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A leucemia linfoblastica aguda (LLA) é o céncer mais comum na infancia e é
caracterizado por uma proliferacao descontrolada de células linféides imaturas (linfoblastos)
na medula 6ssea. Na LLA ha uma producéo elevada de espécies reativas e estudos relatam
que o estresse oxidativo esta envolvido na patogenia desta doenga. Além disso, a enzima
acetilcolinesterase (AChE) presente no sangue e no plasma, inclusive nos linfocitos,
desempenha fungbes n&o colinérgicas e parece estar envolvida na regulagdo da fungéo
imune e no desenvolvimento do cancer. Levando em consideracao tais afirmativas, este
trabalho investigou o perfil oxidativo e a atividade da enzima AChE em pacientes com LLA.
Participaram do estudo 82 pacientes com LLA e 50 individuos controles. Os pacientes foram
divididos em 4 grupos: recém diagnosticado (RD), indug&o da remissao (IR), manutengéo da
remissao (MR) e fora de tratamento (FT). Para avaliagdo do perfil oxidativo, determinou-se a
atividade da catalase (CAT) e da superéxido dismutase (SOD) em sangue total, os niveis de
tidis ndo protéicos (NPSH) em plasma e eritrocitos, bem como, a concentragédo de vitamina
E, substancias reativas ao acido tiobarbiturico (TBARS) e o contetdo de proteina carbonil
em amostras de soro da populacdo estudada. Os marcadores de danos oxidativos em
lipideos e proteinas, representados pelos niveis de MDA e conteudo de proteina carbonil
mostraram-se elevados nos pacientes quando comparados ao grupo controle. Em relagéo
aos antioxidantes enzimaticos, representados pelas enzimas SOD e CAT, observou-se uma
diminuicdo nas atividades das mesmas nos pacientes com LLA nos grupos RD, IR E MR
voltando ao normal no grupo FT. Os antioxidantes ndo enzimaticos analisados (NPSH em
plasma e vitamina E) também se mostraram diminuidos nos pacientes em relacdo aos
controles. Nenhuma diferenga nos niveis de NPSH em eritrocitos foi encontrada entre o
grupo RD e o grupo controle. Em relagao a atividade da AChE, observou-se um aumento
nos pacientes do grupo RD em relagdo aos demais grupos tanto em sangue total quanto em
linfécitos. Ja, nos grupos IR e MR a atividade da enzima encontrou-se diminuida em relagéo
ao grupo controle. Nao houve diferenga significativa na atividade da AChE entre o grupo FT
e o grupo controle. Os resultados sugerem que na LLA, ocorre acumulagdo excessiva de
espécies reativas levando a deplecdo ou disfungdo das defesas antioxidantes tanto
enzimaticas quanto ndo enzimaticas. Os resultados também revelaram que a atividade da
AChE estda modificada na LLA, o que pode sugerir o envolvimento desta enzima na
modulacao da fungao imune e no desenvolvimento do cancer. Conclui-se entdo que na LLA
ocorrem mudancas sistémicas, as quais podem ser detectadas pela medida de marcadores
periféricos do estresse oxidativo e pela atividade da AChE em linfocitos e sangue total.

Palavras-chave: leucemia linfoblastica aguda, estresse oxidativo, acetilcolinesterase,
linfécito
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Acute lymphoblastic leukemia (ALL) is the most common cancer found in the pediatric
population and is characterized by uncontrolled proliferation and maturation arrest of
lymphoid progenitor cells (lymphoblasts) in the bone marrow. In ALL occurs an increase in
the production of reactive species and studies show the involvement of oxidative stress in
ALL pathogenesis. Moreover acetylcholinesterase (AChE) present in blood and plasma and
also in lymphocytes is well established as having non-cholinergic functions including
development of cancer and its contribution to the regulation of immune function. Considering
such statements, it was investigated the oxidative profile and ACHE activity in ALL patients.
Eighty two ALL patients and 50 healthy subjects participated in this study. Patients were
divided into 4 groups: newly diagnosed (ND) remission induction (RI), remission
maintenance (RM) and out-of-treatment (OT). For evaluation of the oxidative profile, we
determined the catalase (CAT) and superoxide dismutase (SOD) activities in blood, thiols
non protein (NPSH) in plasma and erythrocytes, as well as, vitamin E, TBARS and protein
carbonyl content from serum samples. Damage markers in lipids and proteins, represented
by MDA levels and protein carbonylation content respectively, showed increased levels in
patients when compared with the control group. In relation to enzymatic defense,
represented by the enzymes SOD and CAT, it was observed a decrease in the activities in
ALL patients in groups RD, Rl and RM, coming back to the normal in OT group. Non
enzymatic defense (NPSH in plasma and vitamin E) analyzed also revealed decrease in ALL
patients in relation to the controls. No significant difference in NPSH levels was observed
between RD group and control group. In relation to AChE activity, in both total blood and
lymphocytes, was observed an increase in the RD group in relation to the other groups. On
the other hand, in Rl and RM the enzyme activity was diminished in relation to control group.
No significant difference was observed in AChE activity between FT group and the control
group. The results suggest that in ALL an excessive accumulation of reactive species
contributes to an antioxidant depletion and dysfunction. The results had also disclosed that
the AChE activity is modified in ALL, what can suggest the involvement of this enzyme in the
modulation of immune function and in cancer development. The ALL results in a systemic
disorder that induces changes, which can be detected by mesuring the peripheral markers of
oxidative stress and AChE activity in whole blood and lymphocytes.

Keywords: acute lymphoblastic leukemia, oxidative stress, Iymphocyte,
acetylcholinesterase
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Apresentacao

Esta dissertagdo esta descrita na seguinte forma: primeiramente sé&o
apresentados a introdugédo, os objetivos e a revisdo bibliografica. A seguir, os
resultados sido apresentados na forma de manuscritos, os quais foram escritos
seguindo-se as normas dos periddicos aos quais os mesmos foram submetidos a
publicacdo. Os itens discussao e conclusbes, dispostos apds os manuscritos,
contém interpretagdes e comentarios gerais referentes a ambos os manuscritos. As
referéncias bibliograficas apresentadas no final da dissertagdo referem-se as

citacdes que aparecem nos itens introducéo, revisdo de literatura e discusséao.



1. INTRODUGAO

O céancer é uma patologia que pode ser caracterizada pelo desequilibrio entre
a proliferacéo e a morte celular. O processo de carcinogénese consiste de multiplos
e distintos estagios, dentre eles a iniciagdo, a promocédo e a progressao tumoral,
cada um caracterizado por diferentes mecanismos (Valko et al., 2006).

Devido a grande incidéncia e importancia das leucemias, esta patologia tem
sido alvo de estudo em nosso laboratério de pesquisa (Zanin, 2006; Morsch, 2006).
A Leucemia Linfoblastica Aguda (LLA) é o tipo mais comum de cancer encontrado
na populagdo pediatrica, assumindo uma propor¢do de mais de 50% das
malignidades nessa faixa etaria. A LLA é uma desordem maligna resultante da
proliferagéo clonal de precursores linfociticos, chamados blastos (Plasschaert et al.,
2004).

Diferentes linhagens de células linféides podem originar a LLA, que pode ser
dividida em leucemia de células linféides B e de células T, (Mobasheri et al., 2006),
sendo a primeira a mais comum. O diagndstico precoce da LLA é importante para
instituir o tratamento apropriado e obter a remissdo completa. O tratamento e
acompanhamento constituem-se de trés fases: Indugdo, Manutencédo e
Acompanhamento Pés-Tratamento. Nas duas primeiras fases, € instituida uma
abordagem quimioterapica, segundo protocolo padronizado pelo Grupo Brasileiro de
Tratamento da Leucemia Infantil (GBTLI LLA-99) e na terceira fase os pacientes sao
acompanhados periodicamente por até 10 anos a fim de excluir uma possivel
recidiva (Gaynon, 2005).

Varios estudos, incluindo trabalhos realizados em nosso laboratorio,
evidenciam o envolvimento do estresse oxidativo no desenvolvimento do cancer
(Toyokumi et al., 1995; Maldonado et al., 2006). O estresse oxidativo € um estado de
desequilibrio entre a producéo de radicais livres, em particular as Espécies Reativas
de Oxigénio (EROs) e a capacidade de defesa do organismo contra essas espécies,
levando a um progressivo dano oxidativo. As EROs podem agir na iniciagdo, na
promogao € na progressao, ou seja, nos trés estagios do desenvolvimento do
cancer. Além disso, varios mecanismos que conduzem ao estresse oxidativo foram
propostos em pacientes com cancer. Dentre eles encontramos alteragdes no

metabolismo energético (Bakan et al., 2003), a inflamagéo cronica ndo-especifica
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(Mantovani et al., 1998) e por fim o uso de drogas antineoplasicas (Bakan et al.,
2003).

Todos os componentes celulares sao suscetiveis a acdo dos EROs, porém a
membrana é um dos mais atingidos em decorréncia da peroxidagao lipidica, que
acarreta alteragbes na estrutura e na permeabilidade das mesmas (Beckman e
Ames, 1998). A carbonilagdo de proteinas € outro exemplo de lesdo bioldgica que
pode ser promovida pelos radicais livres (Tian et al. 1998).

Contudo, o estresse oxidativo tem seus danos minimizados pelo sistema de
defesa antioxidante enzimatico, representado, principalmente, pelas enzimas
superoxido dismutase (SOD) e catalase (CAT) (Bonnefoy et al., 2002). A
detoxificagdo das EROs envolve um mecanismo de elevada sincronia e as enzimas
antioxidantes atuam de maneira cooperativa. Cabe a SOD a dismutagao do radical
superoxido a peroxido de hidrogénio, que é menos reativo e pode ser degradado por
outras enzimas, como a CAT.

Além das defesas antioxidantes enzimaticas, possuem grande relevancia os
antioxidantes nédo enzimaticos. Sabe-se que o organismo tem a capacidade de
produzir compostos que apresentam grande capacidade de defesa antioxidante,
direta ou indireta, atuando a fim de manter o estado de equilibrio celular (Halliwell e
Gutteridge, 2000). Dentre estes antioxidantes pode-se citar as vitaminas E e os
compostos orgénicos contendo grupos sulfidrila, denominados tidis. A glutationa
reduzida (GSH) € um tiol de baixo peso molecular que se encontra no interior celular,
sendo um tripeptideo importante na protecdo contra o dano oxidativo. Os tocoferois
ou vitamina E sao varredores de radicais peroxil, sendo, portanto, os inibidores mais
importantes da peroxidagédo lipidica em animais. Devido as suas propriedades
antioxidantes, acredita-se que possa prevenir doencas associadas ao estresse
oxidativo, dentre elas o cancer (Brigelius-Flohe et al., 2002).

Por outro lado, um dos responsaveis pela regulagéo da fungédo, diferenciagcéo
e ativagao dos linfocitos € o sistema colinérgico extraneural presente na membrana e
no citoplasma destas células (Wessler e Kirkpatrick, 2001). A acetilcolina (ACh)
sintetizada pelos linfécitos pode ter acdo imunomoduladora via receptores
muscarinicos e nicotinicos (Kawashima e Fujii, 2000).

A ACh é rapidamente hidrolisada e inativada pela enzima acetilcolinesterase

(AChE) (Soreq e Seidman, 2001). Considerando que a interacdo da ACh com o seu
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receptor vai depender da eficiéncia catalitica da AChE, a atividade desta enzima
pode ser usada como um indice da fungdo colinérgica, ja que mudangas na sua
atividade podem indicar alteragbes na disponibilidade de ACh em nivel de receptor
(Bennedito, 1997).

Embora o papel do sistema colinérgico nos linfécitos ainda ndo esteja bem
estabelecido, a demonstracdo da existéncia de marcadores colinérgicos em linfécitos
T e B pode contribuir para avaliar a importancia do sistema colinérgico como um
possivel regulador da fungc&o imune (Tayebati et al., 2002).

Levando em consideracdo o exposto acima e a alta incidéncia da LLA em
criangas, torna-se importante avaliar o perfil de estresse oxidativo através do estudo
do sistema oxidante e antioxidante, bem como, analisar a atividade da enzima AChE

em linfocitos e sangue total de pacientes com diagndstico desta doenca.
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OBJETIVOS

Este estudo tem por objetivos:

Objetivo Geral:

Analisar os indicadores de estresse oxidativo e as defesas antioxidantes,

além de determinar a atividade da enzima acetilcolinesterase em linfécitos e sangue
total de pacientes controles e pacientes com LLA provenientes do Hospital
Universitario de Santa Maria.

Objetivos Especificos:

Analisar a intensidade das lesdes biolégicas causadas pelos radicais livres
através da dosagem de TBARS em plasma e da determinacédo da

carbonilacao protéica em soro.

Avaliar o estado das defesas antioxidantes enzimaticas através da
determinagdo das enzimas CAT e SOD em sangue total de pacientes com
LLA e de pacientes controles.

Avaliar o estado das defesas antioxidantes ndo enzimaticas através da
determinagao dos niveis de tidis nao-protéicos em plasma e eritrocitos e

Vitamina E em soro de pacientes com LLA e de pacientes controles.

Verificar a atividade da enzima AChE em linfécitos e em sangue total de

pacientes com LLA e em pacientes controles.

Verificar uma possivel interferéncia de alguns medicamentos utilizados na

quimioterapia na atividade da AChE através de testes “in vitro”.
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21 Leucemia Linfoblastica Aguda (LLA)

As leucemias sao originadas das células hematopoiéticas multipotentes (stem
cells) que perderam a sua capacidade de se diferenciar normalmente em células
maduras (Molica et al., 2004). Embora possa ocorrer em criangas e adultos, a
leucemia linfoblastica aguda (LLA) tem uma maior prevaléncia na faixa etaria de 2-
18 anos (70%), sendo essa doenca o tipo mais comum de cancer encontrado na
populagado pediatrica, assumindo uma propor¢ao de mais de 50% das malignidades
hematopoiéticas nessa faixa etaria.

A LLA resulta da proliferagdo de células linféides imaturas, os linfoblastos,
que invadem a medula 6ssea, 0 sangue periférico e outros 6rgaos (Figura 1). Esta
doenca pode ser do tipo B ou T. A leucemia do tipo B corresponde ao tipo mais
comum entre os pacientes (80%), enquanto aproximadamente 15% dos casos

consistem em leucemias do tipo T (Sinnett et al., 2006).

