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Figura 1 — Modelo de carcinogénese epitelial, com discriminacao de eventos das
etapas de iniciacdo, promogdo e progressdo de carcinomas. Na iniciacado
ocorrem as primeiras alteracdes no genoma celular, acrescidas de novas
alteracdes moleculares durante a promocdo. O acumulo progressivo de
alteracdes culmina na transformacdo celular, o que geralmente delimita a
transicdo entre as etapas de promocdo e progressdo tumoral. Alteracdes
moleculares genéticas e epigenéticas ocorrem durante toda a carcinogénese,
ocasionalmente propiciando novas propriedades biolégicas associadas ao
fendtipo maligno, tais como capacidade de invasdo e de disseminacéo
neoplasica (e.g., por metastase). Admite-se que a formacédo de metastases de
carcinomas pode ser favorecida pela ocorréncia de transigcdo epitelial-
mesenquimal (EMT), fendmeno no qual as células malignas apresentam reducéo
de propriedades de fenétipo epitelial e passam a expressar propriedades
mesenquimais, mais favoraveis a ocorréncia de invasdo tecidual,
remodelamento vascular, migracao e sobrevida celular. Na metastase, as células
malignas disseminadas por via vascular (sanguinea ou linfatica) alcancam
tecidos a distancia do tumor primario e efetuam extravasamento para o intersticio
tecidual. A colonizacéo dos tecidos alcancados e o desenvolvimento de colonias
secundarias de células malignas séo favorecidos pela EMT reversa, também
conhecida como transicdo mesenquimal-epitelial (MET), favorecendo o
desenvolvimento de macrometastases (HUGO et al.,, 2007; RYAN; FAUPEL-
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Figura 2 - Sintese de microRNAs e sua agdo sobre 0 mRNA alvo. Inicialmente
ha acdo da RNA polimerase Il no nicleo celular para sintese de uma molécula
poliadenilada precursora, o pri-miRNA. Clivada pelo complexo Drosha, o pri-
mMiRNA origina o pre-miRNA. que é exportado para o citoplasma pela exportina
5. Apés nova clivagem (complexo Dicer) ocorre separacdo das fitas do pre-
mMiRNA e a ligacdo dos miRNAs formados com proteinas argonautas do
complexo RISC (RNA-induced silencing complex), que medeia o silenciamento
RNA mensageiro alvo. Essa inibicdo da traducdo ocorre principalmente de
quatro modos: (A) repressdo do reconhecimento do sitio de iniciacdo da
traducdo; (B) inducéo da deadenilacdo do mRNA, impedindo sua circularizacéo;




(C) inducéo da saida prematura ribossomal do mRNA; ou (D) promovendo a
degradacdo do mRNA. Figura original baseada em trabalhos da literatura (CHEN
et al., 2012; DAVIS-DUSENBERY; HATA, 2010; HAMMOND, 2015).............. 23
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5p. Linhas destacadas em azul escuro remetem a achados in vitro desse
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miR-100-5p demonstraram uma reducéo no transcrito FZD8. TGF-f foi descrito
como indutor do aumento dos niveis de FZD8, que por sua vez ativa a via Wnt,
levando a um aumento da proliferacdo e metastase em carcinoma de células
renais. Adicionalmente, miR-100-5p foi encontrado com niveis reduzidos em
amostras de NPC, levando ao aumento da migragéo, invasao e proliferacéo
dessas células por meio de IGF1R, além de ser descrito como um inibidor de
MTOR. Linhas destacadas em azul escuro remetem a achados in vitro desse
trabalho; vias e genes em negrito foram preditos como relacionados a miR-100-
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e vias preditas na analise in silico. Células NP69 tratadas com o mimético de
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aumentado, STC1 induziu a proliferagdo e quimioresisténcia em células de
cancer gastrico, além de ser descrito como ativador da via TGF-8, que por sua
vez leva ao aumento da expressdo de miR-574-3p. Esse miRNA quando na
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Resumo

Os canceres sdo doencas neopléasicas malignas com etiopatogenia complexa. As células
transformadas adquirem diversas propriedades que propiciam alteracfes em taxas de
migracao, invasao e sobrevivéncia celular, facilitando a formacdo de metastases. Esse
processo sofre a influéncia de diversos fatores, inclusive de pequenos RNAs nao
codificantes, como 0os miRNAs. Os miRNAs sdo moléculas que canonicamente impedem
a traducdo de um mRNA, podendo agir em diversos processos celulares, incluindo na
carcinogénese e progressdo do cancer, como o carcinoma de nasofaringe (NPC). O NPC
€ um cancer agressivo com alta taxa de invasdao em tecidos adjacentes, como base do
crénio, seios nasais e Orbitas, alem de alta taxa de metéstase para linfonodos regionais.
Sua forma ndo queratinizante compreende mais de 95% dos casos e quando
indiferenciado, é fortemente associado ao virus de Epstein-Barr (EBV). Em um estudo
recente de nosso grupo de pesquisa, observamos que células imortalizadas de nasofaringe
(NP69) apresentavam um aumento na expressdo do miR-100-5p, miR-192-5p e miR-574-
3p quando transfectadas com a proteina latente de membrana 1 (Latent Membrane Protein
1 — LMP1) do EBV proveniente da variante viral M81, em comparagdo com a LMP1
proveniente da variante viral B95-8A. Portanto, este estudo visa elucidar os efeitos do
miR-100-5p, miR-192-5p e miR-574-3p na viabilidade, proliferacdo e migracdo de
células imortalizadas de nasofaringe (NP69) cultivadas in vitro. Para tanto, foi realizada
a predicdo dos alvos dos respectivos miRNAs e o enriquecimento de vias para inferir
quais vias de sinalizacdo intracelular poderiam ser moduladas por cada miRNA, seguida
pela analise dos transcritos dos genes alvos selecionados. Adicionalmente, células NP69
foram transfectadas com os miméticos do miR-100-5p, miR-192-5p ou miR-574-3p para
a analise de comportamento celular. Quando essas foram transfectadas com o mimético
do miR-192-5p, foi observada a reducéo de 40% no transcrito do gene RAB2A e reducéo
de 43% na sua migracao celular. No enriquecimento de vias, 0 miR-192-5p teve sua acdo
predita em vias como MAPK, GPCRs, TKR e TGF-B. Celulas NP69 transfectadas com
0s miméticos do miR-100-5p e miR-574-3p reduziram significativamente os transcritos
dos genes FZD8 e STC1, respectivamente. Entretanto, nos ensaios funcionais realizados,
ndo foram observadas alteracdes significativas no comportamento celular. Com esses
resultados pode-se observar que 0 miR-192-5p possui uma funcao de supressor tumoral,
elucidando parte de sua funcdo em células de nasofaringe. Portanto, isso demonstra sua

importancia no contexto do NPC e a necessidade de seu estudo adicional.




Abstract

Cancers are malignant neoplastic diseases with complex etiopathogenesis. Transformed
cells acquire diverse biological properties that induce alteration in the migration,
invasion, and cell survival rates, favoring metastasis formation. This process is under the
influence of many factors, including miRNAs. MiRNAs are molecules that canonically
prevent mRNA translation, influencing many cellular processes, carcinogenesis and
progression of cancers, like nasopharyngeal carcinoma (NPC). NPC is an aggressive
cancer with high invasion rates to adjacent tissues, such as the base of the cranium, face
sinuses, and orbits, in addition to a high metastatic rate to local lymph nodes. The
nonkeratinizing NPC subtype comprehends over 95% of total cases and, when
undifferentiated, is highly related to Epstein-Barr virus (EBV) infection. In a recent study
of our group, we observed that immortalized nasopharyngeal cells NP695V4°T transfected
with the EBV oncoprotein, Latent membrane protein 1 (LMP1), from M8L1 strain showed
increased expression of human miR-100-5p, miR-192-5p, and miR-574-3p compared to
NP695V40T cells transfected with LMP1 from EBV strain B95.8A. Thus, this study aimed
to assess the putative effects of each of the identified microRNAs on the viability,
migration, and proliferation of human immortalized nasopharyngeal cells (NP695V40T)
cultivated in vitro. Therefore, target prediction and pathway enrichment analysis were
performed to infer which pathways could be modulated by each miRNA followed by
expression analysis of selected predicted target genes. Additionally, NP695V49T cells were
transfected with miR-100-5p, miR-192-5p, or miR-574-3p mimic to analyze cell
behavior. After their transfection with miR-192-5p mimic, we observed a 40% decrease
in RAB2A transcript level and a 43% reduction in cell migration. During the pathway
enrichment analysis, miR-192-5p showed predicted involvement in pathways such as
MAPK, GPCRs, TKR, and TGF-B. NP695V4T cells transfected with miR-100-5p or miR-
574-3p reduced transcriptional levels of its targets FZD8 and STC1, respectively.
However, in the performed cellular assays, they did not alter cell behavior. The results
demonstrate that miR-192-5p acts as a tumor suppressor, answering part of its function
in nasopharyngeal cells. This shows its importance in the NPC context and the necessity
of further studies of this miRNA.
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Cancer: generalidades

Segundo dados do programa Globocan (Global Cancer Observatory) da
Organizagdo Mundial de Saude (World Health Organization — WHO), mais de 19
milhGes de novos casos de canceres foram diagnosticados em 2020 em todo mundo e
essas doencas foram responsaveis por cerca de 9,9 milhdes de dbitos naquele ano (SUNG
et al., 2021). Em geral, a incidéncia de canceres vem aumentando anualmente como
consequéncia, por exemplo, do envelhecimento populacional e do aumento da exposi¢édo
a riscos cancerigenos, tais como sobrepeso, obesidade e o consumo de alcool (GLOBAL
BURDEN OF DISEASE CANCER COLLABORATION, 2015; THUN et al., 2010).

Os canceres sdo doencas de etiologia complexa, na qual contribuem fatores
constitutivos (e.g., patrimdnio genéticos do individuo), fatores ambientais e fatores
relacionados aos habitos e estilo de vida. Estima-se que até 50% dos casos de canceres
poderia ser prevenida, incluindo doencas relacionadas a exposic¢do solar, tabagismo, dieta
e doencas infecciosas (MATTIUZZI; LIPPI, 2019; MULLER-COAN et al., 2018). Essas
doencas ocorrem mais comumente em adultos mais velhos e em grande medida sdo
carcinomas — canceres que se desenvolvem a partir de células epiteliais ou de células de

outras histogéneses em tecidos de revestimento.

Os carcinomas estdo entre os canceres mais comuns em todo o mundo, respondendo
pela maior fragdo de desfechos letais em decorréncia de neoplasias malignas. Estima-se
que 45,6% dos quase 10 milhGes de 6bitos por canceres em ambos 0s sexos em 2020
tenham sido majoritariamente em decorréncia de carcinomas ocorrendo em mama,

préstata, colon e reto, traqueia, bronquio e pulméao e estdmago (SUNG et al., 2021).

O processo de desenvolvimento do cancer (i.e., carcinogénese) € tradicionalmente
dividido nas etapas de iniciacdo, promocao e progressao (Figura 1). Na iniciacdo ocorrem
as primeiras alteragdes moleculares no patriménio genético da célula — tipicamente
mutacdes associadas a exposicdo a carcindgenos ambientais, quer sejam quimicos, fisicos
ou infecciosos. As células iniciadas proliferam e adquirem novas alteragfes durante a
etapa subsequente, a promocgdo, na qual se observa a instalagdo progressiva de
instabilidade genémica. Ao longo do tempo, esse comprometimento ocorrendo durante a
promogéo nas células iniciadas propicia o desenvolvimento do fenotipo maligno, que
culmina com a transformacdo celular (BEN-DAVID; AMON, 2020; BRABLETZ et al.,
2021). O surgimento de células malignas (transformadas) tende a ocorrer na transicdo

entre a fase de promocao e a fase subsequente da carcinogénese, a progressdo tumoral.
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Figura 1 — Modelo de carcinogénese epitelial, com discriminacdo de eventos das etapas de
iniciacdo, promogao e progressao de carcinomas. Na iniciagdo ocorrem as primeiras alteragdes no
genoma celular, acrescidas de novas alteracbes moleculares durante a promogdo. O acimulo
progressivo de alterac@es culmina na transformagéo celular, o que geralmente delimita a transicéo
entre as etapas de promocdo e progressdo tumoral. Alteracbes moleculares genéticas e
epigenéticas ocorrem durante toda a carcinogénese, ocasionalmente propiciando novas
propriedades bioldgicas associadas ao fen6tipo maligno, tais como capacidade de invasdo e de
disseminagdo neoplasica (e.g., por metéstase). Admite-se que a formacdo de metéstases de
carcinomas pode ser favorecida pela ocorréncia de transicdo epitelial-mesenquimal (EMT),
fendmeno no qual as células malignas apresentam reducdo de propriedades de fenotipo epitelial
e passam a expressar propriedades mesenquimais, mais favoraveis a ocorréncia de invasao
tecidual, remodelamento vascular, migracdo e sobrevida celular. Na metéstase, as células
malignas disseminadas por via vascular (sanguinea ou linfatica) alcangam tecidos a distancia do
tumor primario e efetuam extravasamento para o intersticio tecidual. A colonizagdo dos tecidos
alcangados e o desenvolvimento de colnias secundarias de células malignas séo favorecidos pela
EMT reversa, também conhecida como transicdo mesenquimal-epitelial (MET), favorecendo o
desenvolvimento de macrometéstases (HUGO et al., 2007; RYAN; FAUPEL-BADGER, 2016).

