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RESUMO

CANCER DE TIREOIDE: AVALIACAO DA ATIVIDADE DE ENZIMAS DO
SISTEMA PURINERGICO, BUTIRILCOLINESTERASE E PERFIL OXIDATIVO

AUTORA: Patricia Bernardes Cavalheiro
ORIENTADOR: Profd. Dr2. Daniela Bitencourt Rosa Leal
Local e Data da defesa: Santa Maria, 19 de fevereiro de 2019

O cancer de tireoide é a neoplasia enddcrina mais comum, cuja incidéncia vem aumentando nos ultimos anos. A
melhor compreensdo dos eventos moleculares envolvidos na progressdo do cancer de tireoide pode auxiliar na
identificacdo de pacientes com carcinomas de baixo e alto risco. Dentre os mediadores capazes de modular
processos imunes, tais como a diferenciagdo celular, destacam-se o ATP, o ADP, o AMP e a adenosina, cujas
concentragdes extracelulares sdo controladas pela atividade das ectoenzimas ectonucleosideo trifosfato 5'-
difosfoidrolase (E-NTPDase), E-5’-nucleotidase (E-5’-NT) e adenosina desaminase (ADA), e que agem em
receptores especificos, formando o sistema purinérgico. E bem conhecida a relagdo entre as espécies reativas de
oxigénio (EROs) e cancer, na qual as EROs podem contribuir para a transformagdo neoplasica de células. As EROs
sdo normalmente produzidas por processos oxidativos metabélicos e as moléculas frequentemente danificadas por
elas sdo lipidios, proteinas e 0 DNA. Os sistemas de defesa antioxidante trabalham cooperativamente para aliviar
0 estresse oxidativo causado pela producdo aumentada das EROs. Qualquer alteragdo em um desses sistemas pode
quebrar esse equilibrio e causar dano celular e, em Gltima instancia, transformacdo maligna. Além disso, a
butirilcolinesterase (BChE) parece desempenhar fungdes ndo-colinérgicas importantes, pois é capaz de intervir em
processos celulares como a proliferacdo, diferenciacdo e apoptose, 0 que sugere uma possivel influéncia na
tumorigénese. O objetivo desse trabalho é a melhor compreensao dos processos moleculares que ocorrem durante
a progressdo do cancer de tireoide, visando a identificacdo de possiveis novos alvos terapéuticos. Para tanto,
investigamos o perfil de sinalizagéo purinérgica em pacientes com cancer de tireoide através da determinacdo, em
plaquetas, da atividade das enzimas E-NTPDase e E-5’-NT, além da determinacdo em plaquetas e no soro da
atividade da E-ADA, por espectrofotometria, além do perfil oxidativo, através da dosagem dos niveis de EROs e
da avaliacdo da intensidade do dano bioldgico causado por eles em lipidios e proteinas, através da determinacéo
da peroxidagdo lipidica e dos niveis de carbonilacdo de proteinas. Adicionalmente, verificamos o perfil
antioxidante dos pacientes com cancer de tireoide, através da determinacdo dos niveis de tidis totais (T-SHSs) e
glutationa reduzida (GSH). A atividade sérica da BChE também foi determinada. Observamos uma significativa
reducgdo da atividade da E-NTPDase, tanto na hidrélise do ATP quanto na do ADP. Esses resultados sugerem um
aumento da concentracdo de ATP como consequéncia de um mecanismo de autoprotecdo, e ADP, favorecendo
alterages tromboembdlicas. Contudo, foi observado um significativo aumento da atividade da E-5’-NT, que
associada a reducdo da atividade da ADA, tanto nas plaquetas quanto no soro, conduzem ao aumento da
concentragdo extracelular de adenosina, a qual pode estar envolvida no processo de progressao tumoral. Quanto
ao perfil oxidativo, observamos um significativo aumento dos niveis de EROs, que associado a auséncia de um
aumento concomitante das defesas antioxidantes representadas pelo niveis de T-SHs e GSH, geram um ambiente
pré-oxidante que justifica 0 aumento dos niveis de substancias reativas ao &cido tiobarbitirico (TBARS)
observados. O aumento significativo da atividade da BChE pode estar relacionado ao estigio de progressdo
tumoral, visto que os pacientes do estudo apresentavam ndédulos pronunciados indicando um estdgio mais
avancado do cancer. Os resultados descritos demonstram que, durante a progressao do cancer de tireoide, ocorrem
alteracGes tanto na atividade das enzimas do sistema purinérgico e colinérgico quanto no perfil oxidativo desses
pacientes. Portanto, tais parametros podem representar futuros alvos para a terapia e monitoramento da evolugéo
dessa neoplasia.

Palavras-chave: Cancer de Tireoide. Sistema Purinérgico. Estresse oxidativo. Butirilcolinesterase



ABSTRACT

THYROID CANCER: EVALUATION OF PURINERGIC SYSTEM ENZYME
ACTIVITIES, BUTYRYLCHOLINESTERASE AND OXIDATIVE PROFILE

AUTHOR: Patricia Bernardes Cavalheiro
ADVISOR: Profd. Dr2, Daniela Bitencourt Rosa Leal
Place and date of defense: Santa Maria, February 19t, 2019

Thyroid cancer is the most common endocrine neoplasia, and its incidence has been increasing in recent years. A
better understanding of the molecular events involved in the progression of thyroid cancer may aid in the
identification of patients with low and high-risk carcinomas. Among the mediators capable of modulating immune
processes, such as cell differentiation, we highlight ATP, ADP, AMP, and adenosine, whose extracellular
concentrations are controlled by the activity of the ectonucleoside triphosphate 5'-diphosphohydrolase (E-
NTPDase), E-5'-nucleotidase (E-5’-NT) ectoenzymes and adenosine deaminase (ADA), and which act on specific
receptors, forming the purinergic system. It is well known the relationship between reactive oxygen species (ROS)
and cancer, in which ROS can contribute to the neoplastic transformation of cells. ROS are normally produced by
metabolic oxidative processes and the molecules often damaged by them are lipids, proteins, and DNA.
Antioxidant defense systems work cooperatively to relieve oxidative stress caused by increased production of
ROS. Any change in one of these systems can break that balance and cause cell damage and, ultimately, malignant
transformation. In addition, butyrylcholinesterase (BChE) appears to play important non-cholinergic roles as it is
capable of intervening in cellular processes such as proliferation, differentiation, and apoptosis, suggesting a
possible influence on tumorigenesis. The objective of this work is a better understanding of the molecular processes
that occur during the progression of thyroid cancer, in order to identify possible new therapeutic targets. Therefore,
we investigated the purinergic signaling profile in patients with thyroid cancer through platelet determination of
E-NTPDase and E-5’-NT enzyme activities, as well as platelet and serum determination of ADA activity, by
spectrophotometry. We also investigated the oxidative profile, through the determination of ROS levels and the
biological damage caused by reactive species in lipids and proteins by the determination of lipid peroxidation and
carbonylation levels of proteins. In addition, we verified the antioxidant profile of thyroid cancer patients by
determining the levels of total thiols (T-SHs) and reduced glutathione (GSH). The serum activity of BChE was
also performed. We observed a significant reduction in E-NTPDase activity, both in ATP and ADP hydrolysis.
These results suggest an increase in ATP concentration as a consequence of a self-protection mechanism, and
ADP, favoring thromboembolic changes. However, a significant increase in E-5°-NT activity has been observed,
which, together with the reduction of ADA activity in both platelets and serum, leads to an increase in the
extracellular concentration of adenosine, which may be involved in the tumor progression. Analyzing the oxidative
profile, we observed a significant increase in the levels of ROS, which, together with the absence of a concomitant
increase in antioxidant defenses represented by T-SHs and GSH levels, generate a pro-oxidant environment that
justifies the elevated levels of thiobarbituric acid reactives substances (TBARS). The significant increase in BChE
activity may be related to the stage of tumor progression, since patients in the study had pronounced nodules
indicating a more advanced stage of cancer. The results demonstrated that, during the progression of thyroid
cancer, alterations occur both in the activity of the enzymes of the purinergic and cholinergic systems as well as
in the oxidative profile of these patients. Therefore, such parameters may represent future targets for the therapy
and monitoring of the evolution of this neoplasm.

Key words: Thyroid Cancer. Purinergic System. Oxidative stress. Butyrylcholinesterase
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APRESENTACAO

Esta tese esta organizada da seguinte forma: primeiramente, sdo apresentadas a
INTRODUGAO, a REVISAO BIBLIOGRAFICA e os OBJETIVOS. A seguir, 0s
resultados sdo apresentados na forma de dois manuscritos, os quais foram escritos de acordo
com as normas dos periddicos aos quais foram ou irdo ser submetidos. Os itens DISCUSSAO
e CONCLUSAO dispostos ap6s 0s dois manuscritos, contém interpretacdes e comentarios
gerais referentes aos dois manuscritos. As REFERENCIAS BIBLIOGRAFICAS
apresentadas no final da tese referem-se as citacdes que aparecem nos itens INTRODUCAO,
REVISAO BIBLIOGRAFICA e DISCUSSAO.



1 INTRODUCAO

O cancer de tireoide € uma doenca maligna enddcrina comum que aumentou
rapidamente em incidéncia global nas ultimas décadas (XING, 2005). Embora a taxa de
mortalidade do cancer de tireoide seja relativamente baixa, a taxa de recorréncia ou persisténcia
da doenca é alta, 0 que estd associado ao aumento da incurabilidade e da morbidade e
mortalidade dos pacientes (TUTTLE et al, 2010). E mais prevalente em mulheres, com idade
acima de 45 anos, que em homens. A razdo para esta diferenca é desconhecida, mas acredita-
se que os estrogenos possam aumentar direta ou indiretamente os niveis séricos de hormonio
tireoestimulante (TSH) (ITO etal., 2013).

Os tumores da tireoide apresentam-se, tipicamente, como um nodulo tireoidiano
unilateral indolor em um paciente que nao apresenta alteracdes na producdo dos horménios
tireoidianos. Esse nodulo pode ter sido notado pelo paciente ou apanhado como um achado
incidental no ultrassom do pescogo. A prevaléncia relatada de nddulos tireoidianos varia com
0 método de triagem (NIX et al., 2005).

Existem varios tipos e subtipos histoldgicos de cancer de tireoide com diferentes origens
celulares, caracteristicas e prognosticos (DELELLIS et al., 2004). Existem dois tipos de células
enddcrinas da tireoide - células tireoideanas foliculares e células parafoliculares C - das quais
sdo derivados os tipos de cancer de tireoide. Os tumores foliculares derivados de células
tireoidianas, incluindo cancer papilar de tireoide (CPT), cancer folicular de tireoide (CFT) e
cancer anaplasico de tireoide (CAT), representam a maioria das neoplasias malignas da tireoide.
CPT e CFT séo coletivamente classificados como céancer diferenciado de tireoide (CDT). O
cancer medular de tireoide (CMT) derivado de células parafoliculares C é responsavel por uma
pequena proporcdo de malignidades da tireoide (HOWLADER et al., 2009). A citologia
realizada a partir de puncéo aspirativa com agulha fina (PAAF) ¢ a investigacdo diagndstica de
escolha na maioria dos casos de nddulos da tireoide (WILSON, 2002).

Os disturbios da tireoide séo caracterizados ndo so por alteragdes genéticas, mas também
por respostas inflamatdrias produzidas pelo dano ou necrose celular. O sistema purinérgico, o
gual é constituido por enzimas, nucleotideos, nucleosideos de adenina e receptores
purinérgicos, participa de muitas respostas celulares diferentes, entre as quais estdo a
estimulacdo (ou inibicdo) da morte celular, a proliferacdo, a migracdo, a diferenciacdo, a
secrecdo de fatores de crescimento e mediadores inflamatorios (FRANCO et al., 2007; BOURS
et al., 2011; ANTONIOLI et al., 2013; IDZKO et al. 2014). Processos fisiopatoldgicos
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fundamentais, como a homeostase dos tecidos, neurodegeneracdo, imunidade, inflamacgéo e
cancer, sdo modulados por sinaliza¢do purinérgica (DI VIRGILIO; ADINOLFI, 2017).

Cada nucleotideo, uma vez presente no meio extracelular, desempenha sua acao
bioldgica através de receptores especificos, denominados receptores purinérgicos P2 (DI
VIRGILIO et al.,, 2001; KUNAPULI et al., 2003), que sdo divididos em duas familias
estruturalmente distintas: os receptores acoplados a proteina G, chamados de P2Y e os ligados
a canais ibnicos, designados P2X. A adenosina, por sua vez, se liga a receptores purinérgicos
acoplados a proteina G do tipo P1 (BURNSTOCK, 2007). Dentre os diferentes receptores,
destaca-se o0 receptor P2X7, o qual ativa a apoptose por facilitar a embriogénese e remover
células cancerigenas ou células infectadas dos tecidos (DI VIRGILLIO et al., 1999).

A conversdo de adenosina trifosfato (ATP) em adenosina é uma caracteristica crucial da
sinalizacdo purinérgica em condicbes fisioldgicas e patoldgicas. As duas principais
ectonucleotidases  envolvidas, ectonucleosideo trifosfato  5'-difosfohidrolase  (E-
NTPDase/CD39) e E-5"-nucleotidase (E-5’-NT/CD73), sdo moduladores chave da composi¢do
bioquimica do microambiente tumoral (YOUNG et al., 2014). Atualmente, entende-se que o
principal mecanismo pelo qual E-NTPDase e E-5’-NT afetam o crescimento tumoral depende
da sua capacidade de produzir adenosina (DI VIRGILIO; ADINOLFI, 2017). A enzima E-
adenosina desaminase (E-ADA) catalisa a desaminacdo irreversivel da adenosina e 2’-
deoxiadenosina em inosina e 2’-deoxinosina, respectivamente (ROBSON et al., 2006).

Um elevado estresse oxidativo foi encontrado em muitos tipos diferentes de células
cancerigenas e a introducdo de antioxidantes pode inibir a proliferacdo de células tumorais, o
que indica que as espécies reativas de oxigénio (EROs) desempenham um importante papel na
mediacdo da perda do controle do crescimento (BEHREND et al., 2003). O estresse oxidativo
tem sido entendido como a producdo de uma gquantidade excessiva de EROs, sendo o resultado
de um desequilibrio entre a geracdo e a inativacdo dessas EROs (POLJSAK et al., 2013).

Altos niveis de EROs podem contribuir para a carcinogénese e a sinalizacdo mediada
por elas pode promover a sobrevivéncia, proliferacdo e metastase de células tumorais (WU,
2006). As EROs podem interagir com macromoléculas celulares como DNA, proteinas e
lipidios e interferir nas fungdes celulares vitais. O principal alvo da peroxidagdo por EROs séo
os acidos graxos poli-insaturados nos lipidios da membrana, levando a formacao de peroxidos
lipidicos como o malondialdeido (MDA) (SAMIR; KHOLY, 1999) O préprio MDA, devido a
sua alta citotoxicidade e acdo inibitoria sobre as enzimas protetoras, é sugerido como um

promotor tumoral e um agente carcinogénico (SEVEN et al., 1999).
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Existem muitas evidéncias que demonstram o envolvimento de colinesterases em
fungBes ndo cléssicas (STEPHENSON et al., 1996; DARVESH et al., 2003) como a
proliferacdo celular e diferenciacdo (LAYER; WILLBOLD, 1995), sugerindo uma possivel
influéncia das colinesterases na tumorigénese. A acetilcolinesterase (AChE) pode ser
considerada um marcador precoce de diferenciacdo (LAYER; SPORNS, 1987), enquanto a
butirilcolinesterase (BChE) pode estar envolvida no processo de migragéo celular (LAYER et
al., 1988).

Diversas alternativas terapéuticas ja foram empregadas em pacientes com cancer de
tireoide progressivo, porém, a quimioterapia convencional ndo é efetiva na maior parte dos
casos (WARD; ASSUMPCAO, 2004). Os carcinomas da tireoide sd0 muito resistentes a
agentes quimioterapicos (MALAGUARNERA et al., 2007). E evidente a necessidade de uma
melhor compreensdo dos eventos moleculares envolvidos na progressao do cancer de tireoide,
visando a identificagdo de novos alvos terapéuticos com consequente melhoria do progndstico

de pacientes com carcinomas de tireoide de alto risco.



2 REVISAO BIBLIOGRAFICA

2.1 CANCER DE TIREOIDE

As doencas da tireoide manifestam-se através da disfungdo hormonal, seja por excesso
ou por deficiéncia de producdo de hormdnios, ou por alteracfes anatdmicas decorrentes do
crescimento difuso ou nodular da glandula (BUFALO, 2007). A doenga nodular tireoidiana é
um problema clinico comum, que inclui um grande numero de tireoidopatias, especialmente
aquelas relacionadas a caréncia de iodo, tais como o bocio coloide, e as neoplasias (LIMA et
al.,, 2007). Algumas das fungdes mais importantes dos hormonios da tireoide sdo:
desenvolvimento inicial do cérebro, crescimento somatico, maturacdo 0ssea, e sintese de
RNAmM de mais de 100 proteinas que regulam diferentes funcdes corporais (SARANAC et al.,
2011).

As doencas autoimunes tireoidianas (DAIT) afetam de 2 a 5% da populagéo geral, em
especial mulheres adultas e idosas. Este grupo de doencas tireoidianas é determinado pela
presenca de infiltrado linfocitico de intensidade varidvel e producdo de auto anticorpos
tireoidianos dirigidos a antigenos especificos, podendo variar do hiper ao hipotireoidismo. A
exata etiologia das DAIT permanece desconhecida, mas a interacdo entre susceptibilidade
genética e fatores ambientais parece ser de fundamental importancia no seu desenvolvimento
(SGARBI; MACIEL, 2009).

O cancer da tireoide é o tumor maligno enddcrino mais comum, cuja incidéncia vem
aumentando nos ultimos anos, devido principalmente a melhorias no diagnoéstico e na
compreenséo das vias de sinalizacdo molecular (ITO et al., 2013; ROSARIO et al., 2013; WU,
2013). Apesar da mortalidade por cancer de tireoide ser relativamente baixa, a taxa de recidiva
ou persisténcia da doenca € elevada, 0 que estd associado com uma maior incurabilidade,
morbidade e mortalidade dos pacientes (TUTTLE et al., 2010).

O céncer de tireoide é de trés a cinco vezes mais frequente em mulheres do que em
homens, e 0 aumento percentual anual da incidéncia € geralmente maior em mulheres (KILFOY
et al., 2009). A razdo para esta diferenca é desconhecida, mas a alta prevaléncia de doencas da
tireoide em mulheres e uma diminui¢do nas diferencas sexuais ap0s o inicio da menopausa
sugerem um papel primario dos estrogénios, tanto direta como indiretamente, através do
aumento dos niveis séricos de TSH (ITO et al., 2013). A maior predilecdo da ocorréncia do
cancer de tireoide em mulheres e sua associagdo com fatores reprodutivos, ou estrogénios, ou

ambos, foi proposta pelo menos em alguns estudos (NEGRI et al., 1999). Portanto, a exposi¢édo
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a estrogénios exdgenos de varias fontes, como contraceptivos orais, terapia de reposicao
hormonal e consumo de carne de animais tratados com hormonios esteroides sexuais para
promocdo do crescimento pode influenciar a taxa de cancer de tireoide. Finalmente, a funcéo
da glandula tireoide € sensivel a baixa ingestdo de iodo e a alguns poluentes ambientais, o que
pode afetar o nivel de TSH, um fator de crescimento para as células da tireoide (LEUNG et al.,
2010).

Desde o inicio dos anos 80, a incidéncia de cancer de tireoide tem aumentado em todas
as partes do mundo onde a assisténcia médica melhorou. Ounico continente onde a incidéncia
ndo estd aumentando é a Africa, possivelmente devido & insuficiente triagem de pacientes. No
entanto, tanto a taxa de incidéncia como o aumento da incidéncia de cancer de tireoide variam
de pais para pais (DAVIES; WELCH, 2006; COLONNA et al., 2007; KILFOY et al., 2009).
No Brasil, segundo o Instituto Nacional de Cancer (INCA), a estimativa de novos casos de
cancer de tireoide para cada ano do biénio 2018-2019 € de 1.570 casos novos no sexo masculino
e 8.040 no feminino, com um risco estimado de 1,49 casos para cada 100.000 homens e 7,57
casos por 100.000 mulheres (INCA, 2018).

A variacdo percentual anual varia de 2% a 14% em mulheres e de 2% a 8% em
individuos do sexo masculino (KILFOY et al., 2009). O aumento da incidéncia diz respeito a
todos os tamanhos de tumores, mas € muito mais pronunciado para pequenos tumores (<2 cm
de didmetro) do que para tumores grandes (HARACH et al., 1985; COOPER et al., 2009). A
maioria dos carcinomas pequenos ndo progride com o tempo e pode permanecer indetectavel
se eles ndo forem rastreados. Em um estudo do Japéo, apenas 6,4% dos microcarcinomas que
ndo foram removidos cirurgicamente apresentaram aumento de tamanho em 3 mm em 5 anos
(ITOetal., 2010).

