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RESUMO

Rosa-Sacoman LR. Avaliagao do perfil genético do HPV16 e seu sitio de integracéo
em células epiteliais normais e neoplasicas da cérvix e tonsilas (tese). Sao Paulo:

Instituto de Medicina Tropical de Sao Paulo da Universidade de Sao Paulo; 2018.

O papilomavirus humano (HPV) atua como importante agente etiolégico em um
subgrupo de tumores humanos, sendo responsavel pelo desenvolvimento de quase
100% dos tumores cervicais € uma porcentagem variavel dos carcinomas de cabeca
e pescoco, principalmente da orofaringe. Dentre os HPVs de alto risco, o HPV16 é o
tipo mais prevalente nos tumores de orofaringe, encontrado em mais de 80% dos
tumores HPV positivos, e 50% dos casos de carcinoma cervical. Em lesdes de baixo
grau, o genoma do HPV geralmente permanece na forma epissomal, em contraste,
na maioria das lesées cancerigenas, o DNA dos HPVs de alto risco é frequentemente
quebrado e integrado ao genoma da célula hospedeira. H4 um enorme esforgo da
comunidade cientifica na identificacdo de regides susceptiveis a integragao viral,
permitindo uma maior compreensao do processo de transformacido causado por
HPV. Este estudo teve como obijetivo identificar, a partir do sequenciamento do
genoma completo do HPV16, padrbées moleculares capazes de responder pelo
tropismo diferencial apresentado pelo HPV16 e do curso assintomatico ou
transformante da infec¢ao pelo HPV16 na regido da orofaringe. Amostras FFPE de
CECP estavam disponiveis em 510 pacientes que foram recrutados em trés hospitais
brasileiros e 113 pacientes sem neoplasia tiveram amostras a fresco de tonsila nao
neoplasica analisadas. A detecgéo e genotipagem do HPV foi realizada pelo método
Inno-Lipa, enquanto a reagdo de PCR com os iniciadores PGMY09/11 foi empregada
para tecidos ndo neoplasicos. Todas as amostras positivas para HPV tiveram a

presenca de HPV16 investigada por PCR em tempo real. As amostras com presenca



exclusiva de HPV16 foram submetidas ao sequenciamento pela metodologia de NGS
— na plataforma lon Torrent PGM utilizando a tecnologia de Target Seq e a analise
dos produtos sequenciados foram realizadas em colaboragdo com o laboratério da
Dr Lisa Mirabello, no NIH. A frequéncia de DNA de HPV de alto risco em CEC de
cabeca e pescoco foi de 10% (49/491), sendo 78% deles HPV16. Houve grande
variabilidade na prevaléncia do HPV nos tumores segundo o sitio anatémico,
variando de 3,4% (base da lingua e hipofaringe) a 25% (orofaringe). Em contraste,
nao houve presenca de hrHPV-DNA nas amigdalas ndo neoplasicas analisadas. A
andlise do sequenciamento do HPV16 foi viavel em quatro amostras, que
apresentaram 99-100% de identidade com o HPV16. Uma delas apresentou uma
delecdo de 300nt na regido L2 possivelmente atribuida ao processo de integracéao.
No presente estudo, a crescente frequéncia de DNA de HPV em CECP
(principalmente na orofaringe) corrobora a hipotese de que o HPV esta iniciando sua
projecao nesse continente, apesar de ainda n&o estar circulante entre o tecido normal
de tonsila da populacdo brasileira. Estudos envolvendo a avaliacdo da expressao
proteica associada a infecgdo por HPV devem ser conduzidos para reforcar se esse
perfil crescente de DNA de HPV também reflete uma crescente participacao
etiolégica do HPV 16 nos novos casos de tumores epidermoides de orofaringe no

Brasil.

Descritores: HPV. Prevaléncia. Neoplasias de cabecga e pescoc¢o. Neoplasia do colo

uterino. Biologia molecular. Sequenciamento genético.
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Rosa-Sacoman, LR. Evaluation of the genetic profile of HPV16 and its integration site
in normal and neoplastic epithelial cells from cervix and tonsils (thesis). Sao Paulo:

Instituto de Medicina Tropical de Sao Paulo da Universidade de Sao Paulo; 2018.

Human papillomavirus (HPV) acts as an important etiologic agent in a subset of
human tumors, responsible for the development of almost 100% of cervical tumors
and a variable percentage of head and neck carcinomas, mainly of the oropharynx.
Among high-risk HPV, HPV16 is the most prevalent type in oropharyngeal tumors,
found in more than 80% of HPV positive tumors, and 50% of cases of cervical
carcinoma. In low grade lesions, the HPV genome generally remains epissomal; in
contrast, in most cancerous lesions, the DNA of high-risk HPVs is often disrupted and
integrated into the host cell genome. There is a huge effort by the scientific community
to identify regions susceptible to viral integration, allowing a greater understanding of
the transformation process caused by HPV. The aim of this study was to identify, from
the complete genome sequencing of HPV16, molecular patterns capable of
responding to the differential tropism presented by HPV16 and to the asymptomatic
or transforming course of HPV16 infection in the oropharynx region. FFPE samples
of HNSCC were available from 510 patients who were recruited at three Brazilian
hospitals and 113 patients with no neoplasia had fresh samples of non-neoplastic
tonsil analyzed. HPV detection and genotyping was performed using the /nno-Lipa
method, while the PCR reaction with PGMY09/11 primers was used for non-
neoplastic tissues. All HPV positive samples had the presence of HPV16 investigated
by real-time PCR. Samples with exclusive HPV16 presence were submitted to
sequencing by the NGS methodology - on the lon Torrent PGM platform using Target

Seq technology and the analysis of the sequenced products were performed in



collaboration with Dr. Lisa Mirabello's laboratory at NIH. The frequency of high-risk
HPV DNA in HNCSS was 10% (49/491), 78% of which were HPV16. There was a
huge variability in the prevalence of HPV in the tumors according to the anatomical
site, ranging from 3.4% (base of the tongue and hypopharynx) to 25% (oropharynx).
In contrast, no hrHPV-DNA was present in the non-neoplastic tonsils analyzed.
HPV16 sequencing analysis was feasible in four samples, which showed 99-100%
identity with HPV16. One of them presented a 300nt deletion in the L2 region possibly
attributed to the integration process. In the present study, the increasing frequency of
HPV DNA in HNSCC (mainly in the oropharynx) corroborates the hypothesis that HPV
is initiating its projection in this continent, although it is not yet circulating among the
normal tonsil tissue of the Brazilian population. Studies involving the evaluation of
protein expression associated with HPV infection should be conducted to reinforce
whether this increasing profile of HPV DNA also reflects an increasing etiological
involvement of HPV 16 in the new cases of oropharyngeal squamous cell carcinomas

in Brazil.

Descriptors: HPV. Prevalence. Head and neck neoplasia. Cervical neoplasia.

Molecular biology. Genetic sequencing.
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CCP Carcinoma de Cabeca e Pescogo

CECP Carcinomas Epidermoides de Cabeca e Pescoco
CEP Comité de Etica em Pesquisa

CONEP Comissdo Nacional de Etica em Pesquisa

DNA do inglés, Acido Desoxirribonucléico

DP Desvio Padréo

GENCAPO  Grupo de Estudo de Cancer de Cabeca e Pescoco

HC Hospital das Clinicas de Sao Paulo

HH Hospital Heliépolis, Sdo Paulo

HPV do inglés, PapilomaVirus Humano

IACR do inglés, Agéncia Internacional de Pesquisa em Céancer, Lyon, Franca
ICAVC Instituto do Cancer Arnaldo Vieira de Carvalho, Sdo Paulo
NCI do inglés, Instituto Nacional do Cancer, Rockville, MD, EUA
ng nanogramas

NGS do inglés, Sequenciamento de Nova Geragao

NIC Neoplasia Intraepitelial Cervical

NIH do inglés, Institutos Nacionais de Saude, Rockville, MD, EUA
PCR do inglés, Reagdo em Cadeia da Polimerase

PB pares de base
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1 INTRODUGAO

1.1 Papilomavirus Humano

O Papilomavirus Humano (HPV) foi inicialmente identificado em 1949 em
células epiteliais’ e, desde entao, ja foram caracterizados mais de 200 tipos desse
virus®®. Esses virus sdo particulas pequenas de DNA circular dupla fita com genoma
composto por aproximadamente 8.000 pares de base (pb), sendo sua infecgéo
restrita s células epiteliais®.

Os tipos de HPV séo divididos em dois grupos: os de alto e baixo risco, de
acordo com seu potencial maligno®. Os HPV de alto risco compreendem os tipos
HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 e 82, presentes em lesdes
escamosas de alto grau ou carcinomas invasivos, e os tipos HPV6, 11, 40, 42, 44,
54,61, 70, 72, 81 e 89 sdo os considerados de baixo risco, podendo ser isolados de
lesdes epiteliais de baixo grau ®”.

A maioria das infeccbes pelo HPV sao transitérias, assintomaticas ou
subclinicas, n&o resultando em doencga e, geralmente, sdo suprimidas pelo sistema
imunoldgico. Estudos epidemiolégicos indicam que a prevaléncia do virus na
populacdo masculina, independente do sitio, pode variar de 0 a 73%°%. Além disso,
estudos clinicos conduzidos com mulheres associaram o tabaco com uma maior
persisténcia das infecgbes por tipos oncogénicos do HPV e com o risco aumentado
de desenvolver carcinomas cervicais invasivos®.

Estudos epidemiologicos recentes indicam que os HPV de alto risco,
semelhantes aos que estdo envolvidos no desenvolvimento e progress&o dos
carcinomas cervicais, estdo também associados aos carcinomas epidermoides de
cabeca e pescogo (CECP) de localizagbes anatdmicas especificas. O sitio anatdbmico
mais associado a infec¢do pelo HPV no trato aero-digestivo € a orofaringe,

especialmente as tonsilas e base da lingua'®'"'?13,
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Nos tumores cervicais, o HPV16, junto com o 18, sdo os tipos predominantes,
sendo responsaveis por mais de 70% dos casos de cancer cervical e sdo os dois
tipos de HPV mais frequentes em todas as regides geograficas'®. Dentre os HPV de
alto risco, somente os tipos 16, 18, 31, 33 e 35 foram identificados como importantes
na carcinogénese dos tumores de orofaringe, sendo o HPV16 o mais frequentemente
detectado nesses tumores, responsavel por aproximadamente 90% dos tumores
HPV positivos*'®"",

A incidéncia crescente de carcinomas de orofaringe nos paises desenvolvidos
se deve principalmente a ocorréncia da doenca em pacientes jovens, nao
apresentando os fatores de risco classicos, como tabaco e alcool. Esse fato leva a
uma associagdo cada vez maior de um subgrupo desses tumores a infecgao pelo
papilomavirus'®'9%.

A proporcéo de tumores HPV positivos varia substancialmente de acordo com
o sitio anatdmico tumoral. Este achado sugere que a proporgdo dos tumores HPV
positivos pode ser dependente de fatores geograficos e genéticos, além de fatores
comportamentais (como habitos sexuais) e a auséncia de padronizagcdo da
metodologia para a identificacao destes virus em tumores humanos. Ja nos tumores
cervicais, propde-se amplamente que todos os casos tem como etiologia uma
infecgao genital pelo HPV, independente de fatores paralelos®.

A estratificagdo de risco para CECP é realizada pela localizagao anatdmica,
estagio e caracteristicas histologicas do tumor. Com excegédo do status de HPV,
varios fatores de risco moleculares e clinicos que foram investigados tém utilidade
clinica limitada?'. As fracdes atributaveis ao HPV (HPV-AFs) para CECP, fora da
orofaringe, sao substancialmente menores.

O tipo HPV16 é particularmente ativo nos queratindcitos da mucosa oral sendo

considerado o mais importante para o desenvolvimento dos carcinomas de

orofaringe®?. Tumores associados ao HPV16 apresentam alteracdes genéticas
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caracteristicas, entre elas o aumento da expressdo da proteina supressora tumoral
p16 e a auséncia de mutagdes no gene supressor tumoral TP53'%2%242526

Os HPV de alto risco produzem duas oncoproteinas virais, E6 e E7,
necessarias para a replicacdo viral, estimulando a proliferacdo e atuando na
transformacédo maligna e manutencéo tumoral. Quando incorporados ao genoma
humano, os genes E6 e E7 encontram-se geralmente com expressdo aumentada,
levando a alteragbes nas vias p14°*F/MDM2/p53 e p16™“Yciclina D/pRb,
respectivamente. Esta integragdo pode levar tanto a ativagcdo como a inativagéo de
genes celulares envolvidos no processo tumoral?’.

A inativacdo da proteina supressora tumoral p53 pela oncoproteina viral E6
altera sua via e leva ao descontrole do ciclo celular, enquanto a inativagdo de pRb
(pela oncoproteina E7) leva a ativagao do fator de transcricdo E2F, resultando na
perda do controle celular e no aumento da express&o da proteina p16*22°. Porém,
nem sempre ha uma correlagéo entre a presenga do virus e a auséncia de mutacéo
no gene TP53%.

A proteina p16 é codificada pelo gene supressor tumoral CDKN2A e regula a
atividade do complexo de ciclinas D-CDK4/6, os quais fosforilam pRb levando a
liberacdo do fator de transcricdo E2F. Essa liberagdo ativa a progressao do ciclo
celular. O complexo protéico pRb-E2F atua como regulador negativo inibindo a
expressdo de CDKNZ2A. Portanto, a inativagdo funcional de Rb pela oncoproteina
viral E7 leva a perda da inativac&o do transcrito p16*.

Os tumores associados ao HPV apresentam um padrao molecular distinto, com
um mecanismo de tumorigénese independente dos efeitos mutagénicos do tabaco e
alcool. Esses tumores sado caracterizados pela auséncia ou baixo numero de
alteracbes genéticas e epigenéticas nas vias classicas de tumorigénese, com
expressao diminuida de TP53 selvagem, devido a sua inativagdo e degradacgao pela

oncoproteina viral E6*™.
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A integracdo do DNA do virus no genoma hospedeiro & observada na maioria
dos tumores cervicais invasivos, mas raramente nas neoplasias intraepiteliais
cervicais (NIC), sendo considerada como um importante divisor de aguas na
oncogénese®. O HPV esta presente em formas integradas e ndo integradas nesses
tumores, assim como em uma parte dos CCP*'. Parfenov e colaboradores (2014)
demonstraram que, além da expressao viral de E6 e E7, o HPV provavelmente dirige
a tumorigénese pela alteracdo do genoma do hospedeiro em locais de integracéo.
Mecanismos pelos quais a integragao afeta os genes do hospedeiro incluem geragéo
de transcritos alterados, ruptura de genes supressores de tumor, amplificacdes e
rearranjos intercromossdémicos®’. E, além disso, eles sugerem que as acdes do HPV
no processo de tumorigénese provavelmente vao além da expressdo de
oncoproteinas virais (pelo menos em um subconjunto de CECP) e sugerem um papel
mais sutil para o virus do que a visao convencional de transformagao mediada por
EG/E7 e alteragao dos eixos TP53 e CDKN2A/RB1. Também pode ser o caso de que
o aumento mundial de infeccdo pelo HPV, em comparacdo com 0s canceres
causados pelo HPV, seja explicada pela necessidade de eventos gendmicos
adicionais além da infeccéo pelo HPV para estimular a formacéo de tumores®".

A andlise de amostras do estudo The Cancer Genome Atlas mostrou que a
integragao do HPV ocorre em mais de 80% dos carcinomas cervicais **?. Destas,
76% das amostras positivas para HPV16 tém HPV integrado, enquanto a integragao
€ evidente em todas as amostras positivas para HPV18. Nos CE da orofaringe
positivos para HPV, a incidéncia de integracéo viral € menor, e muitos tumores tém
DNA extracromossdmico ou misto, extracromossdmico e integrado®'*?3*** Segundo
Gao e colaborados (2017), que analisaram sitios frageis em CE de orofaringe pelo
sequenciamento Sanger, as sequéncias nucleotidicas proximas aos locais de jungao
identificados continham sequéncias repetitivas e ricas em AT que demonstraram ter

o potencial de formar estruturas secundarias de DNA de "stem-loop" que poderiam
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protelar a progressao da forquilha de replicagéo. Isso poderia causar um aumento da
instabilidade nessas regides, o que poderia levar ao desenvolvimento de cancer nas
células humanas®. Essas descobertas sugerem que os sitios frageis e alguns genes
especificos parecem desempenhar papéis importantes no CE de orofaringe.

Nao esta claro se a integracdo das sequéncias de DNA viral é uma causa ou
uma consequéncia das alteragdes gendmicas estruturais®. Estudos in vitro sugerem
que a integracédo precede as alteragdes genémicas”, entretanto, ha relatos que
demonstram que a integracéo € dependente do tipo de HPV e independente da idade
dos pacientes, sugerindo que as quebras genémicas seriam uma consequéncia, e
nao a causa da integragao viral®.

As alteragbes gendmicas mais associadas com a integragcdo viral,
principalmente nos carcinomas cervicais, sao as co-amplificagdes das sequéncias
virais e regibes flanqueadoras e/ou perda das sequéncias no sitio de integragao.
Porém, ha poucos relatos de analises sistematicas da estrutura genémica em sitios
de integracédo, até o presente momento.

Novos estudos tem utilizado sequenciamento paralelo massivo (next
generation sequence - NGS), como uma ferramenta mais robusta para as analises
de genomas completos. Conway e colaboradores (2012)* descreveram a utilizagéo
do NGS para a identificacdo de HPV em tecido parafinado de CCP, demonstrando
sua eficacia para a determinagéo da carga viral de HPV, dos gendtipos de HPV, em
conjunto as alteragdes cromossdémicas nos tumores analisados. Além disso, os
autores afirmaram o potencial da técnica para gerar dados e contribuir amplamente
como ferramenta de diagnéstico, progndéstico ou estratificagéo clinica das amostras
de CCP HPV positivas ou negativas.

Recentemente, a revisdo de Tuna e Amos, 2016, levantando dados de NGS,
determinou os locais de integracdo do HPV, seus genes e vias concomitantemente

interrompidos e suas consequéncias funcionais nos canceres cervicais e de cabeca
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e pescogo. A integragado dos dados do NGS com outros dados “émicos” e clinicos é
crucial para entender melhor a fisiopatologia de cada malignidade individual e, com

base nisso, selecionar alvos e projetar opgdes eficazes de tratamento personalizado.

1.2 Carcinomas Cervicais

Os carcinomas cervicais apresentam a terceira maior incidéncia global de
cancer em mulheres, com uma estimativa de 569.847 novos casos em 2018 e
311.365 mortes®. E o Unico cancer ginecolégico que pode ser prevenido por meio
de testes de rastreamento regulares e possui fator etiolégico bem estabelecido.

Em 1941, Papanicolaou e Traut®®

relataram que os carcinomas cervicais
poderiam ser detectados pela esfoliagao das células epiteliais do colo do utero,
incluindo a zona de transformacéo. Essa metodologia pode identificar a presenga de
células tumorais anteriormente aos achados clinicos da doencga, garantindo uma
melhor sobrevida das pacientes por meio da intervencéo apds diagnostico precoce
dos carcinomas cervicais.

Na década de 50, foi descoberto que as lesdes cervicais nao invasivas
precediam os carcinomas cervicais. Essas lesdes nao invasivas, denominadas
neoplasia intraepitelial cervical (NIC), contém células com alteragdes morfolégicas
caracteristicas que podem ser detectadas pela citologia oncética. Apesar dos
beneficios que essa técnica proporcionou, deve-se ressaltar que esse exame
funciona como um rastreamento para identificar pacientes em risco para o
desenvolvimento de doencgas cervicais, e ndo como um exame diagndstico, o qual
necessita de confirmacao por meio de bidpsia. Além disso, esses exames requerem
a disponibilidade de citopatologistas devidamente treinados e o acesso dos pacientes
ao sistema de saude com profissionais qualificados para realizar o exame®.

A infeccdo genital pelo HPV é extremamente comum e a maioria delas,

assintomatica, sendo o principal fator de risco para o desenvolvimento dos
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carcinomas cervicais. Aproximadamente 90% das infeccbes pelos HPV de alto risco
sao eliminadas pelo sistema imunolégico feminino dentro de 16 meses. Algumas das
mulheres que nao eliminam os HPV de alto risco desenvolverdo NIC grau I, Il e
cancer®’, associado a fatores de risco adicionais como uso de anticoncepcionais e
as condi¢des imunoldgicas do hospedeiro*'. Além disso, estudos clinicos conduzidos
com mulheres associaram o uso de tabaco a uma maior persisténcia das infecgoes
por tipos oncogénicos do HPV, e o risco aumentado de desenvolver carcinomas
cervicais invasivos*?.

O aprimoramento dos testes de HPV abriram um novo paradigma para o
rastreamento do cancer cervical, sendo associados com uma reducéo significativa
no niimero de carcinomas cervicais avancados e mortes pela doenga®**.

Atualmente, o teste de DNA para HPV foi incorporado na pratica clinica ndo s6
para a triagem de casos com resultados citolégicos indeterminados, mas também
para o acompanhamento clinico apés o tratamento, acompanhamento de pacientes
sem lesOes citolégicas ou apenas lesdes menores que foram identificadas por
colposcopia; resolucdo de resultados discordantes de citologia, colposcopia ou
histologia. Mais recentemente tem sido empregado como uma ferramenta de rastreio
primario**® em substituicdo a citologia.

Os testes para a deteccdo de HPV de alto risco, principalmente métodos
baseados na reagdo em cadeia da polimerase (PCR), tem de 90 a 99% de
sensibilidade para lesdes precursoras de alto grau e sdo altamente reprodutiveis®**°.
Essas caracteristicas tornam os testes moleculares para identificagdo de HPV uma
metodologia de rastreamento primario mais efetivo, principalmente para mulheres

com idade superior a 30 anos, quando comparados a citologia cervical, como é

praticada hoje em dia*®.
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1.3 Carcinomas de Cabeca e Pescoc¢o

Os carcinomas de cabega e pescogo (CCP) representam um grupo
heterogéneo de tumores agrupados devido a sua localizagdo anatémica. Acometem
mais frequentemente homens com idade superior a 50 anos e histérico de tabagismo
e etilismo crénicos.

O CCP é um termo amplo que engloba alteragdes epiteliais malignas entre elas
as provenientes dos seios paranasais, orofaringe, cavidade oral, laringe e
hipofaringe. O principal subtipo é o carcinoma epidermoide (CE), respondendo por
mais de 90% dos casos. A localizagao mais frequente é a cavidade oral (40% dos
casos), seguida pela laringe (25%) e faringe (15%)*’. Dados do Instituto Nacional do
Cancer (INCA), 2018, mostram que, na populagao brasileira, ha uma proporcéo de
mais de trés casos no género masculino (11.200 novos casos) para cada caso do
género feminino (3.500 novos casos), localizados com maior frequéncia na cavidade
oral*’.

O desenvolvimento desta doenga esta relacionado com o acumulo de danos
envolvendo genes que controlam a proliferagdo, senescéncia, invasao, motilidade e
sobrevivéncia celular*®. Estas alteragdes genéticas quase sempre ocorrem como
resultado a exposicéo excessiva ao tabaco, alcool e outros elementos carcinogénicos
que desencadeiam danos irreversiveis ao DNA, ocasionando alteragdes nas regides
codificadoras e regulatérias de genes supressores tumorais e oncogenes. O acumulo
destas mutagdes possibilita que as células adquiram caracteristicas tumorais,
incluindo resisténcia a morte e proliferagdo descontrolada, conferindo vantagem
seletiva ao crescimento®®. As células tumorais podem formar clones com capacidade
de invasdo e estimulo aumentado da angiogénese, levando ao estabelecimento de
tumores mais invasivos e com maior potencial para desenvolver metastases?'.

