Chimica+Acta%2C+v.+288%2C+n.+1-2%2C+p.+73-90%2C+out.+1999.

57

41. Rocha JB, Emanuelli T, Pereira ME (1999) Effects of early undernutrition on
kinetic parameters of brain acetylcholinesterase from adult rats. Acta Neurobiol Exp
(Wars) 53:431-437

42. Guisti G, Galanti B (1984) Colorimetric method. In: Bergmeyer HU (ed) Methods
of enzymatic analysis. Verlag Chemie, Weinheim, pp 315-323

43. Voelter W, Zech K, Arnold P, Ludwig G (1980) Determination of selected
pyrimidines, purines and their metabolites in serum and urine by reversed-phase ion-

pair chromatography. J Chromatogr 199:345-354

44. Bradford MM (1976) A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding. Anal
Biochem 72:248-254

45. Hohlfeld R, Kerschensteiner M, Stadelmann C, Lassmann H, Wekerle H (2006)
The neuroprotective effect of inflammation: implications for the therapy of multiple

sclerosis. Neurol Sci 27:1-7

46. Bruck W (2005) Inflammatory demyelination is not central to the pathogenesis of
multiple sclerosis. J Neurol 252:10-15

47. Schetinger MR, Morsch VM, Bonan CD, Wyse AT (2007) NTPDase and 5'-
nucleotidase activities in physiological and disease conditions: new perspectives for
human health. Biofactors 31:77-98

48. Cieslak M, Komoszynski M (2011) [The role of ecto-purines in inflammation
leading to demyelination - new means for therapies against multiple sclerosis].
Neurol Neurochir Pol 45:489-499

49. Thomé GR, Oliveira LS, Schetinger MR, Morsch VM, Spanevello RM, Fiorenza
AM, Seres J, Baldissarelli J, Stefanello N, Pereira ME, Calgaroto NS, Pimentel
VC, Leal DB, Souza V do C, Jaques JA, Leal CA, Cruz RC, Thiesen FV, Melazzo
Mazzanti C (2012) Nicotine alters the ectonucleotidases activities in lymphocytes: In

vitro and in vivo studies. Biomed Pharmacother 66:206-212


http://www.ncbi.nlm.nih.gov/pubmed?term=Rocha%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=8249659
http://www.ncbi.nlm.nih.gov/pubmed?term=Emanuelli%20T%5BAuthor%5D&cauthor=true&cauthor_uid=8249659
http://www.ncbi.nlm.nih.gov/pubmed?term=Pereira%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=8249659
http://www.ncbi.nlm.nih.gov/pubmed/?term=ROCHA+JBT%2C+EMANUELLI+T%2C+PEREIRA+ME+(1993).+Effects+of+early+undernutrition+on+15+kinetic+parameters+of+brain+acetylcholinesterase+from+adult+rats.+Acta+Neurobiologia+e+experiementalis%2C+v.+53%2C+n.+3%2C+p.+431%E2%80%937%2C+1993.
http://www.ncbi.nlm.nih.gov/pubmed/?term=ROCHA+JBT%2C+EMANUELLI+T%2C+PEREIRA+ME+(1993).+Effects+of+early+undernutrition+on+15+kinetic+parameters+of+brain+acetylcholinesterase+from+adult+rats.+Acta+Neurobiologia+e+experiementalis%2C+v.+53%2C+n.+3%2C+p.+431%E2%80%937%2C+1993.
http://www.ncbi.nlm.nih.gov/pubmed?term=Voelter%20W%5BAuthor%5D&cauthor=true&cauthor_uid=7451604
http://www.ncbi.nlm.nih.gov/pubmed?term=Zech%20K%5BAuthor%5D&cauthor=true&cauthor_uid=7451604
http://www.ncbi.nlm.nih.gov/pubmed?term=Arnold%20P%5BAuthor%5D&cauthor=true&cauthor_uid=7451604
http://www.ncbi.nlm.nih.gov/pubmed?term=Ludwig%20G%5BAuthor%5D&cauthor=true&cauthor_uid=7451604
http://www.ncbi.nlm.nih.gov/pubmed/?term=Determination+of+selected+pyrimidines%2C+purines+and+their+metabolites+in+serum+and+urine+by+reversed-phase+ion-pair+chromatography.+Journal+of+Chromatography%2C+v.+31%2C+n.+199%2C+p.+345-54%2C+out.+1980.
http://www.ncbi.nlm.nih.gov/pubmed?term=Bradford%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=942051
http://www.ncbi.nlm.nih.gov/pubmed/?term=A+rapid+and+sensitive+method+for+the+quantification+of+microgram+quantities+of+protein+utilizing+the+principle+of+protein-dye+binding.+Analytical+Biochemistry%2C+v.+7%2C+n.72%2C+248-54%2C+mai.+1976.
http://www.ncbi.nlm.nih.gov/pubmed/?term=A+rapid+and+sensitive+method+for+the+quantification+of+microgram+quantities+of+protein+utilizing+the+principle+of+protein-dye+binding.+Analytical+Biochemistry%2C+v.+7%2C+n.72%2C+248-54%2C+mai.+1976.
http://www.ncbi.nlm.nih.gov/pubmed?term=Hohlfeld%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16708174
http://www.ncbi.nlm.nih.gov/pubmed?term=Kerschensteiner%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16708174
http://www.ncbi.nlm.nih.gov/pubmed?term=Stadelmann%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16708174
http://www.ncbi.nlm.nih.gov/pubmed?term=Lassmann%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16708174
http://www.ncbi.nlm.nih.gov/pubmed?term=Wekerle%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16708174
http://www.ncbi.nlm.nih.gov/pubmed/16708174
http://www.ncbi.nlm.nih.gov/pubmed?term=Br%C3%BCck%20W%5BAuthor%5D&cauthor=true&cauthor_uid=16254696
http://www.ncbi.nlm.nih.gov/pubmed/16254696
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=18806312
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=18806312
http://www.ncbi.nlm.nih.gov/pubmed?term=Bonan%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=18806312
http://www.ncbi.nlm.nih.gov/pubmed?term=Wyse%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=18806312
http://www.ncbi.nlm.nih.gov/pubmed/?term=SCHETINGER+MR%2C+MORSCH+VM%2C+BONAN+CD%2C+WYSE+AT.+NTPDase+and+5'-nucleotidase+activities+in+physiological+and+disease+conditions%3A+new+perspectives+for+human+health.+BioFactors%2C+v.+31%2C+n.+2%2C+p.+77-98%2C+2007.
http://www.ncbi.nlm.nih.gov/pubmed?term=Cie%C5%9Blak%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22127945
http://www.ncbi.nlm.nih.gov/pubmed?term=Komoszy%C5%84ski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22127945
http://www.ncbi.nlm.nih.gov/pubmed/?term=CIE%C5%9ALAK%2C+M.%2C+KOMOSZY%C5%83SKI%2C+M.+%5BThe+role+of+ecto-purines+in+inflammation+leading+to+demyelination+-+new+means+for+therapies+against+multiple+sclerosis%5D.+Neurologia+i+Neurochirurchia+Polska%2C+v.+45+n.+5%2C+p.+489-99%2C+sep-oct.+2011.
http://www.ncbi.nlm.nih.gov/pubmed?term=Thom%C3%A9%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Oliveira%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanevello%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Fiorenza%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Fiorenza%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Seres%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Baldissarelli%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Stefanello%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Pereira%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Calgaroto%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Pimentel%20VC%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Pimentel%20VC%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Souza%20Vdo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Jaques%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Cruz%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Thiesen%20FV%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Melazzo%20Mazzanti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed?term=Melazzo%20Mazzanti%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22475627
http://www.ncbi.nlm.nih.gov/pubmed/?term=THOM%C3%89%2C+G.+R.+et+al.+Nicotine+alters+the+ectonucleotidases+activities+in+lymphocytes%3A+In+vitro+and+in

