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RESUMO

O carcinoma papilar da tireoide (CPT) é responsavel por até 80% dos tumores
malignos da tireoide, sendo que a maioria dos pacientes apresentam um
desfecho favoravel. No entanto, 5% a 20% dos pacientes desenvolvem
recorréncia local e 10% apresentam metastases. Apesar da etiologia do CPT
ainda ser desconhecida, a exposi¢cao a radiagao ionizante é relatada como o
principal fator de risco ambiental. Alguns polimorfismos foram descritos em
genes envolvidos em sistemas de reparo do DNA, como XRCC1 (reparo de
excisdo de bases - BER), XPD (reparo de excisdo de nucleotideos - NER) e
XRCC3 (recombinagdo homologa - HR). Além disso, a hipermetilagdo do
hMLH1 (reparo de mal pareamento - MMR) esta associada a tumorigénese da
tireoide promovida por mutacées em BRAF. Deste modo, as alteragdes nos
niveis de expressdo génica dos mecanismos de reparo do DNA podem estar
associadas com o desenvolvimento e a progressao de tumores da tireoide.
Considerando a caréncia de dados sobre o comportamento dos diferentes
sistemas de reparo do DNA e a auséncia de estudos pareados no CPT, o
objetivo deste estudo foi investigar a expressao de genes representativos das
principais vias de reparo do DNA, a presenca da mutacdo BRAFV?E ¢ suas
associagdes com caracteristicas clinico-patologicas. Trinta e duas amostras de
CPT e tecido tireoidiano normal adjacente foram obtidas de pacientes
submetidos a tireoidectomia total. A expressao génica de MGMT (reparo
direto); MLH1 e MSH2 (MMR); OGG1, APE1 e XRCC1 (BER); XPD (NER);
XRCC2, XRCC3, RAD51 (HR); KU8O0 (juncao de extremidades ndo homodlogas
- NHEJ) foi avaliada por PCR em tempo real. A expressao génica foi calculada
através do método AACT e normalizada através dos genes de controle interno,
ACTB e B2M. A analise da expressdo proteica de MGMT e XRCC2 em
amostras de CPT foi realizada por imunohistoquimica. A mutacdo BRAF %% foi
investigada através de sequenciamento direto. A média de idade foi de 39,8 +
14 anos e a proporgao de mulheres foi de 87,5%. A mediana do tamanho do
tumor foi de 2,4 cm (0,7-6,3). MGMT e XRCC2 tiveram, respectivamente,
diminuicdo de 0,36 vezes (p=0,038) e aumento de 0,53 vezes (p=0,003) na
expressdo génica quando comparado com o tecido normal adjacente. A
diminuicdo da expressao do gene MGMT foi associada com tamanho tumoral
inferior a 2 cm (p=0,040), presenca de metastase em linfonodos (p=0,002) e
risco intermediario de recorréncia (p=0,002). A expressao proteica de XRCC2
foi associada com invasdo local minima (p=0,040). A mutacdo BRAF®E foi
encontrada em 59% dos casos e correlacionada com a expressdao de MLH1
(p=0,037) e XPD (p=0,025). Estes resultados, particularmente para o MGMT,
sugerem que diferentes niveis de expressao de genes de reparo do DNA estéo
associados a agressividade tumoral e podem ter um papel no prognostico do
CPT.

PALAVRAS-CHAVE: carcinoma papilar da tireoide, reparo do DNA, expresséo
génica, BRAFY%E agressividade tumoral.



ABSTRACT

Papillary thyroid carcinoma (PTC) is responsible for up to 80% of malignant
thyroid tumors and the majority of patients have a favorable outcome. However,
5%—-20% of patients may develop local recurrence while 10% may have distant
metastasis. Despite the etiology of PTC is still unknown, exposure to ionizing
radiation is reported as the main environmental risk factor. Some
polymorphisms have been described in genes involved in DNA repair systems,
such as XRCC1 (base excision repair - BER), XPD (nucleotide excision repair -
NER) and XRCC3 (homologous recombination - HR). In addition,
hypermethylation of AMLH1 (mismatch repair - MMR) is associated with BRAF-
promoted thyroid tumorigenesis. Thus, alterations in gene expression levels of
DNA repair mechanisms can be associated with development and progression
of thyroid tumors. Considering the lack of data on the behavior of different DNA
repair systems and the absence of paired studies in PTC, the purpose of this
study was to investigate the expression of representative genes of the main
DNA repair pathways, the presence of the BRAFY®E mutation and its
associations with clinicopathological features. Thirty-two samples of PTC and
surrounding normal thyroid tissue were obtained from patients undergoing total
thyroidectomy. The gene expression of MGMT (direct repair); MLH1 and MSH2
(MMR); OGG1, APE1 and XRCC1 (BER); XPD (NER); XRCC2, XRCCS3,
RADS51 (HR); KU80 (non-homologous end joining - NHEJ) were evaluated by
real time RT-PCR Array system. Gene expression was calculated through
AACT method and normalized by two housekeeping genes, ACTB and B2M.
Protein expression of MGMT and XRCC2 in PTC samples was obtained by
immunohistochemistry. The BRAF'®%°F mutation was screened through direct
sequencing. Mean age was 39,814 years and the proportion of females was
87,5%. The median of tumor size was 2.4 cm (0,7-6,3). MGMT and XRCC2
were, respectively, 0,36 fold decreased (p=0,038) and 0,53 fold increased
(p=0,003) gene expression. Decreased MGMT gene expression was associated
with tumor size less than 2 cm (p=0,040), lymph node metastasis presence
(p=0,002) and intermediate risk of recurrence (p=0,002). XRCC2 protein
expression was associated with minimum local invasion (p=0,040). BRAF®%%F
mutation was found in 59% of the cases and was correlated with MLH1
(p=0,037) and XPD expression (p=0,025). These results, particularly for MGMT,
suggest that different levels in DNA repair gene expression are associated with
tumor aggressiveness and may play a prognostic role in PTC.

KEYWORDS: papillary thyroid cancer, DNA repair, gene expression,
BRAFY®%E tumor aggressiveness.
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1. INTRODUGAO
1.1. Céncer de tireoide

O céancer de tireoide € o tipo mais frequente dentre os tumores
enddcrinos malignos e representa aproximadamente 2,1% de todos os tipos de
tumores que acomentem os humanos (Wartofsky, 2010; Globocan, 2012). De
acordo com a histologia, o cancer de tireoide é tradicionalmente classificado
em grupos: carcinoma medular, indiferenciado (anaplasico) e diferenciado
(carcinoma papilar e folicular) (Delellis et al., 2004). O carcinoma medular se
desenvolve a partir das células parafoliculares (células C) da tireoide,
responsaveis pela produgdo de calcitonina. Os carcinomas anaplasico e
diferenciado da tireoide (CDT) s&o originarios das células epiteliais foliculares,
sendo que o CDT (80-90% dos casos) preserva caracteristicas das células
foliculares normais como a sintese e secregao de tireoglobulina e captagédo de
iodo (Schlumberger, 1999; Sherman, 2003).

Nas ultimas décadas, a incidéncia de céncer da tireoide tem aumentado,
especialmente de carcinomas papilares, chegando a 95% dos casos de CDT
diagnosticados, enquanto que a taxa de carcinomas foliculares mantém-se
relativamente estavel (La Vecchia et al., 2014; Howlader et al., 2016). Em
adicdo, embora as taxas de mortalidade tenham aumentado discretamente nos
Estados Unidos, Reino Unido e Australia, as mesmas permanecem estaveis ou
reduziram na maioria dos paises (Sierra, Soerjomataram e Forman, 2016). Xie
e colaboradores (2014) sugerem que o aumento da incidéncia pode estar
associado a uma combinacdo de técnicas sensiveis de diagndstico, como a
ultrassonografia da tireoide e de possiveis exposigcdes ambientais. No Brasil, a
estimativa do Instituto Nacional do Céncer (INCA) para o ano de 2016 € de
1.090 novos casos de cancer de tireoide para o sexo masculino e de 5.870
para o sexo feminino (INCA, 2016). Para o Rio Grande do Sul foram estimados
460 novos casos de cancer na glandula tireoide, sendo 17% diagnosticados em
pacientes de Porto Alegre (INCA, 2016). J& em S&o Paulo, a incidéncia de
carcinoma da tireoide no periodo de 1997 a 2008 foi de 18,43 para mulheres e
de 4,42 para homens por 100.000 habitantes por ano. O indice de mortalidade
foi semelhante para ambos os sexos, estando ligeiramente mais elevado para

mulheres (Veiga et al., 2013).
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A exposigao a radiagado é o principal fator de risco ambiental associado
ao cancer da tireoide, especialmente quando relacionado a criangas (Ron et al.,
1995; Sinnott, Ron e Schneider, 2010; Veiga et al., 2012). De maneira geral, a
radiacdo ionizante produz danos celulares levando a instabilidade
cromossOmica e alteragdes nucleotidicas devido a geragao de radicais livres, o
que contribui para a tumorigénese (Little, 2000). Estudos recentes tém buscado
compreender os mecanismos envolvidos com a exposi¢cao ao iodo radioativo e
o surgimento de carcinoma papilar da tireoide (CPT) na infancia apds acidentes
nucleares, como Chernobyl (Suzuki et al., 2015). Além disso, considerando que
o iodo possui papel na formagao dos horménios da tireoide, dietas deficientes
neste mineral sdo um fator de risco para o cancer, especialmente carcinoma
folicular da tireoide (CFT) (Zimmermann e Galetti, 2015). Outros fatores como
medida antropomeétrica, historico de hipotireoidismo ou hipertireoidismo,
exposicao a éteres de difenilapolibromados, tabagismo e consumo de alcool
continuam a ser estudados, com resultados conflitantes at¢é o momento
(Rossing et al., 2000; Preston-Martin et al., 2003; Zhang et al., 2008; Xhaard et
al., 2015).

O tratamento inicial para o CDT é cirurgico, e inclui lobectomia (tumores
menores de 1 cm) ou tireoidectomia total (remogao de todo o tecido tireoidiano
visivel) (Haugen et al., 2016). Em casos selecionados, a utilizagdo de iodo

radioativo (**'l)

€ recomendada apds a tireoidectomia total para ablacdo de
células neoplasicas remanescentes, diminuindo o potencial de recidiva e
aumentando a sensibilidade dos testes de seguimento, especialmente a
dosagem sérica da tireoglobulina (Wartofsky e Van Nostrand, 2012). O iodo
radioativo atua se inserindo nas células da tireoide através dos transportadores
de iodeto de sédio e emitem raios beta de curto comprimento de onda,
causando a morte celular aguda (Nguyen et al., 2015).

Para o tratamento de pacientes com CDT avancado e progressivo
resistente ao iodo radioativo sdo utilizados agentes citotéxicos convencionais,
como a doxorubicina e a cisplatina, que geram taxas de resposta ndo maiores
do que 25% (Huyck e Agulnik, 2011). Além disso, a remissdo completa é rara e
a toxicidade deste tratamento é significativa (Sarlis, 2001). Recentemente, as

drogas Sorafenibe e Lenvatinibe, que inibem a auto-fosforilagdo dos receptores
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tirosino-quinase, estdo sendo recomendadas para o tratamento dos casos

refratarios ao iodo radioativo (Ferrari et al., 2015).

1.2. Fatores progndsticos clinico-patolégicos para o carcinoma
diferenciado de tireoide

Fator prognéstico € uma caracteristica (clinica ou histolégica) ou um
marcador que pode auxiliar na predicdo sobre a evolugdo e desfechos de
determinada doencga, guiando decisdes terapéuticas (Clark, 2008). No caso do
CDT, a maioria dos pacientes possui prognéstico favoravel, com taxa de
sobrevida de 10 anos em mais de 90% dos casos (Zhu et al., 2015). Porém,
aproximadamente 15% dos pacientes desenvolvem recidiva local e 5 a 10%
apresentam metastases (Rouxel et al., 2004; Guimaraes e Rosa, 2008). O CPT
gera metastases em linfonodos cervicais e apresenta alta incidéncia de
extensdo extratireoidiana para o6rgdos adjacentes, enquanto o CFT
normalmente se dissemina via hematica para 6rgaos distantes (Benbassat,
Mechlis-Frish e Hirsch, 2006). Um desafio no manejo do CDT ¢é a identificagcao

da parcela de pacientes com maior risco de desfechos desfavoraveis.

1.2.1. Idade

Alguns sistemas de classificacdo de risco consideram a idade como o
principal fator prognostico para pacientes diagnosticados com CDT. A
classificagdo tumor-nddulo-metastase (TNM) é comumente adotada e utiliza a
idade de 45 anos como ponto de corte para estratificar pacientes como baixo
ou alto risco para mortalidade (Sobin et al., 2009; Edge e Compton, 2010). A
expectativa de vida dos pacientes acima de 45 anos de idade é reduzida,
especialmente se associada com invasao local, presenca de linfonodos e
metastases (Wada et al., 2008; Verburg et al., 2013).

Outros sistemas, tais como AGES (age, grade, tumor extent, tumor size),
AMES (age, distant metastasis, tumor extent, tumor size), EORTC (European
Organization for Research and Treatment of Cancer) e MACIS (distant
metastasis, age, completeness of primary tumor ressection, local invasion,
tumor size) consideram a idade como um fator continuo que afeta o
prognostico de CPT sem qualquer estratificagdo (Lang et al., 2007). Além
disso, um estudo recente sugere idade superior a 60 anos como fator
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progndstico independente para desfecho desfavoravel e risco de mortalidade
no CDT (Shi et al., 2016).

1.2.2. Género

Apesar do prognéstico ser pior para pacientes do sexo masculino, a
frequéncia do diagndstico de cancer de tireoide € maior em mulheres, com uma
razdo feminino/masculino de 4:1 (Micheli et al., 2009; Jemal et al., 2010;
Colonna et al.,, 2015). Com isso, os hormbnios sexuais femininos,
principalmente os estrogenos, podem influenciar na proliferagdo e invaséao de
células cancerosas da tireoide através de reconhecimento dos receptores
hormonais expressos nessas células, como os receptores alfa e beta de
estrégeno (Zane et al., 2014). Diversos fatores reprodutivos e hormonais como
contracepcao oral, terapia de reposicdo hormonal, idade da menarca, idade ao
primeiro parto e menopausa foram estudados sem encontrar associagdes
significativas com o risco de desenvolvimento de cancer da tireoide (Kabat et
al., 2012; Zamora-Ros et al., 2015).

1.2.3. Histoérico familiar

Estudos de caso-controle revelaram que individuos com histérico familiar
de doencas malignas da tireoide possuem maior probabilidade para o
desenvolvimento de CDT (Brindel et al., 2010; Xu et al., 2012). Em adicéo,
sindromes familiares incomuns, como a Doenca de Cowden e Sindrome de
Gardner, incluem o CPT entre suas manifestacbes (Nosé, 2010). Entre
parentes de primeiro grau, o risco para cancer de tireoide pode aumentar de
trés a dez vezes (Leux et al., 2012). Nesses casos, os tumores geralmente sao
agressivos e ocorrem em jovens, com frequéncia de CPT maior que CFT
(Alsanea et al., 2000; Uchino et al., 2002).