Figura 1 - Células linféides imaturas em sangue periférico.

(www.clinicalili.org/.../imagenes/15mar2004.jpg)

Na LLA, assim como em outros tumores malignos, existe um desequilibrio
entre os processos de apoptose e de proliferacdo celular, havendo uma maior

sobrevida das células clonais malignas, além de um aumento na suas taxas de
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proliferacédo (Schuler and Szende, 2004; Lin et al., 2002). Na LLA é bastante
freqiente um quadro de infecgdes recorrentes devido a imunossupressao induzida
pelo tratamento quimioterapico a que esses pacientes sao submetidos (Mazur et al.,
2006) e as anormalidades funcionais apresentadas pelos linfécitos T e B destes
pacientes (Zhang et al., 1997; Yotnda et al., 1999).

2.1.1 Diagnostico e estadiamento

O diagndstico da LLA é feito através dos achados clinico-laboratoriais, que
incluem hemograma, imunofenotipagem, mielograma, biologia molecular, reacdes
citoquimicas e o exame fisico (Lorenzi, 2003).

Os resultados dos exames clinico-laboratoriais séo utilizados como base para
estabelecer o prognéstico da doenga, classificando o paciente nos grupos: baixo
risco de recaida (RB) ou alto risco de recaida (AR), o que definira o esquema de

tratamento a ser seguido.

2.1.2 Prognéstico e tratamento

A LLA possui prognéstico diferenciado dependendo da faixa etaria do
paciente. Criangas acometidas possuem melhor prognostico, sendo que mais de
95% destes pacientes alcangam a remissédo total e a taxa de sobrevida é de
aproximadamente 80% com adequado tratamento quimioterapico. Ja para adultos,
75-89% alcangam a remissao total, enquanto que a taxa de sobrevida é de 28-39%
(Plasschaert et al., 2004; Bhatia, 2003).

O esquema de tratamento quimioterapico consiste basicamente nas fases de
indugdo e de manutencdo da remissdo. Apds estas fases, o paciente é
acompanhado por um periodo longo (podendo chegar a 10 anos) em que sao feitos
exames clinicos laboratoriais a fim de excluir uma possivel recidiva da doenca. O
esquema de tratamento quimioterapico varia conforme o grupo de risco de recaida

em que o paciente esta enquadrado (Tabela 1).
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Tabela 1 - Esquema das fases de tratamento da LLA (GBTLI LLA-99)

Fase Tempo (semanas)
Baixo-risco (RB) Alto-risco (AR)
Indugcao 0-21 0-33
Manutengéao 22-106 34-111
2.1.3 Etiologia

A etiologia da LLA é desconhecida. Existem, no entanto, associagdes
importantes: A LLA é mais freqiente em certas doengas hereditarias, como na
sindrome de Down, sendo decorrente das interagbes entre fatores genéticos e
ambientais (Davies e Ross, 1999). Estudos tém sugerido que tanto a exposi¢éo pré-
natal quanto pds-natal aos fatores ambientais podem ser importantes no
desenvolvimento da LLA (Figura 2). Alguns fatores de risco tém sido apontados por
desencadear a transformagado maligna das células precursoras linfoides, como
mutagcbes genéticas (translocagbes s&o bastante comuns), infecgbes virais,
radiagcdes ionizantes, agentes quimioterapicos, exposigcdo ao benzeno, entre outros
(Lorenzi, 2003; Viele, 2003).
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Figura 2 - Fatores genéticos e exposigdo ambiental associados ao risco de LLA.
(adaptado de Sinnett et al., 2006)

2.2 Linfocitos

Os linfocitos sédo leucdcitos do tipo agranuldcitos e constituem-se nas
principais células envolvidas no reconhecimento e destruicdo de antigenos néao-
préprios ou prejudiciais ao organismo (Lorenzi, 2003) (Figura 3). Correspondem a
cerca de 20 a 30% das células circulantes do sangue, porém estas quantidades
variam em condi¢cbes fisiolégicas (como sexo e idade) e patologicas (como

proliferacées benignas e malignas).

Figura 3 - Imagem de um linfdcito feita a partir de um microscopio eletronico de varredura (SEM).

(upload.wikimedia.org/wikipedia/commons/thumb/...)
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2.2.1 Origem e diferenciacéo

Um unico precursor hematopoiético comum (célula tronco ou célula
indiferenciada pluripotente) origina todas as células sanguineas na medula-6ssea.
Os precursores passam pelos estagios intermediarios de linfoblastos e pro-linfécitos
até chegar a linfocito adulto. O processo de diferenciacéo € regulado de maneira
complexa e dependente de fatores de crescimento e diferenciacao especificos para
cada linhagem linfocitaria. E importante lembrar que falhas nesse mecanismo de
regulacdo podem levar a desordens hematopoiéticas, como as linfoproliferacbes
(incluindo a leucemia).

Apos a diferenciagao, ocorre o processo de maturagao final dos linfocitos, que
pode ocorrer na prépria medula-6ssea ou em outro tecido. Do ponto de vista
fisiologico os linfécitos podem se diferenciar em 3 sub-populagdes: linfécitos T,

linfécitos B e linfocitos NK (Figura 4).

“*Stem Cell” “Stem Cell”
Hematopoiética Linfaide

Eritrocitos

Linfocitos T
CcD8

Linfocitos T
CcD4

O
@

Megacaridcitos

Linfocitos B
CcD18

@cims -

- Monocitos

Neutrofilos Células

“Natural Killer”
Macrbéfagos

Figura 4 - Diferenciagdo das células sanglineas

(http://www.imunologia.uac.fmed.uc.pt/public/artigos/Respostalmunitaria.pdf)
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2.2.2 Funcgdes e sub-populacoes

2.2.2.1 - Linfécitos T

As células T originam-se da medula, porém sua fase final de maturacéo
ocorre no timo. Encarregados da imunidade mediada por células, atuam em
sincronia com os linfécitos B e possuem fungdes efetoras e reguladoras da resposta
imune. As fungbes reguladoras sao realizadas por células T auxiliares (CD4+). As
células CD4+ podem ainda ser dos tipos Th1 e Th2 tendo por base o tipo de citocina
que produzem. O CD4+ Th1 é responsavel pela produgdo de IL-2, que atua na
ativacdo de CD4+, CD8+ e INF-y o qual ativa macrofagos. O CD4+ Th2 é
responsavel pela produgdo de IL-4 e IL-5, as quais induzem nas células B a
produgcdo de anticorpos, além de IL-6 e IL-10. Os linfécitos CD8+ possuem a
potencialidade de desenvolver uma fungado efetora citotdxica, quando estimuladas
por um antigeno ligam-se a célula alvo, induzindo lesdes nas membranas que
resultam na lise desta célula (Zago et al.,, 2004). Existem ainda os linfocitos T
formadores de células de memodria, que podem ficar em estado inativo durante muito
tempo, mas respondem imediatamente frente a um segundo contato com o mesmo

antigeno.

2.2.2.2 - Linfocitos B

Provém de células linfocitarias que se diferenciam em linfocitos B na prépria
medula 6ssea. A semelhanca dos linfécitos T, os B depois de amadurecerem
passam a circulacdo e tecidos. Sao os responsaveis pela imunidade humoral,
especialmente baseada na producdo de anticorpos. Os linfécitos B possuem
moléculas de imunoglobulinas inseridas na sua membrana plasmatica que
funcionam como receptores de antigenos especificos (Levinson e Jawetz, 1998).
Quando ativadas pelos linfécitos CD4+ (Th2), produzem anticorpos
(imunoglobulinas) contra antigenos especificos, ou transformam-se em células de
memoria, capazes de reconhecer especificamente o antigeno agressor, caso haja

uma posterior exposigao (Lorenzi, 2003).
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2.2.2.3- Linfocitos NK

Possuem um processo de diferenciagdo pouco conhecido que os distingue
dos demais linfocitos pelo seu grande poder citotoxico contra células tumorais ou
outras células que contenham particulas virais, atuando sobre elas de modo rapido e

sem necessidade de imunizagdo prévia (Lorenzi, 2003).

2.3 Radicais livres

Um radical livre é uma estrutura quimica que possui um elétron
desemparelhado, ou seja, ocupando um orbital atbmico ou molecular sozinho. Essas
particulas, formadas por elétrons livres ou ndao pareados tem uma instabilidade
elétrica muito grande, e por esta razdo, mesmo tendo meia vida muito curta,
apresentam grande capacidade reativa. Possuem uma enorme capacidade de
combinar-se de maneira inespecifica com qualquer composto que esteja proximo
deles, a fim de captar um elétron desse composto para sua estabilizacao,
independente de ser uma molécula, uma célula, ou tecido do organismo, a partir do
que, acontecem reacdes em cadeia de lesdo celular. Devido a esta caracteristica,
séo denominados de substancias oxidantes.

As espécies reativas de oxigénio e outros radicais livres podem ser
produzidos por fontes enddgenas e exdgenas. Dentre as fontes enddgenas mais
comuns estdo a mitocédndria (no metabolismo oxidativo normal), os peroxissomos e o
citocromo P-450. Ja as principais fontes exdgenas de radicais livres sao as

radiagdes, cigarro, solventes organicos, entre outros.

2.4 Estresse Oxidativo

Os radicais livres se formam em condigdes fisiolégicas em proporgcdes
controladas por mecanismos de defesa celular. Porém, em condi¢gbes patoldgicas,

essa producdo de radicais livres pode aumentar substancialmente.
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O estresse oxidativo pode resultar de uma situacdo em que ocorre uma
diminuicdo nos niveis das defesas antioxidantes tanto enzimaticas quanto nao-
enzimaticas do organismo, uma elevada produgdo de espécies reativas ou uma
combinacdo de ambos os fatores. Esse quadro de estresse oxidativo pode causar
danos a todas as estruturas celulares, incluindo DNA, lipidios e proteinas (Figura 5).

=

3 Lipideos

Figura 5 - Dano oxidativo as macromoléculas bioldgicas.
(adaptado de Torres, 2003)

Disturbios do equilibrio entre a formacédo e a remocao das espécies reativas
sdo importantes na patogénese de muitas doengas, como por exemplo, no cancer
(Beckman & Ames, 1998).

2.4.1 Estresse oxidativo versus cancer

Um modelo geral de 3 estagios pode ser associado a carcinogénese:
iniciagdo, promogéao e progressao do tumor. Varios estudos mostram que o estresse

oxidativo participa destes 3 processos (Klaunig e Kamendulis, 2004) (Figura 6).
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Figura 6 - Nivel de efeitos carcinogénicos versus nivel de radicais livres nos varios estagios do
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processo de carcinogénese
(adaptado de Valko et al., 2006)

Ainda ndo estd bem estabelecido se o estresse oxidativo verificado em
células tumorais resulta de um aumento na producgéo de oxidantes ou de falhas nos
mecanismos de defesa (Toyokuni et al., 1995). E importante lembrar, que as células
tumorais estao frequentemente em hipdxia (Oliveira e Alves, 2002), o que pode

alterar a regulacao de suas defesas antioxidantes.

2.4.2 Indicadores pré-oxidantes

2.4.2.1 Lipoperoxidagao

Todos os componentes celulares s&o suscetiveis a agao das espécies
reativas, porém a membrana € um dos mais atingidos em decorréncia da
peroxidacao lipidica, que acarreta alteracdes na estrutura e na permeabilidade das
membranas celulares (Mello Filho et al., 1984). Um dos bem conhecidos produtos da
lipoperoxidagdo € o malondialdeido (MDA) (Zhou et al., 2006), o qual é o produto

final da degradac&o n&o enzimatica de acidos graxos poliinsaturados; altos niveis de
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MDA elevam a formagéao de lipoperéxidos e indicam um aumento da lipoperoxidagao
(Kashyap et al., 2005).

A peroxidagao lipidica € o processo através do qual as EROs agridem os
acidos graxos polinsaturados dos fosfolipideos das membranas das células,
desintegrando-as e permitindo, deste modo, a entrada dessas espécies nas
estruturas intracelulares.

Este processo promove grave alteracdo da membrana celular, causando
perda da fluidez, alteragdo da fungdo secretora e dos gradientes ibnicos
transmembrana (Bezerra et al.,, 2004). Além disso, tem sido observada perda da
seletividade na troca ibnica, com liberacdo do conteudo de organelas, levando a
formagao de produtos citotoxicos e até a morte celular.

Muitos trabalhos indicam um aumento nos niveis de peroxidacgéo lipidica em
pacientes com diversos tipos de cancer, incluindo nas leucemias. De acordo com
Drabko et al. (2006) niveis elevados de MDA sérico foram detectados em pacientes
com leucemia aguda. Além disso, em pacientes com leucemia linfocitica crénica

também foram encontradas altas taxas de peroxidagao lipidica (Oltra et al., 2001).

2.4.2.2 Oxidacao protéica

As proteinas sdo moléculas biologicas alvos para a modificagdo oxidativa e
danos causados pelas EROs. A exposi¢cao das proteinas ao ataque dos radicais
livres resulta em multiplas modificagdes nestas moléculas. Estas modificagbes
incluem a oxidagao dos grupos das cadeias laterais de aminoacidos, fragmentagéo,
modificagbes na hidrofobicidade e na conformagdo e formagao de novos grupos
reativos (como os grupos carbonil). Além disso, este processo pode resultar na
perda da estrutura ou atividade enzimatica das proteinas (Hawkins e Davies, 2001;
Dean et al., 1997). A carbonilagédo protéica parece ser um fendmeno comum durante
a oxidagao, e sua quantificacdo pode ser usada para medir a extensao do dano
oxidativo (Donne et al., 2003), ja que € um marcador estavel de oxidagao protéica.

As cadeias laterais de todos os residuos de aminoacidos das proteinas sao
suscetiveis a agao das EROs, principalmente a prolina (Pro), arginina (Arg), lisina
(Lis) e treonina (Tre). Os grupamentos carbonil (C=0) (presentes em aldeidos e

cetonas) sado produzidos pela oxidagdo destas cadeias laterais de aminoacidos e
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também podem ser gerados através da clivagem oxidativa das proteinas, tanto por
oxidagdo das cadeias laterais de glutamato quanto por o amidagao, levando a
formacado de um peptideo no qual o aminoacido N-terminal esta bloqueado por um
derivado a-cetoacil. Do mesmo modo, derivados carbonil reativos (cetoaminas,
cetoaldeidos) gerados como consequéncia da reagao de agucares redutores podem
levar a formagéo de grupos carbonil (Donne et al., 2003).