58

50. Kurzen H, Wessler I, Kirkpatrick CJ, Kawashima K, Grando SA (2007) The non-
neuronal cholinergic system of human skin. Horm Metab Res 39:125-135

51. Nakatsuji Y, Nakano M, Moriya M, Kishigami H, Tatsumi C, Tada S, Sadahiro
S, Naka T, Mitani K, Funauchi M, Azuma T, Watanabe S, Kinoshita M, Kajiyama
K,Yuasa Y, Kaido M, Takahashi MP, Naba |, Hazama T, Sakoda S (2006) Beneficial
effect of interferon-beta treatment in patients with multiple sclerosis is associated with
transient increase in serum IL-6 level in response to interferon-beta injection.
Cytokine 36:69-74

52. Ramagopalan SV, Byrnes JK, Orton SM, Dyment DA, Guimond C, Yee IM, Ebers
GC, Sadovnick AD (2010) Sex ratio of multiple sclerosis and clinical phenotype. Eur J
Neurol 17:634-637

53. Giovannoni G, Miller DH, Losseff NA, Sailer M, Lewellyn-Smith N, Thompson
AJ, Thompson EJ (2001) Serum inflammatory markers and clinical/MRI markers of
disease progression in multiple sclerosis. J Neurol 248:487-495

54. Kremenchutzky M, Rice GP, Baskerville J, Wingerchuk DM, Ebers GC (2006) The
natural history of multiple sclerosis: a geographically based study 9: observations on
the progressive phase of the disease. Brain 129:584-594

55. Kim SH, Huh SY, Kim W, Park MS, Ahn SW, Cho JY, Kim BJ, Kim HJ (2013)
Clinical characteristics and outcome of multiple sclerosis in Korea: does multiple
sclerosis in Korea really differ from that in the Caucasian populations? Mult Scler.
doi: 10.1177/1352458513477712

56. Fujii T, Takada-Takatori Y, Kawashima K (2008) Basic and clinical aspects of non-
neuronal acetylcholine: expression of an independent, non-neuronal cholinergic
system in lymphocytes and its clinical significance in immunotherapy. J Pharmacol
Sci 106:186-192

57. Tayebati SK, El-Assouad D, Ricci A, Amenta F (2002) Immunochemical and
immunocytochemical characterization of cholinergic markers in human peripheral

