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oxidativo e marcadores inflamatérios sistémicos de pacientes com Carcinoma
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RESUMO

O céancer de tireoide (CT) é a neoplasia maligna enddcrina mais incidente, com
maior acometimento entre as mulheres. E dividido em diferentes subtipos, sendo o
carcinoma papilifero da tireoide (CPT) o mais frequente. Outras altera¢cdes podem se
desenvolver na tireoide, como as doengas autoimunes, cuja principal representante
é a tireoidite de Hashimoto (TH). Desde 1955, quando foi descrito pela primeira vez
uma possivel relacdo entre TH e CT, varios estudos tém sido elaborados na tentativa
de elucidar esta correlagcao, entretanto, ainda nao foram totalmente esclarecedores.
Sabendo-se que o estresse oxidativo (EO) esta relacionado com o desenvolvimento
de diversos tipos de cancer, bem como a participagao de marcadores inflamatérios,
o objetivo deste trabalho foi determinar a participacdo do EO e dos marcadores
inflamatadrios sistémicos em pacientes com CPT e TH residentes no norte do Parana.
Apos aprovagao ética (CEP-UEL n° 2.793.785), foram coletadas amostras de 115
pacientes, divididos entre os grupos: BENIGNO (n=63), CPT (n=27), TH (n=15) e
CPT+TH (n=10). Um questionario para avaliar as caracteristicas clinico patolégicas e
uma amostra de tecido também foram coletados. Sessenta e trés individuos
saudaveis foram utilizados como controle. Quanto as andlises de EO, foram
avaliados nos eritrécitos os pardmetros de defesa antioxidante Superodxido
dismutase (SOD), Catalase (CAT) e Glutationa reduzida (GSH), além dos
relacionados a lipoperoxidacdo, como a quimiluminescéncia induzida por terc-butil
hidroperoxido e Malondialdeido (MDA), dosado no plasma. Os marcadores
inflamatodrios, interleucina-10 (IL-10), TGF-1 e TNF-a também foram analisados no
plasma. No microambiente tumoral avaliamos marcadores de estresse oxidativo (3-
nitrotirosina e 4-hidroxinonenal), além de ki-67 e VEGF. Os resultados da CAT e
SOD demonstraram valor maior nos grupos com alteragcéo da tireoide em relacéo ao
grupo controle. Quanto a GSH, os grupos BENIGNO e CPT apresentaram valores
reduzidos em relagéo ao controle. Quando apenas os grupos CPT e CPT+TH foram
comparados, nenhuma diferencga significativa foi encontrada quanto aos parametros
de EO, bem como quanto aos resultados dos marcadores inflamatorios. A
capacidade de conter a lipoperoxidacao induzida foi menor e um alto nivel de MDA
plasmatico foi observado no grupo CPT. Para a analise entre CPT e CPT+TH, a
participagdao do EO foi mais pronunciada no grupo CPT. Na imunohistoquimica, foi
encontrado maior marcagao no grupo CPT quanto aos parametros analisados,
quando comparado ao CPT+TH. Pacientes com CPT sem TH apresentam maiores
niveis de EO e marcadores de proliferacdo e angiogénese, assim, apresentam
cenario mais favoravel a metastases, e possivel pior prognéstico, do que pacientes
com associacgao entre CPT e TH.

Palavras-chave: carcinoma papilifero de tireoide; tireoidite de hashimoto; estresse
oxidativo; marcadores inflamatorios.
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ABSTRACT

Thyroid cancer (TC) is the most common endocrine malignancy, with greater
involvement among women. It is divided into different subtypes, with papillary thyroid
carcinoma (PTC) being the most frequent. Other changes can develop in the thyroid,
such as autoimmune diseases, whose main representative is Hashimoto's thyroiditis
(HT). Since 1955, when a possible relationship between HT and TC was first
described, several studies have been carried out to elucidate this correlation,
however, have not yet been fully clarifying. Knowing that oxidative stress (OE) is
related to the development of several types of cancer, as well as the participation of
inflammatory markers, the objective of this work was to determine the participation of
OE and systemic inflammatory markers in patients with PTC and HT residents in
North of Parana. After ethical approval (CEP-UEL n°® 2.793.785), samples were
collected from 115 patients, divided between the groups: BENIGN (n= 63), PTC (n=
27), HT (n=15) and PTC+HT (n= 10). A questionnaire to assess clinical pathological
characteristics and a tissue sample were also collected. Sixty-three healthy
individuals were used as controls. As for OE analyzes, the antioxidant defense
parameters Superoxide dismutase (SOD), Catalase (CAT) and reduced Glutathione
(GSH) were evaluated in the erythrocytes, in addition to those related to lipid
peroxidation, such as chemiluminescence induced by tert-butyl hydroperoxide and
Malondialdehyde (MDA), dosed in plasma. Inflammatory markers, interleukin-10 (IL-
10), TGF-1 and TNF-a were also analyzed in plasma. In the tumor
microenvironment, we evaluated OE markers (3-nitrotyrosine and 4-hydroxynonenal),
in addition to ki-67 and VEGF. The CAT and SOD results showed a higher value in
the groups with thyroid disorders compared to the control group. As for GSH, the
BENIGN and PTC groups showed reduced values in relation to the control. When
only the PTC and PTC+HT groups were compared, no significant difference was
found among the parameters of OE, as well as the results of the inflammatory
markers. The ability to contain the induced lipid peroxidation was lower and a high
level of plasma MDA was observed in the PTC group. For the analysis among PTC
and PTC+HT, the participation of OE was more pronounced in the PTC group. In
immunohistochemistry, greater marking was found in the PTC group for the
parameters analyzed, when compared to PTC+HT. Patients with PTC without HT
have higher levels of OE, proliferation and angiogenesis markers, thus, they have a
more favorable scenario for metastases, and possibly a worse prognosis, than
patients with an association among PTC and HT.

Keywords: papillary thyroid carcinoma; hashimoto's thyroiditis; oxidative stress;
inflammatory markers.
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1 INTRODUGAO

O cancer de tireoide é considerado a neoplasia maligna enddcrina mais
comum, apresentando uma crescente taxa de incidéncia na populagdo, com maior
acometimento entre as mulheres. Apresenta uma classificacdo especifica, de acordo
com as caracteristicas moleculares apresentadas e a origem tecidual de
desenvolvimento, sendo o Carcinoma Papilifero da tireoide o subtipo mais frequente.
Além do cancer, outras alteragbes podem acometer a glandula tireoide, como as
doencas autoimunes. Dentre elas, a mais incidente € a tireoidite de Hashimoto.
Descrita em 1912 por Hakaru Hashimoto, € considerada uma tireoidite linfocitica
cronica, relacionada com a ativacdo anormal de linfécitos T e a destruigcao de células
epiteliais da tireoide, com producéo de autoanticorpos e resposta inflamataria crénica
persistente, sendo uma das principais causas de desenvolvimento de hipotireoidismo
no mundo.

A correlacdo entre doencgas inflamatérias cronicas e cancer esta bem
estabelecida em varios tecidos e 6rgaos, porém, na tireoide esta associagao ainda &
controversa. Desde 1955, quando Dailey descreveu pela primeira vez uma possivel
relagao entre a tireoidite de Hashimoto e o cancer de tireoide, diversos estudos tém
sido elaborados na tentativa de elucidar a correlagcédo entre estas doengas, entretanto,
ainda nao foram totalmente esclarecedores.

Apesar de ser apontada como um fator de risco para o desencadeamento
do processo carcinogénico na tireoide, a tireoidite de Hashimoto parece estar
associada a um menor indice de metastases linfonodais e melhor progndstico aos
pacientes que a possuem em associacao com o carcinoma papilifero, além de menor
recorréncia e mortalidade.

Sabe-se que o estresse oxidativo, estabelecido pelo desequilibrio entre o
sistema de defesa antioxidante e agentes pré-oxidantes, como as espécies reativas
de oxigénio, esta relacionado com o desenvolvimento de diversas doengas, como o
cancer. Quanto ao cancer de tireoide, a participacado do estresse oxidativo ndo esta
totalmente estabelecida. O mesmo ocorre quanto ao processo inflamatério e o cancer
de tireoide, em que carece de maiores informacgdes.

Para adicionar conhecimento a esses achados clinicos e tentar esclarecer
essa relagdo controversa entre carcinoma papilifero da tireoide e a tireoidite de

Hashimoto €& necessario conhecer os aspectos biolégicos do microambiente
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tireoidiano, bem como a resposta sistémica do paciente. Portanto, compreender a
participacao do estresse oxidativo e de marcadores inflamatorios sistémico, bem como
0 microambiente tumoral apresentado pelos pacientes com carcinoma papilifero de

tireoide e tireoidite de Hashimoto se faz de grande importancia.
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2 REVISAO DE LITERATURA

2.1 TIREOIDE

A tireoide, localizada abaixo da laringe e ocupando as regides laterais e
anterior da traqueia, € uma importante glandula do sistema enddcrino, dividida em
dois lobos laterais, ligados por um istmo. E composta por foliculos, considerados as
unidades funcionais da tireoide. Os foliculos s&o formados por uma monocamada de
células epiteliais, chamadas de tireécitos, que circundam o lumen central, e é
delimitado pela superficie apical dos tiredcitos e preenchido por tireoglobulina,
também chamada de ‘coloide’, uma glicoproteina precursora dos horménios
tireoidianos (KUMAR et al., 2016; CARVALHO; DUPUY, 2017).

O hormbnio tireoestimulante (TSH) produzido pela hipoéfise, estimula a
producéo dos horménios da tireoide. Cerca de 93% dos hormdnios produzidos pela
tireoide correspondem a tiroxina (T4) e 7% a triiodotironina (T3), que s&o essenciais
para o crescimento normal e 0 metabolismo energético do organismo. Além destes, a
calcitonina também € um hormdnio produzido na tireoide, pelas células
parafoliculares, cuja funcao esta relacionada ao metabolismo do calcio (KUMAR et al.,
2016; ROSEN; SAPRA, 2020).

Alteragcdes na producdo dos horménios da tireoide podem causar o
desenvolvimento de doencas tireoidianas, como o hipotireoidismo e o
hipertireoidismo, que sdo condigdes comuns e que afetam a populacdo no mundo
todo, com consequéncias graves para a saude, se nao tratadas. O hipertireoidismo
ocorre quando ha uma producado excessiva de hormdnios e tem como principal
representante a Doenca de Graves (DG). Ja o hipotireoidismo, é caracterizado quando
a producao hormonal é deficiente (KUMAR et al., 2016; TAYLOR et al., 2018).

Das alteragbes que podem acometer a tireoide, as doengas autoimunes
sao as mais frequentes. Sao as principais desencadeadoras do hipotireoidismo, pois
resultam de uma interrupgéo da tolerancia aos autoantigenos tireoidianos, levando a
um ataque imunolégico a tireoide, com intensa infiltragdo de células, principalmente
linfocitos, desencadeando destruicdo dos tiredcitos, e consequentemente, menor
producao hormonal. Dentre as doengas autoimunes da tireoide (DAIT), a principal
representante é a tireoidite de Hashimoto (TH) (ANTONELLI et al., 2015; KUMAR et
al., 2016).
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2.2 TIREOIDITE DE HASHIMOTO

No Japdo, em 1912, Hakaru Hashimoto descreveu pela primeira vez as
principais caracteristicas da tireoidite autoimune, ao relatar a histologia tireoidiana de
quatro pacientes, que apresentavam infiltracdo linfocitica difusa, fibrose e atrofia
parenquimatosa, as quais denominou de ‘struma lymphomatosa’. Desde entdo, esta
alteracao ficou conhecida como tireoidite de Hashimoto (AKAMIZU; AMINO, 2000;
RAGUSA et al., 2019).

A TH é a DAIT mais frequente, sendo conhecida também como tireoidite
linfocitica crénica. A quebra da autolerancia e indugao da autoimunidade na tireoide,
com a presenca de um intenso infiltrado inflamatério, composto principalmente por
células T CD4* e CD8*, que promovem a morte celular por liberagao de citocinas ou
por citotoxicidade, respectivamente, além da presenca de anticorpos antitireoidianos,
resulta em destruicdo progressiva dos tiredcitos com consequente reducado da
producdo hormonal (KUMAR et al., 2016; RAYMAN, 2019).