Embora o cancer seja relativamente raro, nddulos da tireoide sdo um problema de salde
publica. Estima-se que 10% da populacdo venham a desenvolver um nodulo palpavel durante a
vida (TOMIMORI et al., 1995; FURLANETTO et al., 2000; SCHLUMBERGER;
TORLANTANO, 2000; WELKER; ORLOV, 2003). O encontro incidental de nodulos ao
exame ultrassonogréfico, a cirurgia de doengas benignas da tireoide e em necropsias de
individuos que nunca tiveram diagndstico de doenga tireoidiana em vida sugere que sua
prevaléncia possa atingir niveis ainda mais elevados, especialmente entre individuos do sexo
feminino e de maior idade (SCHLUMBERGER; TORLANTANO, 2000; BOONE et al., 2003;
CHOW et al., 2003; WELKER; ORLOV, 2003). E provavel que grande parte dos nddulos
pequenos, eventualmente demonstrados por ultrassonografia ou exames de imagem mais

sofisticados, nunca evoluam clinicamente, pois microcarcinomas podem ser encontrados em
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até 36% das autdpsias realizadas em adultos mortos por outras causas que nao cancer de tireoide
(YAMAMOTO et al., 1990; CHOW et al., 2003).

Muitas doencgas complexas sdo determinadas por trés fatores principais: o estilo de vida,
a exposicdo ambiental e a susceptibilidade genética. Estudos epidemioldgicos estimam que
cerca de 90% dos canceres estejam relacionados a fatores ambientais (GUEMBAROVSKI,
2007).

2.1.1 Tipos de cancer de tireoide

As neoplasias da tireoide sdo classificadas de acordo com o tipo histol6gico em adenoma
folicular, carcinoma papilar, carcinoma folicular e carcinoma anaplasico ou indiferenciado
(Figura 1) (DELELLIS et al., 2004; DI CRISTOFARO et al., 2006). A maioria dos tumores
tireoidianos, com exce¢do do carcinoma medular, deriva da célula folicular, que origina
neoplasias benignas e malignas com diferentes caracteristicas fenotipicas, bioldgicas e clinicas
(DELELLIS et al., 2004).

Figura 1 — Representacdo esquematica da origem e progressao dos carcinomas tireoidianos.
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Fonte: Adaptado de REIS (2010).

Os carcinomas papilar (CPT) e folicular (CFT) séo considerados carcinomas
diferenciados (CDT), uma vez que mantém uma semelhanga estrutural e funcional com o tecido

tireoidiano normal e sdo responsaveis por pelo menos 94% dos carcinomas de tireoide
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(COOPER et al., 2006; KENT et al., 2007). O carcinoma medular de tireoide (CMT), tumor
neuroendocrino originario das células parafoliculares, corresponde a 3% dos casos, € 0
carcinoma anaplasico (CAT) ou indiferenciado, que deriva da indiferenciacdo dos CDT ¢é
responsavel por aproximadamente 1% dos carcinomas da tireoide (DELELLIS et al., 2004;
COOPER et al., 2006). O comportamento biolégico desses tumores & muito variado,
compreendendo formas de baixo potencial letal até formas extremamente agressivas e de alta
mortalidade (GOLBERT et al., 2005).

O CDT quando precocemente diagnosticado ¢ um tumor geralmente curavel. O

tratamento considerado mais adequado € a tireoidectomia total seguida de ablacdo actinica com

131
I, que oferece ao paciente um progndéstico muito bom, com sobrevida longa (COOPER et al.,

2006). Apos a cirurgia e a radioterapia, os pacientes sdo tratados com levotiroxina, visando
reduzir os niveis séricos de hormdnio estimulante da tireoide (TSH) para minimizar o
crescimento de qualquer tumor residual (WARD, 2005).

O CAT é considerado incuravel por ocasido de sua apresentacdo. Deve-se tentar a
tireoidectomia total com a retirada do tumor em bloco e dissec¢cdo do pescoco para a remogao
total da massa. A quimioterapia utiliza uma série de drogas, mas nenhuma se revelou
completamente eficaz (GOLBERT et al., 2005).

O tratamento apropriado para o CMT € a tireoidectomia total. A retirada de todo o tecido
tireoidiano deve ser meticulosa, sem lesar as paratireoides. Além disso, recomenda-se a
disseccao profilatica dos linfonodos da regido do pescoco (REIS, 2010).

O progndstico quase sempre é favoravel, sendo melhor nos casos de CDT, em que 0s
fatores de risco tém papel importante na conduta terapéutica. Por sua vez, os CAT tém um
prognastico ruim, pois sdo tumores agressivos e que sofrem metastase muito rapidamente,
podendo invadir 6rgdos como os pulmdes, 0ssos, cérebro, figado, pele, rins e outros, sendo que
a morte ocorre, frequentemente, pouco tempo ap6s o diagnostico. O progndstico do CMT
depende da extensdo da doenca, da presenca ou auséncia de linfonodos metastaticos e da
totalidade da resseccdo cirurgica. A sobrevida de cinco anos varia de 40% a 95% (INCA, 2002).

Os CPT séo responsaveis por mais de 80% de todos os carcinomas da tireoide e quase
todos 0s microcarcinomas, que sao clinicamente assintomaticos e ndo progridem com o tempo,
sdo CPT (DAVIES; WELCH, 2006; COLONNA et al., 2007; KILFQY et al., 2009). Os CPT
grandes sdo, muitas vezes, clinicamente silenciosos e a aparente maior incidéncia também pode

estar relacionada a uma melhor deteccdo. O CFT minimamente invasivo € raro e sO é
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diagnosticado numa fase tardia quando a invasdo vascular e capsular estdo presentes (ITO et
al., 2013).

Os CAT correspondem a cerca de 1,6-14% das neoplasias malignas da glandula tireoide,
predominando ligeiramente em areas de bdcio endémico (SERRALHEIRO et.al., 2012). No
entanto, embora raros, os CAT constituem uma das neoplasias mais agressivas em humanos,
possuindo uma alta letalidade e responsabilizando-se por 14-39% das mortes devidas a cancer
da tireoide (FIGUEIREDO, 2012). Geralmente, pacientes com CAT apresentam sobrevida
média de apenas quatro a sete meses (DAL PIZZOL et al., 2009). A morte, usualmente, é
consequéncia do crescimento rapido e agressivo do tumor, com invasdo de estruturas vitais do
pescoco (INCA, 2002).

As células indiferenciadas perdem as funcles especificas das células tireoidianas,
conduzindo a um aumento da proliferacdo celular com um crescimento tumoral rapido.
Verifica-se nessas células uma perda da expressdo do transportador sodio/iodeto, com perda da
capacidade de concentrar eficazmente o iodo, e também uma diminuicdo dos receptores de
TSH, com um crescimento independente deste (XAVIER et al., 2014).

2.1.2 Carcinogénese

Nos ultimos anos, ocorreu um grande progresso na compreensdo da patogénese
molecular do cancer de tireoide, a qual é exemplificada pela elucidacao de varias vias principais
de sinalizacdo e desordens moleculares relacionadas a essa neoplasia. O cancer de tireoide é
considerado predominantemente uma doenca genética, caracterizada por acimulo sequencial
de alteracGes genéticas (GOYAL et al., 2013; XING et al., 2013). MutacGes a partir de
exposicoes ambientais podem resultar em rupturas da cadeia de DNA, causando uma
instabilidade gendmica, a qual representa um evento molecular e patogénico crucial no processo
de carcinogénese (ALT etal., 2013; PAPAMICHOS-CHRONAKIS; PETERSON, 2013).

A carcinogénese caracteriza-se por mutacdes geneticas herdadas ou adquiridas pela agcdo
de agentes ambientais, quimicos, hormonais, radioativos e virais, denominados carcin6genos
(COTRAN et al., 2000). A carcinogénese compreende quatros estadios: a iniciacdo que se
caracteriza pela exposicdo das células aos carcinégenos com consequente mutacéo e formacéo
de clones celulares atipicos, e a promocao, que se caracteriza pela multiplicacdo desses clones
celulares. Nessa fase, a supressao do contato com 0s carcin6genos pode interromper 0 processo
(PERATONI, 1998). A progressdo e a conversdo maligna das células comp&em,

respectivamente, o terceiro e o quarto estadios da carcinogénese. Neles, as células
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transformadas apresentam autonomia para proliferar e, pela perda da coeséo e obtencdo da
mobilidade, tornam-se invasivas (COOPER, 1995; MAREEL; LERQOY, 2003).

Os principais alvos da alteracdo genética sdo 0s proto-oncogenes, 0S genes supressores
tumorais e 0s genes que controlam a morte celular programada ou apoptose (DELFINO et al.,
1997). Acredita-se que os genes reparadores do DNA também possuam papel de destaque na
carcinogénese, pois qualquer anormalidade nesses genes predisporia a mutagcbes no genoma
com subseqiente transformacao neoplasica (COTRAN et al., 2000; LOURO, 2000).

Os proto-oncogenes sao genes promotores do crescimento e da diferenciacdo celular
que controlam a divisdo mitdtica ordenada das células (McKINNELL, 1998). Eles sdo
transformados em oncogenes pelo descontrole da expressdao dos genes ou pela mutacéo,
translocacdo ou rearranjo dos genes, resultando na sintese de um produto anormal, as
oncoproteinas (CARRENO et al., 1999).

O gene p53 é um dos genes supressores tumorais que regulam a transcri¢do nuclear e o
ciclo celular (DENG; BRODIE, 2001). E denominado guardido do genoma e produz uma
proteina que controla a replicacdo do DNA, a proliferacdo celular e a apoptose. Nas células com
DNA alterado, a proteina p53 acumula-se no nucleo e liga-se ao DNA evitando sua replicacao.
Essa parada no crescimento celular na fase G1 permite a célula restaurar seu genoma (COTRAN
et al., 2000). Entretanto, danos irreversiveis requerem a eliminacdo das células acometidas
(PINES, 1995). As mutagdes envolvendo o gene p53 sdo eventos genéticos frequentemente
observados em varios tipos de cancer. Além das mutacdes nesse gene, o polimorfismo da
proteina codificada por ele também ¢é relatado como evento genético associado ao
desenvolvimento do cancer (BOND; LEVINE, 2007).

O TSH é o principal regulador do crescimento e da funcdo da tireoide. O excesso de
TSH é fator predisponente para o cancer da tireoide (MEUTEN, 2002). A presenca de
receptores para o estrogeno nas células neoplésicas da tireoide e a maior frequéncia em
mulheres sugere também a participacdo dos hormonios sexuais femininos na génese dessa
neoplasia (LUOTTO et al., 1997).

A hipotese de que alguns hormdnios aumentam a incidéncia das neoplasias foi postulada
pela primeira vez por BITTNER et al. (1948). Postula-se que na carcinogénese hormonal,
diferente daquela induzida por virus ou agentes quimicos, a proliferacdo celular ndo necessita
de um agente iniciador especifico. Os horménios induzem proliferacdo celular com
consequentes mutagdes geneticas que dardo origem a célula neopléasica (MEUTEN, 2002). No
entanto, para CARRENO et al. (1999), a participacdo dos hormdnios na carcinogénese se

restringe a proliferacdo das celulas ja transformadas por outros carcindgenos. Os genes
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especificos envolvidos na progressdo das neoplasias horménio-dependentes permanecem
desconhecidos, contudo, acredita-se que 0S oncogenes, 0S genes supressores tumorais e 0s
genes do reparo do DNA estejam envolvidos na carcinogénese hormonal (HENDERSON;
FEIGELSON, 2000).

2.1.3 Diagnostico

O desfecho dos pacientes com cancer de tireoide tem melhorado acentuadamente nas
ultimas duas décadas como consequéncia de um diagndstico mais precoce e mais preciso, tanto
da doenca primaria quanto da recorrente, e do desenvolvimento de tratamentos eficazes. O uso
generalizado de procedimentos sensiveis de ultrassonografia, medicdes ultrassensiveis de
tireoglobulina sérica e técnicas avancadas de imagem possibilitaram uma deteccdo mais
precoce e melhoraram a preciséo da localizagéo do cancer. O aumento do uso da tireoidectomia
total e da exciséo dos linfonodos cervicais reduziu o risco de cancer residual ou recorrente. Na
ultima década, os pacientes com cancer avancado e agressivo se beneficiaram de novas
ferramentas diagndsticas e prognosticas, como a tomografia por emissao de positrons (PET), e
de uma abordagem multiespecializada mais efetiva no tratamento de invasdo local e metéstases
a distancia. Além disso, o uso de inibidores de tirosina quinase contribuiu para um aumento da
sobrevida global destes pacientes. Todas essas melhorias deveriam ter diminuido a mortalidade
relacionada ao cancer, mas em contraste com muitos outros tipos de cancer, a mortalidade
relacionada ao cancer de tireoide ndo diminuiu (ITO et al., 2013).

N&o ha duvida de que a melhor estratégia diagndstica de malignidade tireoidiana, em
termos de custo-beneficio, é a PAAF para exame citologico do material coletado, cuja técnica
de puncdo é muito simples e rapida. A PAAF é capaz de estabelecer o diagndstico de cancer de
tireoide com 95% de acuracia na maior parte dos servi¢cos. A punc¢do pode ainda ser guiada por
ultrassonografia, nos nddulos pequenos e ndo palpaveis, fato que diminui sensivelmente o
numero de amostras coletadas insatisfatorias ou insuficientes para adequado diagndstico
citoldgico e estabelecimento de conduta (WARD et al., 1993; GHARIB, 1994; DANESE et al.,
1998; CASTRO; GHARIB, 2003; KIM et al., 2003).

Na pratica, cerca de 70% das biopsias realizadas com agulha fina tém resultado de
citologia benigna, 10% s&o suspeitas, 5% malignas e 15% n&o permitem diagnostico com o
material obtido. Estas Gltimas devem ser repetidas. Les6es puncionadas nas quais o diagnéstico
ndo foi possivel numa primeira pungdo, e, mais ainda, em uma segunda puncgédo, devem ser

cuidadosamente monitoradas. Entre as suspeitas, cerca de 20% serdo malignas e, nestes casos,
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voltamos a considerar o risco clinico e epidemiolégico para cada individuo antes de propor
nova puncdo, seguimento clinico, terapia cirdrgica ou supressdo com levotiroxina (WARD et
al., 1993; GHARIB, 1994; DANESE et al., 1998; RAVETTO et al., 2000; CASTRO; GHARIB,
2003; KIM et al., 2003; SLOWINNSKA-KLENCKA et al., 2004).

O uso frequente da ultrassonografia cervical e outras técnicas de imagem, de biopsia por
aspiracdo com agulha fina e a cirurgia completa da tireoide por condi¢fes benignas com um
exame histolégico cuidadoso da glandula, levam a deteccdo de um ndmero crescente de casos
de cancer de tireoide (LEENHARDT et al., 2004).

2.2 SISTEMA PURINERGICO

Os distarbios da tireoide sdo caracterizados ndo so por alteracfes genéticas, mas também
por respostas inflamatérias produzidas pelo dano ou necrose celular. Durante o processo
inflamatorio, o sistema purinérgico, o qual é constituido por nucleotideos, nucleosideos,
receptores purinérgicos e enzimas, apresenta uma relacdo intrinseca com a modulacdo dos
diferentes padrdes de resposta imune (FRANCO et al., 2007; DI VIRGILIO et al., 2009).

2.2.1 Nucleotideos e Nucleosideo de adenina

Nucleotideos e nucleosideos sdo importantes moléculas sinalizadoras envolvidas em
muitos processos bioldgicos. Os nucleosideos sdo formados por uma pentose e uma base puarica
ou pirimidica. A fosforilacdo destes nucleosideos, por quinases especificas, da origem aos
denominados nucleotideos. Estas moléculas estdo envolvidas na transmissdo de informacéo
genética, nos processos de transferéncia e armazenamento de energia e na sinalizacéo celular
(ATKINSON et al., 2006).

Os nucleotideos da adenina adenosina tri, di e monofosfato (ATP, ADP e AMP,
respectivavemente) e seu derivado nucleosideo adenosina, 0s quais sdo secretados por
leucdcitos, plaquetas e células endoteliais danificadas, representam uma importante classe de
moléculas extracelulares que desempenham um papel fundamental mediando diversos efeitos
bioldgicos, incluindo a contragdo do masculo liso, a neurotransmissao, a agregacgéo plaquetaria,
a modulacdo da funcdo cardiaca, a dor, a resposta imune e a inflamacdo (RALEVIC;
BURNSTOCK, 1998). Entretanto, encontram-se nos fluidos extracelulares em concentragdes

micromolares devido a varios mecanismos como: lise celular, permeabilidade seletiva da
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membrana plasmaética e exocitose de vesiculas secretoras como 0s corpos densos plaquetarios
(ENJYOJI et al., 1999).

O ATP, ADP e AMP e a adenosina sao considerados importantes moléculas
sinalizadoras em varios tecidos (YEGUTKIN, 2008). O ATP é uma molécula com atividade
pré-inflamatoria sendo essencial nas fungdes desempenhadas por linfdcitos, mas, em elevadas
concentragdes, 0 ATP pode atuar como uma potente molécula citotdxica, capaz de levar a morte
diferentes classes de células, pela formacao de grandes poros na membrana plasmatica, com
excecao daquelas que possuem alto poder de quebra do ATP em sua superficie (FILIPPINI et
al., 1990). Foi observada uma alta concentracdo de ATP no local da inflamacdo, como
consequéncia de sua liberagdo ativa ou passiva de mastocitos, linfécitos, macréfagos, células
endoteliais e necroticas (DI VIRGILIO, 2007; SCHETINGER et al., 2007).

O ADP, no meio extracelular, atua como um mediador primario da ativacdo plaquetaria,
contribuindo para a homeostasia e formacao de trombos, através do seu efeito agregatdrio apos
danos teciduais (BOROWIEC et al., 2006). Em situacOes de disfunc¢ao ou dano vascular, o ADP
é liberado do interior de granulos existentes nas plaguetas, sendo entdo considerado o0 agonista
mais importante do recrutamento plaquetario e o indutor da formacéo de trombos no interior de
vasos (MARCUS et al., 2003). O ATP é considerado um inibidor competitivo das a¢des
mediadas pelo ADP, embora evidéncias indiquem a existéncia de mecanismos ndo competitivos
e demonstrem que o ATP, em altas ou baixas concentragcbes, modula diferentemente a
agregacao plaquetaria (SOSLAU; YOUNGPRAPAKORN, 1997; BIRK et al., 2002; REMIJIN
etal., 2002).

O AMP é um metabdlito intermediério da hidrolise do ATP (BARSOTTI; IPATA,
2004) que exerce a funcdo de sinalizador em situagdes de desequilibrio no metabolismo,
servindo também como substrato para a formacédo da adenosina (CUNHA, 2001).

A degradacdo de nucleotideos na presenca de uma cascata de ecto-nucleotidases, que
inclui E-NTPDase e E-5"-NT, leva a geracdo de adenosina extracelular (OHTA, 2001; OHTA,
2006; RABINOVICH, 2007). A adenosina, que atua através de receptores acoplados a proteina
G, é conhecida por exercer uma multiplicidade de efeitos fisioldgicos, os quais sao
cardioprotetores e neuroprotetores, incluindo vasodilatagdo, estimulacdo da angiogénese,
citoprotecdo e imunossupressdo (OHTA, 2006). Varias dessas atividades, incluindo
vasodilatacdo, angiogénese e promocao do crescimento, tém sido relatadas no contexto do
cancer (LINDEN, 2001; SITKOVSKY, 2004; COLGAN, 2006; SITKOVSKY, 2008). Além
disso, as atividades anti-inflamatdrias e imunossupressoras da adenosina também podem inibir

a supressao, imunologicamente mediada, do crescimento tumoral. Assim, a adenosina pode ser
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um metabdlito importante liberado por células cancerigenas que suscita respostas fisiologicas
que promovem a progressdo tumoral (ZHANG, 2010).

2.2.2 Receptores purinérgicos

Em condicdes fisiologicas, os nucleotideos e o nucleosideo da adenina sdo encontrados
no meio extracelular em baixas concentracGes, ndo atravessando a membrana celular, mas
podendo realizar suas acdes biologicas através de receptores especificos presentes na superficie
celular, denominados receptores purinérgicos (DI VIRGILIO et al., 2001).

Os elementos mais amplamente estudados dos sistemas de sinalizacdo purinérgica sao
0s receptores purinérgicos, os quais estdo divididos em duas familias principais, P1 e P2, com
base nas suas propriedades farmacoldgicas e estruturais. Esses receptores estdo presentes na
superficie de diversas células, cujos membros sdo ativados pela adenosina e por ATP e ADP,
respectivamente (Figura 2) (BURNSTOCK, 2007; JUNGER, 2011).

Os receptores P1 de adenosina estdo acoplados a proteina G e possuem sete dominios
de proteina transmembrana, sendo reconhecidos quatro tipos de receptores (Al, A2A, A2B e
A3). A subclassificacdo dos receptores de adenosina baseia-se nos efeitos que causam sobre a
mudanca da concentracdo de adenosina 3',5'-monofosfato ciclico (AMPc) na célula e sua
afinidade pelo ligante. A adenosina é seu Unico agonista endégeno, no entanto, o receptor A3
pode ser ativado também pela inosina (BOROWIEC, 2006).