blood lymphocytes. J Neuroimmunol 132:147-155


http://www.ncbi.nlm.nih.gov/pubmed?term=Kurzen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17326008
http://www.ncbi.nlm.nih.gov/pubmed?term=Wessler%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17326008
http://www.ncbi.nlm.nih.gov/pubmed?term=Kirkpatrick%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=17326008
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawashima%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17326008
http://www.ncbi.nlm.nih.gov/pubmed?term=Grando%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=17326008
http://www.ncbi.nlm.nih.gov/pubmed/?term=KURZEN%2C+H.%2C+WESSLER%2C+I.%2C+KIRKPATRICK%2C+C.J.%2C+KAWASHIMA%2C+K.%2C+GRANDO%2C+S.A.+The+non-neuronal+cholinergic+system+of+human+skin.+Hormone+and+Metabolic+Research%2C+v.+39%2C+n.+2%2C+p.+125%E2%80%93135%2C+2007.
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakatsuji%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakano%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Moriya%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Kishigami%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Tatsumi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Tada%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Sadahiro%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Sadahiro%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Naka%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitani%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Funauchi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Azuma%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Watanabe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Kinoshita%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Kajiyama%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Kajiyama%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Yuasa%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Kaido%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Takahashi%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Naba%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Hazama%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed?term=Sakoda%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17161613
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beneficial+effect+of+interferon-b+treatment+in+patients+with+multiple+sclerosis+is+associated+with+transient+increase+in+serum+IL-6+level+in+response+to+interferon-b+injection.+Cytokine%2C+v.+36%2C+n.+1-2%2C+p.+69-74%2C+out.+2006.
http://www.ncbi.nlm.nih.gov/pubmed?term=Ramagopalan%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=19968710
http://www.ncbi.nlm.nih.gov/pubmed?term=Byrnes%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=19968710
http://www.ncbi.nlm.nih.gov/pubmed?term=Orton%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=19968710
http://www.ncbi.nlm.nih.gov/pubmed?term=Dyment%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=19968710
http://www.ncbi.nlm.nih.gov/pubmed?term=Guimond%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19968710
http://www.ncbi.nlm.nih.gov/pubmed?term=Yee%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=19968710
http://www.ncbi.nlm.nih.gov/pubmed?term=Ebers%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=19968710
http://www.ncbi.nlm.nih.gov/pubmed?term=Ebers%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=19968710
http://www.ncbi.nlm.nih.gov/pubmed?term=Sadovnick%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=19968710
http://www.ncbi.nlm.nih.gov/pubmed/?term=RAMAGOPALAN%2C+S.V.%2C+et+al.+Sex+ratio+of+multiple+sclerosis+and+clinical+phenotype.+European+Journal+of+Neurology%2C+v.+17%2C+n.+4%2C+p.+634%E2%80%937%2C+abr.+2010.
http://www.ncbi.nlm.nih.gov/pubmed/?term=RAMAGOPALAN%2C+S.V.%2C+et+al.+Sex+ratio+of+multiple+sclerosis+and+clinical+phenotype.+European+Journal+of+Neurology%2C+v.+17%2C+n.+4%2C+p.+634%E2%80%937%2C+abr.+2010.
http://www.ncbi.nlm.nih.gov/pubmed?term=Giovannoni%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11499639
http://www.ncbi.nlm.nih.gov/pubmed?term=Miller%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=11499639
http://www.ncbi.nlm.nih.gov/pubmed?term=Losseff%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=11499639
http://www.ncbi.nlm.nih.gov/pubmed?term=Sailer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11499639
http://www.ncbi.nlm.nih.gov/pubmed?term=Lewellyn-Smith%20N%5BAuthor%5D&cauthor=true&cauthor_uid=11499639
http://www.ncbi.nlm.nih.gov/pubmed?term=Thompson%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=11499639
http://www.ncbi.nlm.nih.gov/pubmed?term=Thompson%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=11499639
http://www.ncbi.nlm.nih.gov/pubmed?term=Thompson%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=11499639
http://www.ncbi.nlm.nih.gov/pubmed/?term=GIOVANNONI+G.+et+al.+Serum+inflammatory+markers+and+clinical%2FMRI+markers+of+disease+progression+in+multiple+sclerosis.+Journal+of+Neurology%2C+v.+248%2C+n.+6%2C+p.+487-95%2C+jun.+2001.
http://www.ncbi.nlm.nih.gov/pubmed?term=Kremenchutzky%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16401620
http://www.ncbi.nlm.nih.gov/pubmed?term=Rice%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=16401620
http://www.ncbi.nlm.nih.gov/pubmed?term=Baskerville%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16401620
http://www.ncbi.nlm.nih.gov/pubmed?term=Wingerchuk%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=16401620
http://www.ncbi.nlm.nih.gov/pubmed?term=Ebers%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=16401620
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+natural+history+of+multiple+sclerosis%3A+a+geographically+based+study+9%3A+observations+on+the+progressive+phase+of+the+disease.+Brain%2C+v.+129%2C+n.+3%2C+p.+584-94%2C+mar.+2006.
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=23407702
http://www.ncbi.nlm.nih.gov/pubmed?term=Huh%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=23407702
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23407702
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=23407702
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahn%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=23407702
http://www.ncbi.nlm.nih.gov/pubmed?term=Cho%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=23407702
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=23407702
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=23407702
http://www.ncbi.nlm.nih.gov/pubmed/?term=KIM%2C+S.H+et+al.+Clinical+characteristics+and+outcome+of+multiple+sclerosis+in+Korea%3A+does+multiple+sclerosis+in+Korea+really+differ+from+that+in+the+Caucasian
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujii%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18285654
http://www.ncbi.nlm.nih.gov/pubmed?term=Takada-Takatori%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18285654
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawashima%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18285654
http://www.ncbi.nlm.nih.gov/pubmed/?term=Basic+and+clinical+aspects+of+non-neuronal+acetylcholine%3A+expression+of+an+independent%2C+non-neuronal+cholinergic+system+in+lymphocytes+and+its+clinical+significance+in+immunotherapy.+Journal+of+Pharmacological+Sciences%2C+v.+106%2C+n.+2%2C+p.+186-92%2C+fev.+2008.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Basic+and+clinical+aspects+of+non-neuronal+acetylcholine%3A+expression+of+an+independent%2C+non-neuronal+cholinergic+system+in+lymphocytes+and+its+clinical+significance+in+immunotherapy.+Journal+of+Pharmacological+Sciences%2C+v.+106%2C+n.+2%2C+p.+186-92%2C+fev.+2008.
http://www.ncbi.nlm.nih.gov/pubmed?term=Tayebati%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=12417445
http://www.ncbi.nlm.nih.gov/pubmed?term=El-Assouad%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12417445
http://www.ncbi.nlm.nih.gov/pubmed?term=Ricci%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12417445
http://www.ncbi.nlm.nih.gov/pubmed?term=Amenta%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12417445
http://www.ncbi.nlm.nih.gov/pubmed/?term=TAYEBATI%2C+S.K.%3B+EL-ASSOUAD%2C+D.%3B+RICCI%2C+A.%3B+AMENDA+F.+Immunochemical+and+immunocytochemical+characterization+of+cholinergic+markers+in+human+peripheral+blood+lymphocytes.+Journal+of+Neuroimmunology%2C+v.+132%2C+n.+1-2%2C+p.+147-55%2C+nov.+2002.

59

58. Kawashima K, Fuji T (2003) The lymphocytic cholinergic system and
its contribution to the regulation of immune activity. Life Sci 74:675-696

59. Kawashima K, Fujii T (2000) Extraneuronal cholinergic system in lymphocytes.
Pharmacol Ther 86:29-48

60. Battisti V, Schetinger MR, Maders LD, Santos KF, Bagatini MD, Correa
MC, Spanevello RM,do Carmo Araujo M, Morsch VM (2009) Changes in
acetylcholinesterase (AChE) activity in lymphocytes and whole blood in acute
lymphoblastic leukemia patients. Clin Chim Acta 402:114-118

61. Zanini D, Schmatz R, Pelinson LP, Pimentel VC,da Costa P, Cardoso
AM, Martins CC, Schetinger CC, Baldissareli J,do Carmo Aratjo M, Oliveira
L, Chiesa J, Morsch VM, Leal DB, Schetinger MR (2013) Ectoenzymes and
cholinesterase activity and biomarkers of oxidative stress in patients with lung
cancer. Mol Cell Biochem 374:137-148

62. Mack A, Robitzki A (2000) The key role of butyrylcholinesterase during
neurogenesis and neural disorders: an antisense-5'butyrylcholinesterase-DNA study.
Prog Neurobiol 60:607-628

63. Layer PG, Sporns O (1987) Spatiotemporal relationship of embryonic cholineste-
rases with cell proliferation in chicken brain and eye. Proc Natl Acad Sci USA
84.:284-288

64. Ofek K, Soreq H (2013) Cholinergic involvement and manipulation approaches in

multiple system disorders. Chem Biol Interact 203:113-9

65. Porcel J, Montalban X (2006) Anticholinesterasics in the treatment of cognitive

impairment in multiple sclerosis. J Neurol Sci 245:177-181

66. Nizri E, Hamra-Amitay Y, Sicsic C, Lavon |, Brenner T (2006) Anti-inflammatory
properties of cholinergic up-regulation: A new role for acetylcholinesterase inhibitors.