Os mecanismos que desencadeiam o ataque autoimune a tireoide e os
fatores de risco ainda estdo sob investigagdo, sem uma definicdo concreta até o
momento, porém, a interagcao entre a suscetibilidade genética e fatores ambientais,
incluindo fatores nutricionais, como a ingestdo excessiva de iodo (RAYMAN, 2019),
tém sido apontados como os principais gatilhos para a quebra da autotolerancia
imunolégica na TH (ANTONELLI et al., 2015; RAGUSA et al., 2019). Além destes, o
consumo abusivo de alcool, estresse e tabagismo também sao considerados fatores
que podem desencadear a TH (LIONTIRIS; MAZOKOPAKIS, 2017).

A incidéncia mundial anual de tireoidite de Hashimoto € estimada em 3,5-5
casos por 1000 individuos. Apresenta maior incidéncia em mulheres, com um risco
maior com 0 aumento da idade, e um pico de ocorréncia estimado entre 45 e 55 anos
(ANTONELLI et al., 2015; RAGUSA et al., 2019). Morfologicamente, a TH apresenta
atrofia gradual do tecido tireoidiano apds a invasao pelos linfocitos, seguido de atrofia
folicular e metaplasia oncocitica das células foliculares (PYZIK et al., 2015).
Microscopicamente, ha excessiva infiltragao do parénquima por infiltrado inflamatorio,
composto principalmente por linfécitos (KUMAR et al., 2016).

O diagndstico da TH é feito pelo quadro clinico dos pacientes, alteragdes
hormonais, analise anatomopatolégica e principalmente pela presengca de

autoanticorpos (RAGUSA et al.,, 2019). Os anticorpos antitireoidianos, anti-
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tireoperoxidase (anti-TPO), anti-tireoglobulina (anti-Tg) e anti-receptor de TSH (anti-
TRADb) apresentam correlagdo positiva com o aumento da reacdo inflamatéria na
tireoide e com o desenvolvimento de TH (PYZIK et al., 2015). Ehlers et al., (2016)
observaram que pacientes com doenga autoimune da tireoide e com dosagem
elevada de anti-TPO (>500UI/mL) apresentavam risco moderadamente maior de
desenvolver hipotireoidismo (EHLERS et al., 2016).

O anti-TPO é considerado o melhor marcador soroldgico para estabelecer
o diagnostico de TH, pois sdo encontrados em aproximadamente 95% dos pacientes
com TH e raramente em individuos saudaveis. Quanto ao anticorpo anti-Tg, apresenta
menor sensibilidade e especificidade, pois apresenta positividade para cerca de 60-
80% dos pacientes com TH e esta presente em uma fracdo maior de individuos
saudaveis, respectivamente, quando comparado ao anti-TPO (CATUREGLI et al.,
2014; ANTONELLI et al., 2015).

Pacientes com TH estdo mais propensos a desencadear outras doencgas
autoimunes, tanto endécrinas, como diabetes mellitus tipo 1, quanto ndo-enddcrinas,
como artrite reumatoide e lupus eritematoso sistémico (KUMAR et al., 2016). Podem
apresentar também um risco maior de desenvolver cancer de tireoide (CT)
(ANTONELLI et al., 2015; GOBARU et al., 2019).

2.3 CANCER DE TIREOIDE

Em 2020 foram registrados cerca de 586 mil novos casos de cancer de
tireoide no mundo, e mais de 43 mil mortes, segundo o Global Cancer Observatory,
ocupando o nono lugar em incidéncia mundial, sendo, portanto, a neoplasia maligna
enddécrina mais comum (GCO, 2020). No Brasil, para cada ano do triénio 2020-2022,
estima-se que havera 1.830 casos novos em homens e 11.950 em mulheres,
ocupando a quinta posicdo entre os tipos de cancer mais incidentes na populagao
feminina brasileira, segundo o Instituto Nacional do Cancer (INCA, 2020). E também
um dos tipos de cancer mais incidente em adultos jovens (NCCN, 2020).

Desde a década de 1980, tem-se registrado o aumento da incidéncia de
CT, que se deve principalmente a introducdo de novas técnicas de diagndstico,
associado ao maior acesso da populagao aos servigos de saude (VACCARELLA et
al., 2016), o que contribui para a detecgao precoce e diagndsticos mais precisos, com

reducdo da morbidade (HAN; KIM, 2018). Embora tenha uma alta incidéncia, a taxa
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de mortalidade em decorréncia do CT é relativamente baixa, variando entre 0,28 e
0,51 a cada 100 mil homens e mulheres, respectivamente (INCA, 2020).

Apesar do avango no desenvolvimento de exames diagndsticos contribuir
para a deteccao precoce de diversas doengas, inclusive o CT, o uso da tecnologia
radiolégica em exames de raio-x e tomografia computadorizada, por exemplo,
aumenta consideravelmente a exposi¢cado da populagao a radiagao ionizante (ZHANG
et al., 2015; HAN; KIM, 2018). A gléndula tireoide esta entre os 6rgaos mais radio
sensiveis do corpo. As doses de radiacio recebidas em cada exame, apesar de serem
baixas, sdo relatadas como um possivel e importante fator de risco para o
desencadeamento do CT (ZHANG et al., 2015; HAN; KIM, 2018). Assim como a
radiagdo recebida na radioterapia, principalmente para o tratamento de regides do
corpo proximas a tireoide (SUZUKI et al., 2019).

Apesar da radiacao ionizante ser um dos fatores de risco mais bem
estabelecidos até o momento (ZHANG et al., 2015; SUZUKI et al., 2019), outros
fatores também podem estar relacionados com o desenvolvimento de CT. As espécies
reativas de oxigénio (ERO) quando presentes em niveis elevados, podem induzir o
estresse oxidativo, além de serem consideradas potentes agentes lesivos ao DNA
(AMEZIANE-EL-HASSANI et al., 2019). Além destes, obesidade, tabagismo,
desequilibrio na ingestao de iodo (THUN et al., 2017), assim como historico familiar
de CT e a presenca de doencas tireoidianas pré-existentes, como a TH, sao
considerados importantes fatores desencadeantes de CT (LIANG et al.,, 2017;
MAROTTA et al., 2017; MOLNAR et al., 2019).

A classificagao do CT sofreu varias alteragdes ao longo do tempo. Em 1953,
foi publicado pelo Instituto de Patologia das Forgas Armadas dos Estados Unidos, a
primeira classificacdo, que subdividia o CT em tumores benignos e malignos, com
apenas duas variantes, papilar e folicular, sendo distinguidos com base na arquitetura
tecidual (WARREN; MEISSNER, 1953). Com o passar do tempo, novas classificagcdes
foram estabelecidas, e de acordo com a mais recente, publicada pela Organizagéo
Mundial da Saude em 2017 (BYCHKQV, 2020), o CT é classificado de acordo com o
perfil molecular apresentado e quanto ao epitélio de origem (FIG. 1), sendo o
carcinoma diferenciado da tireoide (CDT) o mais comum, representando cerca de 95%
dos casos de CT. O CDT é proveniente do epitélio folicular e apresenta arquitetura
tecidual semelhante ao epitélio tireoidiano normal (CAMESELLE-TEIJEIRO;
SOBRINHO-SIMOES, 2018; ASA, 2019).
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Figura 1. Classificagao dos principais tipos de cancer de tireoide de acordo

com a origem tecidual de seu desenvolvimento (Fonte: Préprio autor).

O carcinoma papilifero da tireoide (CPT) é o subtipo de CDT mais incidente,
seguido pelo carcinoma folicular (CFT), observado em menor frequéncia (ABDULLAH
et al., 2019; ASA, 2019). Quanto ao carcinoma pouco diferenciado, caracteriza-se por
apresentar limitada diferenciagao celular, sendo morfologicamente intermediaria entre
a apresentada pelos CDT e o carcinoma anaplasico, ou indiferenciado, sendo este
ultimo subtipo considerado raro, porém, com alta taxa de mortalidade. Além destes,
ha o carcinoma medular, derivado de células parafoliculares (FIG. 1) (CAMESELLE-
TEIJEIRO; SOBRINHO-SIMOES, 2018; MOLNAR et al., 2019).

2.3.1 Carcinoma Papilifero da Tireoide

O carcinoma papilifero da tireoide € o mais frequente, representando cerca
de 75-80% dos casos de CDT, com maior acometimento entre as mulheres. Seu
desenvolvimento € lento e pode ocorrer em qualquer idade, porém, a incidéncia
aumenta com o passar dos anos, sendo mais comum entre a terceira e a quinta
década de vida dos pacientes, com pico médio aos 40 anos (ABDULLAH et al., 2019).

O CPT é um tumor epitelial com evidéncias de diferenciacao folicular, com
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caracteristicas nucleares especificas (FIG. 2), como presenga de nucleos em forma
de ‘vidro fosco’ (nucleos claros), fenda na membrana nuclear (‘graos de café’),
pseudoinclusdes intranucleares e corpos psamomatosos, que sdo corpusculos
calcificados, decisivos para o diagnostico deste tipo de cancer, visto que € muito raro
em outros tipos de CT, além de arquitetura tecidual com presencga de papilas e/ou
invasao capsular (ASA, 2019; ABDULLAH et al., 2019).
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tireoide. (a) arquitetura tecidual em forma de papilas; (b) nucleos em ‘vidro fosco’; (c)
pseudoinclusdes intranucleares; (d) fendas na membrana nuclear e (e) presenga de corpo
psamomatoso. (Fonte: Adaptado do Atlas de Anatomia Patolégica — UNICAMP).

Apesar da etiologia do CPT ser controversa, fato este que se assemelha
aos outros tipos de CT, o histérico de exposicado a radiacio ionizante é considerado
um fator de risco bem estabelecido. Quanto as alteragbes genéticas, mutagdes nos
oncogenes BRAF, RAS ou RET podem ser encontradas em cerca de 70% dos casos.
Estes eventos genéticos podem desencadear formas variantes de CPT, apresentando
maior agressividade e diferentes caracteristicas histopatolégicas (ABDULLAH et al.,
2019; GRACEFFA et al., 2019). Além destes, o histérico familiar de CPT e doenca
benigna da tireoide preexistente, como a TH, também podem ser considerados como
fatores de risco, visto que na literatura, estudos apontam para uma possivel correlagao
entre pacientes com TH e CPT (MOLNAR et al., 2019; SULAIEVA et al., 2020).
Diferentes estudos sugerem que nao ha, ou que é pouco frequente, a correlagao entre
TH e os outros subtipos de cancer de tireoide, incluindo variantes foliculares,
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medulares ou anaplasicas (DE PAIVA et al., 2017; SULAIEVA et al., 2020).
2.4 ASSOCIAGAO ENTRE TIREOIDITE DE HASHIMOTO E CANCER DE TIREOIDE

Em 1863, Rudolf Virchow descreve pela primeira vez uma possivel
correlagdo entre inflamacdo e cancer (VIRCHOW, 1863). Desde entdo, varias
evidéncias mostram que varios tipos de cancer podem ser desencadeados a partir de
uma doencga inflamatoria crénica (LANDSKRON et al., 2014; KORNILUK et al., 2017,
MURATA, 2018). Apesar de ser uma resposta benéfica, a fim de restaurar a
homeostasia do organismo frente a uma lesdo ou agente patoldgico, a resposta
inflamatoéria ao se tornar crbnica, pode compartilhar vias de sinalizagdo com o
processo carcinogénico, como sinais de sobrevivéncia celular para evitar apoptose,
fatores pré-angiogénicos, quimiocinas e citocinas (LANDSKRON et al., 2014;
KORNILUK et al., 2017).

A possibilidade do processo inflamatério desencadeado pela TH estar
relacionado com o desenvolvimento do CT foi descrita pela primeira vez por Dailey et
al., (1955), e posteriormente, varios estudos tém sido realizados no intuito de
investigar esta associacdo (MAZOKOPAKIS et al., 2010; JANKOVIC et al., 2013;
ZHANG et al., 2014; PAGANO et al., 2018; MOLNAR et al., 2019; SULAIEVA et al.,
2020). Em uma meta-anadlise realizada por Lai et al.,, (2017), observaram que a
presenca de CPT foi mais frequentemente encontrado em pacientes com TH,
sugerindo que a resposta inflamatoéria presente na TH pode criar um cenario favoravel
para desencadear o processo carcinogénico, caracterizando-a, portanto, como um
possivel fator de risco para o CPT (LAl et al., 2017).