Os receptores P2 estdo divididos em duas subfamilias: receptores acoplados a proteina
G (P2Y) e ligados a canais i6nicos (P2X) (ZIMMERMANN, 2000). Em células de mamiferos,
cinco receptores P2Y (P2Y1, P2Y2, P2Y4, P2Y6 e P2Y11) e sete receptores P2X (P2X1-7)
foram clonados e caracterizados farmacologicamente (RALEVIC; BURNSTOCK, 1998). Os
receptores P2X funcionam como canais idnicos de ATP que facilitam o influxo de cations
extracelulares, incluindo ions célcio. Entre os receptores P2X, o subtipo P2X7 exerce um papel
especial, uma vez que as concentragdes micromolares de ATP desencadeiam a funcédo de canal
ibnico, enquanto que concentragdes maiores de ATP (na faixa milimolar) induzem P2X7 a
formar grandes poros de condutancia envolvidos na apoptose (JARVIS; KHAKH, 2009). Os
receptores P2Y reconhecem ATP e varios outros nucleotideos, incluindo ADP, UTP, UDP e
UDP-glicose (JUNGER, 2011).
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Figura 2 — Esquema da arquitetura geral dos receptores P1 e P2.

Ecto-nucleotidases

P2 - P2Y Acopladoa proteina G P2-P2X Canaisionicos
Receptoves (P2Y1,2. 46 11.12,13,14) Receptores (PZX1-7)

Fonte: Adaptado de GUAN et al. (2007).

2.2.3 Enzimas que degradam nucleotideos e nucleosideo de adenina

As moléculas de nucleotideos, apds desempenhar suas funcdes organicas, devem ser
degradadas de modo a manter seus niveis extracelulares em concentracdes fisioldgicas. Para
isto, existe um conjunto de enzimas ancoradas na membrana plasmatica das células, responsavel
pelo controle dos seus niveis extracelulares. Tais enzimas sdo conhecidas como
ectonucleotidases e podem ser classificadas como E-NTPDase (ectonucleosideo trifostato 5’-
difosfohidrolase; EC 3.6.1.5; CD39), E-NPP (ectonucleotideo pirofosfatase/fosfodiesterase;
EC 3.1.4.1), fosfatases alcalinas e E-5’-NT (E-5’-nucleotidase; EC 3.1.3.5; CD73) sendo
amplamente distribuidas nos tecidos (ZIMMERMANN, 2000).

Estas enzimas atuam formando uma cadeia enzimatica que tem inicio com a acéo da E-
NTPDase e da E-NPP, as quais catalisam a hidrolise do ATP e do ADP, formando AMP. A
seguir a enzima E-5’-NT hidrolisa a molécula do AMP formando adenosina (GODING, 2000;
ZIMMERMANN, 2001). Ainda, seguindo a sequéncia de degradacao dos nucleotideos, existe
a enzima E-ADA (adenosina desaminase; EC 3.5.4.4), a qual regula as concentracOes de
adenosina, através da formacao de inosina (Figura 3) (ZIMMERMANN, 2000; BOURS et al.,
2006).

Além de possuirem importante atividade na regulagdo dos niveis de nucleotideos e

nucleosideo da adenina, as ectoenzimas possuem ac¢des extremamente importantes no sistema
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imunologico (SALAZAR-GONZALEZ et al., 1985). A E-NTPDase é conhecida como um
marcador de superficie celular (CD39) estando presente em linfocitos, plaquetas e células do
endotélio vascular onde desempenha controle da funcdo dos linfocitos, incluindo o
reconhecimento de antigenos e ativacdo de funcbes efetoras das células T citotoxicas
(FILIPPINI et al., 1990), além da capacidade de gerar sinais que amplificam interacdes célula-
célula (MALISZEWSKI et al., 1994; KACZMAREK et al., 1996). Por sua vez, a enzima E-5’-
NT € um marcador de superficie celular (CD73), indicativo de maturacdo de linfocitos
(THOMPSON et al., 1986), e a adenosina desaminase, tornou-se conhecida como um marcador
molecular de ativacdo de células T (FRANCO et al., 2007).

As E-NTPDases sdo um grupo de enzimas extracelulares glicosiladas que hidrolisam
ATP e ADP para AMP (ZIMMERMANN et al., 2001a). Estas enzimas requerem concentragdes
milimolares de Ca2+ ou Mg2+ para exercerem atividade e tem sido bem caracterizadas no
sistema nervoso central (SNC) e em outros tecidos, como em plaquetas e em linfocitos (PILLA
etal., 1996; SCHETINGER et al., 2001; ZIMMERMANN, 2001; LUNKES et al., 2004; LEAL
et al., 2005).

Até 0 momento, oito diferentes membros da familia das E-NTPDases foram descritos,
clonados e estudados (NTPDase 1-8). As NTPDases 1,2,3 e 8 séo enzimas localizadas na
superficie celular, com sitio catalitico localizado extracelularmente. Nas NTPDases 4, 5, 6 e 7,
0 sitio catalitico parece estar localizado intracelularmente (ROBSON et al., 2006). Estas
ectoenzimas estdo envolvidas em uma série de processos fisioldgicos e patoldgicos em diversos
tecidos.

A NTPDase-1 (CD39), a qual hidrolisa tanto ATP como ADP formando AMP, foi a
primeira enzima da familia das NTPDases a ser descrita, e esta ancorada na superficie celular
através de duas regides transmembrana proximas ao grupamento amino e carboxi terminal, com
0 seu sitio catalitico voltado para o meio extracelular (ZIMMERMANN 2001). A NTPDase-1
de plaguetas intactas de humanos pode estar envolvida na regulagcdo da concentragdo dos
nucleotideos, na circulagéo e no tonus vascular (ENJYOJI, 1999).

Alguns estudos indicam que o uso de CD39 solivel constitui-se em um potencial agente
terapéutico para inibicdo de processos tromboticos mediados por plaquetas. A solugéo
purificada de CD39 bloqueou in vitro a agregacdo plaquetaria induzida por ADP e inibiu a
reatividade plaquetaria induzida pelo coldgeno (GAYLE et al., 1998; ENJYOJI et al., 1999).

A familia das E-NPPs é constituida por sete enzimas estruturalmente relacionadas
(NPP1-NPP7), as quais sdo numeradas conforme a ordem de caracterizacdo. Os membros desta

familia multigénica possuem uma ampla especificidade de substratos e sdo capazes de hidrolisar
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ligacGes pirosfosfato e fosfodiester em nucleotideos, acidos nucleicos e nucleotideos agucares
(YEGUTKIN, 2008). Entretanto, somente as NPPs 1-3 s&o capazes de hidrolisar nucleotideos,
sendo relevantes na regulacdo da cascata de sinalizacdo purinérgica. Evidéncias sugerem que
as NPPs apresentam vastos papéis fisiologicos, incluindo reciclagem de nucleotideos,
modulacdo da sinalizacdo purinérgica, regulacdo dos niveis de pirofosfato extracelular,
proliferacdo e motilidade celular (STEFAN et al., 2006)

A E-5’-NT é uma glicoproteina ligada a membrana via um glicosil fosfatidil inositol
(GPI) com seu sitio catalitico voltado para o meio extracelular, que catalisa a hidrolise éster
fosférica do5'-ribonucleotideo para o correspondente nucleosideo e fosfato. Geralmente, o
nucleotideo mais susceptivel a hidrolise € o AMP, o qual formard a adenosina
(ZIMMERMANN, 2001). A E-5’-NT encontra-se amplamente distribuida em uma variedade
de tecidos como rins, figado, pulmdes, endotélio vascular, plaquetas e células do sistema imune
(COLGAN et al., 2006). As funcbes da E-5’-NT correlacionam-se diretamente com o seu papel
na producdo de adenosina. Assim, de acordo com a sua localizacdo tecidual, ela desempenha
importantes funcGes como, por exemplo, no controle da agregacao plaquetaria, na regulacéo do
tbnus vascular e também na neuromodulacdo e neuroprotecdo0 no sistema nervoso
(ZIMMERMANN et al., 1998; KAWASHIMA et al., 2000).

A E-ADA ¢ uma importante enzima da cadeia de inativagdo de purinas, que catalisa a
desaminacéo irreversivel de adenosina e 2'-deoxioadenosina para inosina e 2'-deoxiinosina,
respectivamente. Sendo assim, é responsavel por regular as concentracfes extracelulares de
adenosina (YEGUTKIN, 2008). A E-ADA ¢é amplamente distribuida nos tecidos dos animais
vertebrados e divide-se em duas isoformas: ADAl e ADA2. Os tecidos contem
predominantemente ADAL. J& a ADA2, é o principal componente do soro e é um suposto
estimulador de células-T (BURNSTOCK, 2006).

Altos niveis dessa enzima sdo encontrados no sistema linféide (linfonodos, baco e timo),
podendo também ser encontrada, mas em menor quantidade, nos eritrocitos (CRISTALLI et al.,
2001; SABOURY et al., 2003). Alguns estudos tém demonstrado que a ADA desempenha um
papel importante na funcdo dos linfécitos e é essencial para a diferenciacdo e a proliferacdo de
linfécitos T (FRANCO et al.,1997).
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Figura 3 — Componentes da sinalizacdo purinérgica. As ectonucleotidases E-NTPDase e CD73
promovem a hidrolise de ATP e a formacdo de adenosina que ativa os receptores P1. A
adenosina pode ser convertida & inosina pela enzima adenosina desaminase ou pode ser
recaptada através de transportadores de nucleosideos (ENTS).
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Fonte: Adaptado de JUNGER (2011).

2.3 PLAQUETAS

As plaguetas sdo fragmentos citoplasmaticos anucleados presentes no sangue e
produzidos a partir de megacariocitos na medula dssea (SCHULZE; SHIVDASANI, 2005;
ITALIANO; HARTWIG, 2011; LEVIN, 2011). As plaquetas apresentam-se como células
incompletas formadas apenas por por¢des do citoplasma das células que Ihes d&o origem, 0s
megacaridcitos (Figura 4) (LORENZI et al., 2003).

Tém a forma discoide ou elipsdide e nelas se reconhecem trés zonas: (1) zona externa
ou periférica, na qual se encontram antigenos, glicoproteinas e varios tipos de enzimas. Essa
porcdo externa condiciona a propriedade de adesdo que as plaquetas exibem ap0s serem
estimuladas. Mais internamente, existe a membrana plaquetaria, a qual é formada, dentre outras
substancias, por proteinas. Essas proteinas sdo quase que em sua totalidade glicoproteinas,

sendo que algumas tém funcdo de receptores especificos para determinados fatores de
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coagulagdo; (2) citosol, o qual contém microtdbulos que se conectam com microfilamentos,
formando o esqueleto da plaqueta; (3) zona de organelas, onde sdo encontrados Varios tipos de
estrutura como corpos densos (Ca?*, ADP, ATP, serotonina, pirofosfato), granulos alfa (fatores
de crescimento, fatores de coagulacdo e proteinas de adesdo), lisossomas, mitocéndrias,
glicogénio e um sistema de membranas internas, local de sintese de prostaglandina e
tromboxano (LORENZI et al., 2003).

Sob condic6es fisioldgicas, as plaguetas circulam no sangue com minima interacdo com
outras células ou com a parede do vaso. No entanto, essas células podem ser prontamente
ativadas por inimeros estimulos, incluindo o fluxo sanguineo turbulento, bem como o colageno
exposto das paredes dos vasos lesionados (WEKSLER, 1992).

As plaquetas desempenham um papel essencial nas primeiras fases do processo
hemostatico (BLOCKMANS et al., 1995). A hemostasia pode ser considerada como um aspecto
da resposta de defesa do hospedeiro a lesdo na parede do vaso, na qual as plaquetas ativadas
desempenham o papel principal na formagdo do tampdo hemostatico (hemostasia primaria)
(BAKKER et al., 1994). As plaguetas ativadas aderem a superficie subendotelial exposta
através da glicoproteina Ib e do fator von Willebrand (VWF). Na fase posterior a ativacao, as
plaquetas se agregam umas as outras, dando origem a agregacdo plaquetéria, a qual envolve o
fibrinogénio e os ions Ca?*. O fibrinogénio, o qual se encontra soltvel no plasma, liga-se aos
receptores especificos da membrana plaquetéaria (GPlIb-111a), permitindo que as plaquetas
permanecam ligadas entre si (LORENZI et al., 2003). Essa agregacao resulta na formacéo do
tampdo plaquetario (VANNI et al., 2007; AUSTIN, 2008).

A sintese de prostaglandinas a partir do acido araquiddnico das plaquetas se faz por
alteracdo dos fosfolipides da membrana ap6s a ativacao pelo coldgeno. Como resultado, forma-
se também o tromboxano Az, que por sua vez, acelera a liberacdo de ADP. Esse ADP facilita a
agregacao de novas plaquetas (LORENZI et al., 2003).

Apos 0 processo de adesdo e agregacdo, a liberacdo de substancias pré-formadas dos
granulos densos, isto €, serotonina, ADP e Ca?*, leva a uma maior ativacdo e agregacéo de
plaquetas. Concorrente com uma mudanca de forma apos a ativagdo plaquetéria, a atividade
pré-coagulante plaquetaria, a qual requer influxo de Ca®* através da membrana plasmatica,
contribui para o segundo passo da hemostasia. Assim, a ligagdo do fator X ao fator Va e Ca?*
resulta em um complexo de protrombinase ligado a membrana que promove a geracao local de
trombina. O nucleotideo ADP, uma vez liberado ap6s a estimulacdo plaquetéria, € capaz de
ativar outras plaquetas que, por sua vez, também liberam ADP e assim por diante. Nesse

caminho, o ADP extracelular funciona como uma molécula de amplificacdo. O ATP mostrou
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aumentar a resposta inflamatéria de granuldcitos através de receptores purinérgicos presentes
nessas células (WARD et al., 1988; LINCOLN; BURNSTOCK, 1990).

Os nucleotideos extracelulares de adenina, ATP e ADP, e adenosina sédo conhecidos por
regular a resposta vascular a lesdo endotelial. O ADP é o principal promotor da agregacéo
plaquetéaria, enquanto que a adenosina é um potente inibidor. Verificou-se que altas
concentragcOes de ATP inibem a agregacdo plaquetéria induzida por ADP in vitro (SOSLAU et
al., 1995; LEON et al., 1997; PARK; HOURANI, 1999). No entanto, demonstrou-se que baixas
concentracdes de ATP (0,01-1,0 umol/L) podem aumentar significativamente o colageno, o
tromboxano A2 e a agregacdo plaquetaria induzida por trombina (SOSLAU;
YOUNGPRAPAKORN, 1997; SOSLAU et al., 2000). Além disso, a ativacdo do receptor de
ATP ligado ao canal de célcio (P2X1) em plaquetas, estimula a mudanca da forma plaquetaria,
sugerindo que o ATP contribui para a ativacdo plaquetaria (ROLF et al., 2001; OURY et al.,
2001). Esses achados sugerem um complexo papel do ATP na regulacdo da agregacéao
plaquetéria; a acdo do ATP, provavelmente, é prejudicada pela sua hidrélise na circulacéo
(BIRK et al., 2002).

Alguns estudos demonstraram que os distarbios da tireoide sdo caracterizados nao sé
por alteracGes genéticas, mas também por respostas inflamatdrias produzidas pelo dano ou
necrose celular (FRANCO et al., 2007; DI VIRGILIO et al., 2009). Embora o processo de
hemostasia possa ser considerado como uma resposta fisioldgica a lesdo, sua contraparte
patoldgica, isto €, atrombose, pode ocorrer em condi¢des inflamatorias. Embora nessa condicao
as contagens de plaquetas sejam muitas vezes elevadas, foi demonstrado que o endotélio
vascular alterado por citocinas inflamatorias, como interleucina-1 (IL1) e o fator de necrose
tumoral (TNF), prepara o cenario para eventos protromboticos (STERN et al., 1985;
NAWROTH; STERN, 1986).

Assim, no microambiente inflamatdrio, a membrana das células endoteliais pode ativar
as plaguetas. A membrana celular endotelial sofre alteracdes, iniciadas por citocinas, que
resultam na ativacao e ligacdo de fatores de coagulacao, sintese do fator tecidual, ativacdo da
trombina, producgdo do fator de ativacéo plaquetario (PAF) e liberacdo do inibidor do ativador
de plasminogénio (STERN et al., 1985; BUSSOLINO et al., 1986).



35

Figura 4 — Representacdo de uma célula plaquetéria.
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Fonte: Adaptado de LORENZI et al. (2003).

2.4 ESTRESSE OXIDATIVO

O estresse oxidativo é definido como um estado de desequilibrio entre a producdo de
radicais livres, particularmente, das EROs, e a capacidade de defesa do organismo contra essas
espécies. Quando ocorre um favorecimento a producdo de EROs e um quadro de estresse
oxidativo instala-se, a transformacao progressiva de células para a sua forma maligna ocorre
mais facilmente, proporcionando um aumento na frequéncia de mutacGes devido aos danos no
DNA e, consequentemente, um aumento no risco de desenvolvimento de neoplasias (ARDIES,
2003; COOK et al., 2004; GOTO et al., 2007).

As EROs séo subprodutos do metabolismo aerdbio e incluem o anion superoxido (O2-
), peréxido de hidrogénio (H202), e radicais hidroxila (OH-), os quais possuem propriedades
guimicas inerentes que conferem reatividade a diferentes alvos bioldgicos (SCHIEBER;
CHANDEL, 2014). As EROs podem interagir com macromoléculas celulares, como DNA,
proteinas e lipidios, e interferir nas fungdes celulares vitais (Figura 5) (GUPTA et al., 2009).

Altos niveis de EROs podem contribuir para a carcinogénese, e a sinalizagcdo mediada por elas
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pode promover a sobrevivéncia, proliferacdo e metéstase de células tumorais (MULLER; LIPP,
2001). Foi demonstrado que as células cancerigenas sdo caracterizadas por maiores niveis de
EROs que as células saudaveis (YOUSRI et al., 2011).

2.4.1Indicadores de dano oxidativo

2.4.1.1 Peroxidacao lipidica

Niveis elevados de estresse oxidativo resultam em peroxidacéo de lipidios de membrana
(GUPTA et al., 2009). As membranas celulares contém acidos graxos insaturados, muitos deles
sendo poli-insaturados e, portanto, suscetiveis a oxidacdo pelas EROs (MARNETT, 2000).

Ocorrem reacfes em cadeia das EROs na camada lipidica poli-insaturada, as quais
resultam, além da peroxidacdo lipidica, em oxidagdo de proteinas, perda ou enfraquecimento
da estrutura e fungdo da membrana celular, e geracdo de produtos de aldeido como a acroleina,
crotonaldeido, malondialdeido (MDA) e 4-hidroxi-2-nonenal (HNE) (KLAUNIG et al., 1998;
MARNETT, 2000).

Os niveis plasmaticos de MDA refletem a extensdo da peroxidacdo lipidica, portanto,
servem como um marcador para danos mediados por radicais livres. Devido a sua alta
citotoxicidade e acdo inibitoria sobre as enzimas protetoras, 0 MDA é sugerido como um

promotor tumoral e um agente carcinogénico (SEVEN et al., 1999).

2.4.1.2 Oxidacgéo de proteinas

As proteinas sdo alvos imediatos para a modificacdo oxidativa ocasionada por EROs,
alterando sua estrutura e provocando perda de funcdo e fragmentacdo das estruturas proteicas
(BEAL et al., 2003; DALLE-DONNE et al., 2003a). EROs podem danificar proteinas direta ou
indiretamente, através do ataque de aldeidos reativos como o MDA, formado durante a
peroxidacdo lipidica (GRIMSRUD et al., 2008). As consequéncias do dano proteico derivado
de EROs incluem a modificagdo da atividade de enzima, danos aos transportadores de
membrana, e interagcdo com receptores, todos o0s quais sdo potencialmente devastadores para a
fisiologia celular normal (KLAUNIG et al., 1998). A carbonilagdo proteica parece ser um
fendmeno comum durante a oxidacao, e sua quantificacdo pode ser usada para medir a extensdo
do dano oxidativo (DALL-DONNE et al., 2003b), pois trata-se de um marcador estavel de

oxidacéo proteica.
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Figura 5 — Dano oxidativo as macromoléculas bioldgicas.

Proteinas

Fonte: Adaptado de TORRES (2003).

2.4.2 Defesas Antioxidantes

O sistema de defesa antioxidante tem a funcédo de inibir e/ou reduzir os danos causados
pela acdo nociva dos radicais livres ou das EROs (BARBOSA et al., 2010). Por defini¢cdo, uma
substancia antioxidante é aquela capaz de inibir a oxidacdo ou, entdo, é qualquer substancia
gue, mesmo presente em baixa concentracdo se comparada ao seu substrato oxidavel, diminui
ou inibe a oxidacdo daquele substrato (HALLIWELL; GUTTERIDGE, 2000). Os primeiros
tipos identificados de sistemas de defesa antioxidante desenvolvidos contra o dano oxidativo,
sdo aqueles que impedem a ocorréncia de EROs e aqueles que bloqueiam ou capturam radicais
que sdo formados (CHEESEMAN; SLATER, 1993). Estes sistemas presentes nos
compartimentos celulares aquosos e membranares podem ser enzimaticos e ndo enzimaticos
(PISOSCHI; POP, 2015).

Estudos epidemioldgicos comprovaram a capacidade dos antioxidantes em conter 0s
efeitos da atividade de EROs e diminuir a incidéncia de cancer e outras doengas degenerativas.

No entanto, principalmente na agéo sustentada dos radicais livres, a capacidade do sistema de
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defesa contra as EROs pode ser superada, levando a ocorréncia de doencas (GODIC et al.,
2014). Os sistemas de defesa antioxidante trabalham cooperativamente para aliviar o estresse
oxidativo causado pela producdo aumentada dos radicais livres. Qualquer mudanca em um
desses sistemas pode quebrar esse equilibrio e causar dano celular e, em ultima instancia,
transformacédo maligna (GUPTA et al., 2009).