Neuropharmacology 50:540-547

67. van Westerloo DJ (2010) The vagal immune reflex: a blessing from above. Wien
Med Wochenschr 160:112-117


http://www.ncbi.nlm.nih.gov/pubmed?term=Kawashima%20K%5BAuthor%5D&cauthor=true&cauthor_uid=14654162
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujii%20T%5BAuthor%5D&cauthor=true&cauthor_uid=14654162
http://www.ncbi.nlm.nih.gov/pubmed/14654162
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawashima%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10760545
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujii%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10760545
http://www.ncbi.nlm.nih.gov/pubmed/?term=KAWASHIMA+K%2C+FUJII+T.+Extraneuronal+cholinergic+system+in+lymphocytes.+Pharmacology+%26+Therapheutics%2C+v.+86%2C+n.+1%2C+p.+29-48%2C+abr.+2000.
http://www.ncbi.nlm.nih.gov/pubmed?term=Battisti%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19185568
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=19185568
http://www.ncbi.nlm.nih.gov/pubmed?term=Maders%20LD%5BAuthor%5D&cauthor=true&cauthor_uid=19185568
http://www.ncbi.nlm.nih.gov/pubmed?term=Santos%20KF%5BAuthor%5D&cauthor=true&cauthor_uid=19185568
http://www.ncbi.nlm.nih.gov/pubmed?term=Bagatini%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=19185568
http://www.ncbi.nlm.nih.gov/pubmed?term=Correa%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=19185568
http://www.ncbi.nlm.nih.gov/pubmed?term=Correa%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=19185568
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanevello%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=19185568
http://www.ncbi.nlm.nih.gov/pubmed?term=do%20Carmo%20Ara%C3%BAjo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19185568
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=19185568
http://www.ncbi.nlm.nih.gov/pubmed/?term=BATTISTI%2C+V.%2C+et+al.+Changes+in+acetylcholinesterase+(AchE)+activity+in+lymphocytes+and+whole+blood+in+acute+lymphoblastic+leukemia+patients.+Clinica+Chimica+Acta%2C+v.+402%2C+n.+1-2%2C+p.+114-8%2C+abr.+2009.
http://www.ncbi.nlm.nih.gov/pubmed?term=Zanini%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Schmatz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Pelinson%20LP%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Pimentel%20VC%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=da%20Costa%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Cardoso%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Cardoso%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Martins%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Baldissareli%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=do%20Carmo%20Ara%C3%BAjo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Oliveira%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Oliveira%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Chiesa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=23180243
http://www.ncbi.nlm.nih.gov/pubmed/?term=Activity+of+enzymes+involved+in+inflammatory+processes+and+parameters+of+oxidative+stress+altered+in+patients+with+lung
http://www.ncbi.nlm.nih.gov/pubmed?term=Mack%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10739090
http://www.ncbi.nlm.nih.gov/pubmed?term=Robitzki%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10739090
http://www.ncbi.nlm.nih.gov/pubmed/?term=MACK+A%2C+ROBITZKI+A.+The+key+role+of+butyrylcholinesterase+during+neurogenesis+and+neural+disorders%3A+an+antisense-5'butyrylcholinesterase-DNA+study.+Progress+in+Neurobiology%2C+v.+60%2C+n.+6%2C+p.+607-28%2C+abr.+2000.
http://www.ncbi.nlm.nih.gov/pubmed?term=Layer%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=3467355
http://www.ncbi.nlm.nih.gov/pubmed?term=Sporns%20O%5BAuthor%5D&cauthor=true&cauthor_uid=3467355
http://www.ncbi.nlm.nih.gov/pubmed/?term=LAYER+PG%2C+SPORNS+O.+Spatiotemporal+relationship+of+embryonic+cholinesterases+with+cell+proliferation+in+chicken
http://www.ncbi.nlm.nih.gov/pubmed?term=Ofek%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22898318
http://www.ncbi.nlm.nih.gov/pubmed?term=Soreq%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22898318
http://www.ncbi.nlm.nih.gov/pubmed/?term=56.%09OFEK+K%2C+SOREQ+H.+Cholinergic+involvement+and+manipulation+approaches+in+multiple+system+disorders.+Chemical-+Biological+Interactions%2C++2012+Aug+14.+%5BEpub+ahead+of+print%5D.
http://www.ncbi.nlm.nih.gov/pubmed?term=Porcel%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16674980
http://www.ncbi.nlm.nih.gov/pubmed?term=Montalban%20X%5BAuthor%5D&cauthor=true&cauthor_uid=16674980
http://www.ncbi.nlm.nih.gov/pubmed/?term=PORCEL+J.%3B+MONTALBAN%2C+X.+Anticholinesterasics+in+the+treatment+of+cognitive+impairment+in+multiple+sclerosis.+Journal+of+the+Neurological+Sciences%2C+v.+245%2C+n.+1-2%2C+p.+177+%E2%80%93+81%2C+jun.+2006.
http://www.ncbi.nlm.nih.gov/pubmed?term=Nizri%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16336980
http://www.ncbi.nlm.nih.gov/pubmed?term=Hamra-Amitay%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16336980
http://www.ncbi.nlm.nih.gov/pubmed?term=Sicsic%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16336980
http://www.ncbi.nlm.nih.gov/pubmed?term=Lavon%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16336980
http://www.ncbi.nlm.nih.gov/pubmed?term=Brenner%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16336980
http://www.ncbi.nlm.nih.gov/pubmed/?term=NIZRI%2C+E.%3B+HAMRA-AMITAY%2C+Y.%3B+SICSIS%2C+C.%3B+LAVON%2C+I.%3B+BRENNER%2C+T.+Anti-inflammatory+properties+of+cholinergic+up-regulation%3A+A+new+role+for+acetylcholinesterase+inhibitors.+Neuropharmacology%2C+v.+50%2C+n.+5%2C+p.+540-7%2C+abr.+2006.
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Westerloo%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=20364413
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van+WESTERLOO%2C+D.J.+The+vagal+immune+reflex%3A+a+blessing+from+above.+Wiener+Medizinische+Wochenschrift%2C+v.+160%2C+n.+5-6%2C+p.+112%E2%80%9317%2C+mar.+2010.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van+WESTERLOO%2C+D.J.+The+vagal+immune+reflex%3A+a+blessing+from+above.+Wiener+Medizinische+Wochenschrift%2C+v.+160%2C+n.+5-6%2C+p.+112%E2%80%9317%2C+mar.+2010.