Em um estudo retrospectivo realizado por Uhliarova e Hajtman (2018), ao
analisarem os dados clinico histopatolégicos de pacientes submetidos a
tireoidectomia, parcial ou total, observaram que a TH foi significativamente mais
frequentemente associada ao CT e ao microcarcinoma de tireoide em comparagao
com outras alteragdes benignas, sendo que, entre os casos de CT, o tipo histolégico
mais encontrado foi o CPT (62%) (UHLIAROVA; HAJTMAN, 2018). Dados
semelhantes foram obtidos por Jackson et al., (2020), que observaram aumento de
1,5 vezes no risco de desenvolver CT em pacientes que tinham TH, quando
comparado aos pacientes que nao apresentavam (JACKSON et al., 2020).

Apesar da possibilidade de ser um fator de risco para o desenvolvimento

de CT, a associagdo entre TH e CT pode ser benéfica. Molnar et al., (2019)
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observaram que, a multifocalidade tumoral pode ser encontrada com maior frequéncia
em pacientes que apresentam CT e TH concomitante, mas, por outro lado, estes
pacientes apresentavam taxas de metastases linfaticas significativamente menores
(MOLNAR et al., 2019), o que corrobora com outros estudos, que sugerem que a
coexisténcia de CT e TH acarreta em um melhor prognéstico aos pacientes e menor
agressividade do tumor (DVORKIN et al., 2013; DOBRINJA et al., 2016; SONG et al.,
2018).

A destruicdo celular decorrente dos disturbios autoimunes da tireoide, como
0 que ocorre na TH, pode estar relacionada a destruicdo de células tumorais via
mecanismos imunes humorais e mediados por células T citotoxicas, contribuindo
assim, para um efeito favoravel da associacéo entre TH e CT (JEONG et al., 2012;
ZENG et al., 2018). Apesar de indicar a necessidade de mais estudos para verificar
esta afirmacao, Graceffa et al., (2019) também sugerem que o possivel vinculo
favoravel entre TH e CPT pode ser devido a presenga da resposta autoimune que se
desenvolve junto com uma resposta imune antitumoral (GRACEFFA et al., 2019). Ao
analisar as possiveis liga¢gdes imunoldgicas, Sulaieva et al., (2020) observaram que
pacientes com CPT e TH possuiam numero maior de células T CD8*, comparado aos
pacientes que apresentam apenas CPT, refletindo assim a capacidade do sistema
imunoldgico de gerar e recrutar células T citotoxicas na area do tumor, o que poderia
explicar o efeito protetor da TH na progressao do CPT (SULAIEVA et al., 2020).

Respostas imunes do tipo Th17 levam a producédo de Interleucina-17 (IL-
17), que sabidamente participa de processos autoimunes, como na TH (FIGUEROA-
VEJA et al., 2010). Zeng et al., (2018) verificaram uma correlagdo negativa entre IL-
17 com metastases linfonodais em pacientes com TH e CPT, indicando que
possivelmente as células Th17 podem apresentar fungéo antitumoral (ZENG et al.,
2018). O perfil de citocinas apresentado em pacientes com CPT e TH pode ser
alterado. Zivancevic-Simonovic et al., (2015) observaram que além do padréo de
citocinas previamente esperado, Th17, por se tratar de uma doenca autoimune, houve
uma producdo expressiva de outras citocinas, relacionadas com o perfil Th1 e Th2,
como IFN-y e IL-4, respectivamente. Porém, indicam a necessidade de maiores
estudos para confirmar e correlacionar os resultados obtidos (ZIVANCEVIC-
SIMONOQVIC et al., 2015).

Lu et al.,, (2020) analisaram a participagdo da interleucina-10 (IL-10),

considerada uma interleucina anti-inflamatéria, em pacientes com CPT e TH em
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associagao, visto que ha relatos de sua elevada expressdo em pacientes nestas
condi¢gdes (STANCIU et al., 2015). Ao investigar sua fungao na imunidade tumoral,
observaram que a presenca da IL-10 estava relacionada a maior expressido do MHC
classe |, quando comparado a pacientes com CPT isolado, e que resultaria em
melhora da imunidade antitumoral, visto que a maior expressao de MHC esta
relacionada com menores indices de evasdo da morte pelas células neoplasicas
(STANCIU et al., 2015; LU et al., 2020). Além da IL-10, a interleucina-2 (IL-2) parece
desempenhar papel semelhante, aumentando também a expressdo do MHC classe |.
Sugerindo, portanto, que a presenca destas interleucinas estaria relacionada a um
prognostico favoravel apresentado por pacientes com CPT e TH associados (HU et
al., 2020; LU et al., 2020).

Apesar dos relatos na literatura sugerindo a correlagao entre TH e CT, esta
afirmacao ainda é controversa. Alguns autores afirmam que nao ha evidéncias claras
para apoiar esta associagao, visto que nao encontraram correlagdo estatisticamente
significante entre elas (JANKOVIC et al., 2013; DEL RIO et al., 2019). Assim, esta
relagdo parece estar longe de ser esclarecida, do que diz respeito aos mecanismos

fisiopatoldgicos e clinicos que interligam essas duas alteracdes tireoidianas.

2.5 ESTRESSE OXIDATIVO E CANCER DE TIREOIDE

As espécies reativas de oxigénio (ERO), podem ser divididas em dois
grupos: os radicais livres (RL), que sao moléculas que apresentam um elétron
desemparelhado na sua camada de valéncia, como por exemplo, o anion superoxido
(O27) e o radical hidroxila (*OH); e moléculas nao radicalares, como o peroxido de
hidrogénio (H202) (LUKOSZ et al., 2010). A producéo destes compostos ocorre de
forma continua e fisiolégica no organismo, através de diversas reagdes bioquimicas
importantes, como na geragdo de ATP (adenosina trifosfato), por meio da cadeia
transportadora de elétrons na mitocondria. As ERO sao neutralizadas pelo sistema
antioxidante celular, que tem a funcgao de inibir e/ou reduzir os danos causados pelas
ERO. Este sistema é constituido por antioxidantes enzimaticos, como a Superdxido
Dismutase (SOD), Catalase (CAT) e Glutationa Peroxidase (GPx), e pelos néao-
enzimaticos, como a glutationa e as vitaminas E e C, por exemplo (VEAL et al., 2007;
SIES, 2015).

A SOD é a primeira e uma das mais importantes enzimas na linha de defesa
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do sistema antioxidante, estando presente essencialmente em todas as células do
corpo. Se apresenta sob 2 principais isoformas: a citoplasmatica, dependente dos
cofatores cobre e zinco (Cu/ZnSOD ou SOD1) e a mitocondrial, dependente de
manganés (MnSOD ou SODZ2). Atua através de um mecanismo de acdo comum a
todas isoformas, no qual catalisa a dismutagdo do anion superoéxido, resultando na
geracao de H202 (FIG. 3), sendo este, menos lesivo, quando comparado aos danos
causados pelo anion superoéxido (LUKOSZ et al., 2010; WANG et al., 2018).

O peroxido de hidrogénio apresenta agdo antimicrobiana, pois através da
oxidacdo lipidica, a membrana plasmatica dos microrganismos € degradada,
ocasionando sua morte. Porém, em excesso o H202 é muito prejudicial as células,
pois na presenca dos metais ferro e cobre, pela Reagcdo de Fenton, pode ser
convertido em radical hidroxila (*OH) (FIG. 3). Para conter o excesso de H202, ha
enzimas, como a catalase, que promovem a conversao de peroxido de hidrogénio a
agua e oxigénio molecular (FIG. 3). A CAT é expressa principalmente nos rins, figado
e hemacias, e esta localizada principalmente nos peroxissomos, mas também na
mitocondria e no nucleo (LUKOSZ et al., 2010; GLORIEUX et al., 2015).

Fe?* ,--eeeenn, Fe*

H.O0 + 0,

2 H,0

Figura 3. Acao das enzimas antioxidantes na neutralizagao de radicais livres. O
anion superdéxido gerado pela cadeia transportadora de elétrons mitocondrial é convertido em
peréxido de hidrogénio pela enzima superéxido dismutase. Apds sua geragao, o peréxido de
hidrogénio pode ser convertido em agua e oxigénio pela enzima Catalase ou pela Glutationa
peroxidase, no entanto, para que este processo ocorra, € necessario a conversido da
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glutationa reduzida em glutationa oxidada, que posteriormente pode retornar a sua forma
reduzida pela acao da Glutationa redutase. Além disso, pode ocorrer a interacdo do peroxido
de hidrogénio com ions ferro (ou cobre), que através da Reagdo de Fenton, resulta na
formacao de radical hidroxila. CAT: catalase; Fe: ferro; GSH: glutationa reduzida; GSSG:
glutationa oxidada; GPx: glutationa peroxidase; GR: glutationa redutase; H>O.: Per6xido de
hidrogénio; H.O: Agua; O2: Anion superéxido; O2: Oxigénio; *OH: Radical hidroxila; SOD:
superoéxido dismutase (Fonte: Préprio autor).

Além da CAT, outro sistema capaz de converter o H202em agua e oxigénio
€ o da Glutationa, que é considerada o grupamento tiol (-SH) mais abundante nas
células, principalmente nas hemacias e nos hepatdcitos. A glutationa se apresenta em
sua maior parte, cerca de 98%, como glutationa reduzida (GSH) e o restante na sua
forma oxidada (GSSG). Durante periodos de EO, a GSH é convertida em GSSG pela
GPx, e pode ser revertida para GSH pela glutationa redutase (GR) (FIG. 3). Assim, a
razao GSH/GSSG pode ser utilizada para avaliar o estado redox dos sistemas
bioldgicos, crucial para manutengdo da homeostase intracelular (LU, 2013; SIES,
2015).

Quando ocorre um desequilibrio entre a geragdo de ERO e sua
neutralizagéo pelo sistema antioxidante, configura o processo chamado de estresse
oxidativo (EOQ) (HOLMSTROM; FINKEL, 2014; SIES, 2015). O EO pode causar danos
significativos na estrutura e nas fungdes celulares, além de danos no DNA, que podem
induzir mutagdes somaticas e transformacdo neoplasica, desencadeando os
processos de iniciagao e progressao da carcinogénese, sendo, portanto, considerado
um importante fator de risco para varios tipos de cancer, dentre eles, o CT (REUTER
et al.,, 2010; MOLONEY; COTTER, 2018).

Além da cadeia transportadora de elétrons da mitocéndria, outra fonte de
ERO celular é representada pela NADPH oxidase (NOX), que € um complexo
enzimatico ligado a membrana plasmatica, e que age como doador de elétrons para
reducéo do oxigénio e formagao de anion superdxido (RABELO et al., 2010). A familia
NOX é composta por 7 isoformas (NOX 1, NOX 2, NOX3, NOX4, NOX5, DUOX1 e
DUOX2), envolvidos em diferentes fungdes bioldgicas (PANDAY et al.,, 2015). Na
tireoide, 3 tipos ja foram descritos: DUOX1, DUOX 2 e mais recentemente, NOX4.
DUOX1 e 2, estao localizados na membrana apical dos tiredcitos e agem em conjunto
com os fatores de maturacao DUOXA1 e 2, na presenca de calcio. Sao responsaveis
pela geracao de H20z2, utilizado pela enzima tireoperoxidase (TPO) na produgao dos

horménios T3 e T4. Quanto ao NOX4, pode estar localizado no nucleo, reticulo
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endoplasmatico e mitocondrias, e é responsavel pela produgéao intracelular de H202
(WEYEMI et al., 2010; MUZZA et al., 2016; AMEZIANE-EL-HASSANI et al., 2019).

Durante a produg&o hormonal, ERO sdo geradas na tireoide como parte do
processo normal, no entanto, sdo neutralizadas pelas enzimas antioxidantes,
limitando, portanto, os danos oxidativos. Entretanto, algumas condigdes como,
proliferagdo de células tumorais e inflamagao da glandula tireoide podem alterar o
equilibrio entre as ERO e os niveis de antioxidantes, gerando um ambiente de EO e
consequentemente, resultando em danos no DNA, que podem contribuir para a
carcinogénese (RAMLI et al., 2017).