A colonizacdo do tecido pelas celulas transformadas ocorre simultaneamente a
consolidacdo de propriedades biologicas comumente compartilhadas por cénceres.
Conforme modelo proposto por Hanahan e Weinberg (2011), essas propriedades incluem

a autonomia relativa na geracdo de estimulos pro-proliferativos, evasdo de sinais




inibidores de crescimento e proliferagcdo, evasdo da resposta imunitaria, subversdo da
senescéncia celular (i.e., imortalizacéo), inflamacdo céancer-induzida, invasdo tecidual,
remodelamento vascular, instabilidade genética, comprometimento de mecanismos de
morte celular (apoptose, notadamente) e desregulacdo metabdlica. Todos estes fatores
contribuem para a agressividade bioldgica dos canceres, oferecendo condigdes favoraveis
a disseminacdo de células neoplasicas para outros tecidos no organismo hospedeiro
(HANAHAN; WEINBERG, 2011, 2011).

E na progressio da carcinogénese em que tipicamente se observam as
manifestacdes do desenvolvimento de um céncer no organismo hospedeiro, o que pode
propiciar o diagnostico da doenga. Nessa etapa a instabilidade genémica das celulas
malignas tende a estar estabelecida tanto em nivel génico como cromossémico, com
mutacdes e rearranjos citogenéticos variados e frequente aneuploidia (BEN-DAVID;
AMON, 2020). A instabilidade genémica suscita heterogeneidade fenotipica das células
malignas, propiciando a emergéncia de subpopulac6es celulares que podem apresentar
propriedades particulares que Ihes oferecem vantagens em relacdo as suas congéneres,
incluindo melhores condi¢cdes de sobrevivéncia no ambiente intratumoral, maior
potencial proliferativo, imunoevasao, maior capacidade de invasao e para disseminacao
neoplésica. Outros fatores importantes estdo relacionados com a progressdo dos canceres,
e estes serdo detalhados a seguir.




Progressao dos canceres

A manifestacdo clinica de neoplasias malignas tipicamente ocorre na etapa de
progressdo dos canceres, etapa em que ocorrem diversas alteragdes que habilitam as
células transformadas efetuarem a se expandirem, invadir e colonizar tecidos no sitio
original de desenvolvimento da doenca ou a distancia do tumor primario (HANAHAN;
WEINBERG, 2011). O entendimento da patogénese da progressdo dos canceres é
fundamental para a gestdo do cuidado da doenga, notadamente porque a existéncia de
doenca disseminada (por metastases, por exemplo) compromete o prognostico do
paciente, respondendo por altos indices de morbidade e mortalidade (GUPTA,;
MASSAGUE, 2006; TANG et al., 2020).

O processo de metastase segue uma sequéncia sucessiva de eventos que compdem
a cascata metastatica, que culmina na formacdo de pequenas coldnias de células
neoplasicas malignas disseminadas a distancia do tumor primario, denominadas
micrometastases, que eventualmente se desenvolvem em tumores secundarios
manifestos, as macrometéstases (HANAHAN; WEINBERG, 2011).

O sucesso na disseminacdo metastatica requer que células malignas estejam
habilitadas a colonizar tecidos distintos do sitio do tumor priméario. No caso de
carcinomas, admite-se que a ocorréncia de metastases seja influenciada pelo fenbmeno
de transicdo epitelial-mesenquimal (Epithelial Mesenchymal Transition - EMT), no qual
se observa mudancas de expressdo génica que levam a célula epitelial a manifestar
algumas propriedades relacionadas ao fen6tipo mesenquimal, incluindo maior motilidade
e capacidade de invasdo. Células em EMT também podem sofrer o processo inverso,
fendbmeno denominado EMT-reversa ou ainda transicdo mesenquimal-epitelial
(Mesenquimal-Epithelial Transition — MET), o que tende a ocorrer quando células do
carcinoma alcancam novos sitios para coloniza¢do metastatica (Figura 1). A ocorréncia
de EMT-reversa/MET no sitio de metastase aparentemente favorece o desenvolvimento
tumoral pela maior capacidade proliferativa observada em células expressando
propriedades epiteliais, por exemplo (BRABLETZ et al., 2021; GEORGAKOPOULOS-
SOARES et al., 2020).

Convém destacar que o estabelecimento de metéstases requer modificacbes do
microambiente tecidual no sitio a ser colonizado para propiciar sobrevivéncia e
proliferacdo das células malignas recém-chegadas. Para tanto, ocorrem interagdes com

células locais (neoplésicas ou ndo) e células recrutadas, culminando em modificacdo do




microambiente tecidual que favorece sua colonizacdo pelas células malignas
(NEOPHYTOU et al., 2021). Um microambiente tecidual suscetivel a colonizacdo
neoplésica decorre de modificagcbes em multiplos tipos celulares, incluindo fibroblastos,
células endoteliais, macrofagos, células T, osteoclastos e osteoblastos. Esta comunicagéo
se faz em grande parte por meio de vesiculas extracelulares contendo miRNAs, tanto
provenientes de células cancerigenas sendo receptados por células normais, como o
caminho reverso (SOLE; LAWRIE, 2021).

Alguns canceres, como o carcinoma de nasofaringe (Nasopharyngeal Carcinoma —
NPC), possuem capacidade invasiva e uma alta frequéncia no estabelecimento de
metastases em linfonodos regionais, apesar da menor taxa de disseminagdo a distancia
para outros 6rgdos. Devido a sua localizagdo anatdmica, possui elevada agressividade
biolégica, com remocdo cirurgica é dificil e responsividade a quimioterapia é pouco
eficiente. Motivo pelo qual o estudo detalhado dos mecanismos celulares e moleculares
do NPC se tornam essenciais para melhorar seu diagnostico e tratamento. Estas
caracteristicas do NPC, desde seu surgimento, até sua progressdo, podem ser

influenciadas por diversos fatores que serdo detalhados a seguir.




Carcinoma de nasofaringe

O carcinoma de nasofaringe € um cancer agressivo e de prognostico tipicamente
desfavoravel. Sua etiologia € multifatorial, incluindo fatores genéticos, como por
exemplo a composicdo em genes do sistema de antigeno leucocitario humano (Human
Leukocyte Antigen - HLA) do complexo principal de histocompatibilidade (Major
Histocompatibility Complex — MHC), exposicdo a nitrosamidas e, particularmente,
infecgdo pelo virus de Epstein-Barr (Epstein-Barr virus — EBV) (CAETANO et al.,
2020). A doenca possui elevada capacidade de invasdo, que tende a ocorrer
principalmente na base do cranio, seios nasais e Orbitas. Em aproximadamente 50% dos
casos ha invasdo de nodulos linfaticos e em cadeias linfaticas de cabecga e pescoco.
Também pode ocorrer metastase a distancia por disseminacdo hematogénica,
notadamente para 0ssos, pulmdes e figado, habitualmente em até 3 anos apds o
diagnostico. A sobrevida média dos pacientes € de 5 anos, variando de 40% em regides
endémicas, até 80% quando tumores esporadicos (CHEN et al., 2019).

A incidéncia do NPC varia substancialmente de acordo com a localizacéo
geogréfica. Esse cancer é relacionado a pouco mais de 133 mil casos e 80 mil mortes no
ano de 2020 em nivel mundial, sendo endémico no sudeste da Asia, notadamente na China
(SUNG etal., 2021). Independentemente da regido, o NPC ocorre cerca de 2,5 vezes mais
em homens do que em mulheres; seu desenvolvimento é inicialmente assintomatico, mas
pode desenvolver sinais como epistaxe, otite média ou obstrucdo nasal, dependendo do
tamanho do tumor e comprometimentos dos tecidos apos a invasao local (CHEN et al.,
2019).

Em termos histopatolégicos o NPC é classificado em queratinizante, ndo-
queratinizante ou basaloide. O NPC ndo-queratinizante é responsavel por mais de 95%
dos casos em areas endémicas e € subdividido nas formas diferenciadas e indiferenciadas,
esta Gltima fortemente associada a infeccdo pelo EBV. A forma queratinizante do NPC
compreende menos de 20% dos casos, sendo rara em regides endémicas.(CHEN et al.,
2019).

Atualmente, o perfil molecular do carcinoma de nasofaringe auxiliou na
identificacdo de alteracbes genémicas que estimulam o desenvolvimento e a progressao
da doenca. Dentre essas estdo alteracOes que proporcionam perdas de funcdo de
reguladores negativos de NF-«xB, lesdes geneticas recorrentes (e.g. perda do locus
CDKN2A/CDKN2B), amplificacdo do gene CCND1 (codifica a ciclina D1), mutacdo em




TP53 e em componentes da via de sinalizacdo PI3BK/MAPK, modificagcdes de cromatina
e na maquinaria de reparo do DNA (TSANG et al., 2020). Adicionalmente, a expressao
da proteina latente de membrana 1 (LMP1) do EBV proporciona ativacdo constitutiva da
via NF-xB, um importante fendmeno da patogénese do NPC que € também observado em
diversos outros canceres associados ao EBV, notadamente linfomas (CHEN et al., 2019;
Lletal., 2017).

A regulagdo da expressdo génica no NPC, assim como em outros canceres, se faz
por diversos mecanismos, incluindo mecanismos epigenéticos, tais como remodelamento
da cromatina, modificacdo de histonas, metilacdo de DNA e expressdo de RNAs néo-
traduzidos, como os microRNAs (miRNAs) (CHOI; LEE, 2013). Nesse contexto, a acdo
de miRNAs pode ser particularmente relevante na regulacdo do padrdo de expressdo
génica de células malignas, na regulacdo do microambiente tumoral, invasdo local e na
disseminacéo neoplasica, inclusive por metastases (HUSSEN et al., 2021). Isso mostra
que os miRNAs possuem acdo importante ndo s6 em uma etapa da carcinogénese, mas
sim em diversas etapas, regulando a tradugdo de genes com fungdo de supressores
tumorais ou oncogenes. O detalhamento da funcdo de um determinado miRNA em uma
etapa da carcinogénese, assim como em um determinado tecido, sera elucidado em mais

detalhes no topico a seguir.




microRNAs

RNAs que ndo codificam proteinas — mais comumente referidos como RNAs n&o-
codificantes (Non-coding RNAs — ncRNA) — podem atuar na regulacdo epigenética da
expressdo génica com efeitos duradouros, como no caso de alguns ncRNAs longos
(IncRNA), ou de forma transitoria e dindmica, como no caso dos miRNAs (MORRIS,
2011). Estima-se que apenas 2% do genoma humano seja de genes codificadores de
proteinas (~20 mil genes), sendo o restante representado por cerca de 11 mil pseudogenes,
e 9 mil miRNAs e 10-32 mil IncRNAs (RYAN; FAUPEL-BADGER, 2016; SAW et al.,
2021).

MiRNAs em geral (i.e., modo de agdo candnico) exercem uma funcdo inibitoria na
traducdo de RNAs mensageiros (MRNA). A acdo dessas moléculas foi originalmente
descrita por Ambros e Ruvkun no desenvolvimento larval do nematédeo Caenorhabditis
elegans, onde um pequeno RNA néo-traduzido possuia acdo inibitéria na expresséo de
determinados genes. Atualmente sabe-se que miRNAs tém papel regulatério em diversas
vias fisioldgicas e patoldgicas, incluindo no desenvolvimento de canceres (CHEN; YAN,
2021).

Os miRNAs sdo codificados por sequéncias distribuidas por todo o genoma.
Algumas estdo presentes em genes nao-codificantes, cujos produtos sdo exclusivamente
miRNAs, outras estdo localizadas em introns ou na regido UTR ndo-traduzida
(Untranslated Region - UTR) de um gene codificador de proteina (HAMMOND, 2015).
A maioria dos miRNAs € gerada a partir de transcritos primarios longos que séo clivados
sequencialmente pelas enzimas Drosha e Dicer (biogénese pela via canbnica). Alguns
miRNAs, entretanto, podem ser gerados sem a clivagem por Drosha, sendo geralmente
formados a partir de um pequeno RNA ndo codificante transcrito pela RNA polimerase
I1 (STRIBLING etal., 2021).