2.4.2.1 Antioxidantes enzimaticos

O sistema antioxidante enzimtico é representado, principalmente, pelas enzimas
antioxidantes superoxido dismutase (SOD), a qual catalisa a dismutacdo do anion radical
superdxido (O27) a peroxido de hidrogénio (H202) e O2, a catalase (CAT), a qual atua na
decomposicdo de H202a O2e H20, e a glutationa peroxidase (GPx), que atua sobre peroxidos
em geral, com utilizacdo de glutationa como co-fator (VALKO et al., 2007; VASCONCELLOS
et al., 2007; LEOPOLD; LOSCALZO, 2009).

A SOD constitui-se de uma metaloenzima abundante nas células aerobias e uma das
defesas antioxidantes enzimaticas mais efetivas. Esta metaloenzima é capaz de aumentar em
104 vezes a velocidade da reacdo de dismutacdo do radical O2- em H202 e O2 em pH fisioldgico
(VALKO et al., 2007). As enzimas SOD fazem parte do sistema de defesa enzimatica contra o
dano oxidativo, transformando o anion radical superéxido em H202. Trés tipos de SOD podem
ser encontradas em tecidos de mamiferos: SOD contendo cobre-zinco (Cu-Zn) (SOD1) presente
no citosol, SOD contendo manganés (Mn) (SOD2) encontrada na matriz mitocondrial e SOD
extracelular (SOD3) (PISOSCHI; POP, 2015). A SOD1 encontra-se no citoplasma celular e nos
fluidos extracelulares, onde é secretada pelas células endoteliais. JA& a SOD2 é uma enzima
mitocondrial tetramérica, apresentando um atomo de Mn por subunidade (SEIZI, 2003).

A CAT é 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. E encontrada em praticamente todos os 6rgos, estando
particularmente concentrada nos hepatdcitos, nos rins e nos eritrocitos. No interior das células,
a CAT encontra-se dentro dos peroxissomos e sua atividade é dependente de NADPH (Figura
6) (VALKO et al., 2006).
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Figura 6 — Mecanismo antioxidante enzimatico.
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Fonte: Adaptado de NORDBERG & ARNER (2001).

2.4.2.2 Antioxidantes ndo-enzimaticos

Além das defesas antioxidantes enzimaticas, os antioxidantes ndo enzimaticos também
possuem grande importancia no processo de defesa contra os danos causados por EROs. O
organismo tem a habilidade de produzir compostos que apresentam grande capacidade de
defesa antioxidante, direta ou indireta, atuando a fim de manter o estado de equilibrio celular
(HALLIWELL; GUTTERIDGE, 2000). Entre os antioxidantes ndo enzimaticos, encontramos
substancias como a vitamina E, vitamina C, -caroteno e flavonoides (GUPTA et al., 2009),
porém, destacam-se 0os compostos contendo grupos sulfidrila (SH), chamados tiois, cuja
capacidade de evitar a oxidacao deve-se, geralmente, ao atomo de enxofre que pode facilmente
acomodar a perda de elétron (HALLIWELL; GUTTERIDGE, 2000; MASELLA et al., 2005).

Os tidis ndo-proteicos tém uma importante funcdo na defesa contra as EROs
(HALLIWELL; GUTTERIDGE, 2000; MASSELA et al., 2005). A glutationa reduzida (GSH)
é o tiol ndo-proteico mais abundante presente nas células animais (LI et al., 2001), a qual é
formada por cisteina, glicina e residuos de acido glutdmico e sua capacidade redutora é
determinada pelo grupamento —SH presente na cisteina. Dentre as funcbes celulares
desempenhadas pela GSH podemos destacar a capacidade de transformar as vitaminas C e E

oxidadas em suas formas originais, sua participagdo na sintese e também no reparo da molécula
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de DNA, sua utilizagdo pelo figado na desintoxicacdo de compostos toxicos, e seu papel
protetor frente as proteinas (TOWNSEND et al., 2003).

A GSH participa na decomposicdo do H202, potencialmente toxico, que é convertido
em agua na reacdo catalisada pela GPx, as custas da GSH; a glutationa oxidada resultante ¢é
reciclada a forma reduzida pela glutationa redutase e NADPH. Dessa forma, este processo de
reciclagem e consequente manutencdo de niveis adequados de GSH pode prevenir o dano
celular causado pelo estresse oxidativo (GIUSTARINI et al.,, 2011). A GSH pode ser
considerada, entdo, um dos agentes mais importantes do sistema de defesa antioxidante da

célula, protegendo-a dos processos de inicia¢do tumoral (ARTEEL; SIES, 2001).

2.5 ENZIMAS QUE DEGRADAM ESTERES DE COLINA

2.5.1 Acetilcolina (ACh)

A acetilcolina (ACh) é um mediador quimico de sinapses no sistema nervoso central
(SNC), no sistema nervoso periférico (SNP) e também na jungdo neuromuscular. A ACh, seus
receptores e as enzimas responsaveis por sua sintese e degradacdao constituem o sistema de
neurotransmissdo colinérgica (WESSLER et al., 1998). A ACh ¢ sintetizada pela colina
acetiltransferase a partir da colina, um importante produto do metabolismo dos lipidios da dieta,
e acetil-CoA, um produto do metabolismo celular (SOREQ; SEIDMAN, 2001; PRADO et al.,
2002). Apos sua sintese, a ACh € captada por vesiculas de armazenamento, principalmente nas
terminagdes nervosas, nas quais permanece armazenada até a sua liberacdo (RAND, 2007).

Depois de ser liberada, a ACh se difunde na fenda sinaptica e ativa receptores
especificos, posicionados nas células pds sinapticas. A ACh ¢ amplamente distribuida no SNC,
onde seus efeitos sdo principalmente excitatorios, efetivados pela ativacdo de receptores
especificos, designados como receptores colinérgicos e, subdivididos em dois grandes grupos:
nicotinicos e muscarinicos, 0s quais transmitem os sinais por mecanismos diferentes (RANG et
al., 2004). A acdo da ACh é finalizada pela sua hidrolise enzimatica na fenda sinaptica pela
enzima acetilcolinesterase (AChE). A colina liberada €, em parte, recaptada para o terminal pré-
sinaptico atraves de um mecanismo de recaptacdo de alta afinidade (SOREQ; SEIDMAN,

2001) onde podera ser reutilizada para a sintese de novas moléculas de ACh.
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2.5.2 Colinesterases

As colinesterases representam um grupo de enzimas que hidrolisam acetilcolina e outros
ésteres de colina. Existem dois tipos principais de colinesterase com diferentes propriedades
bioguimicas: a colinesterase especifica, verdadeira ou AChE, a qual apresenta alta afinidade
pela ACh e é inibida por altas concentracfes da mesma. A outra é a colinesterase inespecifica,
pseudocolinesterase ou butirilcolinesterase (BChE) sérica, a qual hidrolisa colina e ésteres
alifaticos, tem menor afinidade pela ACh e néo é inibida por altas concentragdes da mesma
(DAVIS et al., 1997).

A AChE é encontrada, predominantemente, no cérebro (10 vezes mais abundante que a
BChE), juncdo neuromuscular e eritrocitos (COKUGRAS, 2003), enquanto a BChE é
encontrada principalmente no plasma, rins, figado, intestino, coracdo, pulmdo e tem uma
distribuicdo neuronal muito mais restrita do que a AChE (MESULAM et al., 2002).

2.5.2.1 Acetilcolinesterase (AChE)

A funcdo da AChE consiste na interrupcdo da acdo da ACh nas juncbes de vérias
terminacGes nervosas colinérgicas com seus o6rgdos efetores ou locais pds-sindpticos
(GOODMANN; GILMANN, 2006). A AChE apresenta um importante polimorfismo, ja que
existe em uma variedade de formas moleculares que podem ser classificadas como
homomeéricas ou heteroméricas, com base na associacdo com subunidades estruturais
especializadas (MASSOULLIE et al., 1993).

As formas homoméricas incluem as variedades globular monomérica (G1), dimérica
(G2) e tetramera (G4) (TAYLOR; BROWN, 1999). A forma G1 é citosélica e a G4 encontra-
se ligada a membrana, sendo esta Ultima a mais encontrada no tecido nervoso (DAS et al., 2001;
ALDUNATE et al., 2004). Em sangue humano, a AChE é encontrada tanto nos eritrécitos
quanto no plasma, onde predominam as formas G2 e G4, respectivamente (RAKONCZAY et
al. 2005). As formas heteroméricas, por sua vez, consistem em uma montagem das subunidades
estrutural e catalitica, nas quais a ligacao, através de pontes dissulfeto, de uma molécula triplice
helicoidal de colageno a um, dois ou trés tetrdmeros cataliticos resulta nas formas estruturais
assimétricas A4, A8 e A12 (MASSOULLIE et al., 1993).
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2.5.2.2 Butirilcolinesterase (BChE)

A BChE ¢é abundante no figado e no plasma. E responsavel pela hidrélise eficiente da
butirilcolina, além de desempenhar um importante papel no metabolismo de alguns agentes
anestésicos clinicamente importantes (por exemplo, succinilcolina e procaina) (BERNARDI et
al., 2010). No plasma, a BChE ocorre predominantemente como um tetrdmero formado por
dimeros de dimeros. Na formacédo de cada dimero, os mondémeros estdo ligados por pontes
dissulfeto e, ao formar o tetramero, os dimeros ligam-se entre si por ligacdes ndo covalentes.
Outras formas moleculares, como mondmeros e dimeros, também estdo presentes no plasma
em menores proporcdes. Os mondmeros séo constituidos de 574 amino&cidos e nove cadeias
de carboidratos, com peso molecular aproximado de 85 kDa (LOCKRIDGE et al., 1987 a, b).

A inflamacdo sisttmica € uma reacdo comum do hospedeiro a carcinogénese ou
progressao do cancer, e niveis séricos de BChE tem sido relatados por refletirem a presenca de
inflamacdo e outras condicBes clinicas (SANTARPIA et al., 2006). Embora a fungdo de
"sistema colinérgico ndo-neuronal” ainda ndo esteja esclarecida, ela parece intervir em
importantes processos celulares como proliferacdo, diferenciacdo, apoptose e reconhecimento
de célula-célula (PALEARI et al., 2008). A BChE afeta a proliferacdo celular em virtude de
seus efeitos antiapoptéticos, 0s quais podem apoiar 0s estagios iniciais da tumorigénese. Ela
também desempenha um papel nos estagios finais da transformac&o, melhorando o crescimento
celular independente da ancoragem, contribuindo para a ocorréncia de metastase no cancer
(SYED et al., 2008).



3 OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar a atividade das enzimas do sistema purinérgico em plaquetas, o perfil oxidativo
e a atividade da BChE sérica em pacientes com cancer de tireoide.

3.2 OBJETIVOS ESPECIFICOS

e Avaliar a atividade da enzima E-NTPDase na hidrélise de ATP e ADP em plaquetas;

e Avaliar a atividade da enzima E-5’-NT em plaquetas;

e Avaliar a atividade da enzima ADA em plaquetas e no soro;

e Determinar a producéo sérica de EROs;

e Avaliar a peroxidacdo lipidica;

e Avaliar a oxidagéo proteica;

e Avaliar os niveis de defesas antioxidantes;

e Avaliar a atividade sérica da BChE;

e Discutir o papel da sinalizacdo purinérgica no cancer e no cancer de tireoide, e seu

potencial como alvo terapéutico para o cancer por meio de um manuscrito de revisao.



4 MANUSCRITOS

Os resultados que fazem parte desta tese estdo apresentados sob a forma de dois
manuscritos. Os itens Materiais e Métodos, Resultados, Discusséo, Conclusdo e Referéncias
Bibliogréaficas, encontram-se compondo o proprio manuscrito e, juntamente com o0 manuscrito
de revisdo, representam a integra deste estudo.

Os manuscritos estdo estruturados de acordo com as normas das revistas cientificas Clinica
Chimica Acta (Manuscrito 1), para o qual sera submetido, e Clinical and Experimental Medicine
(Manuscrito I1), para a qual ja foi submetido.

Os itens DISCUSSAO e CONCLUSOES encontrados no final desta tese, apresentam
interpretacfes e comentarios gerais a respeito dos resultados demonstrados nos manuscritos

contidos neste trabalho.
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ABSTRACT

Introduction: The incidence of thyroid cancer has been increasing in recent years. Many
studies have demonstrated the involvement of purinergic signaling and oxidative stress in the
progression of cancer, in addition to the involvement of butyrylcholinesterase (BChE) in
tumorigenesis. We evaluated the activity of enzymes of the purinergic system,
butyrylcholinesterase and the oxidative profile in thyroid cancer.

Methods: We determined the activity of the enzymes ectonucleoside triphosphate 5'-
diphosphohydrolase (E-NTPDase/CD39), ecto-5"-nucleotidase (E-5'-NT/CD73) and adenosine
deaminase (E-ADA) in platelets of thyroid cancer patients, the oxidative profile of serum levels
of reactive oxygen species (ROS), lipid peroxidation, protein carbonylation and total thiols (T-
SHs) and reduced glutathione (GSH) levels, as well as the serum activity of BChE and ADA.
Results: The activity of E-NTPDase, both in the hydrolysis of adenosine triphosphate (ATP)
and adenosine diphosphate (ADP), was reduced in patients' platelets, as well as ADA activity,
both in platelets and in serum. The activity of E-5'-NT was increased. We observed increased
ROS production and lipid peroxidation, in addition to an increase in serum BChE activity.
Conclusions: The activity of ectonucleotidases, E-ADA, BChE and oxidative profile are
altered in patients with thyroid cancer and correlate with the evolution of the disease.

Key words: thyroid cancer, purinergic signaling, oxidative stress, butyrylcholinesterase
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1. Introduction

Thyroid cancer is the most common endocrine neoplasia, which accounts for about 2.1%
of all cancer diagnoses worldwide, and about 77% of thyroid cancer diagnoses occur in women
[1]. Thyroid cancer is three to five times more frequent in women than in men, and the annual
percentage increase in incidence is generally higher in women [2].

Since the use of ultrasonography in the 1980s and the performance of fine needle
aspiration biopsy, together with the increased use of imaging modalities such as magnetic
resonance, computed tomography and Positron Emission Tomography (PET), early diagnosis
of breast cancer declined [3,4]. Thyroid cancers are classified as: differentiated (papillary and
follicular), undifferentiated (anaplastic) and medullary carcinomas, with the most frequent
being papillary carcinomas, followed by follicular carcinomas. Differentiated carcinomas
correspond to 90% of all thyroid neoplasms [5,6].

The presence of nodules in the thyroid has become a public health problem, since it is
estimated that 10% of the population will develop a palpable nodule during life [7-9]. Although
most cases of thyroid cancer show a good survival rate, a subset of cases demonstrates
resistance to radioactive iodine and high rates of recurrence and metastasis [10,11].

The relevance of the participation of purinergic signaling, both in physiological and
pathological conditions, has been progressively recognized in the last decades. The purinergic
system, which consists of purinergic enzymes, adenine nucleotides ATP, ADP and adenosine
monophosphate (AMP), and its nucleoside derivatives adenosine and inosine and purinergic
receptors, participate in several types of cellular responses. Fundamental pathophysiological
processes such as tissue homeostasis, neurodegeneration, immunity, inflammation and cancer
are modulated by purinergic signaling [12].

Once released, nucleotides interact with specific purinergic receptors, mediating events
involved in the immune response, inflammation, platelet aggregation, and others [13].
Extracellular ATP is classified as an important immune modulator [14], capable of controlling
inflammation and immune response [15]. ADP in the extracellular medium acts as a primary
mediator of platelet activation, contributing to homeostasis and thrombus formation, through
its aggregatory effect after tissue damage [16]. Adenosine is known to have anti-inflammatory
properties [17], vasodilators, neuroprotective [18], and immunosuppressive properties [19].
Adenosine-mediated immunosuppression is a critical physiological mechanism to protect
tissues against excessive inflammation and promote tissue repair after injury. In the tumor
microenvironment, this process is explored to decrease antitumor immunity and promote cancer

progression [20].
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The concentrations of nucleotides and adenosine in the extracellular compartment are
controlled by ectoenzymes [21]. The enzyme E-NTPDase/CD39 catalyzes the hydrolysis of
ATP and ADP, leading to the formation of AMP. E-5-NT/CD73 is responsible for the
degradation of AMP, culminating with the formation of adenosine [22,23]. In this way, E-
NTPDase and E-5'-NT act together to convert ATP into adenosine. E-ADA, in turn, converts
adenosine to inosine [24,25].

Patients with some type of neoplastic disease demonstrate a series of physiological
changes, including the occurrence of thrombotic and inflammatory processes [26], in which
adenine nucleotides and nucleosides act as important mediators and signaling agents [27,28].
Thus, the investigation of the activity profile of the enzymes that catalyze the degradation of
these nucleotides in the extracellular environment in cancer patients is of great relevance. Both
E-ADA and ectonucleotidases are enzymes linked to the platelet membrane.

In addition to the involvement of purinergic signaling in cancer physiology, it is known
that chronic oxidative stress has serious implications for the initiation, growth, and development
of cancer metastases [29]. Oxidative stress is defined as a state of imbalance between the
production of free radicals, particularly ROS, and the body's ability to defend itself against these
species [30]. At low levels, ROS participate of cell signaling. However, at high levels, they can
cause irreversible oxidative damage to lipids, proteins and DNA, interfering with vital cellular
functions [31]. High levels of ROS can contribute to carcinogenesis, promoting the survival,
proliferation and metastasis of tumor cells [32]. The damage caused by the oxidative stress is
minimized by the antioxidant defense system, including enzymatic and non-enzymatic systems
[33]. Among the non-enzymatic antioxidants, we found the organic compounds containing
sulfhydryl groups (SH), called thiols. GSH is the main representative of non-protein thiols due
to their abundance in cells [34]. Any change in one of these systems can break the balance
between producing and eliminating ROS by causing cellular damage and, ultimately, malignant
transformation [35].

The correlation of cholinesterase activity with tumorigenesis, proliferation and cell
differentiation has been observed [36—38]. Cholinesterase represents a group of enzymes that
hydrolyze acetylcholine (ACh) and other choline esters, which is formed by two main types of
cholinesterase: true cholinesterase or acetylcholinesterase (AChE) and pseudocholinesterase or
BChE [39]. AChE and BChE, to a lesser extent, limit the action of ACh on cholinergic synapses
and neuromuscular junctions [40]. Although the "non-neuronal cholinergic system" function
has not yet been elucidated, it seems to mediate important cellular processes such as

proliferation, differentiation, apoptosis and cell-cell recognition [41]. Studies have
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demonstrated that BChE levels can be used as a biochemical marker for monitoring head and
neck cancer and cervical cancer [42].

A Dbetter understanding of the molecular mechanisms involved in the progression of
malignant thyroid tumors, as well as the need for the use of new biomarkers to monitor the
evolution of this neoplasm, are of great relevance for the development of more effective
therapeutic strategies, with consequent improvement in the clinical picture and prognosis of
patients with thyroid cancer. Considering the involvement of purinergic signaling in the
pathophysiology of cancer and thromboembolic processes, the occurrence of high oxidative
stress in different types of cancer, and the involvement of BChE in cellular processes such as
proliferation, differentiation, and apoptosis with possible influence on tumorigenesis, we
performed a series of analysis. We determined the activity of the purinergic enzymes E-
NTPDase, E- 5°-NT and E-ADA in platelets of patients with thyroid cancer. ADA and BChE
activities in serum were also performed. We also investigated the oxidative profile of these
patients from the determination of the serum levels of ROS, TBARS, and carbonylation of

proteins, as well as the antioxidant profile by determining the levels of T-SHs and GSH.

2. Material and methods

2.1. Chemicals

The substrates ATP, ADP, AMP, adenosine, 5,5-dithio-bis(-2-nitrobenzoic acid)
(DTNB), Tris (hydroxymethyl) aminomethane, Coomassie Brilliant Blue G and Trizma base
were purchased from Sigma Chemical Co. All reagents used in this experiment were of the

highest purity.

2.2. Patients and samples

The study population consisted of 19 patients with thyroid cancer (Ca thyroid group),
from the Hospital of the Federal University of Santa Maria. The diagnosis of thyroid carcinoma
was made from the performance of fine needle aspiration biopsy of nodules above 1.0 cm. A
group of 25 healthy individuals was used as the control group. Smoking or alcoholism subjects
with diabetes mellitus, hypertension, rheumatoid arthritis or other pathology were excluded
from the study.

Blood samples were collected in vacuum tubes with 3.5% sodium citrate as the

anticoagulant (for platelet analysis) and in tubes without anticoagulant (for serum analysis).
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About ten milliliters of blood were collected from each patient to perform the experiments. All
individuals who participated in the study provided written consent for their participation. The
Human Ethics Committee of the Federal University of Santa Maria approved the protocol under
No. 1.343.790.

2.3. Isolation of platelets and determination of proteins

For platelet isolation, platelet rich plasma (PRP) was separated from blood collected
with anticoagulant sodium citrate, according to the method of Pilla et al. [43], modified by
Lunkes et al. [44]. Briefly, blood was collected in vacuum tubes and centrifuged at 1000 rpm
for 10 min. Thereafter, the PRP was centrifuged at 3500 rpm for 30 min and washed twice with
3.5 mM HEPES buffer, pH 7.0, which contained 142 mM NaCl, 2.5 mM KCI and 5.5 mM
glucose. The platelet pellets were resuspended in HEPES buffer and the protein was adjusted
to 0.4 to 0.6 mg/mL for the determination of the activities of the purinergic ectoenzymes.