A carbonilacdo de proteinas é atualmente o melhor indicador e o mais
comumente usado para quantificar o conteudo de proteina oxidada (Shacter 2000,
Beal 2002). Além disso, possui vantagem em relagdo a outros métodos por ser
quimicamente estavel, o que facilita a detecgdo e o armazenamento. A acumulagao
de proteina carbonilada tem sido observada em varias doencas humanas, incluindo
Alzheimer, diabetes e cancer (Chevion et al., 2000). Popadiuk et al. (2006) ao
verificarem o nivel de carbonilacdo protéica em pacientes com doencas
hematolégicas (leucemia e linfoma) encontraram uma significativa e importante
elevacdo nos niveis deste marcador nos pacientes em relagcdo ao grupo controle. E
importante salientar que niveis elevados de carbonilagdo protéica sao indicadores
ndao somente de estresse oxidativo, mas também de doengas derivadas do

metabolismo protéico (Donne et al., 2003).

2.4.3 Mecanismos antioxidantes

O estresse oxidativo tem seus danos minimizados pelo sistema de defesa
antioxidante enzimatico e/ou ndo enzimatico. De acordo com Halliwell (2000),
antioxidante é qualquer substancia que quando presente em baixa concentragao
comparada a do substrato oxidavel, regenera o substrato ou previne
significativamente a oxidagédo do mesmo.

O equilibrio entre a geragédo e a neutralizagdo de oxidantes por diferentes
mecanismos de defesa intra e extracelular é responsavel pela manutengdo dos

componentes celulares vitais.
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2.4.3.1 Antioxidantes enzimaticos

O sistema de defesa antioxidante enzimatico é representado, principalmente,
pelas enzimas superoxido dismutase (SOD), catalase (CAT), glutationa peroxidade
(GPx) e glutationa redutase (GR) (Figura 7).

As enzimas que atuam na detoxificacdo das espécies reativas agem em um

mecanismo de elevada sincronia e atuam de forma altamente cooperativa.
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Figura 7 - Mecanismo enzimatico antioxidante.
(adaptado de Nordberg & Arner, 2001)

2.4.3.1.1 Catalase (CAT)

A Catalase (EC 1.11.1.6) € uma enzima presente em células de plantas,
animais e bactérias aerdébias (Mates et al., 1999). E uma enzima tetramérica,
consistindo de quatro subunidades idénticas de 60 KDa, que contém um unico grupo
ferroprotoporfirina por unidade, e tem uma massa molecular de aproximadamente
240 KDa. A catalase promove a conversdo do perdxido de hidrogénio a agua e
oxigénio molecular. Possui uma das mais altas taxas de turnover, sendo que uma
molécula de catalase pode converter cerca de 6 milhdes de moléculas de peroxido

de hidrogénio em agua e oxigénio molecular a cada minuto, conforme a reagao:

2H,05, — 2H,0 + O,
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O H»0, tem vida longa, é capaz de atravessar camadas lipidicas, pode reagir
com a membrana eritrocitaria e com proteinas ligadas ao Fe? (Ferreira &
Matsubara, 1997). Apesar de n&o ser um radical livre, pela auséncia de elétrons
desemparelhados na dultima camada, o H;O, €& um metabdlito do oxigénio
extremamente deletério, porque participa da reagdo que produz o radical hidroxila
(OH"). Apesar da CAT nao ser essencial para alguns tipos celulares sob condi¢bes
normais, ela desempenha um papel importante na aquisicdo de toleréncia ao
estresse oxidativo e na resposta adaptativa das células (Matés et al., 1999).

A literatura revela que os dados sobre a atividade dos antioxidantes
enzimaticos em varios tipos de cancer sdo contraditorios. Em pacientes com
doengas hematoldgicas, a maioria dos trabalhos indica uma diminuigdo nas defesas
antioxidantes enzimaticas (Oltra et al., 2001). Nas leucemias, Senturker et al. (1997)
em seu estudo demonstraram que a atividade da enzima CAT estava diminuida em
linfécitos de pacientes com LLA. O decréscimo significante da capacidade de uma
variedade de tumores para detoxificar o H,O, pode estar relacionado ao decréscimo

nos niveis de catalase.

2.4.3.1.2 Superdéxido Dismutase (SOD)

A enzima SOD (EC 1.15.1.1) foi isolada em 1939, mas somente em 1969 Mc
Cord e Fridovich provaram a atividade antioxidante desta enzima (Mc Cord e
Fridovich, 1969). Constitui-se de uma metaloenzima abundante nas células aerdbias
e uma das defesas antioxidantes enzimaticas mais efetivas. Cabe a SOD catalisar a
dismutacgao do radical superoxido (O27) a perdxido de hidrogénio (H202) (Valko et al.,
2006). Sendo que, é capaz de aumentar em 10* vezes a velocidade da reacdo de
dismutacdo do radical superoxido a perdxido de hidrogénio em pH fisiologico,

conforme a reacao:
2 Op-. +2H" — H,0, + O,
A SOD existe em uma série de isoformas, que diferem pela natureza do metal

presente no sitio ativo e na constituicdo dos aminoacidos, bem como pelo numero de

subunidades, cofatores e outros aspectos. Geralmente, isoenzimas distintas sao
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responsaveis por compartimentos celulares também distintos. Em humanos, a SOD
existe em trés formas: Cu-Zn citosolica, Mn-SOD mitocondrial e SOD extracelular
(EC-SOD) (Landis e Tower, 2005). A SOD varre o O,.” através de sucessivas
oxidagdes e redugdes do metal de transigao no sitio ativo em um mecanismo do tipo
“ping-pong” (Mates et al., 1999).

A SOD Cu-Zn: é uma enzima com peso molecular de 32 kDa e composta por
duas subunidades idénticas (homodimero) (Mates et al., 1999). Encontra-se quase
que exclusivamente no citosol (Zelko et al., 2002). A SOD Mn: é um homotetramero
(96 kDa) contendo um atomo de manganés em cada subunidade. Na maioria dos
tecidos animais e leveduras, ela é encontrada na mitocondria (Fridovich, 1998). E
uma das enzimas antioxidantes com atividade anti-tumor mais efetiva (Valko et al.,
2006).

A SOD extracelular (EC-SOD) é um tetramero que contém cobre e zinco e
possui um peptideo sinalizador que direciona esta enzima exclusivamente para o
espaco extracelular.

Em certos tipos de tumor, a atividade da SOD total se mostrou diminuida
(Oberley, 1988). Além disso, trabalhos indicam que um desequilibrio entre a
formagdo do radical superoxido e a degradagao do perdxido de hidrogénio que
ocorre em células com a alteracdo na atividade da SOD pode ativar o poder

metastatico das células do cancer (Valko et al., 2006).

2.4.3.2 Antioxidantes nao-enzimaticos

Além das defesas antioxidades enzimaticas, possuem grande relevancia os
antioxidantes ndo enzimaticos. O organismo possui a capacidade de produzir
compostos que apresentam grande capacidade de defesa antioxidante, direta ou
indireta, atuando a fim de manter o estado de equilibrio celular (Halliwell e
Gutteridge, 2000), além disso, alguns compostos ingeridos na alimentagao também
atuam como antioxidantes.

Entre os antioxidantes nao enzimaticos podem-se citar as vitaminas,
compostos fendlicos e os compostos de baixo peso molecular, como os tidis nio-

protéicos.
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2.4.3.2.1 Tidis ndo-proteicos (NPSH)

Geralmente a capacidade antioxidante dos compostos tidlicos deve-se ao
atomo de enxofre que pode facilmente acomodar a perda de elétron (Karoui et al.,
1996). A glutationa reduzida (GSH, L-g-glutamil-L-cisteinil-glicina) é o mais
abundante composto tiol de baixo peso molecular encontrado em plantas e animais
(Sies, 1999), em concentragbes variando entre 0,1 — 10 mM (Davis Junior et al.,
2001). Este tripeptideo apresenta diversas funcdes celulares em adicdo a suas
propriedades antioxidantes (Figura 8). Possui papel importante na transdugéo de
sinal, na expressdo génica e na apoptose, na detoxificagcdo eletrofilica, na
manutencao do equilibrio tidlico, na prevencédo da oxidagado de grupos sulfidrila, na
promogao de um reservatorio para cisteina, na modulagdo do processo celular da
sintese de DNA e na fungao imune (Arrigo, 1999). Em condi¢des normais, mais de
95% da GSH nas células esta reduzida; portanto o ambiente intracelular é,

normalmente, altamente redutor.

Praben reversibly
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Figura 8 - Papel da GSH na oxidacao de grupos sulfidrila das proteinas.
(Adaptado de Valko et al., 2006)

A capacidade redutora da GSH é determinada pelo grupamento -SH, presente
na cisteina. A GSH pode ser considerada um dos agentes mais importantes do
sistema de defesa antioxidante da célula. Participa na decomposigédo do perdxido de
hidrogénio (H20;), potencialmente tdxico, que € convertido em H,O em reagao

catalisada pela GSHPx, as custas da glutationa reduzida; a glutationa oxidada
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resultante é reciclada a forma reduzida pela glutationa redutase e NADPH (Figura 9)
(Gul et al., 2000). O NADPH é regenerado pela via das pentoses fosfato, em reagao
catalisada pela glicose 6-fosfato desidrogenase, a qual é particularmente importante
nos eritrécitos. Sendo assim, o processo de manutencao de niveis adequados de
GSH pode prevenir o dano celular causado pelo estresse oxidativo (Stamler &
Slivka, 1996). Estudos tém revelado uma associagao entre a incidéncia do cancer e
varias disfungdes nas fungdes da GSH.

Reduced Glutathione
(2 GSH)

NADP* arcae
Hy0y

Grrafarhjone reducrase Gfuiathrone perorrdase

Rlboﬂavln B Sclonlum

| (FAD) }.-
NADPH+H* -/ \ / \p
(GSSG)

Oxldlzed Glutalhlone

Figura 9 - Papel da GSHPx e GSH na decomposi¢do do peroxido de hidrogénio.

(http:// www. Ipi.oregonstate.edu/selenium/gsh)

2.4.3.2.2 Vitamina E

O termo vitamina E é a designagdo comum de duas diferentes familias de
compostos que ocorrem na natureza: os tocoferdis e os tocotriendis, que exibem,
qualitativamente, a atividade bioldgica do a-tocoferol, que € o composto mais
potente e, geralmente, a forma predominante. Estruturalmente, tocoferdis e
tocotriendis diferem apenas na cadeia lateral e ambos se subdividem em a, 3, y e 9,
dependendo do numero e posigao do grupo metila no anel cromanol (Theriault et al.,
1999). A vitamina E designa todos os tocoferdis, varredores de radical peroxil, que
sao, provavelmente, os inibidores mais importantes na reacdo em cadeia da
peroxidacdo lipidica em animais (Halliwell e Gutteridge, 2000). E um antioxidante
lipossoluvel que atua bloqueando a etapa de propagacdo da peroxidagao lipidica
dos acidos graxos poliinsaturados das membranas e lipoproteinas. Intercepta o

radical peroxila (RO;’), resultante com formagdo do radical tocoferila, que sera
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regenerado por ascorbato, glutationa ou ubiquinol a tocoferol (Barreiros et al., 2006;
Buettner, 1993).

Misaki et al., (2003) verificaram o conteudo de vitamina E em linfocitos de
criangas com LLA e encontraram niveis significantemente menores em relagédo ao
grupo controle. Da mesma forma, Dasgupta et al. (1993) ao pesquisarem os niveis e
o0 papel da vitamina E em pacientes com leucemia e linfoma, encontraram niveis
diminuidos e propuseram o papel benéfico da suplementacédo desta vitamina nestes
pacientes. Por outro lado, Marco et al. (1997) ao verificarem os niveis de vitamina E
em pacientes com leucemia, linfoma e mieloma n&o encontraram diferencas

significativas em relagéo ao grupo controle.

2.5 Sistema Colinérgico

A acetilcolina (ACh) (Figura 10) foi a primeira substancia encontrada e
definida como um neurotransmissor (Loewi, 1921). Foi identificada no Ascaris e em
outros nematddeos em 1955 por Helen Mellanby e posteriormente foi definida como
um neurotransmissor excitatorio na jungdo neuromuscular do nematdédeo (del
Castilho et al., 1963). Como mostrado na figura 11, a ACh é sintetizada pela
acetiltransferase (ChAT; EC 2.3.1.6) a partir da colina, um importante produto do
metabolismo dos lipideos da dieta, e Acetil CoA, um produto do metabolismo celular
(Soreq & Seidman, 2001; Prado et al.,, 2002), e é carregada até as vesiculas
sinapticas pelo transportador vesicular da acetilcolina onde fica armazenada até a
sua liberagao (Rand, 2007).

Acetylcholine

Figura 10 - Estrutura quimica do neurotransmissor acetilcolina
(http://www.unizar.es/departamentos/bioquimica_biologia/docencia/Biofvirtual/Tema-

ImN/ImpNerv.htm)
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Depois de ser liberada, a ACh se difunde na fenda sinaptica e ativa os
receptores de ACh (AChRs), posicionados nas células pds sinapticas. A ACh é
amplamente distribuida no SNC, onde seus efeitos sdo principalmente excitatoérios,
efetivados pela ativagado de receptores especificos, designados como receptores
colinérgicos e, subdivididos em dois grandes grupos: nicotinicos e muscarinicos, que
transmitem os sinais por mecanismos diferentes (Rang et al., 2004).

A acdo da ACh é finalizada pela sua hidrélise enzimatica na fenda sinaptica
pela enzima acetilcolinesterase (AChE). A colina liberada é, em parte recaptada para
o terminal pré-sinaptico, através de um mecanismo de recaptagao de alta afinidade
(Soreq & Seidman, 2001) onde podera ser reutilizada para a sintese de novas

moléculas de ACh.

ACh
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Figura 11 — Sistema colinérgico. (adaptado de Rand, 2007)
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2.5.1 Colinesterases

Existem dois tipos de colinesterases: a acetilcolinesterase (AChE) e a
butirilcolinesterase (BChE). A acetilcolinesterase (EC 3.1.1.7), também chamada de
colinesterase verdadeira ou especifica, é responsavel pela hidrélise da acetilcolina
nas sinapses colinérgicas e existem estudos que sugerem a coexisténcia de outras
fungdes ndo colinérgicas (Balasubramanian, 1984; Grifman et al., 1998).