Alteragbes genéticas como mutagdo nos genes BRAF (V-raf murine
sarcoma viral oncogene homolog B) e RAS (rat sarcoma virus) tém sido
identificadas como fatores de susceptibilidade (Cavaco et al., 2008). No
entanto, Tuya e colaboradores relataram que a contribuicdo do fator hereditario
€ pequena, pois apenas 5% dos pacientes investigados possuiam historico

familiar de carcinomas n&o medulares da tireoide (Tuya et al., 2001).
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1.2.4. Tamanho tumoral

O tamanho tumoral € adotado em escalas de classificacdo de risco como
TNM e AMES. Na escala TNM existem dois pontos de corte, 2 e 4 cm (T1 para
2 cm ou menos, T2 para 2,1 a 4 cm e T3 para tumores maiores que 4 cm)
(Sobin et al., 2009). Na escala AMES o ponto de corte para pacientes com alto
ou baixo risco € 5 cm (Cady e Rossi, 1988). Um estudo realizado com 366
pacientes diagnosticados com CPT indica que tumores com tamanho a partir
de 2 cm podem apresentar pior prognostico (Machens, Holzhausen e Dralle,
2005).

Na analise retrospectiva realizada por Ito e colaboradores (2007),
individuos com neoplasias maiores que 4 cm apresentaram indices mais altos
de mortalidade quando comparado a tumores menores. Além disso, Mazzaferri
e Jhiang (1994) observaram que a mortalidade em 30 anos para tumores <1,5

cm foi de 0,4% enquanto que para tumores >4,5 cm foi de 22%.

1.2.5. Classificagao histolégica

Com relagdo ao CDT, para pacientes com CFT a sobrevida livre de
doenca em 10 anos € de 75%, enquanto para o CPT é de aproximadamente
90% (Kushchayeva, et al., 2008; Zhu et al., 2015). O CPT possui diversos
subtipos histologicos, caracterizados por uma combinagdo de fatores de
crescimento especificos, tipos celulares e alteragdes estromais. A Organizagéo
Mundial da Saude (OMS) classifica as variantes histopatolégicas de CPT em 9
categorias: folicular, macrofolicular, oncocitica (incluindo Warthin-like), células
claras, esclerosante difusa, células altas, células colunares, sodlidas e
cribriforme (DeLellis et al., 2004).

A arquitetura papilar coberta por células com citoplasma eosinofilico e
nucleos aumentados € caracteristica do CPT classico. Por sua vez, a variante
folicular € a principal variante descrita, sendo composta por foliculos de
diversos tamanhos. Warthin-like é uma variante rara no CPT, normalmente
relatado em mulheres acima dos 50 anos e associada com infiltragcao linfoide
no tumor e areas nao tumorais. Em geral, o progndstico destas variantes é
favoravel (Apel, Asa e LiVolsi, 1995; D’Antonio et al., 2000; Amico et al., 2010;
Lloyd, Buehler e Khanafshar, 2011).
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A principal variante com curso clinico agressivo, correspondendo a 10%
dos casos de CPT é a de células altas, apresentando caracteristicas clinicas
como maior tamanho tumoral (>6 cm), extensdo extratireoidiana, necrose e
doenca metastatica (LiVolsi, 2011). Histologicamente, esses tumores tém
células cuja altura € 2 a 3 vezes maior que sua largura (Lloyd, Buehler e
Khanafshar, 2011). Outras variantes como colunar, esclerosante difusa e sdlida
sdo raras e mais agressivas do que o CPT classico (Schneider e Chen, 2013).

1.2.6. Multifocalidade e bilateralidade

Os pacientes diagnosticados com CPT geralmente possuem mais de um
foco da doenga (multifocalidade), chegando a 80% dos casos. Por sua vez, a
doenca bilateral, caracterizada pela presenca de ndédulos malignos em ambos
os lobos da tireoide, acomete até 60% dos pacientes (Schneider e Chen,
2013). Kim e colaboradores (2013) revisaram laudos médicos de 2095
pacientes, concluindo que apenas a multifocalidade possui associacdo com
risco elevado de persisténcia da neoplasia. A doenga multifocal também é
relacionada com linfonodos metastaticos, metastases a distancia e recidiva
regional (Al Afif et al., 2015; So, Kim e Son, 2015). Além disso, a taxa de
sobrevida diminui significativamente com o aumento do numero de focos de
CPT (Qu et al., 2014).

1.2.7. Extensao do tumor

A extensao da doenca contribui para o risco de recidiva e mortalidade no
CDT (Ito et al., 2012; Lee et al., 2014). A presenga de linfonodos metastaticos é
reconhecida como um dos principais fatores de progndéstico e ocorre em 30 a
80% dos casos de CPT. O risco para recorréncia aumenta com idade
avangada, tumores maiores e subtipos histologicos agressivos. A importancia
do numero de linfonodos removidos durante a dissecgao lateral do pescoco
permanece controversa (Leboulleux et al., 2005; Albuja-Cruz et al., 2012; Kim
etal.,, 2014).

A extensdo extratireoidiana, definida pela extensdo do tumor primario
além da capsula da tireoide, possui incidéncia no CPT que varia de 5 a 34%. E
associada a pacientes com linfonodos metastaticos, tumores n&o encapsulados

maiores que 4 cm e idade acima de 50 anos (Ortiz et al., 2001). Um estudo
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demonstrou que o desfecho é pior para pacientes com doenga extratireoidiana
macroscopica do que para aqueles com invasao local microscopica durante a
avaliacdo histopatoldégica (Radowsky et al., 2014). Metastases distantes
ocorrem em até 10% dos pacientes, podendo acometer pulmdo, ossos e
cérebro (Benbassat, Mechlis-Frish e Hirsch, 2006; Durante et al., 2006). No
CDT a presenga de metastases distantes é relacionada com mortalidade, com
taxa de sobrevida de apenas 50% apods 10 anos (Elisei et al., 2010).

1.3. Marcadores laboratoriais de prognéstico para o carcinoma

diferenciado de tireoide

1.3.1. Tireoglobulina

A tireoglobulina (Tg) € uma glicoproteina produzida pelas células
foliculares tireoidianas e wuma ferramenta laboratorial importante para
acompanhamento pos-cirurgico de pacientes com CDT pois suas dosagens
sdo muito baixas ou nulas em individuos submetidos a tireoidectomia (Pacini et
al., 1980; Rosario et al., 2013). Consensos atuais indicam a dosagem da Tg
estimulada 6 a 12 meses apods o tratamento inicial em todos os pacientes, a fim
de avaliar a eficacia do tratamento e guiar o seguimento do paciente. Os niveis
séricos de Tg devem ser <0.2 ng/mL durante a supressédo do TSH ou <1 ng/mL
apos sua estimulagdo na auséncia de anticorpos interferentes (Haugen et al.,
2016).

Além deste importante papel da Tg no seguimento em longo prazo dos
pacientes com CDT, a Tg pode ser utilizada como marcador prognaéstico inicial.
Uma meta-analise envolvendo 3947 pacientes demonstrou que a dosagem de
Tg poés-operatoria possui papel importante também no seguimento em longo
prazo dos pacientes, atribuindo ao teste um valor preditivo negativo de 94,2%
(IC 95%; 92,8-95,3) (Webb et al., 2012).

1.3.2. Anticorpo anti-tireoglobulina

O anticorpo anti-tireoglobulina (AATQ) possui papel no monitoramento de
pacientes com CDT. A dosagem é recomendada, pois sua presenga pode
interferir na avaliagdo de Tg, gerando resultados falso positivos ou falso
negativos (Haugen et al., 2016). E importante ressaltar que pacientes com CDT
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possuem prevaléncia de AATg até duas vezes maior que a populagao geral
(Spencer, 2011).

Buscando verificar sua utilidade prognéstica, Kim e colaboradores (2008)
acompanharam 824 pacientes realizando a dosagem de AATg logo apés e 6-
12 meses depois da tireoidectomia e ablacdo de células remanescentes.
Destes, 54 apresentaram AATQ positivo. Quando divididos em 3 grupos, houve
diminuicdo do valor de AATg maior que 50% em 21 pacientes, menor que 50%
em 16 pacientes e aumento em 19 pacientes. A taxa de recorréncia tumoral
representou respectivamente 0, 19 e 37%.

Por sua vez, um estudo retrospectivo multicéntrico investigou o valor
clinico da dosagem de AATg na primeira avaliagdo apos o tratamento cirurgico.
Foram utilizadas duas coortes, uma incluindo 220 pacientes com AATg positivo
(estudo) e outra 1020 pacientes com AATg negativo (controle). O grupo de
estudo apresentou maior risco de acordo com a American Thyroid Association
(ATA) (6,9% vs. 3,2%) e maior diagnostico de extensao extratireoidiana (28,2%
vs. 24%). Apés um ano de seguimento, o grupo de pacientes com AATg
positivo revelou maior recorréncia da doenca (5,8% vs. 1,4%) (Durante et al.,
2014).

1.4. Marcadores moleculares de prognéstico para o carcinoma papilar de
tireoide

Sabendo-se que o surgimento do cancer esta relacionado com o
acumulo de alteracbes genéticas e epigenéticas, diversas mutagdes e
rearranjos foram descritos na patogénese dos tumores da tireoide (Nikiforov e
Nikiforova, 2011). No CPT, sdo comumente encontradas modificacbes que
promovem a desregulagdo da via das proteina-quinases ativadas por
mitégenos (MAPK) (Pollock e Meltzer, 2002). Mutagdes em BRAF e RAS,
assim como rearranjos RET/PTC sao os principais eventos genéticos nestes
tumores (Figura 1). Estudos tém relatado também a presenga de mutagcdes em
TERT, assim como raros rearranjos TRK (Frattini et al., 2004; Nikiforov e
Nikiforova, 2011; Liu e Xing, 2016). Essas alteragdes moleculares sao
propostas como marcadores prognésticos com possibilidade de avaliar o risco

de persisténcia ou recorréncia tumoral apds o tratamento inicial.
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Figura 1. Principais alteragdes moleculares no carcinoma papilar da tireoide e sua prevaléncia
média. Fonte: adaptado de Nikiforov e Nikiforova, 2012.

1.4.1. BRAF

O gene BRAF codifica a isoforma da proteina RAF tipo B e esta
localizado no brago longo do cromossomo 7 (Hussain et al., 2015). Este gene
codifica uma serina/treonina-quinase, enzima que modula a fungao de outras
proteinas na via da MAPK através da transferéncia de grupamentos fosfato
(Pollock e Meltzer, 2002). Mutagbes em BRAF levam a proteina a manter-se
em sua forma ativada, resultando na ativacdo constitutiva da cascata de
sinalizacdo RAF-MEK-ERK (Schneider e Chen, 2013). Como consequéncia, ha
o estimulo crénico da via MAPK e favorecimento do desenvolvimento tumoral
(Mercer e Pritchard, 2003; Nikiforov e Nikiforova, 2011).

Mais de 40 mutagdes ja foram descritas para o gene BRAF, sendo que

90% delas correspondem a BRAFY%%%

, onde o aminoacido valina (V) é
substituido por um acido glutédmico (E) na posigao 600. Esta mutagdo é do tipo
missense, devido a transversdo somatica de uma timina por uma adenina na
posicado 1799 no éxon 15 (T1799A) (Davies et al., 2002; Garnett e Marais,
2004).

Na tireoide, BRAF localiza-se predominantemente nas células foliculares
e a mutagdo é sugerida como um potencial marcador prognoéstico no CPT,
ocorrendo em média em 60% dos pacientes (Fagin e Wells, 2016). Em adigéo,

é frequentemente encontrada nas variaveis classica e de células altas e
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raramente na variante folicular do CPT (Trovisco et al., 2004; Henderson et al.,
2009; Rivera et al., 2010).

Fatores clinico-patolégicos relacionados a pior prognostico do CPT,
como invasao extratireoidiana, estadio TNM avancado, presenca de linfonodos
metastaticos e recorréncia sdo comprovadamente associados com a mutagao
BRAFY®E (Kim et al., 2012; Liu, Chen e Liu, 2016). Um estudo multic&ntrico
retrospectivo revelou a correlacdo da presenca da mutagdo com maior
potencial para recorréncia em pacientes com microcarcinomas e inicialmente
classificados como baixo risco (Xing et al., 2014a).

Entretanto, apds analise ajustada para caracteristicas tumorais
(linfonodos metastaticos, invasdo extratireoidiana e metastases distantes),
BRAFY®E nao foi associado significativamente com maior indice de
mortalidade no CPT (Xing et al., 2013). Subsequentemente, o valor progndstico
do diagnéstico da mutacdo foi questionado em um editorial de
acompanhamento (Cappola e Mandel, 2013). Com isso, a avaliagdo de
BRAF®%E tem sido debatida, a fim de verificar seu real valor como marcador

prognastico.

1.4.2. RAS

A familia de oncogenes RAS (isoformas KRAS, NRAS e HRAS) sintetiza
pequenas proteinas GTPases que agem propagando sinais dos receptores
tirosina quinase e nao-tirosina quinase, ativando a via MAPK (Tavares et al.,
2016). Mutagdes em RAS, que ocorrem predominantemente nos coédons 12, 13
e 61, promovem a aceleragcdo da atividade mitogénica e contribuem para a
progressao tumoral. No carcinoma de tireoide, mutagbées em NRAS e HRAS no
codon 61 sdo as mais comuns, sendo particularmente encontradas no
carcinoma folicular e anaplasico (Motoi et al., 2000; Nikiforov e Nikiforova,
2011). Por sua vez, adenomas foliculares podem ser precursores de carcinoma
folicular da tireoide, principalmente devido a mutagdes em NRAS e KRAS
(Mchenry e Phitayakorn, 2011).

Quanto ao CPT, a prevaléncia das mutagdes é baixa e varia
consideravelmente de acordo com a classificagdo histolégica, sendo rara no
CPT classico e frequente na variante folicular (>25%) (Cristofaro et al., 2006;
Rivera et al., 2010; Park et al., 2013). Estudos recentes demonstram que
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mesmo que a histologia indique maior agressividade, tumores com mutagdes
no gene RAS possuem agressividade limitada. A maioria deles sdo variante
folicular do CPT, sem associagdo com fatores clinicos como extensio
extratireoidiana e presenca de linfonodos metastaticos. Portanto, se for
diagnosticada presenga de mutagdes somente em RAS, tais tumores séo

considerados altamente curaveis e possuem bom prognéstico (Xing, 2016).