A via candnica de biogénese de miRNAs requer acdo da RNA polimerase 1, que
forma inicialmente uma grande molécula de RNA, o pri-miRNA que passa por
processamento pela RNAse 111, chamada Drosha, originando uma molécula de RNA com
aproximadamente 70 nucleotideos, denominada pre-miRNA. O pre-miRNA, agora no
citoplasma, sofre agdo da endoribonuclease Dicer, de modo a originar dois miRNA
maduros, com comprimento de 17-25 nucleotideos (Figura 2) (ESQUELA-KERSCHER,;
SLACK, 2006). Estes miRNAs maduros se associam as proteinas argonautas (AGO) e

GW182, um complexo indutor de silenciamento (RNA-induced Silencing complex —




RISC), permitindo a ligacdo do miRNA a um mRNA por meio de pareamento em sua
regido 3” UTR preferencialmente. Embora rara, a ligagdo do miRISC a éxons e a regido
5’UTR ja foi previamente reportada (ALI SYEDA et al., 2020).
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Figura 2 - Sintese de microRNAs e sua ac¢do sobre 0 mRNA alvo. Inicialmente ha acdo da RNA
polimerase Il no nucleo celular para sintese de uma molécula poliadenilada precursora, o pri-
miRNA. Clivada pelo complexo Drosha, o pri-miRNA origina o pre-miRNA. que é exportado
para o citoplasma pela exportina 5. Apés nova clivagem (complexo Dicer) ocorre separacao das
fitas do pre-miRNA e a ligacdo dos miRNAs formados com proteinas argonautas do complexo
RISC (RNA-induced silencing complex), que medeia o silenciamento RNA mensageiro alvo. Essa
inibicdo da traducdo ocorre principalmente de quatro modos: (A) repressdo do reconhecimento
do sitio de iniciacdo da traducdo; (B) inducdo da deadenilacdo do mRNA, impedindo sua
circularizacdo; (C) inducdo da saida prematura ribossomal do mRNA; ou (D) promovendo a
degradacdo do mRNA. Figura original baseada em trabalhos da literatura (CHEN et al., 2012;
DAVIS-DUSENBERY; HATA, 2010; HAMMOND, 2015).

Apesar de pequenos, os miRNAs possuem certa especificidade conferida por sua

regido seed, que consiste nos nucleotideos de sua regido 5’ entre as posigdes dois ¢ oito.




Essa ligacdo leva a degradacdo (alta complementariedade) ou repressdo da traducao
(baixa complementariedade) do mRNA pelo miRNA maduro, podendo ocorrer por quatro
processos principais: repressdo do reconhecimento do sitio de iniciacdo da traducéo;
inducdo da saida prematura ribossomal do mRNA; inducdo da deadenilacdo do mRNA
impedindo a circularizacdo do mesmo; ou promovendo a degradacdo do mRNA. Quando
maltiplos miRNAs compartilham da mesma regido seed, eles sdo descritos como
membros de uma mesma familia e comumente podem ter a¢éo sinérgica sobre um mesmo
mRNA. (LEITAO; ENGUITA, 2022).

Alteracdes na expressdo de miRNAs tem sido amplamente documentadas em
canceres (HILL; TRAN, 2021), podendo resultar em estimulo ou inibi¢do da doenga,
dependendo da sua funcdo como oncomiRs ou supressores tumorais (funcdo a ser
explicada a diante). Digno de nota, sequéncias codificadoras de miRNAs estdo
localizadas em diversas regifes cromossémicas comumente afetadas por delecbes e
amplificagdes identificadas nos canceres (CROCE, 2012).

Os miRNAs participam de diversos processos celulares, invariavelmente causando
inibicdo pds-transcricional de seus genes-alvo. Por exemplo, podem agir na traducéo e
expressao de reguladores da progressao do ciclo celular, da diferenciacéo celular, de rotas
metabdlicas, da morte celular programada (e.g. apoptose), da manutencao da homeostasia
tecidual e em respostas imunitarias. Aproximadamente 60% das proteinas humanas tém
sua traducdo regulada por miRNAs, quer seja em processos fisioldgicos ou patologicos,
incluindo a carcinogénese e a progressdo tumoral (HILL; TRAN, 2021).

Alguns miRNAs agem diretamente na progressao de canceres, com protagonismo
em fendmenos como a cascata metastatica, EMT e remodelamento do microambiente
(e.g., pela expressdo de metaloproteinases (DONG et al., 2021). De modo geral, admite-se
gue miRNAs podem agir de modo semelhante aos genes supressores tumorais, quando
inibem a traducdo de oncogenes, ou como oncomiRs, quando inibem a traducdo de genes
supressores tumorais. Entretanto, ndo sdo incomuns situagdes em que miRNAs maduros
que se originaram do mesmo pre-miRNA (formas 5p e 3p) apresentam dualidade de
acoes. Ambos podem ter uma agdo sinérgica (e.g., supressora tumoral, como no caso do
miR-100 (CHEN et al., 2015; MAIA et al., 2013)) ou antagdnica (oncomiRs ou supressor
tumoral). Essa dualidade de um miRNA se aplica também a um mesmo miRNA maduro,
pois esses habitualmente s@o contexto-dependente, como por exemplo 0 miR-574-5p
(CUl etal., 2014; Jl et al., 2013).




A expressao de miRNAs pode ser impactada por alteracGes genéticas e gendmicas
(e.g. translocacOes, delecbGes, amplificagfes, mutacGes) que comprometem suas
sequéncias codificadoras ou regulatorias, alem da regulacao de seus fatores de transcri¢éo
e alteracdes na expressao ou funcdo de enzimas envolvidas em sua biogénese, dentre
outros mecanismos (HILL; TRAN, 2021). A primeira evidéncia de envolvimento de
miRNAs na patogénese de canceres foi apresentada em 2002 por Croce e Calin, que
relataram agéo supressora tumoral do miR-15 e miR-16-1 na leucemia mieloide cronica
(CALIN et al., 2002). Atualmente ha evidéncias de alteracGes envolvendo miRNAs em
diferentes aspectos da carcinogénese, incluindo regulacdo de propriedades de CSCs, tais
como, autorenovacao, tumorigenicidade e resisténcia a drogas (ASADZADEH et al., 2019).

O miR-100 (3p e 5p) € um importante miRNA que aparenta ter acdo predominante
de supressdo tumoral. Em ensaios in vitro com células de carcinoma mamario,
adenocarcinoma pulmonar e de carcinoma de nasofaringe, a reducdo de miR-100 foi
relacionada ao aumento da proliferacdo celular e resisténcia a apoptose (FENG; WANG;
CHEN, 2012, p. 1; JIANG et al., 2015, p. 8; SHI et al., 2010, p. 1). Ensaios in vivo com células
de canceres colorretal e de nasofaringe demonstraram que a reducdo na expressao de miR-
100 proporcionou maior crescimento tumoral em animais de experimentacdo (CHEN et
al., 2014; SHI et al.,, 2010, p. 1). Adicionalmente, miR-100 foi encontrado regulado
negativamente em diversos tipos de canceres e sua menor expressao foi relacionada a
resisténcia tumoral a multiplas drogas, metastase em linfonodos, metastase pulmonar e
menor sobrevida média (CHEN et al., 2014; DAI et al., 2011; FENG; WANG; CHEN, 2012;
JIANG et al., 2015; WANG et al., 2017; ZHOU et al., 2014), além de possuir potencial como
biomarcador para diversos tipos de canceres (DOU et al., 2017).

Outro miRNA relevante nesse contexto € 0 miR-574, cuja forma 3p possui funcdo
supressora tumoral frequentemente reportada. A expressdo aumentada desse miRNA foi
gastrico (SU et al., 2012), enquanto sua reducdo propiciou resisténcia ao tamoxifeno no
cancer de mama (UJIHIRA et al., 2015). Recentemente o0 miR-574-3p foi apontado como
um potencial biomarcador para diagnostico de cancer de préstata em amostras de urina
(PAIVA et al., 2020). Por outro lado, sua forma 5p tem sido referida como oncomir: por
exemplo, a expressdo de miR-574-5p foi associada a estimulo de migracdo e invasédo
celular em canceres de pulmao (células pequenas e ndo-pequenas) e colorretal (J1 et al.,
2013; ZHOU et al., 2015, 2016) e quantidades elevadas de miR-574-5p foram detectadas

em vesiculas extracelulares no cancer de pulmao de células pequenas, colorretal e prostata




(BRYANT etal., 2012; Jl et al., 2014; ZHOU et al., 2015). Apesar das formas 3p e 5p do miR-
574 humano terem sido associadas & acdo de supressdo tumoral e oncomir,
respectivamente, ambas parecem exibir atividade dual dependendo do tipo tumoral e
contexto bioldgico. Por exemplo, a forma 3p também foi associada ao crescimento celular
no osteosarcoma (XU et al., 2016, p. 4), enquanto miR-574-5p ja foi cogitada como
supressora de metastases para o cancer colorretal (CUI et al., 2014, p. 1).

Também o0 miR-192-5p tem sido frequentemente apresentado como biomarcador
tumoral em potencial, com expressdo aumentada identificada em células neoplasicas ou
em exossomos de canceres de esdfago, colorretal (DELLA VITTORIA SCARPATI et al.,
2014; HUANG et al., 2017; WARNECKE-EBERZ et al., 2015) e no carcinoma hepatocelular
relacionado a infeccdo pelo virus da hepatite B (HBV) (WEN et al., 2015). Esse miRNA
parece atuar como oncomir, pois a elevacdo de sua expressdo foi associada a aumento das
taxas de proliferacdo, migracdo e invasao em células de carcinoma hepatocelular in vitro
(YAN-CHUN et al., 2015). Adicionalmente, foi associada a resisténcia ao tamoxifeno em
carcinoma mamario e a recorréncia e metastase para carcinomas hepatocelular e mamario
in vivo (KIM et al., 2016; YAN-CHUN et al., 2015). Ainda assim, a expressao do miR-192
também ja foi associada a reducdo do potencial metastatico de células de carcinoma
mamario (PUPPO et al., 2016) e esse microRNA tem sido estudado como potencial
biomarcador e alvo terapéutico para o carcinoma hepatocelular (MISHAN et al., 2020).




MicroRNAs no carcinoma de nasofaringe

Em um estudo publicado de nosso grupo de pesquisa, ViriCan, observamos que
células imortalizadas de nasofaringe NP69°V4’T (RRID #CVCL_F755) apresentavam
diferencas na expressao de miRNAs enddgenos humanos quando transfectadas com
variantes da proteina latente de membrana 1 (Latent Membrane Protein 1 — LMP1) do
EBV dos gendtipos virais B95-8A e M81 (MULLER COAN et al., 2022, p. 8).
Comparado ao EBV gendtipo B95-8A, o gendtipo M81 possui maior eficiéncia para
infectar células epiteliais, além de levar a uma maior inducdo de ciclo litico viral.
Pacientes infectados com EBV M81 possuem alta titulacdo de anticorpos contra proteinas
virais que induzem a replicacéo celular, sendo que esse fator foi relatado como preditivo
para o desenvolvimento de NPC, combinado a outros estimulos (TSAl et al., 2013). Assim,
ha indicios de que o gendtipo M81 do EBV possa ter uma agdo unica nas células
neoplasicas infectadas pelo virus, podendo ocasionar alteraces no comportamento
tumoral.

Nesse estudo prévio, buscamos investigar se a LMP1 dos genotipos B95-8A e M81
do EBV se equivalem na regulagdo de expressédo de miRNAs humanos selecionados e nas
taxas de migracdo de células de nasofaringe transfectadas de modo transiente para
expressdo da oncoproteina viral. Observamos a expressao ectopica de LMP1 variante
M81 induziu aumento de miR-100-5p, miR-192-5p e miR-574-3p, em comparagdo com
células transfectadas com LMP1 variante B95-8A. Com base de predi¢éo in silico dos
alvos desses miRNAs, identificamos que as alteracGes nesses miRNAs potencialmente
propiciam mudancas na regulacdo da sobrevivéncia e proliferacdo celular, apoptose e
angiogénese por meio mudangas em diversas vias intracelulares como PI3K/AKT,
MAPK, NF-kB e JAK/STAT (MULLER COAN et al., 2022, p. 8).

Baseado nesses dados, € plausivel supor que células com expressdo aumentada do
miRNA-100-5p, -192-5p e -574-3p tenham diferencas de comportamento in vitro e in
vivo relacionadas ao desenvolvimento tumoral e progressdo de canceres. Para a
elucidacdo de sua importancia na patogénese de canceres humanos, como o NPC, as
inferéncias com base nos dados obtidos demandam validacdo dos efeitos dos miRNAs
indicados por analises funcionais. Isso é particularmente relevante no que se refere aos
fendmenos da progressdo tumoral, os quais condicionam a agressividade biologica das

doencgas neoplésicas malignas.