As taxas mais elevadas de carcinomas orais sdo encontradas no Brasil,

Melanésia, Centro-Sul da Asia e Europa Central (Espanha e Franga) e Leste
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Europeu. Em contrapartida, as menores taxas s&o encontradas na Africa, América
Central e Leste da Asia (Japao e China) para ambos os sexos™’.

O consumo de tabaco e alcool sdo os fatores de risco classicos e bem
estabelecidos para CECP, incluindo os da orofaringe. As tendéncias na prevaléncia
do tabagismo diferem significativamente entre as regides geograficas, e uma
diminuigcéo notavel de 1980 a 2012 foi observada em homens e mulheres na América
do Norte e Norte da Europa®. Além disso, o comportamento sexual é agora
estabelecido como um fator de risco para o CE de orofaringe relacionado ao HPV,
com o numero de parceiros de sexo oral ao longo da vida como o fator mais
fortemente associado ao desenvolvimento do cancer. Além disso, assim como para
o tabagismo, a prevaléncia do sexo oral difere dramaticamente entre as
populacdes®. Outros fatores de risco incluem beijo de boca aberta, parceiro sexual

vaginal (ou outros), uso de maconha e histéria de infecgéo por HPV cervical?'

. Assim,
as diferencas na exposicao dos fatores de risco € no comportamento sexual
poderiam explicar, em parte, as diferencas nas fracbes atribuidas ao HPV
observadas entre as regides e ao longo das décadas.

O CCP tem elevada chance de cura quando diagnosticado precocemente, mas
a maioria dos pacientes se apresenta com doencga inicialmente avancada
(aproximadamente 2/3 dos casos). Tem sido assumido que, nas ultimas duas
décadas, a qualidade de vida dos pacientes com CCP aumentou como resultado do
uso de técnicas cirurgicas e radioterapicas mais elaboradas®°***. Em contrapartida,
a sobrevida desses pacientes ndo tem melhorado significativamente, uma vez que
0os mesmos desenvolvem frequentemente recorréncia locorregional, metastases a
distancia e segundos tumores primarios>**°.

No Brasil, estima-se uma incidéncia (taxa ajustada pela idade - ASR) de 7,35

novos casos de carcinoma de orofaringe por 100.000 habitantes por ano, atingindo
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pouco mais de 1.000 novos casos por ano>’. Para os carcinomas de cavidade oral,
essa taxa chega a mais de 14.000 novos casos por ano®’.

O carcinoma epidermoide de cabecga e pescogo (CECP) tem uma incidéncia
global estimada em mais de 500.000 casos e 300.000 mortes ao ano. A incidéncia
de CECP causada pelo papilomavirus humano (HPV) esta aumentando em muitos
paises desenvolvidos, enquanto em outras areas, como o Brasil, permanece
indefinida a associagao entre o HPV e o desenvolvimento desses tumores. Questdes
sobre o papel das diferengas geograficas no CECP associado ao HPV ainda nao
foram elucidadas °°°¢°"%,

Além das evidéncias do envolvimento do HPV na etiologia dos CE de
orofaringe”’, parece haver uma correlagao significativa entre a presenca de infecgéo
e a resposta mais efetiva ao tratamento dos pacientes com esse tumor?'**¢°. O DNA
do HPV esta presente em aproximadamente 25% dos CECP e, nos EUA, cerca de
50% dos CE de orofaringe contém DNA de HPV de alto risco®.

Varios relatos na literatura indicam que o prognostico dos pacientes com
tumores de orofaringe HPV positivos € melhor do que dos casos HPV negativos,
independentemente do status linfonodal, idade, estadio clinico, diferenciagao tumoral

46162636465  Além disso, esses tumores respondem melhor a diversos

ou género
tratamentos, entre eles a cirurgia, radioterapia convencional e fracionada,
quimioterapia de inducdo, quimioterapia adjuvante e quimioterapia de indugao
associada a quimioterapia adjuvante®®%%¢56,

Os mecanismos exatos que levam a um melhor prognéstico nos casos
associados ao HPV ainda nao foram plenamente elucidados. Estudos em literatura
apontam a correlagdo inversa entre a infecgao pelo HPV e o status de TP53 como
um dos fatores de bom progndstico, sendo uma possivel explicagdo a resposta

apoptética mediada pelo TP53 intacta nos tumores HPV positivos. Outra

possibilidade seria a presenga de fatores imunoldgicos relacionados aos tumores
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cujo fator carcinogénico principal é a infecgao pelo HPV, devido a linfocitos infiltrantes

de tumor (TILs) conferindo um efeito protetor através de uma resposta imune

adaptativa do hospedeiro dirigida contra antigenos virais *%":67:68.69,
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2 JUSTIFICATIVA

Sendo o HPV16 sabidamente relacionado a uma fracdo dos tumores de
orofaringe, principalmente das tonsilas palatinas, a causa do tropismo desse tipo viral
por esses epitélios ainda ndo foi elucidada. Os estudos de tropismo e de outras
caracteristicas biologicas dentre os HPV 16, como sua maior capacidade
oncogénica, tem focado em regides especificas do genoma viral, como a regido
regulatéria ou os oncogenes E6 e E7. O sequenciamento completo, aqui proposto,
podera dar uma visdo completa das semelhancas e diferencas entre cepas distintas,
eventualmente identificando padrées correlacionaveis ao tropismo viral, entre outras

particularidades.
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3 OBJETIVO GERAL

Determinar a prevaléncia de HPV em carcinomas de cabeca e pescoc¢o e nas
tonsilas ndo neoplasicas e realizar a genotipagem dos tipos de HPV em amostras de

cabega e pescogo.

3.1 Objetivos especificos

Sequenciar o genoma completo do HPV, a fim de identificar alteragdes
especificas caracteristicas dos virus presentes nos tumores de orofaringe;

Sequenciar as regides do genoma humano que flanqueiam os sitios de
integracado do HPV16, em ambos os grupos, para verificar se ha regides preferenciais

de insercgao viral.
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4 METODOLOGIA

4.1 Casuistica

As amostras de carcinoma de cabega e pescoc¢o avaliadas no presente
estudo fazem parte dos projetos colaborativos do Grupo de Estudos de Cancer de
Cabeca e Pescogo - GENCAPO 1 e 2 (Registro CONEP 16491). Foram incluidas
510 amostras do projeto, todos os tecidos fixados em formalina e emblocados em
parafina.

As amostras nao neoplasicas de tonsila foram coletadas em cirurgias de
uvulopalatofaringoplastias, conhecida como "cirurgia do ronco" em adultos apneicos,
sob responsabilidade do Dr. Ronaldo Frizzarini, da disciplina de otorrinolaringologia
da Faculdade de Medicina da Universidade de Sao Paulo, além de amostras de
pacientes submetidos a tonsilectomia sem alterag¢des inflamatérias na tonsila. Essa
coleta faz parte do projeto de mestrado da aluna Jéssica Boscariol da Silva (IMT-
USP, do mesmo grupo de pesquisa/orientador). A prevaléncia de HPV neste tipo de
amostra é pouco conhecida, mas estudos na literatura apontam variagoes de 0 a 15%
para amostras de bidpsias normais, e de 2,8 a 25% para amostras de enxague bucal,
dependendo da metodologia avaliada’. Desta forma, foram incluidos 113 pacientes
provenientes dos dois hospitais participantes, que geraram 452 amostras (2 aliquotas
de cada amostra, lado esquerdo e direito), no periodo de 30 de janeiro de 2013 a 14
de setembro de 2016.

Esse estudo tem a aprovagéo da Comissdo de Etica para Analise de Projetos

de Pesquisa do HC (CAPPesq) sob o parecer 173.181.

4.2 Extragcdo de DNA
O isolamento do DNA das amostras normais de tonsila, obtidas a fresco e

mantidas congeladas a -70°C, foi realizado utilizando-se o kit Qiagen DNeasy blood
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& tissue kit (Qiagen, Sao Paulo, Brasil), seguindo o protocolo recomendado pelo
fabricante. As amostras, foi adicionado 20uL de Proteinase K (10mg/mL) para
promover a digestdo enzimatica e lise do tecido, seguido da adigdo de 180uL de
Tampao ATL. As amostras foram incubadas a temperatura de 56°C, overnight. Em
seguida, foi adicionado 200uL de Tamp&o AL para completar a lise dos tecidos e
etanol na concentragdo entre 96%-100%, para agrupar as moléculas de DNA. As
amostras lisadas foram transferidas para a coluna QlAamp MinElute em um tubo de
coleta de 2mL, em seguida foi adicionado na coluna 500uL de Tampao AW1 e 500uL
de Tampdo AW?2 para lavagem. Apds esse processo, os tubos seguiram para
centrifugacdo a 20.000xg e a coluna transferida para um tubo final de 1,5mL onde
aplicou-se 20-100uL de Tampao AE de elui¢do no centro da membrana e uma nova
centrifugacado a 20.000xg por 1 min, separando apenas o DNA.

Para verificagdo da concentragao e pureza, todas as amostras extraidas foram
quantificadas no comprimento de onda de 260nm e sua pureza atestada pela razao
260/280nm e 260/230nm. As medidas foram realizadas no espectrofotdmetro
NanoDrop 2000/2000C (Spectrophotometer, Thermo Scientific, Wilmington,
Delawere, EUA). Apos esse processo, todas as amostras de DNA foram diluidas a
50ng/uL e armazenadas em freezer a temperatura de -20°C.

Os tumores fixados em formalina e incluidos em blocos de parafina de
amostras de carcinoma de cabecga e pescogo foram tratados com solugao de octano
e etanol 100% para desparafinizagéo e digeridos com solugao de proteinase K. Para
posterior extragdo do DNA gendmico, foi utilizado o QlAamp DNA FFPE Tissue Kit
(Qiagen, Sao Paulo, Brasil) seguindo especificacdes do fabricante acima e a
quantificagdo das amostras foi realizada em espectrofotdbmetro seguindo os
parametros de pureza e qualidade sugeridos pelo fabricante e especificadas acima.

Além disso, para verificar a possibilidade de se amplificar as amostras de DNA

extraidas, foi realizada a reagdo em cadeia da polimerase (PCR) para o gene da
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beta-globina, a partir de 100ng de DNA com os iniciadores PCO3 e PCO4? (PCO3+
CTT CTG ACA CAA CTG TGT TCA CTA GC e PCO4+ TCA CCA CAA CTT CAT
CCA CGT TCA CC), amplificando um fragmento de 107pb. A reacéo de PCR foi
realizada sob as seguintes condi¢des: 0,20mM de dNTP, 0,1uM de cada iniciador,
1.25U/uL de Taq DNA polimerase (Invitrogem, USA), tampéao de PCR 1X (Invitrogem,
USA), 2ug de DNA gendémico e agua destilada deionizada para um volume final de
25uL. A mistura de reacdo foi amplificada pelo programa: 1 ciclo de 94°C por 7

minutos, 35 ciclos (94°C por 1minuto, 55°C por 1minuto e 72°C por 1 minuto) e 1

ciclo de 72°C por 10 minutos.

Apos a realizagédo da PCR, os produtos amplificados foram visualizados em gel
de agarose a 2% (Agarose Ultrapure TM — Invitrogen Life Technologies) em tampao
TAE 1X [DNA Typing Grade TAE Buffer— GIBCO — Invitrogen Corporation (2mM Tris-
Acetato e 50mM de acido etilenodiaminotetracético - EDTA)], corado com SYBR
Safe™ 1X (Invitrogen, USA). Os produtos da amplificagdo e o padrao de tamanho
molecular de 100pb (/nvitrogen, USA) foram aplicados no gel de agarose e
submetidos a uma corrente constante de 90 amperes por 50 minutos, e visualizados

sob luz ultravioleta (UV).

4.3 Genotipagem de HPV

Os casos positivos para beta-globina foram submetidos a genotipagem, para
determinar aqueles que continham a presenga do HPV. Para essa genotipagem foi
utilizado o kit Inno-Lipa HPV (Innogenetics, Gent, Bélgica), capaz de identificar 28
tipos de HPV, sendo 18 de alto risco - HR-HPV e 10 de baixo risco - LR-HPV. Esse
teste se baseia na amplificacdo do DNA alvo por PCR utilizando iniciadores para
regides consenso para os HPV avaliados e hibridagdo reversa dos produtos

amplificados em tiras que contem sondas especificas para os mesmos.
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Para as amostras nao tumorais de tonsila, foi realizada a PCR com os
iniciadores PGMY09/11 que amplificam fragmentos de 450pb da regidao L1 de varios
tipos de HPV, sendo considerado padrdo ouro na detecg¢ao do virus e descritos em
estudos prévios?®®. A PCR foi realizada no termociclador com volume final de 25yL,
dos quais foram utilizados 60nM de iniciadores PCO4 e GH20 (PCO4+ TCA CCA
CAA CTT CAT CCA CGT TCA CC e GH20+ GAA GAG CCA AGG ACA GGT AC),
200nM de iniciadores PGMY09/11, 250ng de DNA extraido, 2U de Platinum Tag DNA
Polymerase (Invitrogem, USA), 0,2mM de cada dNTP e 2mM de MgCI°. Os ciclos das
reagdes foram realizados seguindo o protocolo para amplificagéo: 1 ciclo de 94°C por
7 minutos, 40 ciclos (95°C por 5 minutos, 95°C por 1 minuto, 55°C por 1 minuto, 72°C
por 1 minuto) e 1 ciclo de 72°C por 7 minutos).

Apos a PCR, os produtos da reagao foram analisados por meio de eletroforese
submetido a uma corrente constante de 100 amperes por 30 minutos. O gel de
agarose foi realizado a 1,5% (Agarose Ultrapure TM — Invitrogen Life Technologies)

com tampé&o TAE 1X, e visualizados sob luz ultravioleta (UV).

4.4 PCR em tempo real para HPV16

A genotipagem das amostras ndo tumorais de tonsila, assim como a
confirmagao dos casos positivos para HPV16 no Inno-Lipa, foi realizada por PCR
quantitativo (em tempo real), especifico para HPV16. A PCR em tempo real foi
realizada com o sistema TaqgMan Universal PCR Master Mix 2x (Applied Biosystems,
Inc., EUA) com par de iniciadores especificos da regiao de E7 do HPV16 descrito por
Walboomers e colaboradores’ além de uma sonda também especifica para essa
regido por noés desenhada’™ (E7F+ GAT GAA ATA GAT GGT CCA GC; E7R+ GCT
TTG TAC GCA CAA CCG AAG e sonda FAM /CAA GCA GAA CCG GCA AG/ MGB).
Este protocolo ja foi validado em nosso laboratério apresentando sensibilidade e

especificidade adequadas. As reagdes de PCR em tempo real foram realizadas no
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termociclador ABI Prism® 7300 HT SDS (Applied Biosystems, Inc., EUA) para
volume final de 25uL, dos quais foram utilizados 5uL de DNA na concentragao final
de 100ng/pL, 400nM de iniciadores HPV16-E7 senso e anti-senso, 200nM da sonda
especifica para HPV16, completando o volume final com agua livre de DNAse RNAse
(Gibco/BRL, Life Technologies, USA). A amplificacdo foi realizada segundo o
protocolo pré-estabelecido: 50°C por 2 minutos, 95°C por 10 minutos, seguido de 40
ciclos de (95°C por 15 segundos, 55°C por 1 minuto e 60°C por 1 minuto).

As analises das curvas de amplificagdo foram realizadas no software 7300

System Software (Applied Biosystems, Inc., EUA).

4.5 Sequenciamento de nova geragao (NGS) no IARC - Lyon

Como parte da colaboragédo entre o GENCAPO e a Agéncia Internacional de
Pesquisa sobre Cancer - IARC, Lyon, Franga, o treinamento no sequenciamento de
amostras de cabega e pescogo para identificar mutagbes em genes especificos
associados ao desenvolvimento de CCP foi realizado com o grupo de Epidemiologia,
chefiado pelo Dr. Paul Brennan e o grupo de Susceptibilidade, chefiado pelo Dr.
James McKay.

A metodologia de sequenciamento envolve a amplificacdo de sequéncias
especificas do genoma humano, conhecido como Target Seq. Essa técnica provem
do desenvolvimento de iniciadores customizados para o estudo dos genes
especificos (Figura 1). Para essa etapa do estudo foram amplificadas as sequéncias
dos genes TP53, CDKN2A, PTEN, NOTCH1, CASPS8, conhecidos por terem um
papel importante no desenvolvimento dos CCP, frequentemente relatado com
alteracdes moleculares?’.

As etapas seguintes da amplificagdo envolveram a purificagao do material por
meio de esferas magnéticas (beads), construgao da biblioteca dos fragmentos alvo,

PCR de emulsao baseada nas particulas esféricas exclusivas da tecnologia do NGS
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do lon Torrent PGM, enriquecimento e sequenciamento do material, seguindo o

protocolo do fabricante e, por fim, a anélise dos dados gerados.

ION PGM™ SEQUENCER

D.
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Figura 1 - Fluxograma do sequenciamento realizado. A. Equipamento lon Torrent
PGM, B. Chip utilizado (lon 316™). C. Validagdo do Chip com o material a ser
sequenciado (um dos critérios avaliados no QC metrics - Torrent Suite™ Software
3.6.2). D. Fluxograma da andlise das sequencias geradas.

4.6 Sequenciamento de nova geragao (NGS) HPV16
Como o objetivo desse projeto foi identificar os pontos de inser¢ao do DNA viral
no genoma do hospedeiro, foi utilizada uma metodologia que se baseia na captura

do material gendémico viral a partir de amostras de DNA do hospedeiro. As amostras
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que tinham infeccdo por HPV16 exclusivo foram selecionadas para o
sequenciamento. Para isso, a etapa inicial foi a construcdo de uma biblioteca de DNA
gendmico utilizando o Kit de preparo de biblioteca lon Xpress e também o Kit de
adaptadores lon com “barcode” (cédigo de barras), permitindo a analise em paralelo
de até 16 amostras em uma mesma corrida.

Com as bibliotecas prontas, foi realizada a captura da porcdo do DNA que
contém sequéncias do DNA viral. Para isso, foi sintetizado um kit de captura de DNA
customizado a partir de sondas de oligonucleotideos marcados com biotina, com a
tecnologia SureSelect (Life Technologies). A captura contém entre 20 e 500 Kb, que
é suficiente para cobrir o genoma de subtipos distintos do virus HPV. Nesse caso,
foram customizadas sequéncias para os HPV de maior importancia clinica, além do
HPV16, que sdo o HPV 18, 33, 35, 31, 45, 52, 56, 68 e o HPV 11 de baixo risco. A
sequéncia dos oligonucleotideos biotinilados sdo complementares ao DNA viral e,
apos a incubagdo com o DNA extraido da amostra bioldgica, o material hibridizado é
capturado com esferas magnéticas cobertas com estreptavidina. Esse material
enriquecido com sequéncias do DNA viral deveria conter as bordas das regides de
insercao no genoma humano, uma vez que o desenho das “iscas” foi realizado de
modo que permitisse a captura, além das sequéncias alvo do HPV, sequencias

ajusantes de DNA humano (em torno de 100pb — “near target”’) (Figura 2).
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Figura 2 - Processo de preparo da biblioteca (adaptado do Manual da Agilent
Technologies, Inc. 2014, 2016), desde o preparo da amostra genémica (HPV16) até
o produto amplificado que sera, posteriormente, sequenciado.

O material enriquecido foi sequenciado no Chip 316, que permite a geragéo de
dados entre 300Mb a 1Gb, com a quimica Hi-Q no lon PGM (Life Technologies). Essa
quimica de sequenciamento permite leituras de 400pb, que devem ser longas o
suficiente para que algumas das leituras abranjam regidées tanto do genoma viral
quanto do genoma humano, o que permitiria a definicdo dos pontos de insercao.

O sequenciador lon PGM™ da Life Technologies utilizado esta no sistema
multiusuario no Instituto de Medicina Tropical — IMT/USP. E um sequenciador de
nova geragéo com alta capacidade de geracédo de dados. Todo o sequenciamento é
feito através da medigéo da liberacédo de ions H* durante a agéo da polimerase, os
quais ativam uma camada sensora nos chips semicondutores, produzindo um sinal

elétrico.
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4.7 Anadlise das sequéncias

As sequéncias obtidas foram analisadas pelo grupo da Dr. Lisa Mirabello, da
Divisdao de Epidemiologia do Céancer e Genética, NCI, NIH, Rockville, MD, USA,
alinhadas utilizando o programa ClustalX”’, juntamente com sequéncias referéncia
dos diferentes tipos de HPV, obtidas no GenBank. O alinhamento foi visualizado e
inspecionado no programa BioEdit (www.mbio.ncsu.edu/BioEdit/BioEdit.html). A
confirmagado do tipo de HPV por analises filogenéticas, realizadas por meio dos
critérios de distancia (Neighbor Joining) e maxima verossimilhanga implementados
nopmgmmaNMFFﬂﬁumuawoonmdaode&ﬁmﬂuwanwdemmmaddeOpdo
ModelTest3.7"" e com verificagdo de suporte de ramos por bootstrap com 1000

réplicas.
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5 RESULTADOS E DISCUSSAO

5.1 Casuistica de Cabecga e Pescocgo

As amostras de carcinoma de cabega e pescogo foram provenientes dos
projetos Gencapo 1 e 2 (Registro CONEP 16491). Como parte do estudo colaborativo
entre o Gencapo e o IARC (Agéncia Internacional de Pesquisa sobre Cancer, Lyon,
Franca), 510 amostras de material parafinado provenientes de trés diferentes
instituicdes da cidade de Sao Paulo (369 amostras do Hospital das Clinicas de Séo
Paulo - HC; 84 amostras do Hospital Heliépolis - HH e 57 amostras do Instituto do
Céancer Arnaldo Vieira de Carvalho — ICAVC). O fluxograma abaixo (Figura 3)

apresenta, de uma maneira geral, as amostras e as metodologias aplicadas nesse

estudo.
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Figura 3 — Fluxograma das amostras avaliadas nesse estudo. Em vermelho estédo
representadas o coorte de amostras de carcinoma de cabeca e pescog¢o e em verde,
amostras n&o neoplasica. Dentro de cada circulo esta apresentado o numero de
amostras que resultaram das analises realizadas na legenda.

Das amostras ndo neoplasicas de orofaringe analisadas, como parte do projeto
de mestrado da aluna Jéssica Boscariol da Silva, nenhum dos 113 pacientes
apresentou o HPV no tecido analisado. Foram incluidas 47 mulheres de 18 a 58 anos,

com idade média de 28,5 anos (DP 9,5 e mediana de 27 anos) e 66 homens de 18 a

68 anos, com idade média de 34 anos (DP 10,5 e mediana 33 anos).
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As amostras de CCP que amplificaram a beta-globina (491 amostras no total:
350 HC, 84 HH e 57 ICAVC) foram genotipadas pelo kit Inno-Lipa HPV, das quais 49
amostras foram positivas para HPV (10% do total), sendo 38 amostras
exclusivamente HPV 16 (78% das amostras positivas), quatro amostras positivas
para HPV11 (8% das amostras positivas), duas amostras HPV 66 (4% das amostras
positivas) e cinco amostras apresentaram infeccdo multipla (10% das amostras
positivas).