A butirilcolinesterase (EC 3.1.1.8), anteriormente chamada de colinesterase
do soro, pseudocolinesterase e colinesterase nao especifica, é sintetizada no figado,
sendo também encontrada em plasma, musculo liso, pancreas, adipocitos, pele,
substancia branca do encéfalo e coragdo (Wescoe et al., 1947). Hidrolisa varios
ésteres de colina, desde a acetilcolina até a heptanoilcolina, sendo mais eficiente na
hidrélise da butirilcolina. A fungdo da BChE no organismo e o seu substrato natural
permanecem desconhecidos.

A sequéncia de aminoacidos da BChE e da AChE tem 53% de identidade,
sendo bem conservada no sitio ativo. As duas enzimas apresentam respostas
similares a diversos inibidores (Schumacher et al., 1986) e semelhanga imunoldgica
(George et al., 2001).

2.5.2 Acetilcolinesterase (EC 3.1.1.7; AChE)

A AChE possui um papel regulatério na neurotransmisséo colinérgica. Ela é
responsavel pela hidrélise rapida da acetilcolina modulando a concentragéo deste
transmissor na sinapse. E uma glicoproteina globular encontrada nos neurdnios
colinérgicos, nas proximidades das sinapses colinérgicas e em concentragdes
elevadas na jungédo neuromuscular (Massoulié et al., 1993).

A AChE esta amplamente distribuida no sistema nervoso central e também é
encontrada em eritrocitos, linfocitos e plaquetas de mamiferos (Silva, 1998).
Atualmente, existe o interesse no meio cientifico pelo papel nao-catalitico dessa
proteina, e alguns trabalhos tém demonstrado que variantes estruturais da AChE
participam de fungbes no crescimento e adesdo celular, neurogénese,

sinaptogénese, hematopoiese, osteogénese; além de processos patoldgicos
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associados ao estresse e deterioragao de neurdnios colinérgicos (Soreq & Seidman,
2001; Bartolini et al., 2003).

2.5.3 Estrutura da acetilcolinesterase

A AChE ¢é responsavel pela inativacdo da acetilcolina nas sinapses
colinérgicas dos sistemas nervosos central e periférico. Esta enzima possui um rico
polimorfismo ja que existe em uma variedade de formas moleculares que podem ser
classificadas como homoméricas ou heteroméricas com base na associagcdo com

subunidades estruturais especializadas (Figura 12) (Massoulie et al., 1993).
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Figura 12 - Isoformas da enzima AChE

(http://www.chemistry.emory.edu/ach_inactivation.htm)

As formas homoméricas incluem a forma globular monomérica (G1), dimérica
(G2) e tetramera (G4). Estas formas moleculares diferem uma da outra quanto as
suas caracteristicas anfifilicas e quanto ao grau de hidrofobicidade, consequentes a
adicdo pos-transducional de um glicofosfolipideo no aminoacido carboxi-terminal
(Taylor & Brown, 1999). As formas homomeéricas sdo encontradas como espécies
soluveis na célula, provavelmente, com a finalidade de exportagdo ou associadas a
membrana externa da célula por meio de uma sequéncia de aminoacidos

hidrofébicos intrinsecos ou do glicofosfolipideo acoplado (Taylor & Brown, 1999).
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Ja as formas heteroméricas consistem em uma montagem heteromérica das
subunidades estrutural e catalitica, onde a ligagao através de pontes dissulfeto de
uma molécula triplice helicoidal de colageno a um, dois ou trés tetrdmeros cataliticos
resulta nas formas estruturais assimétricas A4, Ag e A2 (Massoulié et al., 1993).

Tanto os eritrocitos, os linfocitos, como as plaquetas contém a forma globular
dimérica (G), tetramérica (G4) a assimétrica (A1) como padrbes de formas
moleculares (Figura 13). No entanto, nenhuma forma globular monomérica (G4) foi
encontrada nas células sanglineas humanas (Rakonczay et al., 2005). Tanto em
linfécitos quanto em plaquetas, a principal forma encontrada ¢é a G
(aproximadamente 80%) e as formas G4 e A2 mostram-se igualmente distribuidas.
Os eritrécitos mostram um predominio da forma globular dimérica (G;), encontrada

em até 98% das células como foi demonstrado por Rakonczay et al. (2005).
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Figura 13 - Fragdes moleculares da AChE nas células sanguineas.
(adaptado de Wessler, 2001)

As diferengas nos arranjos das subunidades permitem a localizagdo de
subunidades cataliticamente ativas em tipos distintos de célula e em posicoes
subcelulares para realizar fungdes sitio especificas, mas parecem nao afetar as

atividades cataliticas intrinsecas das formas individuais (Massoulié et al., 1993).

2.5.4 Mecanismo catalitico

A importancia fisiolégica e as propriedades bioquimicas da AChE a tornaram
um alvo interessante para a analise detalhada da sua fungao estrutural. A sequéncia

de aminoacidos da AChE foi codificada pela primeira vez no modelo de estrutura
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cristalina da AChE dimérica de Torpedo Califérnia, a qual vem sendo historicamente
uma das principais fontes da enzima colinérgica para a pesquisa. Mais tarde, as
estruturas cristalinas da AChE a partir de outras fontes, incluindo o homem foram
obtidas e mostraram-se essencialmente semelhantes (Soreq & Seidman, 2001).

O sitio ativo da AChE é composto por uma triade catalitica composta por
residuos de aminoacidos serina (Ser-200), histidina (His-440) e glutamato (Glu-327)
(Figura 14).

Ser 200

His 440

_ " Glu 327
Figura 14 - Visao do sitio ativo da AChE e dos residuos de aminoacidos que constituem a triade

catalitica. (adaptado de Viegas Junior et al., 2004)

A visdo tradicional do sitio ativo da AChE foi considerada como tendo dois
subsitios; um sitio carregado negativamente ou “aniénico” ao qual a cadeia de
nitrogénio quaternario [-N+(CH3;)3] da acetilcolina carregada positivamente se liga, e
um sitio esterasico contendo os verdadeiros residuos cataliticos, que aloja o
grupamento éster e carbonila da ACh (Figura 15) (Taylor & Brown, 1999). Além
disso, um segundo sitio “aniénico” que se tornou conhecido como sitio aniénico
periférico (peripheral anionic site - PAS) foi proposto com base na ligagédo de
compostos bis quaternarios. Pesquisas envolvendo o sitio periférico revelaram que
este parece ser fundamental para algumas das fungdes nédo-classicas da enzima
(Soreq & Seidman, 2001).
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Figura 15 - Sitio esterasico contendo a triade catalitica, externamente o sitio periférico anidénico
(PAS). (adaptado de Soreq & Seidman, 2001)

A AChE é classificada como uma serina hidrolase e o0 mecanismo catalitico
assemelha-se ao de outras hidrolases. A estrutura tridimensional da enzima
demonstra que o sitio ativo é quase centroassimétrico a cada unidade e reside na
base de um gargalo estreito com uma profundidade de 20 A (Sussman et al., 1991).

Na base do gargalo situam-se os residuos da triade catalitica (Figura 16).

ESTER BINDING REGION

Serine

ANIONIC BINDING REGION

Histidine

Figura 16 - Interagdo do substrato (ACh) com o sitio esterasico da AChE. (adaptado de Patrick, 2001)
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A AChE catalisa a hidrolise de ACh com uma alta eficiéncia catalitica. A
quebra da ACh em colina e acido acético catalisada pela AChE se processa em dois

estagios: acilagao e desacilagao (Tachikawa et al., 2005) (Figura 17).
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Figura 17 - Reagéo de hidrolise da ACh catalisada pela AChE (adaptado de Tachikawa et al., 2005)

3

O mecanismo de hidrélise de AChE envolve o ataque nucleofilico da serina ao
carbono carbonilico da ACh, gerando um intermediario tetraédrico estabilizado por
ligacdes de hidrogénio, o qual produz colina livre e serina acetilada. No caso da
AChE humana, os residuos de Ser200 e His440 localizados no sitio ativo, séao
envolvidos na reacdo com o substrato durante a catalise da ACh. No processo de
acilacdo ocorre a transferéncia de préton da Ser200 para o imidazol da His440 e a
adicao nucleofilica do atomo de oxigénio da Ser200 para o substrato ACh ocorre
subseqlientemente. Na desacilagdo, a acil enzima é hidrolisada voltando a sua
forma original através da hidrdlise do grupo acetila da serina pela agua, o que

recupera o sitio catalitico da enzima (Viegas Junior et al., 2004).

2.5.5 Sistema colinérgico extra-neural

A AChE esta presente tanto em neurdnios quanto em eritrocitos e linfocitos. A

AChE esta presente na membrana dos eritrécitos, onde apesar de possuir uma alta
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atividade, ndo possui fungbes enzimaticas. A AChE eritrocitaria possui as mesmas
propriedades da enzima pura presente no encéfalo (Al-Jafari, 1995). No entanto, seu
exato papel bioldgico é ainda desconhecido (Kamal et al., 1999).

Uma das fungdes ndo enzimatica da AChE sanglinea parece estar
relacionada com a diferenciagdo das células hematopoiéticas (Soreq et al., 1994).
Além disso, apesar de o papel da AChE na membrana das células sanglineas ainda
nao estar bem estabelecido, estudos indicam que esta enzima € um bom marcador
de integridade e estado funcional da membrana (Szelényi et al., 1987).

Em relagcdo aos linfécitos, sabe-se que estas células possuem todos os
componentes necessarios para constituir um sistema colinérgico extraneuronal

independente envolvido na regulagao da fungao imune (Kawashima & Fuijii, 2000).

2.5.6 Sistema colinérgico no linfécito e sua relagdo com o sistema imune

Vérias evidéncias sugerem a existéncia de uma relagdo entre os sistemas
neuroendérino e imune. Estudos indicam que estes dois sistemas apresentam um
grau de interdependéncia (Adem et al., 1986) e os linfocitos tém demonstrado a
expressao de varios neurotransmissores, incluindo receptores adrenérgicos,
dopaminérgicos e colinérgicos (Tayebati et al., 1999).

A ACh que é o principal neurotransmissor excitatério, também possui papel na
modulagdo da funcdo imune (Kawashima and Fujji, 2000). A ACh sintetizada e
liberada dos linfécitos pode ser considerada um imunomodulador atuando via
receptores muscarinicos e nicotinicos dos linfocitos. Os linfécitos possuem todos os
componentes necessarios para a constituicio de um sistema colinérgico nao-
neuronal préprio (Figura 18).

Segundo Kawashima e Fujji (2000), as fungdes dos linfocitos sao reguladas
em parte pelo sistema colinérgico extraneuronal presente na superficie destas
células. Além disso, trabalhos relatam que a inibicdo da AChE reduz a proliferagao
de linfécitos, porém o mecanismo envolvido neste processo permanece
desconhecido (Nizri et al., 2005)
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Figura 18 — Sistema colinérgico linfocitico.

(adaptado de Kawashima e Fuijji 2003)

2.5.7 Sistema colinérgico versus cancer

Apesar de ser bem conhecida como a enzima que hidrolisa a ACh, a AChE é
agora também conhecida por ter fungdes nao enzimaticas adicionais em relagéo ao
estresse, desenvolvimento e neurodegeneracao (Siiman & Sussman 2005). Varias
observagoes tém também indicado a possibilidade de uma nova fungéo da AChE em
tecidos nao-neuronais, incluindo tumores (Small et al., 1996). Estudos relatam que
parece haver uma associagao entre mudancgas na expressao e atividade da AChE e
a o desenvolvimento de varios tipos de cancer (Ruiz-Espejo et al., 2003).

Alguns autores tém investigado a relagdo entre as colinesterases e a
diferenciacao das células hematopoiéticas e evidéncias mostram que nas leucemias
ocorrem mudangas estruturais nos genes expressos por estas enzimas (Lapidot-
Lifson et al., 1989). Além disso, a AChE parece estar envolvida no mecanismo
celular e molecular que regula a proliferagao e diferenciagdo das células sanguineas
(Deutsch et al., 2002).
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2.5.8 Acetilcolinesterase versus drogas antineoplasicas

Vérios estudos tem investigado o efeito de drogas antineoplasicas na atividade
da AChE (Al-Jafari et al., 1995a; 1995b). Drogas utilizadas no tratamento
quimioterapico como, por exemplo, o metotrexato podem produzir uma mudanca
conformacional na enzima através da ligacao reversivel com o complexo enzima-
substrato. Portanto, as drogas antineoplasicas podem diminuir a atividade da enzima
por impedir o posicionamento adequado do sitio catalitico para a reagdo de acilagcéo

com o substrato.



3 MANUSCRITOS

Os resultados que fazem parte desta dissertacdo estdao apresentados sob a
forma de manuscritos. As apresentacoes estdo baseadas na versao aceita para
publicagédo na revista Clinical Biochemistry (Manuscrito 1) e na versao em fase final
de revisédo pelos autores para submissao a revista Clinical Chimica Acta (Manuscrito
2).

3.1. Measurement of oxidative stress and antioxidant status in acute

lymphoblastic leukemia patients

3.2. Changes in Acetylcholinesterase (AchE) activity in lymphocytes and

whole blood in acute lymphoblastic leukemia patients.
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Abstract

Objectives: To evaluate the oxidative status and antioxidant defense in

patients with acute lymphoblastic leukemia (ALL).

Design and methods: We measured concentrations of plasmatic
thiobarbituric acid reactive substances (TBARS), serum protein carbonylation, whole
blood catalase (CAT) and superoxide dismutase (SOD) activities, as well as the
plasmatic and erythrocyte thiol levels and serum vitamin E concentration. This study
was performed on 80 children with ALL divided into 4 groups: just diagnosed,

remission induction, remission maintenance and out-of-treatment.

Results: TBARS levels and serum protein carbonylation were higher in ALL
patients then in controls and reduced levels of antioxidants were found in these

patients.

Conclusion: These findings may indicate a possible link between decreased
antioxidants and increased levels of cells alterations due to oxidative damage,
supporting the idea that there is a persistence of oxidative stress in acute

lymphoblastic leukemia.

Keywords: Acute Lymphoblastic Leukemia (ALL); Oxidative Stress;

Antioxidant System; TBARS; protein carbonylation; SOD; CAT; thiols; vitamin E
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Introduction

Leukemias originate from hematopoietic stem cells that lose the capacity to
differentiate normally in mature blood cells at different stages of their maturation and
differentiation [1, 2]. Acute lymphoblastic leukemia (ALL) is the most common cancer
found in the pediatric population and it accounts for more than 50% of the
hematopoietic malignancies in this age group [3,4]. In contrast, ALL is a relatively
rare leukemia subtype in adults, accounting for only 2-3% of hematopoietic

malignancies [4].