Os resultados previamente indicados podem contribuir para melhor entendimento
da patogénese do NPC, céncer fortemente associado a infec¢do pelo EBV e de elevada
agressividade, com rapida disseminacdo loco-regional (CHEN et al., 2019). Assim, 0
presente estudo buscou investigar possiveis efeitos dos miRNAs miR-100-5p, miR-192-
5p e miR-574-3p na viabilidade, proliferacdo, migracéo de células humanas imortalizadas

de epitélio nasofaringeo.




Capitulo 2 - Manuscrito




Preambulo

A seguir serd apresentado manuscrito conforme diretrizes do ICJME (normas de
Vancouver)(1). Para realizacdo desse trabalho, foram utilizados resultados de anélises de
predicdo de genes alvos dos miRNAs e enriquecimento de vias, além de ensaios de
viabilidade celular, proliferacdo e migrago in vitro efetuados com a linhagem NP69SV40T,

Além das atividades detalhadas no manuscrito, durante o treinamento de doutorado
foi realizada a montagem de vetores para verificagdo da especificidade do mimético
utilizado na transfeccdo por meio de ensaio repdrter da luciferase e vetores para expressao
constitutiva dos miRNAs de interesse. Os resultados obtidos nessa etapa de producdo de

construtos de pesquisa séo apresentados no Apéndice.
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Abstract

Cancers are malignant neoplastic diseases with complex etiopathogenesis. Transformed
cells acquire diverse biological influenced by many factors, including miRNAs. MiRNAs
are non-coding RNAs that canonically prevent mRNA translation, influencing many
cellular processes, carcinogenesis, and progression of cancers, like nasopharyngeal
carcinoma (NPC). NPC is an aggressive cancer with a high metastatic rate to local lymph
nodes. The nonkeratinizing NPC subtype comprehends over 95% of total cases and, when
undifferentiated, is highly related to Epstein-Barr virus (EBV) infection. In a recent study
of our group, we observed that immortalized nasopharyngeal cells NP695V4°T transfected
with the EBV oncoprotein, Latent membrane protein 1 (LMP1), from M8L1 strain showed
increased expression of human miR-100-5p, miR-192-5p, and miR-574-3p compared to
NP695V40T cells transfected with LMP1 from EBV strain B95.8A. Thus, this study aimed
to assess the putative effects of each of the identified microRNAs on the viability,
migration, and proliferation of human immortalized nasopharyngeal cells (NP695V40T)
cultivated in vitro. Therefore, target prediction and pathway enrichment analysis were
performed to infer which pathways could be modulated by each miRNA followed by
expression analysis of selected predicted target genes. Additionally, NP695V49T cells were
transfected with miR-100-5p, miR-192-5p, or miR-574-3p mimic to analyze cell
behavior.
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Introduction

Cancers are a group of neoplastic diseases with complex etiology. In 2020,
Globocan accounted for over 19 million new cancer cases and 9.9 million deaths directly
attributed to these diseases (2,3). The nasopharyngeal carcinoma (NPC) is a highly
aggressive cancer strongly associated with infection by the Epstein-Barr virus (EBV),
environmental (e.g., exposure to nitrosamides, diet) and genetic factors (e.g., HLA genes
on chromosome 6p21) (4). In 2020, 133.000 new cases and 80.000 associated deaths were
related estimated worldwide for NPC, which is endemic in the southeast of Asia, notably
in China (2). NPC invade tissues adjacent to the primary tumor, such as the base of the
cranium, face sinuses, and orbits. Furthermore, at the diagnosis the disease manifests with
metastasis in regional lymph nodes in about 50% of cases. Disseminated disease usually
happens within 3 years after initial presentation, and the most common metastasis sites

are bones, lungs, and liver (4,5).

Overall, metastatic dissemination requires that malignant cells acquire particular
properties that enable them to colonize tissues distinct from the primary site and it is
related to poor cancer prognosis, and increased morbidity and mortality rates (6,7). The
metastasis process is influenced by non-coding micro RNAs (miRNAS) (8), small non-
coding transcripts that negatively regulate mRNA translation (most common, canonical
activity). Alteration in miRNA expression in cancers has been widely described, and these
molecules can act as oncomirs, promoting cancer development (targeting tumor
suppressor genes), likewise tumor suppressor miRNAS (targeting oncogenes), or even
with dual activity, in a context dependent manner, for instance (9).

In a previous study (10), we identified the human miRNAs 100-5p, 192-5p, and
574-3p as deregulated miRNAs in immortalized nasopharyngeal cells transfected with
the Epstein-Barr virus (EBV) oncoprotein LMP1 from two viral variants (M81 and
B95.8A). We found that miR-192-5p was 2.7 fold downregulated in the NP69SV4°T (RRID
#CVCL_F755) immortalized nasopharyngeal cells transfected with the EBV LMP1
oncoprotein derived from the prototype viral strain B95.8A (originated from a Burkitt
lymphoma, used as a control) compared to cells not expressing LMP1, and miRNAs 100-
5p, 192-5p, and 574-3p were upregulated (1.8, 1.7, and 2 fold, respectively) comparing
EBV LMP1 derived from the viral strain M81 (originated from NPC) compared to the
B95.8A strain. However, no differences in these three miRNAs were found when

comparing EBV LMP1 from M81 compared to cells not expressing LMP1.




The obtained result suggests a putative pathogenetic role of the indicated miRNASs
in the pathogenesis of NPC, prompting further investigation of their biological roles on
human cells of the nasopharyngeal epithelium. Therefore, in this study we aimed to
investigate how the microRNAs 100-5p, 192-5p, and 574-3p impact the behavior of
human immortalized nasopharyngeal cells (NP69) cultivated in vitro, transfected with the
respective miRNA mimics, regarding gene expression, migration, and proliferation. as
will be detailed further here, we found that miR-192-5p could downregulate the transcript
levels of its target gene, RAB2A in 40% and decreased migration of NP69 cells in 43%.
Despite miR-100-5p and miR-574-3p caused a decrease in its target genes, FZD8 and
STC1 respectively, they could not induce changes in cell behavior. This indicates that
miR-192-5p is a good candidate for further molecular characterization and cell behavior

effects in vitro and in vivo in nasopharyngeal carcinoma.




Material and Methods

Cell culture

This study was conducted with the immortalized human nasopharyngeal cell
NP69SV40T (RRID #CVCL_F755), herein indicated as NP69. This cell line was generated
by the research group headed by Professor George Sai-Wah Tsao (Hong Kong University,
China), and it was obtained from Dr. Ethel Cesarman (Cornell University, NY, USA).
The cells were cultivated with the Keratinocyte SFM medium (Thermo Fisher Scientific,
Waltham, M, USA) supplemented with 5% Fetal Bovine Serum (FBS), EGF and BPE
(according to the manufacturer’s instructions), and 0.4% gentamicin for microbiological
control. The genetic identity of the cell line was confirmed in our lab by short tandem
repeats (STRs) analysis using the GenePrint 10 (Promega, Madison, W1, USA), according
to the manufacturer instructions. The obtained cell profile matched the deposited for
NP69 cells (THO01: 7; D21S11: 31; D5S818: 11; D13S317: 10, 12; D7S820: 11; D16S539:
11, 12; CSF1PO: 12, 13; AMEL.: X, Y; VWA: 16, 19; TPOX: 11). Also, the cell cultures
were confirmed to be free of mycoplasma contamination using a PCR-based protocol
using TaKaRa PCR Mycoplasma Detection Set (11).

miRNA Target Prediction and Pathway Enrichment Analysis

For each miRNA investigated, we performed in silico target prediction
(Supplementary Material, Figure S1) and pathway enrichment analysis to identify
predicted transcripts that each miRNA could be targeting and, consequently, which
pathways and cellular changes could be expected upon miRNA ectopic expression using
miRNA mimics. The target prediction analysis was performed using the online tool
mirDIP (12,13) (Supplementary Material, Table S1) and Pathway Enrichment Analysis
was performed using the ReactomeFIViz (14) plugin in Cytoscape (15) (Supplementary
Material, Table S2). The analysis of complementarity between the miRNA’s seed region
and the 3’ UTR region of target genes was performed using the 3> UTR sequence
Database (16), and the in silico pairing was confirmed using the NCBI Blast online tool
(17,18).

Cellular transfection of miRNA mimetics and assessment of miRNA expression

Before each functional experiment using miRNA mimics, NP69 cells were
maintained under starving (media without FBS) for 24h, counted and plated into a 12 or

24 well plate. After 24 h of incubation, the cells were transfected using Lipofectamine™




RNAIMAX Transfection Reagent (Thermo-Fisher) with 10nM of MISSION® miRNA
Mimic (Sigma-Aldrich, St Louis, MO, USA), following manufacturer’s instructions. For
all experiments, the cells were incubated with the transfection reagent for 24 h,
dissociated with trypsin, counted using Trypan blue (used for the viability assessment),
and subjected to the specific downstream experiment (mMRNA analysis, migration, or
proliferation assay).

To analyze the relative amount of selected miRNA target transcripts, total RNA
was extracted from NP69 cells transiently transfected (miR 100-5p, miR-192-5p, or miR-
574-3p mimic) using the TRIzol™ Reagent (Thermo Fisher), according to the
manufacturer’s instructions. After extraction and quantification, the RNA integrity was
indirectly accessed by inspection of ribosomal bands and absence of smears in 1% agarose
gels after total RNA electrophoresis. Following, the cDNA was performed to analyze
miRNA levels (Supplementary Material, Figure S2) and selected miRNA targets (Figure
3). MiRNA reverse transcription was performed using High-Capacity cDNA Reverse
Transcription Kit (Thermo Fisher) with random primers supplied with the mimics with
miRNA gPCR Kkits (Canopy Biosciences). The High-Capacity cDNA Reverse
Transcription Kit (Thermo Fisher) was also used to produce cDNA subjected to analysis
of the expression of predicted miRNA target transcripts. All protocols were performed
following the manufacturers’ recommendations. The reverse transcription real-time
quantitative PCR (RT-qPCR) assays to assess miRNA and gene expression were
performed using the GoTag® gPCR system in AriaMx Real-Time PCR (gqPCR)
Instrument (Agilent) and 7500 Real-Time PCR (Applied Biosystems). All RT-gPCR
experiments were performed in technical duplicates and biological triplicates, using 2
reference genes. Primers and reaction components are in Supplementary Material, Table
S3.

Estimation of cell proliferation and migration rates in vitro

To estimate the cell proliferation rates, NP69 cells transfected with control (cells
incubated with the transfection reagent only), miR-100-5p, miR-192-5p, or miR-574-3p
were dissociated 24 h post-transfection, counted, and distributed in duplicates in five 96
well plates. These cells were incubated in complete media and evaluated in 24 h intervals
at days 0, 1, 2, 3, and 4 post-transfection using the colorimetric assay CellTiter 96®

Aqueous One Solution (Promega), following the manufacturer’s protocol, with




absorbance readings at 490 nm performed with the spectrometer reader device (Bio-Rad
Model 680).

For cell migration, NP69 transfected cells were dissociated 24 h post-transfection,
counted, and inoculated (1 x 10° cells) in the inner chamber of transwell inserts with 8um
pores, filled with serum-free media and adjusted into wells filled with complete media in
a 24-well plate. After incubation for 18h, the inner side of the membrane was scraped
with a cotton swab (to remove cells that did not migrate), fixed with 70% ethanol for 10
min, and stained with violet crystal for 15 min. The Image J software (19) was used to
count 25% of the total area of the outer membrane of the insert, considering migrating
cells only. The assay was performed with technical duplicates and three independent
experiments were performed (biological triplicates).




Results

In silico analysis of miR-100-5p, miR-192-5p and miR-574-3p showed unique

deregulated pathways and target genes.

We performed an in silico target prediction analysis to identify putative targets for
miRs 100-5p, 192-5p, and 574-3p, along with pathway enrichment analysis to predict
potential changes in cell behavior in which the investigated miRNAs could be implicated
when expressed in the human immortalized nasopharyngeal cell line NP69.

Accounting only for the top 1% predicted targets from the three miRNAs, there
were 82, 545, and 10 selected genes for miRs 100-5p, 192-5p, and 574-3p, respectively
(Supplementary Material, Table S1 and Figure S1). The pathway enrichment analysis
(Supplementary Material, Table S2) provided several insights on behavioral changes
induced by each of the miRNAs. The results are shown in Figure 1.

