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RESUMO

O Carcinoma de Pénis é raro e representa menos de 0,5% de todos os canceres em homens
do mundo. No Brasil possui taxas de incidéncia que variam entre 2,9 e 6,8%, afetando
principalmente individuos com baixo nivel socioeconémico e educacional, sobretudo nas
regides Norte e Nordeste. A ma higiene na regido genital, dificultada pela auséncia de
circuncisao da glande, proporciona uma proliferagdo microbiana e resulta no acumulo de
secregdes, como 0 esmegma, que pode causar inflamagéo cronica do epitélio e contribuir
para o estabelecimento do tumor. O avango das técnicas moleculares aplicadas a
identificagdo de microrganismos tem impulsionado o conhecimento sobre a relagao da flora
microbiolégica em alguns cénceres. No entanto, ndo ha relatos sobre o microbioma em
tumores de pénis. Dessa forma, este trabalho € pioneiro em identificar, por meio de uma
abordagem microbidmica, a diversidade bacteriana em Carcinomade Células Escamosasdo
Pénis (CCEP), e suarelagdo com a etiopatogenia desse tumor. Para isso, amostras de tecido
tumoral pareadas com tecidos nao-tumorais adjacentes ao tumor primario foram coletadas
de 19 pacientes com diagndstico clinico e histopatolégico de CCEP, virgens de tratamento.
Todos os pacientes (idade de 62.6 + 16.5 anos) apresentaram infecgdo por HPV, a maioria
de alto risco ongogénico (79%) com baixo nivel de escolaridade, 78,9% possuiam tumores
localizados em glande e prepucio e 73% dos tumores eram avangados (pT2 ou pT3),
resultando em cirurgias de penectomia total (21%) ou parcial (73%). O sequenciamento de
nova geracao (SNG) foi realizado a partir de DNA extraido dos tecidos tumorais e nao-
tumorais, e a biblioteca gendmica foi preparada seguindo protocolo da Neoprospecta
Microbiome Technologies, Brasil. A regido V3-V4 do gene 16S rRNA e os amplicons de cada
amostra foram indexados e sequenciados utilizando o MiSeq Sequencing System (lllumina
Inc., EUA). A qualidade das sequéncias foi avaliada pelo software FastQCv.0.11.8. A analise
de bioinformatica (DADA2, QIIME2 v.2020.2) foi usada para classificar e avaliar a diversidade
do microbioma, tanto no tumor primario, quanto no tecido nao-tumoral adjacente. Foi
realizado um levantamento bibliografico buscando dados de microbioma de tecido peniano
nao-tumoral e de tecidos de tumores associados a HPV, com histopatologia semelhante a
CCEP. O PICRUST2 foi utilizado para predizer a composi¢ao funcional. Na analise global
das amostras foi verificado que os filos Proteobacteria e Firmicutes , assim como os géneros
Alcaligenes e Fusobacterium, foram os mais abundantes em ambos os tecidos, sendo que
os filos Fusobacteroidota e Campylobacterofa e os géneros Fusobacterium e
Chromobacterium foram estatisticamente significativos quando comparados com suas
amostras pareadas. Ressaltamos a ocorréncia de bactérias associadas ao processo
inflamatdrio, tanto nos filos quanto nos géneros mais abundantes, tais como: Fusobacterium
nucleatum e Prevotella. Por outro lado,ndo foi observada abundancia relativa significativa de
Mycobacterium. Apesar de nao ter sido observada diferenga estatistica nas diversidades alfa
e beta das amostras pareadas, analise estratificada dos pacientes mostrouque para tumores
avangados (pT2 e pT3) houve uma tendéncia para formagdo de dois grupos distintos
caracterizados por géneros bacterianos diferentes (p=0,08). Identificamos que Prevotella é
comum para CCEP, CCECP, CCEC e CV, enquanto os géneros Alcaligenes, Eubacterium,
yurii group e Pseudoglutamicibacter, séo especfficos para CCEP. A analise funcional revelou
35 top vias, dentre as quais seis apresentaram maior poder de predicédo (p-value e diferenca
de abundancia): degradacao de quitina, degradagao de myo-inositol, degradagcao de myo-
chiro e scyllo-inositol, degradag&o de hexuronato, biosintese de sacarose e degradacéo do
oligbmero nylon-6. Além disso foram relatadas ASVs (Amplicon Sequence Variants) dnicas e
abundantes dos géneros Alcaligenes, Streptobacillus e Bacillus nos tecidos tumorais (p<0,05)
enquanto ASVs unicas dos generos Cupriavidus, Staphylococcus e Finegoldia foram mais
abundantes nos tecidos nado-tumorais adjacentes (p<0,05). Os resultados mostraram uma
microbiota de CCEP abundante, mas também com ASVs Unicas, além de apresentar taxons
bacterianos e vias moleculares relacionadas aos processos inflamatoérios, ratificando o papel
da inflamagao na etiopatogénese do CCEP, abrindo perspectivas de politicas publicas de
prevengdo, prognostico e tratamento.