1.4.3. Rearranjos RET/PTC e TRK

O gene RET localiza-se no cromossomo 10, contém 21 exons e codifica
um receptor transmembrana da familia das tirosinoquinases. Este gene é
expresso primariamente em células urogenitais e derivadas da crista neural
durante a embriogénese, possuindo papel na transdugdo de sinais para a
proliferagao, diferenciacdo e migragao celular (Arighi, Borello e Sariola, 2005).

As células foliculares normais da tireoide ndo expressam RET, no
entanto, aproximadamente 10-20% das amostras de CPT possuem rearranjos
neste gene (Santoro et al., 2002; Legakis e Syrigos, 2011). Os rearranjos sao
resultado de inversées ou translocagdes cromossémicas que causam a
recombinagcdo do gene RET com genes heterélogos, podendo resultar em 13
diferentes oncogenes quiméricos denominados RET/PTCs (Santoro et al.,
2004; Prescot e Zeiger, 2015). Os principais rearranjos identificados s&o
RET/PTC1, relacionado com CPT classico e RET/PTC3 frequentemente
associado com a variante de células altas e variante sdlida (especialmente no
contexto pdés-Chernobyl) (Tallini et al., 1998; Rabes et al., 2000; Basolo et al.,
2002).

Rearranjos cromossémicos no gene NTRK1, localizado no cromossomo
1 também s&o encontrados no CPT. NTKR1 pode se fusionar com pelo menos
trés genes diferentes localizados no mesmo ou em outros cromossomos. No
entanto, tais rearranjos ocorrem com menor prevaléncia que RET/PTC, n&o
ultrapassando 12% (Frattini et al., 2004; Greco, Miranda e Pierotti, 2010). Em
adicdo, uma analise de taxa de sobrevida revelou que em pacientes com CPT,
rearranjos TRK s&o preditores de pior prognéstico quando comparados com
pacientes com rearranjos RET/PTC ou sem qualquer rearranjo diagnosticado
(Musholt et al., 2000).
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1.4.4. TERT

A atividade da telomerase, responsavel por manter a integridade
cromossOmica e a estabilidade gendmica, € regulada por sua unidade catalitica
denominada TERT (Moyzis et al., 1988; Blasco, 2005). A substituicdo de uma
citosina por uma timina nas posicoes C228T e C250T sdo as principais
mutagdes descritas em TERT, resultando em protecao contra a senescéncia de
células tumorais (Bae et al., 2016).

Neste sentido, mutagcbes em TERT sao amplamente descritas em
diversos tipos de cancer, incluindo melanoma, sistema nervoso central, bexiga
e tireoide (Huang et al., 2013; Killela et al, 2013; Vinagre et al., 2013; Weinhold
et al., 2014). Com relagdo ao CPT, mutagbes somaticas em TERT tém
demonstrado frequéncia de 7-22% (Liu e Xing, 2016). As principais variantes
histolégicas envolvidas sdao o CPT classico e de células altas (Bullock et al.,
2016).

Um estudo incluindo 507 pacientes submetidos a tireoidectomia total
com diagnéstico de CPT revelou que a coexisténcia de TERT C228T e
BRAFY®%E esta relacionada com maior recorréncia da doenca (Xing et al.,
2014b). Em adi¢cdo, Gandolfi e colaboradores (2015) demonstraram a
associacao da presenca das mutacdes TERT C228T e C250T com metastases
no CPT. A partir destes resultados, € possivel prever um comportamento
agressivo do tumor na presenga de mutagdes em TERT.

1.5. Reparo do DNA

Alteragbes na estrutura do DNA podem ser causadas por agentes
intrinsecos derivados do metabolismo ou por agentes extrinsecos, como
exposicoes toxicas agudas e exposi¢cdes ambientais crénicas (Bont e Larebeke,
2004; Kinsella, 2009). Por este motivo, durante o ciclo celular existem pontos
de verificagdo (checkpoints) antes da divisdo e distribuicdo do material
gendmico das células mitdticas para as células filhas (Reinhard e Yaffe, 2013).
Quando algum erro € detectado, ha uma pausa na replicagao para que ocorra o
reparo do DNA ou para que haja a indugao de morte celular. Este conjunto de
mecanismos de sinalizagdo denomina-se resposta aos danos do DNA (Jackson
e Bartek, 2009; Reinhardt e Schumacher, 2012).
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As células de mamiferos utilizam mecanismos de reparo lesao-
especificos para corrigir os diferentes tipos de danos. Estes mecanismos
incluem: reparo direto (DR), reparo de mal pareamento (MMR), reparo por
excisao de bases (BER), reparo por excisao de nucleotideos (NER) e sistema
de reparo de quebras duplas (DSB), subdividido em recombinagdo homodloga
(HR) e juncdo de extremidades ndao homologas (NHEJ) (Lord e Ashworth,
2012).

1.5.1. Reparo direto

O reparo direto (DR) € assim denominado pois ocorre em uma reagao
rapida e livre de erros onde, em células de mamiferos, a lesdo que pode ser
causada pela alquilacdo de bases, é revertida através de um unico passo. Este
mecanismo nao utiliza nucleotideo molde, ndo rompe a estrutura fosfodiéster e
nao requer sintese de DNA (Nay e O’Connor, 2013). De acordo com o tipo de
lesdo, podem ser recrutadas duas principais enzimas: (1) familia ALKBH, que
catalisa a reversao direta de certas lesdes N-alquil (1TmeA e 3meC) através de
uma reacgdo de desalquilagdo oxidante Unica ou (2) O°-metilguanina-DNA-
metiltransferase (MGMT), que remove grupos O°-metil de O°-metilguanina
(0°meG) (Fu, Calvo e Samson, 2012).

Em humanos, a enzima MGMT atua transferindo o grupamento metil ou
cloroetil da guanosina alquilada para um residuo interno de cisteina no seu sitio
ativo (Figura 2) (Kaina et al., 2007). Para cada lesao reparada, uma molécula
de MGMT ¢ inativada através de ubiquitinagao, seguindo para degradagéao pelo
proteassoma (Xu-Welliver e Pegg, 2002). Quando o aduto ndo é removido, a
0°meG ¢é reconhecida como adenina, resultando em um polimorfismo de
nucleotideo unico do tipo transversao (Delaney e Essigmann, 2001).

Dumenco e colaboradores (1993) relataram pela primeira vez que a
presenca de MGMT esta envolvida na prevencdo de cancer induzido por
nitrosureias. Neste trabalho, ratos com superexpressdo de MGMT foram
capazes remover adutos O°meG eficientemente, suprimindo completamente o
desenvolvimento de linfomas timicos (Dumenco et al., 1993). Por outro lado,
ratos com baixa expressao de MGMT foram mais sensiveis a metilacao e
cloroetilagdo que ratos selvagens (Shiraishi, Sakumi e Sekiguchi, 2000). Com
isso, pacientes com glioblastoma e com baixa expressdo de MGMT ou
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metilagdo no promotor de MGMT demonstram maior sensibilidade a

medicamentos alquilantes, como a temozolomida (Sonoda et al., 2010).

Figura 2. Reparo direto. A enzima O°-DNA-metiltransferase (MGMT) transfere o grupamento
metil para a cisteina presente no seu sitio ativo, removendo a lesdo do DNA. Fonte: adaptado
de Fu, Calvo e Samson, 2012.

1.5.2. Reparo de mal pareamento

O reparo de mal pareamento (MMR) é um processo poés replicativo de
excisdo que remove bases mal pareadas ou mal inseridas, assim como
inser¢cdes e delegdes no DNA que nao foram reparadas pelas polimerases
replicativas (Jiricny, 2008). Proteinas codificadas pelo gene Mut percorrem o
DNA recentemente sintetizado em busca destes erros a fim de remover os
segmentos de fita simples contendo nucleotideos incorretos. Este processo
mantém a integridade genética reduzindo a taxa de erros associados a
replicacdo de 100 para 1 a cada 10° vezes (Pena-Diaz e Jiricny, 2012;
Helleday, Eshtad e Nik-Zainal, 2014).

Para promover a distorcao da estrutura helicoidal do DNA através da via
MMR sado necessarios dois grupos proteicos: (1) MutS, composto por MSH2
(MutS homolog 2), MSH3 (MutS homolog 3) e MSH6 (MutS homolog 6) e (2)
MutL, formado por MLH1 (MutL homolog 1), MLH3 (MutL homolog 3), PMS1
(Post Meiotic Segregation Increased 1) e PMS2 (Post Meiotic Segregation
Increased 2). Na etapa de reconhecimento da base mal pareada, enquanto
MutSa (MSH2/MSHG6) é recrutado na presenga de lesbes pequenas contendo

até dois nucleotideos erréneos, MutSp (MSH2/MSH3) permite a identificagédo
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de dele¢des ou inser¢gdes maiores. Em uma etapa subsequente, a exciséo &
catalisada pelo heterodimero MutLa (principalmente MLH1/PMS2), com a
participacdo das proteinas PCNA (Proliferating Cell Nuclear Antigen) e RFC
(Replication Factor C). Entdo, as enzimas EXO1 (Exonuclease |) e RPA
(Replication Protein A) removem a sequéncia resultante da incisdo e a lacuna
formada no DNA é preenchida através da agao da Pold (DNA polymerase )
com o auxulio de PCNA e RFC. Por fim, uma DNA ligase religa a extremidade
recém-sintetizada com a fita original (Christmann et al., 2003; Hsieh e Yamane,
2008; Li, 2008). A Figura 3 ilustra a via MMR com as principais proteinas
envolvidas no reparo, utilizando como exemplo o reconhecimento de uma les&o

pequena através de MutSa.
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Figura 3. Reparo de mal pareamento. A base mal pareada é reconhecida pelo heterodimero
MutSa (MSH2/MSHS6), que se complexa com MutLa (MLH1/PMS2) para realizar a excisdo. Em
seguida Exo1 remove a sequéncia e Pold insere a base correta. Fonte: Christmann et al., 2003.

A presenga de mutagcbes em genes chave desta via provocam perda
total ou parcial de alguns componentes desta, caracterizando a sua deficiéncia.
A principal consequéncia de tal disfungcdo € o surgimento da Sindrome de
Lynch, ou Cancer colorretal hereditario sem polipose (HNPCC) (Edelbrock,
Kaliyaperumal e Wiliams 2009). A Sindrome de Lynch é uma doencga
autossbmica dominante, com surgimento precoce (<45 anos), caracterizada
por um risco aumentado de desenvolvimento de cancer, principalmente
colorretal (ap6s os 70 anos de idade) (Hsieh e Yamane, 2008). As mutagdes
mais frequentes ocorrem nos genes MSH2 e MLH1, correspondendo a

aproximadamente 95% dos casos (Peltomaki e Vasen, 1997).
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1.5.3. Reparo por excisao de bases

Quebras simples (single-stranded breaks, SSB) e pequenas
modificacdes no DNA que nao distorcam a dupla hélice s&o reparadas através
do reparo por excisao de bases (BER) (Sharma e Dianov, 2007). A maioria das
alteracbes de uma unica base é causada pelo préprio metabolismo celular,
embora também possa ser provocada por produtos quimicos ambientais,
tratamento com produtos citostaticos ou radiagdo ionizante (Lindahl, 1993). A
instabilidade no DNA que leva a alquilagédo, oxidagdo, redugdo ou
fragmentacdo de bases gera produtos como incorporacédo de uracila,
pirimidinas fragmentadas, purinas N-alquiladas (7-metilguanina, 3-metiladenina,
3-metilguanina), 8-oxo-7,8dihidroguanina (8-OxoG) e timina glicol (Christmann,
et al., 2003).

O BER é um processo multienzimatico que, de maneira geral, requer
quatro principais enzimas: uma DNA glicosilase, uma AP endonuclease ou AP
DNA liase, uma DNA polimerase e uma DNA ligase (Figura 4) (Robertson et al.,
2009). Na etapa inicial do reparo, as DNA glicosilases sao responsaveis por
reconhecer e remover o dano ou a base incorreta gerando um sitio abasico
(sitio AP) (Krokan e Bjgra, 2013). Atualmente, sdo reconhecidas 11 DNA
glicosilases em células de mamiferos, caracterizadas por diferentes modos de
acao (Dianov e Hubscher, 2013). De acordo com o mecanismo catalitico, tais
enzimas sao classificadas como monofuncionais, pois removem as bases
modificadas deixando um sitio AP no DNA (ex.: UNG, uracil-DNA glycosylase)
ou como glicosilases bifuncionais, que removem a base e subsequentemente
clivam o sitio AP (ex: OGG1, 8-Oxoguanine glycosylase) (Jacobs e Schar,
2012).

APE1 (Apurinic/apyrimidinic endonuclease 1), portanto, reconhece e
cliva o esqueleto fosfodiésterem 5 do sitio AP, criando uma quebra simples
flanqueada por uma terminacdo 3’-OH e um grupamento 5’-desoxirribose
fosfato (5’-dRP). De maneira alternativa, algumas DNA glicosilases bifuncionais
(OGG1 e NTH1, endonuclease Il homologue) também podem contribuir com a
incisdo do esqueleto de DNA através da reacao de B-eliminagéo, criando uma
lacuna de nucleotideo unico, flanqueado por 5-fosfato e 3’-a,B-aldeido

insaturado. A partir disso, APE1, além de sua atividade endonuclease principal,
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auxilia na remocgao do 3’-a,B-aldeido insaturado, restaurando a extremidade 3’-
OH (Carter e Parsons, 2016).

A partir deste momento o BER pode serguir duas vias distintas: via curta
(SP-BER, short-patch BER), que repara apenas uma base ou via longa (LP-
BER, long-patch BER), responsavel pelo reparo de duas a oito bases. Os
mecanismos pelos quais o direcionamento para uma ou outra via ocorrem
ainda ndo foram totalmente elucidados. Acredita-se que a decisao pode ser
dependente da disponibilidade de ATP na proximidade do sitio AP ou do tipo
de intermediario que é gerado apés a incisao (Robertson et al., 2009).

Na via curta, PolB (DNA polymerase ) corrige o erro inserindo a nova
base de maneira simultdnea com a remocéao de 5’-dRP. Em seguida, a ligagéo
é feita através da interacdo entre DNA ligase Ill com XRCC1 (X-ray repair
cross-complementing protein 1) e PARP1 [poly(ADP-ribose) polymerase-1]. Ja
na via longa, a inser¢do dos novos nucleotideos ocorre através da agao das
polimerases B, d ou € (Pole, DNA polymerase ¢) em conjunto com PCNA e
RFC. Por fim, a remocdo de 5-dRP ¢é realizada pela enzima FEN1 (Flap
structure-specific endonuclease 1) e a ligase | promove a ligagdo da nova fita,
ambas com o auxilio de PCNA (Christmann, et al., 2003; Carter e Parsons,
2016).