A sintese dos hormdnios tireoidianos requer a iodagdo da tirosina,
aminoacido presente na tireoglobulina, processo este que é catalisado pela TPO e
que necessita de uma quantidade especifica de H202 para uma produg¢ao adequada.
Neste cenario, o DUOX2 é a principal fonte de peréxido de hidrogénio no foliculo
tireoidiano (SZANTO et al., 2019). Grandes quantidades de H20:2 produzidas durante
a sintese hormonal pode ser uma possivel explicacao aos danos oxidativos do DNA e
a alta taxa de mutagéo espontanea observada na glandula tireoide, em comparagéo
com outros 6rgaos. Em contraste com a producéo fisiolégica de ERO desempenhada
pelo DUOX2, a participagdo da NOX4 tem sido relacionada a geragao de niveis
patologicamente elevados de H202, culminando em danos ao DNA e instabilidade
gendmica (AMEZIANE-EL-HASSANI et al., 2016). Processos estes, que estdo
relacionados ao inicio da carcinogénese na tireoide, sendo, portanto, a NOX4
identificada como uma potencial fonte prejudicial de ERO (FIG. 4) (AMEZIANE-EL-
HASSANI et al., 2016; AZOUZI et al., 2017; SZANTO et al., 2019).

Weyemi et al., (2010) observaram que a NOX4 pode estar expressa em
altos niveis nos tiredcitos e que produz H202 continuamente. Além disso, NOX4 estaria
regulada positivamente no CT, particularmente no CPT, sugerindo que esse sistema
gerador de H202 poderia estar envolvido no mecanismo de sinalizacdo das células
tumorais da tireoide (WEYEMI et al., 2010).
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Figura 4. Papel das NADPH oxidases geradoras de H202 no dano ao DNA na
tireoide. A tireoperoxidase utiliza o perdxido de hidrogénio, produzido pelo DUOX2, na
sintese dos horménios T3 e T4. Em um contexto patolégico, o H2O- produzido pelo DUOX2
pode difundir através da membrana apical do tireécito e atingir o nucleo, de forma direta. Outra
via, seria através da producido de H;O, pela NOX4, que pode ser encontrada no nucleo e
reticulo endoplasmatico. A presenca do H.O- resulta em aumento do estresse oxidativo
nuclear, promovendo danos ao DNA e instabilidade gendmica. DUOX: oxidase dupla; H2O:
peroxido de hidrogénio; NOX4: NADPH oxidase 4; TPO: tireoperoxidase; T3: triiodotironina;
T4: tiroxina (Fonte: Adaptado de Ameziane-El-Hassani et al., 2019).

A utilizacdo de H20:2 para a sintese de horménios, faz com que a tireoide
seja facilmente exposta ao EO em situagcbes em que ha alteragdo na produgéo
hormonal. O TSH, horménio produzido pela hipéfise, exerce papel estimulante sobre
a sintese dos horménios tireoidianos. Niveis elevados de TSH tem sido observado em
casos de CT, sugerindo que a estimulacao excessiva do TSH pode contribuir para o
desencadeamento de EO na tireoide, e consequentemente, favorecendo o processo
de carcinogénese local (STANLEY et al., 2016; ROWE et al., 2017).

Ao analisar a atividade das enzimas antioxidantes, Ramli et al., (2017)
observaram que pacientes com doencgas na tireoide apresentavam um sistema de

defesa antioxidante mais baixo do que os controles, potencialmente predispondo-os
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ao EO. Além disso, as diferentes condigdes patoldgicas da tireoide podem influenciar
quanto aos niveis de antioxidante no soro e nas hemacias desses pacientes,
implicando na capacidade variavel de prevencédo ao EO (RAMLI et al., 2017).

Devido a natureza oxidativa da sintese hormonal, a tireoide pode ser um
dos 6rgaos mais vulneraveis aos efeitos deletérios do estresse oxidativo, portanto, um
equilibrio entre a producéao e a eliminacao de ERO é de extrema importancia. Neste
contexto, as enzimas antioxidantes apresentam relevante fungao, visto que a protecao
dos tiredcitos contra danos oxidativos € essencial para o seu bom funcionamento. A
atividade dos antioxidantes pode se apresentar com padrdes diferentes, visto que as
células cancerigenas exibem alta variabilidade na modulagdo das atividades das
enzimas antioxidantes, quando comparadas com as células normais (SZANTO et al.,
2019). Stanley et al., (2016), observaram que os niveis das enzimas glutationa
peroxidase e SOD estavam aumentadas em pacientes com CPT, enquanto a catalase
permaneceu inalterada, quando comparadas a outras condi¢gdes, como bocio e a TH
(STANLEY et al., 2016).

A lipoperoxidagédo € um processo que consiste no ataque dos radicais livres
sobre os acidos graxos poli-insaturados presentes principalmente na membrana
plasmatica das células. Como consequéncia, pode ocorrer alteragdo nos processos
de troca ibnica, rompimento e liberacdo do conteudo celular, culminando na morte da
célula (SU et al., 2019). A lipoperoxidagao € uma reagédo em cadeia, que consiste em
3 etapas: iniciagao, propagacgao e terminagao (FIG. 5). Inicialmente, o radical hidroxila
(*OH) sequestra um atomo de hidrogénio do acido graxo poli-insaturado da
membrana, formando o radical lipidico (L¢), que ira reagir com o oxigénio, na primeira
etapa da propagacéo, resultando na formagao do radical peroxila (LOO¢), que por sua
vez sequestra um novo atomo de hidrogénio de outro acido graxo poli-insaturado,
formando novamente o Le, na segunda etapa da propagacdo. A ultima etapa,
terminacao, corre quando os radicais L* e LOO- produzidos nas etapas anteriores,
reagem entre si formando produtos nado radicalares (FIG. 5) (AYALA et al., 2014,
GASCHLER; STOCKWELL, 2017; SU et al., 2019).
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Figura 5. Etapas do processo de lipoperoxidacgao. (Fonte: préprio autor).

Como resultado da lipoperoxidacdo, ha formacédo de aldeidos, como o
Malondialdeido (MDA) e o 4-hidroxinonenal (4-HNE), considerados produtos finais da
lipoperoxidagcédo, amplamente utilizados, portanto, como biomarcadores de estresse
oxidativo (AYALA et al., 2014; TSIKAS, 2017).

Portanto, analisar o comportamento das enzimas antioxidantes, bem como
de biomarcadores de lipoperoxidagao, para avaliar o estresse oxidativo em pacientes

com CT é de grande importancia.
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3 OBJETIVO

Determinar os parametros de estresse oxidativo e marcadores
inflamatdrios sistémicos de pacientes com carcinoma papilifero de tireoide e tireoidite

de Hashimoto residentes no norte do Parana.

3.1 OBJETIVOS ESPECIFICOS

Determinar as caracteristicas clinico patologicas e demograficas de
pacientes com alteragdes benignas, TH, CPT e CPT+TH residentes no norte do
Parana.

Avaliar os parametros bioquimicos e imunolégicos de pacientes com
alteracdes benignas, TH, CPT e CPT+TH.

Avaliar e comparar os parametros de estresse oxidativo sistémico de
pacientes com alterag¢des benignas, TH, CPT e CPT+TH, com individuos controles.

Mensurar parametros de estresse oxidativo no microambiente tumoral
dos pacientes com as diferentes alteragdes na tireoide, especialmente dos pacientes
com CPT e TH.
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4 ARTIGO PARA PUBLICAGCAO

O presente trabalho originou um artigo cientifico que sera incluido nesta
tese como Apéndice A. Todas as analises experimentais contidas foram realizadas na
Universidade Estadual de Londrina, nos laboratérios de Patologia Molecular e no
laboratério de Fisiopatologia e Radicais Livres.

O trabalho sera submetido para publicagdo em revista cientifica e intitula-
se “Role of papillary thyroid carcinoma patients with Hashimoto thyroiditis: evaluation
of oxidative stress and inflammatory markers”. Além deste, um artigo de revisao foi
publicado em 2020 na revista cientifica Pathology - Research and Practice com o titulo
“Thyroid cancer and thyroid autoimmune disease: A review of molecular aspects and

clinical outcomes”, e foi incluido nesta tese como Apéndice B.
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5 CONSIDERAGOES FINAIS

Com os resultados obtidos neste trabalho, observamos que o estresse
oxidativo, tanto a nivel sistémico quanto no microambiente tumoral, esta mais evidente
no grupo que apresenta apenas carcinoma papilifero de tireoide, quando comparado
aos pacientes que possuem associagao a tireoidite de Hashimoto. Além disso, os
pacientes com CPT tendem a apresentar uma pior evolugdo da doencga, visto que
apresentam também marcacéo mais expressiva de marcadores de proliferacao celular
e angiogénese, o que pode favorecer ao desencadeamento de metastases, quando

comparados aos pacientes com associagao a TH.
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Abstract

Introduction and objective: Thyroid cancer is the most common endocrine
malignancy. Among the subtypes, papillary thyroid carcinoma (PTC) is the most
frequent. Hashimoto’s thyroiditis (HT), an autoimmune disease, can affect the thyroid
gland. Despite several research aimed to understand the relationship between HT and
PTC, the precise involved mechanisms are under debate yet. Oxidative stress (OE)
and inflammatory environment participate in the development of several types of
cancer, thus the objective of this work was to determine the participation of OE and
systemic inflammatory markers in patients with PTC and HT. Methods: Samples were
collected from 115 patients, divided into four groups with thyroid changes: BENIGN
(n=63), PTC (n=27), HT (n= 15) and PTC+HT (n= 10). Sixty-three healthy individuals
participate as control. To quantify the EO, the antioxidant enzymes activity of
Superoxide dismutase (SOD), Catalase (CAT) and the reduced form of Glutathione
(GSH) were evaluated; markers of lipid peroxidation, Malondialdehyde (MDA) and lipid
hydroperoxide were also measured. The inflammatory markers IL-10, TGF-B1 and
TNF-a were analyzed. For the tumor microenvironment, immunohistochemistry was
performed to mark indicators of OE (3-nitrotyrosine and 4-hydroxynonenal), cell
proliferation (Ki-67) and angiogenesis (VEGF). Results: CAT and SOD activities were
higher in the groups with thyroid disorders compared to the control group. The GSH
concentration was decreased in the BENIGN and PTC groups, compared to control
group. When only the PTC and PTC+HT groups were analyzed, no significant
differences were found in the antioxidant defense. Regarding inflammatory markers,
no significant differences were found among the PTC and PTC+HT groups. The ability
to contain the induced lipid peroxidation was lower and a high level of plasma MDA
was observed in the PTC group. All the immunohistochemistry markers had higher
scores in PTC group, compared to PTC+HT. Conclusion: Therefore, it was possible
to observe the more pronounced presence of OE and the greatest activity of the cell
proliferation and angiogenesis markers, factors that contribute to tumor progression
and metastasis in the PTC group than PTC+HT.

Keywords: Papillary thyroid carcinoma. Hashimoto's thyroiditis. Oxidative
stress.
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Introduction

Thyroid cancer is the most common endocrine malignancy in the population,
accounting for 3.4% of all cancers diagnosed annually. In Brazil, approximately 12
thousand new cases/year of the 2020-2022 are expected [1]. Among the differentiated
subtypes of thyroid cancer, papillary thyroid carcinoma (PTC) is the most frequent,
corresponding to 80% of the total cases [2,3]. In addition to malignant neoplasms, other
changes can develop in the thyroid, such as autoimmune diseases. Discovered by
Hakaru Hashimoto in 1912, Hashimoto's thyroiditis (HT) is the main autoimmune
disease that affects the thyroid gland, being responsible for triggering an intense
inflammatory infiltrate and cellular destruction, resulting in reduced production of
thyroid hormones, with consequent hypothyroidism [4,5]. HT is more prevalent in
women and its worldwide annual incidence is estimated to be 3,5-5 cases per 1000
individuals [4].

The association between thyroid cancer and HT has been addressed when
Dailey et al., (1955) first suggested this possible correlation [6]. Since then, several
studies have been carried out to unraveling this issue, and to elucidate the main
mechanisms that make this association possible [3,7,8].

Although it can be considered as a risk factor for the triggering of thyroid
carcinogenesis [9], HT has also been related to a better prognosis for patients who
have it in association with thyroid cancer, especially PTC. Reports in the literature show
that patients with PTC with HT have significantly reduced rates of lymphatic
metastases and less tumor aggressiveness [3,10,11]. However, the exact mechanism
behind it is still not precisely known.