Apesar de se demonstrar em crescimento, comparada a estudos prévios, a
baixa prevaléncia do HPV em populacdes brasileiras de CCP tem sido um achado
recorrente na literatura®#7*>%¢57%8 discordando dos dados de paises da Europa e
América do Norte (Tabela 1). Ao que tudo indica, paises em desenvolvimento ainda
resguardam as caracteristicas convencionais da carcinogénese dos tumores de
cabeca e pescoco, associados majoritariamente com o consumo abusivo de tabaco

e alcool.

Tabela 1 — Prevaléncia de HPV em amostras brasileiras de CCP de orofaringe.

Autor e ano n. de casos % HPV Método Periodo da coleta
Inno Lipa DNA e HPV16
- * 2 2002-201
Rosa-Sacoman, 2018 24 5 RT-PCR 002-2010
Barros-Filho et al., 2018 40 58 Linear array <2011
HPV16 DNA a
Anantharaman et al., 2017 171 4,1 depl 6113;’;‘; ressao 2002-2015
Betiol et al., 2016 28 14,3 Inno Lipa DNA 1991-2012
, Inno Lipa DNA e
Lopez et al., 2014 91 6,6 PGMY09/11 1998-2008
. PGMYO09/11 seguido de
. 1998-2
Ribeiro et al., 2011 68 4.4 HPV16 PCR 998-2003

*artigo em preparacdo; Referéncias extraidas do artigo em preparacdo - Apéndice A.

Para os 369 tumores de cabega e pescoco do Hospital das Clinicas da
Faculdade de Medicina da Universidade de Sao Paulo incluidos neste estudo, foram

também analisados alguns dados clinicos e epidemiologicos dessa populagao.
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Esta casuistica consiste basicamente de homens (quase 90% da populagéo)
com idade entre 27 e 90 anos (média: 61; DP: 10), e 92% dos tumores eram
carcinomas de células epidermoides. A taxa de positividade para o DNA de HPV foi
de mais de 7% dos tumores de cabega e pescogo (25/350 amostras genotipadas),
dentre estes 80% foram HPV16, seguido pelo HPV11, HPV18/39 e HPV31/33/44/52.
Quando estratificada por sitio anatémico, a prevaléncia de HPV varia de 3,4% (lingua
e hipofaringe) para 25% (cancer de orofaringe - todos HPV16).

Esses dados resultaram no artigo apresentado no APENDICE A (em
preparagao) - “Prevalence of HPV in head and neck carcinomas and normal tissue
from S&o Paulo, Brazil”. Luciana Reis Rosa Sacoman, Jéssica Boscariol da Silva,

Luisa Lina Villa, Eloiza Helena Tajara da Silva, GENCAPQO Group, José Eduardo Levi.

5.2 Sequenciamento de nova geragao (NGS) no IARC - Lyon

As amostras que foram utilizadas no sequenciamento eram provenientes de
tecidos fixados e emblocados em parafina do GENCAPO 1, e o material foi extraido
no laboratério de Virologia do Instituto de Medicina Tropical da Universidade de Sao
Paulo e enviado ao IARC.

No total, 98 amostras que possuiam dados clinicos completos e amostras de
sangue periférico pareadas (para posterior analise de mutagbdes germinativas) foram
quantificadas por fluorometria no equipamento Qubit (Thermo Fisher Scientific) e
apresentaram padréo 6timo de concentragéo inicial para a metodologia (pelo menos
4ng/uL).

A investigacdo de como alteragdes somaticas no CECP interagem com
fatores ambientais e fatores de risco do hospedeiro para o desenvolvimento do tumor
€ de extrema importancia para elucidar o processo de carcinogénese. Nesse quesito,

a avaliagao de alteragdes no niumero de copias se mostra uma ferramenta usual para
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a identificacdo de eventuais alteragdes nos genes responsaveis pela transformacgao
maligna.

Os dados parciais exclusivos da analise do grupo brasileiro estdo
apresentados abaixo (Figura 4). O perfil mutacional mostrou uma associagao tanto
com exposicdes ambientais quanto com caracteristicas clinicas, sendo essas
alteragbes importantes como preditores da sobrevida global do CECP. Os principais
fatores avaliados foram: presenca de HPV, consumo de tabaco e alcool, localizagao
anatdmica e as mutagdes identificadas (SNV — variagdo de nucleotideo unico, DEL

— delegéo, INS — insercao).

A Perfil Mutacional
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Figura 4 — Perfil mutacional das amostras do GENCAPO avaliadas no IARC. A.
Clusterizagao dos critérios clinicos das amostras, como presenca de HPV (verde),
uso de alcool e tabaco (marrom), e o tipo do CCP (colorido) e abaixo, os genes
(linhas) e o tipo de mutagao apresentada em cada paciente (colunas). B. Legenda
das cores e associagdes com o perfil clinico e epidemiolégico. C. Grafico com a
frequéncia mutacional pra cada um dos genes analisados na populagdo. ND — ndo
determinado, SNV — variagéo de nucleotideo unico (amarelo), DEL — deleg¢ao (azul),
INS — insergao (rosa).
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Os genes mais frequentemente mutados nessa populagdo foram TP53 e
NOTCH1, sendo o status do HPV um dado sem expressao clinica (poucos casos
sem correlagdo epidemiologica). Esses dados, assim como a analise dos resultados

completos que envolve a comparagao de dois grupos amostrais de CCP de regides

geograficas diferentes, estad no artigo apresentado no APENDICE B - “Genomic

analysis of head and neck cancer cases from two high incidence regions” - Perdomo
S, Anantharaman D, Foll M, Abedi-Ardekani B, Durand G, Reis Rosa LA, et al.

(2018). PLoS ONE 13(1): €0191701. https://doi.org/10.137 1/journal. pone.0191701%".

A andlise de dados integrados, gendmicos e transcriptdmicos, é uma
ferramenta bastante utilizada para determinar potenciais genes “drivers” que
direcionam a transformagéo maligna e estdo diretamente associados ao prognéstico
e resposta ao tratamento, tendo sua importancia na identificacdo de novos alvos
terapéuticos nos CECP, principalmente aqueles localizados na orofaringe, que
sabidamente tem um comportamento celular singular.

Casos positivos de HPV de alto risco, detectados frequentemente nos tumores
epidermoides da orofaringe, foram associados a melhores prognésticos. Diferentes
perfis de expressao sdo observados quando comparados tumores HPV positivos e
negativos. A identificacdo de potenciais fatores moleculares associados ao

prognéstico e resposta ao tratamento em carcinomas epidermoides de orofaringe
avangados esta no artigo apresentado no APENDICE C - “Oncogenic drivers in
11q13 associated with prognosis and response to therapy in advanced oropharyngeal

carcinomas”. M.C. Barros-Filho*, L.A. Reis-Rosa*, M. Hatakeyama et al. Oral

Oncology 83 (2018) 81-90 (both authors contributed equaly)®.
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5.3 Sequenciamento de nova geragao (NGS) HPV16

Como o objetivo desse projeto era identificar os pontos de insergdo do DNA
viral no genoma do hospedeiro, a metodologia utilizada foi inteiramente customizada
para essa finalidade, que se baseia na captura do material gendmico viral e das
sequencias de DNA humano que flanqueiam o virus. Das amostras de orofaringe
positivas para HPV16 identificadas e sequenciadas, apenas quatro delas
demonstraram qualidade nas sequéncias apos a definicdo dos parametros iniciais,
avaliados pelo laboratério da Dra. Lisa Mirabello®®, no NIH/EUA — (Tabela 2),
enquanto nenhumas das 113 amostras de orofaringe normal revelaram a presenca
de HPV16 para que pudessem ser submetidas ao sequenciamento.

As quatro amostras que tiveram cobertura suficiente no sequenciamento foram
analisadas de maneira descritiva, uma vez que nao foi possivel realizar uma analise
mais robusta com esse numero amostral. A baixa eficiéncia apresentada na reacao
de sequenciamento pode ser devido ao tipo de material usado, apesar de materiais
emblocados em parafina ja terem demonstrado reprodutibilidade com essa mesma
técnica, ou a baixa carga viral de HPV nas amostras. Entre as amostras analisadas,
ouve uma correlagao direta entre o Ct (ciclo threshold) de amplificagdo por PCR em
tempo real do HPV16 e a quantidade de “reads” sequenciadas. Amostras com Ct

acima de 30 n&o obtiveram dados sequenciaveis (Tabela 3).
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Tabela 2 - Cobertura do sequenciamento, por amostra (1 a 12 — em ordem
decrescente na quantidade de “reads”) e por amplicon (fragmentos do genoma do
HPV). Em verde estéo representadas os amplicons com quantidades substanciais de
‘reads” e, em vermelho, os amplicons com pouca ou nenhuma sequencia
identificada.

Amostras - Reads TOTAL - Reads por amplicom

HPV16_Ref

Reads por amplicon 012.hpv.bam 009.hpv.bam 005.hpv.bam 008.hpv.bam 011hpv.bam 006.hpv.bam 003.hpv.bam 00Lhpv.bam 010.hpv.bam 007.hpv.bam 002.hpv.bam 004.hpv.bam

Amplicon (reads) TOTAL |nicio Final

1458345 994599 310813 115555 31705 4403 765 212 189 47 42 10 5

HPV16_48_B o
HPV16_1 327
HPV16_2 440
HPV16_3 623
HPV16_4 783
HPV16_5 920

HPV16_6_v2 1061
HPV16_7 1246

HPV16_8_v3 1439
HPV16_9 1590

HPV16_10_v3 1782
HPV16_11 1887
HPV16_12 2020

HPV16_13_v3 2173
HPV16_14 2424
HPV16_15 2630
HPV16_16 2770
HPV16_17 2949

HPV16_18_v3 3113
HPV16_19 3282
HPV16_20 3366

HPV16_21_v4 3520
HPV16_22 3639

HPV16_23_v4 3783

HPV16_24_v3 3928

HPV16_25_v3 4016
HPV16_26 4268

HPV16_27_v4 4447
HPV16_28 4668

HPV16_29_v3 4871

HPV16_30_v4 4972
HPV16_31 5088

HPV16_32_v4 5174
HPV16_33 5438
HPV16_34 5616
HPV16_35 5784
HPV16_36 5951
HPV16_37 6065

HPV16_38_v3 6265
HPV16_39 6459
HPV16_40 6619
HPV16_41 6792

HPV16_42_v3 6895
HPV16_43 7081

HPV16_44_v4 7223

HPV16_46_v3 7456
HPV16_47 7683

HPVA7 7876

HPV16_48_A 7876

238

1080

1292

1464

1669

1784

1929

2069

2290

2443

2646

2854

2964

3112

3313

3454

3543

3707

3868

3942

4222

4272

4490

4687

4874

5007

5109

5293

5497

5668

5869

5963

6119

6285

6465

6662

6833

7017

7091

7290

7435

7697

7906

8144

7906

9844

24873

40076

47653

26698

26192

33168

38182

29317

30820

30460

29331

48549

37267

33901

49922

42476

31106

33000

31860

55884

32885

24065

23957

14568

6475

37945

33779

41838

16813

9173

21225

27509

35503

33361

24144

37553

35881

33558

37255

25878

19306

22010

38604

23172

39307

16570

2407

13025
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Tabela 3 — Correlagao entre o Ct da amplicagéo (por gPCR), a quantidade de “reads”
(fragmentos do genoma do HPV) e dados clinicos dos pacientes.

wosTea | PR peavsToraL  sEX0  PAPEAO  LocALZAGRO
012_HPV16 ND 994599 ND ND ND
009_HPV16 21,63 310813 Masculino 54 trigono retromolar
005_HPV16 21,41 115555 Masculino 66 ND
008_HPV16 24,32 31705 Feminino 47 amigdala direita

ND: ndo determinado; Ct: ciclo threshold; Idade em anos; gPCR: PCR em tempo real.

Dentre as caracteristicas clinicas das amostras, a propor¢ao de 2:1 entre
homens e mulheres apresentada para a prevaléncia de CCP descritos na literatura®’
se manteve, com idade média de 57,7 anos e desvio padréo 9,6.

Novos experimentos para determinar o limite de detecgao real do método de
NGS devem ser realizados a partir de amostras com diferentes concentracdes de
HPV previamente conhecidas, o que, apesar de ser o ideal, precisa ser planejado
adequadamente devido ao alto custo dos reagentes para o sequenciamento.

As amostras analisadas pertencem ao género Alphapapillomavirus, com
100% de identidade, com exce¢ao da amostra (008 — 99,14%) como mostra a analise
filogenética, um padrdo da anadlise exploratéria de sequéncias de DNA, capaz de
mostrar o caminho evolutivo e epidemioldgico de agentes etioldgicos de doencas
e/ou o caminho evolutivo de seus hospedeiros. As amostras analisadas sao
pertencentes a linhagens especificas (amostras 012, 009 e 005 — A2 e amostra 008
—linhagem C). Essas analises foram realizadas no programa online MAFFT (Multiple
alignment program for amino acid or nucleotide sequences)’® e no laboratério da Dra.

Lisa Mirabello, NIH (Figura 5).
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Figura 5 - Arvore filogenética
produzida pelo laboratério da
Dra. Lisa Mirabello a partir das
sequencias geradas e
analisadas. No asterisco
destacado na caixa (*) rosa temos
representada as amostras de
CCP 009 e 012, no asterisco azul,
a amostra 005, e no asterisco
verde a amostra 008, de acordo
com a proximidade do genoma
referéncia.
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Apods a aplicagdo dos “pipelines” desenvolvidos pelo laboratério da Dra. Lisa
Mirabello (NIH), as sequéncias obtidas de cada amostra foram alinhadas com o
genoma de referéncia para HPV16 (NC_001526.4) no programa CLC Genomics
Workbench 6 (Qiagen Bioinformatics) ferramenta desenvolvida para analisar e
visualizar os dados de NGS (Figura 6).

Dentre as amostras analisadas, a amostra 008 possui uma grande regido sem
cobertura comparada as demais amostras sequenciadas (aproximadamente 300pb)
na regido L2 do genoma viral. Essa abordagem pode ser vista como uma delegéo de
parte do gene codificando a proteina L2 constituinte minoritario do capsideo viral e
de expresséo tardia, possivelmente devido ao processo de integracdo do DNA viral
no genoma humano do hospedeiro, apesar de ndo ser uma regido de integracéo
descrita como oncogénica® (Figura 6 — C).

Outra regido a se destacar foi um “contig” de sequéncias ndo detectadas em
nenhuma das quatros amostras analisadas, localizada na regido E6 do virus HPV,
que codifica uma das oncoproteinas virais essenciais para a transformag¢ao maligna
(Figura 6 — D).

Maiores esforcos serdo necessarios para analisar os produtos sequenciados,
principalmente nas regides de delecdo. Vale a pena ressaltar que o sequenciamento
das amostras extraidas de blocos de parafina no Instituto de Medicina Tropical —
USP, nao interferiu na qualidade das analises, que se mostrou tao eficiente quanto o
sequenciamento realizado previamente em amostras frescas de tecido congelado,

de outras casuisticas do grupo.
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1"’12TTCTTTTATATAT:\CTATATTTTGTACCCCCAclcNNNNNNNNNNNNNNNNNNNNN:x ATT-CGGTTGCATGCTTTTTGGCACAAAATGT
2009 v T C T T T TATATATACTATATTTTGTAGCGCCAGEGNNNNNNNNNNNNNNNNNNNNN A ATT-CGGTTGCATGCTTTTTGGCACAAAATGT
3-008 TTGTTTTATATATACTATATTTTGTAGCGCCAG CANNNNNNNNNNNNNNNNNNRMNNATTTCOGOTTOGCATGOCTTTTTOGGCACAAARGTGT
4-005 TTOGT T TTATATATACTATATTTTGCTAGCGCCAGEGCNNNNNNNNNNNNNNNNNNNNN A ATT CCGCGTTGCATGCTTTTTGGCACAAAATGT

Figura 6 — Comparacgéo dos produtos amplificados das quatro amostras com reads detectados, assim como o genoma referencia do
HPV16 (NC_001526.4). A. Genoma completo do HPV16 referéncia com os genes destacados e B. as amostras de CECP analisadas. C.
Destaque da imagem B na regido de delecdo da amostra 008, entre 3900 e 4200 nucleotideos e D. Destaque da imagem B em um
segmento com auséncia de nucleotideo nas quatro amostras analisadas.
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6 CONCLUSOES

6.1 Prevaléncia de HPV em tumores de Cabecga e Pescogo

A prevaléncia de HPV em pacientes com CECP de tecido emblocado em
parafina correspondeu a 10% (49 HPV+ / 491 amostras). Apesar de ser uma
prevaléncia baixa quando comparada a outras localizagbes, como EUA e Europa,
que chegam a ultrapassar 60%, para o Brasil € uma das maiores taxas ja
reportadas®, apesar de apresentar dados concordantes na prevaléncia de HPV 16,
que corresponde a 78% das amostras positivas.

Devido a diversidade de sitios anatdmicos de carcinomas de cabeca e pescogo
incluidos nessa casuistica, essa prevaléncia pode ser ainda maior se isolados por
sitio anatémico especifico, como é o caso da orofaringe, na qual a prevaléncia atinge
25% dos casos desse sitio anatdmico nas amostras do Hospital das Clinicas de SP,
sendo todos os casos positivos para HPV 16, confirmando sua alta prevaléncia
dentre os tumores dessa regido associados ao papilomavirus humano.

Observou-se um aumento significativo da prevaléncia do DNA-HPV em
tumores de orofaringe quando comparado a série anterior, com HPV16
desempenhando o principal papel da carcinogénese desses tumores (Tabela 3).

A divergéncia nas taxas de DNA do HPV observada pode ser atribuida ndo sé
as diferencas nas metodologias utilizadas para a detecgdo do HPV nos diferentes
estudos, mas também as caracteristicas dos individuos em estudo, incluindo praticas
sexuais, status econdmico e social. Infelizmente, a auséncia de informagdes socio
demograficas e de comportamento sexual dos pacientes avaliados impede uma
analise adicional.

Em conclusdo, a crescente frequéncia de DNA de HPV em CECP
(principalmente na orofaringe) corrobora a hipotese de que o HPV esta iniciando sua

projecao nesse continente, apesar de n&o estar circulante entre o tecido normal de
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tonsila da populagdo brasileira. Estudos envolvendo a avaliagcdo da expressao
proteica associada a infecgdo por HPV devem ser conduzidos para reforcar se esse
perfil crescente de DNA de HPV também reflete uma crescente participacao
etiolégica do HPV 16 nos novos casos de tumores epidermoides de orofaringe no

Brasil.

6.2 Analise Mutacional em tumores de Cabeca e Pescoc¢o

A analise piloto de 98 casos de tumores de cabeca e pescogo do Gencapo em
colaboragao com o IARC levou ao sequenciamento de genes especificos associados
ao desenvolvimento de tumores de cabeca e pescocgo. O status HPV desta amostra
foi baseado em sorologia anti-HPV16-E6. Essa casuistica apresentou 8% de
positividade para o HPV, no entanto, 75% dos casos apresentaram mutagao em pelo
menos um gene dos cinco genes analisados. Esta evidéncia aumenta a discuss&o
do papel do HPV como um indutor de carcinogénese ou simplesmente um agente
passivo no processo natural de carcinogénese dos tumores de cabega e pescogo.

Foram identificados casos de CEC com poucas alteracdes que se diferenciam
como um subconjunto de tumores de cabeca e pescogo dirigidos predominantemente
por mutagdes génicas e alteragdes focais em vez de eventos de instabilidade
cromossémica, sendo caracterizados por uma maior sobrevida geral. Avaliagdes
mais especificas sao necessarias para estabelecer esta associacdo entre as
alteragbes “drivers” e “passengers” nas amostras HPV positivas, assim como as
informacdes relatadas no artigo apresentado no Apéndice B, que mostrou uma clara
associagao com ambas as exposi¢gdes ambientais (consumo de alcool e fumo e
infeccao pelo HPV) e as caracteristicas clinicas. Mais estudos integrando dados
gendmicos, clinicos e epidemioldgicos, especialmente em populagdes de alto risco,
sdo necessarios para melhor identificar a estratificagdo de alto risco e caracterizar o

prognostico de casos de cancer de cabega e pescogo.
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6.3 Sequenciamento de nova geragao (NGS) HPV16

O sequenciamento do HPV16 em amostras de CCP, principalmente aqueles
da orofaringe, apresentou um desafio importante no desenvolvimento dessa tese.
Esse foi o objetivo inicial e principal apresentado, com o intuito de correlacionar o
sequenciamento dessas amostras com o sitio de integracdo ao DNA humano, em
regides conhecidas de instabilidade cromossdmica, e comparar com o HPV16 que
igualmente infecta a regido da cérvix uterina.

O protocolo desenvolvido foi inteiramente customizado, elaborado em conjunto
com o suporte técnico da empresa, porém, devido a questdes técnicas, muitos foram
os contratempos encontrados nessa elaboragao. Infelizmente, por esse motivo, nao
tivemos sucesso na detecgao das regides de DNA humano flanqueadoras, além do
baixo rendimento obtido com as amostras sequenciadas, assim como a auséncia de
amostras representativas da cérvix uterina para realizar a comparacgao entre o virus
nos diferentes sitios anatdémicos, como proposto inicialmente.

Apesar disso, a analise em colaboracdo com o NIH apresentou dados
interessantes que precisam ser confirmados posteriormente, principalmente nas

regides de delecgao.
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Prevalence of HPV in head and neck carcinomas and normal tissue from

Sao Paulo, Brazil

Luciana Reis Rosa Sacoman, Jessica Boscariol da Silva, Luisa Lina Villa, Eloiza

Helena Tajara da Silva, GENCAPO Group, Jose Eduardo Levi.

Background: Human papillomavirus (HPV) is an important etiologic agent in a subset
of human tumors and HPV 16 is the most prevalent type in tumors of the oropharynx,
but varies widely according to tumor site and geographical region. The aim of this
study is to investigate the frequency of high-risk HPV (hrHPV) DNA in a large
Brazilian cohort of patients with HNSCC and a comparative group of non-neoplasic
tonsils. Methods: Formalin-fixed paraffin-embedded specimens of HNSCC were
available from 510 patients who were recruited at three Brazilian hospitals and fresh
tonsillar tissue was obtained from 113 patients without neoplasia that underwent
surgery for non-neoplasic causes. HPV detection and genotyping from FFPE HNSCCs
was performed by the Inno-Lipa method while PGMY09/11 PCR was employed for
non-neoplastic frozen tonsillar tissues. All HPV positive samples had the HPV16
presence investigated by type-specific real-time PCR. Results: The frequency of high-
risk HPV DNA in HNCSS was 10% (49/491), 78% of which were HPV16. There was
a huge variability in the prevalence of HPV in the tumors according to the anatomical
site, ranging from 3.4% (base of the tongue and hypopharynx) to 25% (oropharynx).
In contrast, no hrHPV-DNA was present in the non-neoplastic tonsils analyzed.
Conclusion: In the current study, the increasing frequency of HPV DNA in HNSCC
(mainly in the oropharynx) corroborates the hypothesis that HPV is initiating its
projection in this continent, although it is not yet circulating among the normal tonsil
tissue of the Brazilian population. Studies involving the evaluation of protein
expression associated with HPV infection should be conducted to reinforce whether
this increasing profile of HPV DNA also reflects an increasing etiological involvement

of HPV 16 in the new cases of oropharyngeal squamous cell carcinomas in Brazil.