ALL is a disease characterized by uncontrolled proliferation and maturation
arrest of lymphoid progenitor cells in bone marrow resulting in an excess of malignant
cells [5]. The lymphoblasts replace the normal marrow elements, resulting in a
marked decrease in the production of normal blood cells. ALL is a disorder caused by
an abnormal expression of genes, which is usually a result of chromosomal

translocations [6].

The disease can be originated from lymphoid cells of different lineages, giving
rise to B- or T-cell leukemias or sometimes mixed-lineage leukemia [7]. It is a curable
disease with an expected long term survival rate of at least 70%, when treated with
modern therapeutic regimens. In general, ALL standard treatment protocols consist

of induction and maintenance remission with chemotherapeutic drugs [8].

It is well recognized that oxidants play a role in several stages of
carcinogenesis [9]. Production of reactive oxygen species (ROS) is an inevitable
result in cells that use aerobic metabolism for energy production [10]. ROS are
known to play a dual role in biological systems, since they may be either harmful or

beneficial to living systems. Furthermore, oxidative stress may inhibit or promote
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apoptosis and until necrosis, depending on the intensity of the stimulation. Beneficial
effects of ROS involve physiological roles in cellular responses to noxia, as for
example in the defense against infectious agents and in the function of a number of
cellular signaling systems [11]. In contrast, at high concentrations, ROS can be
important mediators of damage to biomolecules such as DNA, proteins, and lipids,
leading to cellular dysfunction and cell death. Accumulation of such molecules
causes noxious effects on individuals, resulting in diseases such as hematopoietic
malignancies [12]. The first biological molecules for oxidative damage in cells are
proteins and their side chains can be carbonylated by reactive carbonyl compounds
[13]. In addition, oxidative damage in lipids leads to the formation of products such as

malondialdehyde (MDA) [14].

The effect of reactive species is balanced by the antioxidant action of non-
enzymatic antioxidants, as well as by antioxidant enzymes. Antioxidant defenses are
extremely important as they represent the direct removal of free radicals

(prooxidants), providing maximal protection for biological sites [11].

The most efficient enzymatic antioxidants involve superoxide dismutase (SOD)
and catalase (CAT). SOD is an antioxidant enzyme that catalyzes the dismutation of
0," to O, and to the less-reactive species hydrogen peroxide (H.O,) protecting cells
from injure induced by free radicals [15]. Additionally, the enzyme CAT very efficiently
promotes the conversion of H,O, to water and molecular oxygen [14]. Non-enzymatic
antioxidants include thiol antioxidants and Vitamin E. Non-protein thiols have a
variety of functions in bioreduction and detoxification processes [16]. The main

antioxidant function of vitamin E is the protection against lipid peroxidation [17].
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Information about the activities of antioxidant enzymes is conflicting in
patients with cancer and studies on leukemia patients are rare [18]. Moreover, the
levels of oxidative damage and antioxidant defenses have not been investigated in
children just diagnosed with ALL as compared to those in the different stages of
treatment and after therapy. In this work, we studied the oxidative profile in ALL
patients in these groups, through the verification of main enzymatic antioxidant
defenses (CAT and SOD) and non-enzymatic antioxidants (thiols and Vitamin E).
Moreover, we determined the intensity of biological damage caused by free radicals
in lipid and protein through the measurement of lipid peroxidation and the levels of

protein carbonylation.

. Methods

Patients
The sample consisted of 80 acute lymphoblastic leukemia (ALL) patients

recently diagnosed and under treatment at the Oncology-Hematology Laboratory —
Hospital of the Federal University of Santa Maria. The controls consisted of 50
healthy volunteers with ages and social conditions similar to those of the patients.
They presented no acute or chronic diseases such as diabetes, parasitosis or any
immune dysfunction. Also, the controls used in this study had normal leukocytes and
other blood cell counts and made no use of pharmacological therapy. Patients
included in this study received the diagnosis for ALL, which is based on the following
findings: leukocyte count, age, involvement of tissues other than bone marrow,

immunophenotyping and responsiveness to the treatment. Patients were diagnosed
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and treated according to the GBTLI LLA-99 protocol [19] defined by the Brazilian

Group of Childhood Leukemia Treatment.

The treatment with chemotherapeutic agents consisted of two phases:
remission induction and remission maintenance. The first phase starts with induction
therapy, using multiple chemotherapeutic drugs, followed by consolidation.
Remission maintenance is a long phase, in which patients undergo up to 84 weeks of
chemotherapeutic agents. After these phases, patients have follow-ups with periodic
laboratorial exams to eliminate the possibility of recurrence. Taking this into account,
we selected four patient groups: The first group was composed of 10 children (ages
ranged from 3-17 years) just diagnosed with ALL who had not received any therapy
preceding the blood sampling. The second group was composed of 20 patients (ages
ranged from 3-19 years) undergoing treatment in the first phase, remission induction.
The third group was composed of 25 patients (ages ranged from 3-23 years) in the
second phase of treatment, called remission maintenance. 25 patients out of

treatment (ages ranged from 4 -20 years) constituted the fourth group.

Consent was given by family members of all the patients included in this work.
The Human Ethics Committee from the Federal University of Santa Maria approved
the protocol under number 51/06. The patients’ general characteristics are shown on

Table 1.

Sample collection

The blood was collected in vaccutainer tubes without an anticoagulant system,
centrifuged at 5000 rpm for 10 min, the precipitate was discarded and the serum was

used to determine the protein carbonyl and the vitamin E contents. CAT and SOD
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activities were determined using whole blood collected in citrated vaccutainer tubes
and diluted in a 1:10 in saline solution. For plasmatic thiobarbituric acid reactive
substances (TBARS) and non- protein thiols, the blood was collected using EDTA as
anticoagulant. The sample was then centrifuged (5000 rpm for 10 min) and the
plasma was used to determine MDA and thiols and the erythrocytes were used only

to verify thiol levels. Samples were obtained from November 2006 to may 2007.

Hematological determinations

Quantitative determinations of blood cells obtained by venipuncture were

performed using a Coulter-STKS analyzer (Miami, USA).

Carbonylation of serum protein

The carbonylation of serum proteins was determined by a modified Levine’s
method [20]. Firstly, from 1ml of serum, the proteins were precipitated using 0.5 ml of
10% trichloracetic acid (TCA) and centrifuged at 5000 rpm for 5 min discarding the
supernatant. One half milliliter of 10 mmol/l 2.4-dinitrophenylhydrazine (DNPH) in 2
mol/l HCI was added to this protein precipitate and incubated at room temperature for
30 min. During incubation, the samples were mixed vigorously every 15 min. After
incubation, 0.5 ml of 10% TCA was added to the protein precipitate and centrifuged
at 5000 rpm for 5 min. After discarding the supernatant, the precipitate was washed
twice with 1 ml of ethanol/ethylacetate (1:1), centrifuging out the supernatant in order
to remove the free DNPH. The precipitate was dissolved in 1.5 ml of protein

dissolving solution (2 g SDS and 50 mg EDTA in 100 ml 80 mmol/l phosphate buffer,
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ph 8.0) and incubated at 37 -C water bath for 10 min. The color intensity of the
supernatant was measured using a spectrophotometer at 370 nm against 2 mol/l
HCI. Carbonyl content was calculated by using the molar extinction coefficient

(21x103 1/mol cm) and results were expressed as nanomoles per milligram protein.

Determination of lipid peroxidation

Lipid peroxidation was estimated by measuring TBARS in plasma samples
according to a modified method of Jentzsch et al. [21]. Briefly, 0.2 ml of serum was
added to the reaction mixture containing 1 ml of 1% ortho-phosphoric acid, 0.25 ml
alkaline solution of thiobarbituric acid-TBA (final volume 2.0 ml) followed by 45 min
heating at 95 °C. The results were expressed as nanomole MDA per milliliter of

plasma.

Catalase (CAT) and Superoxide dismutase (SOD) activities

The determination of CAT activity was carried out in accordance with a
modified method of Nelson and Kiesow [22]. This assay involves the change in
absorbance at 240 nm due to CAT dependent decomposition of hydrogen peroxide.
An aliquot (0.02 ml) of blood was homogenized in potassium phosphate buffer, pH
7.0. The spectrophotometric determination was initiated by the addition of 0.07 ml in
an aqueous solution of hydrogen peroxide 0.3 mol/l. The change in absorbance at
240 nm was measured for 2 min. CAT activity was calculated using the molar
extinction coefficient (0.0436 cm?umole) and the results were expressed as

picomoles per milligram protein.
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SOD activity measurement is based on the inhibition of the radical superoxide
reaction with adrenalin as described by Mc Cord & Fridovich [23]. In this method,
SOD present in the sample competes with the detection system for radical
superoxide. A unit of SOD is defined as the amount of enzyme that inhibits by 50 %
the speed of oxidation of adrenalin. The oxidation of adrenalin leads to the formation
of the colored product, adrenochrome, which is detected by spectrophotometer. SOD
activity is determined by measuring the speed of adrenochrome formation, observed
at 480 nm, in a reaction medium containing glicine-NaOH (50 mM, pH 10) and

adrenalin (1 mM).

Determination of non-protein thiols

Non-protein thiols were assayed in plasma and erythrocytes by the method of
Ellman [24]. Aliquots (0.1 ml) of plasma were added to a phosphate buffer 0.3 mol/l
(0.85 ml), pH 7.4 and the reaction was read at 412 nm after the addition of 10 mM 5-
5V-dithio-bis(2-nitrobenzoic acid) (DTNB) (0.05 ml). Results were expressed as

pmol/ml of plasma.

Aliquots of erythrocytes (0.3 mL) were hemolyzed with 10% Triton X-100 (0.1
mL) and, after 10 min, precipitated with 0.2 mL of 20% TCA. After centrifugation at
5.000 rpm for 10 min, the supernatant aliquots reacted with 50 uL of DTNB (10 mM)
and the reaction product was read at 412 nm. Results were expressed as umol/mL of

erythrocyte.
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Serum vitamin E quantification

Serum vitamin E was estimated by a modified method of Hansen & Warwick,
[25]. In a cover tube, 140 pl of Milli-Q water (Millipore, Bedford, MA, USA) was added
to 20 pL of butylated hydroxytoluene 10 mM (BHT), 140 ul of sample and 2.1 ml of
ethanol solution (66%). After this, it was vortex-mixed for 10 s and 3.5 ml of n-hexane
was added and mixed for 1 min. It was then centrifuged at 1800 g for 10 min and 3 ml
of superior phase transferred to fluorimeter cuvettes and the vitamin E was measured
in the fluorimeter: excitement: 295 nm; emission: 340 nm. All samples were analyzed
in duplicate. Calibration curves with a-tocoferol (Sigma-Aldrich Inc, USA) were used

to determine the concentration, following the same procedure for the samples.

Protein determination

Protein was measured by the method of Bradford [26] using bovine serum

albumin as standard.

Statistical analysis

Statistical analysis was done by the commercial SPSS package for
Windows®©. All the data are expressed as the mean * standard error. Data were
analyzed statistically by one-way ANOVA followed by the Duncan’s multiple test.

Differences were considered significant when the probability was P < 0.05.
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3. Results
Characteristics and Hematological features in blood

Table 1 presents the patient’s general characteristics and blood cell count. We
observe the presence of blast cells in the patients just diagnosed. White blood cell
count, including lymphocytes was elevated in the just diagnosed patients and
platelets count was diminished in these patients. Hemoglobin and erythrocytes were

decreased in the just diagnosed and remission induction patients.

Protein carbonylation

Protein oxidation, determined by protein carbonyl content in serum samples
from the patients, is shown in Figure 1. It can be observed that there was a significant
difference between the patients and the controls. The protein carbonyl content was
increased in the just diagnosed patients, in patients of both treatment phases and
also in the out-of-treatment patients when compared to the controls (F (4,108) =7.62;

p<0.001).

Lipid peroxidation

The lipid peroxidation results are shown in Figure 2. Post-hoc comparisons by
Duncan’s test revealed that TBARS content was increased in the just diagnosed
patients and in the remission induction patients in relation to controls and to the
remission maintenance and out-of-treatment patients (F 4,116) =8.94; p<0.001), but
the remission maintenance and out-of treatment patients were also increased in

relation to the controls.
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Antioxidant catalase (CAT) and superoxide dismutase (SOD) activities

CAT activity in just diagnosed, remission induction and remission maintenance
patients was reduced when compared to controls (F (4,104) =16.09; p<0.001). No
significant difference was observed between the out-of-treatment patients and the

controls (Figure 3).

Figure 4 shows the SOD activity in ALL patients and controls. No statistically
significant relationship was found between the remission maintenance and out-of-
treatment patients and the controls, or between the remission induction and out-of-
treatment patients. Nevertheless, the SOD activity was shown to be decreased in the
just diagnosed and the remission induction patients in relation to the controls (F

(4,103) =4.87; p<0.01).

Levels of non-protein thiols in plasma and erythrocytes

Post-hoc comparisons made by Duncan’s test revealed that the levels of non-
protein thiols in plasma were reduced in the remission induction, remission
maintenance and just diagnosed patients, (F (4,119) =6.43; p<0.001), while it was
not significantly different for the out-of-treatment patients in relation to the controls

(Figure 5).

Thiol levels in erythrocytes were also decreased in the remission maintenance
patients when compared to the controls (F (4,108) =7.95; p <0.001). However, there
was no significant difference between the just diagnosed, remission induction and

out-of-treatment patients in relation to the controls (Figure 6).
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Serum vitamin E content

Serum vitamin E content was reduced both in the just diagnosed and
remission induction patients, while it was not significantly different for the remission
maintenance and out-of-treatment patients in relation to controls (F (4,102) =5.60;
p<0.001). No statistically significant relationship was found between the remission

maintenance patients and the other groups (Figure 7).

. Discussion

ALL is more prevalent, and has a better prognosis, in children. This disease
was diagnosed on the basis of clinical history, physical examination and complete
hemogram. Patients with ALL can have a high, normal, or low white blood cell count.
The lymphoblasts replace the normal marrow elements, resulting in a marked
decrease in the production of normal blood cells. Consequently, anemia,

thrombocytopenia, and neutropenia occur to varying degrees.