During the production of thyroid hormones, the use of hydrogen peroxide is

necessary, therefore, the generation of reactive oxygen species (ROS) is part of the
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normal functioning of the gland; this event would make the thyroid a vulnerable organ
and frequently exposed to the damage caused by oxidative stress (OE) [12,13]. Under
normal conditions, ROS are neutralized by the antioxidant defense system. In
situations where there is an imbalance among the generation of ROS and its
neutralization, the OE can damage the gland [14].

Although the molecular mechanism remains unclear, the participation of OE, as
well as the inflammatory markers are also still unknown. Therefore, the objective of
this work was to evaluate the parameters related to OE and systemic inflammatory
markers of patients with PTC combined HT and identify the possible correlation

between these diseases.

Methods and Materials

Study population and design

Ethical approval for this study was obtained by the Research Ethics Committee
of the Universidade Estadual of Londrina (REC-UEL process n. 2.793.785). Consents
were obtained from all the patients and controls before proceeding with the collection
of samples.

A total of 115 patients with thyroid alteration were recruited from Hospital
Universitario of the Universidade Estadual of Londrina (HU-UEL), Hospital do Coragdo
of Londrina, Irmandade Santa Casa of Londrina and Hospital Norte Paranaense of
Arapongas, from August 2018 to December 2020. Patients were classified into four
groups: Benign thyroid disorders, such as nodular colloid goiter and follicular adenoma
(BENIGN), Papillary thyroid carcinoma (PTC), Hashimoto's thyroiditis (HT) and
patients with PTC and HT in association (PTC+HT). Patients with hepatic, cardiac or

renal dysfunction and using antioxidant therapy, were excluded from the study. The
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blood samples were taken prior to surgery, for OE parameters and for inflammatory
markers analysis. A sample of thyroid tissue was collected after thyroidectomy, for
immunohistochemical analysis. A questionnaire was applied to obtain the pathological
clinical characteristics of the patients. In addition, a total of 63 healthy individuals from
a database in our laboratory served as a control group. All the samples from patients
and healthy individuals were processed and analyzed at the Molecular Pathology

Laboratory of the Universidade Estadual of Londrina.

Blood samples

Blood was drawn by venipuncture from all the participants. Blood samples were
collected in heparin tubes, to obtain plasma and erythrocytes, and in a dry tube to
obtain serum. The whole blood samples were centrifuged at 3500rpm for 5 minutes,
separated in serum and plasma, and stored at -20°C. The erythrocytes were washed
and centrifuged three times with 1ml of 0.9% sodium chloride solution for 5 minutes at
4°C before storage in Alsever buffer at 4°C, for a maximum of two weeks after
collection.

The biochemical (TSH and free T4) and immunological (TPOAb and TGAD)
parameters were obtained from results of preoperative exams of the patients, carried

out by accredited laboratories.

Systemic oxidative stress parameters
Lipid peroxidation was evaluated by chemiluminescence (CL) induced via tert-
butyl hydroperoxide [15]. Erythrocyte were diluted in iced 10mM phosphate monobasic

buffer, pH 7.4 (0.9% NaCl). The chemiluminescent reaction was initiated by the
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addition of tert-butyl and curves were obtained in a Lumat® LB9508 luminometer
(Berthold Technologies GmbH & Co.KG).

The amount of malondialdehyde (MDA) was determined in blood plasma by
high performance liquid chromatography, readings are taken at 535nm during an 11-
minute run, and the results are expressed in nM of MDA, as previously described [16].

Catalase (CAT) activity was determined in erythrocyte as described previously
[17]. The enzymatic kinetics was reading at a wavelength of 240nm. Superoxide
dismutase (SOD) activity in erythrocytes was analyzed based on the autoxidation of
pyrogallol method, as previously described [18], with kinetic reading at 420nm, at 37°
Celsius. Reduced glutathione (GSH) levels were determined in erythrocytes and was
read at 412nm, as previously described [19]. These methods were normalized against

total protein concentrations identified, as described before [20,21].

Inflammatory markers analysis

The systemic inflammatory markers were analyzed in the plasma samples and
was measured using an Enzyme-Linked Immunosorbent Assay (ELISA) kit, for
Interleukin-10 (IL-10) (eBioscience Ref: 88-7106-88), Tumor Necrosis Factor Alpha
(TNF-a) (eBioscience Ref: 88-7346-88) and Transforming Growth Factor Beta (TGF-

B1) (eBioscience Ref: 88-50390-88), according to the manufacturer’s instructions.

Immunohistochemistry

Immunohistochemical analysis was performed using nodular tissue samples
from all groups of patients, collected after total or partial thyroidectomy. A normal tissue
sample, located distant from the nodule, was also taken, and used as control. The

paraffin-embedded thyroid samples were submitted to immunohistochemical analysis.
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Briefly, 5um-thick sections mounted on silane-coated slides (Sigma Aldrich St. Louis,
MO, USA) were deparaffinized, rehydrated, immersed in 10mmol x L' citrate buffer,
pH 6.0, and submitted to heat-induced epitope retrieval using a vapor lock for 20
minutes. The slides were rinsed with phosphate-buffered saline (PBS) and immersed
in 3% hydrogen peroxide for 30 minutes to block endogenous peroxidase. Non-specific
protein binding was blocked with bovine serum albumin (BSA) for 30min. Sections
were incubated with primary antibodies specific for 3-nitrotyrosine (3-NT) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA, dilution 1:100), 4-Hydroxynonenal (4-HNE)
(Bioss USA Antibodies, dilution 1:100), vascular endothelial growth factor (VEGF)
(Abcam, USA, dilution 1:200) and Ki-67 (Novus Biologicals, USA, dilution 1:100) for 2
hours at 37°C in a humid chamber. Following washes in PBS, an HRP-conjugated
secondary antibody (#7074S, Cell Signaling Technology) were incubated for 1 hour.
The substrate 3, 3' diaminobenzidine tetrahydrochloride (DAB) was used to produce a
dark brown/black precipitate. The slides were counterstained with Harris hematoxylin,
dehydrated, and mounted with balm. As a negative control, the cuts were incubated
with PBS. For statistical purposes, the samples were scored for total area (3-NT, 4-
HNE and VEGF) and percentage of marked nuclei (Ki-67) as follows: 0, negative (0%);
1, weak staining (10-25% per field); 2, moderate staining (26-50% per field); 3, strong

staining (> 50% per field). A blinded analysis was performed by two observers.

Statistical analysis

The statistical analysis was performed using the software STATA (version 13;
Stata Corp., Texas, USA) and Prism 8.4 (GraphPad Software, San Diego, CA, USA).
Continuous variables were described as means and their respective standard

deviations (SD). Categorical variables are shown as number and percentage and
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compared by Fisher's exact test. The Shapiro-Wilk test verified the normality of the
data. Parametric data were analyzed by Student's t-test for two groups (PTC vs
PTC+HT), or one-way ANOVA followed by Tukey's post-hoc test for analyzes of more
than two groups. Non-parametric data were analyzed using the Kruskal-Wallis test and
Dunn's post-hoc test and expressed by violin plot. Differences were considered

statistically significant when p<0.05.

Results

According to the result of the histopathological analysis, patients were divided
into four groups: 63 (54.8%) BENIGN, 27 (23.5%) with PTC; 15 (13.0%) patients with
HT and 10 (8.7%) patients with PTC+HT. Although more female (87.3%) than male
patients were included in our study, no significant differences were observed in the sex
ratio. Some demographic data and clinical characteristics such as age, body mass
index, smoking, type 2 diabetes, hypertension, family history of thyroid disease, family
history of cancer, personal history of cancer and the presence of other concomitant
diseases were analyzed, and did not show statistically significant difference between
groups, as shown in table 1.

Data more specifically related to thyroid diseases, such as tumor size, presence
of single or multiple nodules, primary lesion and presence of metastases were
evaluated between the groups. As it can be seen in table 2, no statistically significant
results were found. Regarding biochemical and immunological parameters, the dosage
of thyroid-stimulating hormone (TSH), free thyroxine (fT4), the anti-thyroid antibodies
thyroglobulin (TGAb) and thyroid peroxidase antibody (TPOAb) was evaluated.
Circulating TGAD levels were significantly normal in patients (p=0.010). As for the other

parameters, no differences were observed (table 3).
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Antioxidant response and oxidative stress parameters

The results of the antioxidants systemic are shown in figure 1. The catalase
activity (Fig.1a) is significantly higher in the PTC (p=0.023) and PTC+HT (p<0.001)
groups, when compared to the control. The activity of SOD enzyme (Fig. 1b) was
significantly higher in all groups, compared to the control group (p<0.0001). The levels
of the non-enzymatic antioxidant GSH (Fig. 1c) were reduced in the BENIGN (p=0.001)
and PTC (p=0.004) groups compared to the control group. To observe the possible
interference of HT in patients with thyroid cancer, we made a comparative analysis
among PTC vs PTC+HT, for all analyzed parameters, as will be presented below. We
also analyzed the isolated participation of HT, but no relevant results were observed
(data not shown). No significant differences were observed in the activity of the enzyme
catalase (Fig. 1d), SOD (Fig. 1e), and in the concentration of GSH (Fig. 1f) among PTC
and PTC+HT groups.

Lipid peroxidation induced by tert-butyl allows an analysis of the damage
induced by ROS in cells, more specifically in their membranes. The speed of rising of
the curve to the maximum emission peak was higher in the BENIGN and PTC group,
compared to the control group (p=0.0351 and p=0.0008, respectively) (Fig. 2a). The
levels of MDA (Fig. 2b) were significantly increased in the BENIGN (p<0.0001), PTC
(p<0.0001), HT (p<0.0001) and PTC+HT (p=0.016) groups, compared to control group.
When the speed of rising of the curve was analyzed emphasizing the PTC and
PTC+HT group, it was significantly higher in the PTC group (p=0.043) (Fig. 2c). As for
MDA levels (Fig. 2d), the PTC group obtained a higher value than the PTC+HT group

(p=0.010).
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Systemic inflammatory markers
The results of the systemic inflammatory markers were analyzed (Fig. 3), and
the results of IL-10 are shown (Fig. 3a). No statistically significant differences were
found among groups. As to the results of TGF-B1 (Fig. 3b), it is possible to observe
that the BENIGN (p<0.0004), PTC (p=0.034) and PTC+HT (p=0.001) groups showed
significantly lower results compared to control group. About the proinflammatory
cytokine TNF-a (Fig. 3c), no statistically significant differences were found among
groups. When the cytokines IL-10 (Fig. 3d), TGF-B1 (Fig. 3e) and TNF-a (Fig. 3f) were

analyzed, no significant difference was observed among PTC and PTC+HT groups.

Immunohistochemistry analysis

A representative figure from the immunohistochemistry analysis was added
(Fig. 4) and the results obtained from the analyzes are shown in figures 5 and 6. About
the results of OE markers (Fig. 5), the 3-NT score is higher in the groups PTC
(p<0.0001), HT (p<0.0001), and PTC+HT (p<0.0001), when compared to normal tissue
(Fig. 5a). As for 4-HNE, the score of PTC and PTC+HT groups were higher than normal
tissue (p<0.0001 and p<0.0001, respectively) (Fig. 5b). When we analyzed only PTC
and PTC+HT groups, we observed higher score in PTC compared to the PTC+HT
group for 3-NT (p=0.012) (Fig. 5¢) and for 4-HNE (p=0.043) (Fig. 5d). About the
markers of cell proliferation and angiogenesis (Fig. 6), the ki-67 score was higher in
PTC and PTC+HT groups, compared to normal tissue (p<0.0001 and p=0.001,
respectively) (Fig. 6a). For VEGF, the normal tissue score was lower than all other
groups (Fig. 6b). The analysis restricted to PTC and PTC+HT groups, PTC group had
a higher score than the PTC+HT group for ki-67 (p=0.001) (Fig. 6¢) and VEGF

(p=0.036) (Fig. 6d).
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Discussion

Studies to better understand the contribution of HT to PTC and its relationship
are still scarce, as well as the participation of OE [14,22,23]. It has also been shown
that different populations may present different patterns of behavior of thyroid
hormones, according to the region in which they live, eating habits, especially related
to iodine intake, among other factors [24,25,26].

In this study, we evaluated the antioxidant defense and lipid peroxidation
markers in the blood and OE markers in the tumor microenvironment. Also, systemic
inflammatory markers, in the blood of patients with alterations in the thyroid gland,
recruited from hospitals in the Northern region of Parana, Brazil.