Alteragdes na expressao de DNA glicosilases tém sido identificadas em
doencgas neurodegenerativas, como a diminuicdo de APE1 em pacientes com
esclerose lateral amiotréfica e o aumento de OGG1 na substancia negra de
pacientes com Parkinson (Maynard et al., 2009). Mutagdes e polimorfismos em
PolB, OGG1 e XRCC1 sao associados ao risco de desenvolvimento de cancer
de prostata (Dobashi et al., 1994; Altieri et al., 2008).
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Figura 4. Mecanismos de reparo por excisdo de bases. A lesdo é reconhecida e removida por
DNA glicosilases e sofre a agao de uma endonuclease AP. Em seguida, de acordo com o tipo
de lesdo, o BER é realizado através da via curta ou via longa. Fonte: adaptado de Carter e
Parsons, 2016.

1.5.4. Reparo por excisao de nucleotideos

O reparo por excisao de nucleotideos (NER) é um processo inespecifico,
ativado apos a detecgao de lesdes volumosas que distorcem a dupla hélice do
DNA (Helleday, Eshtade Nik-Zainal, 2014). Esses danos sdo causados por
fotolesbes (6,4-fotoprodutos; 6-4PP) e dimeros de ciclobutano pirimidina (CPD)
induzidos por radiacdo ultravioleta; adutos quimicos oriundos de
hidrocarbonetos aromaticos policiclicos como o benzo(a)pireno, presente na
fumacga do cigarro e crosslinks induzidos por agentes quimioterapicos, como a
cisplatina. O NER também tem sido relacionado com a remogao de lesdes
menores, resultantes de oxidagdes e alquilacdes (Altieri et al., 2008; Takaishi et
al., 2009).

De acordo com o tipo de lesédo e as proteinas envolvidas, 0 mecanismo
de excisdo de nucleotideos subdvide-se em reparo do genoma global (GGR,
global genome repair) e em reparo acoplado at ranscrigdo (TCR, transcription
coupled repair) (Figura 5) (Christmann, et al., 2003). O GGR examina todo o
genoma identificando lesbes e, por este motivo, € um processo relativamente

lento e menos eficiente. Por outro lado, o TCR elimina lesées que causam
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distor¢cdes nas regides ativas da cromatina levando ao bloqueio da RNA Pol Il
(RNA polymerase Il) e, consequentemente, da maquinaria de transcricao
(Melis, Steeg e Luijten, 2013).

O reconhecimento por GGR ocorre pela agao do complexo formado
entre XPC (Xeroderma pigmentosum complementation group C), HR23B (UV
excision repair protein RAD23 homolog B) e centrin2 ou através do complexo
UV-DDB (UV-damaged DNA binding) composto pelas proteinas DDB1 (DNA
damage-binding protein 1) e DDB2 (DNA damage-binding protein 2). Enquanto
XPC possui alta especificidade para 6-4PPs e pode reconhecer danos
causados por agentes alquilantes e radiagdo ionizante, UV-DDB tem alta
especificidade para CPDs (Wakasugi et al., 2001; Hey et al., 2002).

O TCR é ativado através da interacdo da RNA Pol |l com as proteinas de
reconhecimento de lesdo, CSA e CSB (Cockayne syndrome complementation
group A and B) (Patel, Venkatesh, e Edwards, 2004; Scharer, 2013). Ainda
nesta sub-via, s&o recrutados para a cromatina os fatores de remodelagem
XAB2 (Xeroderma pigmentosum complementation group A binding protein 2),
HMGN1 (High mobility group nucleosome binding domain 1) e TFIS
(Transcription factor S-11) (Fousteri e Mullenders, 2008).

A partir deste momento, GGR e TCR convergem para uma via comum,
qgue se inicia com uma nova verificagdo da lesdo através de XPA (Xeroderma
pigmentosum group A) e da protecdo da cadeia nao danificada pela RPA
(Replication protein A) (Evans et al., 1997). Ap6s a formagdo do complexo
TFIIH (Transcription factor Il human), composto por 10 subunidades: XPD
(Xeroderma pigmentosum group D), XPB (Xeroderma pigmentosum group B),
p52, p8, p62, p34, p44 e CAK (Cyclin-activated kinase, formada por CDK?7,
cyclin H e MAT1), ocorre o desenrolamento da dupla fita de DNA,
principalmente pela atuacdo de XPB e XPD, que possuem atividade de
helicase (Scharer, 2013). A etapa de incisdo acontece através da agao das
endonucleases XPF (Xeroderma pigmentosum group F) e XPG (Xeroderma
pigmentosum group G) nas extremidades 5’ e 3’, respectivamente. A lacuna de
cadeia simples recém-formada é entao preenchida por Pole ou Pold juntamente
com PCNA e as bases sao ligadas pela DNA ligase | (Shivji, 1995; Overmeer et
al., 2010).
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Conforme demonstrado, a atividade do NER depende da fungao
coordenada e sequencial de aproximadamente 30 proteinas (Melis, Steeg e
Luijten, 2013). Defeitos nesta via provocam doencas genéticas autossdmicas
recessivas, tais como Xeroderma pigmentosum, caracterizadas por mutagdes
nos genes XPA, XPB, XPD e XPG; Sindrome de Cockayne, apresentando
mutagdes principalmente em CSA e CSB; e Tricotiodistrofia, associada a
mutacdes em XPB e XPD (Lehmann, 2003; Altieri et al., 2008; Cleaver, Lam e
Revet, 2009).

11111l
Reconhecimento do dano pela via GGR \ Dano ac DNA / Reconhecimento do dano pela via TCR
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Figura 5. Reparo por excisdo de nucleotideos. O dano € inicialmente reconhecido por XPC ou
UV-DDB (DDB1 e DDB2) no reparo do genoma global (GGR), e por CSA e CSB quando
recrutados pela RNA Pol Il no reparo acoplado a transcricdo (TCR). XPA e RPA confirmam a
presenga do dano e protegem a cadeia de DNA nao danificada, respectivamente. XPA e XPB,
parte do complexo TFIIH, desenrolam a fita do DNA. XPF e XPG promovem a incisao da fita
contendo a les@o e a lacuna é preenchida por Pole ou Pold. A ligagdo ocorre através da DNA
ligase |. Fonte: adaptado de Helleday, Eshtad e Nik-Zainal, 2014.

1.5.5. Reparo de quebras duplas
Quebras duplas no DNA (double-stranded breaks, DSB) sao lesbes
altamente citotoxicas e podem levar a aneuploidia, aberragbes genéticas e

morte celular (Krejci et al., 2012). Esses danos podem ocorrer naturalmente
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enquanto topoisomerases desenrolam o DNA ou serem induzidos por radiagéo
ionizante ou quimioterapicos (Helleday et al., 2008). As duas vias responsaveis
por realizar o reparo das DSBs s&o a recombinagao homoéloga (HR) e a juncéo
de extremidades ndo-homdlogas (NHEJ). Ao contrario da HR, NHEJ é passivel
de erros (error prone), e constitui a principal forma de reparo de DSBs em
células de mamiferos. Além disso, enquanto HR ocorre principalmente durante
0 processo de replicagao, nas fases S tardia e G2 do ciclo celular, NHEJ é
predominante nas fases G0/G1 (Pfeiffer, Goedecke e Obe, 2000; Lord e
Ashworth, 2012).

1.5.5.1. Recombinag¢ao homédloga

A recombinagdo homoéloga (HR) envolve um cromossomo danificado e
uma molécula de DNA integra que é utilizada como molde para o reparo
(Renkawitz, Lademann e Jentsch, 2014). O reconhecimento da lesdo inicia-se
com a ligagdo do complexo MRE11-RAD50-NBS1 nas extremidades quebradas
do DNA (Stracker e Petrini, 2011). A subunidade portadora da atividade
nuclease, MRE11, se liga a proteina CtIP (CtBP-interacting protein) iniciando a
resseccao da extremidade 5’. Durante esse processo, a formagéo da simples
fita de DNA (ssDNA, single-stranded DNA) continua através da agdo de Exo1
em conjunto com o complexo BLM-Topollla-RMI1/RMI2 (BTR)-DNA2, que
possui atividade helicase-endonuclease (Symington e Gautier, 2011).

Em seguida, RPA atua protegendo a ssDNA da formagao de estruturas
secundarias para que haja a incorporagao correta de filamentos RAD51 (DNA
repair protein RAD51 homolog 1) mediada por BRCA2 (Breast cancer 2) e
RADS52 (DNA repair protein RAD52 homolog) ou por proteinas homdlogas a
RADS51, como RAD51B (RADS1 paralog B), RAD51C (RADS1 paralog C),
RADS1D (RADS1 paralog D), XRCC2 (X-ray repair cross complementing 2) e
XRCC3 (X-ray repair cross complementing 3) (Heyer, Ehmsen e Liu, 2010).
RAD51 é responsavel pela formacdo de um filamento pré sinaptico de
nucleoproteina na ssDNA que pareia com um duplex homdlogo ndo danificado
encontrado durante o processo de pesquisa de homologia (Forget e
Kowalczykowski, 2010). Ha, portanto, a invasdo da cadeia de DNA nao
danificada gerando um /oop de deslocamento (D-loop) e o inicio da sintese de

DNA a partir da extremidade 3’ (Heyer, Ehmsen e Liu, 2010). Por fim, a
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segunda extremidade de DSB alinha-se com o D-loop estendido e as estruturas
resultantes s&o resolvidas de acordo com o modelo classico de Holliday
(Christmann, et al., 2003). Um modelo esquematico simplificado da via HR

pode ser observado na Figura 6.
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Figura 6. Recombinagdo homodloga. O reparo inicia com a identificagdo e resseccdo da DSB
através do complexo MRE11-RAD50-NBS1. RAD52 liga-se a extremidade 3’ recém formada e
permite a insercdo de um filamento de RADS51, facilitado por proteinas homodlogas (RAD51B,
RAD51C e RAD51D, XRCC2 e XRCC3). Apds a sintese de DNA, ligacdo e migragao das fitas,
a estrutura resultante € classicamente resolvida através de juncbes Holliday. Fonte:
Christmann, et al., 2003.

Dada a importancia de RAD51 e de seus reguladores no reparo de
lesbes através do processo de HR, alteragbes genéticas nestas proteinas
podem predispor ao surgimento de tumores (Krejci et al., 2012). Mutagdes
heterozigéticas em BRCA2 e RAD51C, por exemplo, aumentam a
susceptibilidade para cancer de ovario e de mama, enquanto a translocagao de
RADS51B é associada ao fibromioma uterino (Schoenmakers, Huysmans e
Vem, 1999; Levy-Lahad e Friedman, 2007; Meindl et al., 2010). Em adigao,

mutagdes na helicase BLM podem levar ao desenvolvimento da Sindrome de
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Bloom, que causa envelhecimento precoce e eleva o risco de desenvolvimento
de céncer (Chu e Hickson, 2009).

1.5.5.2. Jungao de extremidades nao-homélogas

O sistema de juncao de extremidades nédo-homélogas (NHEJ) liga as
duas extremidades da DSB sem buscar homologia com sequéncias
conservadas de DNA (Figura 7). Como consequéncia, este processo pode
causar dele¢des ou mutagdes no local ou ao redor da DSB (Lord e Ashworth,
2012). Na primeira etapa da via NHEJ, as proteinas KU70 e KU80 reconhecem
e protegem a fita contendo o dano (Christmann et al., 2003). Ha, entdo, o
recrutamento e associagdo da subunidade catalitica da DNA-PK (DNA-
dependent protein kinase) com o complexo de XRCC4 (X-Ray repair cross
complementing 4) e LIG4 (DNA ligase IV) (Dynane Yoo, 1998). A ligacdo das
duas extremidades através de XRCC4/LIG4 ocorre apos as DSBs terem sido
processadas pelo complexo MRE11-Rad50-NBS1, que remove o excesso de
flaps (estruturas em aba) 5’ e 3’ (Stracker et al., 2004). Em adi¢do, a obtencdo
da atividade exonuclease especifica de cadeia simples pela DNA-PK, ocorre
pela unido com a proteina Artemis. Através deste complexo, Artemis é

fosforilado e passa a atuar como uma endonuclease (Moshous et al., 2001).
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Figura 7. Jungédo de extremidades nao-homodlogas. A DSB é reconhecida através de KU70 e
KUB80. DNA-PK é recrutada e ativa o complexo XRCC4/LIG4 que une as duas extremidades
apos o processamento realizado pelo complexo MRE11-Rad50-NBS1 e pela proteina Artemis.
Fonte: adaptado de Downs, Nussenzweig e Nussenzweig, 2007.
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Em humanos, algumas doencas sao associadas a defeitos na
capacidade de reparo das DSBs por enzimas presentes na via NHEJ. A
deficiéncia de LIG4 provocada por mutagdes, leva ao desenvolvimento da
Sindrome LIG4, uma desordem autossémica recessiva rara caracterizada por
microcefalia, sensibilidade a radiagao ionizante e imunodeficiéncia combinada
(Altmann e Gennery, 2016). Pacientes portadores de mutagbes que alteram a
funcdo da proteina Artemis sofrem com imunodeficiéncia severa combinada
com sensibilidade a radiacdo ionizante, ou com a Sindrome de Omenn
(Pannicke et al., 2009).

1.6. Reparo do DNA e tumorigénese da tireoide

A exposicdo a radiagao ionizante, principal fator de risco para o
desenvolvimento de CDT, pode provocar varias lesdes na estrutura do DNA,
incluindo quebras simples e duplas, ruptura de cromossomos e troca de
nucleotideos devido a geragdo de radicais livres (Little, 2000; Veiga et al.,
2012). Com isso, a alteragdo na expressao génica e proteica, assim como a
presencga de polimorfismos e metilagao de diversos genes do sistema de reparo
do DNA tem sido descritos no cancer de tireoide. A Figura 8 demonstra a

associagao do cancer de tireoide com as principais vias de reparo ja descritas.
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Figura 8. Cancer de tireoide e mecanismos de reparo do DNA. Adaptado de Gatzidou et al.
(2010).
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Na via DR, a proteina MGMT esta mais expressa em lesdes benignas do
que em lesdes malignas da tireoide (Giaginis et al., 2011). No entanto, nao foi
encontrada correlacdo entre a diminuicdo da expressdo de MGMT e/ou
hipermetilacdo com a presenca de mutagbes em tumores tireoidianos,
sugerindo que a regulagcédo da expressao de MGMT n&o passa por mecanismos
epigenéticos neste tipo tumoral (Santos et al., 2013).

Na via MMR, a proteina MLH1 é mais expressa em lesbes malignas
quando comparada com lesdes benignas da tireoide, sendo que MSH2
aparentemente ndo apresenta diferenga significativa entre os dois tipos de
lesdo (Giaginis et al., 2011). Ainda neste sistema de reparo, apesar de nao
encontrarem mutagdes, Ruschenburg e colaboradores (2006) observaram
MLH1, MSH2 e PMS1 mais expressas em lesdes malignas da tireoide. Por sua
vez, a baixa expresséo e a hipermetilagdo do gene MLH1 foram relatadas na
tumorigénese do carcinoma de tireoide, especialmente quando associadas a
mutacdo BRAFV600E
dehydrogenase 1) (Guan et al., 2008; Santos et al., 2013).