Keywords: Head and Neck cancer, oropharyngeal cancer, normal tonsils, HPV

prevalence, high-risk HPV
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Background

Head and neck cancer (HNC) is a broad term that encompasses malignant
epithelial changes including those from the paranasal sinuses, oropharynx, oral cavity,
larynx and hypopharynx, comprising a heterogeneous group of tumors associated with
these anatomical locations. They often affect men over the age of 50 years and a history
of smoking and drinking habits. The main histological subtype is squamous cell
carcinoma (SCC), accounting for over 95% of the cases. The most frequent location is
the oral cavity (40% of cases), followed by larynx (25%) and pharynx (15%). Data
from the Brazilian National Cancer Institute (INCA, 2018) shows that, in the Brazilian
population, there is a ratio of 3.3 cases in males to each case in females.

Worldwide, lip and oral cavity cancers accounted 300,000 cases in 2012, with
145,000 deaths recorded, 77% of them in developing countries. The highest rates of
these cancers are found in Brazil, Melanesia, south-central Asia and Central (Spain
and France) and Eastern Europe (Ferlay et al, 2015 - GLOBOCAN 2012).

Development of HNC is associated with accumulation of damage in genes that
control cell proliferation, senescence, invasion, motility and cell survival (Califano et
al., 1996; Forastiere et al., 2001; Ha and Califano, 2006; Perdomo et al., 2018). These
genetic alterations often occur as a result of excessive exposure to tobacco, alcohol
and other carcinogenic elements that trigger irreversible damage to DNA, causing
changes in coding and regulatory regions of tumor suppressor genes and oncogenes.
The accumulation of these mutations enable the tumor cells to acquire characteristics,
including resistance to death and uncontrolled proliferation, conferring selective
growth advantage (Hanahan and Weinberg, 2010). Tumor cells can form clones with
increased invasiveness and stimulation of angiogenesis, leading to the establishment
of more invasive tumors with greater potential to develop metastasis (Duvvuri and
Myers, 2009).

In Brazil, it is estimated an incidence (age standardized rate - ASR) of 7.35 new
cases of oropharyngeal carcinoma per 100,000 inhabitants per year, reaching just over
1,000 new cases per year (Ferlay et al, 2015 - GLOBOCAN 2012).

The survival rate at five years for the oral and oropharyngeal carcinoma in Brazil
is still below 50%, with a trend for better survival observed among patients with HPV

positive tumors independent of age (Carvalho et al., 2004; Kaminagakura et al., 2012).
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Prognostic factors that were examined in relation to the survival of tumors of the head
and neck include clinical tumor stage, education and patient hygiene habits, smoking
and alcohol consumption (of Graeff et al., 2001; Dikshit et al., 2005). More recently,
some genetic markers have been studied in relation to the survival of tumors of the
head and neck, including gene polymorphisms related to invasion and metastasis,
inflammation and DNA repair (Chiang et al., 2008; Shimizu et al., 2008; Hopkins et
al., 2008; Lopez et al., 2011; Barros-Filho et al., 2018).

In addition to the evidence of the involvement of HPV in the etiology of
oropharyngeal SCC (D'Souza et al., 2007), there seems to be a significant correlation
between the presence of infection and the most effective response to treatment of
patients with this tumor (Duvvuri and Myers, 2009; Lassen et al., 2009; Ang et al.,
2010). Recently, D’Souza et al. (2016) analyzed 1,362 HNSCC diagnosed between 2002-
2011, including Brazilian samples (388) and, after testing for pl 6INK4a and HPV16 DNA (by
PCR) the risk of mortality was significantly lower among HPV-related (i.e., pl6+/HPV16+)
compared to HPV-unrelated (p16— and/or HPV16-) OPSCC cases (HR=0.25, 95%CI=0.18-
0.34). The mortality was reduced among HPV-related OPSCC cases from the U.S., Europe,
and Brazil (each p<0.01) and after adjustment, remained significantly lower (hare=0.34,
95%CI1=0.24-0.49). Among non-OP HNSCC, neither p16 (aHR=0.83, 95%CI=0.60-1.14),
HPV16 DNA (aHR=1.20, 95%CI=0.89-1.63), or p16+/HPV16+ (aHR=0.59, 95%CI=0.32-
1.08) was a significantly predictor of mortality.

HPV types are divided into two groups: high and low risk, according to their
malignant potential. High-risk HPVs comprise HPV 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 68, 73 and 82 types present in high-grade squamous lesions or invasive
carcinomas, and the types HPVG6, 11, 40, 42, 44, 54, 61, 70, 72, 81 and 89 are
considered low risk and are associated with low-grade epithelial lesions (Mufioz et al.,
2003; Shukla et al., 2009). More recently, types with oncogenic potential not well
established, known as "potentially high risk" have been identified, among them
HPV26, 53 and 66 (Mufioz et al., 2003; Pannone et al., 2011).

Most HPV infections are transient, asymptomatic or subclinical, not resulting in
disease and are usually suppressed by the immune system. Epidemiological studies
indicate that the prevalence of the virus in the male population, regardless of site, can

vary from 0 to 73% (Dunne et al., 2006; Schabath et al., 2012).
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HPYV infections are the cause of almost all cases of cervical cancer (~99%) and
anal cancer (~88%), and a subgroup of tumors of the vagina (~70%), penis (~50%),
and vulva (~43%), in addition to being increasingly associated with the development
of squamous cell carcinomas of the head and neck (Marur et al., 2010; de Martel et al.,
2012).

HPV DNA is present in approximately 25% of HNSCC, and in the US, about
50% of the oropharynx SCC contain high risk HPV DNA (Kreimer et al., 2005). The
increased incidence of oropharyngeal carcinomas in developed countries is mainly due
to the occurrence of the disease in young patients, not presenting classic risk factors,
such as prolonged use of tobacco and alcohol. This fact leads to an increasing
association of a subgroup of these tumors with papillomavirus infection (D'Souza et
al., 2009; Jemal et al., 2011).

Ndiaye et al. (2014), in a systematic review and meta-analysis, provided an
update on HPV-associated oropharynx, oral cavity and laryngeal carcinomas,
questioning the variability of methodologies for viral DNA detection. The authors
reported that 45.8% of oropharyngeal carcinomas, 24.2% of oral cavity carcinomas,
and 22.1% of laryngeal carcinomas were HPV DNA-positive. When compared to the
E6 / E7 mRNA expression data, the degree of overestimation of HPV-associated
tumors by PCR varied according to the anatomical site, with the lowest rates of
overestimation for oropharynx (~13%) carcinomas and higher for carcinomas of the
oral cavity (~33%) and larynx (~61%).

The proportion of HPV positive tumors varies substantially according to the
tumor anatomical site. This finding suggests that the proportion of HPV-positive
tumors may be dependent on geographic and genetic factors, behavioral factors (such
as sexual habits) and the lack of standardization of the methodology for the
identification of these viruses in human tumors. In cervical tumors, it is widely
proposed that all cases have as their etiology a genital HPV infection, despite of the
importance of parallel factors in the carcinogenic process.

The presence of HPV in oropharyngeal precancerous lesions is much greater
than in normal tissue samples. This fact suggests that the virus infection is a factor for
the development of the disease. Studies have highlighted the need to understand not

only the prevalence of oral HPV, but also the duration and persistence of the infection,
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due to its potential for malignant progression (Turner et al., 2011). It is estimated that
HPV types, considered to be at high risk in infected and asymptomatic individuals, are
around 3.5% (Kreimer et al., 2010).

To date, few studies have reported data on the detection of HPV DNA in normal
tissue in the head and neck region. For these studies, non-invasive methods of cell
sampling, such as scraping and cytological brushing, are usually used to test the
presence of HPV DNA by Polymerase Chain Reaction (PCR). A disadvantage of these
methods is that they mainly collect superficial epithelial cells. For better detection of
the presence of HPV in tonsillar tissue, biopsy or tonsillectomy samples are required
in combination with PCR, or immunoblotting for p16™~* (Klingenberg et al., 2010).

A study conducted in the United States with tonsils from tonsillectomy, filed at
a university hospital from 2012 to 2015, found in 102 healthy adults an overall
prevalence of 4.9% (n = 5) and type 16 or 18, 3.9% (n = 4). The study concludes that
HPV exists in the biofilm and the extracellular space of the tonsils, configuring an
oncogenic virus reservoir (Rieth et al., 2018).

In Brazil, a study was conducted to determine the presence of HPV DNA in the
oropharynx region of individuals without cancer. The anatomical sites of the study
were the palatine tonsils, soft palate, base of the tongue and posterior wall of the
pharynx. After the surgical procedures pertinent to the treatment of the patients,
scraping was performed under general anesthesia, to collect the samples. The
methodologies used in the study were the conventional PCR and dot-blot hybridization
techniques. This study identified HPV DNA in 14.0% of the individuals and the most
prevalent sites found were the tonsils and the soft palate. The data from this study were
consistent with those from other countries that reported a prevalence of HPV DNA in
normal tissue with a range of 0% to 20% (do Sacramento et al., 2006).

Although it is not fully elucidated whether HPV infection in healthy individuals
will or not develop HNSCC, the tonsils appear to act as reservoir for the virus (do

Sacramento et al. 20006).
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Material and methods

Casuistic HNSCC

Formalin-fixed paraffin embedded (FFPE) tissues from 510 head and neck
carcinoma samples were obtained from the biobank and archives of the collaborative
projects named GENCAPO 1 and 2 (CONEP 16491 - Brazilian Head and Neck
Genome Project - complete list of members and affiliations presented at

http://www.gencapo.famerp.br). The patients were attended at three different

institutions (369 patients from Hospital das Clinicas de S&o Paulo - HC, 84 patients

from Heliopolis Hospital - HH and 57 patients from Instituto do Cancer Arnaldo Vieira

de Carvalho - ICAVC). Clinical data was available exclusively from the HC patients
that occurred during 2002 to 2010.

Casuistic Non Neoplasic Oropharynx

Patients with age above 18 years old, from both genders, without suspicion of
neoplasia that were submitted to surgical procedures of uvulopalatopharyngoplasty or
tonsillectomy at the Otorhinolaryngology Service of the Hospital das Clinicas of the
Faculty of Medicine of the University of S&o Paulo and Hospital Paulista of S&o Paulo
were invited to this study (CAPPesq - Ethics Committee for Analysis of Research
Projects under opinion 173.181). This arm of the study included 113 patients that
underwent surgery from 2013 to 2016.

After signing the consent form, a life-style interview was conducted, whose
questionnaire included the use of tobacco, alcohol, and sexual habits. The
questionnaire used is part of the thematic project: "Environmental, clinical,
histopathological and molecular factors associated with the development and
prognosis of squamous cell carcinomas of the head and neck", carried out by the

Gencapo (Head and Neck Cancer Genome) funded by FAPESP (Foundation for
Research Support of the State of S&o Paulo), under number 2010/51168-0, with the

approval of CONEP (National Commission for Research Ethics) registration number

16491.

DNA Extraction
FFPE-DNA isolation from the FFPE head and neck carcinoma samples was
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performed by 100% octane and subsequently ethanol washes for deparaffinization
followed by digestion with proteinase K solution, according to LOpez et al. (2014).
Subsequent extraction of the genomic DNA was done employing QIAamp DNA FFPE
Tissue Kit (Qiagen). Spectrophotometry (NanoDrop ND-1000 Spectrophotometer
v.3.0.1, Labtrade) was used to quantify extracted DNA and verify the purity and
quality parameters.

Fresh tissues from non neoplasic tonsils removed during the surgeries went
through a cut, to obtain a duplicate sample of each tonsil, right and left, generating
four samples from each patient. For extraction, the Qiagen DNeasy Blood & Tissue
Kit (Qiagen, Sao Paulo, Brazil) was used according to the manufacturer’s instructions.
For concentration and purity checking, all extracted samples were quantified on the
NanoDrop 2000/2000C spectrophotometer (Spectrophotometer, Thermo Scientific,
Wilmington, Delawere, USA). After this process, DNA solutions were diluted to
50ng/pL, and stored at -20 °C.

PCR for constitutive Beta-globin gene

To determine the integrity of the extracted DNA from normal tissue, samples
(250ng of DNA) were submitted to amplification of the cellular beta-globin gene,
using the primers PCO4 and GH20 (Gravitt et al., 2000) spanning a 268bp fragment.
For the HNSCC samples, the set of beta-globin primers were PCO3 and PCO4 (Saiki
et al. 1985), which amplifies 107bp fragments, starting from 100ng of DNA. The
difference on the size of the beta-globin amplicons is due to the well-known reduced

integrity of DNA on FFPE samples, less likely to amplify larger DNA fragments.

Detection of HPV by conventional PCR

PCR was performed in normal HN samples with primers PGMY09/11 that
amplify 450bp fragment of HPV L1 region from different viral types, and is considered
gold standard in mucosal HPVs detection (Gravitt et al., 2000). PCR was performed
according to LOpez et al. (2014).

Amplification products and the 100bp molecular size standard (Invitrogen,

USA) were applied to the agarose gel 2% and visualized under ultraviolet light (UV).
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INNO-LIPA HPV Genotyping

Beta-globin positive FFPE samples were genotyped by the Inno-Lipa HPV kit
(Innogenetics, Gent, Belgium), capable of identifying 28 types of HPV (18 high-risk
HPVs - HR-HPV and 10 low-risk - LR-HPV). This test is based on the amplification
of the target DNA by PCR using primers from a consensus region spanning a short
amplicon from the L1 gene for the evaluated HPVs and reverse hybridization of the

amplified products into strips containing specific probes therefore (Kleter et al., 1999).

HPV16 Real Time PCR

Genotyping of all HPV positive samples (by PGMY PCR or INNO-LIPA) was
performed by qPCR-specific HPV16 as a confirmative method, especially for those
positive in the generic PGMY PCR and those from INNO-LIPA test with multiple
HPV infections. Real time PCR was performed with the TagMan Universal PCR
Master Mix 2x (Applied Biosystems, Inc., USA) with a primer pair specific to the
HPV16 E7 region, as described by Walboomers et al. (1999) in addition to a specific
probe for this region as described by Scapulatempo-Neto et al. (2017). This protocol
has already been validated in our laboratory presenting high sensitivity and specificity.

Positive controls consisted of DNA extracted from SiHa (1 copie of HPV16 per
cell) and CaSki cell lines (600 copies of HPV 16 per cell) and water as negative
control. Real-time PCR reactions were performed on the ABI Prism® 7300 HT SDS

(Applied Biosystems, Inc., USA) and analysis of the amplification curves was

performed using its own software.
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Results

HNSCC Casuistic

From the 510 FFPE samples, more than 95% (491) were considered adequate
due to proper beta-globin PCR amplification, and were, then, tested by the Inno-Lipa
HPV kit. From the 491 samples genotyped, 49 were positive for HPV (10%), being 38
samples exclusively HPV 16 positive (78% of the HPV positive samples), four samples
were positive for HPV11 (8% of the positive samples), two HPV66 samples (4% of
the positive samples) and five samples harbored multiple infections (10% of the

positive samples) (Figure 1).
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Figure 1. HPV genotyping by INNO-LiPA Genotyping Extra (Innogenetics), based on reverse
hybridization with specific probes. In this image are the results obtained with the FFPE
samples: Strips 1 and 2 represents, respectively, negative samples without and with the control
DNA presence (red arrow). Strip 3, followed by the positive and negative controls (C + and
C-). The orange arrow shows the probe result of a positive sample for HPV 16 (strip 3), and
finally, the strip used as a guide for annotation.

For the 369 FFPE head and neck tumors of the Hospital das Clinicas of the

University of SGo Paulo School of Medicine included in this study, almost all of them
(345) had clinical and epidemiological data, that were analyzed for this population
(Table 1).

This series consists mainly of men (almost 90%), aging between 27 to 90 years

(average: 59; SD: 11), and 92% of the tumors were squamous cell carcinomas. The
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HPV positivity rate was 7.1% of head and neck tumors (25/350 samples), of which
80% were HPV16, followed by HPV11, HPV18/39 and HPV31/33/44/52. When
stratified by anatomical site (Table 1), the prevalence of HPV ranges from 3.4%
(tongue and hypopharynx) to 25% (oropharyngeal cancer - all HPV16).

Table 1. HPV-DNA frequency and genotype by anatomical site (n = 369 samples,
Hospital das Clinicas de Sdo Paulo)

Anatomical site P;};’If © G:;‘Ifltpyll;:d HPV+ HPV+ % HPV Type
Base of tongue 29 29 1 34 18/39 (1)
Oropharynx 24 24 6 25.0 16 (6)
Oral cavity 115 108 7 6.5 16 (5),11 (2)
Hypopharynx 30 29 1 34 11 (1)
Larynx 143 134 9 6.7 136 15?3/412//22’
ND 28 26 1 3.8 16 (1)
TOTAL 369 350 25 71%

ND: not determined; n.: number; HPV+: positive samples

Non Neoplasic Oropharynx Casuistic

The study included 113 patients from the two participating hospitals. For the
analysis, one aliquot of right and left tonsils of each patient, totaling 226 samples, were
evaluated. This casuistic consists of 47 women aged from 18 to 58 years (mean age
28.5 years, SD 9.5, median age 27 years) and 66 men between 18 and 68 years (mean
age 34 years, SD 10.5, median 33 years).

All 226 samples were positive for the beta-globin amplicon, however, no
samples showed the presence of HPV-DNA either by the generic PCR with
PGMY09/11 primers or the real-time HPV 16 specific assay. All precautions and tests
to ensure the reliability of the results were performed, such as the evaluation of the
eventual presence of inhibitors in the samples and determination of the detection limit
of the method from a known standard. The analytical sensitivity of the reaction was

determined by Probit analysis, establishing the limit of detection (95%), which was
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0.0002 copies per cell (using 4.77uL DNA extracted from CaSki cells - 55.3ng/uL - to
95.3uL of the negative tonsil DNA - 50ng/JL — in a total volume of 100uL) by

subsequent serial dilutions until 3x10” copies of HPV 16 per cell.
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Discussion

This study presented a cohort with a significant number of patients with HNSCC.
Our results demonstrate that the frequency of high-risk HPV types in HNSCC was
7.1%, that is a low when compared to worldwide data, despites the divergent results
reported (Kreimer et al., 2005, Marur et al., 2010, Ndiaye et al., 2014, Anantharaman
etal., 2017, de Abreu et al., 2018).

According to the anatomical site, in this study, the HPV prevalence ranges from
3.4% (base of tongue and hypopharynx) to 25% (oropharyngeal cancer). This
variability occurs due to the tumors location, being the oropharyngeal known to be
more associated with HPV than the others sites.

Studies in the US suggest that the majority of oropharyngeal squamous cell
carcinoma (OPSCC) are nowadays caused by HPV 16, as reported by Chaturvedi et al.
(2008, 2013) and Nasman et al. (2009), although frequencies of <10% have been
reported in the few studies conducetd in South America, by Herrero et al. (2003),
Ribeiro et al. (2011) and Lopez et al. (2014) with European estimates being in
between, as reported by Reimers et al. (2007), Smeets et al. (2007) and Hoffmann et
al. (2010). (Table 2).

In contrast, Betiol et al. (2016) evaluated HNSCC samples displaying an overall
HPYV prevalence of 19.4%, being highest in the oral cavity as compared to the other
anatomical sites, including the oropharyngeal. The authors concluded that these results
are consistent with other studies conducted in Sao Paulo and Rio de Janeiro in which
HPV prevalence observed was 19.2% (22/114) and 15.5% (11/71) in oral SCC,
respectively (Hauck et al., 2015; Kaminagakura et al., 2012), but is otherwise much
higher than described in a large study involving 132 oral tumor samples from four
countries in Latin America including Brazil (HPV prevalence was 0.0%) (Ribeiro et
al., 2011). HPV-16 was the most commonly detected viral type, identified in 69.5%
(25/36) of the HPV positive specimens. Nevertheless, for all anatomical sites, Betiol
et al. has detected lower HPV DNA prevalence when compared to studies conducted

in the USA and Europe (over 30%).



Table 2. Prevalence of HPV in non-oropharyngeal and oropharyngeal SCC studies

Author and year CCoounIg;)e’l?tr n. of cases HPV % Methods Date Sites
Present study Brazil (SP) 510 10 Inno Lipa DNA 2002-2010 HNSCC FFPE
de Abreu et al., 2018 Brazil (ES) 101 OC 33 MYO?,@{Z&;‘;‘} flljf/sfgf;zfnvgve” as 2012-2015 oC
Brazil (SP) 233 0 2002-2015 OC,L,H
Anantharaman et al., 2017 US 234 6.8 HPV16 DNA and p16INK4a overexpression 2002-2006
O Europe 420 5.5 ND
8 1374 P 22.4°(18,5) HPV-DNA, HPVE6*mRNA or pl16(INK4a) P,OC,L
S Castellsagué etal., 2016 29 countries ~ 12640C  4.4°3.0) °(HPV-DNA and HPVE6*mRNA and >1990
z 10421 3.5°(1.5) P16(INK4a))
“ Betiol et al., 2016 Brazil (SP) 92 0C 250 Inno Lipa DNA 1991-2010 HNSCC FEPE
66 L 13.7 2009-2012
Lopez et al., 2014 Brazil (SP) 398 8,8 Inno Lipa DNA and PGMY09/11 1998-2008 HNSCC FFPE
Ndiaye et al., 2014 44 countries 12163 295 Systematic review and meta-analysis 2004-2012%* OC, L, OPSCC
Ribeiro et al., 2011 CE and LA 196 3.1 PGMY09/11 followed by HPV16 PCR 1998-2003 ~ HNSCC Frozen tumor
Kaminagakura et al., 2012 Brazil (SP) 114 19.2 GP5+/GP6+ PCR 1970-2006 OC SCC FFPE
Present study Brazil (SP) 24 25 Inno Lipa DNA and HPV16 RT-PCR 2002-2010
Barros-Filho et al., 2018 Brazil (SP) 40 58 Linear array <2011
Brazil (SP) 171 4.1 2002-2015
Anantharaman et al., 2017 US 243 59,3 HPV16 DNA and p16INK4a overexpression 2002-2006
8 Europe 119 31.1 ND
L Castollsagué etal, 2016 29 countries 1090 224 HPV-DNA, HPVEG*mRNA or p16(INK4a) >1990
@) ’ 18.5 HPV-DNA and HPVE6*mRNA and p16(INK4a)
Betiol et al., 2016 Brazil (SP) 28 143 Inno Lipa DNA 1991-2012
Loépez et al., 2014 Brazil (SP) 91 6.6 Inno Lipa DNA and PGMY09/11 1998-2008
Ndiaye et al., 2014 44 countries 3946 45.8 Systematic review and meta-analysis 2004-2012*
Ribeiro et al., 2011 Brazil (SP) 68 4.4 PGMY09/11 followed by HPV16 PCR 1998-2003

CE - Central Europe; LA - Latin America; SP - Sdo Paulo; ES - Espirito Santo; OC - Oral Cavity; P- Pharynx; L- Larynx; H — Hypopharynx; °- results from "end" group;
% .
publish data

6.
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Further, the role of HPV16 in HNC outside the oropharynx remains unclear
(Ndiaye et al., 2014). A recent review has estimated that the probability of an HPV-
attributable cancer of the oral cavity, larynx and hypopharynx could be up to five times
lower than that of oropharyngeal cancer (Combes and Franceschi, 2014). Whether
these divergent geographic results represent important differences in the etiology of
HNC or whether they are explained by differences in laboratory practices is unclear.
The recent publication on global HPV prevalence in HNC is of note where, based on
a comparison of over 3,000 tumors tested for HPV DNA and subsequently, following
triage for HPV16 E6*mRNA and p16™<*, the authors report that nearly 22% of
OPSCC could be attributed to HPV infection, while fewer than 5% of oral cavity and
laryngeal cancers were HPV-positive (Castellsagué et al., 2016). This study also
reported strongly divergent results from South and Central America (OPSCC HPV
prevalence of 37%), and did not provide estimates for North America. Although the
largest study to date, this report was unable to explore lifestyle factors associated with
HPV-positivity.