Extensive evidence has shown that disturbances of oxidative stress
metabolism are a common feature of transformed tumor cells [27]. Both alterations of
antioxidants and increases in the production of oxygen reactive species have been
reported [28]. As a result, higher rates of lipid peroxidation and protein lesions have
been found in the majority of neoplastic tissues. Furthermore, altered levels of
antioxidant enzymes (SOD, CAT) and non-enzymatic antioxidants (thiols, Vitamin E)

are evident in many human cancers [29].
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There is a relationship between leukemia and oxidative stress. Leukemic cells
produce higher amounts of reactive oxygen species (ROS) than non-leukemic cells
as they are under a repeated state of oxidative blockade [30]. However,
discrepancies as to the reported changes of enzymatic activities in these patients are
reflected in the scientific literature. Moreover, a study that analyzes the oxidative
profile in children just diagnosed with ALL in comparison to that of the different
stages of treatment has not been found in the literature. Others studies evaluated
antioxidant status in children with newly diagnosed ALL and during the first months of
chemotherapy treatment [31, 32], but no compared with patients out-of-treatment. In
this context, we have examined the activities of antioxidant enzymes (SOD, CAT) as
well as thiol, vitamin E and MDA levels and protein carbonylation in the blood of just
diagnosed ALL patients as compared to those in the different stages of treatment and

after therapy.

In the present study, the levels of protein carbonylation and TBARS contents
were shown to be increased in the just diagnosed patients, in the two treatment
phases and in the out-of-treatment patients when compared with the control group
(Figure 1 and 2). These results are in accordance with the increase of TBARS levels
in the serum of patients with chronic leukemia [30] and acute lymphoblastic leukemia
[33] and of bone marrow transplant recipients [34]. On the other hand, Devi el al. [18]
and Er et al. [35] showed that plasma lipid peroxidation products in untreated
leukemia patients and in patients with acute myeloid leukemia were in the normal
range and Popadiuk et al. [36] demonstrated that in children with malignant bone

tumors no alterations in the level of protein carbonylation were found.
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We can suggest that the increase of oxidative lesions seems not to be a result
of the treatment with chemotherapeutic agents but may be involved with the
pathogenesis of leukemia, since in the non treated patients, the levels were more
increased than in those in treatment. Moreover, protein carbonylation may be an
irreversible lesion as this parameter was high in the out-of treatment group. Another
important data observed in this study is that although of the groups have a age range
of 3-23 years, this difference in age does not affect the results, since the values

found of markers of oxidative stress were adequately homogeneous in all groups.

The data reported in the literature concerning antioxidant enzymes in different
human cancer types are controversial. In this study, it was demonstrated that SOD
and CAT activities were decreased in ALL patients. CAT activity was reduced in just
diagnosed patients and patients in both treatment groups. SOD activity was
decreased in the just diagnosed and remission induction patients (Figure 3 and 4).
This phenomenon indicates a disturbance of the protective role of these enzymes
against free radicals in ALL. These findings are in accordance with earlier studies of
Oltra et al. [37] who confirmed decreased SOD and CAT activities in the lymphocytes
of chronic lymphocytic leukemia (CLL) patients. The results are also in agreement
with the reports of Senturker et al. [38], who demonstrated reduced CAT and SOD
activities in the lymphocytes of ALL patients, and Madej et al. [39] who found a
decreased activity of these enzymes during the development of the leukemic process
in mice. However, Nishiura et al. [40] reported elevated serum SOD activity in acute
leukemia and indicated that regression of the leukemia was accompanied by a
decrease in the serum level of SOD. However, taken together, these findings suggest

that there are alterations in the enzymatic antioxidant defenses, which can interfere in
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the direct removal of free radicals (pro-oxidants) and in the protection for biological

sites.

The cumulative production of free radicals during either endogenous or
exogenous insults is common for many types of cancer cells and is linked with the
altered redox regulation of cellular signaling pathways. Oxidative stress induces a
cellular redox imbalance which has been found to be present in various cancer cells.
The effect of reactive oxygen and nitrogen species is balanced by antioxidant
enzymes such as CAT and SOD. In this context the impaired antioxidant role of CAT
and SOD may support the accumulation of free radicals. Alternatively, it is possible
that the antioxidant system is impaired as a consequence of an abnormality in the
antioxidative metabolism due to the cancer process. This effect could be enhanced
by the characteristic increase in the production of H,O, by the cancer cells [41]. On
the other hand, the SOD inhibition by novel anticancer agents may be a beneficial
effect, resulting from induced apoptosis of the leukemia cells through a free radical—

mediated mechanism [42].

Another important aspect to be discussed is that, no significant difference was
observed between the out-of-treatment and the control groups for CAT and SOD
activity. We suggest that these findings may be a consequence of the amount of time

passed after the treatment, demonstrating that the treatment was in fact efficient.

With respect to the thiol levels in plasma and erythrocytes, our findings
revealed that the levels in plasma were reduced in remission induction, remission
maintenance groups and just diagnosed patients. The thiol content in erythrocytes
was also decreased in the remission maintenance patients when compared to the

controls (Figure 5 and 6). Glutathione (GSH), the main cellular thiolic compound, has
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a variety of functions in bioreduction and detoxification processes. Silber et al. [43]
reported GSH depletion in lymphocytes isolated from the blood of patients with CLL.
On the other hand, Oltra et al. [37] observed higher GSH concentration in
lymphocytes of CLL subjects. There are many publications that reveal the effect of
cancer on the antioxidant system [44]. However, previous evidence for the role
played by thiols, mainly GSH, in determining a prognosis in leukemia has been
conflicting. The decrease in thiol levels may represent a depletion of this antioxidant
due to high concentrations of H,O, and other peroxides formed in tumor cells.
Therefore, thiols levels are not sufficient to prevent oxidative stress in the affected

cells.

Serum vitamin E content was reduced in both just diagnosed and remission
induction patients; however these levels returned to the normal values for the
remission maintenance and out-of-treatment patients (Figure 7). A similar result was
shown by Singh et al. [45] who found significantly decreased serum vitamin E levels
in chronic myeloid leukemia patients before starting treatment and increased vitamin
E levels after treatment. These findings confirm that vitamin E is an important
antioxidant that is altered in leukemia. As an antioxidant, vitamin E may inhibit cancer
formation by scavenging reactive oxygen or nitrogen species and could be
considered the major membrane-bound antioxidant employed by the cell [46].
However, the epidemiologic evidence supporting a link between vitamin E and cancer

is limited, and intervention studies are scarce [47].

The results reported in this paper characterize the persistence of oxidative
stress in ALL. Although reactive species are well recognized for playing a dual role

as both deleterious and beneficial species, excessive accumulation of reactive



68

species contributes to antioxidant depletion and dysfunction. In addition, oxidative
stress induces lipid peroxidation and protein carbonylation by inactivating antioxidant
enzymes. One important aspect to be discussed is that the biggest differences in the
parameters analyzed was observed in just diagnosed patients in compared to
controls subjects, demonstrating the relationship between these changes and the
development of ALL. In the out-of-treatment patients, levels of antioxidants returned

to normal values, indicating the regression of disease as a result of the treatment.

In conclusion, the present work provides evidence for the increased levels of
oxidative damage and decreased levels of the antioxidant system in ALL patients,
suggesting a possible link between these two important parameters in this type of
cancer. Furthermore, we hope that our results represent an important contribution in
the study of the oxidative profile in children just diagnosed with ALL as compared to
those in the different stages of treatment and after therapy. More studies are
necessary to confirm whether these alterations are the cause or the consequence of

carcinogenesis.
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Table 1: General characteristics of patients

General Just Remission Remission  Out of treatment
characteristics  diagnosed Induction Maintenance
Age range 3-17 3-19 3-23 4-20
(years)
Sex Male 5 12 15 15
Female 5 8 10 10
Risk LR 5 8 13 12
HR 5 12 12 13
Type B 5 13 21 19
T 5 7 4 6
Hematological features in blood
WBC 66.0+38.1° 4.9+1.2° 3.9+0.3° 7.0£0.4°
(10°> mm?®)
Lymphocytes 9.744.8° 1.320.2° 1.1£0.1° 2.4+0.1°
(10° mm?®)
Hb (g/dl) 7.2+0.8° 8.0+0.6° 11.5£0.2° 13.2+0.2°
Platelets 56.6£15.5%  191.4+32.9°  230.6£19.5°  250.0£16.9°
(10° mm®)
Erythrocytes 2.5+0.3° 2.6+0.2° 3.67+0.1° 4.67+0.3°
(millions/mm3)
Blasts 27.7+13.1 - - -

(10° mm?®)
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HR: high recurrence risk, LR: low recurrence risk, WBC: white blood cell count,
Hb: hemoglobin.

Data are presented as meantSEM

Duncan’s multiple range test: groups that show different letters are statistically
different (p<0.05).
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Legends

Fig 1. Protein carbonylation content in serum of ALL patients. Patients were
divided into: just diagnosed (JD, n=10), remission induction (RI, n=18), remission
maintenance (RM, n=25) and out-of-treatment (OT, n=20) groups. Controls consisted
of 40 healthy subjects. Each column represents mean + S.D. Duncan’s multiple

range test: groups that show different letters are statistically different (p<0.05).

Fig 2. TBARS levels in plasma of ALL patients. Patients were divided into: just
diagnosed (JD, n=10), remission induction (RI, n=20), remission maintenance (RM,
n=25) and out-of-treatment (OT, n=22) groups. Controls consisted of 44 healthy
subjects. Each column represents mean + S.D. Duncan’s multiple range test: groups

that show different letters are statistically different (p<0.05).

Fig 3. CAT activity in total blood of ALL patients. Patients were divided into:
just diagnosed (JD, n=10), remission induction (RI, n=20), remission maintenance
(RM, n=22) and out-of-treatment (OT, n=17) groups. Controls consisted of 40 healthy
subjects. Each column represents mean + S.D. Duncan’s multiple range test: groups

that show different letters are statistically different (p<0.05).

Fig 4. SOD activity in total blood of ALL patients. Patients were divided into:
just diagnosed (JD, n=10), remission induction (RI, n=18), remission maintenance
(RM, n=25) and out-of-treatment (OT, n=20) groups. Controls consisted of 40 healthy
subjects. Each column represents mean + S.D. Duncan’s multiple range test: groups

that show different letters are statistically different (p<0.05).
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Fig 5. Non-protein thiol levels in plasma of ALL patients. Patients were divided
into: just diagnosed (JD, n=10), remission induction (RIl, n=19), remission
maintenance (RM, n=24) and out-of-treatment (OT, n=21) groups. Controls consisted
of 40 healthy subjects. Each column represents mean + S.D. Duncan’s multiple

range test: groups that show different letters are statistically different (p<0.05).

Fig 6. Non-protein thiol levels in erythrocytes of ALL patients. Patients were
divided into: just diagnosed (JD, n=8), remission induction (RI, n=17), remission
maintenance (RM, n=25) and out-of-treatment (OT, n=23) groups. Controls consisted
of 50 healthy subjects. Each column represents mean + S.D. Duncan’s multiple

range test: groups that show different letters are statistically different (p<0.05).

Fig 7. Vitamin E content in serum of ALL patients. Patients were divided into:
just diagnosed (JD, n=10), remission induction (RI, n=17), remission maintenance
(RM, n=20) and out-of-treatment (OT, n=20) groups. Controls consisted of 40 healthy
subjects. Each column represents mean + S.D. Duncan’s multiple range test: groups

that show different letters are statistically different (p<0.05).
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Abstract

Background: Acute lymphoblastic leukemia (ALL) is a type of cancer that
affects lymphocytes and it is the most common type of cancer in children.
Acetylcholinesterase (AChE) is well known as having non-cholinergic functions and
has been detected in the blood and plasma of humans including in lymphocytes.
Thus, we investigated whole blood and lymphocyte AChE activity in patients with

ALL.

Methods: This study was performed on 72 children with ALL divided into 4
groups: newly diagnosed, remission induction, remission maintenance and out-of-
treatment and one control group of 50 healthy subjects. We determined AChE activity

in whole blood and lymphocytes of these patients

Results: Results demonstrated that whole blood AChE activity was enhanced
in the newly diagnosed group and reduced in the remission induction and remission
maintenance groups in relation to the control group. For lymphocyte AChE activity we
found an increase in the newly diagnosed group and a decrease in the remission

induction group in relation to the control.

Conclusions: These results suggest that AChE activity was altered in ALL
patients. This fact may be related with the essential role played by AChE in the
development of hematological disease and its contribution to the regulation of

immune function.

Keywords: Acute Lymphoblastic Leukemia (ALL), acetylcholinesterase,

lymphocyte, whole blood.
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1. Introduction

Acute lymphoblastic leukemia (ALL) is a disease characterized by the
uncontrolled proliferation and maturation arrest of lymphoblasts (progenitor cells of T
and B lymphocytes) invading the bone marrow, the peripheral blood and other
organs [1]. Pre-B cell ALL accounts for the majority of patients (80%), while about
15% of cases are of the pre-T cell type. It is the most common form of cancer in
children, accounting for approximately 25% of all pediatric tumors. Childhood
leukemia and other cancers may stem from a combination of genetic susceptibility
factors and environmental exposure [2]. ALL is a curable disease with an expected
long term survival rate of at least 70%, when treated with modern therapeutic
regimens. In general, ALL standard treatment protocols consist of induction and

maintenance remission with chemotherapeutic drugs [3].

In ALL, as in other malignant diseases, the balance between cell proliferation
and apoptosis is dysregulated [4, 5]. Furthermore, recurrent infections are frequent in
these patients, due to abnormalities in lymphocyte function, as well as to

immunosupression induced by the treatment [6, 7].

Despite being the object of studies over a long period of time, little is known
about the origin or function of acetylcholine (ACh) in the blood. However, the
available data have demonstrated that ACh in the blood appears to be involved in the
activation and clonal expansion of lymphocytes [8, 9] and also plays a role in immune
modulation [10]. Several investigations have provided evidence that immune cells
possess a complete cholinergic system consisting of ACh muscarinic and nicotinic

receptors (MAChR and nAChR, respectively), choline acetyltransferase (ChAT) and
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acetylcholinesterase (AChE) [11, 12]. The complete cholinergic repertoire of immune

cells is termed “the lymphocytic cholinergic system” [11].