Reactive oxygen species are produced continuously in our body during
metabolic processes, such as in the mitochondrial respiratory chain [27,28]. Among
the main ROS, we can mention the superoxide anion and hydrogen peroxide, which
are metabolized by the enzymes SOD and CAT, respectively. These enzymes are part
of our antioxidant defense system, to minimize the reactivity of ROS [29,30]. The
increase in CAT and SOD activities, as we observed, maybe due to the positive
regulation in the synthesis of these enzymes, as a protective response to oxidative
stress. Ramli et al., (2017), suggested that the increase in serum SOD and CAT
activities in some groups of thyroid disorders indicates an increase in the production of
superoxide anion and hydrogen peroxide, respectively [14]. Stanley et al., (2016)
observed that SOD, GPx, and CAT levels were consistently elevated in all malignant
thyroid tumor tissues, although they did not show any variation in multi-nodular goiter
tissues [22].

Disorders in GSH homeostasis are involved in the etiology and progression of

many human diseases, including cancer [31,32]. GSH is being consumed due to OE
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in patients with PTC, consequently decreasing its systemic level, corroborating with a
previous study [24]. GSH is one of the most important intracellular antioxidants and
this reduction can lead to increased susceptibility to OE, implicated in the progression
of thyroid cancer, as we can find in the literature, that reduced GSH levels can be found
in certain types of cancer, favoring its progression [32,33].

The action of free radicals on phospholipid membranes characterizes the lipid
peroxidation process, with consequent destruction of the membrane structure and loss
of metabolic exchanges, which can culminate in cell death [35]. As we have shown,
patients with PTC have a lower ability to contain induced lipid peroxidation, potentially
predisposing them to OE. As also observed [14], the antioxidant capacity of thyroid
cancer patients is more limited. Considering that the smaller number of antioxidants
available in the sample, less will be the ability to contain the beginning of lipid
peroxidation, consequently, higher elevation speed of the lipid peroxidation curve.
Thus, we observed for the first time that specifically patients with PTC without HT have
the less oxidizing capacity to contain OE, than patients with PTC+HT.

In our MDA analysis, which is a product formed at the end of the lipid
peroxidation process [36], reveals that patients with thyroid changes have higher levels
of lipid peroxidation, which proves the vulnerability to the toxic effects of ROS, as also
observed by Erdamar et al., (2010) [34,37]. In addition, the formation of MDA is more
intense in our patients with PTC without association with HT. The increase in lipid
peroxidation may be due to the inability of peroxide-sequestering enzymes to keep up
with the high rate of peroxides being produced [22].

Taking together the blood analysis of antioxidants and lipid peroxidation
markers, we affirm that there is an imbalance between the antioxidant defense system

and the pro-oxidants agents in patients with thyroid cancer and that patients with PTC
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have more relevant systemic OE than patients with HT associated, this is an important
point that we found in this study.

Inflammatory microenvironments play a key role in the pathogenesis of thyroid
cancer [38], thus we conducted an analysis of blood pro and anti-inflammatory
cytokines to better understand the inflammatory profile of patients with different thyroid
alterations. Information about the influence of the anti-inflammatory cytokine IL-10 on
thyroid disorders is scarce and controversial yet. In our study, we have not found
conclusive results about its influence in patients with thyroid cancer. Cunha et al.,
(2015) observed a positive correlation between the positivity of IL-10 and the size of
tumor, suggesting that the aggressiveness of the tumor may be associated with the
expression of IL-10 [39]. In contrast, IL-10 successfully recovers MHC class |
expression and increases tumor antigenicity in PTC with concomitant HT, as observed
by Lu et al., (2020) [40]. Therefore, further studies are needed to better clarify the
participation of IL-10 in thyroid cancer.

TGF-B1 has a dual function and pleiotropic effects and can act as a tumor
suppressor or an oncogenic factor. In normal cells, TGF-B1 inhibits cell proliferation
and stimulates cell differentiation. Conversely, in cancer cells, TGF-1 promotes tumor
progression and metastasis [41,42]. The relationship between PTC+HT and TGF-§31,
especially at systemic levels, is briefly discussed. As our results, Bertol et al., (2020)
also observed reduced plasma levels of TGF-B1, suggesting this to be a potential
factor associated with susceptibility to the development of PTC [43]. In tissue, the
higher expression of TGF-B1 is related to a worse prognosis for patients with PTC
[44,45], and in cell culture, TGF-B1 can promote the invasion and migration of PTC
cells [46]. Given the variety of inconclusive results found, therefore, further analysis is

necessary to better understand this relationship.
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TNF-a is a cell signaling protein involved in the systemic inflammatory response,
produced mainly by activated macrophages. It can be secreted by CD4* lymphocytes,
NK cells, neutrophils, mast cells and other cells [47]. Although we did not observe
statistically significant results in the analysis of TNF-a, Zhang et al., (2019) observed
its high expression in serum of patients with PTC+HT [48,49], and Bertol et al., (2020)
correlated the systemic levels of TNF-a with a worse prognosis presented by the
patients with PTC [43]. In cell culture, Coperchini et al., (2015) show that TNF-a does
enhance the expression by thyroid cancer cells of CCR6, a chemokine receptor with a
specific and well-established role in the development of cancer metastasis and that
this resulting in more aggressive tumor behavior [50].

Together, our results show a higher incidence of OE, especially in PTC group
when compared to the PTC associated with HT, corroborating with other studies
[11,12,22] and indicates a possible worse prognosis in patients without the association
with HT. However, to better understand this relationship, we analyzed the tumor
microenvironment of these groups by immunohistochemistry.

The generation of 3-NT, the product of protein tyrosine nitration, is associated
with OE conditions [51] and its high expression can be observed in cancer conditions
[52], as it could be evidenced in our results. Patel et al., (2002) observed the highest
expression of 3-NT in PTC, when analyzing thyroid tumors from children and
adolescents [53]. But the correlation among 3-NT and thyroid cancer, little has been
explored in the literature, specifically in relation to PTC associated with HT, highlighting
the importance of our result and the need for further studies on this matter. As for 4-
HNE, it is an aldehyde resulting from lipid peroxidation, widely used for the analysis of
OE [54] and can be considered an important factor in carcinogenesis due to its ability

to bind covalently to DNA [55]. About the correlation with thyroid cancer, few reports
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are found, and when we observe its high expression in patients with PTC without HT,
evidencing the participation of OE in these patients, make our results being the first to
get this information.

Ki-67 is a well-known growth and cell proliferation marker, widely used to assess
tumor progression [56], and its high expression is found in cancer [57,58].
Corroborating with our results, Zhou et al., (2015) observed a higher expression of Ki-
67 in PTC, and correlates this to the major size of the tumor, invasion and metastasis
of cervical lymph node. This suggests Ki-67 as an important marker to evaluate clinical
progress and estimate the prognosis of these patients [59].

During tumor development and progression, pro-angiogenic factors, such as
VEGF, are pathologically increased [60]. As we observed, patients with PTC without
HT have a high activity of this marker. Previous studies also have shown that VEGF
activity is higher in thyroid cancer and this overexpression has a direct link with the
tumor prognosis [61,62], suggesting VEGF as an important factor for tumor growth and
development, given the necessity for new vascularization for the growth of malignant

tumors [60].

Conclusion

In summary, the results presented we can indicate the more pronounced
presence of OE, both systemic and in the tumor microenvironment of patients with PTC
without HT. In addition, these patients tend to have a worse disease progression, since
there is a greater activity of OE markers, cell proliferation, and angiogenesis, which

may be more favorable to the triggering of metastases.
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Table 1. Clinical pathological and demographic characteristics of patients with thyroid
disorders (n=115).

Characteristics BENIGN HT PTC PTC+HT p value
(n=63)  (n=15) (n=27) (n=10)
Sex 0937
Male (%) 7(500) 2(143)  4(286) 1(7.1)
Female (%) 56 (55.5) 13(12.8) 23(227) 9(8.9)
) 511+ 551+ 440+ 434+ 0000
= 16.8 13.2 13.1 11.1
BMI 0.762
Normal (%) 21(512) 5(122) 10(244) 5(122)
Overweight (%) 23 (676)  3(88) 6(186)  2(58)
Obesity (%) 14(466) 6(200) 8(267)  2(6.7)
Smoking 0922
No (%) 46(541) 9(106) 22(258) 8(9.4)
Yes (%) 4(66.7) 1(167)  1(16.7) 0 (0.0)
Ex-smoker (%) 9(64.3) 2(143)  3(21.4) 0 (0.0)
Type 2 Diabetes 0214
No (%) 46 (50.6) 13(14.3) 23(253) 9(11.1)
Yes (%) 15(75.0)  1(5.0) 4 (20.0) 0 (0.0)
Hypertension 0.786
No (%) 39(542) 8(111) 18(250) 7(9.7)
Yes (%) 23(575) 6(150) 9(225)  2(5.0)
Family history of 0115
thyroid disease
No (%) 26(509) 4(78) 14(274) T(137)
Yes (%) 35(58.3) 10(168) 13(216) 2(3.3)
Family history of 1.000
cancer
No (%) 24(545) 6(136) 11(250) 3(6.8)
Yes (%) 37(552) 8(11.9) 16(238) 6(8.9)
History of cancer 0.481
No (%) 58 (56.8) 13 (12.7) 23(225)  8(7.8)
Yes (%) 3(375) 1(125) 3(375  1(125)
Other diseases 0.962
No (%) 49 (544) 14(155) 18(200) 9(10.0)
Yes (%) 7(583) 1(83) 3(250) 1(83)

BENIGN: Benign thyroid disorders; BMI: Body mass index; HT: Hashimoto's thyroiditis;
PTC: Papillary thyroid carcinoma; PTC+HT: Papillary thyroid carcinoma associated
with Hashimoto's thyroiditis. Categorical data are presented as number and
percentage, and continuous as mean + standard deviation. p <0.05 was considered
statistically significant.
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Table 2. Description of the changes presented by patients with different thyroid
alterations (n=115).

BENIGN HT PTC PTC+HT pvalue

(n=63) (n=15) (n=27) (n=10)

Primary Injury 0.074
No (%) 2 (22.2) 1(11.1) 5(55.9) 1(11.1)
Yes (%) 60 (58.2) 13(12.6) 22(21.3) 8(7.7)

Tumor size 0.113
<1cm 9 (36.0) 4(16.0) 9(36.0) 3(12.0)
21cm 53 (61.6) 9(104) 17(19.7) 7 (8.1)

Nodules 0.164
Multiple (%) 49 (62.0) 9(11.3) 16(20.2) 5(6.3)
Single (%) 14 (41.1) 5(14.7) 10(29.4) 5(14.7)

Metastasis 0.526
No (%) NA NA 15 (75.0) 5(25.0)
Yes (%) NA NA 12 (70.6) 5(29.4)

BENIGN: Benign thyroid disorders; HT: Hashimoto's thyroiditis; NA: Not applicable;
PTC: Papillary thyroid carcinoma; PTC+HT: Papillary thyroid carcinoma associated
with Hashimoto's thyroiditis. Categorical data are presented as number and
percentage. p <0.05 was considered statistically significant.
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Table 3. Biochemical and immunological parameters presented by patients with
thyroid disorders before surgery.