Anantharaman et al. (2017), in a study of 1,420 HNCs from three world regions
demonstrated dramatic differences in the prevalence of HPV16-positive HNCs. While
nearly 60% of OPSCCs in the US are HPV16-positive, this proportion is only about
4% in Brazil, and OPSCCs in Europe have intermediate HPV16 prevalence (31%).
Less than 4% of laryngeal and oral cavity cancers were HPV16-positive. That similar
results were noted for the marginal incident fractions of HPV16-positive OPSCC and
non-OPSCC lends support to these conclusions.

In a recent study from Brazilian oral cancer, de Abreu et al. (2018) demonstrate
that the frequency of high-risk HPV types in oral cavity SCC is very low and is less
than 4%. Furthermore, the frequency of HPV in their study is close to the HPV DNA
rates found in healthy individuals.

The natural history of HPV infection has been extensively investigated in
epidemiologic studies by PCR-based methods, HPV serology and DNA/RNA in situ
hybridization (Lopes et al., 2011; Lee et al., 2012). A review about epidemiological
investigation on oral HPV prevalence in healthy individuals, published by Shigeishi
& Sugiyama (2016), reported that HPV frequency in saliva of healthy individuals have

shown low and variable rates in a period of time, which is related to each patient’s
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immune response and can, therefore, be inconstant. In addition, rates of oncogenic
HPV infection in the oral cavity of healthy people are also known to be low (around
2%) and the natural history of HPV in this anatomical site suggests HPV acquisition
and persistence to be rare events compared to genital or anal infections (Kreimer et al.,
2013; Shigeishi & Sugiyama, 2016).

Regardless to the absence of HPV infection in normal tissue from the tonsils
reported on this study, Combes et al. (2017) used extensive ex vivo brushing and
gargling from patients undergoing tonsillectomy for benign indications to evaluate
human papillomavirus (HPV) prevalence in the tonsil in a large age-stratified sample
of cancer-free patients (from 2012 to 2016) in France — a high prevalence OPSCC
HPV-related region. The HPV-DNA detection used Luminex to evaluate 21 HPV
types and were applied to 692 patients aged 1-70 years and gargles from 268 adults.
Overall HPV prevalence in adults was 3.6% in tonsil brushings and 13.1% in gargles
and HPV16 prevalence was 2.2% and 4.1%, respectively. Tonsil brushings were also
positive in two girls from 139 children (1.4%). HPV prevalence in gargles significantly
varied by sex (prevalence ratio in men vs women = 2.1). They related a low agreement
(9.5%) in paired tonsil brushings and gargles in adults, suggesting that gargle is not
representative of HPV prevalence in the tonsil.

In this study, as we are in a low prevalence HPV-associated HNSCC, we
expected an even lower HPV rate on normal tissue, besides the use of surgical samples

(uvulopalatopharyngoplasty and tonsillectomy).
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Conclusion

Regarding paraffin embedded tissue samples, this prevalence corresponds to
10% of HPV positive head and neck samples (49 HPV + /491 samples). Despite being
a low prevalence when compared to countries such as USA and Europe, which exceed
60%, for Brazilian studies, it is one of the highest rates ever reported (Table 2), being
the HPV 16 the most representative HPV type (78% of the positive samples), as widely
verified.

The overall prevalence of HPV-DNA in HNSCC (non-oropharyngeal tumors)
ranges from 3.4% to 6.7% due to the diversity of anatomical sites of head and neck
carcinomas. In the oropharyngeal SCC, the HPV prevalence reaches 25% of this

anatomical site samples from Hospital das Clinicas in S&o Paulo, all of them HPV 16,

confirming its high prevalence among the tumors of this site associated with human
papillomavirus. Besides our OPSCC HPV-related rate remains lower when compared
to high incidence countries, like the US (Chaturvedi et al. 2011), in the past years, we
saw a progressive trend in HPV positive tumors, going from 4.4% (Ribeiro et al.,
2011), 6.6% (Lopez et al., 2014), 14.3% (Betiol et al., 2016) to 25% in the present
study, including a higher incidence report of 58% (Barros-Filho et al., 2018) in a young
population, with HPV16 playing the major role in the carcinogenesis of these tumors.

Divergence in HPV DNA rates observed could be attributed not only to
differences in the methodologies used for HPV detection in the different studies, but
also to the characteristics of the individuals under study, including sexual practices,
economic and social status. Unfortunately, the absence of sociodemographic and
sexual behavior information of the patients evaluated here prevents an additional
analysis, that could also elucidate the absence of HR-HPV in our population.

In conclusion, in the current study we observed an increasing frequency of HPV
DNA in HNSCC (especially the oropharyngeal site), supporting the evidence that HPV
is involved in the development of a growing subset of HNSCC in the Brazilian
population. Studies involving the evaluation of protein expression associated with
HPYV infection should be conducted to reinforce whether this increasing profile of HPV
DNA also reflects an increasing etiological involvement of HPV 16 in the new cases

of oropharyngeal squamous cell carcinomas in Brazil.
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Abstract

We investigated how somatic changes in HNSCC interact with environmental and host risk
factors and whether they influence the risk of HNSCC occurrence and outcome. 180-paired
samples diagnosed as HNSCC in two high incidence regions of Europe and South America
underwent targeted sequencing (14 genes) and evaluation of copy number alterations
(SCNAs). TP53, PIK3CA, NOTCH1, TP63 and CDKNZ2A were the most frequently mutated
genes. Cases were characterized by a low copy number burden with recurrent focal ampilifi-
cation in 11g13.3 and deletion in 15q22. Cases with low SCNAs showed an improved overall
survival. We found significant correlations with decreased overall survival between focal
amplified regions 4p16, 10922 and 22q11, and losses in 12p12, 15914 and 15922. The
mutational landscape in our cases showed an association to both environmental exposures
and clinical characteristics. We confirmed that somatic copy number alterations are an
important predictor of HNSCC overall survival.

Introduction

Head and neck squamous cell carcinomas (HNSCC) constitute a heterogeneous group of can-
cers, which include cancers arising at the oral cavity, nasopharynx, oropharynx, hypopharynx,
and larynx. Collectively, these cancers are the seventh most common malignancy diagnosed
worldwide [1], with areas of high incidence including Mediterranean Europe and South
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America [2]. Despite current therapeutic approaches, the prognosis is quite poor, with a 5-year
survival ranging from approximately 25% to 60%, according to cancer subsite [3].

Cigarette smoking and alcohol abuse are the major risk factors, consistently associated with
the incidence of head and neck cancers [4]. Additionally, human papillomavirus (HPV) infec-
tion is strongly associated with oropharyngeal cancer risk and prognosis, alongside a small
number of other HNSCC [5]. Recent studies have highlighted the association between numer-
ous differential genomic features and these exposures as well as clinical factors, providing
insights for potentially improving prognostic risk stratification for HNSCC[6, 7]. The Cancer
Genome Atlas TCGA has conducted the largest comprehensive genomic study of 528 HINSCC
cases, consisting of an integrative analysis of multi-genomic data including somatic mutations,
gene expression, methylation and miRNAs expression in a clinically and pathologically charac-
terized dataset. The complete data analysis of a subset of 279 patients has allowed the descrip-
tion of the landscape of somatic genomic alterations and the identification of the principal
molecular pathways involved in HNSCC development. Particularly, HNSCC are characterized
by mutation of TP53, whole genome duplications and multiple recurrent chromosomal gains
and losses associated to increased genomic disruption affecting cell cycle checkpoints and
PI3K-AKT signaling(8, 9]. Increased rates of somatic copy number alterations (SCNAs) across
the tumour genome are associated with poor prognosis and therefore it becomes important to
identify SCNAs that might be functionally driving progression and outcome. In addition,
genomic studies have revealed how differential genomic patterns among cases could identify
various subgroups of tumours showing specific associations with histological subtypes, smok-
ing, HPV status and overall survival[6, 10]

The principal objective of this study was to investigate whether somatic genetic changes
identified in two large comprehensive case series in Europe and South America could influ-
ence the risk of HINSCC occurrence and outcome from those areas. A second objective was to
investigate how somatic changes interact with environmental and host risk factors including
HPV infection, alcohol and smoking. We selected 180 paired samples diagnosed as HNSCC
from three multicentre studies representative of high incidence regions in Europe (ARCAGE
study), Brazil (GENCAPO study) and Argentina (LA study); from which both tumour and
blood samples were available in the IARC biorepository, along with complete epidemiological
data.

Materials and methods
Study population and risk factor data collection

A total of 240 HNSCC cases were selected from three multicentre studies: two conducted in
South America (LA study) between 1998 and 2002, and (GENCAPO study) between 1998 and
2008; and one completed in Europe (ARCAGE study) between 2002 and 2005. Selection of
cases was based on availability for biological samples along with complete epidemiological and
clinical data. However, no treatment information was obtained from most of these cases as this
variable was not included in the original protocols. Extensive details of the three-large multi-
centre case-control studies are included elsewhere [11-13]. Briefly, all subjects underwent
personal interviews to collect information on lifestyle exposures and hospital records were
reviewed to obtain clinical and pathological information. All cases had biological samples col-
lected at diagnosis and before any treatment [11-13]. Centralized HPV testing was completed
for the three participating studies determined on serology testing as described before [14].
HPV positivity was defined based on HPV16 E6 status, which has been shown to be a highly
sensitive and specific marker of HPV16-related oropharyngeal tumours [15-17]. Immunohis-
tochemical evaluation of P16™%* expression and HPV DNA genotyping were also completed
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for a subset of samples using protocols previously described [12, 14], and these data were also
used to confirm HPV status.

Informed consent was obtained from all participants in the three studies, and the analysis
was approved by the Ethical Review Committee of the International Agency for Research
on Cancer. All experiments were performed in accordance with relevant guidelines and

regulations.

Targeted sequencing

A customized gene panel of 14 genes (GeneRead DN Aseq Custom Panels, Qiagen™) was used
for targeted sequencing of tumour-blood pair cases. Gene selection was based on an indepen-
dent analysis of TCGA data on HNSCC using MutsigCV algorithm complemented with the
list of the most frequently mutated genes reported in the literature. Briefly, 20ng of DNA were
used in multiplex PCR reactions using Qiagen’ recommended protocol. For library prepara-
tion, 100 ng of multiplex pools and the NEBNext End Repair Module (New England Biolabs,
Ipswich, MA, USA) following manufacturer’s instructions. [ndividual barcodes (designed in-
house and produced by Eurofins MWG Operon, Ebersberg, Germany) were ligated to each
multiplex pool for sequencing. Both tumour and blood samples were sequenced at an average
depth of 250X and 50X respectively using the PGM/PROTON™ Systems (Life Technologies,
Carlsbad, CA, USA); sequences used for mutational calling had on target sequencing of 85%,
and uniformity of 80-85%

Mutational calling

Identification of somatic variants was performed using a recently developed statistical model
called Needlestack[18] based on the idea that analysing several samples together can help esti-
mate the distribution of sequencing errors to accurately identify variants. At each position
and for each candidate variant, we model sequencing errors using a robust Negative-Binomial
regression with a linear link and a zero intercept [19]. We calculate for each sample a p-value
for being a variant (outlier from the regression) that we further transform into g-values to
account for multiple testing. Needlestack has a detection limit of variant allelic fractions
between 0.05% and 0.5% depending on the error rate at the base change considered (ranging
from 0.001% to >10% at homopolymers) and the sequencing depth. Needlestack is free and
open-source and is available publicly as a beta version under https://github.com/IARCbioinfo/
needlestack. A detailed description of the Needlestack variant caller has been previously pub-
lished [20, 21]. Variant calls were annotated using ANNOVAR [22] and indels, nonsense,
splicing, or missense variants were only kept for subsequent analyses if reported in COSMIC-
76 and/or classified as deleterious, disease causing or damaging in at least one of the five vari-
ant classification databases (SIFT, Polyphen, MutationTaster, MutationAssessor, FATHMM,
LR) (83 Table).

Filtering of VCF calls was done using a threshold of 0.5% allelic fraction, minimal read
depth of 100X and minimal phred-scaled g-value of 30. Removal of germline variants was
additionally confirmed by comparison of corresponding paired blood sequences; all filtered
variants were manually curated by inspection of BAM files using the Integrative Genomics
Viewer (IGV) 2.3 (Broad Institute, Cambridge, MA, USA).

Internal technical validation of both the sequencing procedure and the mutational calling
was done by including 10% of samples as technical replicates in each library preparation. Addi-
tionally, an independent library preparation including a random selection of 20 tumour sam-
ples was sequenced and analysed independently and results were 100% concordant. All cases
from the GENCAPO study had been previously sequenced for TP53 mutations using Sanger
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sequencing, which we used to further validate our mutational calls and compare them witha
different calling method (GeneRead Panel Variant Calling analysis tool from Qiagen™) (S1
Fig).

Somatic copy number alterations (SCNAs)

DNA from each tumour was hybridized to [llumina HumanCytoSNP-12v2.1 arrays using
standard manufacturer’s protocol. Formalin-fixed paraffin-embedded (FFPE) samples under-
went a quality control assay using the [llumina FFPE QC Kit, samples were selected based on
a ACq below or equal to 2 and then restored using the Infinium HD FFPE Restore Protocol.
We included 10% of technical and biological replicates for quality control and validation.
Microarray data are available in the ArrayExpress database {(www.ebi.ac.uk/arrayexpress)
under accession number E-MTAB-4863. The R package crimm [23] was used for pre-process-
ing, genotyping and calculation of circular binary segmentation to estimate the normalized
copy number. Germline copy number alterations were removed using the Database of Geno-
mic Variants [24]. Identification of significant amplified or deleted regions was performed by
using GISTIC 2.0 [25] using 99% confidence level and g-value threshold 0.25. Focal amplifica-
tion or deletion for all the 14 genes sequenced was determined only using the GISTIC copy
number value 2 or -2 respectively as the true value. OncoPrinter and MutationMapper tools
were used for visualization of mutational data [26, 27]. Integrative cluster analysis of mutation
and copy number data was performed using the R package iClusterPlus [28].

Statistical analysis

Mutual exclusion and co-occurrence test for mutations (including both single nucleotide vari-
ants and copy number alterations) found in the 14 genes evaluated, were based on weighted
permutations assessing the deviation of the observed coverage compared to expected obtained
by permuting events [29]. Fisher exact test was used to determine the relationship of clinical
characteristics in the 3 studies. For each patient, time at risk was calculated from cancer diag-
nosis to death or end of follow up (Last Follow up date: 30/01/2013 for the ARCAGE study,
30/06/2009 for GENCAPO and 30/06/2006 for the LA study). Follow-up was censored at 5
years, given that most cancer related events occur before that time. The Kaplan-Meier estima-
tor was used to estimate the distribution of the 5-year survival. Multivariate Cox proportional
hazard models were used to estimate HRs and their corresponding p values for all candidate
risk factors and genomic biomarkers. Age, subsite, stage, nodal status (defined by pathological
nodal stage), smoking and alcohol status were used as covariates. A correction for multiple-
hypothesis testing was employed using the method of Benjamini and Hochberg [30] Log-rank
test was used to compare the different survival distributions.

Results

Epidemiological description of the three studies

A total of 180 cases had complete sequencing and copy number information (Fig 1). Clinical
and pathologic characteristics of cases in the three studies are described in Table 1. Consistent
with previous reports the majority of the cases were males (82%), current smokers (67%) and
current drinkers (70%). Mean age at diagnosis was 59 years (range 18-88 years). Thirty-three-
percent of all cases were diagnosed with oral cavity cancer, 25% with oropharyngeal cancer,
18% with laryngeal cancer, 7% with hypopharyngeal cancer and 16% with overlapping topog-
raphies. Seventy-percent of all cases presented advanced disease (stages III-IV). The majority
of non-smokers (80%) and oropharyngeal cases (67%) were part of the European study

PLOS ONE | https://doi.org/10.1371/journal.pone.0191701  January 29, 2018 4/18



@ PLOS | one

93

Genomic analysis of HNSCC in two high incidence regions

Lruser 1 Sl < iy et Chmical ond
"
Targeted sequencing 14 genes o
oy .4
ey —_— '7~‘7i"
-3a
St e [ ey
‘IO
- D
AMCAGE Sy o T e S S et | o G ¥ samples
Targened sequancng + KA
190 cones
e fi Compirte 5 yoar overst
“i' f :'." " — ’ v dats £34 conas
- omita
o am
o
o G o
$ A bmer vae Restervnon
O Sty | i o Snsvin
ramcen >
OC 52 samplen
Lt Amarice Sudy """:x""‘ | » | OC 37 somptes |
Fig L. Workflow of p ing and analysis of HNSCC samples from the three different studies. QC for copy

number evaluation: Quality control of samples based on signal to noise ratio™5.0. Maps show estimated age-
standardized incidence rates for HNSCC (other pharynx sites) in Evrope and South America. [31).
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{ARCAGE). Fifteen cases out of 180 (8%) were classified as HPV16 positive, 73% of which
were oropharyngeal cases.

Mutational profile of the 14 gene panel in cases

Ninety four-percent of all sequenced cases had at least one alteration (single nucleotide vari-
ants (SNVs) or amplification/deletion) in any of the 14 genes selected (Fig 2) (83 Table). The
overall frequency of alterations for the 14 genes was similar to previous publications with a
higher enrichment of alterations in the TP53, NOTCHI and CDKN2A genes [10, 32-34].
Among the 10 cases without alteration in the 14 genes, 4 corresponded to HPV positive cases
(S4 Fig).

TP53, FAT1, MLL2 and NOTCH]1 were the genes more frequently altered by single nucleo-
tide variants (SNVs) (Fig 2). As previously described [35, 36], TP53 mutation was mostly prev-
alent in HPV negative tumours (only three out of 15 HPV16 positive tumours harboured a
TP53 mutation, and all three cases were current smokers) (54 Fig). TP53 mutations clustered
predominantly in DNA binding domains, particularly in hotspot codons 175, 248, 249, 273
and 282 (S3 Fig). Forty-four-percent of all mutations were classified as disruptive mutations
according to the definition by Poeta and colleagues[37]. Fifty-five-percent of all TP53 SNV's
were missense mutations and from those 64% were classified as high-risk mutations based on
the evolutionary action score EAP53([38]. FAT1, MLL2 and NOTCHI mutations (missense and
truncating mutations) were distributed along the gene coding region and did not show muta-
tional enrichment of specific protein domains (S3 Fig).

Mutual exclusive alterations were identified between genes with recognized activity in the
same signalling pathway, suggesting overlapping functional consequences of those mutations.
This included TP53 and PIK3CA (p<0.001), both involved in cell cycle control and survival,
and NOTCH1 and TP63 (p = 0.003) genes, which play important functions of squamous cell
differentiation (52 Fig).
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Table 1. Clinical and epidemiological d

G e 2

of 180 HNSCC cases from the three studies.

STUDY
ARCAGE GENCAPO LA Total
(Czech Republic, Italy, (Argentina)
Sex* n % n % n % n %
Female 26 28.57 2 3.85 5 | 1351 33 | 18.33
Male 65 7143 30 96.15 32 | 86.49 147 81.67
Age group
18 to 50 18 19.78 9 17.31 7 18.92 34 18.89
51060 25 27.47 28 53.85 14 37.84 67 37.22
6l 70 28 30.77 10 19.23 9 2432 47 26.11
=70 20 21.98 5 9.62 7 18.92 32 17.78
Subsite’

Oral cavity 32 35.16 14 26.92 13 3504 59 3278
Oropharynx 0 32.97 10 19.23 1351 15 25
Hypopharynx 2 22 1 2115 0 0 13 722

Larynx 17 18.68 3 577 12 3243 32 17.78
Overlapping 10 10.99 12 23.08 18.92 26 16.11
No information 0 0 2 3.85 0 0 2 111
Stage®
T1 8 8.79 1 1.92 0 0 s 5
T2 25 27.47 9 17.31 0 0 34 | 18.89
T3 16 17.58 17 32.69 3 8.11 36 | 20
T4 40 43.96 19 36.54 34 91.89 93 51.67
No information 2 22 & 1154 0 0 8 444
Nodal Status”
NO 30 54.95 14 26.92 8.11 67 3722
N+ 8 41.76 27 5192 8 21.62 73 40.56
No information 3 330 11 2111 26 7027 40 2222
Smoking’ _

Noxa-smoker 18 19.78 1 1.92 8.11 22 1222
Former smoker 13 14.29 14 26.92 16.22 33 18.33
Current smoker &0 65.93 2 61.54 28 75.68 120 66.67
No information 0 0 5 9.62 0 0 5 278

Alcohol”

Non-drinker 7 7.69 2 3.85 6 16.22 15 833
Former drinker 11 12.09 18 34.62 | 10.81 33 | 18.33
Current drinker 73 80.22 26 50 27 7297 126 | 70
No information 0 0 6 1154 0 0 6 333

HPV Status (HPV16E6 serology)
Negative 82 90.11 47 90.38 3 91.89 163 9157
Positive 9 9.89 3 5.77 3 8.11 15 843
No information 0 0 2 3.85 0 0 2 L1l
‘p value<0.05
https:/idoi.org/10.1371/journal. pone 0181701.1001
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Fig 2. OncoPrint diagram of ional frequencies and types of alterations of the 14 genes sequenced. Only

altered samples are shown. Rows are sorted based on the frequency of the alterations in all samples and coh are

sorted to visualize the mutual exclusivity across genes. Frequency of mutations for the following Head and Neck cancer
publications are showr: Head & Neck (TCGA)[10], Head & Neck (JHU)(39), Head & Neck (Broad)|32), Head & Neck
(MDA)[40], Head & Neck (MSKCC){41). NA: Not availzble.

httpsz/idoi.org/10.1371/journal.pon2.0191701.g002

Significant co-occurring alterations were found principally in the TP63 and PIK3CA genes
{p<0.001), both genes located on a frequently amplified region (3q) along with concomitant
alterations in HRAS and NOTCH]1 genes (p<0.001).

Somatic copy number alterations (SCNAs)

Overall, cases were characterized by low chromosomal instability represented by a low copy
number burden (mean 23 alterations included amplifications and deletions) compared to the
TCGA dataset [10]. We found a total of 47 significantly recurrent amplified regions and 69
deleted regions (g-value<0.1) (Fig 3 and S1 and 3 Tables). The most recurrent focal amplified
region was 11q13.3 including the CCNDI and FGF3 genes amplified in 40% of samples (60/66
with smoking history), consistent with a region preferentially amplified on smoking related
tumours [10, 42]. In addition, we identified regions harbouring oncogenes frequently activated
in HNSCC as previously described [10, 32, 33, 39, 40]: 11q22 (BIRC2), 3q26 (SOX2, PIK3CA),
3q28 (TP63), 7p11 (EGFR), 17q12 (ERBB2), along with amplification of regions 8p11, 13q22
and 7q22.