Briefly, the miR-100-5p was predicted to be involved in modulation of gene
expression, immune system, metabolism, and signal transduction pathways (Figure 1A),
which comprises more than 50% of target genes predicted. Some known pathways that
are critical in cancer biology were predicted to be regulated by this miRNA, such as
mTOR, GPCR, TGF-B, IGFIR, FGFR3b, and WNT (Figure 1B and Supplementary
Material, Table S2). Regarding miR-192-5p, the analysis predicted its activity regulating
biological development pathways, metabolic routs, and signal transduction pathways
(Figure 1A). Over 40% of the predicted genes were involved in MAPK, GPCRs, TKR,
and TGF-B pathways, and approximately 35% of them are related to tyrosine-kinase
receptors (TKRs) pathways, such as EGFR, ERBB2, FGFR, PDGF, IGF1R e NGF
(Figure 1B and Supplementary Material, Table S2). Finally, miR-574-3p had predicted
effects on cellular responses to external stimuli, biological development, vesicle-
mediated transport and biogenesis, cellular response to hypoxia, as well as signal
transduction pathways (Figure 1A and Supplementary Material, Table S2). MiR-574-3p
has a smaller number of predicted target genes selected for analysis, but the small number
do not prevent further studies. During the pathway enrichment analysis miR-574-3p
predicted targets were related to important pathways in cancer, such as TGF-, WNT,
HIF, and TKR signaling (Figure 1B and Supplementary Material, Table S2).

Overall, all the three miRNAs investigated were predicted to be involved in
developmental biology, transport of small molecules, and in some specific cellular

pathways, such as Bone Morphogenetic Protein signaling (BMP), TGF-B, and TKR




(Figure 1B and Supplementary Material, Table S2). In common, miRs 100-5p and 192-
5p were predicted to regulate the immune system, cell cycle, and the GPCR pathway,
while miRs 192-5p and 574-3p were predicted to modulate signaling events driven by the
adhesion molecule LICAM and NODAL (Supplementary Material, Table S2). Finally,
miRs 100-5p and 574-3p showed up as regulators of VLDLR internalization and
degradation, VLDL interactions, and Lipoprotein metabolism (Supplementary Material,
Table S2).
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Figure 1 — Pathway enrichment analysis for high-score target genes identified for miR-100-5p,

miR-192-5p, and miR-574-3p, selected from a previous work (20) . (A) Broad cellular categories




pathways and their respective gene hits. (B) Genes hits obtained for pathways within the Signal
Transduction category.

These results obtained by after in silico analysis of predicted targets of the miRNAs
investigated also suggest several cell behavior modifications individually induced by each
of the miRNAs, such as mTOR signaling by miR-100-5p, GPCR signaling by miR-192-
5p, and vesicle biogenesis and transport by miR-574-3p. Considering all three miRNAs,
they were predicted to regulate pathways involved in proliferation, migration, and
apoptosis. In conclusion, all three miRNAs could alter cell behavior through different

mechanisms, including in NP69 transfected with its mimics.

Effects if treatment of NP69 cells with mimetics for miRs 100-5p, 192-5p, and 574-3p in

selected gene targets

To validate the results of the in silico analysis performed, the expression of
transcripts for selected target genes predicted for each of the investigated miRNAs were
assessed by gPCR. As shown in Figure 2 (Panels A to C), all the selected gene targets for
miRs 100-5p, 192-5p, and 574-3p had complementarity in at least 1 site at the target 3’-
UTR region.

For miR-100-5p, the mMRNA levels were assessed for the genes FZD8 (NCBI Gene
ID: 8325), which encodes a frizzled receptor for the WNT pathway, and SMARCAS
(NCBI Gene ID: 8467), encoding a helicase with nucleosome remodeling activity. NP69
cells transfected with the miR-100-5p mimic showed a 40% decrease in FZD8 levels, and
no significant change for SMARCAS (Figure 3A).

For miR-192-5p, the mRNA levels were assessed for the genes PKRAR1A (NCBI
Gene ID: 5573) which encodes for a protein kinase CAMP-Dependent, and RAB2A
(NCBI Gene ID: 5862), a small GTPase member of the RAS family. NP69 cells
transfected with the miR-192-5p mimic showed a 40% decrease in RAB2A levels, and no
significant change for PRKAR1A (Figure 3B).

For miR-573-3p, the mRNA levels were assessed for the genes CLTC (NCBI Gene
ID: 1213), which encodes for a clathrin, component of the cytoplasmic face from
organelles involved in the formation of coated vesicles, CUL2 (NCBI Gene ID: 8453),
which encodes a cullin protein, core component of multiple cullin-RING-based ECS
(ElonginB/C-CUL2/5-SOCS-box protein) related to hypoxia, FBXL5 (NCBI Gene ID:
26234), a member of the F-box protein family involved in protein ubiquitination, and

STC1 (NCBI Gene ID: 6781), a glycoprotein with autocrine and paracrine functions




involved in cell metabolism and calcium/phosphate homeostasis. Other targets genes
predicted not included in the top 1% list were also included due to their relevance in the
context of cancer. The transcriptional levels of these genes were also assessed: EP300
(NCBI Gene ID: 2033), a histone acetyltransferase that regulates transcription via
chromatin remodeling, and CD274 (also called PDL1 — NCBI Gene ID: 29126), an
immune inhibitory receptor ligand. NP69 cells transfected with the miR-574-3p mimic
showed a 48% decrease in STC1 levels, and no significant change for CLTC, CULZ2,
EP300, FBXL5 and PDL1 (CD274). (Figure 3C).

Position 544-550 of FZD8 3' UTR 5 ... UACACCOCACGUAAAUACGEGEUU. . . Position 2278-2285 of PRKAR1A 3' UTR 5' ... AGAUUGUCUUAAUGCUAGGUCAA. . .
[TIELE . 111 [T

hsa-miR-100-5p 3 GUGUUCAAGCCUACAUGCCCAA hsa-miR-192-5p 3 COGACAGUUAAG- AUCCAGUC

Position 51-57 of SMARCA5 3'UTR  5' ... AGUAGUUCUUUAAUUUACGGGUC. . . Position 218-225 of RAB2A 3' UTR 5' . .. UUUGCAUUUGAUUUCUAGGUCAA.

[ 1111 [NARAAN I
hsa-miR-100-5p 3 QUGUUCAAGCCUAG- - AUGCCCAA hsa-miR-192-5p 3 CCGACAGUUAAGUAUCCAGUC
Position 573-580 of CLTC 3' UTR 5 . .. UGCCUGAUUUUUAAAUGAGCGUA. . . Position 98-104 of FBXL5 3' UTR 5' ... UUAACCAUCCCUUUUUGAGCGUG. . .

1T [T
hsa-miR -574-3n 3 ACACCCACACACGUACUCGCAC hsa-miR-574-3p 3' ACACCCACACACGUACUCGCAC
Pasition 149-155 of CUL2 3' UTR 5 ... ACCAQUGCCACGUCAUGAGCAUC. . . Position 68-74 of CD274 3' UTR 5 s mummmﬁ;?ﬁ:ﬁﬁ- .

[TTT1T]
hsa-miR-574-3p 3 ACACCCACACACGAUACUCGCAC hsa-miR-574-3p 3 ACACCCACACACGUACUCGCAC
Position 653-660 of EP300 3' UTR 5' ... UCUAUUCUGUAAGUCUGAGCGUA. . . Position 1615-1621 of STC1 3' UTR 5' ... CCCAACAGUCCCUUAUGAGCGUC. . .

111 NN [T
hsa-miR-574-3p 3' ACACCCACACACGUACUCGCAC hsa-miR-574-3p 3 ACACCCACACACGUACUCGCAC

Figure 2 — Complementarity analysis of whole miRNA sequence and the 3’UTR region of the
respective targets for miR-100-5p, 192-5p or 574-3p. Showed in (A) is the complementarity
between miR-100-5p and the 3’UTR sequence from FZD8 and SMARCADS transcripts, in (B) is
the complementarity between miR-192-5p and the 3’ UTR region from PRKAR1A and RAB2A
transcript, and in (C) is the complementarity between miR-574-3p and the 3’UTR sequence from
CUL2, CLTC, EP300, FBXL5, PDL1 and STC1 transcripts. In bold are highlighted the matching

nucleotides and in green, the miRNA seed region. Image obtained from TargetScan 7 (21).
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Figure 3 — Assessment of mMRNA expression of gene targets predicted for (A) miR-100-5p (FZD8
and SMARCAS), (B) miR-192-5p (PRKAR1A and RAB2A), and (C) miR-574-3p (CUL2, CLTC,
EP300, FBXL5, PDL1 and STC1) in NP69 cells transfected with 10nM of the respective
microRNA mimic. A 40% reduction in mRNA expression levels was found for FZD8 and RAB2A
in cells treated with mimics for miR-100-5p and miR-192-5p, respectively. Furthermore, cells
treated with the miR-574-3p mimic showed a reduction of 48% on the transcriptional levels of
STCL1. No significant changes were observed for other conditions/targets. * p<0.05; ** p<0,005
and ***p<0.002.

MiR-192-5p mimic treatment decreases cell migration but did not induce alteration in

cell proliferation or viability in vitro

To investigate in vitro effects induced by the treatment with miR-100-5p, 192-5p,
or 574-3p (Supplementary Material, Figure S2), 24h post-transfection with the miRNA
mimetics, the NP69 cells were subjected to assays to assess cell viability (trypan-blue dye
exclusion assay; Figure 4), cell proliferation rates (colorimetric assay with cell titer;
Figure 5), and cell migration (transwell assay; Figure 6).

Treatment with miR-192-5p caused a 43% reduction in the number of migrating




NP69 cells compared to control (Figure 6) and no statistical differences were found in
viability (Figure 4A and B), cell count (Figure 4C and D), or proliferation (Figure 5).
Regarding treatments with miR-100-5p or miR-574-3p mimic in NP69 cells, no statistical
differences were found in cell viability (Figure 4A and B), cell count (Figure 4C and D),

proliferation (Figure 5), or migration (Figure 6).
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Figure 4 — Assessment of (A) total cell count, (B) cell count relative to control, (C) cell viability
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Figure 6 — Migration analysis using transwell assay of NP69 cells transfected with the mimic for
miR-100-5p, miR-192-5p, miR-574-3p or the control (transfection reagent only). Showed in (A)
is the total number of cells that migrated through the transwell membrane, in (B) is the relative
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cells. A 43 % reduction in migration rates was found in cells treated with miR-192-5p mimic. No
significant changes were observed for miR-100-5p or miR-574-3p mimic treatment. * p<0,001;
** p<0,0001.




Discussion

MiRNAs have been described as important molecules involved in cancer
development and progression. MiR-100-5p, 192-5p, and 574-3p have being previously
related to be involved in several cellular pathways and modulating malignant cell
behavior, such as migration, invasion, proliferation, EMT, and metastasis rates.

MiR-100-5p has as a tumor suppressor function, and our work shows that can
potentially modulate several cellular pathways important in cancer, such as mTOR,
IGF1R, and TKR. Corroborating with our prediction analysis, miR-100-5p was already
described to regulate mTOR in cardiac hypertrophy (22). Additionally, it is
downregulated in chordoma and nasopharyngeal carcinoma samples, and, when
upregulated, reduced migration, invasion, and proliferation of those cells through IGF1R
pathway (23,24).

Transfection of NP69 cells with miR-100-5p mimic showed a 40% reduction in
MRNA levels of FZD8 and correlation with miR-100-5p as a target is yet unpublished.
FZD8 is known to be involved in several key signaling cascades affected in cancers (25),
including the TGF- and Wnt pathways, predicted by the in silico analysis performed
here (Figure 1B). TGF-p is known to promote FZD8 expression, leading to non-canonical
activation of Wnt via its WNT-5b ligand (26). Along with FZD5, FZD8 is essential for
Whnt activation (27) and is being used as a therapeutic target to inhibit this pathway (25).
The activation of the Wnt pathway (either canonical or non-canonical) by FZD8 was
reported to increase cell proliferation rates and metastasis in renal cell carcinoma (28),
as well as the frequency of bone metastasis and acquisition of cancer stem cell (CSC)
properties in prostate cancers (29).

The results reported here provide relevant insights about the effects of upregulation
of miR-192-5p in nasopharyngeal cells. The pathway prediction analysis showed that
over 40% of the predicted genes were involved in MAPK, GPCRs, TKR, and TGF-$
pathways, and approximately 35% of them are related to tyrosine-kinase receptors
(TKRs) pathways, such as EGFR, ERBB2, FGFR, PDGF, IGF1R e NGF. MiR-192-5p
has a context dependent function, acting as a oncomiR or tumor suppressor (30,31) and in
this study, the miRNA had a tumor suppressor role. NP69 cells treated with the miR-192-
5p mimic showed a reduction of 40% on the transcriptional levels of RAB2A, along with
a 43% in the migration capabilities of cells.




In this work, in silico analysis of RAB2A showed a predicted involvement in cell
cycle and cellular transcription. The RAB2A protein is a small GTPase, member of the
RAS family, that controls canonical Golgi-to-Plasma membrane trafficking of a
metalloprotease, MT1-MMP, essential to the acquisition of mesenchymal traits (32,33).
RAB2A was previously described as a miR-192-5p target in a colon cancer model. In that
context, when inhibited by miR-192-5p, RAB2A reduction led to inhibition of cell
proliferation, migration, and invasion (34).