BENIGN HT PTC PTC+HT P value
TSH (plU/mL) 1.44 4.08 3.88 2.37 0.149
(+1.34)  (+5.61) (+8.91) (+0.63)
fT4 (ng/dL) 1.13 1.17 0.99 1.25 0.358
(£0.54)  (x0.32) (+0.24) (x0.08)
TPOAD (IU/mL) 0.216
Normal (%) 79.2 33.3 75.0 50.0
Increased (%) 20.8 66.7 25.0 50.0
TGAb (IU/mL) 0.010*
Normal (%) 93.3 33.3 100.0 50.0
Increased (%) 6.7 66.7 0.0 50.0

BENIGN: Benign thyroid disorders; fT4: Free thyroxine (reference value: 0.70 to
1.80ng/dL); HT: Hashimoto's thyroiditis; PTC: Papillary thyroid carcinoma; PTC+HT:
Papillary thyroid carcinoma associated with Hashimoto's thyroiditis; TGADb:
Thyroglobulin antibody; TPOAb: Thyroid peroxidase antibody; TSH: Thyroid-
stimulating hormone (reference value: 0,45 to 4,5ulU/L). Categorical data are
presented as percentage, and continuous as mean * standard deviation. *p <0.05 was
considered statistically significant.
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Figure 1. Systemic antioxidant parameters in erythrocyte. (a) catalase activity; (b) superoxide dismutase (SOD) activity; (c) Levels of reduced
glutathione (GSH); comparison of the activity of (d) catalase, (e) SOD and (f) GSH, only among the PTC vs PTC+HT groups. Nonparametric data were expressed
as violin plots. HT: Hashimoto's thyroiditis; PTC: Papillary thyroid carcinoma; PTC+HT: Papillary thyroid carcinoma associated with Hashimoto's thyroiditis; ns:
not significant; * indicates significant difference (p< 0.05).
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Figure 2. Lipid peroxidation markers. (a) speed of ascent of the curve of lipid peroxidation in erythrocytes; (b) malondialdehyde (MDA) in plasma;
comparison of (c) speed of ascent of the curve of lipid peroxidation and (d) MDA levels, only among the PTC vs PTC+HT groups. Results of nonparametric data
are expressed as violin plots. HT: Hashimoto's thyroiditis; PTC: Papillary thyroid carcinoma; PTC+HT: Papillary thyroid carcinoma associated with Hashimoto's

thyroiditis; * indicates significant difference (p< 0.05).
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Figure 3. Systemic inflammatory markers. (a) Levels of IL-10; (b) TGF-B1; (c) TNF-a; comparison of (d) IL-10, (e) TGF-B1and (f) TNF-a, only among
the PTC vs PTC+HT groups. All cytokines were analyzed in plasma. Nonparametric data were expressed as violin plots. HT: Hashimoto's thyroiditis; PTC:
Papillary thyroid carcinoma; PTC+HT: Papillary thyroid carcinoma associated with Hashimoto's thyroiditis; ns: not significant; * indicates significant difference

(p< 0.05).
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Figure 4

PTC HT Benign Normal

PTC+HT

Figure 4. Representative image of immunohistochemistry. (a, f, k, p and u) negative control; (b, ¢, d and e) Ki-67, VEGF, 3-NT and 4-HNE
immunolabeling in normal tissue; (g, h, i, and j) Benign alterations; (I, m, n and o) HT; (q, r, s and t) PTC; and (v, w, x and y) PTC+HT; (immunohistochemistry,
x40; NC, x20). HT: Hashimoto's thyroiditis; NC: negative control; PTC: Papillary thyroid carcinoma; PTC+HT: Papillary thyroid carcinoma associated with
Hashimoto's thyroiditis.



72

Figure 5
a . b
3.0 - 3.0 .
0 I = 1 E r .
— | —_— |
g 25 S 2.5
,m, —
2.0 E 2.0-
L 1.5 S 1.5
£ .
T 05_ |
Z 05 50.5
0.0- 0.0-
N < A A > & L KK
& & & 0,;2\ & G¢°’ & % o
SR & SR Q&
c d _
o 3.0
@ o *
e 1 1
id T 20
£ g "
b4 S 1.5-
=
= S
c |
= i'-'=-~{:u.5
0.0-
O A
& X
<
<

Figure 5. Analysis of oxidative stress markers by immunohistochemistry. (a) 3-nitrotyrosine score; (b) 4-hydroxynonenal score; comparison of (c)
3-nitrotyrosine score and (d) 4-hydroxynonenal score, only among the PTC vs PTC+HT groups. HT: Hashimoto's thyroiditis; PTC: Papillary thyroid carcinoma;
PTC+HT: Papillary thyroid carcinoma associated with Hashimoto's thyroiditis; * indicates significant difference (p< 0.05).
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Figure 6. Proliferation and angiogenesis markers by immunohistochemistry. (a) ki-67 score; (b) VEGF score; comparison of (c) ki-67 score and
(d) VEGEF score, only among the PTC vs PTC+HT groups. HT: Hashimoto's thyroiditis; PTC: Papillary thyroid carcinoma; PTC+HT: Papillary thyroid carcinoma

associated with Hashimoto's thyroiditis; * indicates significant difference (p< 0.05).
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APENDICE B - Thyroid cancer and thyroid autoimmune disease: A review of molecular aspects

and clinical outcomes.
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Thyroid cancer (TC) is the most prevalent malignant neoplasm that affects the endocrine system. Hashimoto's
thyroiditis (HT), also known as chronic lymphocytic thyroiditis, is the most common autoimmune thyroid dis-
ease (AITD) that, together with Graves' disease (GD), represent the main autoimmune diseases that affect the
thyroid gland. Some studies suggest a greater risk of AITD and the development of TC, while others, investigate
its relationship with TC progression and patient prognosis. In this review, we have analyzed published data on
the molecular aspects related to the association between AITD and TC, addressing their influence on TC pro-
gression, diagnosis, and prognosis of the patients. MEDLINE database (PubMed) platform was used as a search
engine and the original articles related to the topic were selected using the keywords combination “thyroid
cancer and Hashimoto thyroiditis” or “thyroid carcinoma and thyroid autoimmune disease”. After the selection,
we categorized the main findings of the papers into four topics: antitumor immunity, tumor progression, di-
agnosis, and prognosis. Although most of the studies have pointed out the presence of AITD as a factor that
increases the risk of TC, few molecular mechanisms to support this conclusion have been described. Additionally,
little information is available to explain, pathophysiologically, the effects of autoimmunity in TC diagnosis,
progression, and prognosis.

1. Introduction

Thyroid cancer (TC) is the most common endocrine malignant
neoplasm worldwide, presenting an increasing record number of new
cases every year, predominantly in females [1,2]. According to the
World Health Organization, among the subtypes, papillary thyroid
carcinoma (PTC) is the most common in the population [3], re-
presenting about 75-80 % of the thyroid cancer cases [4], followed by
follicular carcinoma, medullary carcinoma, and anaplastic carcinoma,
that occur less frequently [5]. Despite the increasing incidence, mor-
tality rates have been steadily decreasing, mainly because of the ad-
vances in diagnosis and treatment [6].

Hashimoto's thyroiditis (HT), also called chronic lymphocytic

thyroiditis, is the most common autoimmune thyroid disease (AITD). It
is characterized by the presence of chronic inflammatory infiltrates,
which, together with Graves' disease (GD), represent the main auto-
immune diseases that affect the thyroid gland [2,7,8].

Chronic inflammation triggered by HT may be related to the in-
creased risk of developing thyroid cancer, however, despite some stu-
dies addressing this issue, no conclusion has been drawn concerning
this relationship [2,5,9,10]. Regarding prognosis, some researchers
state that the evolution of TC, when associated with HT, is more fa-
vorable [11,12]. On the other hand, there are authors proposing that
this association is related to an unfavorable prognosis [13-15].

Considering that there is no consensus on the relationship between
TC and HT, the aim of this review was to analyze the current published

Abbreviations: Anti-Tg, anti-thyroglobulin; Anti-TPO, anti-thyroperoxidase; AITD, autoimmune thyroid disease; CK19, cytokeratin 19; COX-2, inducible isoform of
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HT, Hashimoto's thyroiditis; IgG4, immunoglobulin G4; IL-4, Interleukin-4; IL-10, interleukin-10; IL-17, interleukin-17; IFN-y, interferon-gamma; miRNAs,
MicroRNAs; PTC, papillary thyroid carcinoma; PD-L1, programmed death ligand 1; TC, thyroid cancer; WHO, World Health Organization; 8-OHdG, 8-hydroxy-2-
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The search resuitedin

4554 articles
4369 articles were excluded:
- Reviews
- Case reports

- lrrelevant or not related with
thyroid cancer and Hashimoto’s
thyroiditis or Graves disease

185 articles were selected

136 articles were excluded:
- Epidemiological data
- Published over 5 years ago

37 articles were included
in the review.

Fig. 1. Flowchart of inclusion of articles used in the review.
This diagram shows how the selection of articles used to write this review was
made, based on MEDLINE database (PubMed).

studies that report the possible molecular mechanisms related to the
association between AITD and thyroid cancer, addressing their influ-
ence on the diagnosis and prognosis of the patients.

2. Methods

The bibliographic search was performed in the MEDLINE database
(PubMed) using the keywords “thyroid cancer and Hashimoto thyr-
oiditis” or “thyroid carcinoma and thyroid autoimmune disease”. The
papers (published in the last 10 years) were selected according to the
scheme shown in Fig. 1.

3. Molecular markers associated with antitumor immunity

The immune response triggered against TC and AITD is different. In
TC, the immune response is more tolerant and allows tumor growth. In
autoimmune diseases, the response is more aggressive, triggering cell
destruction and reduction of the normal function of the gland [16]. The
role of HT in TC seems to be ambiguous. HC is considered a risk factor
for TC development, but its presence can be associated with a better
prognosis for patients [17] due to the immune response resulting from
the chronic lymphocytic infiltration, which can control tumor aggres-
siveness [17,18]. Another explanation is the pattern of cytokine pro-
duction presented by patients with HT associated with PTC, which in-
dicates increased production of Th2 cytokines, with the maintenance of
IFN-y and IL-17 production [19]. In Table 1, we show the relevance of
the different biomarkers in relation to the prognosis for patients with
PTC and for those with PTC associated with AITD.

There is evidence that Th17 cells, in addition to their well-estab-
lished function in autoimmune disease, would be involved in antitumor
immunity [20]. It was observed [17] that IL-17-specific nuclear marker
(RORyt) was expressed in tumor tissue of patients with and without HT-
PTC. In patients with high expression of this marker, the lymph node
metastasis rate was lower, indicating that IL-17 can inhibit this process
and exert antitumor activity in the tumor microenvironment of the
patients possessing PTC with or without HT [17].

In Graves' disease, the presence of a strong humoral immune

Pathology - Research and Practice 216 (2020) 153098

Table 1
Interference of different biomarkers in the prognosis of papillary thyroid car-
cinoma (PTC) and their association with autoimmune thyroid diseases (AITD).

Biomarker PTC PTC and AITD
1L-17 Favorable Favorable
Anti-TPO Favorable Unfavorable
NK cells and macrophages M1/M2 Favorable Indifferent
Foxp3 Unfavorable Indifferent
PD-L1 Unfavorable Indifferent
Osteopontin Unfavorable Favorable
1L-10 and IL-4 Unfavorable Unfavorable
18G4 Indifferent Unfavorable

IL-17: interleukin-17; Anti-TPO: anti-thyroperoxidase; PD-L1: programmed
death ligand 1; IL-10: interleukin-10; IL-4: interleukin-4.

response appears to be protective against TC. When analyzing the in-
flammatory infiltrate of patients with TC and GD, a high concentration
of activated NK cells and a higher ratio of M1 / M2 macrophages were
observed, which might provide to the patients a more effective form of
tumor immunity and low aggressiveness of TC [16].

Foxp3 is known to be related to the development of autoimmune
diseases and there is growing evidence of its suppressive role in the
antitumor response [21]. Regarding thyroid diseases, its role has not yet
been well established [22], but some authors have shown that higher
expression of Foxp3 is correlated with greater tumor aggressiveness in
patients with PTC [23,24].

Besides being markers of AITD, anti-thyroperoxidase (anti-TPO) and
anti-thyroglobulin (anti-Tg) antibodies appear to be related to PTC as a
possible risk factor; however, the presence of these antibodies would be
associated with a better prognosis for these patients [25,26]. Regarding
the triggering of metastasis, patients with anti-TPO and anti-Tg have
lower distant metastasis rates than patients without these antibodies,
possibly indicating a protective factor [27,28].

4. Molecular markers associated with tumor progression

TC has a good prognosis and survival rate of about 97 % when
detected early [29], but the patients who develop lymph node metas-
tasis tend to have disease recurrence, decreasing the survival rate [30].
The identification of biomarkers related to tumor aggressiveness can
help the diagnosis and the prediction of tumor progression, thereby
improving the treatment directions [29]. The expression of im-
munomodulatory proteins, such as programmed death-ligand 1 (PD-
L1), in neoplastic cells has been associated with more aggressive tumor
characteristics and poor prognosis in different types of cancer [31],
including TC [29]. Lubin and collaborators [30] analyzed PD-L1 ex-
pression in different cases of PTC development and found that PD-L1
expression in primary PTC strongly correlates with PD-L1 expression in
local lymph node metastasis, and its expression correlates with greater
tumor aggressiveness and worse prognosis [29,30]. Ahn and colla-
borators [32] observed that PD-L1 was more expressed in advanced
thyroid cancer subtypes, such as the anaplastic thyroid carcinoma and
the thyroid follicular carcinoma.