The most frequently deleted region was 15¢22, including the locus of the ANXA2 gene that
has been previously found to be downregulated in both head and neck dysplasia and HNSCC
[43, 44]. Additionally, recurrent focal deletions were present in cases, particularly at three
regions on chromosome 11 (11p15-p15.5, 11q13-q13.3 and 11q23-q24) previously identified
as being of frequent microsatellite instability and/or loss of heterozygosity (MSI/LOH) in
HNSCC. We also identified deletions in regions of commonly described transcription regula-
tors and tumour suppressor genes in HNSCCs [10, 45]: 5g35.2 (NSD1I), 20p11 (NKX2-2),
8p22.2 (CSMD1), 9934.3 (NOTCH1I); together with loss of 9p21.3 containing the CDKN2A
gene which was found almost exclusively in HPV negative tumours (deletion in 1 out of 15
HPV positive cases) (S4 Fig).

Comparison of copy number alterations based on HPV16 status showed a lower proportion
of significantly altered regions in HPV positive cases. [n particular, the 11g24.3 region (con-
taining the ATM and APLP2 genes) was differentially lost in HPV positive cases (54 Fig). Addi-
tional losses in the 6p region, close to the HLA class I genes loci, were also identified in HPV
positive cases.
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Fig 3. Diagram of significant focal copy number alterations. FDR (Top) and q-values of the alterations are shown in
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Regions significantly associated with overall survival.
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Integrated analysis

Integrative cluster analysis of both mutational and copy number data identified three distinct
clusters with major genomic features including TP53, FAT1 and FBXW7 SNVs and low, inter-
mediate and high genomic instability. The FBXW?7 gene was significantly mutated in both
groups with high and intermediate SCNAs (Fig 4). Eighty-percent of total cases were clustered
in the low SCNAs group (mean copy number events = 19). The intermediate SCNAs group
{mean copy number events = 39) had only advanced cases (11) and the high SCNAs group
(mean copy number events = 43) clustered only cases from Brazil with history of alcohol and
smoking exposure (23 cases).

Survival analysis

Survival data was available for 154 cases (Fig 1). Age and nodal status were the only clinical or
demographic variables significantly associated to overall survival (p = 0.01) (Fig 5 and 52
Table). Multivariate analysis including each of the 14 genes sequenced showed no association
with overall survival. Further analysis of TP53 mutational status showed no association
between mutation type (either disruptive/non-disruptive or EAP33 score of missense muta-
tions) and overall survival (S2 Table).

Analysis of the most frequently focal SCNAs showed significant associations between the
amplified regions 4p16, 1022 and 22q11 and a reduction in overall survival. We found addi-
tional associations between losses in regions 12p12, 15g14 and15q22 and decreased overall
survival (Fig 5 and 52 Table). Although individual candidate genes in these regions were diffi-
cult to identify due to the large number of enclosed genes (>>20), we identify some genes that
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have been previously altered in HNSCC (52 Table) and have been included in our discussion
below.

Our integrative clustering approach based on copy number events was also associated with
improved overall survival for cases clustered in the low copy number group (p = 0.01) (Fig 5
and S2 Table).

Discussion

Head and neck carcinomas show common genomic features determined by SNVs and copy
number events in driver genes and cellular pathways associated to the common histology of
squamous cell types. However, there is broader genomic heterogeneity due to the variability in
anatomic subsite location and the interaction of multiple risk factors such as alcohol and
tobacco exposure as well as HPV infection.

Even though we limited our sequencing study to 14 genes, our results showed that most of
the mutations described in these genes are representative of the mutational profile of head and
neck cancer cases (mutations in 94% of cases). Additionally, the mutational frequency in all 14
genes was comparable to the frequencies observed in previous publications from the largest
sequencing projects of Head and Neck cancer cases. [n future studies, inclusion of some addi-
tional genes such as AJUBA, HLA-A/B, NFE21.2, KRAS, FGFR2/3 and TRAF3 could improve
mutation detection and better capture the mutational landscape of HPV positive tumours, as
well as favour the understanding of additional cellular and molecular mechanisms involved in
tumour development such as the oxidative stress pathway.

The predominance of low SCNAs in our cases confirms previous studies that differentiate
subsets of head and neck tumours (described as M-mutational class tumours) characterized
predominantly by mutations rather than chromosomal instability events [8]. A subclass of
these low SCNAs group is enriched with alterations in the PIK3CA-AKT and p53-mediated
apoptosis pathways, in agreement with the number of alterations in TP53, CDKN2A and
PIK3CA we observed in our cases.

Eight percent of all cases were HPV 16 positive and 73% corresponded to oropharyngeal
tumours. The reduced number of oropharyngeal tumours in the study (25%) and the predomi-
nance of older cases, current smokers and drinkers, characteristics preferentially associated to
non-related HPV HNSCC[46], might account for the low number of HPV positive cases. In
addition, half of our study cases were from Brazil and Argentina which could contribute to the
low percentage of HPV positive HNSCC, as it has been previously described in South America
[12, 47]. Despite of the limited number of HPV positive cases in our series, we established that
HPV positive tumours remain a distinct subset characterized by lower somatic copy number
events and differential mutation patterns [36, 48, 49]. Loss of the 11g24.3 region which con-
tains both ATM and APLP2 genes, is a frequent alteration in HPV positive cases[48]. More-
over, the APLP2 gene is related to tumour immunology as it regulates surface expression of the
MHC class [ molecules[50, 51]. These results suggest that alterations related to immunological
responses might differentiate infection related HNSCC tumours. Further characterization
should however, be performed for this group particularly to address the associations between
genomic alterations and smoking and alcohol exposure and a differentiated analysis by histo-
logical subsite.

Our results confirmed that somatic copy number alterations are an important predictor of
overall survival. We have described an improved overall survival for those cases with low
SCNAs. These results are in agreement with recent observations showing the direct association
between low copy number events, intratumour heterogeneity and clonality with genomic
instability and how the joint effect of these factors might influence survival [10, 52-54].
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Recently, Andor and colleagues analysed clonality across 12 cancer types from the TCGA data-
set, including head and neck cancer cases, and showed that intratumour heterogeneity levels
above or below an intermediate measure of clonality were associated with significantly reduced
risk of mortality. Moreover, they used copy number alteration abundance as a surrogate mea-
sure of genomic instability and found that when SCNAs were present either in a low or a high
fraction of the tumours, cases had an improved survival [53]. The high SCNAs group in our
study showed the lowest overall survival and clustered only samples from Brazil, all character-
ized by higher stage and history of both smoking and alcohol exposure. These results give addi-
tional evidence to support the rise in mortality due to this malignancy in this country [55].

The mutational profile described in our series of cases showed a clear association to both
environmental exposures and clinical characteristics including associations with overall sur-
vival. We found that both mutational and focal copy number alterations were correlated with
genetic alterations previously described for smoking related head and neck cancers as well as
for biomarkers of late stage tumours [10, 32]. Alterations exclusively found in cases with his-
tory of both smoking and alcohol consumption included 5¢35.3 amplification and 11p14.3
deletion. This last region is of interest as it encloses the FANCF gene, involved in the Fanconi
anemia pathway and commonly associated to squamous cell carcinoma susceptibility. In addi-
tion, FANCF inactivation has been previously related to chromosomal instability on sporadic
HNSCC [56].

Additionally, focal copy number alterations were found to be significant prognostic mark-
ers: 22q11.2 amplification and deletions in 15g22 and 12p12 regions have been associated to
smoking related tumours and advanced stage. The 22g11 region contains the CRKL gene,
which has been characterized as an oncogene in lung SCC [57] and as a promoter of cell
growth, motility and adhesion during HINSCC tumorigenesis [58]. Decreased survival in cases
with loss of 12p12.1 region, locus of the PIK3C2G gene, showed a HR of 3.0 95% CI [1.2; 7.77].
Advanced stage HNSCC tumours have shown mutations in more than one PI3X pathway mol-
ecule: PIK3CA, PTEN and described alterations in PI3C2G [59, 60]. Moreover, the 15q22
region, locus of the ANXA2 gene, has been previously shown to be associated with poorly dif-
ferentiated tumours in advanced cases. Decreased ANXA expression has not however, been
formerly shown to be an independent prognostic factor for disease-specific survival in
HNSCC [43, 44]. We report for the first time an association between decreased overall survival
and amplification of the region 4p16.3, locus of the FGFR3 gene. High expression levels of
FGFR3 contribute of tumour initiation and early-stage progression in HINSCC[61]. More
importantly, preclinical studies have demonstrated that FGFR inhibition reduced cell prolifer-
ation and increased cell apoptosis in head and neck cancer in vitro and in vivo[62], highlight-
ing the potential prognostic and therapeutic role of FGFR3 in HNSCC.

Most studies on HNSCC have documented a decreased overall survival associated to TP53
mutations[6, 37, 63]. Qur study, however, did not find any association between the mutational
status of the 14 genes sequenced and overall survival. A specific analysis based on TP53 muta-
tion type (disruptive vrs nondisruptive or EAP53 score of missense mutations) showed no
association to overall survival, either. In agreement to our results, Kim and colleagues, found
that patients diagnosed with oral squamous cell carcinoma of the gingivo-buccal region
(GBSCC) from the Indian Team project of the International Cancer Genome Consortium
(ICGC), did not showed an association between TP53 mutation status and overall survival
[64]. Similar to the epidemiological and clinical characteristics of our study cases, GBSCC
patients from the ICGC study were most exposed to tobacco and/or alcohol, presented
advanced stage (111/IV) and half of the cases had confirmed nodal metastasis [33].

One of the main limitations of our study is the reduced number of HINSCC cases with early
stage tumours. [t would be important to further characterize the genomic alterations in carly
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stages of head and neck cancer cases in order to identify biomarkers for early detection and
prognostic stratification especially for the high-risk groups in regions of increase incidence. In
addition, our survival analysis was limited due to the lack of complete treatment information
for most cases. Treatment regimens have an important association with Head and Neck cancer
overall survival and should be included in future analysis specially those involving multicentre
studies[65].

In summary, we have identified HINSCC cases with low SCNAs that differentiate as a subset
of head and neck cancers driven predominantly by gene mutations and focal alterations rather
than chromosomal instability events and are characterized by an improved overall survival.
The mutational landscape described in our series of cases showed a clear assodiation to both
environmental exposures (alcohol and smoking consumption and HPV infection) and clinical
characteristics. Further studies integrating genomic, clinical and epidemiological data, espe-
cially in high-risk populations, are necessary to better identify high-risk stratification and char-
acterize prognosis of head and neck cancer cases.

Supporting information

§1 Fig. Mutation calling validation. (A) Venn diagram of number of TP53 mutations
detected in the Gencapo Series. Example: TP53Asn239Asp mutation previously detected by
Sanger sequencing (B) Plots of mutational calling showing an example of independent libraries
sequenced from the same case.

(PDF)

$2 Fig. (A) Mutually exclusive alterations between the 14 genes sequenced (Significance p-
value of mutual exclusivity derived from the Z-score) (B) Co-occurrence of alterations (Signifi-
cance p-value of co-occurrence derived from the Z-Score). Z score based on deviation of the
observed mutations compared to expected, obtained by permuting events.

(PDE)

$3 Fig. Diagrams of mutation distribution in genes with frequent SNVs. Mutation colours
represent: Green: Missense Mutations; red: Truncating Mutations (Nonsense, Nonstop,
Frameshift deletion, Frameshift insertion, Splice site), black: Inframe Mutations (Inframe dele-
tion, Inframe insertion). Circles colored with purple indicate residues that are affected by dif-
ferent mutation types at the same proportion.

(PDE)

$4 Fig. Mutational Profile and copy number losses in HPV positive cases. (A) Mutational
frequencies of the 14 genes sequenced in 15 HPVI16ES6 positive cases. (B) Comparison of Sig-
nificant Focal copy number losses between HPV positive and HPV negative cases. (") Regions
significantly associated with overall survival.

(PDF)

$1 Table. GISTIC list of focal copy number amplifications and deletions. In red regions sig-
nificantly associated with overall survival and head and neck cancer related genes.

(XLSX)

$2 Table. Survival analysis of main demographic, clinical and genomic variables.

(XLSX)

S3 Table. List of filtered and annotated somatic mutations (SNVS).

(XLSX)
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Objectives: To identify potential molecular drivers associated with prognosis and response to treatment in ad-
vanced oropharyngeal squamous cell carcinomas (OPSCC).

Materials and methods: Thirty-three OPSCC biopsies from untreated Brazilian patients were evaluated for human
papilloma virus genotyping, genome wide copy number alterations and gene expression profiling. Data were
integrated using CONEXIC algorithm. Validation with TCGA dataset and confirmation by RT-qPCR of candidate
genes were performed.

Results: High-risk HPV positive cases, detected in 55% of advanced OPSCC, were associated with better out-
come. Losses of 8p11.23-p11.22, 14q11.1-q11.2 and 15q11.2, and gains of 11q13.2 and 11q13.2-q13.3 were
detected as recurrent alterations. Gains of 3q26.31 and 11q13.2 and losses of 9p21.3 were exclusively detected
in HPV-negative tumors. Two clusters of expression profiles were observed, being one composed mostly by HPV
positive cases (83%). HPV-positive enriched cluster showed predominantly immune response-related pathways.
Integrative analysis identified 10 modulators mapped in 11q13, which were frequently cancer-related. These 10
genes showed copy number gains, overexpression and an association with worse survival, further validated by
TCGA database analyses. Overexpression of four genes (ORAOV1, CPT1A, SHANK2 and PPFIA1) evaluated by
RT-gPCR confirmed their association with poor survival. Multivariate analysis showed that PPFIAI over-
expression and HPV status are independent prognostic markers. Moreover, SHANK2 overexpression was sig-
nificantly associated with incomplete response to treatment.

Conclusion: The integrative genomic and transcriptomic data revealed potential driver genes mapped in 11q13
associated with worse prognosis and response to treatment, giving fundamentals for the identification of novel
therapeutic targets in OPSCC.

Introduction decreased incidence of head and neck squamous cell carcinomas
(HNSCQC) in oral cavity and larynx as a consequence of lower exposure
In the last decades, several epidemiological studies have revealed to the tobacco products. Nevertheless, an increasing incidence of
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pharyngeal sq cell (OPSCC) mainly associated
with oncogenic human papillomavirus (HPV) has been reported [1-6).

In general, HPV-positive OPSCC is associated with good prognosis,
presenting better survival in comparison with HPV-negative cases
[7-11). De-escalation of radiation and chemotherapy for HPV-positive
cases has been proposed and tested in different clinical trials aiming w

108

Oral Onecology 83 (2018) 81-90
rollowedbyCI'RT(n 24). Patients were d with a bination
of docetaxel, cisplatin and 5-f il (TPF) as IC followed by
radiotherapy and weeldy carboplatin or cisplatin concurrent to radio-
therapy. Cetuximab was employed in eight cases as concurrent therapy
to radiation (one case received IC before). Six patients were treated by
surgery followed by adjuvant therapy (RT or RT+CT); one patient

avoid overtreatment and long-term toxicities [8,12,13). H , ac-
curate identification of cases with good prognosis and treatment-re-
spoasive tumors are eritical findings, since distant metastasis may occur
in a set of HPV-positive OPSCC [8,14). In ¢ few ady have

d d surgery and one patient lost the follow-up before completing
the treatment (supplementary Table S1). Six patients were treated only
by surgery followed by adjuvant therapy (RT and or CT), one patient

been made for treatment of HPV-negative OPSCC patients and a large
number of them will present loco-regional recurrence [9).
The molecular mechanisms undulymg ompharyugea.l mfclmgen

esis have been investigated and p rikers were rep
however the data are still uncleat and controversial [15-19). The in-
ion of g ic and i lysis can be used to identify

cancer-driver genes and dlsmpwd pathways, which can be drug tar-
getable [20). This strategy has revealed functionally relevant drivers
involved in the carcinogenic process in different tumor types, including
oral carcinoma [21), ovarian cancer [22), penile carcinoma [23.24),
u!erlne lelomyom [25] and Ielomyosaxmma [26).

jon of g and epigi ic data of 279
HNSCC. indudlns oral (n = 172, 6296). ompbarynseal (n = 33, 12%)
and laryngeal (n = 72, 26%) carcinomas was reported by The Cancer
Genome Atlas (TCGA) [27). Distinet genetic alterations were observed
between HPV-positive HNSCCs (68% in oropharynx) and HPV-negative
cases. Recurrent deletions and truncating mutations of TRAF3 found in
HPV-positive tumors were associated with anti-viral immune response.
Coaversely, HPV-negative HNSCCs presented loss of 9p21.3 (including
CDKN2A gene) and co-amplifications of 11913 and 11922, which
contain genes implicated in cell death/NF-XB and Hippo pathways [27].
A distinet genetic subgroup of HPV-negative tumors is also being re-
ported, characterized by low frequency of copy ber alterations
(CNA), wild-type TP53, mutation in HRAS and CASP8 and more fa-
vorable prognosis [13].

Nevertheless, prognostic and predictive bi in
OPSCC are still limited and need to be further investigated. In this
study, we integrated DNA CNA and gene expression analyses to identify
drivers in advanced OPSCC according to HPV status. In silico functional
analysis was performed to identify genes and pathways associated with
oropharyngeal carcinogenesis, which can reveal potential drug targets.

1 Ax 1

Patients and methods
Patients and samples

Fresh-frozen tumor blopsy samples from 40 OPSCC patients naive of
were ined from A.C. Camargo Cancer Center and

B Cancer Hospital, Brazil. Eligibility criteria included patients
harboring locally advanced clinical stages 111, IVA and IVB ding to

d sooa after surgery and one patient lost the follow-up before
treatment begins.

Nucleic acids extroction and HPV genotyping

0PSOC samples (80% of wmor cells) and surrounding normal tis-
sues were macrodissected for DNA (Qiagen DNeasy Blood & Tissue Kit
Qiagen, Valencia, CA) and total RNA extraction (RNeasy MiniKit
Qiagen, Valencia, CA). The Linear Array HPV Genotyping Test Kit
(Roche Molecular Systems, Inc., Branchburg, NJ, USA) was used for
HPV detection.

CNA analysis by array-based Comparative genomic Hybridization
"DNA(r ) )

OPSCC (n = 33) and 1 2
were differentially labeled (G DNA Enzy stellnslﬂ!.
Agilent Technologies) and the hybridized on Agilent Human CGH 180K
Oligo Microarrays. Genomic data were extracted by Feature Extraction
10.1.1.1 software (Agilent Technologies) and analyzed using the Nexus
Copy Number software (v.6.0, Biodiscovery, El Segundo, CA, USA).
CNA was defined as exceeding the significance threshold of 1 x 10°°
and containing at least five coansecutive altered probes per segment. The
thresholds were defined as the age log: CGH fluorescence ratio for
copy gains = 0.6, high copy number gains = 1.4, losses < —0.6 and
homozygous losses = —1.25. Genomic variants detected in coatrol in-
dividuals from Idwide populations and classified as common
(> 1%) according to DGV database (huep://dgv.teag.ca/dgv/app/
home) were luded. Al ' d d in at Jeast 20% of the
cases were selected for further analysis. The unsupervised hierarchical

clustering analysis was perf d using plete linkage and Euclidian
distance.
Gene expression microarray

Total RNA from OPSCC (n = 33) and surrounding non-neoplastic
oropharyngeal tissues (n = 3) were labeled and hybridized using the
Two-Color Human GE 4x44K microarray platform  (Agilent
Technologies), following the manufacturer instructions. Data proces-
sing, quality control filtering and normalization (Lowess) were per-
formed using the Feature [-‘.nrm!on v.10.1.1.1 softwa:e (Agilent

Technologies) and an in-house pi Gene lysis was

AJCC (7™ Edition). The follow-up time ranged from 0.5 to 190 moaths
(mean of 53 months). The study was approved by the Human Research
Ethics Committee from both Institutions (A.C. Camargo Cancer Center
#1245/09 and B Cancer Hospital #139/2008). All patients
provided written informed consent. Patients underwent curative
therapy according to standard clinical protocol taking into the

perl’omed using R version 2.15 (hup SIWWW. bioconduclox org/) and
BRB ArrayTools software (v.4.4.0). An unsupervised hierarchical clus-
tering analysis was employed with the most variable probes (inter-
quartile range > 0.1) using complete linkage and Euclidian distance.
Transcriptomic variations among clusters were identified by sig-
nificance analysis of y (SAM) (false discovery ratio < 1%).

medical decisions for each patient, which included induction che-
motherapy (IC) followed by radiotherapy with concurrent che-
motherapy (CT-RT), and upfroat surgical « followed by radio-
therapy with or without chemotherapy. Pretreatment risk stratification
was defined as low, intermediate and high, based on HPV status,
smoking history and wumor/node stage (7).

Tre and r

e

The majority of patients included in this study were treated by IC

62

The CNA and i i ray data are available at the Gene

.

Expression Omnibus (GEO) (GSE111395).

Integrative analysis

Paired CNA and gene expression data of 33 OPSCC was integrated
using COpy Number and EXpression In Cancer (CONEXIC) algorithm to
identify drivers, which results in a ranked list with high scores mod-
ulators [28). In this analysis, unbalanced expressed genes are correlated
with the expression of group of genes (modules), and g ic regi
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with significant alterations indicate a greater possibility of the gene has
some adaptive advantage on the wmor Parameters used in
this analysis were described elsewhere [25]. Mann-Whitney t&
(Prismv.5.0, GraphPad Software, La Jolla, CA) was applied w0
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Table 1
Patient cistribution ding 10 the d hi
11413 amplification status.

and clinical variables and

3

the relationship b gene exp and CNA.

Externel data validation end in silico functional analysis of driver
candidates

Driver candidates were validated in 78 OPSCC available in the
TCGA public database (SNP arrays and RNAseq), using cBio Cancer
Genomics Portal (hup://www.cbioportal.org/public-portal/index.do)
assessed in February 2018). Ingenuity® Pathway Analysis (IPA v2.3;
huep://www.ingenuity.com) and KOBAS (v.3.0; http://kobas.cbi.pku.
edu.cn/) software was additionally used to highlight enriched canonical
pathways modulations.

Date validation by reverse transcription quentitative polymerese chain
reaction (RT-GPCR)

Thirty OPSCC (23 array-dependent and 7 independent samples) and
four non- oropl tissues were assessed to evaluate the
ORAOV1, CPT1A, PPFIA] and SHANK2 transcript levels by RT-gPCR
(primer sequences are showed in supplementary Table S2). HMBS and
HPRT1 were selected as reference genes using geNorm algorithm
(tested in combination with ACTB, GAPDH and GUSB) [29]. Robotic
pipetting was carried out using QIAgility (QIAGEN) in a total volume of
12.5 ul coataining Power SYBR Green PCR Master Mix (Applied Bio-
systems), 20 ng of cDNA and 200 nM of each primer. All samples were
lyzed in dupli N lized relative gene expression was ob-

3

tained amotd.lng to Pffafl method (30).

Seatistical anelysis
Fisher exact test was used to associate the clustering analysis and
copy ber alterations with clinicopathological f Transerd

kuhmwﬂmwdamrdnsmmandmponxmmmpyuﬂng
Mann-Whitney test. High expression levels were defined as at least two-
fold in wmor tissues compared to normal tissues. Overall and disease-
free survival probabilities were calculated using Kaplan-Meyer method
and statistically compared with log rank. Multivariate analysis was
pplied using Cox proporti ‘ham&lncludingallvmablswnhp
value < 0.1 in the i i
daraummc(noc)mewasappuedmvaﬁytbepmdkuvevahno(
the variables in relation to respoase to treatment, defined by the Area
Under the ROC Curve (AUC). Statistical analysis was performed with
GraphPad Prismv5.0 (GraphPad Software Inc., La Jolla, CA) and SPSS
v.21.0 (SPSS; Chicago, IL).