60

68. Cerejeira J, Nogueira V, Luis P, Vaz-Serra A, Mukaetova-Ladinska EB (2012)
The cholinergic system and inflammation: common pathways in delirium pathophysiol
ogy. J Am Geriatr Soc 60:669-675

69. Karimabad MN, Arababadi MK, Hakimizadeh E, Daredori HY, Nazari M,
Hassanshahi G, Kennedy D (2013) Is the IL-10 promoter polymorphism at position-

592 associated with immune system-related diseases? Inflammation 36:35-41

70. Bansi J, Bloch W, Gamper U, Kesselring J (2013) Training in MS: influence of
two different endurance training protocols (aquatic versus overland) on cytokine and
neurotrophin concentrations during three week randomized controlled trial. Mult Scler
19:613-621

71. Killestein J, Den Drijver BF, Van der Graaff WL, Uitdehaag BM, Polman CH, Van
Lier RA (2001) Intracellular cytokine profile in T-cell subsets of multiple sclerosis

patients: different features in primary progressive disease. Mult Scler 7:145-150

72. Alatab S, Maghbooli Z, Hossein-Nezhad A, Khosrofar M, Mokhtari F (2011)
Cytokine profile, Foxp3 and nuclear factor-kB ligand levels in multiple sclerosis
subtypes. Minerva Med 102:461-468

73. Goodin DS, Frohman EM, Garmany GP Jr, Halper J, Likosky WH, Lublin FD,
Silberberg DH, Stuart WH, van den Noort S (2002) Disease modifying therapies in
multiple sclerosis: report ofthe Therapeutics and Technology Assessment Subcommi
ttee of the American Academy of Neurology and the MS Council for Clinical Practice
Guidelines. Neurology 58:169-178

74. Goldberg LD, Edwards NC, Fincher C, Doan QV, Al-Sabbagh A, Meletiche DM
(2009) Comparing the cost-effectiveness of disease-modifying drugs for the first-line

treatment of relapsing-remitting multiple sclerosis. J Manag Care Pharm 15:543-555

75. Romeo M, Martinelli-Boneschi F, Rodegher M, Esposito F, Martinelli V, Comi G
(2013) Clinical and MRI predictors of response to interferon-beta and glatiramer

acetate in relapsing-remitting multiple sclerosis patients. Eur J Neurol 20:1060-1067