Com relagao a via BER, a associagcao dos polimorfismos em XRCC1 e

, rearranjos RET e transicdes NRAS e IDH1 (/socitrate

PARP1 pode aumentar a susceptibilidade para CDT e metastases em
linfonodos (Chiang et al., 2008). Apesar de outros trabalhos também terem
identificado polimorfismos em XRCC1, uma meta-analise concluiu que nao ha
correlagdo da sua presenga com o risco para carcinoma de tireoide (Ho et al.,
2009; Garcia-Quispes et al.,, 2011; Wu et al.,, 2014). Karger et al. (2012)
revelaram que a expressao génica de OGG1, MUTYH (MutY DNA glycosylase)
e NTHL1 (NTH like DNA glycosylase 1) estda diminuida no CFT quando
comparada com o adenoma folicular, podendo colaborar para a formacao de
tumor a partir de uma lesédo benigna. De maneira individual, polimorfismos em
XRCC1, PARP1, MUTYH e OGG1 ndo foram relacionados com a
susceptibilidade individual para carcinoma de tireoide (Santos et al., 2012).

Em adigdo, APE1, que esta presente no nucleo e no citoplasma de
células foliculares normais da tireoide, constitui um importante foco de estudo.
A alteragdo na sua expressao e localizagao pode contribuir para a regulagao
anormal da diferenciagcao e proliferacdo celular, fatores essenciais para a

carcinogénese tireoidiana (Gatzidou et al., 2010). Até o momento, nao foi
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encontrada diferenga significativa entre os grupos caso e controle para a
presenca de APE1-Asp148Glu (Chiang et al., 2008; Santos et al., 2012).

No NER, Silva e colaboradores (2005) avaliaram a presenga dos
polimorfismos G23591A no exon 10 e A35931C no exon 23 do gene XPD.
Individuos simultaneamente homozigotos para ambos os polimorfismos
apresentaram risco aumentado para cancer de tireoide, especialmente para
CPT. Na populagao ucraniana, portadores de polimorfismos em XPD expostos
a radiagao ionizante pos Chernobyl também possuem maior propensao para o
surgimento de neoplasias tireoidianas (Shkarupa et al., 2015).

Quanto ao reparo de DSBs, na via HR polimorfismos no gene XRCC3
tém sido frequentemente descritos e indicam um risco até trés vezes maior
para CDT (Sturgis et al.,, 2005; Bastos et al., 2009; Yan et al.,, 2016).
Polimorfismos em RAD52 também podem estar associados com o
desenvolvimento e progressdo de CPT (Siraj et al., 2008). Estudos recentes
sugerem que variagdes genéticas na regido codificadora de XRCC2 néo
possuem efeitos na susceptibilidade para CDT (Fayaz et al., 2012; Yan et al.,
2016). Ja4 na via NHEJ, polimorfismos no alelo 3434Thr de XRCC7 foram
relacionados com risco de CDT em uma populagéo iraniana (Rahimi et al.,
2012). Enquanto polimorfismos nos genes XRCC4 e LIG4 ndo possuem
correlagdo com cancer de tireoide, dois polimorfismos em KU80 foram
associados a risco aumentado para CPT (Gomes et al., 2010).

Considerando, portanto, que a tumorigénese da glandula tireoide
envolve um processo complexo de interagdo génica, é fundamental identificar
novos marcadores moleculares progndsticos e de agressividade tumoral. Para
os carcinomas da tireoide, pouco se sabe sobre o papel dos componentes do
sistema de reparo de DNA na génese e comportamento tumoral. Desta forma,
tendo em vista que o tecido tireoideano esta sujeito a diversas injurias
causadas por agentes endogenos e exogenos, justifica-se a necessidade de
uma melhor compreensao do perfil de expressao do sistema de reparo do DNA
no CPT, bem como sua correlagdo com aspectos clinico-patologicos.
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2. OBJETIVOS

2.1. Objetivo geral
Avaliar o perfil de expressao de genes de diferentes vias de reparo do

DNA em pacientes com carcinoma papilar da tireoide.

2.2. Objetivos especificos

- Realizar uma analise comparativa dos niveis da expressao de genes das vias
de reparo direto do DNA, MMR, BER, NER, HR e NHEJ em carcinomas
papilares da tireoide com os tecidos adjacentes normais pareados;

- Correlacionar os dados de expressao génica das vias de reparo do DNA com
dados clinico-patolégicos;

- Avaliar a presenca da mutacdo BRAF Y% assim como a sua correlagdo com
dados clinico-patolégicos;

- No tecido tumoral, avaliar a presenga das proteinas com expressao génica

significativamente alterada, correlacionando com dados clinico-patoldgicos.
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Abstract

The role of DNA repair in papillary thyroid carcinoma (PTC) malignancy remains
largely unknown. Molecular changes such as polymorphisms in genes of
different pathways and few studies associating gene or protein expression with
characteristics of poor prognosis have been described. Considering the lack of
data on the behavior of different DNA repair systems and the absence of paired
studies, this work aimed to investigate the expression profile of 11
representative genes of the main DNA repair patwhays in PTC samples. Thirty-
two consecutive PTC and surrounding normal thyroid tissues were obtained
from patients undergoing total thyroidectomy. Gene expression was assessed
by real time PCR. Genes that exhibited their mRNA expression altered had its
protein product evaluated by immunohistochemistry. Data were correlated to
BRAFY®E  mutational status and clinicopathological characteristics. Direct
repair (MGMT) and homologous recombination (XRCC2) genes were shown
down and upregulated, respectively, in tumor samples when compared to
parental normal tissue. MGMT direct gene repair was significantly correlated to
characteristics of tumor aggressiveness. Homologous recombination (XRCC2)
low protein expression was significantly correlated to minimum local invasion.
These results, particularly for MGMT, suggest that DNA repair gene expression
is associated to increased tumor aggressiveness and may have a potential
prognostic value in PTC.

Keywords: papillary thyroid cancer, DNA repair, gene expression, BRAF V°%%F,
tumor aggressiveness, MGMT.
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1. Introduction

Papillary thyroid carcinoma (PTC) is responsible for up to 95% of malignant
thyroid tumors and the majority of patients have a favorable outcome (Zhu et
al., 2015; Howlader et al., 2016). However, 15% will develop local tumor
recurrence and 5-10% will have distant metastasis (Mazzaferriand Jhiang,
1994; Sherman, 2003). Clinical and pathological factors of tumor
aggressiveness and recurrence include age over 45 years, male sex, size of
primary tumor, histological classification, multifocality, tumor extension and
presence of BRAFV®°® mutation (Zhu et al., 2015; Fagin and Wells, 2016).
Despite the etiology of PTC is still unknown, exposure to ionizing radiation in
childhood is a known-established risk factor (Ron et al., 1995; Inskip, 2001;
Sinnott, Ron and Schneider, 2010). These and other injuries including normal
metabolic activities of thyroid follicular cells can result in single and double-
strand breaks (SSB and DSB, respectively), leading to genetic instability due to
generation of free radicals (Little, 2000).

Genomic instability is the universal characteristic of neoplastic cells and,
probably, the result of DNA damage, tumor-specific DNA repair deficiencies,
and a failure to discontinue cell cycle before the damaged DNA is passed on to
daughter cells (Lord and Ashworth, 2012). In mammalian cells, DNA damage
response can be performed by different pathways. While direct repair (DR)
removes inappropriately methylated guanine residues in DNA (Kaina et al.,
2007), other DNA injuries may be repaired normally by excision of lesion and
repair synthesis, executed by base excision repair (BER), nucleotide excision
repair (NER), and mismatch repair (MMR) (Friedberg, 2001; Lord and
Ashworth, 2012). Additionally, the repair by recombination is a crucial cellular
defense system that removes very toxic DNA lesions, such as double-stranded
breaks (DSB). Unrepaired or incorrectly repaired DSB lead to chromosome
aberrations and cause translocation of genetic material in thyroid cells. Two
mechanisms are able to correct DSB, homologous recombination (HR) and
non-homologous end joining (NHEJ) (Mao et al., 2008).

Polymorphisms in DNA repair genes have been associated to development of
thyroid cancer (for review see Gatzidou et al., 2010). Although polymorphisms
in BER genes (for example, XRCC1, X-ray repair cross-complementing protein
1 and PARP1, Poly (ADP-ribose) polymerase-1) have been identified as
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predisposing factors for thyroid cancer and presence of lymph node
metastases, meta-analyzes studies indicate that these results should be
interpred with caution (Chiang et al., 2008; Ho et al., 2009; Wu et al., 2014).
Patients with somatic mutations in XPD (Xeroderma pigmentosum group D), an
helicase of NER pathway, and that were exposed to ionizing radiation after
Chernobyl accident have a higher risk for thyroid neoplasms (Shkarupa, et al.,
2015). Meanwhile, polymorphisms in XRCC3 (X-ray repair cross
complementing 3), a DSB repair protein, indicate up to two-fold increased risk
for differentiated thyroid carcinoma (Sturgis et al., 2005; Yan et al., 2016).

Few studies have focused on DNA repair genes expression profile in thyroid
tissues. A previous report demonstrated that the proteic expression of MLH1
(MutL homolog 1) of MMR pathway is upregulated and MGMT (O-6-
methylguanine-DNA methyltransferase) of DR is down-regulated in malignant
compared to benign thyroid lesions. In addition, altered expression of these
pathways in malignant lesions is associated to clinicopathological
characteristics of greater aggressiveness, such as larger turmor size and
presence of lymphatic and vascular invasion (Giaginis et al., 2011). More
recently, down-regulation of MMR in PTC samples was associated to point
mutations (BRAFY®E IDH1 and NRAS) (Santos et al., 2013). These findings
suggest a role of DNA repair genes in thyroid tumorigenesis and progression.
Here, we have investigated more widely the expression of DNA repair genes in
human PTC. We demonstrated that the MGMT is underexpressed in human
PTC samples when compared to normal tissues. Reduced expression of MGMT
was positively correlated with clinicopathological characteristics of tumor
agressiveness. For the first time, we described that XRCC2 of homologous

recombination pathway is highly expressed in PTC tissue.
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2. Materials and methods

2.1. Patients and tissues

Tumor and surrounding normal thyroid tissue were collected consecutively from
32 unselected patients diagnosed with PTC attending the Endocrine or Head
and Neck Surgery Divisions at Irmandade da Santa Casa de Misericordia de
Porto Alegre — Brazil. Surgery was independently indicated by attending
physicians based on clinical indication. Informed consent from all participants
and clearance from the Ethical Committees of the participating Institutions were
obtained (approval numbers 331.061 and 362.887). We excluded patients who
had a history of head and neck irradiation or received chemotherapy prior to
surgery. Specimens were frozen in liquid nitrogen after surgical resection and
stored at 80°C. Experienced pathologists confirmed final histological
classification from paraffin-embedded sections. Tumors were histological
classified according to WHO recommendations (Delellis et al., 2004). Clinical
stage was determined by Tumor/Node/Metastasis (TNM) system (Edge et al.,
2010). The risk of recurrence was classified according to the American Thyroid
Association (ATA) (Cooperet al., 2009). The information obtained from this
study did not influence or affect the patients’ diagnosis or treatment.

2.2. Extraction of nucleic acids and reverse transcription

Total RNA was extracted from 30 mg of frozen tumors and surrounding normal
thyroid tissues by RNeasy® mini kit (QIAGEN GmbH, Hilden, Germany)
including a DNAse treatment with RNase-Free DNase Set (QIAGEN GmbH,
Hilden, Germany). To enrich the tumor specimens, regions of high cellularity
were obtained from the central region of the tumor. For DNA extraction, the
tissue paraffin-embedded blocks were sectioned at 5 um without any stain or
fixer and the thyroid cancer cells were scraped from the glass slides using a
surgical blade. Then, DNA was obtained according the manufacturer’'s protocol
of MagneSil® Genomic, Fixed Tissues System (Promega Corporation,
Madinson, WI, USA). The amount of isolated nucleic acids was determined
through spectrophotometry by BioSpec-Nano (Shimadzu Corporation, Kyoto,
Japan) and the integrity of nucleic acids was confirmed using gel

electrophoresis. Reverse transcription was performed from 1 pug of RNA by RT?
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PCR Array First Strand Kit (QIAGEN Sciences, Maryland, USA) according to

the manufacturer's recommendations.

2.3. Quantitative real-time PCR

Differential DNA repair gene expression between tumor and surrounding normal
thyroid tissues were assessed by quantitative real-time reverse transcription-
PCR (RT-PCR) on an Applied Biosystems StepOnePlus™ Real-Time PCR
System (Applied Biosystems, Foster City, CA, USA) using the RT?> RNA QC
PCR Array (PAHS-9997C-1, QIAGEN Sciences, Maryland, EUA) quality control
plates and the custom RT? Profiler™ PCR Array (CAPH-13265, QIAGEN
Sciences, Maryland, EUA). The pathways and the representative genes
selected to compose this predesigned assay are detailed as follows: direct
repair (MGMT, NM_002412), mismatch repair (MLH1, NM_000249; MSH2,
NM_000251), base excision repair (APE1, NM_080649; OGG1, NM_002542;
XRCC1, NM_006297), nucleotide excision repair (XPD, NM_000400),
homologous recombination pathway (RADS517, NM_002875; XRCC2,
NM_005431; XRCC3, NM_005432) and non-homologous end joining
recombination (KU80, NM_021141). Data analysis was based on the AACt
method and the Ct values were normalized according to the expression of
ACTB and B2M in each sample.