Results

HPV infection status and prognosi:

Clinical and pathological features of the Brazilian patients included
in this study are presented on Table 1. Fifty-eight percent (23/40 cases)
of the advanced OPSCC were HPV-positive, being HPV16 the most
prevalent subtype (19 cases; 1 HPV16/18; 1 HPV16/33; 1 HPV18and 1
HPV33) (supplementary Table S1). Tonsil was the most common af-
fected site by HPV (57%) (Table 1). Longer overall survival was ob-
served for HPV-positive compared to HPV-negative cases (p = 0.008,
supplementary Fig. S1A). Risk stratification based on HPV status,
smoking history and tumor/node stage (7] was performed. High-risk
patients (n = 15) showed shorter survival compared with low (a = 15)
and intermediate-risk patients (n = 10) (p = 0.013, supplementary Fig.
S1B).

Ch istics Number of patients  11q13 amplification’  p valve
(56), N « 40 (%), N=33
Gender
Female 2(5) o2 (0) 0342
Male 38 (95) 11731 (35.5)
Age
Median (Interguartle 555 (47.8-62.3)
range)
< 60 years 26 (65) 6/20 (30) 0714
=60 years 14 (35) 5/13 (38.5)
Anatomic site
Base of the tongue 16 (40} 4/14 (286) 1.000
Soft palate 1(25)
Toesgl 23 (37.5) 6/19 (31.8)
HPV infection status
Negative 17 (425) 7/15 (467) o163
HPVI6 19 (47.5) 418 (222)
Other HPV (18/33) 2(5)
Co-infection (HPV16 2(5)
and HPFV18/33)
Tobdacco consumption
S (225) 1/8 (125) 0218
Yes 31 (77.5) 1025 (40)
Akbhl <ﬂmm‘
No 14 (35) 11010} o109
Yes 26 (65) 10723 (&35)
Clinical T stage
n 1(25) 7/23 (30.4) 0.656
T2 7017.5)
T 21 (325)
T4 1 @5 4710 (20}
Clinical N stage
NO 11 (27.5) 29 (222) 0.681
NI S0zs) 9724 (37.5)
N2 18 (45)
NI 6 (15}
Stratification risk”
Low 15 (37.5) 4720 (20} 0065
Intermediaze 10 (25)
High 15 (37.5) T3 (538)
Treatment response (RXT +CT)
Stable disense/ 3097 5/9 (556) 0.097
progression
Partial 7 (226)
Complete 21 677 419 (21.0)
Not available” 9 5
Clinical cutcome
Froe of disease 25 (62.5) 819 (421} 0.27%
Local recurrence 11 (27.5) 3/14 (21.4)
Destant Metastass 400
Death
No 26 (65) /20 (25) 0270
Yes 14 (35) 6/13 (462)
* Risk stratification mniinz to Ang et al. (7).
"lme 2 not ittec to ciotherapy and ch therapy
(CT-RT).

Amplification in 2t Jeast one gene located in 11q13; p value: Fisher exact
test.

Gi ic and transcrip analyses in OPSCCs
Fig. 1 summarizes the g ic and iptomi lysis ap-
proaches and the main results. R CNAs included losses of
Bp11.23-p11.22, 14g11.1-q11.2, 13q11.2 and gains of 11q13.2 and
11q13.2-q13.3. After the comparison of all significant CNA (p < 0.03)
with DGV database, only gains of 11g13.2 and 11q13.2-q13.3 were
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HPV genotyping CGH Array
(n=40) (n=33)
HPV (HIGH RISK):  TUMOR SUBTYPES: TUMOR SUBTYPES:
58% > betier overall cluster carichod by clustcr enrichod by
survival HPV+ tumors HPV+ tamors
DRIV - Int i In sili PATHWAYS:
gencsin 11913 T | amalysis (n+33) analysis m""",,,._d
NETWORKS: In silico
Cancer related analysis
CONDY/ CPTIA:
susceptible for drug r
Fig. 1. Flowchart ill ing the meth gies and major findings of the study.

classified as new alterations. Genes and ORFs mapped in these regions
are shown in supplementary Table S3.

CNA profiles revealed two clusters of samples, being the cluster 1
enriched by HPV-positive cases (cluster 1: 67% and cluster 2: 28%,
p = 0.038), low/intermediate risk stratification (cluster 1: 77% and
cluster 2: 25%, p = 0.005), complete ch diation response (cluster
1: 89% and cluster 2: 26%, p = 0.004) and lower mortality (cluster 1:
27% and cluster 2: 829%, p = 0.008) (Fig. 2A). CNA analysis according
to HPV status revealed gains of 3g26.31 and 11913.2 and losses of 9p21
exclusively detected in HPV-negative cases (p < 0.05, supplementary
Table §4).

The gene exp lysis also d d a cluster of samples
enriched by HPV-positive cases (cluster 1: 87% and cluster 2= 44%,
p = 0.027). A trend of low/intermediate risk enrichment (cluster 1:
85% and cluster 2: 50%, p = 0.067) was also observed in the cluster 1,
which presented a partial overlapping with CNA cluster 1 (Fig. 2B). The
comparison between these two gene expression clusters revealed 423
differentially expressed transcripts (supplementary Table S5). The
pathways identified in HPV-enriched cluster were related to immune

and their association with cell cycle, cancer, organismal injury and

by lities (suppl y Fig. S2). In addition, interactions with
recognized cancer-related molecules (calmodulin and p21) were ob-
served, being CCND1 and CPT1A susceptible for drug inhibition (ar-
senic trioxide and perhexiline, ively) (drugbank: hups://www.
drugbank.ca/. Accession in February 2018).

Validation of candidate driver genes

The putative drivers were further tested using the TOGA database of
OPSCC, confirming the § d gene expression levels and genomic
copy number gains of 10 genes (supplementary Fig. S3A). Similarly to
our data, these genomic alterations were also associated with shorter

1l survival (suppl y Fig. S3B).

In 30 OPSCC samples with available tssues for RNA extraction RT-
QPCR confirmed a significant association of genomic gains in 11q13 and
overexpression of ORAOVI, CPTIA, PPFIAI and SHANKZ genes
(Fig. 4A). High expression levels of these genes were associated with

D including interf 8 (IFNG) and progr d cell
death-1 (PD-1) signaling (supplementary Table S6) (IPA and KOBAS
v3.0). The main molecule predicted as activated by IPA g reg-

h survival (Fig. 4B). The multivariate analysis revealed PPFIA1
expression and HPV status as independent prognostic markers in ad-

ulator analysis was IFNG (supplementary Table $7), which was detected
as overexpressed in HPV-enriched cluster.

Integrated genomic and gene expression data

The integrative analysis using CONEXIC revealed 16 putative
modulators mapped at 11q13 (ANOI, CCNDI1, CPT1A, FADD, FGF3,
FGF4, FGF19, IGHMBPZ, MRGPRD, MRGPRF, MRPL21, ORAOVI,
PPFIA], PPPER3, SHANKZ and TPCN2). Ten of 16 modulators showed
statistically significant association between copy number gains and
higher expression levels (Fig. 3A). [ ingly, copy gains of
these genes were associated with shorter overall survival (Fig. 3B). In
silico analysis showed interactions between these 10 driver candidates

d OPSCC (Table 2).

Among the four potential markers identified, significant decreased
expression level of SHANKZ was detected as predictive marker of
complete response (Fig. 4C) and pl P without 3
in at least five years (Fig. 4D) after concurrent radiotherapy and che-
motherapy (p = 0.010 and p = 0.012, respectively). Compared to risk
stratification (low, intermediate or high) or HPV status (negative or
positive), SHANK2 relative expressi d a higher perf
in predicting ¢ CT-RT pl D (AUC = 0.733,
AUC = 0.646, AUC = 0.833; respectively) (Fig. 4C) and complete re-

D without (AUC = 0.659, AUC = 0.606, AUC = 0.811;
respectively) (Fig. 4D).
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A Cluster 1 Cluster 2
Genomic [
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B

Transcriptomic
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Recurremce

Death

Yes

CT+RT untreated

Fig. 2. Unsupervised hierarchical clustering analysis of (A) array-CGH and (B) global gene expression data according to the clinical features. CT: chemotherapy; RT:

radiotherapy; *Risk stratification (Ang et al. (7)), “Patients submitted to induction chemotherapy followed by concurrent platis

caly concurrent platinum/cetuximab and radiotherapy.
Discussion

This study was designed to reveal potential drivers in locally ad-
vanced OPSCC, aiming to identify new therapeutic targets and bio-
markers. About half of OPSCC cases were positive for high-risk HPV,
which was associated with improved survival, corroborating previous
reports [7,8,10,11,31,32). Among the HPV positive cases, 5% (22/23)
were HPV16/18, similar to recent findings described in HNSCC [33).
Moreover, worse prognosis was observed for high-risk patieats (ac-
cording to HPV, TNM and smoking), supporting the hypothesis that the
clinical course of HPV-positive tumors is modified by tobaceo usage [7].
Curiously, the distribution of HPV infection was uneven between the
patient recruitment centers. Tumors collected from Szo Paulo (the
largest metropolis in Brazil) presented 77% (23/30) of positivity com-
pared to 0% (0/10) in the Barretos cohort (an inland city in Brazil

etuximab and radiotherapy or

southeast). The Brazilian OPSCC patients were recently characterized as
having 4% of HPV positivity compared to 59% and 31% in USA and
Euroge, respectively [34). However, the predominance of HPV in Bra-
zilian patients can drastically differ due to geographic heterogeneity of
our population, which can vary socioeconomically, in alcohol-tobacco
consumption and in sexual behavior.

Significant recurrent gains of 11q and two clusters based oa CNA
similarities were observed, being the cluster 1 enriched by HPV-positive
tumors. Particularly, gains of 11q13.2 (LRPS, PPP6R3 and SAPS3 genes)
were exclusively detected in HPV-negative samples. Amplification of
11q13 is commonly reported in different tumors, including HNSOC
(20,27,35-38), particularly in HPV-negative tumors [39,40] and
OPSCC [15]. Mutually exclusive amplifications of 11q13 (CCNDI and
FADD) and 11q22 (BIRCZ and YAPI) were detected in HPV-negative
HNSCC [27). These data emphasizes that distinet molecular alterations
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Fig. 3. A. Association of DNA copy number gains with expression levels of ten genes identified as driver candidates in OPSCC. B, Overall survival analysis according
to DNA copy number gains in 10 candidate driver genes. p < 0.05; 'p < 0.01; "

Meyer method with log rank test,

drive the oropharynx carcinogenesis according to the HPV status.
Large-scale gene expression analysis also showed distinet clusters
according o HPV status. Hw-enﬂchedd\umpramxedpte-
dominantly i d genes, mainly involving negative
regulators of T-cell lmm\me function, as cytotoxic T-lymphocyte-asso-
ciated antigen 4 (CTLA-4) and programmed death 1 (PD-1) and its li-
gand PD-L1 § checkpoints pathway bers. The PD-1/PD-11
and CTLA-4, have shown promising clinical success as a cancer im-
munotherapy target [41). Nonetheless, many factors influence in the
response to immunotherapies, as the degree of wmor lymphocyte in-

“p < 0.001 (Mann- Whitney test); Overall survival analysis performed by Kaplan

of IFNG in tumors HPV + /PD-L1 +, suggesting that IFN-
v might induce PD-L1 in tumor cells. In our study, IFN-y was highly
overexpressed in the HPV-positive enriched cluster and was predicted
by IPA as the one of the main upstream regulator. Tumor infiltrating
lymphocytes overexpressing PD-1 presented better clinical outcome,
mostly in head and neck tumors HPV-positives [43]. Furthermore,
CD8 + wumor infiltrating lymphocytes showing high expression levels of
PD-1 werelomdmou&equaulylnm’vmvenmmmmm
p d IFNG tion. These pati presented worse prognosis.
G ely, HPV-positive tumors presanung low PD-1 expression in T

" "

fil and the check proteins levels [13]. A previous study
showed that 70% of HPV-positive HNSCCs preems PD-Ll positive
immunostaining [42). The authors d levels

L L

cells were associated with better response to immunotherapy (ant-PD-
1) and outcome [43). In melanoma, the immunostaining positivity for
MHC (Major Histocompatibility Complex) class II molecules was
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L s

jated with therapeutic resp and better clinical outcome in 0PSCC outcomes.
anti-PD-1-treated patients [44). In our study, overexpression of MHC Further analysis using RT-QPCR confirmed an association among
class II genes was detected in HPV-related cluster (supplementary Table ORAOVI, CPT1A, PPFIAT and SHANK2 overexpression and shorter
$4). Overall, our findings give additional evidence that PD-1/PD-L1 s a survival. A meta-analysis comprising 15 publically available microarray
target for new therapeutic strategies in OPSCC, particularly in HPV- gene expression data assessing 140 normal and 277 HNSCC samples
positive cases. revealed a list of 181 differentially expressed genes. ANOT and FADD

Correlation between CNAs mapped in 11g13.2-11913.3 and corre- (both mapped in 11g13) were overexpressed in at least 30% of the
spoading genes expression levels was previously described in HNSCC TCGA samples (528 HNSOC), and associated with higher risk of re-
[21]. In our study, 10 cancer-related genes (ANOI, CCNDI, CPTIA, currence and death [46). Gains of 11q13.2, including CPTIA, were also
FADD, IGHMBP2, MRPL21, ORAOVI, PPFIA]1, SHANK2 and TPCN2) associated with worse survival in patients with esophageal carcinoma
mapped in 11q13 showed copy number gains and overexpression. [47). CPT1A (Carnitine pelmitoyl transferase 1A) gene encodes a rate-
These findings were further validated using the TCGA, suggesting that limiting enzyme for fatty acid transport inside the mitochondria for -
other genes besides CCND1 may confer an advantage to OPSCC cells oxidation. Fatty acid oxidation is ial for ATP production in me-
[45]. Moreover, gains involving these genes were associated with worse tabolic stress conditions and particularly in cancer [48]. Enzymes in-
survival in our study and in TOGA, thus supporting their relevance in volved in fatty acid oxidation, such as CPT1, are promising targets for
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Table 2
Univariate and multivariate analysis of OPSCC overall survival,
Ui analysis Multivariate analysis
HR (Clen) p value HR (Clin) p value

HPV infection

No 1 1

Yes 0.3 (0.1-1) 0.056 0.1 (0.02-0.56) 0001
Asg's risk stratification

Low/iotermeciate 1

High 3.7 (1-145) 0.056 - -
CPTIA expression

Nomal mnge 1

QOverexpression 6(1.7-21.9) 0,006 - -
ORAGY! expression

Nomal mnge 1

Overexpression 183 (4.1-809) <0001 - -
FPPFIAT expressicn

Normal range 1 1

Overexpression 11.9(3.2-44.2) < 0.001 309 (53-179.6) <0001
SHANK2 expression

Normal range 1

Overexpression 7.6 (2-28.1) 0.003 - -

HR: hazard ratio; Class: confidence interval of 95%. p value: Cox proportional-
hazards regression.

cancer therapy (48] and might be considered as a potential target in
OPSCC. Interestingly, CPT1 enzyme can be pharmacologically inhibited
by perhexiline [49].

Although increased expression levels of ORAOVI (oral cancer over-
expressed 1) have been reported in several tumors [50-52], its biolo-
gical function is not completely characterized. In oral carcinomas, re-
duced ORAOVI expression was iated with delayed cell growth in
vllmand&nhlbﬁdmoflumgmmhandaxxsioguux!smm[:ll A
protective resp o ygen species was related 1o ORAOV?

i f of many cancers [53), including
I{NSCC (54). Dsplu the small sample size and number of events (10
pauems died during a 5-year l’ollow-np). PPFIAI ovetexpresslon was
ified as an ind » A I A of the
mmmand/ormbeccomumpuon) PPFIA] wasmponadasthe
highest up-regulated gene associated with copy number gains of 11q13
in HNSCC cell lines [55). In breast cancer cells, the silencing of PPFIAL
promotes inhibition of migration and invasion [56]. Overall, our data
suggest that PPFIA] acts as an oncogene in OPSCC, although its fune-
tion in these tumors requires further studies.

SHANK2 overexpression was associated with incomplete response to
therapy, being able to distinguish treatment-unrespoasive from re-
spoasive tumors more efficiently than HPV status. SHANK2 is a member
of scaffold protein family involved in exci ynapses in the 1
Nervous sy In oral i mampllﬁcmlon and over-
expression of SHANK2 and CTTN was reported, suggesting a co-
operative role of these proteins on tumor cell motility and invasiveness
[57). Amplification and overexpression of SHANK2 was also associated
with poor prognosis in esophageal squamous cell carcinoma [58]. In
oral carcinomas, SHANKZ was described as one of seven prognostic
markers evaluated by DNA methylation [59). These finding suggest that
CNA and/or epigenetic mechanisms may result in sumxz increased
expression and consequent HNSCC aggressi To our led,
the association between gens mapped in 11q13 and chemoradiation

D was not previously reported. The role of these genes in or-
opharyngeal carcinogenesis, particularly in tumor aggressiveness and
their ability to predict therapy respoase, should be further investigated.

Considering that only locally advanced OPSCC biopsies obtained
from patients subsequently treated with specific therapeutic strategies
were included in our study, the major limitation was the small sample
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size (n = 40). Nonetheless, with the addition of an independent sample
set (n = 78) from TCGA (not treatment-standardized), we were able to
confirm the p ial clinical rel of genes mapped in 11g13.
In coaclusion, we described a higher frequency of HPV infection
than previous Brazilian OPSCC reports, which varied greatly according
to the geographic regioa and tob leohol consumption. HPV-posi-
tive tumors showed an immune resp lated gene sig:
can have an impact on immunotherapy response prediction leading to a
more precise treatment indication. In addition to CCNDI previously
described, novel driver genes including ORAOV1, CPTIA, PPFIA] and
SHANK2 genes mapped in 11g13 presented a role in the prognosis and
chemoradiation response prediction, regardless of the HPV status.
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women with and without cervical lesions:
correlation to cytological data
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Abstract

Background: Human Papillomavirus (HPV) genotype distribution varies according to the method of assessment
and population groups. This study analyzed type-specific HPV infections among women ranging from 14-95 years
old, displaying normal and abnormal cytology, from Sdo Paulo and Barretos cities, Brazil.

Methods: Women found positive for High Risk-HPVs DNA by either the Hybrid Capture 2 (HC2) or Cobas HPV Test
(n=431) plus a random sample of 223 negative by both assays and 11 samples with indeterminate results,
totalizing 665 samples, were submitted to HPV detection by the PapilloCheck test. Cytological distribution included
499 women with a cytological result of Negative for Intraepithelial Lesion or Malignancy and 166 with some
abnormality as follows: 54 Atypical Squamous Cells of Undetermined Significance; 66 Low-Grade Squamous
Intraepithelial Lesion; 43 High-Grade Squamous Intraepithelial Lesion and 3 (0.5 %) Invasive Cervical Cancer.

Results: From the 323 samples (48.6 %) that had detectable HPV-DNA by the PapilloCheck assay, 31 were HPV
negative by the cobas HPV and HC2 assays. Out of these 31 samples, 14 were associated with HR-HPVs types while
the remaining 17 harbored exclusively low-risk HPVs. In contrast, 49 samples positive by cobas HPV and HC 2
methods tested negative by the PapilloCheck assay (19.8 %). Overall, the most frequent HR-HPV type was HPV 16
(23.2 %), followed by 56 (21.0 %), 52 (8.7 %) and 31 (7.7 %) and the most frequent LR-HPV type was HPV 42 (12.1 %)

1 and 17.7 % of the patients respectively while in HSIL and ICC cases, HPV 16 was the predominant type, detected
in 37.2 and 66.7 % of these samples.

Conclusions: In the population studied, HPV 16 and 56 were the most frequently detected HR-HPV types. HPV 56
was found mainly in LSIL and NILM suggesting a low oncogenic potential. HPV 16 continues to be the most
prevalent type in high-grade lesions whereas HPV 18 was found in a low frequency both in NILM and abnormal
smears. Surveillance of HPV infections by molecular methods is an important tool for the development and
improvement of prevention strategies.

Keywords: Cervical Cancer, Cytology, HPV, HPV types, PapilloCheck

followed by 6 (6.2 %). Among the HR-HPV types, HPV 56 and 16 were the most frequent types in NILM, found in 19.
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Abstract. The present study aimed to ascertain the signifi-
cance of topoisomerase II o (TOP2A) and minichromosome
maintenance protein (MCM) 2 expression in anal carcinoma.
A total of 75 anal lesions were retrieved from the files of
the Department of Pathology of Barretos Cancer Hospital
(Barretos, Brazil) in order to verify the human papillo-
mavirus (HPV) statuses of these lesions and characterize
the immunohistochemical expression levels of TOP2A and
MCM?2 in anal carcinoma, as these are important markers
for cervical HPV-induced lesions; their expression was also
compared with respect to pl6 and Ki-67. The vast majority
of the cases tested positive for HPV16 (84%); 1 case tested
positive for both HPV16 and HPV18. Positive HPV16 status
was more frequent in early stages than in advanced stages
(P=0.008). Positive immunohistochemical reactivity for
MCM2 and TOP2A protein was observed in 71.6 and 100%
of cases, respectively. Positive reactivity for pl6 was signifi-
cantly associated (P=0.001) with histological grade, and
was more commonly expressed in squamous cell carcinoma
than adenocarcinomas. HPV16 was strongly associated with
positive pl6 protein expression (76.6%). However, the high
expression of Ki-67 combined with the high expression of p16

Correspondence to: Dr Adhemar Longatto-Filho, Laboratory of
Medical Investigation 14, Faculty of Medicine, University of Sdo
Paulo, 455 Dr. Arnaldo Avenue, Sao Paulo, SP 01246-903, Brazil
E-mail: longattol6@hotmail.com

Key words: anal carcinoma, pl6, Ki-67, minichromosome
maintenance protein 2, topoisomerase II a, human papillomavirus

was predominantly observed in Stage III-IV cases. MCM2,
TOP2A, pl16 and Ki-67 exhibited intense positive staining in
the anal lesions, indicating that these markers were signifi-
cantly and constantly expressed in anal carcinoma.