http://www.ncbi.nlm.nih.gov/pubmed?term=Cerejeira%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22316182
http://www.ncbi.nlm.nih.gov/pubmed?term=Nogueira%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22316182
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%C3%ADs%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22316182
http://www.ncbi.nlm.nih.gov/pubmed?term=Vaz-Serra%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22316182
http://www.ncbi.nlm.nih.gov/pubmed?term=Mukaetova-Ladinska%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=22316182
http://www.ncbi.nlm.nih.gov/pubmed?term=Karimabad%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=22886309
http://www.ncbi.nlm.nih.gov/pubmed?term=Arababadi%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=22886309
http://www.ncbi.nlm.nih.gov/pubmed?term=Hakimizadeh%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22886309
http://www.ncbi.nlm.nih.gov/pubmed?term=Daredori%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=22886309
http://www.ncbi.nlm.nih.gov/pubmed?term=Nazari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22886309
http://www.ncbi.nlm.nih.gov/pubmed?term=Nazari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22886309
http://www.ncbi.nlm.nih.gov/pubmed?term=Hassanshahi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22886309
http://www.ncbi.nlm.nih.gov/pubmed?term=Kennedy%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22886309
http://www.ncbi.nlm.nih.gov/pubmed/?term=KARIMABAD+MN%2C+ARABABADI+MK%2C+HAKIMIZADEH+E%2C+DAREDORI+HY%2C+NAZARI+M%2C+HASSANSHAHI+G%2C+KENNEDY+D.+Is+the+IL-10+promoter+polymorphism+at+position+-592+associated+with+immune+system-related+diseases%3F+Inflammation.+2013+Feb%3B36(1)%3A35-41.
http://www.ncbi.nlm.nih.gov/pubmed?term=Bansi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22936334
http://www.ncbi.nlm.nih.gov/pubmed?term=Bloch%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22936334
http://www.ncbi.nlm.nih.gov/pubmed?term=Gamper%20U%5BAuthor%5D&cauthor=true&cauthor_uid=22936334
http://www.ncbi.nlm.nih.gov/pubmed?term=Kesselring%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22936334
http://www.ncbi.nlm.nih.gov/pubmed/?term=Training+in+MS%3A+influence+of+two+different+endurance+training+protocols+(aquatic+versus+overland)+on+cytokine+and+neurotrophin+concentrations+during+three+week+randomized+controlled+trial.
http://www.ncbi.nlm.nih.gov/pubmed?term=Killestein%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11475436
http://www.ncbi.nlm.nih.gov/pubmed?term=Den%20Drijver%20BF%5BAuthor%5D&cauthor=true&cauthor_uid=11475436
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20der%20Graaff%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=11475436
http://www.ncbi.nlm.nih.gov/pubmed?term=Uitdehaag%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=11475436
http://www.ncbi.nlm.nih.gov/pubmed?term=Polman%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=11475436
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Lier%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=11475436
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Lier%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=11475436
http://www.ncbi.nlm.nih.gov/pubmed/?term=Intracellular+cytokine+profile+in+T-cell+subsets+of+multiple+sclerosis+patients%3A+different+features+in+primary+progressive+disease.
http://www.ncbi.nlm.nih.gov/pubmed?term=Alatab%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22193377
http://www.ncbi.nlm.nih.gov/pubmed?term=Maghbooli%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22193377
http://www.ncbi.nlm.nih.gov/pubmed?term=Hossein-Nezhad%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22193377
http://www.ncbi.nlm.nih.gov/pubmed?term=Khosrofar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22193377
http://www.ncbi.nlm.nih.gov/pubmed?term=Mokhtari%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22193377
http://www.ncbi.nlm.nih.gov/pubmed/?term=ALATAB+S%2C+MAGHBOOLI+Z%2C+HOSSEIN-NEZHAD+A%2C+KHOSROFAR+M%2C+MOKHTARI+F.+Cytokine+profile%2C+Foxp3+and+nuclear+factor-kB+ligand+levels+in+multiple+sclerosis+subtypes.+Minerva+Medica%2C+v.+102%2C+n.+6%2C+p.+461-8%2C+dez.+2011.
http://www.ncbi.nlm.nih.gov/pubmed?term=Goodin%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=11805241
http://www.ncbi.nlm.nih.gov/pubmed?term=Frohman%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=11805241
http://www.ncbi.nlm.nih.gov/pubmed?term=Garmany%20GP%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=11805241
http://www.ncbi.nlm.nih.gov/pubmed?term=Halper%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11805241
http://www.ncbi.nlm.nih.gov/pubmed?term=Likosky%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=11805241
http://www.ncbi.nlm.nih.gov/pubmed?term=Lublin%20FD%5BAuthor%5D&cauthor=true&cauthor_uid=11805241
http://www.ncbi.nlm.nih.gov/pubmed?term=Silberberg%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=11805241
http://www.ncbi.nlm.nih.gov/pubmed?term=Stuart%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=11805241
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20den%20Noort%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11805241
http://www.ncbi.nlm.nih.gov/pubmed/?term=Disease+modifying+therapies+in+multiple+sclerosis%3A+report+of+the+Therapeutics+and+Technology+Assessment+Subcommittee+of+the+American+Academy+of+Neurology+and+the+MS+Council+for+Clinical+Practice+Guidelines.
http://www.ncbi.nlm.nih.gov/pubmed?term=Goldberg%20LD%5BAuthor%5D&cauthor=true&cauthor_uid=19739877
http://www.ncbi.nlm.nih.gov/pubmed?term=Edwards%20NC%5BAuthor%5D&cauthor=true&cauthor_uid=19739877
http://www.ncbi.nlm.nih.gov/pubmed?term=Fincher%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19739877
http://www.ncbi.nlm.nih.gov/pubmed?term=Doan%20QV%5BAuthor%5D&cauthor=true&cauthor_uid=19739877
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Sabbagh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19739877
http://www.ncbi.nlm.nih.gov/pubmed?term=Meletiche%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=19739877
http://www.ncbi.nlm.nih.gov/pubmed/?term=GOLDBERG+LD%2C+EDWARDS+NC%2C+FINCHER+C%2C+DOAN+QV%2C+AL-SABBAGH+A%2C+MELETICHE+DM.+Comparing+the+cost-effectiveness+of+disease-modifying+drugs+for+the+first-line+treatment+of+relapsing-remitting+multiple+sclerosis.+Journal+of+managed+care+pharmacy%2C+v.+15%2C+n.+7%2C+p.+543-55%2C+sep.+2009.
http://www.ncbi.nlm.nih.gov/pubmed?term=Romeo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23425504
http://www.ncbi.nlm.nih.gov/pubmed?term=Martinelli-Boneschi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23425504
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodegher%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23425504
http://www.ncbi.nlm.nih.gov/pubmed?term=Esposito%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23425504
http://www.ncbi.nlm.nih.gov/pubmed?term=Martinelli%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23425504
http://www.ncbi.nlm.nih.gov/pubmed?term=Comi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23425504
http://www.ncbi.nlm.nih.gov/pubmed/?term=ROMEO%2C+M.%2C+et+al.+Clinical+and+MRI+predictors+of+response+to+interferon-beta+and+glatiramer+acetate+in+relapsing-remitting+multiple+sclerosis+patients.+European+journal+of+neurology.+2013+Feb+20.+doi%3A+10.1111%2Fene.12119.+%5BEpub+ahead+of+print%5D.

61

76. Pratibha K, Anand U, Agarwal R (2004) Serum adenosine deaminase, 5'
nucleotidase and malondialdehyde in acute infective hepatitis. Indian J Clin Biochem
19:128-131

77. Dos Santos Jaques JA, Becker LV, Souza Vdo C, Leal CA, Bertoldo TM, de
Vargas Pinheiro K, Morsch VM, Schetinger MR, Leal DB (2013) Activities of enzymes
that hydrolyze adenine nucleotides in lymphocytes from patients with rheumatoid
arthritis. Cell Biochem Funct 31:395-399

78. Loza MJ, Anderson AS, O'Rourke KS, Wood J, Khan IU (2011) T-cell specific
defect in expression of the NTPDase CD39 as a biomarker for lupus. Cell Immunol
271:110-117

79. Becker LV, Rosa CS, Souza Vdo C, Bagatini MD, Casali EA, Leal CA, da Silva
JC, Moretto MB, Pinheiro Fde V, Morsch VM, Schetinger MR, Leal DB (2010)
Activities of enzymes that hydrolyze adenine nucleotides in platelets from patients
with rheumatoid arthritis. Clin Biochem 43:1096-1100

80. Bagatini MD, Martins CC, Gasparetto D, Spanevello RM, Becker LV, Rosa CS,
Battisti V, Bellé L, Goncalves JF, Schetinger MR, Dos Santos RB, Oliveira LZ,
Morsch VM (2011) Enzymes that hydrolyze adenine nucleotides in patients with
ischemic heart disease. Clin Chim Acta 412:159-164

81. Maldonado PA, Pimentel VC, Negrini LA, Morsch VM, Schetinger MR (2012) Role
of the purinergic system in patients with cervical intraepithelial neoplasia and uterine

cancer. Biomed Pharmacother 66:6-11

82. Langston HP, Ke Y, Gewirtz AT, Dombrowski KE, Kapp JA (2003) Secretion of
IL- 2 and IFN-gamma, but not IL-4, by antigen-specific T cells requires extracellular
ATP. J Immunol 170:2962-2970