Used as a biomarker of oxidative DNA damage, 8-hydroxy-2-deox-
yguanosine (8-OHdG) may be associated with the development of some
diseases, such as cancer. Regarding TC, a higher expression of this
biomarker was observed in the patients with PTC when compared to the
patients with AITD [33]. Although slightly less evident, patients with
HT and GD also show expression of this biomarker due to the oxidative
stress caused by AITD and GD, which may possibly favor the develop-
ment of TC [34].

Osteopontin, a secreted glycoprotein, is associated with several
physiological and pathological processes, such as wound healing, tu-
morigenesis, inflammation, among others [35]. Tumor cells with high
metastatic potential express higher levels of osteopontin, which is
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related to poor patient prognosis in some cancers [36]. Regarding TC,
some studies have been demonstrated that osteopontin expression is
positively correlated with the presence of lymph node metastasis
[37,38]. When analyzed osteopontin expression in the patients with
HT-associated PTC, its expression was significantly lower than when
compared to the patients without PTC, suggesting that the concomitant
presence of HT may decrease PTC aggressiveness, negatively regulating
the expression of osteopontin [39].

GD is the major cause of hyperthyroidism [40-42]. The presence of
GD increases the risk of developing differentiated thyroid carcinoma
(DTC) when compared to the patients without AITD [43]. The incidence
of DTC in children has been increasing, being one of the most incident
thyroid alterations in this population [44]. When analyzing children
and young adults, MacFarland and collaborators [45] observed that
patients with DTC associated with GD have common disease char-
acteristics from those patients with isolated DTC. This result was
maintained over the long term, suggesting that the presence of GD does
not alter the course of DTC in this population.

The expression of inflammation mediators and the development of
thyroid neoplasms are still not well understood. The expression of COX-
2 (inducible isoform of cyclooxygenase), the enzyme that catalyzes
prostaglandin formation from arachidonic acid [46], is associated with
pathological conditions such as stress and inflammation, and its in-
creased activity is associated with the occurrence of some kinds of
neoplasia [47], including the thyroid ones [48]. Krawczyk-Rusiecka
and collaborators [49] observed that the level of COX-2 gene expression
was significantly higher in patients with PTC than in samples from the
patients with benign nodules and HT. Furthermore, the patients with
HT had a similar level of COX-2 expression than the patients with be-
nign nodules, indicating that COX-2 does not participate in the me-
chanisms involved in the molecular association of HT and PTC [49].

5. Molecular markers with diagnostic value

Fine-needle aspiration biopsy (FNAB) is the most important tool in
the distinction of malignant from benign nodules, but this technique
has a relatively high rate of false-negative results, that range from 0.7 to
21 %, requiring its association with the ultrasound aspects. Clinical and
biochemical findings, coupled with specific markers, tend to be more
efficient, thus reducing the need for repetitive FNAB [50].

Many markers are used for the diagnosis of PTC, both in tissue and
cytological samples, but they did not present high sensitivity and spe-
cificity [51]. Cytokeratin 19 (CK19) is a protein that is part of the
epithelial cell cytoskeleton and is highly expressed in PTC and, there-
fore, it is a marker of this type of TC [52]. P63, which is a member of
the p53 tumor suppressor gene family, is also considered a marker of
PTC [53]. When analyzing the expression of these markers, Divani and
collaborators [54] observed that all samples were positive for CK19. For
P63, approximately 66 % of the samples were positive, suggesting that,
although specific, P63 presents lower sensitivity for PTC than CK19
[541.

MicroRNAs (miRNAs) are non-coding RNAs acting as negative gene
regulators and are involved in several cellular functions, such as pro-
liferation, differentiation, apoptosis, and others; so, the dysregulation of
these miRNAs is involved in tumorigenesis [55]. The analysis of the
expression of some PTC-related miRNAs showed that the patients with
GD presented intermediate levels of expression for miRNAs 146b, 221,
and 222 when compared with the normal and PTC tissues, indicating
that these miRNAs may have an influence in the PTC development in
patients with GD [56].

Multifocal PTC is related to higher recurrence rates, distant metas-
tasis, and worse prognosis than the unifocal [57]. According to Dong
and collaborators [58], the detection of high levels of anti-TPO is in-
dicative of multifocal PTC in the patients with HT, which suggests the
utilization of this marker as a parameter for choosing the surgical
treatment, with total thyroidectomy being the best option [58]. Anti-
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TPO and anti-Tg are the most common autoantibodies found in the
patients with AITD and may also be found in low concentrations in the
patients with nontoxic goiter without thyroid abnormalities [59]. The
analysis of the pattern of epitopes presented in different groups of pa-
tients with thyroid abnormalities showed that the pattern of anti-Tg
recognition in the patients with HT-associated PTC was more similar to
that found in the patients with HT than in the patients that presented
only PTC. The authors concluded that the pattern of epitopes varies
according to the presence or absence of lymphocyte infiltrate in those
patients [60].

The IgG4-related disease is a newly identified syndrome character-
ized by high levels of IgG4 in some conditions, such as in HT [61]. It
represents an immune-mediated fibroinflammatory condition, in which
the pathophysiology process is incompletely understood until now [62].
Patients with Warthin-type papillary carcinoma, a rare variation of
PTC, presenting different clinical courses, and dense lymphocytic in-
filtration [63] demonstrated correlation with high levels of IgG4 when
associated with HT, suggesting that the presence of IgG4 in these
conditions may be indicative of this subtype of TC [64].

6. Prognosis

The thyroid cancer is the most incident endocrine tumor, affecting
more often adults than children [65] with a rise in the number of cases
in the last decades, for both adults and children [66]. The prognosis of
thyroid carcinomas varies according to associated, concomitant, or in-
trinsic aspects, such as specific characteristics of the tumor cells,
gender, and the presence of AITD.

According to Zirilli and collaborators [67] there is a growing trend
of incidence of differentiated thyroid carcinomas as the population
ages. Among the young population, especially those under 18 years old,
there are differences regarding the morphology and behavior of the
tumor [68]. The most prevalent phenotype in the juvenile population is
the aggressive one, with areas of invasion in the adjacent tissue, pul-
monary metastasis, lymphadenoma, and cervical mass growth [70].
Nonetheless, for this juvenile population, the long-term prognosis is
independent of this aggressive condition, being able to respond better
to the treatment than the adults [69]. The cause of this more favorable
prognosis is not fully elucidated yet, but it is speculated that there are
some connections with the high rate of association with AITD, by which
this population is commonly affected [67].

A meta-analysis showed a relatively reproducible pattern of in-
cidence of thyroid carcinoma with AITD, demonstrating a significant
association between thyroiditis, thyroid cancer, and bilateral thyroid
microcarcinoma [70]. This association presents a higher incidence in
women [9,70-73] with a predominance of PTC [9,70]. The con-
comitant presence of AITD and TC is probably responsible for the early
detection of hidden neoplastic changes in the gland, which can favor for
a better prognosis [73]. Pellegriti and collaborators [75] showed that
the expected prognosis of patients with DTC and GD is not favorable,
presenting a high probability of malignancy and the necessity of more
aggressive treatments since a relapse in these patients is higher when
compared to patients that do not present GD associated-carcinoma
[74-76]. The association between DTC and GD was characterized by a
high mortality, with elevated rates of metastasis, and relapse in pa-
tients. In these cases, the unfavorable prognosis is independent of the
tumor size, age or gender [74].

In patients with HT, the most common association with TC is related
to PTC [77]. The concomitant presence of HT in patients with TC was
also associated with a worse prognosis [75,78] due to the high levels of
TSH related to HT, which can induce tumor growth and lymph node
metastasis.

The first time when the association between TC and HT has emerged
in the literature was in 1955 [79], and since then, the question re-
garding the presence of this association and its effects on the prognosis
has become the focus of many disagreements. For Paparodis and
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collaborators [72], the main reason for such contradiction involves
different perspectives, one based on clinical patterns and the other on
pathological findings. Spencer and Fatemi [80] point out that the dis-
parity about the information related to the prognosis is because of the
differences in the research designs, regarding the variation in the
sample size, or in the methodologies, as well as in the quantification of
anti-Tg, for example. The detection and measurement of serum thyr-
oglobulin (Tg) are considered a method for monitoring DTC, even after
total thyroidectomies or radioactive iodine treatment [81]. The positive
detection of Tg is related to a less favorable prognosis, but the presence
of anti-Tg is known to interfere with the quantification of serum Tg, so
the presence of anti-Tg in the patients with AITD may influence prog-
nostic assessment [82]. The specificity of anti-Tg epitopes recognized
by these autoantibodies explains the persistence of carcinoma even
after the total or partial thyroidectomy procedure [80], corroborating
with Lupoli [81] that observed that the non-specificity of antibodies in
some epitopes is associated with lower cancer recurrence rates, proving
to be a more important tool for predicting effective treatments and
more accurate prognostic assessment.

Anti-Tg strongly correlates with PTC associated with HT, as shown
by Hwangbo and Park [73]. These authors also found that anti-Tg
correlates with ultra-sensitive C-reactive protein (CRP), characterized
as a marker of cancer relapse, inflammation, and worse prognosis
[75,83,84]. They also pointed out that IL-10 and IL-4 are present in
large quantities in the association of PTC and HT. This correlation of
anti-Tg, CRP, IL-10, and IL-4 was identified in patients with relapsed
HT-PTC, while Tg was not correlated with this scenario, showing that
anti-Tg is an important prognostic factor that indicates a less favorable
prognosis in patients with TC [75].

The high production of IL-4 and IL-10 was observed in both HT [75]
and GD [74]. The presence of IL-4 in the neoplastic area was associated
with some properties such as antiapoptotic capacity, the survival of the
tumor cells, metastasis, and invasion in several in vitro cancer cell
models [85,86]. For this reason, high levels of IL-4 in tumor tissue are
associated with poor prognosis [87]. IL-4 receptor was considered a
therapeutic target in the anaplastic thyroid carcinoma [87]. The pre-
sence of IL-10 protects the tumor from the immune system and can
control T cell proliferation and differentiation by preventing the ef-
fector’s mechanisms of immune cells, which favors the escape of im-
mune recognition by loss of antigen expression [88]. Together, these
cytokines support the growth and aggressiveness of the thyroid tumor,
resulting in unfavorable prognosis. IL-4 and IL-10 are products of Th2
immune response, a different profile from that observed in HT, where a
predominant Thl response is found, with a raising production of
proinflammatory cytokines. Stanciu and collaborators [75] point out
that when HT is associated with PTC, there is a shift in the cytokine
profile and a massive increase in the production of Th2 cytokines.
However, it is important to highlight that Zivancevic-Simonovic and
collaborators [19] showed that the increase in Th2 cytokines was ac-
companied by the maintenance of IFN-y and IL-17 production [19].

Li and collaborators [89] rated HT as positive or negative for IgG4,
histopathologically. The presence of IgG4 in HT-PTC patients is more
common than its absence and it is related with worse prognostic
parameters [90]. Yu and collaborators [76] cited two hypotheses about
the concomitant occurrence of these two diseases: the first one ad-
dresses carcinoma as a facilitator of the development of autoimmunity,
and the second one, more accepted by the group, postulates that lym-
phocytic infiltration and IgG4 production due to pre-existing auto-
immune inflammation facilitates the occurrence of PTC. This facilita-
tion is related to TGF-alphal production, presence of regulatory T cells
(Treg), and Th2 immune response. The unfavorable prognosis is due to
a higher number of relapses, infiltration into the adjacent tissues, lymph
node metastasis, and increased tumor size [76].
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7. Conclusion

The analysis of the information available in the literature allows us
to conclude that most of the studies indicate that the presence of au-
toimmune thyroid disease is a factor that increases the risk of thyroid
cancer. Nevertheless, this inference is mainly based on epidemiological
studies, with little comprehension of the molecular mechanisms to
support it. The main mechanisms described to explain this increased
risk are related to the induction of oxidative DNA lesions by chronic
inflammation and the shift of immune response to Th2 profile. The
exact role of the different types of the immune response in the phy-
siopathology of autoimmune thyroid diseases and thyroid cancer is
poorly understood. There is no consensus about the effects of auto-
immunity in the clinical outcomes and prognosis of patients with
thyroid cancer. Although some studies point out that autoimmunity can
decrease proteins related to tumor aggressiveness, others relate it to
worse clinical outcomes by increasing proteins that favor tumor pro-
gression.
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