Introduction

Human papillomavirus (HPV) is thought to be the carcino-
genic agent responsible for all cases of cervical cancer, and
for carcinomas of other anatomical sites, including anal carci-
nomas. Currently, >85% of anal carcinomas are thought to be
associated with oncogenic HPV, and, among all high-risk HPV
types, type 16 is recognized as the most common, with preva-
lence rates estimated at ~70% of all cases (1). In contrast to
cervical carcinoma, the incidence of anal carcinoma is gradu-
ally increasing, accounting for ~2.2% of all gastrointestinal
tract malignancies in the United States, with 6,230 cases newly
diagnosed each year (2). Similar data have been also docu-
mented in other countries, such as Denmark (3). Populations
at increased risk include women with cervical HPV-related
neoplasia, immunosuppressed transplant patients and human
immunodeficiency virus (HIV)-positive individuals. Risk
factors for anal carcinoma acquisition also comprise history
of smoking, history of condylomata (due to HPV exposition),
and history of anal intercourse, indicating HPV infection in
the anal canal (4). Notably, anal carcinoma is most frequent
in men who have sex with men (MSM), who are ~20 times
more likely than heterosexual men to develop the disease.
Furthermore, MSM with HIV are at increased risk for anal
cancer development (5). The estimated rate of anal carcinoma
among HIV-positive persons is 174/100,000, as compared to
an incidence of 2/100,000 among the HIV-negative popula-
tion. MSM represent ~75% of the population at risk for the
development of anal carcinoma (6).
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in Brazilian anal tumors

LUCAS TADEU BIDINOTTO'?, CARLOS AR VEO!, EDGAR ALEMAN LOAIZA',
ALESSANDRA PAULINO SANTOS DE FRANCA!, ADRIANA TARLA LORENZI', LUCIANA ALBINA REIS ROSA®,
CRISTINA MENDES DE OLIVEIRA®, JOSE EDUARDO LEVI®, CRISTOVAM SCAPULATEMPO-NETO'#,
ADHEMAR LONGATTO-FILHO'”® and RUI MANUEL REIS' >

"Molecular Oncology Research Center, Barretos Cancer Hospital, Barretos, Sdo Paulo 14784 400;
"Barretos School of Health Sciences, Dr. Paulo Prata-FACISB, Barretos, Sdo Paulo 14785-002;
3Laboratory of Virology, Institute of Tropical Medicine, University of Sdo Paulo, Sdo Paulo 05403 000;

4Department of Pathology, Barretos Cancer Hospital, Barretos, Sao Paulo 14784 400, Brazil;
SLife and Health Sciences Research Institute (ICVS), School of Health Sciences, University of Minho,
Braga 4710-057; ®ICVS/3B's-PT Government Associate Laboratory, Braga 4710-057, Portugal

Received January 26, 2016; Accepted June 1, 2016

DOI: 10.3892/mmr.2016.5684

Abstract. Anal cancer is a rare type of digestive tract disease,
which has had a crescent incidence in a number of regions.
Carcinomas are most frequently found, with squamous cell
carcinoma (SCC) comprising ~95% of all anal tumors. The
major risk factor for development of this type of tumor is human
papillomavirus (HPV) infection. However, previous studies
have identified patients with anal cancer that are HPV-/pl6-and
observed that they have a poorer outcome compared with
HPV+/p16+ patients. This suggests that molecular profile may
drive anal cancer progression. The aim of the present study was
to evaluate the mutational status of two important oncogenes,
KRAS and BRAF, in a series of anal cancer lesions. Resected
tumors of the anal canal (n=43) were evaluated, nine of these
were high-grade squamous intra-epithelial lesion cases (HSIL),
11 were adenocarcinomas, and 23 SCCs. Direct sequencing of
KRAS proto-oncogene, GTPase (KRAS; codons 12 and 13)
and B-Raf proto-oncogene, serine/threonine kinase (BRAF;
codon 600) was performed and associated with patient clini-
copathological and molecular features. There was a trend of
poorer prognosis of adenocarcinoma compared with HSIL and
SCC. Analysis indicated one SCC patient (2.3%) exhibited a
KRAS p.G13D mutation, and one adenocarcinoma patient
(2.3%) exhibited a BRAF pV60OE mutation. It was observed
that, these mutations are rare in anal tumors, and certain patients
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Research Center, Barretos Cancer Hospital, 1331 Rua Antenor
Duarte Villela, Barretos, Sao Paulo 14784 400, Brazil

E-mail: ruireis.hcb@gmail.com

Key words: anal cancer, squamous cell carcinoma, adenocarcinoma,
high-grade squamous intra-epithelial lesion, KRAS, BRAF

may be at a disadvantage using targeted therapies based on
KRAS and BRAF mutational status. As there is a low mutation
percentage in SCCs, adenocarcinomas and HSIL, there may
exist other underlying molecular alterations that result in anal
cancer development, which require further elucidation.

Introduction

Anal cancer is a rare type of digestive tract disease, which has
had an increasing incidence in a number of regions (1-3). It
is estimated a total of >7,200 new cases were diagnosed in
the United States in 2015, with ~1,000 anal cancer-associated
mortalities (4). Tumors in this site are classified, according
to World Health Organization (WHO), as intraepithelial
neoplasias, carcinomas and carcinoid tumors (5). Carcinomas
are most frequently identified, with squamous cell carcinoma
(SCC) comprising~95% of all the anal tumors (6), and ~5%
of the lesions are adenocarcinomas (7). The age-standard-
ized incidence is <1/100,000 people, and the mortality is
0.2/100,000 (1). In men who practice anal receptive intercourse,
the incidence of anal cancer increases up to 35/100,000 (5,8).
This is predominantly due to increased risk of human papil-
lomavirus (HPV) infection (1), HPV16 is most frequently
observed in anal SCC (9). HPV infection leads to intraepithe-
lial neoplasia that progresses from low-grade to high-grade
dysplasia and, finally, to invasive cancer. The regression of
high-grade dysplastic lesions is rare (5). HPV infection results
in high expression of cyclin-dependent kinase inhibitor 2A
(p16), and disrupts the association between retinoblastoma
protein and the E2F family of transcription factors, ultimately
leading to cellular proliferation (10). Recently, it was demon-
strated that a high frequency of women with cervical cancer
also have infection of the anal canal by HPV16 (11). In addi-
tion to HPV infection, other known risk factors of anal cancer
are immunodeficiency due to human immunodeficiency virus
seropositivity, low cluster of differentiation 4 T cell count,
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Trata-se do seqgundo relato do projeto de pesquisa acima especificado.

O papilomavirus humano (HPV) constitui o principal agente etioldgico de alguns tipos de tumores humanos,
responsavel pelo desenvolvimento de guase 100% dos tumores de colo uterino, e 25% dos carcinomas de
cabecga e pescogo. Os carcinomas de colko uterino apresentam a terceira maior incidéncia global de cancer
em mulheres. Os carcinomas de cabecga e pescogo (CCP) representam um grupo heterogéneo de tumores
agrupados devido a sua localizagédo anatdmica. Acometem mais frequentemente homens com idade
superior a 50 anos e histdrico de tabagismo e etilismo crénicos. Dentre os HPV de alto risco, o HPVi6 éo
tipo mais detectado nos tumores de orofaringe, (90 a 95%), e em mais de 50 dos casos de carcinoma de
colo uterino. Em infecgdes persistentes, o genoma do HPV permanece na forma epissomal, isto é, ndo
integrado ao genoma humano. No entanto, na maioria das lesbes cancerigenas, o DNA de HPV de
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alto risco

é frequentemente guebrado e integrado ac genoma da célula hospedeira, alterando a expressao dos genes
virais e de genes do hospedeiro. Os principais genes expressos pelos virus sao as oncoproteinas E6 e E7,
necessarias para a replicagao viral, estimulando a proliferagao e atuando na transformagao maligna e na
manutengao dos tumores. A integragdc pode levar tanto a ativagao, quanto a inativagio de genes celulares
envolvidos no processo tumoral. As alteragdes genéticas quase sempre ocorrem como resultado a
exposi¢cdo excessiva ao tabaco, alcool e outros elementos carcinogénicos que desencadeiam danos
irreversiveis ao DNA, ocasionando alteragdes nas regides codificadoras e regulatérias de genes
supressores tumorais e oncogenes. O aclimulo destas mutagdes possibilita que as células adquiram
caracteristicas tumorais, incluindo resisténcia & morte programada (apoptose), adquirindo caracteristicas de
proliferagao descontrolada. Tendo em vista que o HPVi6 é o

principal agente etiolégico de carcinomas de colo uterino, e também de uma parte dos tumores de
orofaringe, principalmente de tonsilas palatinas, os mecanismos gue regulam o tropismo desses HPV por
este tipo de epitélio ainda nao foram elucidados. Sendo assim, tentativas de se identificar regides
susceptiveis a integragéo viral, permitindo uma maior compreenséo do processo de transformacéo causado
por HPV séo benvindas. Este projeto tem como objetivo identificar, a partir do sequenciamento do genoma
completo do virus, padrées moleculares capazes de responder pelo tropismo diferencial apresentado por
cepas de HPV16 e do curso assintomatico ou transformante da infecgéo pelo HPV16 nos mesmos sitios.
Além disso, avaliar a diversidade genética do HPV16 nos tumores de colo uterino e de orofaringe, e analisar
0s sitios de integragéo viral no genoma humano, para verificar se ha uma regido preferencial para a inser¢ao
do HPV em cada tumor. Vérios relatos na literatura indicam que ¢ prognéstico dos pacientes com tumores
de orofaringe HPV positivos & melhor do que dos casos HPV negativos, independentemente do
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4) Comparar a estrutura molecular do virus HPV16 em 30 amostras de carcinomas epidermoides cervicais,
relacionando com as sequéncias de 10 amostras normais de cérvix uterina com infecgao do virus HPV186;
5) Comparar a estrutura molecular do virus HPV16 em 30 amostras de carcinomas epidermoide de
orofaringe, relacionando com as sequéncias de 10 amostras normais de orofaringe com infecgao do virus
HPV16;

6) Sequenciar o genoma completo do virus nos dois grupos amostrais, a fim de identificar alteragbes
especificas caracteristicas dos virus infectantes nos tumores de orofaringe e cérvix uterina;

7) Sequenciar as regides do genoma humano que flanqueiam os sitios de integragéo do HPV18, em ambos
0s grupos, para verificar se ha regides preferenciais de insergéo viral;

8) Realizar analise filogenética das sequéncias do virus HPV16 e comparar com os dados clinicos dos
pacientes envolvidos no estudo.

Avaliacéo dos Riscos e Beneficios:

Aparentemente, n@o existem riscos suplementares aos sujeitos da pesquisa pelo fato das amostras a serem
analisadas fazerem parte de protocolo assistencial tanto das mulheres seguidas no Departamento de
Ginecologia, quantos dos individuos portadores de neoplasias de cabeca e pescogo. O risco dos
procedimentos foi considerado baixo, entretanto é preciso ter certeza que nao existe aumento de risco para
0S grupos controle.

Comentérios e Consideragoes sobre a Pesquisa:
Trata-se de pesquisa que lida com tema importante e que pretende usar metodologia laboratorial molecular
de ponta.

Consideragoes sobre os Termos de apresentagdo obrigatéria:
No primeiro relato foram sugeridas as seguintes alteragdes:

- adeguacéo do TCLE (linguagem, destino das amostras e garantias dos sujeitos de pesquisa), e elaboragéo
do TCLE do grupo controle: pendéncia atendida. A linguagem, apesar de ainda poder
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ser simplificada, é agora compreensivel aos sujeitos de pesquisa.

- solicitagao de dispensa da aplicagao de novo TCLE para uso das amostras da Ginecologia (tanto grupo de
estudo quanto grupo controle): pendéncia atendida.

- adequacio do orgamento da pesquisa (RS$35.000,00 ou R$111.176,42 ?): na nova versao consta o valor
de R$111.176,42. Pendéncia atendida.

- anexar a aprovagao da pesquisa pelo Departamento de Otorrinolaringologia. Foram anexadas as
aprovagOes de varios departamentos, todos parceiros na pesguisa (Ginecologia, Otorrinolaringologia).
Pendéncia atendida.

Além disso, foram anexadas as aprovagdes do projeto mae, ac qual a pesquisa atual encontra-se atrelada.
Trata-se de pesquisa aprovada pela CONEP em 2 de margo de 2012 e explicitada abaixo.

PARECER N°. 128/2012

Registro CONEP 16491 (Este n° deve ser citado nas correspondéncias referentes a este projeto)
Folha de Rosto: 405501 Processo n® 25000.084206/2011-76

Projeto de Pesquisa: "Fatores ambientais, clinicos, histopatoldgicos e moleculares
associados ao desenvolvimento e ao prognastico de carcinomas epidermdides de cabega
e pescogo” (GENCAPO Fase II).

Pesquisador Responsavel: Dra. Eloiza Helena Tajara da Silva

Instituicdo: Faculdade de Medicina de Sao Jose do Rio Preto/SP (1° CENTRO)

CEP de origem: Faculdade de Medicina de Sao José do Rio Preto (FAMERP/SP)

Area Temitica Especial: Genética Humana, Biosseguranga, Pesquisa com Cooperagao
Estrangeira

Patrocinador: Fundagao de Amparo a Pesquisa do Estado de Sao Paulo.
Recomendacoes:

N&o existem outras recomendagbes.

Conclusdes ou Pendéncias e Lista de Inadequacgdes:

Nao existem outras pendéncias.

Situagdo do Parecer:

Aprovado

Necessita Apreciagao da CONEP:

Nao
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Consideragoes Finais a critério do CEP:
Sem pendéncias.

SAQO PAULO, 14 de Dezembro de 2012

Assinador por:
Luiz Eugénio Garcez Leme
(Coordenador)

Enderego: Fua Ovidio Pires ce Campos, 225 5° ancar

Bairro: Cergueira Cesar CEP: 05.403-010

UF: SP Municipio: SAD PAULO

Telefone: (11)2651-8442 Fax: (11)2661-8442 E-mail: marcia.carvalho@he im.usp be



126

ANEXO E — Termo de consentimento livre e esclarecido

HOSPITAL DAS CLINICAS DA FACULDADE DE MEDICINA DA UNIVERSIDADE DE SAO
PAULO-HCFMUSP

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

DADOS DE IDENTIFICAGAO DO SUJEITO DA PESQUISA OU RESPONSAVEL LEGAL

L P —
DOCUMENTO DE IDENTIDADE N®: ......ccoooiiiiiiiiiiccciiii SEXO: MO F O

DATA NASCIMENTO: ....... " !

ENDEREQOQ .uiiocesssssssssssansscsssossarssssssssasassasssssssssassassssssssnsssesssnsassssssssssasssssssssasen | APTO: ..ciisssnsnssinss

BAIRRO: ..iisscscscsssosssssnesssssssnsonsasssssasansassassossasasssssssasansass CIDADE ...oisasnesssasansasssssssassasaassssssssassssasssasassssnssssonssase

CEP..ccissmusssssarsasasassssnsssansssssssssaansrsssss TELEFONE: DDD {............ ) assssnanansasnssssusnanssasssssensasassassanasnasssssnsasasssassansans
DADOS SOBRE A PESQUISA

2. TITULO DO PROTOCOLO DE PESQUISA: “AVALIACAO DO PERFIL GENETICO DO HPV16 E SEU SITIO DE
INTEGRACAO EM CELULAS EPITELIAIS NORMAIS E NEOPLASICAS DA CERVIX E TONSILAS"

PESQUISADOR: DR. JOSE EDUARDO LEVI

CARGO/FUNCAO: PROFESSOR COLABORADOR, PESQUISA E DESENVOLVIMENTO, INSTITUTO DE
MEDICINA TROPICAL DE SAQ PAULO, VIROLOGIA INSCRIGAO CONSELHO REGIONAL N° 23.407/01-D (CRBio)

MEDICO RESPONSAVEL: DR. RONALDO FRIZZARINI

UNIDADE DO HCFMUSP: DISCIPLINA DE OTORRINOLARINGOLOGIA
3. AVALIAGAO DO RISCO DA PESQUISA:

RISCO MINIMOO RISCO MEDIO O

RISCO BAIXO W RISCO MAIOR O
4. DURAGAQ DA PESQUISA: trés anos

Rubrica do sujeitc de pesquisa ou responsavel

Rubnca do pesquisador,
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Convidamos o(a) Sr(a) para participar da Pesquisa intitulada "Avaliagdo do perfil genético do HPV 16 e seu sitio de
integragdo em células epiteliais normais e neoplasicas da cérvix e tonsilas”, sob a responsabilidade do
pesquisador Dr. José Eduardo Levi e do médico responsavel Dr. Ronaldo Fnzzarini, a qual pretende comparar
caracteristicas moleculares da infecgdo pelo virus HPV em pacientes saudaveis (controles) e pacientes portadores
de cancer de cabega e pescogo e do colo do utero.

1 — Essas informagdes estdo sendo fornecidas para sua participagac voluntaria neste estudo, que visa a utilizagdo
de amostras normais de tonsila (amigdala) provenientes de cirurgias de uvulopalatofaringoplastias, conhecida
como “cirurgia do ronco” em adultos com transtornos do sono (apneicos) que serao identificadas para a presenga
do papilomavirus humano (HPV) por técnicas laboratoriais. As amostras que contenham o virus HPV ser@o usadas
como controle normal para a analise molecular comparadas com amostras de cancer de cabega e pescogo
(orofaringe);

2 - O procedimento para a obtengdo das amostras ndo sera diferente do rotineiro, sendo realizada a extragao, total
ou parcial, das tonsilas (amigdala), como o médico achar conveniente. As amostras serdo armazenadas em
freezers especificos para anadlises posteriores, que compreendem a extragdc do material genético e genotipagem
de HPV 16 especifico. Casc as amostras sejam positivas, sera realizada a analise molecular do virus;

3 ~ Os procedimentos rotineiros pré-operatérios incluem: Hemograma completo — permite avaliar se a paciente
possui anemia, se a contagem de plaquetas, que auxiliam na contengdo do sangramento estd normal, e se o
namero e divisdo percentual das células de defesa estdo normais; Coagulograma, TAP e PTT — permitem avaliar a
qualidade da coagulagdo, necessaria para controlar os sangramentos; Bioguimica: glicose, sodio, potassio,
creatinina, uréia —~ detecgdo de sinais de diabetes, alteragbes do metabolismo, assim como da fungdo renal;
Exames de imagem: Radiografia de Cavum,Videofaringolaringoscopia, Tomografia Computadorizada de Seios da
Face e Resonéncia Magnética de seios da face sao utilizados quando se faz necessario.

4 -~ Apos a cirurgia, os procedimentos que deverdo ser seguidos ndo diferem dos rotineiros, que sdo: alimentagdo
liquido-pastosa fria ou gelada nos trés primeiros dias, no quario dia alimentos mais consistentes, ainda frios ou
mornos, no sétimo dia em diante alimentagdc normal, evitando ingerir alimentos que possuirem pontas gue
possam machucar. Liguido a vontade. Repouso em casa por de 7 a 14 dias, de acordo com a evolugdo de cada
paciente e orientagdo do médico. Nos trés primeiros dias escovar apenas os dentes da frente. Ndo gargarejar ou
bochechar com forga. Os pontos da cirurgia, quando dados, cairdc por conta prépria. Febre de até 38 graus pode
ocorrer nos dois primeiros dias, sem que seja sinal de infecgdo. Salivagdo e discreta eliminagdo de secregdo nasal
com raias de sangue podem ocorrer nas primeiras 24 horas. O médico devera ser comunicado em caso de

sangramento ativo (sangue vivo). Em alguns casos podem ocorrer vdmitos com ou sem coagulos (sangue pisado,

Rubrica do sujeito de pesquisa ou responsavel

Rubrica do pesguisador.
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preto) nas primeiras 24 horas, que sao decorrentes da degluticdo de sangue da cirurgia. Dores na garganta e de

ouvido, semelhantes as que ocorrem na amigdalite, sdo comuns. Conseguimos reduzi-las com analgésicos em
doses regulares;

5 — O beneficio para o participante &€ o mesmo proveniente da cirurgia para a desobstrugdo dos seios paranasais e
amigdalas, resultando na eliminagdo da apneia (ronco). Ndo ha beneficio adicional proporcionado pelo protocolo
de pesquisa. Trata-se de estudo experimental testando a hipbtese do porque pacientes infectados pelo HPV
desenvolvem ou ndo carcinomas de orofaringe. O beneficio podera ser dado, posteriormente, para os pacientes
que desenvolveram o tumor, ou para a identificagdo ou para a prevengdo dos pacientes com risco aumentado para

essa neoplasia;
6 — Nao ha procedimentos alternativos que possam ser vantajosos, pelos guais o paciente pode optar.

7 - Garantia de acesso: em qualquer etapa do estudo, vocé terd acesso aos profissionais responsaveis pela
pesquisa para esclarecimento de eventuais ddvidas. O principal investigador é o Dr José Eduardo Levi, que pode
ser encontrado no enderego Rua Dr. Enéas de Carvalho Aguiar 470, 2° andar, CEP 05403-000 - Laboratério de
Virologia do Instituto de Medicina Tropical da Universidade de Sao Paulo, e-mail dudilevi@usp.br Telefone(s) 11
3061-8666. Se vocé tiver alguma consideragdo ou divida sobre a ética da pesquisa, entre em contato com o
Comité de Etica em Pesquisa (CEP) -~ Rua Ovidio Pires de Campos, 225 ~ 5° andar - tel: 3069-6442 ramais 16,
17, 18 ou 20 ~ e-mail: cappesq@hcnet.usp.br

8 — E garantida a liberdade da retirada de consentimento a qualquer momento e deixar de participar do estudo,

sem qualgquer prejuizo a continuidade de seu tratamento na Instituigdo.

9 - Direito de confidencialidade - As informagdes obtidas serdo analisadas em conjunto com outros pacientes, ndo

sendo divulgado a identificagdo de nenhum paciente.

10 — Direito de ser mantido atualizado scbre os resultados parciais das pesquisas, qguando em estudos abertos, ou
de resultados que sejam do conhecimento dos pesquisadores.

11 - Despesas e compensagdes: ndo ha despesas pessoais para o participante em qualquer fase do estudo,
incluinde exames e consultas. Também nd@o ha compensagio financeira relacionada a sua participagao.

12 - Compromisso do pesquisador de utilizar os dados e o material coletado somente para esta pesquisa. Esse
material biolégico coletado ficara disponivel para a retirada do sujeito de pesquisa, caso seja de seu interesse, ou,
alternativamente, as amostras poderdo ser destruidas de acordo com as normas de biosseguranga vigentes no
departamento de virologia da instituigdo em questdo, de acordo com a resolugdo do CNS 441, de 12 de maio de
2011.

Rubrica do sujeitc e pesquisa ou responsével

Rubrica do pesquisador.



129

4
HOSPITAL DAS CLINICAS DA FACULDADE DE MEDICINA DA UNIVERSIDADE DE SAO
PAULO-HCFMUSP

Acredito ter sido suficientemente informado a respeito das informagdes que li ou que foram lidas para mim,
descrevendo o estudo "AVALIACAO DO PERFIL GENETICO DO HPV16 E SEU SITIO DE INTEGRAGAO EM
CELULAS EPITELIAIS NORMAIS E NEOPLASICAS DA CERVIX E TONSILAS".

Eu discuti com o Dr. Ronaldo Frizzarini sobre a minha decisdc em participar nesse estudo. Ficaram claros
para mim quais sdo os propdsitos do estudo, os procedimentos a serem realizados, seus desconforios e riscos, as
garantias de confidencialidade e de esclarecimentos permanentes. Ficou claro também que minha participagdo é
isenta de despesas e que tenho garantia do acesso a tratamento hospitalar quando necesséario. Concordo
voluntariamente em participar deste estudo e poderei retirar © meu consentimento a qualquer momento, antes ou
durante 0 mesmo, sem penalidades ou prejuizoe ou perda de qualquer beneficio que eu possa ter adquirido, ou no
meu atendimento neste Servigo.

Assinatura do paciente/representante legal Data / /

Assinatura da testemunha Data / !

para casos de pacientes menores de 18 anos, analfabetos, semi-analfabetos ou portadores de deficiéncia auditiva
ou visual.

(Somente para o responséavel do projeto)

Declaro que obtive de forma apropriada e voluntaria o Consentimento Livre e Esclarecido deste paciente ou
representante legal para a participagdo neste estudo.

Assinatura do responsavel pelo estudo Data / !

Rubrica do sujeito ce pesquisa ou responsdavel

Rubrica do pesquisador.