83. Souza Vdo C, Schlemmer KB, Noal CB, Jaques JA, Zimmermann CE, Leal
CA, Fleck J, Casali EA, Morsch VM, Schetinger MR, Leal DB (2012) E-NTPDase and
E-ADA activities are altered in lymphocytes of patients with indeterminate form of
Chagas' disease. Parasitol Int 61:690-696


http://www.ncbi.nlm.nih.gov/pubmed?term=Pratibha%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23105470
http://www.ncbi.nlm.nih.gov/pubmed?term=Anand%20U%5BAuthor%5D&cauthor=true&cauthor_uid=23105470
http://www.ncbi.nlm.nih.gov/pubmed?term=Agarwal%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23105470
http://www.ncbi.nlm.nih.gov/pubmed/?term=PRATIBHA%2C+K.%2C+ANAND%2C+U.%2C+AGARWAL%2C+R.+Serum+adenosine+deaminase%2C+5'+nucleotidase+and+malondialdehyde+in+acute+infective+hepatitis.+Indian+Jounal+of+Clinical+Biochemistry%2C+v.+19%2C+n.+2%2C+p.128-31%2C+jul.+2004.
http://www.ncbi.nlm.nih.gov/pubmed?term=Dos%20Santos%20Jaques%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=23070807
http://www.ncbi.nlm.nih.gov/pubmed?term=Becker%20LV%5BAuthor%5D&cauthor=true&cauthor_uid=23070807
http://www.ncbi.nlm.nih.gov/pubmed?term=Souza%20Vdo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23070807
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=23070807
http://www.ncbi.nlm.nih.gov/pubmed?term=Bertoldo%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=23070807
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Vargas%20Pinheiro%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23070807
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Vargas%20Pinheiro%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23070807
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=23070807
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=23070807
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=23070807
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dos+SANTOS+JAQUES+JA+et+al.+Activities+of+enzymes+that+hydrolyze+adenine+nucleotides+in+lymphocytes+from+patients+with+rheumatoid+arthritis.+Cell+biochemistry+and+function%2C+Oct.+2012.+doi%3A+10.1002%2Fcbf.2910.+%5BEpub+ahead+of+print%5D.
http://www.ncbi.nlm.nih.gov/pubmed?term=Loza%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21763644
http://www.ncbi.nlm.nih.gov/pubmed?term=Anderson%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=21763644
http://www.ncbi.nlm.nih.gov/pubmed?term=O'Rourke%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=21763644
http://www.ncbi.nlm.nih.gov/pubmed?term=Wood%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21763644
http://www.ncbi.nlm.nih.gov/pubmed?term=Khan%20IU%5BAuthor%5D&cauthor=true&cauthor_uid=21763644
http://www.ncbi.nlm.nih.gov/pubmed/?term=LOZA%2C+M.J.%3B+SHANE+ANDERSON%2C+A.%3B+O%E2%80%99ROURKE%2C+K.S.%3B+WOOD%2C+J.%3B+KHAN%2C+I.U.+T-cell+specific+defect+in+expression
http://www.ncbi.nlm.nih.gov/pubmed?term=Becker%20LV%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=Rosa%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=Souza%20Vdo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=Bagatini%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=Casali%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=da%20Silva%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=da%20Silva%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=Moretto%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=Pinheiro%20Fde%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=20599872
http://www.ncbi.nlm.nih.gov/pubmed/20599872
http://www.ncbi.nlm.nih.gov/pubmed?term=Bagatini%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Martins%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Gasparetto%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Spanevello%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Becker%20LV%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Rosa%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Rosa%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Battisti%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Bell%C3%A9%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Gon%C3%A7alves%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Dos%20Santos%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Oliveira%20LZ%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=20920495
http://www.ncbi.nlm.nih.gov/pubmed/?term=BAGATINI%2C+M.D.%2C+et+al.+Enzymes+that+hydrolyze+adenine+nucleotides+in+patients+with+ischemic+heart+disease.+Clinica+Chimica+Acta%2C+v.+412%2C+n.+1-2%2C+p.+159-64%2C+jan.+2011.
http://www.ncbi.nlm.nih.gov/pubmed?term=Maldonado%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=22257696
http://www.ncbi.nlm.nih.gov/pubmed?term=Pimentel%20VC%5BAuthor%5D&cauthor=true&cauthor_uid=22257696
http://www.ncbi.nlm.nih.gov/pubmed?term=Negrini%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=22257696
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=22257696
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=22257696
http://www.ncbi.nlm.nih.gov/pubmed/?term=Role+of+the+purinergic+system+in+patients+with+cervical+intraepithelial+neoplasia+and+uterine+cancer.+Biomedicine+%26+Pharmacotherapy%2C+v.+66%2C+n.+1%2C+p.+6-11%2C+fev.+2012.
http://www.ncbi.nlm.nih.gov/pubmed?term=Langston%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=12626548
http://www.ncbi.nlm.nih.gov/pubmed?term=Ke%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12626548
http://www.ncbi.nlm.nih.gov/pubmed?term=Gewirtz%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=12626548
http://www.ncbi.nlm.nih.gov/pubmed?term=Dombrowski%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=12626548
http://www.ncbi.nlm.nih.gov/pubmed?term=Kapp%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=12626548
http://www.ncbi.nlm.nih.gov/pubmed/?term=LANGSTON%2C+H.P.%3B+KE%2C+Y.%3B+GEWIRTZ%2C+A.T.%3B+DOMBROWSKI%2C+K.E.%3B+KAPP%2C+J.A.+Secretion+of+IL-2+and+IFN-y%2C+but+not+IL-4%2C+by+antigen-speci.c+T+cells+requires+extracellular+ATP.+Journal+of+Immunology%2C+v.+170%2C+n.6%2C+p.+2962-70%2C+mar.+2003.
http://www.ncbi.nlm.nih.gov/pubmed?term=Souza%20Vdo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22846899
http://www.ncbi.nlm.nih.gov/pubmed?term=Schlemmer%20KB%5BAuthor%5D&cauthor=true&cauthor_uid=22846899
http://www.ncbi.nlm.nih.gov/pubmed?term=Noal%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=22846899
http://www.ncbi.nlm.nih.gov/pubmed?term=Jaques%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22846899
http://www.ncbi.nlm.nih.gov/pubmed?term=Zimmermann%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=22846899
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=22846899
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=22846899
http://www.ncbi.nlm.nih.gov/pubmed?term=Fleck%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22846899
http://www.ncbi.nlm.nih.gov/pubmed?term=Casali%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=22846899
http://www.ncbi.nlm.nih.gov/pubmed?term=Morsch%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=22846899
http://www.ncbi.nlm.nih.gov/pubmed?term=Schetinger%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=22846899
http://www.ncbi.nlm.nih.gov/pubmed?term=Leal%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=22846899
http://www.ncbi.nlm.nih.gov/pubmed/?term=SOUZA+V+do+C+et+al.+E-NTPDase+and+E-ADA+activities+are+altered+in+lymphocytes+of+patients+with+indeterminate+form+of+Chagas'+disease.+Parasitol+Int.+v.+61%2C+n.+4%2C+p.+690-6%2C+dez.+2012.