ACh has been reported to be involved, as a neuroimmunomodulator, in the
regulation of interactions between the nervous and immune systems [13]. Stimulation
of T- and B-lymphocytes with their respective activators or cell surface molecules
leads to up-regulation of ACh synthesis and mAChR expression [14]. Immunological
activation of lymphocytes in vivo thus appears to enhance cholinergic signal
transmission between T-lymphocytes and target cells, including B-lymphocytes, by
enhancing the synthesis and release of ACh by lymphocytes and the expression of

muscarinic receptors in both T- and B-lymphocytes [11].

The literature data have demonstrated that one of the main mechanisms
responsible for appropriate cholinergic function is performed by the AChE enzyme
[15]. AChE is a membrane-bound enzyme mainly found in the brain, muscles,
erythrocytes, cholinergic neurons and lymphocytes. It plays a major role in the
regulation of several physiological events [16, 17] by hydrolyzing the neurotransmitter

acetylcholine in cholinergic synapses [18].

Although best known as the enzyme that hydrolyses ACh, AChE is now widely
accepted as having additional non-enzymatic functions [18, 19]. Interestingly, various
observations have also indicated the possibility of a comparable, novel role for AChE
in nonneuronal tissue, including tumours [20, 21]. Another important aspect is that
studies have revealed that many anticancer drugs can inhibit different enzymes,
including AChE, in vitro and in vivo [22, 23]. However, little is known about the
inhibitory effect of Cytarabine and Methotrexate, drugs used in the induction and

maintenance chemotherapy regimen for ALL patients, on blood AChE [24].
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Considering the important role of the extraneuronal cholinergic system in the
immune function, as well as in cell activation and clonal expansion, the present study
was designed to investigate the activity of AChE enzymes in lymphocytes and whole
blood of patients newly diagnosed with ALL as compared to that in the different

stages of treatment and after therapy.

2. Materials and methods

2.1. Patients

The sample consisted of 72 acute lymphoblastic leukemia (ALL) patients
newly diagnosed and under treatment at the Oncology-Hematology Laboratory —
Hospital of the Federal University of Santa Maria. The controls consisted of 50
healthy volunteers with ages similar to those of the patients. They presented no acute
or chronic diseases such as diabetes, parasitosis or any immune dysfunction. Also,
the controls used in this study had normal leukocytes and other blood cell counts and
made no use of pharmacological therapy. Patients included in this study received the
diagnosis for ALL, which is based on the following findings: leukocyte count, age,
involvement of tissues other than bone marrow, immunophenotyping and
responsiveness to the treatment. Patients were diagnosed and treated according to
the GBTLI LLA-99 protocol [25] defined by the Brazilian Group of Childhood

Leukemia Treatment.

The treatment with chemotherapeutic agents consists of two phases:

remission induction and remission maintenance. The first phase starts with induction
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therapy, using multiple chemotherapeutic drugs, followed by consolidation.
Remission maintenance is a long phase, in which patients undergo up to 84 weeks of
chemotherapeutic agents. After these phases, patients have follow-ups with periodic
laboratorial exams to eliminate the possibility of recurrence. Taking this into account,
we selected four patient groups: The first group was composed of 12 patients (ages
ranged from 3-17 years) newly diagnosed with ALL who had not received any
therapy preceding the blood sampling. The second group was composed of 15
patients (ages ranged from 3-19 years) undergoing treatment in the first phase,
remission induction. The third group was composed of 25 patients (ages ranged from
3-23 years) in the second phase of treatment, called remission maintenance. 20

patients out of treatment (ages ranged from 4 -20 years) constituted the fourth group.

Consent was given by family members of all the patients included in this study.
The Human Ethics Committee from the Federal University of Santa Maria approved
the protocol under number 51/06. The patients’ general characteristics are shown in

Table 1.

2.2. Chemicals

Acetylthiocholine iodide (ASCh), 5,5-dithio-bis-2-nitrobenzoic acid (DTNB,
Ellman’s reagent) and Triton X-100 were obtained from Sigma (Deisenhofen,
Germany), ethopropazine hydrochloride from Aldrich (Steinheim, Germany). Ficoll
Hypaque (Lymphoprep™) was purchased from Nycomed Pharma (Oslo, Norway). All
the other reagents used in the experiments were of analytical grade and of the

highest purity.
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2.3. Sample preparation

The blood was collected in vaccuntainer tubes using EDTA as anticoagulant.
For AChE activity in whole blood, the samples were hemolized with phosphate buffer
0.1M, pH 7.4 containing Triton X -100 (0.03%) and stored at -20 °C for one week.
For AChE activity in lymphocytes, the peripheral lymphocytes were isolated and

AchE activity was determinated immediately.

2.4. Isolation of the cells

The peripheral lymphocytes were isolated using Ficoll Hypaque density
gradient as described by Bdoyum [26]. After separation, only samples with at least
95% of lymphocytes, as verified in the coulter STKS (Miami-USA) were used.
Lymphocyte viability and integrity were confirmed by determining the percentage of
cells, excluding 0.1% trypan blue, and measuring lactate dehydrogenase (LDH)

activity [27].

2.5. Hematological determinations

Quantitative determinations of blood cells obtained by venipuncture were

performed using a Coulter-STKS analyzer (Miami, USA).

2.6. Whole blood AChE activity

Whole blood AChE activity was determined by the method of Elmann et al.
[28] modified by Worek et al. [29]. To achieve temperature equilibration and complete

reaction of sample matrix sulfhydryl groups with DTNB, the mixture was incubated for
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10 min prior to addition of substrate. Enzyme activity was corrected for spontaneous
hydrolysis of the substrate and DTNB degradation. The butyrylcholinesterase (BChE
EC 3.1.1.8) was inhibited by ethopropazine. AChE activity was measured at 436 nm
and 37°C using polystyrol cuvets. The activity of whole blood AChE was calculated
from the quotient between AChE activity and protein content and the results are

expressed as pymol/ h/ mg of protein.

2.7. Lymphocyte AChE activity

After isolation of the lymphocytes, AChE activity was determined according to
the method described by Ellman et al. [28] modified by Fitzgerald and Costa [30].
Briefly, proteins of all samples were adjusted to 0.1 - 0.2 mg/mL. 0.2 mL of intact
cells were added to a solution containing 1.0 mM acetylthiocholine (ATC), 0.1 mM
5,5’-dithiobis(2-nitrobenzoic acid) (DTNB), and 0.1 M phosphate buffer (pH 8.0).
Immediately before and after incubation for 30 min at 27° C the absorbance was read
on a spectrophotometer at 412 nm. AChE was calculated from the quotient between
lymphocyte AChE activity and protein content and the results are expressed as umol/

h/ mg of protein.

2.8. Activity of AChE in the presence of antineoplastic drugs (Metotrexate and

Cytarabine) in vitro

The concentrations utilized for metotrexate in vitro were 0, 1, 3, 5, 8 and 12

MM. The concentrations utilized for cytarabine in vitro were 0, 1, 2, 20, 40 and 80 pM.
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All concentrations used in vitro represented, approximately, the mean plasma values

of the medications.

2.9. Protein determination

Protein was measured by the method of Bradford [31] using bovine serum

albumin as standard.

2.10. Statistical analysis

Statistical analysis was done by the commercial SPSS package for
Windows®©. All the data are expressed as the mean * standard error. Data were
analyzed statistically by one-way ANOVA followed by the Duncan’s multiple test.

Differences were considered significant when the probability was P < 0.05.

3. Results
3.1. Sample and viability

The percentage of disrupted lymphocytes was less than 5% after separation

(data not shown). These results indicate that the cells were predominantly intact.

3.2. Hematological determinations

Table 1 presents the patient’s general characteristics and blood cell count.
The presence of blast cells was observed in the newly diagnosed group. White blood

cell count, including lymphocytes was elevated in the newly diagnosed group and
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platelet count was diminished in these patients. Hemoglobin and erythrocytes were

decreased in the newly diagnosed and remission induction groups.

3.3. Whole blood AChE activity

Post-hoc comparisons made by Duncan’s test revealed that the AChE activity
in total blood was increased in the newly diagnosed group and reduced in the
remission induction and remission maintenance groups, (F (4,117) =13.55; p<0.001),
while it was not significantly different for the out-of-treatment group in relation to the

controls (Figure 1).

3.4. Lymphocyte AChE activity

Lymphocyte AChE activity is shown in Figure 2. It can be observed that there
was a significant difference between the patients and the controls. AChE activity was
increased in the newly diagnosed group and reduced in the remission induction
group when compared to controls (F (4,117) =10.96; p<0.001). No significant

difference was observed between the out-of-treatment group and controls.

3.5. AChE activity in the presence of antineoplastic drugs (Methotrexate and

Cytarabine) in vitro:

In vitro, concentrations ranging from zero to 12 yM for methotrexate and from
zero to 80 uM for cytarabine were used. Methotrexate at the concentration of 8 yM

inhibited ACHE activity in both whole blood and lymphocytes. In whole blood, the
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percentage of activity was 90% of control, and in lymphocytes was 94% of control

(Figure 3).

Using cytarabine, the post hoc comparison by Duncan’s test disclosed an
inhibition only in lymphocyte AChE activity. At the concentration of 80 yMol the

percentage of activity in the lymphocytes was 93% of control (Figure 4).

4. Discussion

ALL occurs in children as well as in adults. The incidence rate changes with
age [1], but it is more prevalent and has a better prognosis in children. This disease
is diagnosed on the basis of clinical history, physical examination and a complete
hemogram. Patients with ALL can have a high, normal or low white blood cell count.
The lymphoblasts replace the normal marrow elements, resulting in a marked
decrease in the production of normal blood cells. Our results indicated that, anemia,
thrombocytopenia, and neutropenia occur at varying degrees in patients newly

diagnosed with ALL.

The putative involvement of AChE in the etiology of hematocytopoietic
disorders is of particular importance in view of multiple reports [32, 33, 34]. Our
results show an increase in the whole blood and lymphocyte AChE activity in ALL
patients, before the start of chemotherapy treatment, in other words, in the period
where the ALL is in progression. This result can indicate that stimulation of
lymphocytes activates the lymphocytic cholinergic system as evidenced by the
increase of AChE activity. Furthermore, it may suggest the essential role played by
AChE in the development of hematological disease, as previously described by

Bukowska [35].
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One important data observed is that our findings on AChE activity in cancer
cells are in accordance with AChE expression verified by Soreq [34]. According to
Soreq, AChE and BChE genes are amplified, mutated, and/or aberrantly expressed
in a variety of human tumor types. These changes could be the result of chromosome
breakage, since there is an unusually high frequency of chromosomal abnormalities

in such tumors, particularly hemopoietic malignancies.

Moreover, our results are in accordance with Szelenyi [36], who describes a
significant increase in AChE activity and mAChR expression in normal human
peripheral blood lymphocytes as an early response to various stimuli. This author
suggests that the higher initial AChE activity of cultured leukemic cell lines probably
reflects their permanently activated state. On the other hand, according to Bartha
[37], a mixed cell population derived from chronic leukemia patients had significantly

lower enzyme activity than controls.

In this study, the lymphocyte AChE activity in the remission induction group, in
the first phase of chemotherapy using multiple chemotherapeutic drugs, was reduced
when compared to controls. In addition, this study revealed that the AChE activity in
whole blood was reduced in both phases of treatment, the remission induction and
remission maintenance groups. This reduction in enzyme activity may be due to
immunosupression induced by the chemotherapy treatment, since the literature
reveals that many anticancer drugs can inhibit different enzymes in vitro and in vivo

[23].

The decreased AChE activity found in lymphocytes and whole blood of
patients under treatment means that such impairment affects the normal function of

the immune system. Besides the impaired function of Ilymphocytes, the



98

immunodeficiency observed in ALL patients under treatment is also related to the
cytotoxic effects induced by drugs used to achieve blast (immature lymphoid cells)

remission [38].

Another important aspect to be discussed is that no significant difference was
observed between the out-of-treatment and control groups for whole blood and
lymphocyte enzyme activities. We suggest that these findings may be a consequence
of the amount of time elapsed after the treatment, demonstrating that the treatment

was in fact efficient.

When AChE activity was measured in the presence of methotrexate at the
concentration of 8 yM in vitro, its activity was inhibited in both whole blood and
lymphocytes. These results are in accordance with Kamal et al. [39] who investigated
the interaction of antineoplastic drugs with human erythrocyte membrane-bound
AChE and found an in vitro inhibition by the antineoplastic drug methotrexate. On the
other hand, when cytarabine was present, an inhibition only occurred in lymphocyte
AChE activity. However, information on the effect of cytarabine in AChE activity is

rare.

Taken together, these findings suggest that cell activation is a key modulator
of the non-neuronal cholinergic system. Thus, it is likely that a local lymphocytic
cholinergic system is involved in regulating immune function. Changes in lymphocyte

AChE activity, therefore, reflect immune deficiency related to cell dysfunction.

Moreover, blood AChE appears to be involved in the development of
hematological disease. In addition, it is interesting that whole blood and lymphocyte
AChE activities are modified by antineoplastic drugs. Accordingly, the non-enzymatic

function of AChE could make it a novel investigative target for the clinical
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management of cancer. Thus, we can suggest that future studies be carried out in
order to determine the involvement of the enzyme in the immune response and in the

development of cancer.
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Table 1: General characteristics of patients

General Newly Remission Remission  Out of treatment
characteristics  diagnosed Induction Maintenance
Age range 3-17 3-19 3-20 4-20
(years)
Sex Male 7 9 15 12
Female 5 6 10 8
Risk LR 6 3 13 9
HR 6 12 12 11
Type B 7 11 21 15
T 5 4 4 5

Hematological features in blood

WBC 63.0£31° 4.741.4° 3.7+0.3° 6.9+0.3°
(10° mm?®)

Lymphocytes ~ 10.8+4.0° 1.5+0.4° 1.4+0.1° 2.740.1°
(10° mm?®)

Hb (g/dl) 6.9+0.7° 7.24¢0.6° 13.2+0.2° 11.2+0.3°

Platelets 57.5¢13.2%  187.4%#36.5°  232.6220.3°  254.0+14.4°
(10° mm?)
Erythrocytes ~ 2.38+0.2° 2.4+0.2° 3.3+0.2° 4.7+40.2°
(millions/mm3)
Blasts 22.6x10.5 - - -

(10° mm?®)
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HR: high recurrence risk, LR: low recurrence risk, WBC: white blood cell count, Hb:

hemoglobin.
Data are presented as mean + S.E.