Proteins were determined by the Coomassie blue method, using bovine serum albumin
as standard, as described by Bradford [45].

2.4. Serum separation

To obtain serum, blood was collected in a tube without anticoagulant and, after clot
formation, centrifuged at 3,500 rpm for 15 minutes. The serum was withdrawn and the
precipitate discarded. In serum, the levels of ROS, TBARS, carbonylation of proteins, T-SHs,
GSH and the activity of BChE and E-ADA will be determined.

2.5. Determination of the activity of E-NTPDase and E-5"-NT

The activities of the ectonucleotidases were determined using a PRP preparation
according to Pilla et al. [43]. Briefly, to determine the activity of E-NTPDase, 20 uL of the PRP
preparation were mixed into the system, which contained 5 mM CaCl,, 100 mM NaCl, 5 mM
KCI, 6 mM glucose and 50 mM Tris-HCI buffer, pH 7.4. The reaction was started by the
addition of 20 uL of ATP or ADP (1 mM) as the substrate. For AMP hydrolysis, E-5-NT
activity was determined as described above except that 5 mM CaCl, was replaced with 10 mM
MgCl. and the added nucleotide was 2 MM AMP. Both reactions were stopped by the addition
of 200 mL of 10% trichloroacetic acid (TCA) to provide a final concentration of 5%. Then the
dosage of the released inorganic phosphate (Pi) followed the Chan method using KH2PO4 as
standard and malachite green as a colorimetric reagent. The enzymatic preparation was added

only to the controls after the addition of TCA for correction of the hydrolysis of non-enzymatic
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nucleotides. Samples were collected in triplicate with enzymatic activity reported in nmol of

released Pi/min/mg protein.

2.6. Determination of E-ADA activity

The activity of E-ADA in platelets and serum was determined according to Giusti and
Galanti [46], whose method is based on the direct production of ammonia when the E-ADA
produces ammonia by excessive adenosine. Briefly, 50 puL of platelets or serum was added to
21 mmol/L adenosine, pH 6.5 and incubated at 37 ° C for 60 min. After phenol 106.2 mmol/L,
sodium nitroprusside 167.8 nmol/L and hypochlorite solution were added to the reaction and
incubated at 37 ° C for a further 30 min. For the standard, ammonium sulfate of 75 umol/L was
used. Protein content was adjusted in the range 0.4-0.6 mg/mL for platelets. All samples were
analyzed in triplicate and ADA activity was shown in U ADA/mg protein for platelets and U/L

for serum.

2.7. Determination of ROS production

The levels of 2'-7'-dichlorofluorescein (DCF) were determined as an index of production
of reactive species by cellular components [47]. 50 uL aliquots of serum were added to a
medium containing Tris-HCI buffer (0.01 mM, pH 7.4) and 2'-7'-dichlorofluorescein-diacetate
(DCFH-DA) (1 mM). After addition of DCFH-DA, the medium was incubated in the dark for
1 hr until the fluorescence measurement procedure (excitation at 488 nm and emission at 525
nm, both slit widths were 1.5 nM). The oxidized DCF was determined using a standard curve

of oxidized DCF and the results were expressed as DCFH-DA fluorescence.

2.8. Determination of lipid peroxidation

Serum levels of thiobarbituric acid reactive substances (TBARS) were determined
according to Jentzsch et al. [48], by determining the concentration of malondialdehyde (MDA)
as a product of lipid peroxidation through the reaction with thiobarbituric acid (TBA). Briefly,
the reaction mixture containing 200 uL of serum or standard (0.03 mM MDA), 1 mL of 0.2 M
orthophosphoric acid and 250 pL thiobarbituric acid (0.1 M) was heated at 95 ° C for 120 min.
The absorbance was measured at 532 nm. Serum TBARS levels were expressed as nmol

MDA/mg protein.
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2.9. Determination of carbonyl protein levels

Carbonylation of proteins was determined by the method of Levine et al. [49] and
modified by Reznick and Packer [50]. A 10 mM 2,4-dinitrophenyl hydrazine (DNPH)
containing medium and hydrochloric acid (HCI) was added to the protein precipitate and
incubated at room temperature for 1 h. During the incubation, the serum samples were
vigorously mixed every 15 min. 500 pL of denaturation buffer (3% sodium dodecyl sulfate
(SDS)) plus 2000 uL of ethanol and 2000 ul of heptane were then added. The samples were
resuspended in 1000 pL of denaturation buffer and placed in a water bath for about 20 minutes
(40 ° or 50 ° C) until the pellets were dissolved. The reading was performed at 370 nm on the
UV-VIS spectrophotometer. The results were expressed as nmol carbonyl/mg total protein.

2.10. Determination of T-SHs and GSH

T-SHs were analyzed spectrophotometrically by the method of Boyne and Ellman [51],
with some modifications. An aliquot of 200 pL of serum in a final volume of 900 pL of solution
was used for the reaction. The reaction product was measured at 412 nm after the addition of
50 uL of 10 MM DTNB. A standard curve using cysteine was added to calculate the thiol group
content in the samples and was expressed as nmol of T-SH/mg protein.

GSH was measured spectrophotometrically with the Ellman reagent [52]. An aliquot of
200 pL of serum in a final volume of 900 pL of solution was used for the reaction. The reaction
product was measured at 412 nm after the addition of 50 uL of 10 mM DTNB. A standard curve
using glutathione was added to calculate the GSH content in the samples and the content was

expressed as nmol of GSH/mL serum.

2.11. Determination of BChE activity

Serum BChE activity was determined by the method of Ellman et al. [53]. The 0.1 mol
potassium phosphate buffer system with ph 7.4, 0.30 mmol DTNB and 50 pL serum were
incubated for 2 min at 30 ° C and the reaction was started by the addition of the butyrylcholine
substrate at the concentration of 1 mmol. The reading was performed by the spectrophotometry
method of 2 min at 412 nm. The enzymatic activity was expressed in umol of BcSCh/h/mg of

protein.

2.12. Statistical analysis
All variables were tested for normality using the Kolmogorov-Smirnov test. The

differences between the groups were analyzed by the unpaired Student's t test, considered
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significant when P <0.05. The results were shown as mean + standard error of the mean (mean
+ SEM).

3. Results

3.1. General characteristics of patients with thyroid cancer and controls

Nineteen patients with thyroid cancer (14 women and 5 men) from the University
Hospital of Santa Maria, together with the control group composed by twenty-five healthy
individuals (24 women and 1 man) were selected for the study. Table 1 shows the general
characteristics of patients with thyroid cancer and controls.

3.2. E-NTPDase and E-5"-NT activity in platelets

Figures 1A and 1B demonstrate the hydrolysis of ATP and ADP, respectively, by E-
NTPDase in platelets from patients with thyroid cancer (Ca Thyroid) and control group. The
hydrolysis of ATP (Figure 1A) in patients with thyroid cancer showed a significant reduction
in relation to the control group (16.42 + 2.167 vs. 22.26 £ 0.961 nmol Pi/min/mg protein,
respectively, P <0.05). The hydrolysis of ADP (Figure 1B) in patients with thyroid cancer,
similar to ATP hydrolysis, showed a significant reduction in relation to the control group (7.594
+1.167 vs. 20.14 £ 1.318 nmolPi/min/mg protein , respectively, P <0.05).

Figure 1C demonstrates the hydrolysis of AMP by E-5"-NT in platelets of patients with
thyroid cancer (Ca Thyroid) and control group. Hydrolysis of AMP in patients with thyroid
cancer showed a significant increase in relation to the control group (9,275 + 2,358 vs. 4,727
0,486 nmolPi/min/mg protein, respectively, P <0.05).

3.3. ADA activity in platelets and serum

The results obtained for adenosine deamination by E-ADA activity in platelets of
patients with thyroid cancer (Ca Thyroid) and control group are represented in Figure 2A.
Adenosine deamination in patients with thyroid cancer showed a significant reduction (7.594 £+
1.167 U ADA/mg protein) compared to the control group (20.14 + 1.318 U ADA/mg protein)
(P <0.05).

The results of serum ADA activity are shown in Figure 2B. In the serum, adenosine
deamination in patients with thyroid cancer also showed a significant reduction (21.73 = 1.899
U/L) compared to the control group (29.11 + 2.365 U/L) (P <0.05).
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3.4. ROS levels
The results presented in Figure 3A show a significant increase in ROS production by
thyroid cancer patients compared to the control group (5.302 + 0.513 vs. 3.818 + 0.363 DCFH-

DA fluorescence, respectively, P <0.05).

3.5. Determination of lipid peroxidation

Lipid peroxidation was estimated by determination of TBARS levels in the group of
patients with thyroid cancer and in the control group. The results presented in Figure 3B show
a significant increase in TBARS levels in the group of patients with thyroid cancer (4.201
0.602 nmol MDA/mg protein, P <0.05) when compared to the control group (2,720 + 0.222
nmol MDA/mg protein).

3.6. Determination of carbonyl protein levels

Protein oxidation was determined by the carbonyl protein content in the patient's serum
samples and the control group. By analyzing Figure 3C we can observe that, although carbonyl
protein levels are higher in the group of patients with thyroid cancer, we did not observe a
significant increase of these levels in serum of cancer patients, when compared to the control
group (0,02312 + 0.001374 vs. 0.02054 + 0.0008115 nmol carbonyl/mg total protein,
respectively, P > 0.05).

3.7. T-SHs and GSH levels
The levels of T-SHs in the group of patients with thyroid cancer did not present a
significant difference when compared to the levels in the serum of the control group, as shown
in Figure 4A (932.3 £ 40.54 vs. 971.6 = 51, 52 nmol TSH/mg protein, respectively, P > 0.05).
The same occurred with respect to GSH levels (Figure 4B), which did not present a
significant difference between patients with thyroid cancer and the control group (37.01 £ 0.217

vs. 36.78 £ 0.341 nmol GSH/mI serum, respectively).

3.8. BChE activity

The serum activity of BChE in the group of patients with thyroid cancer was
significantly elevated (4,018 + 0,404 pumol BcSCh/h/mg protein, P <0.05) compared to the
activity in the control group (2,889 + 0,2199 umol BcSCh/h/mg protein), as shown in Figure 5.
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4. Discussion

Several studies have shown changes in adenine nucleotide hydrolysis in various
pathological conditions, including breast cancer, prostate cancer and cervical neoplasia [28].
These results reinforce the close relationship between neoplastic diseases and the activity of the
enzymes that hydrolyze adenine nucleotides.

In a study of papillary thyroid cancer cells, it was shown that cancer cells had an
intracellular and extracellular ATP concentration at least 3-fold higher than control cell
concentrations [54]. Our results showed a significant reduction of ATP hydrolysis in platelets
of cancer patients, possibly followed by an increase in the extracellular concentration of ATP.
ATP release is not only a consequence of damage to tumor stroma or host cells, nor a byproduct
of inflammatory cell activation, but a process closely involved in cancer cell metabolism and
antitumor immunity [55].

It is believed that ATP has properties that protect against tumor growth, as reported in
a review by Abraham et al. [56], in part, causing apoptotic death of tumor cells. Maldonado et
al. [57], by evaluating the changes in extracellular hydrolysis of adenine nucleotides in platelets
of patients with cervical intraepithelial neoplasia at different stages and in invasive uterine
cancer, observed a decrease in E-NTPDase activity at all stages when compared to the control
group. The reduction of the ATP hydrolysis in this study could represent an attempt of general
protection exerted by the cells, which would be "fighting™ against the presence of tumor cells.

Analyzing the hydrolysis of ADP, we observed a significant reduction of ADP
hydrolysis in platelets of patients with thyroid cancer. It is known that ADP has the property of
recruiting circulating platelets, which can cause undesirable formation of a thrombus [58]. A
decrease in the ADP hydrolysis favors the accumulation of this nucleotide in the extracellular
environment, which may promote an amplification of the platelet aggregation phenomenon
[59,60]. The literature demonstrates that cancer patients are predisposed to have
thromboembolic changes, which may be a consequence of the decrease of this hydrolysis [61].

Zanini et al. [26], observed a significant reduction of the ADP hydrolysis in the platelets
of patients with lung cancer, as well as a significant increase of the platelet aggregation in
comparison with the control group when ADP was used as an agonist. These increases were
suggested by the authors to be a consequence of ADP accumulation in the extracellular
environment.

In relation to AMP hydrolysis, we observed a significant increase in AMP hydrolysis in
platelets of patients with thyroid cancer in relation to the control group. This result may indicate

a possible improvement in the formation of adenosine as a reflection of the presence of the
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tumor, since adenosine acts as a tumor-promoting agent. Kondo et al. [62] demonstrated an
overexpression and high activity of E-5°-NT in follicular cells of papillary thyroid carcinoma,
and low expression and activity in follicular cells of normal thyroid, nodular goiter and
follicular adenoma. The authors suggested that, clinically, the strong expression of CD73 in
papillary thyroid carcinomas could help in the differential diagnosis of thyroid tumors.

CD73 expression is significantly increased in cancerous tissues, accompanied by high
enzymatic activity, and may mediate the production of extracellular adenosine [63]. The
increase in E-5"-NT activity observed in patients with thyroid cancer in our study corroborates
with the results available in the literature for different types of tumors. The E-5"-NT activity
was elevated in mammary carcinoma [64], gastric cancer [65], pancreatic [66] and glioblastoma
[67].

Adenosine is one of the molecules with the highest concentration within the tumor
microenvironment [22,68] and is involved in the process of tumor-associated
immunosuppression. It has also been suggested that adenosine may regulate vascular supply to
neoplastic tissue and thus influence tumor growth [69]. By analyzing the results of the ADA
activity obtained in our study, we observed a significant reduction in the deamination of
adenosine in both platelets and serum of patients with thyroid cancer when compared the control
group, which may result in increased levels of extracellular adenosine. linking the increased
hydrolysis of AMP with the reduction of adenosine deamination in the patients evaluated in our
study, we can suggest the occurrence of a mechanism capable of producing the elevation of
extracellular levels adenosine in thyroid cancer.

In one study, which evaluated ADA activity in serum and platelets of prostate cancer
patients, the researchers observed a reduction in ADA activity in both platelets and serum of
patients with advanced prostate cancer, suggesting a consequent elevation of the extracellular
concentration of adenosine in these patients. Researchers have indicated that increased levels
of adenosine produced by tumors may be associated with the development of drug resistance
and a more aggressive course of the disease [70]. Other studies have demonstrated that the
determination of ADA activity may be useful in the diagnosis and/or monitoring of malignant
processes [64].

As well as the involvement of purinergic signaling in tumor progression has been
pointed out, oxidative stress has also been shown to play an important role during initiation,
promotion and tumor progression [72]. Oxidative stress is defined as an imbalance between the
production of free radicals, also known as oxidants or EROs and their elimination through

protective mechanisms, defined as antioxidants [73]. This imbalance causes damage to the
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biomolecules essential to the cells and has a potential impact on the organism [74]. EROs play
a crucial role in physiological and pathophysiological processes [75]. Elevated levels of ROS
can contribute to carcinogenesis, and the signaling mediated by them may promote the survival,
proliferation, and metastasis of tumor cells [32]. High production of ROS and persistent
oxidative stress have been recognized as characteristics of carcinoma cells in vivo and in vitro
[76-78].

The relationship between EROs and cancer is well established, once EROs may
contribute to the neoplastic transformation of cells [30,79]. In our study, we observed a
significant increase in ROS production by thyroid cancer patients. Because of their high
reactivity, ROS react with all types of biological molecules. Thus, persistent high
concentrations of EROs can damage several cellular and extracellular constituents, including
DNA, proteins and lipids [80], initiating lipid peroxidation, inactivating enzyme systems and
altering the cellular antioxidant defense system [81]. We evaluated some serum markers of
redox balance to reflect the damage caused by ROS and the efficacy of some of the body's
antioxidant defenses in thyroid cancer patients and controls.

For the evaluation of lipid peroxidation, we determined the serum levels of TBARS.
The main target of ERO peroxidation is the polyunsaturated fatty acids that are part of the
membrane lipids, leading to the formation of lipid peroxides [82]. In our study, we observed a
significantly elevated production of TBARS by thyroid cancer patients. Our results are
consistent with other studies that have evaluated lipid peroxidation in other types of cancers,
such as uterine cervix, head and neck, and prostate cancer [35,83,84].

We also evaluated protein oxidation by determining serum levels of carbonylated
proteins. Although we observed an increase in the levels of carbonylated proteins in patients
with thyroid cancer, this increase was not significant. EROs modulate the function of all classes
of biomolecules, targeting all cellular components. Since lipids are the substances most
susceptible to oxidation by the action of ROS [85], in our study, increased levels of
carbonylated proteins were not as pronounced as the increase in TBARS levels, which represent
a significant increase in lipid peroxidation in patients with thyroid cancer.

We also did not observe a significant difference between the levels of T-SHs and GSH
in patients with thyroid cancer and the control group. In physiological conditions, the cells are
able to counterbalance the harmful effects of ROS through the antioxidant defense system,
which consists of enzymatic and non-enzymatic free radical neutralizers, such as T-SHs and
GSH. Antioxidant defense systems work together to minimize oxidative stress caused by

increased free radical production [35]. Many studies evaluating antioxidant defenses in patients
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with various types of cancer have demonstrated a reduction in the levels of these substances in
patients [35,86].

However, Maldonado et al. [83], when assessing GSH levels in patients newly
diagnosed with cervical cancer, observed an increase in GSH levels in these patients when
compared to controls, attributing this elevation to the action of the antioxidant defense that
occurs at the beginning of the neoplastic transformation with the objective of preventing tissue
damage caused by oxidative stress. All patients who participated in our study at the time of
sample collection had clinically palpable nodules, indicating that the tumor had already evolved
from a microcarcinoma to a larger tumor, and that they were no longer at an early stage of the
disease. Probably, due to the more advanced tumor stage, we did not observe significant
alterations in the levels of GSH and T-SHs in patients with thyroid cancer. This "failure™ of the
antioxidant system correlates with the high production of EROs and TBARS observed in the
blood circulation of these patients.

The correlation between cholinesterase activity and cancer has also been studied. BChE
affects cell proliferation by showing antiapoptotic effects that may support the early stages of
tumorigenesis. It also plays a role in the later stages of cell transformation, contributing to cell
growth, and development of cancer metastasis [87]. In our study, we observed that the activity
of BChE in patients with thyroid cancer was significantly higher than healthy individuals.
Similarly results were found by Prabhu et al. [88], which determined the serum activity of BChE
in patients with oral cancer prior to therapy and observed that cancer patients had BChE activity
significantly higher than controls.

In another study, which evaluated the histochemical activity of BChE in brain tumors,
the researchers demonstrated that in less aggressive brain tumors BChE activity was low or
moderate, whereas in aggressive tumors the activity was elevated. Regarding cell growth, they
observed that in type IV gliomas, which show rapid growth, BChE activity was higher, whereas
in type Il and Il gliomas BChE activity was moderate or low and cell growth slow or
intermediate [89]. Thus, the researchers suggested a relationship between the level of BChE
and the rate of cell growth in brain tumors. In our study, we observed a similar situation, since,
as previously reported, the patients in our study had palpable nodules, signaling that the tumor
was not in an early stage of development, a situation that correlates with the high activity of
BChE observed in these patients. Robitzki et al. [90] demonstrated that BChE blockade inhibits

cell proliferation and differentiation.
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5. Conclusion

We have demonstrated changes in the activities of the purinergic and cholinergic
enzymes and in the oxidative profile of patients with thyroid cancer during tumor progression.
We emphasize the increase in the activity of E-5'-NT and the reduction of ADA activity, which
may suggest the occurrence of a mechanism capable of raising the extracellular levels of
adenosine, a molecule involved in the progression of tumors. The absence of an increase of the
antioxidant defense mechanisms combined to high levels of ROS resulted in oxidative stress,
leading to an increase in the lipid peroxidation in patients with thyroid cancer. The high activity
of BChE in patients, demonstrated in our study, may be linked with a more advanced stage of
tumor progression. Therefore, these parameters may represent future targets for treating and
monitoring the evolution of this neoplasia, improving the prognosis of patients with thyroid

cancer.
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Table 1
General characteristics of patients with Thyroid Cancer and Controls.

Thyroid Cancer (n=19) Controls (n=25)

Age (y)? 45,26 + 16,09 30,84 + 9,582
Gender (Female/male) 14/5 24/1
Nodule size? 2,436 £ 1,150 -
Papillary carcinoma 14 -
Follicular carcinoma 5 -
Presence of metastasis 5 -

& Continuous variables are presents as means + SD.
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Legends

Fig. 1 E-NTPDase activity in the hydrolysis of ATP (A) and ADP (B) in platelets of patients
with thyroid cancer (Ca Thyroid) and control group. ** P and *** P <0.05, n = 18-25 (A) and
n =17-25 (B). Activity of E-5'-NT (C) in platelets of patients with thyroid cancer and control
group. * P <0.05, n = 14-19. Specific enzymatic activities were reported as nmol of released
Pi/min/mg protein. The variables were expressed as mean = SEM. Student's t-test for
independent samples was used for the analyzes.

Fig. 2 E-ADA activity in platelets (A) and serum (B) of patients with thyroid cancer (Ca
Thyroid) and control group. * P <0.05, n = 19-19 (A) and n = 15-12 (B). Enzyme activities
were reported as U ADA/mg protein and U/L, respectively. The variables were expressed as
mean £ SEM. Student's t-test for independent samples was used for the analyzes.