62

LEGENDS OF FIGURES

Fig. 1 AChE activity in lymphocytes of healthy subjects and MS patients. Bars
represent means + SEM. *Represents statistical difference from the control group

(Student’s t test, *P<0.05 n = 29).

Fig. 2 AChE activity in whole blood of healthy subjects and MS patients. Bars
represent means + SEM. *Represents statistical difference from the control group

(Student’s t test, *P<0.05 n =29).

Fig. 3 BChE activity in serum of healthy subjects and MS patients. Bars represent
means + SEM. *Represents statistical difference from the control group (Student’s t

test, *P<0.05 n =29).

Fig. 4 ADA activity in serum of healthy subjects and MS patients. Bars represent
means + SEM. *Represents statistical difference from the control group (Student’s t

test, ***P<0.0001 n =21).

Fig. 5 Cytokines levels in serum of healthy subjects and MS patients. Bars represent
means + SEM. *Indicates statistical difference from the control group (Student’s t
test, *P<0.05 n =29) and ***represents statistical difference from the control group

(Student’s t test, ***P<0.0001 n=29).
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Fig. 6 C-reactive protein (CRP) levels in serum of healthy subjects and MS patients.
Bars represent means + SEM. *Indicates statistical difference from the control group

(Student’s t test, *P<0.05 n =29).
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Tables

Table 1 — General characteristics of MS patients and healthy subjects.

Control MS patients
N 29 29
Women 20 19
Men 9 10
Age women (median,range) 38.7+2.8, 22-58 41.2 +2.8, 18-60
Age men (median,range) 36.4 £3.9, 23-52 39.5 4.3, 13-58
Disease duration (years) - 9.65 +1.7
Use of glatiramer acetate (n) - 16
Use of interferon 8 (n) - 8

Variables such as age and duration of disease are presented as meantSEM.

Table 2- Purine levels in serum of healthy subjects and MS patients analyzed by high
pressure liquid chromatography (HPLC). Results are expressed in nmol/ml of serum
(n= 8-10). Data are represented as meantSEM. (ATP= adenosine triphosphate,
ADP=adenosine diphosphate, AMP=adenosine monophosphate, Ado=adenosine,
Ino=inosine, Hyp=hypoxantine and Uric acid). *Represents statistical difference from

the control group (Student’s t test, P<0.05).

ATP ADP AMP Ado Ino Hyp Uric acid

Control group  7.26+1.05 2.61+0.54 2.29+0.56 9.86+0.97 2.36+0.36 3.27+0.56 30.66+2.32

MS patients 4.51+0.62* 4.39+0.88* 3.50+0.70* 14.04+1.4* 4.30+0.85* 3.30+0.66 32.68+7.91




4 CONCLUSOES

v" A atividade da AChE em linfécitos e sangue total, bem como, a atividade da BChE
em soro apresentaram-se aumentadas em pacientes com esclerose multipla quando
comparadas aos controles. Assim, sugere-se que a ACh pode ser degradada mais
rapidamente e por conseguinte, seus niveis plasmaticos diminuem. Sabendo-se que
a ACh apresenta propriedades neuroprotetoras e anti-inflamatoérias, o aumento na
atividade das colinesterases poderia contribuir para as alteragcdes imunolégicas e

inflamatorias observadas em pacientes com EM.

v A atividade da ADA em soro de pacientes com esclerose miltipla foi
significativamente aumentada em relacdo aos controles. Sugere-se que a adenosina
produzida pela hidrélise dos nucleotideos de adenina seja rapidamente consumida
pela ADA, ndo exercendo, dessa maneira, seus efeitos anti-inflamatorios em

pacientes com esclerose multipla.

v" Os marcadores inflamatorios como a IL-1, IL-6, fator de necrose tumoral alfa,
interferon gama e proteina C-reativa no soro encontraram-se elevados em pacientes
com EM, entretanto, a IL-10 estava diminuida nesta mesma populacdo quando
comparada aos sujeitos saudaveis. Com base nestes resultados € plausivel sugerir
gue pacientes com a forma remitente-recorrente de esclerose mdltipla apresentam
um aumento dos biomarcadores inflamatérios, que podera levar ao desenvolvimento

de novos surtos com aumento dos comprometimentos gerados por esta doenca.

v" Os niveis de ADP, AMP, adenosina e inosina mostraram-se aumentados em soro de
pacientes com EM, enquanto que os niveis de ATP apresentaram-se reduzidos
nesse grupo em relacdo aos individuos controles. Esses resultados sugerem que 0s
efeitos pré-inflamatérios gerados pelo ATP no meio extracelular podem estar

diminuidos nos portadores de EM e, ainda o aumento nos niveis de adenosina
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podem estar atuando como uma resposta compensatéria do organismo as
alteracbes inflamatérias e imunes que os pacientes com EM apresentam.
Considerando-se que a adenosina possui propriedades anti-inflamatorias e
imunossupressoras. Em relacdo aos niveis de hipoxantina e acido Urico no soro, nao
foram observadas diferencas significativas entre o grupo de pacientes e 0 grupo
controle indicando que os niveis dessas purinas ndo seriam alterados por essa

condicao patoldgica.

Em conjunto esses resultados sdo muito importantes do ponto de vista clinico
porque sugerem que pacientes com esclerose multipla, mesmo em uma fase de
remissao, apresentam uma alteracdo inflamatoria sistémica. Além disso, € plausivel
sugerir que portadores dessa doenga possuem importantes alteracdes, na atividade
de enzimas regulatérias dos sistemas colinérgico e purinérgico, podendo o0s
parametros mencionados neste estudo serem Uteis para o desenvolvimento de

novas terapias que venham a auxiliar no tratamento dessa patologia.
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