2.4. Immunohistochemistry studies

For protein expression analysis one representative paraffin-embedded block
from each case containing tumor tissue was selected. The blocks were
sectioned at 4 ym and submitted to a routine immunohistochemical technique,
which included deparaffinization and rehydration, antigen retrieval, inactivation
of endogenous peroxidase and blockage of non-specific reactions. The primary
antibodies incubated overnight at 4°C were monoclonal mouse anti-MGMT
(1:100 dilution; #ab81705; Abcam, Cambridge, MA, USA) and polyclonal rabbit
anti-XRCC2 (1:100 dilution; #PA5-32643; Thermo Fisher Scientific, USA). To
follow the assay, slides were incubated with the secondary and tertiary
antibodies for 30 min each at room temperature (Reveal Polyvalent HRP-DAB
Detection System, Spring Bioscience, CA, EUA). Normal human tonsil tissue

and testis cancer tissue, respectively, were used as positive control. The
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negative control was obtained by omission of the primary antibody. The reaction
products were visualized by DAB. Slides were counterstained with hematoxylin.
Protein expression was evaluated using immunohistochemistry images of all
PTC tissue samples, captured using a DM6 Leica coupled to LAS X system of
image capture software (Leica Microsystems GmbH, Wetzlar, Germany) at
200x magnification. Five hot spots fields were randomly selected and analyzed
through Imaged Version 1.50i (National Institutes of Health, Bethesda,
Maryland) by two blinded observers. All background area was removed by
moving brightness and hue sliders. To measure only stained areas, the
brightness slider was increased without changing the hue slider, and the
immunohistochemistry stained areas were selected. Mean and stained area
were recorded to the excel sheet (Sati et al., 2016). The percentages of
positively stained follicular cells were obtained by the percentage of the stained
area with a given intensity. Specimens were considered positive for MGMT and
XRCC2 when more than 5% of follicular cells were stained. The
immunoreactivity of follicular cells for MGMT and XRCC2 was scored according
to the percentage of stained area as 0: negative staining - 0—4% of tumor
positivity; 1: 5—24% of tumor positivity; 2: 25—-49% of tumor positivity; 3: 50—
100% of tumor positivity. Its intensity was classified as it follows: 0, negative
staining; 1, mild staining; 2, intermediate staining; 3, intense staining, based on
intensity mean. Finally, both values were multiplied together, and the staining
score was stratified as weak (score range, 0—2) or strong (score range =3)
according to the proportion and intensity of positively stained tumor cells. Both
nuclear and cytoplasmic immunostaining were considered to analysis (Giaginis
et al, 2011).

2.5. BRAF"®®®mutation analysis

The exon 15 of BRAF gene was amplified by polymerase chain reaction (PCR)
through Platinum®Tagq DNA Polymerase Kit (Invitrogen by Life technologies,
Sao Paulo, Brazil) and appropriate primer pairs: forward 5'-
CTTCATAATGCTTGCTCTGATAGGA-3' and reverse 5'-
CAGGGCCAAAAATTTAATCAGTGGA-3'. PCR products were purified with the
llustra™ GFX™ PCR DNA and Gel Band Purification Kit (GE Healthcare,
Buckinghamshire, UK) as specified by the manufacturer. Sanger sequencing
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reaction was performed with the BigDye Terminator V3.1 Cycle Sequencing Kit
(Life Technologies Corporation, Carlsbad, CA, EUA) on an ABI PRISM 3130
genetic analyzer (Applied Biosystems, Foster City, CA, EUA). The presence of
BRAFY®%%E mutation was confirmed in both forward and reverse directions by an

independent PCR amplification and sequencing reaction.

2.6. Statistical analysis

Statistical analysis was performed by SPSS 17.0 (SPSS Inc., Chicago, IL, USA)
statistical software. Descriptive statistics include frequencies and corresponding
percentages for binary variables and means for continuous variables. The
difference in RNA expression between paired tumor and normal specimens was
evaluated using Wilcoxon matched-pair test. To analyze the association
between protein expression and clinicopathological characteristics the chi-
square test was applied. The correlation of fold change and clinicopathological
characteristics was evaluated with either the Mann-Whitney or the Kruskal-
Wallis tests. Chi-square test was also conduced to assess the associations
between BRAF'®%F mutation and clinicopathological characteristics. In all

analyses, a two-tailed P<0.05 was considered statistically significant.
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3. Results

3.1. MGMT and XRCC2 gene expression is altered in papillary thyroid
carcinoma

Clinical and pathological characteristics of 32 PTC patients included in this
study are detailed in Table 1. The mean age at the moment of the diagnosis
was 39.8+14 years. The median size tumor was 2.4 cm (0.7-6.3). All patients
presented normal serum TSH levels (0.4-4.0 Ul/L) at surgery.

Table 1
Study population characteristics.
Clinicopathological parameters Number %
Age (years) <45 22 69
>45 10 31
Gender Male 4 12.5
Female 28 87.5
Tumor size <2 19 59,0
>2 13 41,0
Histological variants of PTC Classic 16 50
Follicular 11 34
Encapsulated 4 13
Warthin-like 1 3
Multifocality Present 8 25
Absent 24 75
Minimum local invasion Present 21 66
Absent 11 34
Lymph nodes metastasis Present 9 28
Absent 23 72
AJCC/TNM stage -l 26 81
1] 6 19
Risk of recurrence Low 13 41
Intermediate 19 59

PTC: Papillary thyroid carcinoma.

Only 2 of 11 representative DNA repair genes selected exhibited altered gene
expression between PTC and respective surrounding normal tissue (Figure 1).
The direct repair gene, MGMT showed a decrease of 0.36-fold of mMRNA
expression level in thyroid tumor tissues in comparison to matched normal
tissues (p=0.038). On the other hand, regarding the homologous recombination
pathway, XRCCZ2 had its mRNA level significantly higher in thyroid tumor
tissues than in the normal tissues with a 0.53-fold higher (p=0.003). Relative

MRNA expression of the pathway genes is shown in Figure 2.
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Figure 1. Relative fold change (tumor/normal tissue) in the mMRNA expression level between
tumor and surrounding normal thgroid tissues was shown as logarithmic scale of relative fold
change in expression (RQ) 2™ T values. The statistical significance of the observed fold
change in expression was determined by Mann-Whitney test. * represent statistically significant
difference (p<0.05).



T T
Tumor tissue Normal tissue

P=0.038 P=0.295
151 204
.
k] i 15
[] @ 154
i 104 .. j(v :: L]
P=¢ L] L]
= .
é - ] x 10 *ene’
E . -..',. " E
—ate i T 5 rean,
LS, .l.l.- E : ) ¥
= .-'.-' "an *
0 ', . 0 T T
Tumer tissue Normal tissue Tumor tissue Normal tissue
P=0.360 P=0.654
404 804
-. .
] . 0 hd L]
L 30 > . § 60 . ®
2 . 3 “ee® "
% H < .o l::.‘
x 20 "% -"gu é 404
= | Lo E =
) . 4.—':-% o I TL
% 10+ l'.'l:- ".': m 204 ..°. s
= . aiad % . .
. .
T T 0 T !
Tumor tissue Normal tissue Tumor tissue Normal tissue
P=0.360 P=0.911
6+ 40+
: w
3 o
2 . . 3 301 .
D44 .
<
% ., o® L] o 204
E MLCLT) € . ]
4 . ™ o g ¥ om
E 2 _.-...- -;;.E.'E.'- 8 465 el .. wuaa®
2 sat - & sofaee T
- > [ e
0 ; ; 0 % :
Tumor tissue Normal tissue Tumor tissue Normal tissue
P=0.092 P=0.082
4 1.04
L] Ny
8 68
2 31 . g o8
3 ., E K]
= . < 08
2 24 e, et 4 *»
I:EE: une s un E 04 .o:‘
E 19 LR nmpn 3 St o
** (TTL] 0.24 LM -
x o ..-. E : : ~ [] ff-l.l.-.\-n
Q T T 0.0 T T
Tumor tissue Normal tissue Tumor tissue Normal tissue
P=0.003 P=0.331
0.5 0.5+
0 ou
© 0.4 o 0.4
3 % 3 ' "
% 0.3 . %: 0.3 . u-
DEC . e Dé . .
™ 021 %ot [T ™ 0:21
o — bt 3 ¥}
O 14 _lgg:'_ 1
© 0.1 -o:-.' WaoaE 2 0.1
P> LY F
- .I.U >
0.0 o = 0.0 T T
Tumor tissue Normal tissue Tumor tissue Normal tissue
P=0.793
3004 e
1]
2
2 200+
g L]
o 1004 \:, el bl
D
2 . .
> ".!,-:." '_-_._-_'.'
L
0 . b

52

Figure 2. mRNA levels (ACT) of the 11 representative DNA repair genes in matched tumor and
normal tissues.The statistical significance of the observed change in mRNA expression was
determined by Wilcoxon matched-pair test. Significant p values are highlighted in bold font
(p<0.05).
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3.2. Low MGMT gene expression is associated with clinicopathological
characteristics of tumor agressiveness in papillary thyroid carcinoma

All associations between representative genes of six distinct DNA repair
pathways (namely, direct repair, MMR, BER, NER, HR and NHEJ) and
clinicopathological characteristics are described in Figure 3A. Low MGMT fold
change was significantly correlated to tumor size less than 2 cm (p=0.040),
presence of lymph node metastasis (p=0.002) and intermediate risk of
recurrence (p=0.002) (Figure 3B). On the other hand, no correlations were
found to XRCC2 higher expression on tumor tissue and clinicopathological

characteristics.
A Clinicopathological Gene symbol
parameters MGMT  MLH1 MSH2 APE1 0GG1 XRCC1 XPD RAD51 XRCC2 XRCC3 KuUs0
Age (years) 0.350 0.167 0.031 0.074 0.180 0.393 0.569 0.542 0.133 0.776 0223
Gender 0.776 1.000 0.531 0.955 0.864 0.690 0.955 0.023 0.154 0.820 0.955
Tumor size (cm) 0.040 0.040 0.199 0.074 0.063 0.027 0212 0.347 0.173 0274 0.013
Histological variants 0.058 0.131 0.657 0.542 0.337 0212 0.057 0.119 0.434 0.203 0.232
Multifocality 0.931 0632 0572 0632 0.828 0.486 0.896 0.223 0.151 0.761 0.862
Minimum local invasion 0.565 0.159 0.041 0.117 0.513 0.184 0.184 0.736 0.513 0.858 0.293
BRAF V60 0.095 0.037 0.081 0.095 0.631 0.715 0.025 0.502 0.715 0.409 0.212
Lymph node metastasis 0.002 0.003 0.232 0.034 0.038 0.034 0.020 0.042 0.068 0.090 0.004
AJCC/TNM stage 0.192 0.060 0.005 0.011 0.074 0.134 0.101 0.334 0.091 0.961 0.067
Risk of recurrence 0.002 0.008 0.033 0.027 0.040 0.088 0.002 0.186 0212 0.048 0.015
B P=0.040 P=0.002 P=0.002
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Figure 3. Expression changes in representative pathway genes associated with
clinicopathological characteristics in PTC patients. (A) Correlations between gene expression
and clinicopathological characteristics were determined; statistical significance was assessed
by Mann Whitney or Kruskal-Wallis tests. Statistically significant gene expression correlates of
clinicopathological characteristics are highlighted in bold font (p<0.05). (B) Box plot showing low
MGMT expression between tumor and surrounding normal thyroid tissues (y axis) significantly
associated with tumor size less than 2 cm, lymph node metastasis presence and intermediate
risk of recurrence. Horizontal lines represent the median; the bottom and top of the boxes
represent the 25th and 75th percentiles, respectively; and the vertical bars represent the range
of data.The statistical significance was determined by Mann Whitney test.
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3.3. XRCC2 protein expression is associated with minimum local invasion

Positive protein expression in PTC samples (IHC score >0) was noted in 32
(100%) of cases for MGMT and in 28 (87.5%) out of 32 cases for XRCC2. The
pattern of distribution was nuclear and cytoplasmic for MGMT whereas for
XRCC2 the distribution was predominantly cytoplasmic. About staining score,
MGMT and XRCC2 demonstrated, respectively, strong and weak expression in
PTC tissue (Table 2). We found a significant correlation between XRCC2
expression and minimum local invasion (p=0.040). Other clinicopathological
characteristics were not significantly associated with MGMT or XRCC2
expression. Figure 4 demonstrates representative images of strong and weak
expression of MGMT and XRCC2 in PTC tissue compared to their expression in

surrounding normal tissue.



Table 2

Protein expression of MGMT and XRCC2 in papillary thyroid carcinoma

clinicopathological characteristics.
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and correlation with

Variable Number (%) MGMT XRCC2
Strong Weak P value|Strong Weak P value
Total cases 32 23 (72) 9(28) 10 (31) 22(69)
Age (years)
<45 22 (69 17 (53) 5(16 6(19) 16 (50
(69) (83) 5(16) 0.314 (19) (50) 0.472
>45 23 (69) 6(19) 4(13) 4(12) 6(19)
Gender
Female 19 (59 20 (63) 8(25 8(25) 20(63
(59) (63) 8(25) 0.882 (25) (63) 0.387
Male 13 (41) 3(9) 1(3) 2 (6) 2 (6)
Tumor size (cm)
<2 4 (125 14 (44) 5(16 6(19) 13 (41
(12.5) (44) 5(16) 0.783 (19) (41) 0.961
>2 28 (87.5) 9(28) 4(13) 4(12) 9(28)
Histological variants of PTC
Classic 16 (50) 12(38) 4(13) 6(19) 10(31)
Encapsulated 11 (34 2(6 2(6 2(6 2(6
p (34) (6) (6) 0.249 (6) (6) 0.517
Follicular 4 (13) 9(28) 2(6) 2(6) 9(28)
Warthin-like 1(3) 0(0) 1(3) 0(0) 1(3)
Multifocality
Present 21 (66 7 (22 1(3
(66) (22) (3) 0.256 13) 7(22 0.186
Absent 11 (34) 16 (50) 8 (25) 9(28) 15(47)
Minimum local invasion
Present 8 (25 15(47) 6(19 4(12) 17 (53
(23) 7 (19) 0.938 (12) (53) 0.040
Absent 24 (75) 8(25) 3(9 6(19) 5(16)
BRAFV600E mutation
Present 19 (59) 13 6 0.599 13 0.961
Absent 13 (41) 10 3 4 9
Lymph node metastasis
Present 9(28 6 (19 3(9 4 (12 5(16
(28) (19) (9) 0.682 (12) (16) 0.314
Absent 23 (72) 17 (53) 6(19) 6 (19) 17 (53)
AJCC/TNM stage
I 26 (81 19 (59) 7 (22 8(25) 18 (56
(81) (59) 7(22) 0.753 (25) (56) 0.903
[ 6 (19) 4(13) 2(6) 2(6) 4(12)
Risk of recurrence
Low 13 (41) 10 (31) 3(9) 4(12) 9(28)
Intermediate 19 (59) 13(41) 6(19) 6(19) 13(41)

NOTE: The statistical significance w as accessed by x2 test. P value in bold are significant (<0.05).
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Figure 4. Representative photomicrographs showing immunohistochemical staining in papillary
thyroid carcinoma (T) and adjacent normal tissue (N) for MGMT and XRCC2. Images were
taken at x400 magnification.