Considering that RAB2A is known to induce the acquisition of mesenchymal traits,
the results reported here strengthens the idea that miR-192-5p may behave as a tumor
suppressor. Accordingly, this miRNA was found downregulated in several cancers; also,
thyroid papillary carcinoma cells were sensitized to apoptosis and showed reduced
proliferation and migration rates upon upregulation of miR-192-5p (35). In serum
samples, from NPC patients, miR-192-5p was increased and proposed as a potential
biomarker (36), however, RAB2A importance in NPC is still unpublished.

The pathway enrichment analysis performed in this study indicated that miR-192-
5p regulates the TGF-B pathway (Figure 1B). The TGF-P signaling induces EMT and
reduces KHSRP transcript, which favors the epithelial phenotype by inhibiting EMT-
associated factors (Zebl, Sail, and Fnl, for instance), and induces miR-192-5p
maturation (31). Nonetheless, miR-192-5p may also inhibit TGF-p signaling via another
target, Fbln2 (37). This miRNA was also predicted to regulate the expression of fibroblast
growth factor receptor (FGF) receptors 1, 2, 2b, 3, and 4. The expression of FGFR4 was
previously described to be increased in NPC tissues and cell lines, as well as correlated
with higher stages and poor prognosis for NPC patients.

Worth to note, a fusion transcript from genes FGFR3 and the gene encoding the
transforming acidic coiled-coil-containing protein 3 (TACC3) appears to be recurrent in
NPC and was related to promoting cell transformation, proliferation, and colony
formation (38). The FGFR3-TACC3 fusion also leads to overactivation of the
MAPK/ERK signaling pathway, acting as an oncogenic driver, and inhibition of FGFR
or MEK with BGJ398 or trametinib, respectively, blocks the transforming effects (39,40).
The expression of RAB2A, which is targeted by miR-192-5p, regulate the ERK1/2
pathway, sustaining its activation and increasing the nuclear accumulation of -catenin,
an effect reported to be essential to enrich CSCs in a breast cancer model (41).

Pathway enrichment analysis of miR-574-3p indicates a predicted effect on cellular

responses to external stimuli, biological development, vesicle-mediated transport and




biogenesis, cellular response to hypoxia, as well as signal transduction pathways, such as
TGF-B, WNT, HIF, and TKR signaling. NP69 cells transfected with miR-574-3p mimic
showed a 48% reduction on mRNA levels of STC1, a gene previously described to
promote cancer development. In gastric cancer cells, STC1 was increased in hypoxic, but
not normoxic conditions, and when upregulated induced cell proliferation and
chemoresistance(42). This gene was also included in a proposed hypoxia signature to
predict the patient outcome with bladder cancer (43).

The relation of miR-574-3p and hypoxia was previously described in a histiocytic
lymphoma cell line (U937 cells) context. In a hypoxic environment, miR-574-3p is
sequester by the heterogeneous nuclear ribonucleoprotein L (hnRNP L), allowing
VEGFA expression and expression of another miR-574-3p target, EP300, which is a
transcriptional co-activator of NF-xB and HIF-1a (44). In a gastric cancer context, this
miRNA was described as an oncomir, increasing cell proliferation, migration, invasion,
and EMT, in addition to targeting CUL2 (another tested target), which suppresses HIF-
la (45), which was also described to be a transcriptional regulator of STC1 (46).




Conclusion

In conclusion, this study shows that the expression miR-192-5p (mimic) in
immortalized nasopharyngeal cells inhibits the cell migration in vitro and the expression
of the expression RAB2A, a member of the RAS oncogenes. These activities suggest that
this miRNA may behave as a tumor suppressor, which requires further investigation in

Vvivo to assess its value in the pathogenesis of NPC.




Supplementary Material

Supplementary Table S1 — Top 1% predicted target genes for miR-100-5p, miR-192-5p and
miR-574-3p obtained from mirDIP platform with respective gene symbol, Uniprot code,

integrated score and number of platforms that had the same prediction (number of sources).

Integrated  Number of Integrated  Number of

Gene Symbol Uniprot Gene Symbol Uniprot

Score Sources Score Sources
miR-100-5p CDC25A P30304 0,589 17
SMARCA5 060264 0,944 20 PHOX2B Q99453 0,588 8
CTDSPL 015194 0,938 18 DESI2 Q9BSY9 0,575 11
MTOR P42345 0,932 20 FAM126B Q8IXS8 0,549 7
KBTBD8 Q8NFY9 0,916 18 EPC2 Q52LR7 0,546 7
FGFR3 P22607 0,908 20 GRHL1 QINZI5 0,538 12
MTMR3 Q13615 0,897 18 ZBTB7A 095365 0,535 7
FzZD8 Q9H461 0,897 18 FOXA1 P55317 0,533 8
HS3ST2 QoY278 0,880 16 CEP85 Q6P2H3 0,518 9
MBNL1 QINR56 0,878 18 RRN3 QINYVB 0,509 16
AGO2. QIUKV8 0,878 18 NXF1 Q9UBU9 0,506 9
HOXA1 P49639 0,876 18 OGT 015294 0,500 5
TRIB2 Q92519 0,876 18 RASGRP3 Q8IV61 0,499 12
HS3ST3B1 Q9Y662 0,852 15 TMEM30A QINV96 0,497 10
SLC44A1 Q8WWI5 0,847 17 GMPS P49915 0,493 8
ADCY1 Q08828 0,820 14 TAOK1 Q7L7X3 0,492 10
BAZ2A QOUIF9 0,801 17 KDM6B 015054 0,486 13
AP1AR Q63HQO 0,795 17 RRAGD QINQL2 0,484 11
ZZEF1 043149 0,785 16 ATP11C Q8NB49 0,484 13
RAVER2 Q9HCJ3 0,777 18 SLC14A1 Q13336 0,482 17
INSM1 Q01101 0,765 16 ST6GALNAC4 Q9H4F1 0,482 10
PPP3CA Q08209 0,740 16 PI15 043692 0,482 9
THAP2 Q9HOW?7 0,706 17 RMND5A Q9H871 0,477 9
IGF1R P08069 0,697 15 PRDM1 075626 0,477 7
VLDLR P98155 0,681 12 NR6A1 Q15406 0,476 8
TTC39A Q5SRH9 0,674 15 TARDBP Q13148 0,474 12
BMPR2 Q13873 0,664 10 IREB2 P48200 0,474 13
PPP1CB P62140 0,644 13 TMPRSS13 Q9BYE2 0,465 13
FKBP5 Q13451 0,642 12 C5orf22 Q49AR2 0,447 14
CYP26B1 QINR63 0,640 12 ADGRE2 Q9UHX3 0,441 16
ST5 P78524 0,637 15 IMPDH1 P20839 0,436 15
ICMT 060725 0,637 15 ETV3 P41162 0,434 8
LRRC8B Q6PIF7 0,633 14 RAP1B P61224 0,415 12
CLDN11 075508 0,632 14 HES7 Q9BYEO 0,414 12
EPDR1 Q9UM22 0,625 13 CLDN4 014493 0,414 7
FZD5 Q13467 0,605 12 PCSK9 Q8NBP7 0,406 12

TRIB1 QI6RU8 0,589 1 NOX4 QONPH5 0,403 12




Gene Symbol

Uniprot

Integrated Number of

Gene Symbol

Uniprot

Integrated  Number of

Score Sources Score Sources
ZNF845 Q96IR2 0,397 14 CTCF P49711 0.742 19
NTRK3 Q16288 0,393 7 ADGRL3 Q9HAR2 0.739 17
PLPPR4 Q7Z2D5 0,392 9 FABP3 P05413 0.718 13
TMEM135 Q86UB9 0,392 8 BLCAP P62952 0.712 17
SMAD7 015105 0,391 9 NKAIN2 Q5VXU1 0.709 15
NIPBL Q6KCT79 0,390 6 PDP1 QIPOJ1 0.704 16
ANKRD28 015084 0,389 13 SLC39A6 Q13433 0.701 15
RNF144B Q72419 0,386 1 NAA50 Q9GzzZ1 0.699 18
ZNF197 014709 0,386 12 OLIG3 Q7RTU3 0.698 14
miR-192-5p SLC19A2 060779 0.694 19
PKP4 Q99569 0.890 19 NRIP1 P48552 0.691 13
H3F3B P84243 0.883 19 ALX1 Q15699 0.691 11
PABPC4 Q13310 0.875 20 SOAT1 P35610 0.689 16
RAB2A P61019 0.863 21 NCOA3 Q9Y6Q9 0.685 16
ARFGEF1 Q9Y6D6 0.858 18 SLC5A3 P53794 0.685 14
EREG 014944 0.842 20 KPNAB 060684 0.683 16
MSN P26038 0.835 17 FAM229B Q4GON7 0.679 14
ALCAM Q13740 0.832 18 ZNF280C Q8ND82 0.678 15
DYRK1A Q13627 0.824 20 ACVR2A P27037 0.675 17
FRMD4B QoY2L6 0.821 19 IKZF2 QIUKS7 0.673 19
LPAR4 Q99677 0.820 18 RUNX1 Q01196 0.671 16
WDR44 Q5JSH3 0.817 16 CHD7 Q9P2D1 0.668 13
CCNT2 060583 0.812 19 DDX50 Q9BQ39 0.667 14
DBT P11182 0.811 20 B3GALNT1 075752 0.665 19
GPR22 Q99680 0.810 16 SLMAP Q14BN4 0.663 17
FNDC3B Q53EPO 0.809 19 TRERF1 Q96PN7 0.662 15
BHLHE22 Q8NFJ8 0.803 17 CREB5 Q02930 0.654 16
CTNNBIP1 QINSA3 0.801 21 RPAP2 Q8IXW5 0.653 15
RB1 P06400 0.801 18 ACVR2B Q13705 0.653 15
NIPBL Q6KCT79 0.799 19 ARL4C P56559 0.652 14
ZNF536 015090 0.787 17 COL5A1 P20908 0.652 15
MIPOL1 Q8TD10 0.787 17 C6orf106 Q9H6K1 0.649 16
MTMR4 QINYA4 0.785 18 DDX3X 000571 0.649 12
PRKAR1A P10644 0.771 18 CLSTN1 094985 0.649 16
DDX6 P26196 0.770 19 PRKACB P22694 0.648 15
DICER1 QIUPY3 0.767 18 TRIM44 Q96DX7 0.647 14
PPP1R3D 095685 0.766 17 ZC3HAV1 Q7Z22W4 0.646 18
RUNX1T1 Q06455 0.766 15 BRD3 Q15059 0.645 17
ZEB2 060315 0.765 18 KCNA7 Q96RP8 0.645 17
SRSF6 Q13247 0.758 17 PTPRT 014522 0.643 15
DYRK3 043781 0.756 18 ZFHX4 Q86UP3 0.641 11
WNK1 Q9H4A3 0.755 17 KCNK1 000180 0.640 15
ZBTB34 Q8NCN2 0.752 16 PHTF2 Q8N3S3 0.640 13
TDG Q13569 0.748 16 LARP4 Q71RC2 0.638 18
CBL P22681 0.746 17 ARHGAP36 Q6ZRI8 0.636 15