Fig. 3 ERO levels (A) in serum of patients with thyroid cancer (Ca Thyroid) and control group.
* P <0.05, n = 14-10. The results were expressed as DCFH-DA fluorescence. Levels of TBARS
(B) in the serum of patients with thyroid cancer and control group. * P <0.05, n = 10-11. Serum
TBARS levels were expressed as nmol MDA/mg protein. Levels of carbonylated proteins (C)
in the serum of patients with thyroid cancer and control group. n = 13-10. The results were
expressed as nmol carbonyl/mg total protein. The variables were expressed as mean + SEM.
Student's t-test for independent samples was used for the analyzes.

Fig. 4 Levels T-SHs (A) and GSH (B) in the serum of patients with thyroid cancer (Ca Thyroid)
and control group. n = 12-9 and n = 13-12, respectively. The thiol group content in the samples
was expressed as nmol of T-SH/mg protein and that of GSH as nmol of GSH/ml of serum. The
variables were expressed as mean £ SEM. Student's t-test for independent samples was used
for the analyzes.

Fig. 5 BChE activity in the serum of patients with thyroid cancer (Ca Thyroid) and control
group. * P <0.05, n = 14-10. The enzymatic activity was expressed in pmol of BcSCh/h/mg of
protein. The variables were expressed as mean £ SEM. Student's t-test for independent samples
was used for the analyzes.
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Fig. 2
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ABSTRACT

Thyroid cancer is an endocrine malignancy whose global incidence has increased rapidly over
the last decades. Although most cases of thyroid cancer have a good survival rate, a subset of
cases demonstrates resistance to conventional treatment and high rates of recurrence and
metastasis. Recently, many studies have reported the role of extracellular nucleotides such as
adenosine 5'-triphosphate (ATP), and nucleosides, such as adenosine, as important modulators
in the tumor microenvironment. Given the global increase in the incidence of thyroid cancer
and evidence of the involvement of purinergic signaling in tumor, we will discuss the role of
the purinergic signaling in cancer and thyroid cancer and its potential as a therapeutic target for
cancer. We have searched electronic databases for papers on the subject. We found many in
vitro and in vivo studies that demonstrated the participation of ectonucleotidases, purinergic
receptors and adenosine in tumor growth and progression, as well as clinical studies using the
enzyme ecto-5'-nucleotidase (E-5'-NT/CD73) and ATP and adenosine receptor blockers as
antitumor agents. The recognition of the involvement of purinergic signaling in cancer and,
hence, the transformation of its components into therapeutic targets for the different types of
tumors is of fundamental importance, especially for aggressive thyroid cancer, which is
resistant to the different currently available treatments.

Keywords: thyroid cancer, purinergic signaling, ATP, CD39, CD73, adenosine
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INTRODUCTION

Thyroid cancer: epidemiology, classification, and carcinogenesis

Thyroid cancer is the most prevalent cancer affecting the endocrine glands and is among
the top five most frequent cancers in women [1]. The incidence of thyroid cancer (TC) has
increased steadily over the past three decades in many countries and regions of the world [2].
In Brazil, according to the National Cancer Institute (INCA) [3], the estimate of new cases of
thyroid cancer for each year of the 2018-2019 biennium is of 1,570 new cases in males and
8,040 in females, with an estimated risk of 1.49 cases for every 100,000 men and 7.57 cases by
100,000 women.

The increased incidence of this type of cancer clearly coincided with the great increase
in the use and sensitivity of diagnostic techniques for thyroid gland evaluation [4]. Until the
late 1970s, most cases of thyroid cancer were diagnosed in patients who had nodules that caused
symptoms of compression or visible cervical masses, and only relatively large nodules were
assessed by palpation and biopsy. The advent of ultrasonography of the neck and thin-needle
biopsy guided by ultrasound in the late 1980s allowed the detection and histological
examination of nodules as small as a few millimeters [4].

Thyroid carcinomas are classified according to histopathological criteria into:
differentiated (papillary and follicular), undifferentiated (anaplastic) and medullary, the most
frequent being papillary carcinomas, followed by follicular carcinomas [5] (Fig. 1). Among
these neoplasms, the prognosis is generally good for patients with adequately treated
differentiated thyroid cancer. However, anaplastic (undifferentiated) thyroid carcinomas do not
exhibit such evolutionary behavior and exhibit high lethality [6]. During tumor progression, the
process of dedifferentiation can occur in as much as 5% of tumors. Generally, following this
process, we observe a more aggressive development of the tumor, metastatic dissemination,
and loss of iodine uptake. All these events contribute to the development of resistance to the
available therapeutic treatments [7].

Thyroid stimulating hormone (TSH) is the major regulator of thyroid growth and
function. Excess TSH is a predisposing factor for thyroid cancer [8]. The presence of receptors
for estrogen in neoplastic thyroid cells and the higher frequency in females suggests the
participation of female sex hormones in the genesis of this neoplasm [9]. It is hypothesized that
in hormonal carcinogenesis, differently from that induced by viruses or chemical agents, cell
proliferation does not require a specific initiating agent. Hormones induce cellular proliferation

with consequent genetic mutations that will generate the neoplastic cell [8]. However, for
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Carrefio et al. [10], the participation of hormones in carcinogenesis is restricted to the

proliferation of cells that have already been transformed by other carcinogens.

Purinergic system and its involvement in cancer

Thyroid disorders are characterized not only by genetic alterations but also by
inflammatory responses produced by cellular damage or necrosis. The purinergic system, which
consists of enzymes, nucleotides, adenine nucleosides and purinergic receptors, participates in
many different cellular responses. Upregulation or downregulation of the ability to proliferate,
differentiate, migrate, release mediators and die are among the effects of the purinergic system
on immune cells. [11].

Purinergic signaling, in which adenosine 5'-triphosphate (ATP) and adenosine work as
extracellular signaling molecules, was first proposed in 1972 [12]. Subsequently, the purine and
pyrimidine receptors were cloned and functionally characterized [13]. Adenosine interacts with
four P1 receptor subtypes (Al, A2A, A2B). Seven subtypes of P2 receptors linked to ionic
channels (P2X1-P2X7), while another eight P2 receptors are attached to the G protein P2Y1,
P2Y2, P2Y4, P2Y6, P2Y11- P2Y14), were identified and interact with ATP [14]. Most non-
neuronal cells as well as by neurons express these receptors [15]. Nucleotide-mediated
signaling is controlled by a highly efficient enzymatic cascade including members of the family
ectonucleoside triphosphate 5'-diphosphohydrolase (E-NTPDase/CD39), ectonucleotide
pyrophosphatase/phosphodiesterase (E-NPP), ecto-5'-nucleotidase/CD73 (E-5'-NT/CD73), and
alkaline phosphatases [16].

Both ATP and adenosine directly affect the growth of tumor cells. ATP is a pro-
inflammatory, immunostimulatory, and growth-promoting agent. Adenosine is a powerful
immunosuppressant and a cellular growth modulator. This complex signaling network produces
a series of inhibitory and stimulatory effects on immune cell function, tumor progress, and
metastatic spread [17]. Changes in E-NTPDase activities have been demonstrated under
different pathological conditions. For example, altered expression of this enzyme has been
described in pancreas and breast tumor cells [18,19]. Furthermore, the involvement of CD73 in
drug resistance and tumor-promoting functions has been suggested [20].

The importance of purinergic signaling, both in normal physiology and pathological
conditions, has been progressively recognized in recent decades. Many studies have
demonstrated the involvement of the purinergic system in the most varied types of tumors [21-
25]. Furthermore, numerous in vitro and in vivo studies have demonstrated vigorous

participation of ectonucleotidases in tumor growth and progression. In view of the increasing
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number of cases of thyroid cancer in several parts of the world and the relevance of the
involvement of purinergic signaling in the development of tumors, in this paper, we review the

literature and discuss the role of the purinergic system in thyroid cancer.

PURINERGIC SIGNALING, CANCER AND THYROID CANCER

Initially, purines were believed to be restricted to the intracellular compartment, where
they participate in a multiplicity of biochemical reactions. However, at the present time
adenosine and ATP are known to be abundant components of the tumor microenvironment and
potent modulators of immune cell responses and cytokines release, as well as being important
mediators of host-tumor interaction. Therefore, both ATP and adenosine directly affect the
growth of tumor cells [17].

The catabolism of ATP is a well-regulated process because of its crucial roles in cell
metabolism and signaling. Adenosine monophosphate (AMP) is generated by the catabolism of
ATP with intermediate adenosine diphosphate (ADP) formation and its subsequent conversion
to adenosine. These reactions are performed by ectoenzymes of the NTPDase family (eight
have been identified in humans) and non-specific tissue alkaline phosphatases. Conversion of
ATP to AMP is predominantly catalyzed by CD39 (NTPDase) with only traces of ADP being
released [26], whereas CD73 converts AMP to adenosine (Fig. 2). Thus, CD39 and CD73 act
together to convert ATP, an immunostimulatory molecule, to immunosuppressive adenosine
[27]. Nucleotides and nucleosides can be recognized by purinergic receptors, regulating
pathophysiological functions in various tissues [28]. The purinergic system modulates tissue
and cell processes ranging from physiological conditions such as the maintenance of
homeostasis, cicatrization, and immune responses to pathological conditions such as

neurological diseases and cancer [29].

The role of ATP and its receptors in cancer

Within the tumor microenvironment, ATP and adenosine accumulation acting as danger
signals and pro-inflammatory mediators. Malignant tumors are known to trigger a strong
inflammatory response and are often characterized by the formation of diffuse necrotic foci.
Under these conditions, the increase in the levels of ATP in the extracellular space is a result of
its extravasation from injured cells, owing to membrane injury or efflux through specific
channels [17].
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However, recent findings show that the release of ATP is not only a consequence of
damage to the tumor or host cells or a byproduct of inflammatory activation of cells but also a
process closely involved in the metabolism of cancer cells and in antitumor immunity [30]. In
a study of papillary thyroid cancer cells, it was shown that cancer cells had an intracellular and
extracellular concentration of ATP at least 3-fold higher than control cell concentrations [31].

In healthy tissues, the levels of extracellular ATP are usually very low; however, in
inflamed and injured tissues, as well as in the tumor microenvironment and site of metastasis,
the extracellular ATP levels may be as high as a few hundred umol per liter [32]. Whether the
extracellular accumulation of ATP will be beneficial or detrimental to the host will depend on
its concentration, the degree of adenosine hydrolysis, and the subtypes of P2 receptors
expressed by the tumor and the infiltration of inflammatory cells [17].

P2 receptors are expressed in nearly all tumor cell lines investigated to date, as well as
in many primary tumors, making them sensitive to ATP [15]. The P2Y1 and P2Y2 receptors
stimulate tumor growth, so it is presumptive that increasing the ATP content in the tumor
microenvironment can boost the proliferation of cancer cells through these receptors [33]. In
addition, P2Y receptors may also facilitate invasiveness and metastatic dissemination by
encouraging migration, as seem in prostate and breast cancer [34]. However, apoptosis has also
been described as a result of the activation of P2Y1 or P2Y2 in a study with human colon
carcinoma [35].

In addition to P2Y receptors, the P2X7 receptor is also involved in tumor growth. It has
long been known that most malignant tumors overexpress P2X7 [36]. This fact is somewhat
surprising since this receptor is known to mediate a strong cytotoxic response to the cell [37].
However, cytotoxicity is most commonly triggered by pharmacological doses of ATP (i.e.,
almost millimolar). In contrast, the activation of P2X7 by endogenously produced ATP exert a
trophic effect, promoting growth [38]. Consequently, tumors that overexpress P2X7 show an
accelerated rate of growth in vivo, a thicker vascular network and a greater tendency to
metastasize [39]. The increase in the metastatic activity of cells expressing P2X7 is particularly
relevant in the context of the oncogenic activity of this receptor. On the other hand, the silencing
of P2X7 or its pharmacological blockade slows tumor progression [39].

Recent studies point to the involvement of the P2X7 receptor in cancer, suggesting that
P2X7 overexpression may be a poor prognostic marker in malignancies as neuroblastoma [21]
and papillary thyroid carcinoma [40]. Solini et al. [31] have shown that, in papillary thyroid
cancer cells, P2X7 receptor expression is higher than in normal thyroid tissue cells. In addition,

the authors also reported that, in papillary thyroid cancer cells, the activation of P2X7 receptors
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induces the release of IL-6. IL-6 is involved in the pathogenesis of malignancies and its local
expression correlates with the degree of aggressiveness in papillary and medullary thyroid
cancers [41]. Gu et al. [42] evaluated X-linked apoptosis inhibitor (XIAP) and P2X7 receptor
expression in tissue samples from papillary thyroid carcinomas and benign nodular goiter. They
demonstrated an increased expression of XIAP and P2X7 receptors in thyroid carcinoma
samples. The authors also observed an association between high levels of XIAP and P2X7
expression with the occurrence of lymph node metastasis and suggested that XIAP and P2X7
receptor expression may predict tumor aggressiveness in papillary thyroid carcinoma.
Infiltrating inflammatory and tumor cells release ATP, which may play an essential part
in the therapeutic efficacy of anticancer agents. Some therapies, such as mitoxantrone and
oxaliplatin, owe their anticancer effect to the ability to trigger a strong antitumor immune
response [43]. Recent data show that the increase in antitumor immunity induced by
chemotherapy is largely mediated by the release of ATP from tumor cells [30,44]. Thus,
sensitivity to chemotherapy may depend on the ability of different tumors to release ATP [17].

The role of adenosine and its receptors in cancer

In the tumor microenvironment, adenosine is found in high quantities [45] and has been
implicated in tumor-associated immunosuppression [17]. The conversion of extracellular ATP
to adenosine, essentially through the enzymatic activity of membrane-bound CD39 and CD73
nucleotidases, acts as a negative feedback mechanism that prevents excessive immune
reactions. The extracellular adenosine activates four distinct receptors coupled to the G protein,
Al, A2A, A2B and A3 [46], and is degraded to inosine by adenosine deaminase [29].

Hypoxia increases the expression of CD39 [47] and CD73 [48] thereby promoting the
breakdown of extracellular ATP into adenosine. Hypoxia also showed a positive upregulation
of A2A [49] and A2B [50] receptors, thus increasing the cellular responsiveness to adenosine.
Therefore, these data indicate that the hypoxic tumor microenvironment is well-equipped to
convert pro-inflammatory ATP to adenosine and respond to the immunosuppressive effects of
adenosine [23].

Adenosine-mediated immunosuppression is a critical physiological mechanism to
protect tissues against excessive inflammation and promote tissue repair after injury. In the
tumor microenvironment, this process is hijacked and exploited to decrease antitumor,
immunity, and promote cancer progression [40]. A group of researchers [51] demonstrated that
immune cells responses to tumor are impaired by adenosine coming from tumor CD73 at

multiple levels, including the functions of cytotoxic T lymphocytes. Thus, genetic ablation or
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therapeutic inhibition of CD73 or A2A improves the effector functions of cytotoxic
lymphocytes and significantly reduces tumor growth [24,45,52]. These findings correlate well
with the clinical observations reported in patients with high-grade serous ovarian cancer, where
the prognostic value of infiltrating CD8+ T cells counts was improved when tumors had a low
CD73 expression [22].

Blay and Hoskin [53,54], who first described that adenosine was responsible for the
immunosuppression in the tumor environment, measured adenosine levels in the interstitial
fluid of solid tumors and showed the inhibition of tumor-infiltrating cytotoxic T cells by
adenosine. More recent studies have highlighted the crucial role of extracellular adenosine-
generating systems in tumor progression [17]. Adenosine affects host and tumor responses. On
the host perspective, adenosine is well-known for its strong immunosuppressive/anti-
inflammatory activity [55]. The effect of adenosine on tumors is still not entirely clear and
depends on the expression of the specific adenosine receptors by tumor cells. Depending on
which receptor is expressed, tumors can be either stimulated and inhibited [56].

Each of the receptors exhibits different affinities for adenosine. Al, A2A, and A3
respond to low levels of adenosine (250-700 nM) and are classified as high affinity adenosine
receptors. On the other hand, activation of the A2B low affinity receptor occurs only in
pathological conditions, such as in the tumor microenvironment, where adenosine accumulates
at high concentrations (25 uM) [57]. Adenosine receptors are also subdivided based on their
ability to induce the intracellular cyclic AMP signaling molecule (CAMP). Signaling via cAMP
(as seen with A2A and A2B) is typically associated with profound immunosuppression [45],
while activation of A1 and A3 inhibits cCAMP generation [58,59].

The detrimental and beneficial effects of Al receptor activation have been reported. Al
receptors may favor the growth of breast cancer cells and the chemotaxis of melanoma cells
[56,60], but in advanced prostate cancer this receptor is expressed at low levels [61]. There is a
limited understanding of the influence of A2A on tumor cell function. A recent study found that
high A2A expression in patients with adenocarcinoma was positively correlated with relapse-
free survival [25], while in other studies A2A expression in human melanoma and breast cancer
was associated with increased survival and proliferation of cancer cells [62,63].

Overexpression of A2B receptor was associated with lower survival in patients with
triple negative breast cancer (TNBC), multiple myeloma, acute myeloid leukemia (AML), and
liposarcoma [64]. Blockade of A2B in TNBC reduced pulmonary metastasis and directly

hampered cell proliferation, survival, and invasion [64].
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The role of the A3 receptor in cancer has also been investigated, however contrasting
results were reported. A3 stimulation inhibits the proliferation of prostate carcinoma, colon
carcinoma, and pancreatic carcinoma, but promotes the proliferation of colon cancer cells [56].
Morello et al. [65] performed a detailed analysis of adenosine A3 receptor expression in cells
from human normal thyroid samples, as well as in primary thyroid cancer tissues and in
papillary, follicular and anaplastic thyroid carcinoma tissues using immunohistochemical
analysis with anti-adenosine A3 receptor. Their results were negative for A3 receptor in normal

thyroid cells, while all the other analyzed carcinomas expressed this receptor.

The role of ectonucleotidases in cancer

In recent years, some studies have demonstrated the role of purinergic signaling in
cancer, including the cascade of enzymes responsible for its modulation in the tumorigenesis
of different tumors [66—68]. Recent evidence suggests that both CD39 and CD73 have multiple
and dynamic roles in tumor progression. These roles are not restricted to enzymatic activity but
may be extended to other cellular functions such as tumor cell adhesion, migration, receptor
internalization, and recycling [69].

The CD39/CD73 pathway is the most important to produce extracellular adenosine both
in healthy or tumoral tissues [29]. The production of adenosine via CD39/CD73 has become
apparent as a critical immunoregulatory mechanism, through the modulation of extracellular
ATP and adenosine levels within the tumor microenvironment. CD39 and CD73
ectonucleotidases hydrolyze ATP and AMP, respectively, to produce adenosine. Characterized
by its immunosuppressive action, adenosine interacts with its receptors and downregulates T
and natural killer (NK) cells function. CD73 has shown to be expressed by several distinct cell
types, including tumoral, endothelial and stromal cells [27,70].

The main source of CD39 in neoplastic tissues are regulatory T cells (Tregs) [71]. The
number of CD39+ Tregs, which participate in the immunosuppression by generating adenosine,
is increased in human cancers [72,73]. CD39 promotes the growth of colon cancer and
metastasis in mice [74,75], and rupture or blockage of CD39 facilitates NK cell-mediated tumor
eradication in vivo [75]. Besides Tregs, other cell types also express CD39 in the tumor
environment and may stimulate tumor progression [68].

In addition, results from a recent study suggest that, like CD73, CD39 is also expressed
by tumor cells [76]. Hausler et al. [76] described the expression of CD39 and production of
adenosine by two ovarian cancer cell lines. Bastid et al. [68] demonstrated the expression of

CD39 directly on the cell surface of various human cancer cell lines using flow cytometry with
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an appropriate anti-CD39 monoclonal antibody. CD39 was strongly expressed on the surface
of B lymphoma, melanoma, B cell chronic lymphocytic leukemia, and ovarian cancer cell lines.
In that same study, using a large cohort of normal human and cancer tissues, CD39 was absent
or weakly expressed in normal cells, except endothelial cells, whereas in some types of cancer,
including thyroid cancer, CD39 was strongly expressed by tumor cells.

Extracellular ATP has an essential role in the immune response to tumors. In addition
to its ability to lower the levels of immune-activating ATP, the sequential activity of CD39 and
CD73 generates the immunosuppressive factor adenosine. Adenosine binds to receptors
expressed by effector immune cells and induces the reduction of NK and CD8" T cells as well
as the proliferation of the latest [11] (Fig. 3). CD39 regulates the extracellular levels of ATP
and adenosine, modulating the immune response to tumors and immunogenic cell death. [68].

CD73 has been reported to participate in cell-cell and cell-matrix interactions and
implicated the involvement of CD73 in the promotion of tumors and their resistance to drugs.
CD73 has shown to be highly expressed in several human carcinomas, including colon, lung,
pancreas, and ovary [20]. However, in a study using flow cytometry, CD73 was widely
expressed and upregulated in several tumor cells types and tissues [70]. Kondo et al. [77]
demonstrated an overexpression and increased CD73 activity in papillary thyroid carcinoma
follicular cells, and low expression and activity of this enzyme in follicular cells of normal
thyroid, nodular goiter, and follicular adenoma. Clinically, the increased expression of CD73
in papillary thyroid carcinomas could aid in the differential diagnosis of thyroid tumors. In this
work, the authors further suggest that the increase of extracellular adenosine, generated by the
high activity of CD73 in papillary carcinoma, may be related to neoplastic transformation.