Duncan’s multiple range test: groups that show different letters are statistically

different (p<0.05).
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Fig. 1. Total blood AChE activity in ALL patients. Patients were divided into: newly
diagnosed (ND, n=12), remission induction (RI, n=15), remission maintenance (RM,
n=25) and out-of-treatment (OT, n=20) groups. Controls consisted of 50 healthy
subjects. Each column represents mean £ S.E. Duncan’s multiple range test: groups

that show different letters are statistically different (p<0.05).

Fig. 2. Lymphocyte AChE activity in ALL patients. Patients were divided into: newly
diagnosed (ND, n=12), remission induction (RI, n=15), remission maintenance (RM,
n=25) and out-of-treatment (OT, n=20) groups. Controls consisted of 50 healthy
subjects. Each column represents mean £ S.E. Duncan’s multiple range test: groups

that show different letters are statistically different (p<0.05).

Fig. 3. Total blood AChE activity in the presence of different concentrations of
cytarabine. All experiments were repeated at least three times and similar results

were obtained. Each column represents mean + S.E. (* p < 0.05).

Fig. 4. Lymphocyte AChE activity in the presence of different concentrations of
cytarabine. All experiments were repeated at least three times and similar results

were obtained. Each column represents mean + S.E. (* p < 0.05).

Fig. 5. Total blood AChE activity in the presence of different concentrations of
methotrexate. All experiments were repeated at least three times and similar results

were obtained. Each column represents mean + S.E. (* p < 0.05).

Fig. 6. Lymphocyte AChE activity in the presence of different concentrations of
methotrexate. All experiments were repeated at least three times and similar results

were obtained. Each column represents mean + S.E. (* p < 0.05).



4 DISCUSSAO

A LLA é mais prevalente e possui um melhor prognéstico na populagéo
pediatrica. E uma desordem maligna caracterizada pelo acumulo de precursores
linfociticos chamados blastos. Na LLA, ocorre um desequilibrio entre os processos
de apoptose e de proliferacdo celular, havendo uma maior sobrevida das células
clonais malignas, além de um aumento na suas taxas de proliferacdo. Estudos tém
demonstrado que alteragbes nas defesas antioxidantes e aumento na produgéo de
espécies reativas acompanham o processo de desenvolvimento do cancer. Além
disso, outros autores sugerem o importante envolvimento da enzima
acetilcolinesterase na etiologia de desordens hematopoiéticas (Lapidot-Lifson et al.,
1989; Soreq et al., 1991).

Segundo Al-Gayyar et al. (2007), as células leucémicas produzem uma maior
quantidade de espécies reativas do que as células normais o que leva a um maior
dano oxidativo. No entanto, informacbes sobre a atividade das enzimas
antioxidantes na LLA s&o contraditérias. Além disso, na literatura ainda ndo ha um
estudo comparando o perfil oxidativo de pacientes com LLA antes, durante e apds a
quimioterapia.

O presente estudo mostrou niveis de MDA aumentados tanto no grupo recém
diagnosticado, quanto no grupo da indugao da remissdo. Nos pacientes dos grupos
manutencéo e fora de tratamento, os niveis de MDA foram menores do que nos
grupos recem diagnosticados e em indugdo da remissdo, porém ainda mais altos
que no grupo controle. Nossos resultados estdao de acordo com Al-Gayyar et al.
(2007), Drabko et al. (2006) e Hunnisett et al. (1995) que investigaram este marcador
em pacientes com leucemia crbnica, leucemia aguda e em pacientes que fizeram
transplante de medula 6ssea, respectivamente.

Ha poucos estudos investigando o nivel de oxidagédo protéica em pacientes
com leucemia. Popadiuk et al. (2006) ndo encontraram alteragbes neste marcador
quando analisaram estes niveis em criangas com tumores malignos. Em nosso
estudo, os niveis de carbonilagdo protéica estdo aumentados em todos os grupos de
pacientes. Portanto, a carbonilacdo de proteinas parece ser uma lesdao mais
duradoura, ja que este parametro foi elevado em todos os grupos, incluindo no grupo

fora de tratamento. Estes dados podem também sugerir que as lesGes oxidativas
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estdo envolvidas com a patogenia da doenga e ndo ser resultado do tratamento
quimioterapico.

Considerando as defesas antioxidantes enzimaticas do organismo, os dados
da literatura em pacientes com cancer sdo controversos. Nossos resultados
demonstram niveis diminuidos de SOD e CAT nos pacientes com LLA recém
diagnosticados e durante o tratamento quimioterapico. Estes dados podem indicar
um disturbio no papel protetor das enzimas estudadas, o que pode ser resultado da
acumulacao excessiva de espécies reativas que acompanha o cancer. Oltra et al.
(2001) e Senturker et al. (1997) também encontraram atividade da SOD e CAT
diminuidas em pacientes com leucemia. Portanto, estes resultados sugerem que na
doenca em estudo, ocorrem alteragcdes no sistema enzimatico antioxidante, o que
pode interferir na remogao dos radicais livres e na protecdo do organismo frente ao
estresse oxidativo.

Quando foram analisadas as defesas antioxidantes nao enzimaticas, tidis nao
protéicos e vitamina E, os resultados deste trabalho demonstraram niveis diminuidos
nos pacientes com LLA. Com relagao aos tidis em plasma, os niveis foram reduzidos
antes e durante o tratamento quimioterapico, ja em eritrécitos, os niveis foram
diminuidos somente durante a quimioterapia. Evidéncias prévias sobre o papel dos
tidis nao protéicos, principalmente da GSH, nas leucemias sao conflitantes. Silber et
al. (1992) analisando os niveis de GSH em linfécitos de pacientes com leucemia
linfocitica crénica encontraram niveis diminuidos, ja Oltra et al. (2001) encontraram
niveis aumentados deste antioxidante em linfocitos destes mesmos pacientes.

Neste trabalho, os niveis de vitamina E foram diminuidos nos grupos de
pacientes recém diagnosticados e no grupo da indugdo da remissao, resultado
similar também foi encontrado por Singh et al. (2005) em pacientes com leucemia
mieldide crénica. Dessa forma, os antioxidantes ndao enzimaticos também se
encontram alterados na LLA, o que pode sugerir uma deplegdo nestes mecanismos
de protecéo frente as altas concentragdes de espécies reativas formadas.

Outro importante fato a ser discutido € que em pacientes fora de tratamento
todas as defesas antioxidantes analisadas, tanto enzimaticas quanto nao
enzimaticas, retornaram aos valores normais, ou seja, ndo houve diferenga entre

este grupo e o grupo controle. Sugere-se que este fato ocorreu em consequéncia do
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tempo transcorrido apds o final da quimioterapia, demonstrando a eficiéncia do
tratamento.

O envolvimento da AChE na etiologia de desordens hematopoiéticas tem sido
estudado por outros autores (Deutsch et al., 2002; Soreq et al., 1991). Nossos
resultados indicam um aumento na atividade desta enzima tanto em sangue total
quanto em linfocitos de pacientes do grupo recém diagnosticado. Estes resultados
podem indicar uma estimulagcdo do sistema colinérgico presente nos linfécitos,
evidenciado pelo aumento na atividade da AChE, e refletir o estado ativado destas
células. Além disso, pode sugerir o papel essencial desta enzima no
desenvolvimento das doengas hematologicas.

Neste estudo, a atividade da AChE nos pacientes dos grupos indugéo e
manutencdo da remissao também se mostrou alterada. Quando analisada em
linfocitos, a atividade da enzima se mostrou diminuida somente em pacientes do
grupo da indugao da remissdo. Ja em sangue total, a atividade foi reduzida nos dois
grupos em tratamento quimioterapico. Essa reducdo pode ter sido devido a
imunossupressao induzida pelos agentes quimioterapicos utilizados no tratamento.
No grupo de pacientes fora de tratamento, a atividade da AChE voltou aos niveis
préximos ao grupo controle, talvez devido a completa remissdo da doenca em
estudo.

A atividade da AChE foi medida na presenga das drogas, metotrexato e
citarabina, utilizadas na quimioterapia. Nossos resultados mostraram que estas
drogas foram capazes de inibir a enzima em concentragdes proximas ao pico de
concentragcado plasmatica. Este achado esta de acordo com os estudos realizados
por Kamal et al. (1996) que analisando a interacdo da droga metotrexato com a
AChE eritrocitaria encontraram uma inibi¢ao na atividade da enzima.

Os resultados deste trabalho caracterizam a persisténcia do estresse
oxidativo na LLA, o que pbéde ser evidenciado pelo aumento nos niveis de danos
oxidativos e pela diminuicdo das defesas antioxidantes. Além disso, as maiores
diferencas encontradas nos parametros de estresse oxidativo analisados foram entre
0 grupo recém diagnosticado e o grupo controle, o que pode indicar uma relagao
entre estas modificagcdes e o desenvolvimento da LLA. Por outro lado, este trabalho

indica uma alteragdo na atividade da enzima AChE sanglinea nos pacientes com
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LLA, o que pode estar relacionado com a participacdo desta enzima no
desenvolvimento das desordens hematopoiéticas.

Nossos resultados representam uma importante contribuicdo no estudo do
perfil oxidativo de pacientes com LLA antes, durante e apds o tratamento
quimioterapico. Porém, mais estudos sdo necessarios para confirmar se as
alteracdes encontradas sdo causa ou consequUéncia do desenvolvimento da LLA.
Com relacédo a enzima AChE, sugere-se que as suas fungdes nao enzimaticas
podem ser um novo alvo de investigagdo para determinar o seu envolvimento na

resposta imune e no desenvolvimento do cancer.



5 CONCLUSOES

. Os danos oxidativos aos lipideos e proteinas, representados pelos niveis de
MDA e conteudo de carbonilagao protéica, respectivamente, indicam o aumento da
formagao de espécies reativas, as quais estdo associadas ao dano bioldgico celular
presente na LLA. Além disso, os niveis de danos oxidativos elevados nos pacientes
recem diagnosticados sugerem que estas lesdes oxidativas estejam envolvidas na

patogenia da LLA e ndo sejam resultado da quimioterapia.

. A diminuicdo das defesas antioxidantes enzimaticas, verificada através da
medida da atividade da SOD e CAT, tanto em pacientes recém diagnosticados
quanto em pacientes com LLA em tratamento, sugere a existéncia de um
desequilibrio nas defesas antioxidantes, o que pode interferir na remocido das
espécies reativas e na protecdo do organismo frente ao estresse oxidativo.
Possivelmente, o metabolismo antioxidante esteja danificado em consequéncia do

aumento na producéo de espécies reativas que acompanha a LLA.

o Os niveis dos antioxidantes nao-enzimaticos avaliados (tidis ndo protéicos e
vitamina E) estédo reduzidos em pacientes com LLA, antes e durante o tratamento, o
que pode indicar a deplegao destes antioxidantes frente as altas concentragbes de
espécies reativas formados durante este periodo. J& em pacientes fora de
tratamento, os niveis destes antioxidantes voltaram aos valores normais, 0 que pode

sugerir a eficiéncia do tratamento quimioterapico.

° A atividade da acetilcolinesterase, tanto em linfécitos quanto em sangue total,
aumentada em pacientes recém diagnosticados e diminuida nos pacientes em
tratamento para LLA, sugere que ha uma disfungao do sistema colinérgico em nivel

periférico acompanhando esta doenca.

o Os medicamentos citarabina e metotrexato utilizados no tratamento
quimioterapico alteraram a atividade da acetilcolinesterase, de modo que foi
observada uma inibicdo na atividade desta enzima em algumas concentragdes

utilizadas, o que pode ser um interessante ponto a ser estudado.
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ANEXOS

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

O Programa de Po6s Graduagdo em Bioquimica Toxicolégica da UFSM esta
desenvolvendo o projeto de pesquisa “ESTUDO DO PERFIL OXIDATIVO E
AVALIACAO DA ENZIMA ACETILCOLINESTERASE EM PACIENTES COM
LEUCEMIA LINFOBLASTICA AGUDA (LLA), através da mestranda Vanessa
Battisti, orientada pela prof® Vera Maria Morsch. Este projeto tem como objetivo
avaliar a atividade de componentes sanguineos em pacientes com leucemia
linfoblastica aguda e em individuos controles, livres de qualquer patologia, com a
finalidade de colaborar para um melhor entendimento desta doencga, além de
proporcionar mais informagbes aos pacientes, ja que estes terdo acesso aos

resultados da pesquisa.

Sera realizada uma coleta de sangue (pungao venosa) para obtengao de soro
e plasma. O desconforto se resume a picada da agulha, sendo que apds a coleta o
local podera ficar dolorido ou arroxeado, mas nao requer nenhum cuidado especial
voltando ao normal em poucos dias. Todo material utilizado para a coleta sera
descartavel e/ou desinfectado. Este estudo ndo envolve risco adicional de vida ou
contaminacdo aos pacientes. As amostras serdo tratadas de acordo com os

protocolos experimentais estabelecidos.

Fica garantido que os dados coletados ficardo sob responsabilidade do
pesquisador e que os mesmos serao utilizados apenas para fins cientificos, sem que

o paciente seja identificado, garantindo assim o anonimato.

A participacdo deste estudo é livre e voluntaria, sendo que nao
havera nenhuma forma de compensagao financeira ou custos para o participante. A
recusa na participagao nao leva nenhum prejuizo ou comprometimento dos cuidados

médicos aos pacientes.
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Pelo presente Termo de Consentimento Livre e Esclarecido, declaro que
estou de acordo em participar deste projeto de pesquisa, livre de qualquer
constrangimento, pois fui informado de forma clara e detalhada dos objetivos e dos
procedimentos que serdo realizados. Fui igualmente informado da garantia de
receber respostas a qualquer duvida que ainda puder ter sobre assuntos
relacionados com a pesquisa, e da liberdade de retirar meu consentimento a

qualquer momento, sem que haja prejuizo de qualquer ordem.

Ciente e de acordo com o que foi anteriormente exposto, eu

estou de acordo em participar desta pesquisa, assinando

este consentimento.

Santa Maria, de 200 .
Nome Paciente Identidade
Assinatura-Responsavel pelo paciente Identidade

(nos casos em que o paciente for menor de 18 anos)

Assinatura do pesquisador

Em caso de duvidas, entrar em contato com Prof? Dr® orientadora Vera Maria
Morsch, 3220 8665, ou com Vanessa Battisti (pesquisadora), 055 3221 6630.