Integrated Number of Integrated  Number of

Gene Symbol Uniprot Gene Symbol Uniprot

Score Sources Score Sources
CBLN4 QINTU7 0.636 16 TMEM30A QINV96 0.582 14
GAPVD1 Q14C86 0.633 16 CCDC121 Q62US5 0.580 14
SERTAD2 Q14140 0.630 9 CCDC152 Q4G0S7 0.579 13
LRRFIP1 Q32Mz4 0.630 15 SMARCAD!1 Q9H4L7 0.578 13
MED14 060244 0.629 15 AMER1 Q5JTC6 0.578 15
ADGRG6 Q86SQ4 0.628 13 FGD5 Q6ZNL6 0.577 15
ANKRD44 Q8N8A2 0.627 13 SH3RF3 Q8TEJ3 0.576 13
TMTC3 Q6ZXV5 0.624 14 CDON Q4KMGO 0.575 13
ATF1 P18846 0.623 12 EGR1 P18146 0.575 15
SYT6 Q5T7P8 0.623 16 RIC8B QINVN3 0.574 14
ZBTB4 Q9P120 0.623 14 TOR1AIP1 Q5JTV8 0.573 16
PCDH9 Q9HC56 0.622 14 APLN QoULZ1 0.573 14
SCN3A QINY46 0.620 16 ZNF451 QOY4E5 0.573 12
XIAP P98170 0.619 13 FAM129A Q9BzQ8 0.572 16
AP3M2 P53677 0.618 16 SLC11A2 P49281 0.571 14
CcDC7 000311 0.617 17 MYLK Q15746 0.570 14
CNGB3 QINQWS 0.616 16 WASHC4 Q2M389 0.569 15
KHDRBS3 075525 0.613 15 CEP70 Q8NHQ1 0.568 15
KIF1B 060333 0.612 17 UBL3 095164 0.566 13
TYMS P04818 0.612 15 IGDCC3 QsIvu1 0.565 9
HIGD1A Q9Y241 0.612 14 NOD2 Q9HC29 0.563 14
RICTOR Q6R327 0.610 14 SMC5 Q8lY18 0.561 11
PRKD3 094806 0.610 15 HIF1AN QINWT6 0.560 15
CPEB4 Q17RY0 0.608 9 ARL2BP Q9Y2Y0 0.559 14
EFNB2 P52799 0.608 13 DCC P43146 0.557 14
ZMAT3 Q9HA38 0.605 16 GABPB1 Q06547 0.556 13
MFAP3 P55082 0.605 14 HIBADH P31937 0.554 14
ARHGEF39 Q8N4T4 0.604 12 TSHZ2 QINRE2 0.554 14
EMC7 QINPAD 0.599 11 NSD2 096028 0.552 14
LIMS1 P48059 0.599 15 KIF5B P33176 0.551 12
ANKS1A Q92625 0.598 16 LPAR1 Q92633 0.550 15
C4orf46 Q504U0 0.597 13 SAMD4A Q9UPU9 0.549 16
ARHGAP19 Q14CB8 0.597 15 PLXNB2 015031 0.548 13
RNF141 Q8WVD5 0.595 15 CERS6 Q6ZMG9 0.548 11
ALKBHS Q96BT7 0.595 15 DIXDC1 Q155Q3 0.548 14
L2HGDH Q9H9P8 0.594 17 SPIN1 Q9Y657 0.547 14
SEMA4D Q92854 0.591 15 DCUN1D4 Q92564 0.546 15
TMEM106B QINUM4 0.591 16 FAM167A Q96KS9 0.546 13
IER5 Q5VY09 0.591 13 GRHL1 QINZI5 0.546 13
RABGAP1 Q9Y3P9 0.590 13 PCDH19 Q8TAB3 0.545 14
ENC1 014682 0.585 11 CuL3 Q13618 0.545 14
TRIP13 Q15645 0.585 14 F13A1 P00488 0.543 15
CXCL2 P19875 0.584 17 RFWD3 Q6PCD5 0.543 14
C1orf21 Q9H246 0.583 12 ZFHX3 Q15911 0.542 11

USP1 094782 0.582 12 FOXN1 015353 0.542 9




Gene Symbol

Uniprot

Integrated Number of

Gene Symbol

Uniprot

Integrated  Number of

Score Sources Score Sources
NFAT5 094916 0.541 13 CUL5 Q93034 0.510 15
FGF7 P21781 0.539 15 ASB6 QINWX5 0.510 11
SPARC P09486 0.538 12 RPRD1B QINQG5 0.510 13
SCN1A P35498 0.535 12 C8orf46 Q8TAG6 0.509 16
GLP1R P43220 0.534 10 KLHL42 QIP2K6 0.509 14
ZPBP2 Q6X784 0.534 10 FAM98A Q8NCA5 0.509 14
RAP1GAP2 Q684P5 0.534 9 ATAD2B QouLIO 0.507 13
SRSF3 P84103 0.534 11 ABCG5 Q9H222 0.506 14
CSMD3 Q72407 0.532 14 DYNC2H1 Q8NCM8 0.506 14
KMT2A Q03164 0.532 14 ZNF654 Q8Izm8 0.505 13
KIF20B Q96Q89 0.531 15 CAV1 Q03135 0.504 14
PERP Q96FX8 0.531 14 SEC63 QIUGP8 0.503 13
DLG5 Q8TDM6 0.530 8 KPNA4 000629 0.503 10
DIAPH1 060610 0.528 14 CRTC2 Q53ET0 0.503 9
WWC2 Q6AWC2 0.528 11 MGEA5 060502 0.502 13
CNOT6L Q96LI5 0.528 15 GCLM P48507 0.502 13
ABI2 QINYB9 0.528 16 DIAPH2 060879 0.501 9
NIN Q8N4C6 0.527 14 ACPP P15309 0.501 14
RAD54B Q9Y620 0.526 11 ACTBL2 Q562R1 0.500 12
ARMC8 Q8IUR7 0.525 15 PTBP2 QIUKA9 0.499 11
APPBP2 Q92624 0.524 12 NTRK2 Q16620 0.498 13
KLHL15 Q96M94 0.523 12 GAD1 Q99259 0.497 14
SRGAP3 043295 0.522 10 CRISP1 P54107 0.496 14
KCNQ5 QINR82 0.522 15 CADM1 Q9BY67 0.496 14
ASXL2 Q76L83 0.522 13 IGDCC4 Q8TDY8 0.494 9
SLC30A9 Q6PML9 0.521 12 HOXA10 P31260 0.494 9
CRK P46108 0.521 14 ELOA Q14241 0.493 9
C100rf90 Q96M02 0.520 14 UMODL1 Q5DIDO 0.493 15
ARIH1 QIY4X5 0.519 14 DPP10 Q8N608 0.493 11
FAM234B A2RUG7 0.519 13 MAPK1 P28482 0.492 11
CD164 Q04900 0.519 15 DPYSL2 Q16555 0.490 13
NAV1 Q8NEY1 0.518 12 FAM46A Q961P4 0.490 15
SNRPG P62308 0.518 14 CYCS P99999 0.490 15
CRX 043186 0.518 17 CACNA1I QIPOX4 0.489 12
NSF P46459 0.517 14 TCF7 P36402 0.489 16
WSCD2 Q2TBF2 0.515 12 CLIP3 Q96DZ5 0.488 14
VAPB 095292 0.515 12 GABBR2 075899 0.488 10
SEMA3A Q14563 0.513 12 DIS3L Q8TF46 0.487 13
KIDINS220 Q9ULHO 0.513 14 NEFL P07196 0.487 11
CALD1 Q05682 0.513 14 GOLGASA ATE2F4 0.486 13
IL6ST P40189 0.513 10 ZBTB38 Q8NAP3 0.486 14
MAP3K1 Q13233 0.513 13 PARP8 Q8N3A8 0.486 12
SREK1IP1 Q8N9Q2 0.513 15 INO80D Q537Q3 0.486 14
ITGAV P06756 0.511 15 IDS P22304 0.486 14
RSAD2 Q8WXG1 0.511 14 TRPM7 Q96QT4 0.486 10




Integrated Number of

Integrated  Number of

Gene Symbol Uniprot Score Sources Gene Symbol Uniprot Score Sources
TPM1 P09493 0.486 12 PCDH17 014917 0.462 8
STAG1 Q8WVM7 0.484 10 CCDC171 Q6TFL3 0.462 9
MACF1 QIUPN3 0.483 10 BMPR2 Q13873 0.461 12
NRIP3 QINQ35 0.483 15 TRAFS 000463 0.461 13
PCGF5 Q86SE9 0.483 14 DCK P27707 0.461 7
DCAF4L2 Q8NAT75 0.482 13 BMPER Q8N8U9 0.460 15
CAMTA1 Q9Y6Y1 0.481 11 GABPB2 Q8TAKS 0.460 11
MEF2C Q06413 0.481 11 TMEM67 Q5HYAS8 0.460 15
SLC24A4 Q8NFF2 0.481 14 ATF3 P18847 0.460 14
SOCS6 014544 0.480 12 IL1RAP QINPH3 0.460 14
CAMSAP2 QO8AD1 0.480 12 AFF2 P51816 0.459 13
PPP1CB P62140 0.480 14 DNAH5 Q8TET73 0.459 11
MCM10 Q7L590 0.479 14 PRNP F7vJQ1 0.459 12
LYRM7 Q5U5X0 0.478 13 KCNK3 014649 0.459 11
ZMYM1 Q5SVZ6 0.478 13 MYO6 Q9UM54 0.458 14
BCAP29 QI9UHQ4 0.478 14 FAM199X Q6PEV8 0.457 12
CTH P32929 0477 11 FzD9 000144 0.457 7
TCTEX1D1 Q8N7MO 0477 10 SIK1 P57059 0.456 12
INPP4A Q96PE3 0477 14 PPP2CB P62714 0.455 14
CCDC47 Q96A33 0.476 14 PMP2 P02689 0.455 14
DNM3 QouQ16 0.476 14 RNF6 Q9Y252 0.454 9
SH2D1A 060880 0.476 16 TRAIP Q9BWF2 0.454 13
SH3TC2 Q8TF17 0.476 12 CCND2 P30279 0.454 13
SC5D 075845 0.476 14 TBC1D22B QINU19 0.454 13
MECP2 P51608 0.475 12 LARP1B Q659C4 0.453 12
ESR1 P03372 0.475 14 DLGAP1 014490 0.453 14
FZD4 QOULV1 0.474 14 RAD1 060671 0.453 14
SYNPO2 Q9UMS6 0.474 13 OSBPL10 Q9BXB5 0.452 10
RETREG2 Q8NC44 0.473 13 NKX2-5 P52952 0.452 12
DIEXF Q68CQ4 0473 12 LOXL2 Q9Y4K0 0.451 14
NID1 P14543 0472 13 C2orf71 ABNGG8 0.451 14
TRIM2 Q9C040 0.471 12 PSMD5 Q16401 0.451 12
GMEB1 Q9Y692 0.471 11 PRKG1 Q13976 0.449 9
NR6A1 Q15406 0.470 10 C1D Q13901 0.448 13
NEK1 Q96PY6 0.470 13 MUM1L1 Q5HIMO 0.447 12
TRAF4 Q9BUZ4 0.469 7 MKL2 QOULH7 0.447 12
HBS1L Q9Y450 0.467 16 INAVA Q3KP66 0.447 14
ZNF136 P52737 0.467 13 LRCH2 Q5VUJ6 0.446 11
ATP2C1 P98194 0.467 14 C160rf46 Q6P387 0.446 14
NUDT15 QINV35 0.467 13 SLC35F3 Q8IY50 0.446 13
BCL2L11 043521 0.465 14 MIS12 Q9H081 0.446 13
CTTNBP2NL Q9P2B4 0.464 13 OTUD3 Q5T2D3 0.446 12
PTPRE P23469 0.464 10 CRNKL1 Q9BZJ0 0.446 14
BRWD1 QINSI6 0.463 13 NAB1 Q13506 0.446 10
PNPT1 Q8TCS8 0.463 15 ATXN7 015265 0.445 15




Integrated Number of

Integrated  Number of

Gene Symbol Uniprot Score Sources Gene Symbol Uniprot Score Sources
GOLGASB A8MQT2 0.445 11 PDHB P11177 0.429 7
IGF1 P05019 0.445 12 YY1 P25490 0.428 7
SGCD Q92629 0.445 12 USP45 Q70EL2 0.428 13
BCAT1 P54687 0.444 13 XPO4 Q9COE2 0.428 9
ATP8B4 Q8TF62 0.444 13 POLR3F Q9H1D9 0.428 14
COPS7A Q9UBWS 0.444 14 C3orf14 Q9HBI5 0.428 8
NKX3-1 Q99801 0.444 13 ZC3H12B Q5HYMO 0.428 12
CXCR5 P32302 0.443 9 MCM6 Q14566 0.428 13
RALB P11234 0.443 12 NCAM1 P13591 0.427 12
PHACTR2 075167 0.443 13 RGMB Q6NW40 0.427 13
ICK Q9UPZ9 0.443 12 MKNK2 Q9HBH9 0.427 15
CRYBG3 Q68DQ2 0.442 11 LINC01554 Q52M75 0.426 6
CENPBD1 B2RD01 0.442 12 ADCY7 P51828 0.426 13
REPS2 Q8NFH8 0.441 12 ABHD2 P08910 0.426 12
ORC4 043929 0.439 14 GLYCTK Q8IVS8 0.426 12
PRKCQ Q04759 0.439 13 DCAF8 Q5TAQ9 0.426 13
SNTB2 Q13425 0.438 13 PIP4K2B P78356 0.426 10
MED28 Q9H204 0.438 15 C50rf30 Q96GV9 0.425 12
CSTF1 Q05048 0.437 14 ATF7 P17544 0.424 12
SLAMF7 QINQ25 0.437 13 RCOR1 QIUKLO 0.424 11
ONECUT2 095948 0.436 13 CWC25 QINXES 0.424 13
GNG3 P63215 0.436 13 B4GALT2 060909 0.423 10
STX7 015400 0.436 12 SOD2 P04179 0.423 13
VPS37B Q9H9H4 0.436 14 FBXO11 Q86XK2 0.423 9
UBAG6 AOAVT1 0.435 14 ZBTB39 015060 0.422 11
JCHAIN P01591 0.435 12 RALGPS1 Q5JS13 0.422 12
WFDC13 Q8luB5 0.434 13 GAS7 060861 0.422 12
C140rf105 QINVLS 0.434 11 ENOX2 Q16206 0.421 14
RFX6 Q8HWS3 0.434 8 SLC35B4 Q969S0 0.421 12
NKRF 015226 0.433 11 TAB2 QINYJ8 0.420 10
SYNJ2 015056 0.433 12 SYAP1 Q96A49 0.420 11
JAGN1 Q8N5M9 0.433 14 KRAS P01116 0.419 9
LEFTY2 000292 0.432 15 PCDHGB7 Q9Y5F8 0.419 9
GALNTL6 Q49A17 0.432 7 G6PC P35575 0.418 12
ACADSB P45954 0.432 12 MMP16 P51512 0.418 7
EIF5A2 Q9oGzV4 0.432 8 DYRK2 Q92630 0.418 12
MAP1LC3B Q9GzQ8 0.432 14 HOMER1 Q86YM7 0.418 13
VCAN P13611 0.431 12 TOP1 P11387 0.417 10
ANAPC16 Q96DE5 0.431 11 PPP1R18 Q6NYC8 0.417 15
ZDHHC2 QoUIJ5 0.431 10 FGF2 P09038 0.416 10
BIN2 Q9UBW5 0.431 13 SLC23A3 Q6PIS1 0.416 8
TRIM23 P36406 0.430 13 STRIP2 QoULQO 0.416 11
LHX6 Q9UPM6 0.430 13 GPR137B 060478 0.416 14
SCD 000767 0.430 12 CSNK1G3 Q9oY6M4 0.416 8
SDE2 Q61Q49 0.429 13 ATP1A2 P50993 0.415 12