Tumor neovascularization is associated with increased is CD73 expression, as well as
invasiveness and metastasis, and with reduced survival in patients with breast cancer. Found in
cell lines of highly invasive human melanoma, CD73 was positively expressed, however, it was
not observed in melanocytes or primary tumor cells. CD73 has been implicated as a key player
in the control of tumor advancement since it is a proliferative factor, which stimulates the
growth of glioma cells [20]. In addition to its catalytic activity, CD73 is involved in the adhesion
function, promoting tumor invasiveness, and in the development of cancer [66]. Bavaresco et
al. [66] demonstrated the possible involvement of CD73 in the processes of invasiveness and
aggressiveness of malignant gliomas. Stella et al. [67] demonstrated that, as in other tumor cells,
CD73 is likely to be involved in the malignant transformation of bladder cancer.

Deletion of CD39 or CD73 results in improved antitumor immunity and increased

survival [52,74]. The expression of ectoenzymes that catalyze the production of adenosine
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seems to be critical in hematopoietic tissues as well as in non-hematopoietic tissues [52], which
is likely due to CD73 participation in neovascularization and may increase the migration and
metastatic spread of tumor cells by a mechanism independent of immune responses. An
expressive study, which analyzed more than 6000 samples of triple negative breast cancer,
showed that overexpression of CD73 and overactivation of A2A and A2B receptors
significantly made the tumor resistant to chemotherapy [78]. Direct blocking of CD39 or CD73
with small inhibitory molecules or specific monoclonal antibodies produced very promising
results [52,79].

THERAPEUTIC STRATEGIES FOR CANCER TREATMENT

Several therapeutic alternatives have been used in patients with progressive thyroid
cancer; however, conventional chemotherapy is ineffective in most cases [80]. Thyroid
carcinomas are very resistant to chemotherapeutic agents [81]. In this scenery, the need for a
better understanding of the molecular events involved in the progression of thyroid cancer
becomes evident, aiming at the identification of new therapeutic targets with consequent
improvement in the prognosis of patients with high-risk thyroid carcinomas.

The development of new combined therapies depends on the identification of different,
and somewhat independent, targets. Current cancer therapies, especially radiotherapy and
chemotherapy, are founded upon direct toxic effects on cancer cells, which, unfortunately, also
affect host tissues [29]. An approach to a cancer cure should be based on multiple receptors and
pathway targeting. Clinical evidence points to the exploration of physiological mechanisms for
the efficient elimination of cancer cells such as immunochemotherapy. Purinergic signaling is
a crucial ubiquitous path responsible for paracrine signaling in physiological processes and,
especially, in pathological processes. The expression of distinct P1 and P2 receptors subtypes
by different cells and the physiopathological changes in the concentration of adenosine and
ATP, offer enormous plasticity to purinergic signaling [15].

The measurement of extracellular ATP levels was made possible due to the advances in
biotechnology and showed that ATP reaches micromolar concentrations at sites of
inflammation or tumor [32,82]. However, elevated levels of ATP in the tumor
microenvironment are not always detrimental to the patient but may be beneficial as it
stimulates the host antitumor response [29]. By associating with its respective P2 purinergic

receptors, ATP can trigger a form of cancer cell death called immunogenic cell death [83].
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During immunogenic cell death, the release of various immunostimulants (including ATP)
boosts the recruitment, maturation, and function of immune cells [84].

The maintenance of an adequate immune response against cancer, as well as the efficacy
of cancer therapy, has been shown to depend on an increased concentration of ATP on the cell
surroundings [85]. This notion has given rise to the possibility that ATP could be used as
therapy for both the primary tumor and its underlying systemic effects in patients with advanced
disease, as shown in vivo using murine models. This could deeply impact the management of
patients in the late stages of malignancy [15]. Agteresch et al. [86] found that intravenous
infusions of ATP were beneficial to cachectic patients with advanced lung cancer a 6-month
investigation period regarding body weight, muscle strength, and serum albumin levels.
Subsequently, the same research group [87] demonstrated from a randomized controlled trial
that infusions of ATP significantly increased overall survival in patients with advanced non-
small cell lung cancer. These results are important as they indicate the use of ATP as an adjuvant
treatment for primary and secondary effects of malignancies, highlighting the importance of
further trials to support the therapeutical use of ATP in cancer.

The elevated levels of ATP in the tumor microenvironment also have direct effects on
tumor cells. In general, pharmacological doses of ATP are toxic to most cells expressing the
P2X7 receptor [88]. On the other hand, ATP can directly stimulate the growth of tumor cells
acting on P2Y receptors, as well as on P2X7 [15,39]. All evidence suggests that interaction with
P2X7 is determinant for the effects of ATP during host-tumor interaction [29]. P2X7 receptor
can make tumors more sensitive to ATP cytotoxicity; however, it may also induce the growth
of tumor cells. Malignant tumors extensively express P2X7 and, consequently, blockade or
pharmacological silencing of this receptor has a striking antitumor effect in vivo [21,39]. The
results of in vivo studies with transplanted tumor models show that P2X7 blockade is generally
beneficial [29]. P2X7 blockade may also be a viable therapeutic option considering the
involvement of this receptor in the release of immunosuppressive factors from myeloid-derived
suppressor cells (MDSCs) [89]. Overexpression of P2X7 in MDSCs activates the release
expression and/or expression of factors that associated with immunosuppression such as
arginase, IL10, and transforming growth factor beta (TGFp) [89]. P2X7 blockade in MDSCs
may help to alleviate immunosuppression in the tumor microenvironment and thus restore an
efficient antitumor response. In any case, a therapy targeting P2X7 receptors will only be
effective against P2X7-expressing tumors, as shown by preclinical data in which the blockade

P2X7 has limited efficacy against tumors that show little or absent P2X7 expression [39].
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It has become increasingly evident that antitumor immune responses are essential not
only for the endogenous control of tumorigenesis but also for the therapeutic activity of standard
treatments, such as chemotherapy. However, several regulatory mechanisms, or
"immunological checkpoints”, limit the generation of immune responses against cancer cells
[90]. Currently, the extracellular CD39/ CD73/adenosine pathway in tumor cells is known to
regulate antitumor immunity. Deaglio et al. [51] has shown that CD39/CD73- derived
adenosine in tumor cells impairs several processes during the immune response including
activation, clonal expansion, survival, and specific antitumor function of T cells. This result
suggests an "autonomous" role of CD73 and adenosine in mechanisms of tumor cell evasion by
inhibiting T cell antitumor action. Thus, the blockade of the tumoral CD73 enzymatic activity
seems to be a therapeutic strategy for patients with cancer. In fact, due to adenosine’s short half-
life (<10 seconds), it is impossible to directly block it in vivo to preserve normal tissue functions
[91].

Stagg et al. [79] investigated whether CD73 could be a potential target of antibody-
based therapy. They demonstrated that anti-CD73 monoclonal antibody (mAb) therapy
significantly delayed the growth of primary breast tumor in mice and significantly inhibited the
development of spontaneous lung metastasis. The study also revealed that CD73-derived
adenosine increased chemotaxis of tumor cells, suggesting the involvement of adenosine in the
development of metastasis. The association of CD73 expression in breast cancer cells with
increased migration has been previously demonstrated [92].

CD73 is a powerful suppressor of antitumor immune responses [27]. CD73-deficient
mice show an improved antitumor immunity and resistance to experimental metastasis [52]. Jin
et al. [70] observed that the combination of tumor CD73 blockade and tumor-specific T cell
transfer cured all mice bearing ovary tumor. A study has found that the inactivation of CD73 in
tumor cells increased the response of T cells to the tumor, including the activation and function
of effector cells, fully restoring the efficacy of T cell therapy and provided long-term tumor-
free survival. This has uncovered a tumor evasion mechanism mediated by CD73 and a new
strategy for immunotherapy against cancer, targeting the tumoral CD73 enzymatic activity [90].

Treatment with anti-CD73 mAbs also has the potential to improve the response to
chemotherapy. Treatment with drugs such as anthracyclines and oxaliplatin causes a release of
ATP from tumor cells, which stimulates the immune system, resulting in immunogenic cell
death [44,93]. Tumor cells expressing CD39 and CD73 have the potential to convert this ATP
to adenosine, thereby reducing this effect of immune stimulation. In fact, CD73 expression is

known to correlate with the resistance of cancer cell lines to chemotherapy, UV irradiation, and
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death induced by the TNF-related apoptosis-inducing ligand (TRAIL) [94]. CD73 blockade,
therefore, represents an innovative approach with the potential to increase the efficacy of
conventional and emerging therapies in the treatment of a broad spectrum of cancers [27].

The concomitant expression of CD39 and CD73 by tumor cells suggests that
extracellular adenosine originated from ATP and ADP, is most likely generated by the
CD39/CD73 pathway. The recruitment of antigen-presenting cells and the maturation of
dendritic cells promoted by ATP in the tumor function as an important signal of immunological
danger [44], consequently, the immune response to tumor could be considerably ameliorated
by the inhibition of tumor CD39 [91].

A2A receptor blockade has been considered as a possible target for antitumor
immunotherapy, which resembles other immunomodulatory approaches [95]. A2A receptor
signaling is required for T cell homeostasis and control of tumor growth [96]. Ohta et al. [45]
stated that the blockade of the adenosine A2A pathway is an immunotherapeutic strategy to
avoid the suppression of antitumor T cells response. Young et al. [24] have explored the role
played by CD73 and A2A within primary tumors and in the metastatic tumor
microenvironment, identifying significant additive protection using the combination of an anti-
CD73 mAb and an A2A inhibitor when compared to monotherapy. Similarly, double-knockout
mice for A2A and CD73 showed significant reductions in the development of metastasis,
primary tumor growth, and carcinogen-induced tumor initiation [83].

In antigen-presenting cells, A2B signaling suppresses antitumor adaptive immune
responses. It has been suggested that immune cells that infiltrate the tumor can benefit tumor
growth because of the high concentration of tumor adenosine and A2B receptors present in
these cells, leading to the production of factors that stimulate neovascularization and repress
immunity [97]. This hypothesis was confirmed when A2B receptor knockout mice exhibited
significantly attenuated growth of Lewis lung carcinoma [98]. Blockade of A2B in triple
negative breast cancer cells reduced lung metastasis and directly hampered cell proliferation,

survival, and invasion [64].

FINAL CONSIDERATIONS

Thyroid cancer is the most common endocrine malignancy, the incidence of which has
been increasing in recent years, mainly due to improvements in the diagnosis and understanding
of molecular signaling pathways [99]. Although mortality from thyroid cancer is relatively low,

the rate of relapse or persistence of the disease is high, which is associated with greater patient
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incurability, morbidity, and mortality [100]. Thus, the need for the use of new biomarkers as
well as the understanding of the molecular mechanisms involved in the initiation and
progression of the malignant tumors of this gland is of great relevance for the development of
more effective therapeutic strategies, with a consequent improvement in the prognosis of
patients with thyroid cancer.

The importance of the participation of purinergic signaling, both in normal physiology
and in pathological alterations, has been progressively recognized in the last decades.
Furthermore, multiple in vitro and in vivo studies have demonstrated a strong involvement of
ectonucleotidases, purinergic receptors, and adenosine in tumor growth and progression. We
review the involvement of the components of the purinergic system in thyroid cancer and in
different types of tumors. We highlight the strong expression of CD73 in a subtype of thyroid
cancer with a consequent increase in adenosine production, which has a well-known
Immunosuppressive action and may be related to neoplastic transformation.

The resistance of aggressive thyroid cancer to the currently available treatments makes
the identification of new therapeutic targets of utmost importance. The search for mechanisms
involved in the immunosuppression associated with tumors has allowed the use of CD73, ATP
blockers, and adenosine receptors in clinical trials. Here, we highlight the involvement of the
purinergic signaling in tumor progression and the importance of this signaling pathway in the
search for biomarkers and treatment targets.
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Legends

Fig. 1 Schematic representation of the origin and progression of thyroid carcinomas

Fig. 2 Enzymatic cascade: the conversion of ATP to adenosine. The CD39 enzyme
acts converting the ATP to the ADP intermediate and subsequently converts the ADP

to AMP. AMP, in turn, is converted to adenosine by the action of the enzyme CD73

Fig. 3 Immunosuppression induced by the conversion of ATP to adenosine in tumor
cells and immunosuppressive cells subsets. Adenosine suppresses antitumor
immunity by activating adenosine receptors in multiple subgroups of immune cells,
including T lymphocytes and NK cells. In addition to the suppression of immunity, the
activation of these receptors leads to the production of factors that promote tumor

angiogenesis
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5 DISCUSSAO

O cancer de tireoide é a neoplasia maligna mais comum do sistema enddcrino,
correspondendo a 1% de todos os tumores malignos na faixa etaria dos 30 aos 74 anos. Tem
sido reconhecida uma tendéncia ao aumento da incidéncia do cancer de tireoide em varias partes
do mundo (REIS, 2010). Certamente, um importante fator que contribuiu para esse aumento foi
0 aprimoramento da capacidade de deteccdo de nodulos tireoidianos e da identificacdo de
malignidade desses nodulos, proporcionadas pelo uso crescente de diagndstico por imagem e
pela citologia de material obtido por PAAF (MATSUO et al., 2004; WARD, 2005; DEAN;
GHARIB, 2008; REIS, 2010). Geralmente, o cancer de tireoide afeta ambos 0s sexos, porém,
predomina cerca de trés vezes mais no género feminino do que no masculino (XAVIER et al.,
2014). No nosso trabalho, foram selecionados 14 pacientes do sexo feminino e apenas 5
pacientes do sexo masculino, corroborando com os dados disponiveis na literatura sobre a maior
incidéncia do céncer de tireoide no sexo feminino.

Durante os processos neoplasicos podem ocorrer alteracdes em diversas vias de
sinalizacdo celular, e sabe-se que os nucleotideos extracelulares participam de muitos processos
biolégicos como o controle da diferenciacdo e proliferacdo celular, além da apoptose
(BURNSTOCK, 2002). Muitos estudos demonstraram altera¢des na hidrolise de nucleotideos
de adenina em diversos tipos de cancer, como cancer de pulmédo (ZANINI et al., 2012), Gtero
(MALDONADO et al., 2012), préstata (BATTISTI et al., 2011), mama (STAGG et al., 2010a),
bexiga (STELLA et al., 2010) e tireoide (SOLINI et al., 2008). Esses resultados reforcam a
estreita relacdo entre as doencas neoplasicas e a atividade das ectoenzimas do sistema
purinérgico.

Em nosso estudo, observamos que a hidrdlise de nucleotideos em plaquetas de pacientes
com cancer de tireoide esta alterada. Avaliamos a atividade da E-NTPDase nas plaguetas desses
pacientes e observamos uma reducdo significativa da sua atividade, sugerindo um aumento da
concentracdo extracelular de ATP. O ATP extracelular é capaz de controlar a inflamacéo e a
resposta imune (DI VIRGILIO, 2005). Niveis elevados de ATP nem sempre sdo prejudiciais
para o paciente, pois também podem ter um efeito benéfico, estimulando a resposta antitumoral
do hospedeiro (DI VIRGILIO; ADINOLFI, 2017), pois sabe-se que o ATP recruta células
apresentadoras de antigenos e promove a maturacao de células dendriticas, funcionando como
um importante sinal de perigo imunolégico (AYMERIC et al., 2010). Em um estudo, no qual
foram avaliadas as alteracGes das atividades das enzimas que degradam nucleotideos de adenina

em plaquetas de pacientes com neoplasia cervical em diferentes estagios e cancer uterino
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invasivo, os autores observaram uma reducgdo da atividade da E-NTPDase em todos os estagios
quando comparados ao grupo controle, sugerindo que a reducdo da hidrolise de ATP poderia
representar uma tentativa de autoprotecdo exercida pelas células (MALDONADO et al., 2012)

Ao analisarmos a hidrélise do ADP pela E-NTPDase, também observamos uma
significativa reducdo, sugerindo um aumento da concentracdo extracelular de ADP. Sabe-se
que pacientes com algum tipo de doenca neoplésica estdo predispostos a desenvolver alteracdes
tromboembdlicas (PRANDONI et al., 2005) e que concentracfes micromolares de ADP séo
suficientes para induzir agregacao plaquetaria (MARCUS et al., 2003). A diminuicdo da
hidrélise de ADP favorece a acumulacdo desse nucleotideo no ambiente extracelular, o qual
pode promover uma amplificacdo dessa agregacdo (ENJYQOJI et al., 1999; MARCUS et al.,
2001). A reducdo da hidrdlise desse nucleotideo também foi relatada por Zanini et al. (2012),
guando investigaram a atividade da E-NTPDase em plaquetas de pacientes com cancer de
pulm&o. Os autores também observaram um aumento significativo da agregacdo plaquetéria
nos pacientes em relacéo ao grupo controle, permitindo que eles relacionassem esse fato com o
aumento dos niveis extracelulares de ADP.

Em relacdo a hidrdlise do AMP pela E-5’-NT, observamos que ocorreu um significativo
aumento dessa hidrolise nas plaquetas dos pacientes. Stagg et al. demonstraram, em uma série
de estudos, que a hidrélise do AMP pela E-5’-NT, o passo final na cadeia de reacGes que leva
a geracdo de adenosina, € crucial para a progressao tumoral (STAGG et al., 2010b; STAGG et
al., 2011; STAGG et al., 2012). Os autores observaram que a neutralizacéo ou delecdo da E-5'-
NT inibe o crescimento tumoral e evita a metastase, apontando para o papel fundamental que a
adenosina desempenha na progressao de tumores. Em um estudo utilizando citometria de fluxo,
foi demonstrado que a CD73 é amplamente expressa em muitas linhagens de células tumorais
e é regulada positivamente em tecidos cancerigenos (JIN et al., 2010). Os altos niveis da sua
expressao foram associados a neovascularizacdo tumoral, invasividade e metastase e com
menor tempo de sobrevivéncia dos pacientes (SPYCHALA 2000).

A adenosina extracelular pode ser recaptada por transportadores de nucleosideos
(THORN; JARVIS, 1996), ou ser metabolizada pela agédo da ADA. Uma correlacdo positiva
entre baixos niveis dessa enzima e imunidade comprometida no cancer foi relatada
(DASMAHAPATRA et al., 1986). Em nosso trabalho, ao avaliarmos a atividade da ADA nas
plaquetas e no soro dos pacientes com cancer de tireoide, observamos uma significativa reducao
da atividade da ADA, tanto nas plaquetas quanto no soro. A adenosina tem propriedades pro-
carcinogénicas, entre as quais estdo as fun¢bes que promovem o crescimento e a estimulacéo
da angiogénese (BOURS et al., 2006; SPYCHALA 2000).
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Estudos in vivo mostram que o meio extracelular de tumores sélidos possui alto teor de
adenosina (OHTA et al., 2006). Devido a bem conhecida atividade imunossupressora da
adenosina, esse achado fornece uma dica crucial para a compreensao das estratégias de escape
imunologico que ocorrem no cancer (HOSKIN et al., 1994). A imunossupressdo mediada por
adenosina é um mecanismo fisioldgico critico para proteger os tecidos contra a inflamacéo
excessiva e promover a reparacao tecidual ap6s a lesdo. No microambiente tumoral, esse
processo é explorado para diminuir a imunidade antitumoral e promover a progressao do cancer
(ALLARD et al., 2016). A adenosina extracelular produzida através da atividade das
ectoenzimas é capaz de regular suficientemente a imunidade antitumoral. A adenosina gerada
pela E-5°-NT tumoral prejudica as respostas imunes antitumorais celulares em multiplos niveis,
incluindo ativacdo de células T, expansdo clonal de células T tumor-especificas com fungdes
efetoras auxiliares e citoliticas, morte de células tumorais por linfocitos T citotoxicos (LTC) e
sobrevivéncia desses linfocitos. (DEAGLIO et al., 2007).

Battisti et al. (2013), ao avaliarem a atividade da ADA no soro e nas plaquetas de
pacientes com cancer de préstata, observaram uma reducdo da atividade da mesma, tanto nas
plaguetas quanto no soro de pacientes com cancer de préstata avancado, indicando uma
consequente elevacdo da concentracdo de adenosina nesses pacientes. Em nosso estudo,
relacionando o0 aumento da atividade da E-5°-NT com a reducdo da atividade da ADA, podemos
sugerir a ocorréncia de um mecanismo propicio para a producdo de niveis elevados de
adenosina extracelular, com a consequente geracao dos efeitos ja descritos atribuidos a ela. Os
pacientes que participaram desse estudo, no momento da coleta das amostras, apresentavam
nddulos palpaveis, indicando um estagio mais avancado do tumor, situacdo que pode ser
correlacionada com as atividades da ADA observadas.

A elevada producdo de EROs e 0 estresse oxidativo persistente tém sido reconhecidos
como caracteristicas de células de carcinoma in vivo e in vitro (SZATROWSKI, NATHAN,
1991; TOYOKUNI et al., 1995; BROWN, BICKNELL, 2001). Em nosso estudo, observamos
um aumento significativo da producéo de EROs pelos pacientes com cancer de tireoide. Sabe-
se que as celulas do tumor sdo as principais responsaveis pela produgéo e liberacdo de EROs
na circulagédo (KLAUNIG; KAMENDULLIS, 2004).