Palavras-chaves: Microbioma; cancer de pénis; HPV



ABSTRACT

Penile Carcinomaiis rare and represents less than 0.5% of all cancers in men worldwide.
In Brazil, it has incidence rates that vary between 2.9 and 6.8%, mainly affecting
individuals with low socioeconomic and educational levels, especially in the North and
Northeast regions. Poor hygiene in the genital region, made difficult by the absence of
circumcision of the glans, leads to microbial proliferation and results in the accumulation
of secretions, such as smegma, which can cause chronic inflammation of the epithelium
and contribute to the establishment of the tumor. The advancement of molecular
techniques applied to the identification of microorganisms has boosted knowledge about
the relationship between the microbiological flora in some cancers. However, there are
no reports on the microbiomein penile tumors. Thus, this work is a pioneer in identifying,
through a microbiomic approach, the bacterial diversity in Penile Squamous Cell
Carcinoma (PSCC), and its relationship with the etiopathogenesis of this tumor. For this,
samples of tumor tissue paired with non-tumor tissues adjacent to the primary tumor
were collected from 19 treatment-naive patients with clinical and histopathological
diagnosis of PSCC. All patients (age 62.6 £ 16.5 years) had HPV infection, most of them
at high ongogenic risk (79%) with low educational level, 78.9% had tumors located in the
glans and foreskin and 73% of the tumors were advanced. (pT2 or pT3), resulting in total
(21%) or partial (73%) penectomy surgeries. Next-generation sequencing (SNG) was
performed using DNA extracted from tumor and non-tumor tissues, and the genomic
library was prepared following the protocol of Neoprospecta Microbiome Technologies,
Brazil. The V3-V4 region of the 16S rRNA gene and the amplicons from each sample
were indexed and sequenced using the MiSeq Sequencing System (lllumina Inc., USA).
The quality of the sequences was evaluated by FastQC v.0.11.8 software. Bioinformatics
analysis (DADA2, QIIME2 v.2020.2) was used to classify and assess microbiome
diversity in both the primary tumor and adjacent non-tumor tissue. A bibliographic survey
was carried out seeking microbiome data from non-tumor penile tissue and from HPV-
associated tumor tissues, with histopathology similar to PSCC. PICRUST2 was used to
predict functional composition. In the global analysis of the samples, it was verified that
the phyla Proteobacteria and Firmicutes, as well as the genera Alcaligenes and
Fusobacterium, were the mostabundant in both tissues, with the phyla Fusobacteroidota
and Campylobacterota and the genera Fusobacterium and Chromobacterium being
statistically significant when compared with their paired samples. We emphasize the
occurrence of bacteria associated with the inflammatory process, both in phyla and in
the most abundant genera, such as: Fusobacterium nucleatum and Prevotella. On the
other hand, significant relative abundance of Mycobacterium was not observed. Although
no statistical difference was observed in the alpha and beta diversities of the paired
samples, stratified analysis of the patients showed that for advanced tumors (pT2 and
pT3) there was a tendency for the formation of two distinct groups characterized by
different bacterial genera (p=0,08). We identified that Prevotella is common for PSCC,
SCCHN, CSCC and VC, while the genera Alcaligenes, Eubacterium, yurii group and
Pseudoglutamicibacter are specific for PSCC. The functional analysis revealed 35 top
pathways, among which six had the highest predictive power (p-value and difference in
abundance): chitin degradation, myo-inositol degradation, myo-chiro and scyllo-inositol
degradation, hexuronate degradation, sucrose biosynthesis and nylon-6 oligomer
degradation. In addition, unique and abundant ASVs (Amplicon Sequence Variants) from
the genera Alcaligenes, Streptobacillus and Bacillus were reported in tumor tissues
(p<0.05) while unique ASVs from the genera Cupriavidus, Staphylococcus and
Finegoldia were more abundant in adjacent non-tumor tissues (p<0.05). The results
showed an abundant PSCC microbiota, but also with unique ASVs, in addition to
presenting bacterial taxa and molecular pathways related to inflammatory processes,
confirming the role of inflammation in the etiopathogenesis of PSCC, opening
perspectives for public policies for prevention, prognosis and treatment.

Keywords: Microbiome; penile cancer; HPV.