3.4. BRAF'®%% mutation is associated with MLH1 and XPD gene expression

The BRAF %% mutation was found in 19 of 32 cases (59%) of PTC. We found
a significant association between BRAF"®° presence and low expression of
MLH1 (p=0.037) and XPD (p=0.025) expression (Figure 5). However, the
presence of BRAF60%E

XRCC2 expression (Figure 2A). BRAFY®® mutational status was not

mutation was not significantly associated with MGMT or
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associated with clinicopathological characteristics, except for a trend of
correlation with gender (p=0.077), histological variants (p=0.066) and minimum
local invasion (p=0.055). Patients diagnosed with classic variant of PTC had a
higher frequency of presence of this mutation (34%). The same was observed
for minimal local invasion where 15 of 20 patients (47% of the total, n=32)
presented BRAFY®°®. This and other frequencies can be explored in

Supplementary Table 1.
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Figure 5. Low MLH1 and XPD expression between tumor and surrounding normal thyroid
tissues (y axis) is associated with BRAF "% presence. Horizontal lines represent the median;
the bottom and top of the boxes represent the 25th and 75th percentiles, respectively; and the
vertical bars represent the range of data. The statistical significance was determined by Mann
Whitney test.
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4. Discussion

In the present study, we demonstrated that MGMT, a direct DNA repair enzyme,
is significantly under-expressed in PTC samples when compared with
surrounding normal thyroid tissues, and it is correlated with smaller tumors,
presence of lymph node metastasis and intermediate recurrence risk. For the
first time, we also described that XRCC2, a representative component of
homologous recombination pathway, is upregulated in PTC tissue, despite this
data was not correlated with any of the evaluated clinical features. Moreover,
we showed that low expression of MLH1 and XPD is associated with presence
of BRAFY®®F mutational status. In fact, DNA repair machinery plays an
important role in the organism defense against DNA damage caused by
environmental factors and normal metabolic activities (Friedberg, McDaniel and
Schultz, 2004). To date, the defective DNA repair machinery leads to the
accumulation of toxic intermediates and is involved with thyroid tumor
development and progression (Gatzidou et al., 2010).

MGMT is located in chromosome 10926, and acts as the main enzyme in the
direct repair, in an error-free pathway. This mechanism protects cells from
mutagenic agents and confers resistance to alkylating chemotherapeutic drugs
(Hoeijmakers, 2001). In agreement with other studies in human neoplasias
(Mokhtar et al., 2014; Yousuf et al., 2014; Asiaf et al., 2015), we demonstrated
an association between lower expression of MGMT prognostic features of
disease at diagnosis. Reduced expression and hypermethylation of MGMT has
been associated with tumorigenesis in several human cancer tissues, such as
gastric carcinoma, thymic epithelial tumor, ductal breast carcinoma and
colorectal cancer, leading to cell malignancy, modulation of chemotherapy
responses and numerous clinical outcomes (Bardhan e Liu, 2013; Mokhtar et
al., 2014; Yousuf et al., 2014; Asiaf et al.,, 2015, Leguisamo et al., 2017).
Gastric carcinomas with reduced MGMT expression and promoter methylation
presented higher tumor grades and advanced tumor stages (Yousuf et al.,
2014). In thymic epithelial tumors, reduced MGMT methylation and loss of
expression were significantly more frequent in advanced tumors (llI-IV) than in
early tumors (I-1l) (Mokhtar et al., 2014). Reduced expression of MGMT was
also associated with lymph node involvement and tumor grade in invasive

ductal carcinoma of the breast (Asiaf et al., 2015). In malign lesions of thyroid,
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MGMT protein content was found to be down-regulated (Giaginis et al., 2011),
probably as result of MGMT promoter methylation, which can product low
protein expression (Ishida et al., 2007; Santos et al., 2013). This event is also
responsible for microsatellite instability even in patients with benign thyroid
lesions (Ishida et al., 2007; Santos et al., 2013).

Loss of MGMT is defined as “field defect”, which means it is not the only
responsible but contributes to the progression of cancer (Nagasaka et al.,
2008), which can explain the correlation between MGMT lower levels and
smaller tumors, indicating that loss of this gene may be an initial step to cellular
malignance. Giaginis et al. (2011) have already reported a possible trend of
correlation of MGMT protein with tumor size, where the larger are malign
tumors, the greater is the frequency of negative/weak MGMT immunoreactivity
when compared to benign tumors. Thus, the reduced expression of MGMT in
PTC is in accordance with other human tumors and corroborates the
assumption that direct repair can play a role on development and progression of
thyroid cancer. Nevertheless, longitudinal studies are still necessary to predict a
long-term prognosis of patients with thyroid cancer.

Another noteworthy result of our study is regarding the increased expression of
XRCC2 in PTC comparing with surrounding normal thyroid tissue. XRCC2 is a
HR pathway gene located in chromosome 7q36.1 that encodes a member of
the Rad51-like protein (Thacker et al.,, 1995; Johnson et al, 1999). XRCC2
contains the ATP binding domain known as Walker motifs A and B and its cell-
deficiency results in a decrease of up to 100-fold of HR repair system capacity
(Walker et al., 1982; Johnson, et al 1999). We did not find any correlation
between XRCC2 gene expression and clinicopathological characteristics, but
we found a significant association between XRCC2 protein expression and
minimum local invasion.

To date, no studies have demonstrated the expression of this gene on thyroid
cancer. In primary colorectal tumors, levels of XRCC2 were significantly higher
than in matched adjacent normal tissues. It was associated with tumor site,
Dukes’ and Tumor-nodes-metastasis (TNM) staging. The authors also
demonstrated that XRCC2 upregulation inhibited CRC cell apoptosis and
promoted proliferation enriching cells in GO/G1 phase (Xu et al., 2014).
Moreover, studies have reported an association between XRCC2 SNPs and
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incidence risk for breast cancer, colorectal tumors and ovarian cancer (Lin et
al., 2011; Li et al., 2014; Michalska et al., 2016). It is possible due to a non-
conservative substitution or deletion of amino acid 188, which can affect cellular
sensitivity to DNA damage (Liu et al., 1998; Rafii et al., 2002). However, genetic
variations in the coding region of XRCC2 appear to have no effect on the
susceptibility for thyroid carcinoma (Bastos et al., 2009; Yan et al., 2016).
Considering a previous report where hypermethylation of MLH1 (MMR pathway)
was associated with BRAF-promoted thyroid tumorigenesis, we evaluated the
presence of BRAF on PTC samples and correlated with tumor mRNA levels of
representative pathway genes (Guan et al., 2008). In fact, we found expression
of MLH1 correlated with BRAFY®° mutational status. For the first time, we
reported BRAFY®?F association with XPD (NER pathway) down-regulation in
PTC. In the same way, low XPC was previously correlated with BRAF and
NRAS mutation in melanoma samples (Davey, 2016). It has been suggested
that NER and MMR pathways influence the DSB repair by three steps: physical
facilitation of HR or NHEJ machinery through the processing of intermediates
during DSB repair; participation in primary damage surveillance; and signaling
between primary damage reorganization, induction of cell cycle checkpoint and
permission for cell cycle progress (Zhang, Rohde and Wu, 2009). We suggest
that the correlation between BRAFY®® and MLH71 or XPD reduced, but not
significant, expression can be a malignant process involved with the XRCC2
significant increased activity and the correlation of XRCC2 protein expression
with minimum local invasion.

In consistency with a previous report, we did not find significant relationship
between MGMT expression and BRAF'®%F (Santos et al., 2013). We showed
that BRAFV®?E mutation was present in 59% of our samples despite the
absence of correlation with clinicopathological characteristics. In PTC,
BRAFY®%E accounts for 60% of the mutations, being the main mutation in this
type of cancer (Fagin e Wells, 2016). The frequency of this mutation can vary of
27 to 69% depending on the population studied (Cohen et al., 2003: Goutas et
al., 2008). In light of our results, we provide evidence on alterations of DNA
repair machinery among PTC and normal thyroid tissues. The correlation of
MGMT expression and clinicopathological characteristics indicate the possible

role of DR in tumor aggressiveness. In addition, the correlation between
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reduced expression of MLH1 or XPD and BRAF"®°°F presence can be involved

with significant increased of XRCC2.

5. Conclusion

Our results characterize the expression of DNA repair genes in PTC tissues
with alteration in key-components of DR (MGMT) and HR (XRCC2) pathways.
We believe that the decreased MGMT expression - besides its role in tumor
aggressiveness - may also act as a “field defect”, which means that it has
greater contribution in early steps of PTC. However, further investigations of
MGMT mutations and promoter methylation status are required to better
understand the cause of MGMT gene modulation. The association of
BRAFY®%%E with MMR and NER pathway genes suggests an interaction with the
increased activity of HR pathway, especially for XRCC2, due to its influence on
DSD repair.
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Frequency of BRAF and its association with clinicopathological characteristics.
BRAFVGOOE
Variable Number (%) Present Absent
Number Number P value
(%) (%)
Total cases 32 19 (59) 13 (41)
Age (years)
<45 22 (69) 12 (38) 10 (31)
0.409
>45 23 (69) 7 (22) 3(9)
Gender
Female 19 (59) 15 (47) 13 (41)
0.077
Male 13 (41) 4 (13) 0 (0)
Tumor size (cm)
<2 4 (12.5) 10 (31) 9 (28) 0.378
>2 28 (87.5) 9 (28) 4 (13)
Histological variants of PTC
Classic 16 (50) 11 (34) 5 (16)
Encapsulated 11 (34) 4 (13) 7 (22) 0.066
Follicular 4 (13) 4 (13) 0 (0)
Warthin-like 1(3) 0 (0) 1(3)
Multifocality
Present 21 (66) 6 (19) 2 (6) 0.299
Absent 11 (34) 13 (41) 11 (34)
Minimum local invasion
Present 8 (25) 15 (47) 6 (19) 0.055
Absent 24 (75) 4 (13) 7 (22)
Lymph node metastasis
Present 9 (28) 6 (19) 3(9) 0.599
Absent 23 (72) 13 (41) 10 (31)
AJCC/TNM stage
-1 26 (81) 14 (44) 12 (38) 0.185
1l 6 (19) 5(16) 1(3)
Risk of recurrence
Low 13 (41) 6 (19) 7 (22) 0.208
Intermediate 19 (59) 13 (41) 6 (19)

NOTE: The statistical significance was accessed by x2 test.
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4. CONCLUSOES FINAIS

4.1. Conclusao geral

A alteragdo nos niveis de expressao de genes e proteinas-chave das
vias de reparo do DNA no carcinoma papilar da tireoide, especialmente da via
de reparo direto (DR) e da via de recombinagdo homodloga (HR) apresenta
associagao com caracteristicas de maior agressividade tumoral. A presenca da
mutacdo BRAF %%%F foi encontrada em 59% da populagéo e esta especialmente
relacionada com a desregulacdo de genes das vias de reparo de mal

pareamento (MMR) e reparo por excisdo de nucleotideos (NER).

4.2. Conclusées especificas

- A expressao génica de MGMT, representando a via DR, esta diminuida,
enquanto XRCC2, que representa a via HR, esta aumentada no carcinoma
papilar da tireoide em comparagédo com o tecido normal adjacente.

- A diminuigcdo na expressdo génica de MGMT esta associada a tumores
inferiores a 2 cm, presenga de linfonodos metastaticos e risco intermediario
para recorréncia tumoral.

- No tecido tumoral, a fraca expressao proteica de XRCC2 esta associada a
invasao local minima.

- A mutagao BRAF®%E acomete 59% da populacéo estudada.

- A presenca de BRAF %% esta associada com a diminuigdo da expressao de
MLH1 (MMR) e de XPD (NER).
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5. PERSPECTIVAS

- Aumentar o tamanho amostral, analisando a expressao génica e proteica de
MGMT, XRCC2, MLH1, XPD, assim como de outros componentes da via NER
e HR e a presenca de BRAF 6%,

- Avaliar o status mutacional de outros genes descritos no carcinoma papilar da
tireoide, tais como: RAS, TERT e rearranjos RET/PTC e TRK;

- Investigar a presengca de mutagbes e de metilagdo do promotor do gene
MGMT para investigar a causa da diminuicdo da expressao no tecido tumoral;

- Acompanhar os pacientes para construir curvas de sobrevida global e

sobrevida livre de doenga de acordo com os dados moleculares encontrados.
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ANEXO A - Aprovacdo do Comité de Etica da UFCSPA
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PORTO ALEGRE

PARECER CONSUBSTANCIADO DO CEP

Elaborado pela Instituicao Coparticipante
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Expressao dos genes de reparo de DNA no carcinoma diferenciado da tireoide.
Pesquisador: Erika Laurini de Souza Meyer

Area Tematica:

Versao: 1

CAAE: 18231913.1.0000.5335

Instituicao Proponente: Irmandade da Santa Casa de Misericordia de Porto Alegre - ISCMPA
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 362.887
Data da Relatoria: 15/08/2013

Apresentacao do Projeto:

Trata-se de um estudo transversal, a ser realizado com 40 pacientes portadores de carcinomas
diferenciados da tireoide, que serdao submetidos a tireoidectomia, para determinar o padréo de expressao de
genes envolvidos nos mecanismos de reparo de DNA.

Objetivo da Pesquisa:
Determinar o padrao de expressao de genes envolvidos nos mecanismos de reparo de DNA em pacientes
portadores de carcinomas diferenciados da tireoide.

Avaliacao dos Riscos e Beneficios:

Nao havera riscos para o paciente, pois a pesquisa apenas utilizara parte do material removido por
indicacao cirurgica pelo médico responsavel e como beneficios, poderdo surgir dados que subsidiem
melhoras futuras na terapia, pela compreensao dos mecanismos envolvidos no curso da doenga.

Comentarios e Consideracoes sobre a Pesquisa:

E um estudo relevante e Gtil na compreensao dos mecanismos envolvidos em carcinomas de tiredide e que
podera, no futuro, contribuir com o desenvolvimento de novas terapias.

Consideracoes sobre os Termos de apresentacao obrigatoria:

Todos os termos de apresentagao obrigatéria foram apresentados de forma adequada, incluindo o

Endereco: Rua Sarmento Leite ,245

Bairro: CEP: 90.050-170
UF: RS Municipio: PORTO ALEGRE
Telefone: (513)303 -8804 E-mail: cep@ufcspa.edu.br
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Continuagao do Parecer: 362.887

parecer consubstanciado do Comité de Etica da Instituigao onde sera realizada a coleta do material via
procedimento cirurgico, que aprovou a proposta. Entretanto este Comité, da Instituicao Co-participe, chama
atengao que o TCLE encontra-se postado na plataforma em versao Word e nao pDf como deveria ser.

Recomendacoées:

Conclusoes ou Pendéncias e Lista de Inadequacoes:
Aprovamos a proposta, mas atentamos que seria adequado postar a mesma versao do TCLE em pDf.

Situacao do Parecer:

Aprovado

Necessita Apreciacao da CONEP:

Nao

Consideracgoes Finais a critério do CEP:
De acordo com o Parecer do Colegiado.