Altos niveis de EROs podem contribuir para a carcinogénese e a sinalizacdo mediada
por elas pode promover a sobrevivéncia, proliferacdo e metastase de células tumorais (WU,
2006), além de causarem danos oxidativos irreversiveis a lipidios, proteinas e DNA,
interferindo nas fungdes vitais das células (FRUEHAUF; MEYSKENS, 2007). Com o objetivo
de avaliar a intensidade dos danos biologicos causados pelas EROs em lipidios e proteinas,
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determinamos o0s niveis da peroxidacdo lipidica e da carbonilagdo de proteinas,
respectivamente.

Para avaliacdo da peroxidacdo lipidica, determinamos os niveis séricos de TBARS.
Niveis elevados de estresse oxidativo resultam em peroxidacao de lipidios de membrana, com
a geracdo de peroxidos que podem se decompor em multiplos produtos carbonilicos
mutagénicos, como hidroperdxidos lipidicos e MDA. Em nosso estudo, observamos uma
producdo significativamente elevada de TBARS pelos pacientes com cancer de tireoide. Os
elevados niveis de TBARS observados em nosso estudo corroboram com o0s niveis
demonstrados em outros estudos com diversos tipos de cancer, tais como o cancer de colo
uterino, de cabeca e pescoco e de préostata (MALDONADO et al., 2006; GUPTA et al., 2009;
BATTISTI etal., 2011).

Para a avaliacdo da oxidacdo proteica, determinamos 0s niveis séricos de proteinas
carboniladas. A carbonilagdo proteica parece ser um fenébmeno comum durante a oxidacao, e
sua quantificagdo pode ser usada para medir a extensdo do dano oxidativo (DALLE-DONNE
et al., 2003b). Apesar de todas as biomoléculas presentes nas céelulas serem alvos potenciais
para a acdo oxidativa das EROs, os acidos graxos poli-insaturados nos lipidios das membranas
celulares mostram-se primariamente sensiveis a oxidacéo e representam o principal alvo da
oxidagdo por EROs (GUPTA et al., 2009). Acreditamos que, em razdo disso, a oxidagao
proteica ndo tenha sido tdo pronunciada quanto a lipidica.

O sistema de defesa antioxidante tem a funcédo de inibir e/ou reduzir os danos causados
pela acdo deletéria dos radicais livres ou das espécies reativas ndo radicais (BARBOSA et al.,
2010). Existem estudos que relatam o efeito do cancer sobre o sistema antioxidante, sendo que
alguns demonstram que a defesa antioxidante pode estar agindo no inicio da transformacéo
neoplasica (KIM et al., 2004). Maldonado et al. (2006), ao avaliar os niveis de GSH em
pacientes recém diagnosticadas com céancer de colo uterino, observaram um aumento
significativo dos niveis de GSH nessas pacientes, atribuindo essa elevacdo a acdo da defesa
antioxidante que ocorre no inicio da transformacdo neoplasica, com o objetivo de prevenir o
dano tecidual causado pelo estresse oxidativo.

Em nosso trabalho, avaliamos a agéo antioxidante dos T-SHs e GSH, sendo que a GSH
é a principal representante dos tiois ndo proteicos devido a sua abundancia nas células (REED,
1990). Néo identificamos diferenga significativa entre os niveis de T-SHs e GSH nos pacientes
com cancer de tireoide e grupo controle. Os pacientes que participaram do nosso estudo
apresentavam tumores palpaveis, indicando um estagio mais avangado de progresséo, fato que

pode explicar a inexpressiva alteracdo desses sistemas antioxidantes. A associacdo entre o
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aumento dos niveis de EROs e a auséncia de uma concomitante elevacdo dos niveis desses
sistemas de defesa antioxidante, reflete um ambiente pro-oxidante e correlaciona-se com o
aumento da peroxidacéo lipidica observada nesses pacientes.

Existem muitas evidéncias que demonstram o envolvimento de colinesterases em
fungBes ndo cléssicas (STEPHENSON et al., 1996; DARVESH et al., 2003) como a
proliferacdo celular e diferenciacdo (LAYER; WILLBOLD, 1995), sugerindo uma possivel
influéncia das colinesterases na tumorigénese. Barbosa et al. (2001), em um estudo no qual
avaliaram a atividade histoquimica da BChE em tumores cerebrais, observaram que em tumores
cerebrais menos agressivos a atividade da BChE era baixa ou moderada, enquanto que, em
tumores agressivos, a atividade era elevada. Em outro estudo, no qual foi determinada a
atividade sérica da BChE em pacientes com cancer oral antes da terapia, 0s pesquisadores
identificaram uma atividade de BChE significativamente maior nos pacientes em relacdo aos
controles (PRABHU et al., 2011).

A BChE afeta a proliferacdo celular em virtude de seus efeitos antiapoptoticos, os quais
podem apoiar 0s estagios iniciais da tumorigénese. Entretanto, ela também pode desempenhar
um papel nos estagios posteriores da transformacéo, colaborando para o crescimento celular
(SYED et al., 2008). Em nosso estudo, observamos que a atividade da BChE em pacientes com
cancer de tireoide foi significativamente maior em relagcdo aos controles, possivelmente, como
jamencionado anteriormente, pelo fato de que os pacientes se encontravam em um estagio mais
avancado de progressdo tumoral. Dessa forma, podemos sugerir que existe uma relacdo entre
0s niveis de atividade da BChE e a progresséo tumoral no cancer de tireoide, corroborando com
os dados disponiveis para outros tipos de cancer.

Alguns estudos recentes revelaram que a sinaliza¢do purinérgica, incluindo a cascata de
enzimas responsavel por sua modulagdo, constitui um sistema importante, e ndo reconhecido
anteriormente, que pode ser direcionado como alvo da terapia para o cancer (WHITE,
BURNSTOCK, 2006; BURNSTOCK, 2008). Tendo em vista 0 aumento global da incidéncia
de casos de cancer de tireoide, e a existéncia de inumeros casos de cancer agressivo de tireoide
resistentes aos tratamentos atualmente disponiveis, conclui-se que a identificacdo de novos
alvos terapéuticos para o tratamento desses tipos de tumores é de fundamental importancia.
Baseados nesse fato, desenvolvemos um manuscrito de revisdo que objetivou discutir o papel
da sinalizacdo purinérgica no cancer e no cancer de tireoide, e seu potencial como alvo
terapéutico para o cancer.

A partir de ampla pesquisa na literatura disponivel, verificamos a existéncia de varios

estudos in vitro e in vivo que demonstraram um forte envolvimento de ectonucleotidases,
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receptores purinérgicos e adenosina no crescimento e progressdo tumoral. Destacamos um
estudo realizado por Kondo et al. (2006), no qual os pesquisadores demonstraram uma alta
atividade e superexpressdo de E-5’-NT/CD73 em um subtipo de cancer de tireoide, com
consequente aumento da producéo de adenosina extracelular, a qual tem acao imunossupressora
bastante conhecida e pode estar relacionada a transformacéo neoplésica. Nesse trabalho, os
autores ainda sugerem que os elevados niveis de adenosina extracelular gerados pela alta
atividade da E-5’-NT, podem estar relacionados a transformacéo neoplasica e que poderiam
auxiliar no diagnostico diferencial desses tumores.

Os resultados observados em nosso trabalho, sdo semelhantes aos relatados por Kondo
et al. (2006), contribuindo para a elucidacdo do papel desempenhado pela E-5-NT no cancer
de tireoide. Verificamos também, que a busca por mecanismos envolvidos na imunossupressao
associada a tumores tem permitido o uso de bloqueadores de CD73 e de receptores de ATP e
de adenosina em ensaios clinicos, com o objetivo de desenvolver novas terapias combinadas
(OHTA et al., 2006; JIN et al., 2010; STAGG et al., 2010a; ADINOLFI et al., 2012;
AMOROSO et al., 2015; YOUNG et al., 2016).



6 CONCLUSOES

A reducdo da atividade da E-NTPDase na hidrolise do ATP nas plaquetas dos pacientes com
cancer de tireoide, pode levar aum aumento da concentracdo extracelular de ATP. Essa reducéo
da atividade pode representar uma tentativa de autoprotecéo exercida pelas células contra a
progressdo tumoral, ja que o ATP é um agente imunoestimulador. Também observamos a
reducdo da atividade da E-NTPDase na hidrélise do ADP, o que pode favorecer a acumulagdo
desse nucleotideo no meio extracelular. Essa acumulacdo pode promover um aumento da
agregacdo plaquetaria, com consequentes alteracdes tromboembolicas, situacdo recorrente

durante processos neoplasicos.

A elevada atividade da E-5’-NT na hidrélise do AMP nas plaquetas dos pacientes com cancer
de tireoide, pode indicar um possivel aprimoramento da formacéo de adenosina como reflexo

da presenca do tumor.

A reduzida atividade da ADA, tanto nas plaquetas quanto no soro dos pacientes com cancer de
tireoide, associada a elevada atividade de E-5’-NT, produz um mecanismo capaz de manter
elevados niveis de adenosina extracelular, a qual pode suprimir a imunidade antitumoral e
regular a vascularizacdo do tecido neoplésico e, dessa maneira, influenciar o crescimento
tumoral. Essa condicdo correlaciona-se com o grau de evolucdo dos tumores dos pacientes que
participaram do nosso estudo, os quais apresentavam tumores palpaveis de tamanho

pronunciado.

O aumento da producao de EROs pelos pacientes é uma caracteristica de processos neoplasicos.
As EROs podem promover a sobrevivéncia e proliferacdo de células tumorais, além de

causarem danos oxidativos irreversiveis a lipidios, proteinas e DNA.

A producéo de altos niveis de TBARS pelos pacientes, reflete um grau de peroxidacao lipidica

mais elevado durante o processo tumoral de tireoide.

Né&o ocorreu alteracdo significativa na oxidacéo proteica nos pacientes com cancer de tireoide.

Acreditamos que, em raz&o de os lipidios representarem as substancias mais suscetiveis a sofrer
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oxidacgéo pela acdo das EROs, a oxidacdo proteica ndo tenha sido tdo pronunciada quanto a
lipidica.

A auséncia de alteracdo dos niveis de T-SHs e GSH nos pacientes pode estar relacionada ao
estadgio tumoral mais avancado em que se encontravam o0s pacientes do nosso estudo, pois
alteracOes das defesas antioxidantes s&o mais comumente observadas nos estagios iniciais de
processos neoplasicos. Podemos correlacionar o aumento dos niveis de EROs e a auséncia de
uma concomitante elevacao dos niveis desses sistemas de defesa antioxidante, com o aumento

da peroxidacdo lipidica observada nesses pacientes.

A elevada atividade da BChE observada nos pacientes, correlaciona-se com o estagio de
progressao tumoral apresentado por eles, visto que a BChE pode influenciar os estagios
posteriores da transformac&o neoplasica, colaborando para o crescimento tumoral.

A partir do manuscrito de revisao, identificamos diversos estudos que demonstram o importante
envolvimento da sinalizacdo purinérgica em diferentes processos neoplasicos, além da
realizacdo de ensaios clinicos que avaliam os diversos componentes do sistema purinérgico,

com o objetivo de identificar alvos para o desenvolvimento de novas terapias para o cancer.
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Vocé esta sendo convidado a participar da pesquisa “CANCER DE TIREOIDE: ESTUDO DA
EXPRESSAO DE PROTEINAS RELACIONADAS A APOPTOSE, RESISTENCIA A MULTIPLAS
DROGAS E SINALIZACAO PURINERGICA”

O(a) senhor(a) esta sendo convidado(a) a participar, como voluntario, em uma pesquisa. VVocé
precisa decidir se quer participar ou ndo. Por favor, ndo se apresse em tomar a deciséo. Leia com atengao
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esclarecido(a) sobre as informacdes a seguir, no caso de aceitar fazer parte do estudo, assine ao final
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Titule da Pesquisa: Cancer de tireoide: estudo da expressao de proteinas relacionadas a apoptose,
resisténcia a mulltiplas drogas e sinalizagao purinergica

Pesquisador: Daniela Bitencourt Rosa Leal

Area Tematica:

Versdo: 3

CAAE: 489552515.9.0000.5346

Instituigédo Proponente: Universidade Federal de Santa Marial Pro-Feitoria de Poas-Graduacao e
Patrecinader Principal: Financiamento Praprio

DADOS DO PARECER

Niamero do Parecer: 1.343 740

Apresentagio do Projeto:

A glandula tireoide esta associada a diversas patologias, dentre elas, a ocorréncia de nadulos tireoidianos, a
gqual vem crescendo nos dltimos anos. & melhor compreensao dos eventos moleculares envolvidos na
iniciagéo e progressio do céncer da tirecide pode auxiliar na identificagio de pacientes com carcinomas de
baixo e alto risco. A proteina p53 possui um papel essencial na prevencao do cancer, pois ela induz a
apoptose de células lesadas. Mutagdes dessa proteina estdo, frequentemente, associadas com uma maiar
probabilidade ao desenvolvimento tumoral e com uma maior resisténcia a agéo de agentes quimioterapicos.
A apoptose induzida pela quimioterapia & mediada por radicais livres e outras moléculas relacionadas a
sinalizacéo celular. Dentre os mediadores capazes de modular processos imunes, tais comao a diferenciacéo
celular, destacam-se o ATP, o ADFP, 0 AMP e a adenosina, cujas concentraces extracelulares sao
controladas pela atividade das ectoenzimas E-MTFPDase (CD38), E-MNPF, E-5'-nucleotidase (CO73) e
adenosina desaminase (E-ADA) e que agem em receptaores especificos, formando o sistema purinergico.
Serido estudados marcadores sorolagicos dos sistemas citados, em B0 individuos com diagnastico
comprovado de cancer de tiredide, atendidos no ambulatorio de Cabega e Pescogo do HUSM

A coleta por puncio venosa sera realizada no proprio ambulatorio, pelo pesquisador responsavel.
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Sera tambem solicitado que o paciente responda um questionario para obtencao deinformacdes
complementares, importantes para o estudo (em anexo).

Sera constituido tambem um grupo de B0 (oitenta) individuos saudaveis que serao considerados controles.
Estes nao deverao apresentar doengas auto-imunes, inflamatarias ou alteracdes plaguetarias, o gue sera
verificado atraves do resultado de testes laboratoriais, cujos resultados serdo provenientes do Banco de
Dados do Laboratorio de Analises Clinicas do HUSM, com autorizacao do setor de registro medico do
HUSM para consulta dos prontuarios . Este individuo serd contactado através de contato telefonico, e
convidado a participar do estudo . Caso concarde, sera marcado uma hara e local para coleta da amostra e
apresentagao do TCLE.

As analises estatisticas serfo realizadas utilizando o programa Graphpad Prism 5. Todas as wvariaveis serao
testadas para normalidade de distribuigao por meio do teste de Shapiro-Wilk. Os dados serdo expressos

como média £ desvio padrao

Objetivo da Pesquisa:
GERAL avaliar a expressac das proteinas relacionadas a apoptose, a resisténcia a miltiplas drogas e a

sinalizagao purinérgica e o seu possivel envolvimento no cancer da glandula tirecide em humanos.

ESPECIFICOS:

Em pacientes com cancer de tireaide e individuos sadios :

-Werificar a atividade das enzimas BE-NTFPDase e E-ADA em linfocitos;

-werificar a atividade das enzimas E-NTPDase, E-5'-nucleotidase e EADA em plaguetas;

-Avaliar as concentragdes de nucleotideos e nucleosiden de adenina em soro;

-Avaliar o perfil de agregacio plaguetaria;

- Determinar a expressao de CO339, COV3, E-ADA e do receptor purinérgica P247 em linfocitas e plaquetas;
-Determinar o= niveis séricos de citocinas referentes as respostas Th1, Th2, Th3, Th17 e Th22 em soro;
-Avaliar a expressio imuno-histoquimica de TTF-1, p53, pB3, CK19, Galectina-3, -catenina, 5100, Ki-B7 e
Tireoglobulina em hiopsias da tiredide,

- Avaliar a expressao de proteinas associadas a apoptose,

- Avaliar a3 expressaon de proteinas associadas a resisténcia a multiplas drogas (MDOR).
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Avaliagio dos Riscos e Beneficios:

RISC OS5 sera realizada uma coleta de sangue de 10mbL da weia podendo este procedimento trazer algum
leve desconforto devido a picada da agulha. O local da coleta de sangue podera ficar dolorido ou arroxeado,
voltando ao normal em poucos dias. Caso isto ocorra sera realizado uma compressao no local durante pelo
menos dois minutos e compressas frias serdo utilizadas, auxiliando na redugdo da dor. Ao responder ao
guestionario também podera haver um leve cansago.

BEMEFICIOS: indiretos, através do conhecimentos sobre o cancer de tirenide.

Comentarios e Consideragdes sobre a Pesquisa:

Consideragdes sobre os Termos de apresentagio obrigatdria:
Apresenta folha de rosto, registra, autarizacao institucional, termo de confidencialidade, e TCLE
devidamente redigidos e assinadaos.

Recomendagdes:

Yeja no site do cep - hitp /w3 ufsm brinuclecdecomitesfindex phpicep - na aha "orientagdes gerais",
modelos e orientacéies para apresentacdo dos documentos. ACOMPANHE AS ORIENTACSES
DISPONIVEIS, EVITE PEMDENCIAS E AGILIZE A TRAMITACAD DO SEU PROJETO.

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Sem pendéncias.

Consideragdes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arguivo FPostagem Autor Situagao
Informactes Basicas|PE_INFORMACCOES BASICAS DO _P | 23/11/2015 Aceito
do Projeto FOJETO 674226 pdf 23:55:07
Declaragao de registrogep pdf 231142015 | Daniela Bitencaurt Aceita
Instituico e 23:54:02 |Fosa Leal
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Infraestrutura registrogep pdf 231172015 |Daniela Bitencourt Aceito
235402 |Hosaleal
Projeto Detalhado / |PROJETOPatricia. docx 05/11/2015 |Daniela Bitencaurt Aceito
Brochura 224012  |Rosa Leal
Investigador
Folha de Hosto folharostopatricia pdf 25/08/2015 |Daniela Bitencourt Aceito
11:.0734 |Rosaleal
Declaragan de RegistroGAP pdf 19/08/2015 |Daniela Bitencaurt Aceito
Instituicdo e 15:3213 |Rosza Leal
[nfraestruturg
TCLEfTermosde |TCLEZ pdf 19/08/2015 | Daniela Bitencourt Aceito
Aszentimento f 15:31:40 |Rosa Leal
Justificativa de
Auséncia
TCLE/Termosde |TCLET pof 19/08/2015 |Daniela Bitencaurt Aceito
Assentimento f 15:31:24 |Rosa Leal
Justificativa de
Auséncia
Declaragan de FPatriciaConfidencialidade pdf 19/08/2015 |Daniela Bitencaurt Aceito
Pesquisadores 15:31:01 Fosa Leal

Situagio do Parecer:

Aprovado

Mecessita Apreciagio da CONEP:

Maa

SANTA MARIA, 30 de Novembro de 2015
Assinado por:
CLAUDEMIR DE QUADROS

{Coordenador)
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ANEXO B - CARTA DE SUBMISSAO DO MANUSCRITO II

Clinical and Experimental Medicine

THE INVOLYEMENT OF PURINERGIC SIGNALING IN THYROID CANCER AND ITS
ROLE AS A POTENTIAL THERAPEUTIC TARGET
--Manuscript Draft--

Manuscript Number: CLEM-D-15-00558

Full Tide: THE IMNYOLWEMEMNT OF PURINERGIC SIGMALIMNG IM THYROID CAMNCER ANDITS
ROLE A5 A POTENTIAL THERARPEUTIC TARGET

Articla Typs: Review Article

Kewworde: thyroid cancer; purnergic signaling;, ATP; CD3% CD73; adenosine

Comesponding Author. Daniela Leal

Universidade Federal de Santa Maria
Santa Maria, BRAZIL

Comesponding Author Secondary
Informatian:

Comrezponding Author's Institution: Universidade Federal de Santa Maria

Comesponding Author's Secandary
| rstiturti eany:

First Author: Patricia Bemardes Cavalheiro

First Auther Socandary Information:

Order of Authars: Patricia Bemardes Cawalheiro
“iviane Martins Bernardes
Daniels Ferreira Passos

Faulo Guilherme Schimittes

Daniela Leal
Order of Authars Sacondary Iformation:
Funding |nformation:
Abstract Thyroid canceris an endocine malignancy whose global incidence has increased

rapidly ower the last decades. Although most cases of thyroid cancer have a good
sUkdval rate, a subset of cases demonstrates resistance to conventional treatment and
high rates of recurrence and metastasis. Recertly, mary studies hawve reported the role
of extracellular nuclectides such as adenosine 8'4riphosphate (ATP), and nucleosides,
such as adenosine, as important modulators in the tumor microervironment. Given the
global increase inthe incidence of thyroid cancer and evidence of the involvement of
purinergic signaling inturmor, we will discuss the role of the purinergic signaling in
cancer and thyroid cancer and its potential as atherapeutc target for cancer. We have
searched electronic datshases for papers on the subject. We found many in witro and
inivo studies that demonstrated the paricipation of ectonuclectidases, purinergic
receptors and adenosine intumor growth and progression, as well as clinical studies
using the enzyrme ecto-S-nuclectidase (E-5'-NT/CD73) and ATF and adenosine
receptor blockers as artiturnor agents. The recogniion of the involvement of purinergic
signaling in cancer and, hence, the ransfommation of its companents into therapeutic
targets for the different types of tumors is of fundamertal importance, especially for
aggressive thyroid cancer, which is resistant to the different currently available
freatments.
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