PORTO ALEGRE, 16 de Agosto de 2013

Assinador por:
José Geraldo Vernet Taborda

(Coordenador)
Endereco: Rua Sarmento Leite ,245
Bairro: CEP: 90.050-170
UF: RS Municipio: PORTO ALEGRE
Telefone: (513)303 -8804 E-mail: cep@ufcspa.edu.br
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IRMANDADE DA SANTA CASA
DE MISERICORDIA DE PORTO W"“’
ALEGRE - ISCMPA

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Expressao dos genes de reparo de DNA no carcinoma diferenciado da tireoide.
Pesquisador: Erika Laurini de Souza Meyer

Area Tematica:

Versao: 1

CAAE: 18231913.1.0000.5335

Instituicao Proponente: Irmandade da Santa Casa de Misericordia de Porto Alegre - ISCMPA
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 331.061
Data da Relatoria: 02/07/2013

Apresentacao do Projeto:

Estudo transversal, a ser realizado com 40 pacientes que serao submetidos a tireoidectomia, para
determinar o padrao de expressao de genes envolvidos nos mecanismos de reparo de DNA em pacientes
portadores de carcinomas diferenciados da tireoide.

Objetivo da Pesquisa:

Objetivo Secundario:

- Quantificar a expressao de genes do reparo do DNA das vias BER, NER e MMR em amostras de
carcinoma diferenciado da tireoide e tecido tireoidiano normal circunjacente;

- Avaliar qualitativamente os padroes de expressao de proteinas envolvidas nos processos de resposta a
danos no DNA;

- Correlacionar a expressao dos genes de reparo do DNA as caracteristicas clinicas, laboratoriais e
histopatoldgicas dos pacientes estudados.

Avaliacao dos Riscos e Beneficios:
O pesquisador declara:
- Riscos: Nenhum. Paciente sera submetido a tireoidectomia total por indicacao clinica do médico assistente.

Endereco: R. Prof° Annes Dias,285 Hosp.Dom Vicente Scherer

Bairro: 6° andar - Centro CEP: 90.020-090
UF: RS Municipio: PORTO ALEGRE
Telefone: 5132-1485 Fax: 5132-1485 E-mail: cep@santacasa.tche.br
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Continuacao do Parecer: 331.061

- Beneficios: Os resultados da pesquisa nao interferirao com a conduta médica de tratamento ou
acompanhamento da doenca.

Comentarios e Consideragoes sobre a Pesquisa:

Critério de Inclusao: Pacientes de ambos os sexos, maiores de 18 anos, que serao submetidos a
tireoidectomia conforme indicacao clinica, independente da pesquisa. Serao selecionados os pacientes com
puncao aspirativa com agulha fina da tireoide (avaliacao pre-operatdrio) suspeita ou diagnostica de
carcinoma de tireoide. O diagndstico anatomopatoldgico definitivo de carcinoma de tireoide serd realizado
atraves da teécnica da hematoxilina-eosina por patologista experiente em neoplasias da tireoide, que
desconhecera os objetivos do presente estudo.

Critério de Exclusao: Serao excluidos os pacientes em que o diagndstico anatomopatoldgico definitivo de
tireoidite linfocitica crénica, bocio coldide nodular e/ou com dados incompletos.

Consideracoes sobre os Termos de apresentacao obrigatdria:

Foram anexados a PB e estao adequados os seguintes documentos:Folha de rosto, Orcamento,
Cronograma, Formuldrio de inscricao de projeto de pesquisa, Termo de compromisso para utilizacao de
dados dos prontudrios, Declaracao de confidencialidade do sujeito no estudo, Declaracao de autorizacao da
chefia responsavel, Declaracao de uso e publicacao de dados, Declaracao de uso e de dados e materiais,
Declaracao de isencao de 6nus a Instituicao.

Recomendacoes:

Nao aplicavel.

Conclusoes ou Pendéncias e Lista de Inadequacoes:

Nao aplicavel.

Situacao do Parecer:

Aprovado

Necessita Apreciagao da CONEP:

Nao

Consideracoes Finais a critério do CEP:

Apos avaliacao do protocolo acima descrito, o presente comité nao encontrou cbices quanto ao
desenvolvimento do estudo em nossa Instituicao e podera ser iniciado a partir da data deste parecer.

Obs.: 1 - O pesquisador responsavel deve encaminhar a este CEP, Relatorios de Andamento dos

Endereco: R. Prof° Annes Dias,285 Hosp.Dom Vicente Scherer

Bairro: 6° andar - Centro CEP: 90.020-090
UF: RS Municipio: PORTO ALEGRE
Telefone: 5132-1485 Fax: 5132-1485 E-mail: cep@santacasa.tche.br
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Projetos desenvolvidos na ISCMPA. Relatdrios Parciais (pesquisas com duracao superior a 6 meses),
Relatdrios Finais (ao término da pesquisa) e os Resultados Obtidos (copia da publicacao).

2 - Para o inicio do projeto de pesquisa, o investigador devera apresentar a chefia do servico (onde sera
realizada a pesquisa), o Parecer Consubstanciado de aprovacao do protocolo pelo Comité de Etica.

PORTO ALEGRE, 10 de Julho de 2013

Assinador por:
Claudio Teloken
(Coordenador)
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Pagina 03 de 03

89



90

ANEXO C - Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Estudo: Expressao dos genes de reparo do DNA no carcinoma de tireoide
Versao TCLE: 18/06/2013

O tratamento do céncer de tireoide ocorre através da retirada cirurgica
da glandula tireoide (tireoidectomia), com ou sem dose de iodo radioativo apos
a cirurgia. Apesar de varios estudos ja terem determinado o perfil dos tumores
mais agressivos, que exigirdo um tratamento e acompanhamento mais
rigorosos; ainda faltam estudos consistentes que avaliem o DNA das células
tumorais, especialmente dos genes de reparo do DNA.

Sendo assim, vocé esta sendo convidado a participar de uma pesquisa
intitulada “Expressao dos genes de reparo do DNA no carcinoma
diferenciado de tireoide”. O objetivo desse estudo € analisar a expresséo de
genes envolvidos com o reparo do DNA em tumores da tireoide. Para isto, sera
necessario ter acesso ao material anatomopatoldégico que sera removido
durante a sua cirurgia a ser realizada na Irmandade da Santa Casa de
Misericérdia de Porto Alegre. Este material sera analisado por técnicas de
biologia molecular e histologia, e ndo trara consequéncias para o seu
diagndstico, tratamento ou progndstico, uma vez que n&do muda as decisdes ja
estabelecidas pelos seus médicos assistentes.

Esta pesquisa consiste em fazer uma analise molecular de genes que
fazem o reparo do DNA na busca por mutagdes que possam estar envolvidas
com o processo de geracdo e evolugdo do céncer na tireoide. Compreender
estes mecanismos podera ser uma forma de obter diagndsticos e tratamentos
mais precisos e mais eficazes aos portadores desta doenga. Portanto, ajudara
a termos um melhor entendimento da doenca.

Nenhum dano esta relacionado a essa pesquisa, pois a necessidade de
tireoidectomia sera indicada por seu médico assistente e os resultados nao
interferirdo na conduta médica. A participacado no estudo nao acarretara custos
para vocé e nao sera disponivel nenhuma compensacéo financeira adicional.

Vocé sera esclarecido sobre a pesquisa em qualquer aspecto que
desejar. Sua participagéo é voluntaria. Vocé é livre para recusar-se a participar,
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retirar seu consentimento ou interromper a participagao a qualquer momento. A
recusa em participar ndo ira acarretar qualquer penalidade ou perda de
beneficios, especialmente em relagdo ao seu atendimento no hospital.

Vocé sera contatado apenas no momento do convite a participacao
nesta pesquisa. Caso aceite participar, pediremos a sua assinatura ao final
deste termo, no qual solicitamos a sua autorizagdo para a coleta de parte do
material do tumor que sera removido, bem como para termos acessos aos seus
exames realizados neste hospital. Portanto, a assinatura deste termo
assegurara que poderemos coletar seu material biolégico (parte do tumor que
sera retirado na cirurgia) e leva-lo ao Laboratério de Genética Toxicoldgica da
Universidade Federal de Ciéncias da Saude de Porto Alegre para iniciarmos a
pesquisa.

Os pesquisadores irdo tratar a sua identidade com padrdes profissionais
de sigilo. Os resultados do exame clinico, laboratorial e da pesquisa
permanecerao confidenciais. Os dados serao utilizados apenas pela equipe do
estudo e autoridades regulatérias da area da saude. Seu nome ou o material
que indique a sua participagdo nao sera liberado sem a sua permisséo. Vocé
nao sera identificado em nenhuma publicacdo que possa resultar deste estudo.
Uma copia deste consentimento informado sera arquivada por nés e outra sera
enviada a vocé.

Eu, fui informado dos

objetivos da pesquisa acima de maneira clara e detalhada e esclareci minhas
duvidas. Sei que em qualquer momento poderei solicitar novas informacodes e
motivar minha decisédo se assim o desejar. Os pesquisadores que entraram em
contato comigo certificaram-me de que todos os dados desta pesquisa seréo
confidenciais.

Em caso de duvidas sobre a pesquisa, poderei entrar em contato com a
Dra. Erika Laurini de Souza Meyer (51.9725-0218), investigadora principal e/ou
o Comité de Etica em Pesquisa da Santa Casa de Misericérdia de Porto Alegre,
sob coordenacé&o do Dr. Claudio Teloken (51. 3214-8571).

Ao assinar abaixo, vocé confirma que leu as afirmacdes contidas neste
termo de consentimento, que foram explicados os procedimentos do estudo,
que teve a oportunidade de fazer perguntas, que esta satisfeito com as
explicagbes fornecidas e que decidiu participar voluntariamente deste estudo.
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Uma coépia deste termo de consentimento livre e esclarecido sera entregue a

vocé e outra copia sera arquivada pelo investigador principal.

Nome sujeito de pesquisa (letra de forma):

Assinatura do sujeito de pesquisa
Data:

Nome do pesquisador (letra de forma):

Assinatura do pesquisador
Data:
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ANEXO D - Normas do periodico “Molecular and Cellular Endocrinology”

MOLECULAR AND CELLULAR ENDOCRINOLOGY

I AUTHOR INFORMATION PACK

TABLE OF CONTENTS

. Description p.1
(] Audience p.1
° Impact Factor p.1
. Abstracting and Indexing p.2
. Editorial Board p-2
° Guide for Authors p.4
ISSN: 0303-7207
DESCRIPTION

Molecular and Cellular Endocrinology was established in 1974 to meet the demand for integrated
publication on all aspects related to the genetic and biochemical effects, synthesis and secretions
of extracellular signals (hormones, neurotransmitters, etc.) and to the understanding of cellular
regulatory mechanisms involved in hormonal control.

The journal is fulfilling this aim by publishing full-length original research papers, rapid papers,
reviews, invited Special Issues, and book reviews.

The scope encompasses all subjects related to genetic, epigenetic, biochemical, and molecular
aspects of endocrine research and cell regulation. These include: (1) mechanisms of action
of extracellular signals (hormones, neurotransmitters, etc.), (2) interaction of these factors with
receptors, (3) generation, action and role of intracellular signals such as cyclic nucleotides and
calcium, (4) hormone-regulated gene expression, (5) impact of gene structure on endocrine
functions, (6) structure and physicochemical properties of hormones, hormone receptors and other
hormone-binding components, (7) synthesis, secretion, metabolism and inactivation of hormones,
neurotransmitters, etc. (8) hormonal control of differentiation, (9) related control mechanisms in
non-mammalian systems, (10) methodological and theoretical aspects related to hormonal control
processes, (11) clinical and translational studies as far as they throw new light on basic research in this
field, (12) control of intermediary metabolism at the cellular level, (13) ultrastructural aspects related
to hormone secretion and action, (14) comparative aspects of endocrinology only if they elucidate
novel hormonal mechanisms.

AUDIENCE

Workers in endocrinology, biochemistry and pharmacology

IMPACT FACTOR
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GUIDE FOR AUTHORS

Your Paper Your Way

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

Submission checklist
You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

» All figures (include relevant captions)

« All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided
 Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

* Relevant declarations of interest have been made

¢ Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Declaration of interest

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. More
information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrent publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck.
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Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agreements are available online.

Open access
This journal offers authors a choice in publishing their research:

Open access
» Articles are freely available to both subscribers and the wider public with permitted reuse.
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* An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Subscription

 Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs.

* No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 2600, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering free
lectures, interactive training and professional advice to support you in publishing your research. The
College of Skills training offers modules on how to prepare, write and structure your article and
explains how editors will look at your paper when it is submitted for publication. Use these resources,
and more, to ensure that your submission will be the best that you can make it.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Referees

Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.
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PREPARATION

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in @ way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.
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Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself. The
abstract should be no more than 150 words.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
our information site.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using British spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will
be used for indexing purposes.
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Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

» Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

« Use a logical naming convention for your artwork files.

« Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

» Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

AUTHOR INFORMATION PACK 26 Dec 2016 www.elsevier.com/locate/mce 9

101



TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
* Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full citation
details are not yet known, but the article is available online. A DOI is guaranteed never to change,
so you can use it as a permanent link to any electronic article. An example of a citation using DOI
for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such
citations should be in the same style as all other references in the paper.
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Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/molecular-and-cellular-endocrinology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a', 'b’, 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
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Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13.03.03).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. http://dx.doi.org/10.17632/
xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum size
of 150 MB. Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link to your video data. For more detailed instructions please
visit our video instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the portions
of the article that refer to this content.

Supplementary material

Supplementary material can support and enhance your scientific research. Supplementary files
offer the author additional possibilities to publish supporting applications, high-resolution images,
background datasets, sound clips and more. Please note that such items are published online exactly
as they are submitted; there is no typesetting involved (supplementary data supplied as an Excel
file or as a PowerPoint slide will appear as such online). Please submit the material together with the
article and supply a concise and descriptive caption for each file. If you wish to make any changes to
supplementary data during any stage of the process, then please make sure to provide an updated
file, and do not annotate any corrections on a previous version. Please also make sure to switch off the
'Track Changes' option in any Microsoft Office files as these will appear in the published supplementary
file(s). For more detailed instructions please visit our artwork instruction pages.

RESEARCH DATA

Data in Brief

Authors have the option of converting any or all parts of their supplementary or additional raw data
into one or multiple Data in Brief articles, a new kind of article that houses and describes their data.
Data in Brief articles ensure that your data, which is normally buried in supplementary material,
is actively reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon
publication. Authors are encouraged to submit their Data in Brief article as an additional item directly
alongside the revised version of their manuscript. If your research article is accepted, your Data in
Brief article will automatically be transferred over to Data in Brief where it will be editorially reviewed
and published in the new, open access journal, Data in Brief. Please note an open access fee is payable
for publication in Data in Brief. Full details can be found on the Data in Brief website. Please use this
template to write your Data in Brief.

Database linking

Elsevier encourages authors to connect articles with external databases, giving readers access to
relevant databases that help to build a better understanding of the described research. Please refer
to relevant database identifiers using the following format in your article: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN). More information and a full list of supported databases.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
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and to help readers understand what the paper is about. More information and examples are
available. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Interactive plots
This journal enables you to show an Interactive Plot with your article by simply submitting a data
file. Full instructions.
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Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
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If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both corresponding and co-authors may order offprints at any
time via Elsevier's Webshop. Corresponding authors who have published their article open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.
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