Integrated Number of Integrated  Number of

Gene Symbol Uniprot Gene Symbol Uniprot

Score Sources Score Sources
KDM1B Q8NB78 0.415 13 RNF8 076064 0.402 13
SLC16A14 Q7RTX9 0.415 10 ZBTB24 043167 0.402 10
MYO5B Q9ULVO 0.414 13 MYPN Q86TCY 0.402 13
MYO1E Q12965 0.414 15 TPD52L3 Q96J77 0.402 13
ARHGEF15 094989 0.414 12 PRDM10 QINQVE 0.402 13
VSX1 QINZR4 0.414 12 CFAP65 Q62U64 0.401 13
MPZ P25189 0.413 14 SLAIN2 Q9P270 0.401 12
PTCHD1 Q96NR3 0.413 8 B3GAT1 QoP2wW7 0.400 13
IFFO2 Q5TF58 0.413 14 CRLF3 Qs8luIg 0.399 13
PCNP Q8WW12 0.413 9 SNX33 Q8WV41 0.399 9
NCEH1 Q6PIU2 0.412 13 C11orf68 Q9H3H3 0.398 13
U2SURP 015042 0.412 11 FGFR10P 095684 0.398 9
ZFYVE26 Q68DK2 0.412 12 TRPS1 QIUHF7 0.398 9
EXOC4 Q96A65 0.412 13 SERF1A 075920 0.397 12
FAM210B QI96KR6 0.412 12 SRRM4 A7MD48 0.397 12
TIGAR QINQ8S8 0.412 9 MBTD1 Q05BQ5 0.397 11
EIF1 P41567 0.411 7 SHANK?2 Q9UPX8 0.396 10
SLC22A15 Q81ZD6 0.411 12 MRAP Q8TCY5 0.396 13
PPM1A P35813 0.411 11 USP48 Q86UV5 0.396 11
ZC3H6 P61129 0.411 12 NSD1 Q96L73 0.396 13
DCX 043602 0.410 13 PDSS2 Q86YH6 0.396 10
BCO2 Q9BYV7 0.410 12 HOXB9 P17482 0.395 12
HOOK3 Q86VS8 0.410 10 MRVI1 QIY6F6 0.395 12
TRIM58 Q8NG06 0.410 13 ERCC3 P19447 0.395 14
TAOK1 Q7L7X3 0.409 9 KIAA1147 A4D1U4 0.394 12
B3GALNT2 Q8NCRO 0.409 11 NPAS3 Q8IXFO0 0.394 10
MS4A1 P11836 0.409 12 CEP85L Q5SzL2 0.394 13
DPYSL3 Q14195 0.409 14 LVRN Q6Q4G3 0.393 13
DNAJC24 Q6P3W2 0.409 9 FURIN P09958 0.393 14
PRRG1 014668 0.408 14 KRBA2 Q6ZNG9 0.393 8
SPCS3 P61009 0.408 12 RBM26 Q5T8P6 0.392 8
PLEKHA1 Q9HB21 0.408 9 UBE2QL1 A1L167 0.392 8
PRKAA2 P54646 0.407 14 SLC7A6 Q92536 0.392 11
MYQO9B Q13459 0.407 12 OPRM1 P35372 0.391 12
NIPAL1 Q6NVV3 0.407 7 CD47 Q08722 0.391 12
OXR1 Q8N573 0.407 10 PHF20 Q9BVIO 0.391 8
HDAC2 Q92769 0.407 12 VCPIP1 Q96JH7 0.391 9
GOLGABA QINYA3 0.406 13 ATM Q13315 0.391 10
DNAJC19 Q96DA6 0.406 6 KPNA1 P52294 0.390 10
UBE2W Q96B02 0.405 12 DHTKD1 Q96HY7 0.390 12
DLD P09622 0.404 10 CACNA1C Q13936 0.390 13
STXBP4 Q6ZWJ1 0.404 12 APPL1 QIUKG1 0.390 11
AP1S3 Q96PC3 0.404 12 STRBP Q96SI9 0.390 13
ANGEL2 Q5VTEG 0.404 11 CREBRF Q8IUR6 0.390 9

PTGER3 P43115 0.403 13 MEGF10 Q96KG7 0.389 13




Integrated Number of Integrated  Number of

Gene Symbol Uniprot Gene Symbol Uniprot

Score Sources Score Sources

SSH2 Q76176 0.389 11 MYH15 Q9Y2K3 0.382 12
LMTK2 Qslwu2 0.389 7 miR-574-3p

RAB6A P20340 0.388 10 CcuL2 Q13617 0,601 16
CEBPG P53567 0.388 11 CLTC Q00610 0,484 13
TUB P50607 0.388 12 STRN3 Q13033 0,476 13
PHF20L1 A8MW92 0.388 9 SNRK QINRH2 0,456 13
ARHGAP29 Q52LW3 0.387 12 TMCCA1 094876 0,410 11
CST9 Q5W186 0.387 11 TP53TG3 QouULZ0 0,405 11
SERF1B 075920 0.385 12 ACVR2B Q13705 0,403 12
VPS53 Q5VIR6 0.385 11 SLC6A3 Q01959 0,400 13
TNRC6B QIUPQ9 0.384 10 STC1 P52823 0,384 12
ASPH Q12797 0.383 11 FBXL5 QIUKA1 0,384 14
ADAMTS3 015072 0.383 1

ATP6V1C2 Q8NEY4 0.383 8




100-5p 192-5p

574-3p

Supplementary Figure S1 — Target prediction analysis of miR-100-5p, miR-192-5p and miR-
574-3p shows that miR-100-5p (blue) has 82 targets, miR-192-5p (yellow) has 545 targets and
miR-574-3p (green) has 10 targets. There is 7 targets shared between miR-100-5p and miR-192-
5p, and 1 shared between miR-192-5p and miR-574-3p.




Supplementary Table S2 — Pathway Enrichment Analysis performed with Reactome platform
using only predicted genes with the top 1% integrated scores generated in mirDIP target

prediction software.

Ratio of Protein ~ Number of Protein Protein from

Reactome Pathway In Pathway In Pathway Gene Set P-value
miR-100-5p
VLDLR internalisation and degradation 0,0015 12 2 1,58E-03
Macroautophagy 0,0074 60 3 3,07E-03
Choline catabolism 0,0001 1 1 4,82E-03
mTORC1-mediated signalling 0,0027 22 2 5,14E-03
Signaling by BMP 0,0028 23 2 5,60E-03
VLDL interactions 0,0028 23 2 5,60E-03
PI3K Cascade 0,0098 79 3 6,57E-03
HS-GAG biosynthesis 0,0032 26 2 7,09E-03
Downregulation of TGF-beta receptor signaling 0,0032 26 2 7,09E-03
IRS-related events triggered by IGF1R 0,0314 254 5 7,26E-03
IGF1R signaling cascade 0,0314 254 5 7,26E-03
Signaling by Type 1 Insulin-like Growth Factor 1
Receptor (IGF1R) 0,0316 255 5 7,38E-03
Energy dependent regulation of mTOR by
LKB1-AMPK 0,0035 28 2 8,18E-03
Regulation of TP53 Expression and Degradation 0,0035 28 2 8,18E-03
Lipid digestion, mobilization, and transport 0,0113 91 3 9,66E-03
TGF-beta receptor signaling activates SMADs 0,004 32 2 0,0106
Ca2+ pathway 0,0047 38 2 0,0146
mTOR signalling 0,0048 39 2 0,0153
PKB-mediated events 0,005 40 2 0,0161
Heparan sulfate/heparin (HS-GAG) metabolism 0,0054 44 2 0,0192
NoRC negatively regulates rRNA expression 0,0061 49 2 0,0235
Class B/2 (Secretin family receptors) 0,0061 49 2 0,0235
Cyclin B2 mediated events 0,0006 5 1 0,0239
CREB phosphorylation through the activation of
Adenylate Cyclase 0,0006 5 1 0,0239
Vitamins 0,0006 5 1 0,0239
Regulation of gene expression in endocrine-
committed (NEUROG3+) progenitor cells 0,0006 5 1 0,0239
Activation of RAS in B cells 0,0006 5 1 0,0239
Reelin signalling pathway 0,0006 5 1 0,0239
Negative epigenetic regulation of rRNA
expression 0,0064 52 2 0,0262
IRS-mediated signalling 0,0309 250 4 0,0319
Insulin receptor signalling cascade 0,0313 253 4 0,0331
Purine ribonucleoside monophosphate
biosynthesis 0,0009 7 1 0,0332
FGFR3b ligand binding and activation 0,0009 7 1 0,0332
Opioid Signalling 0,0077 62 2 0,0362
SHC-related events triggered by IGF1R 0,0011 9 1 0,0425
Signaling by Insulin receptor 0,0343 277 4 0,0439
Lipoprotein metabolism 0,0085 69 2 0,0439
MET activates RAP1 and RAC1 0,0012 10 1 0,0472




Ratio of Protein

Number of Protein

Protein from

Reactome Pathway In Pathway In Pathway Gene Set P-value
WNT5A-dependent internalization of FZD2,
FZD5 and ROR2 0,0012 10 1 0,0472
Adenylate cyclase activating pathway 0,0012 10 1 0,0472
Cohesin Loading onto Chromatin 0,0012 10 1 0,0472
E2F-enabled inhibition of pre-replication
complex formation 0,0012 10 1 0,0472
Signaling by TGF-beta Receptor Complex 0,009 73 2 0,0485
miR-192-5p
Hormone-sensitive  lipase  (HSL)-mediated
triacylglycerol hydrolysis 0.002 16 4 1.78E-03
NGF signalling via TRKA from the plasma
membrane 0.0422 341 21 2.98E-03
Signaling by NODAL 0.0024 19 4 3.30E-03
Glyoxylate metabolism and glycine degradation 0.0025 20 4 3.95E-03
Signalling by NGF 0.0521 421 24 4.06E-03
Regulation of signaling by NODAL 0.0012 10 3 411E-03
Negative regulation of FGFR2 signaling 0.0042 34 5 4.80E-03
Branched-chain amino acid catabolism 0.0015 12 3 6.78E-03
Activation of ATR in response to replication
stress 0.0046 37 5 6.79E-03
Signaling by FGFR3 0.005 40 5 9.30E-03
Integration of energy metabolism 0.0114 92 8 9.52E-03
Vasopressin regulates renal water homeostasis
via Aquaporins 0.0032 26 4 9.76E-03
Regulation of pyruvate dehydrogenase (PDH)
complex 0.0017 14 3 0.0103
Signaling by FGFR4 0.0051 41 5 0.0103
Ca-dependent events 0.0035 28 4 0.0125
Negative regulation of FGFR3 signaling 0.0036 29 4 0.014
CRMPs in Sema3A signaling 0.002 16 3 0.0147
PKA activation 0.002 16 3 0.0147
Rap1 signalling 0.002 16 3 0.0147
Spry regulation of FGF signaling 0.002 16 3 0.0147
Aquaporin-mediated transport 0.0037 30 4 0.0157
PKA activation in glucagon signalling 0.0021 17 3 0.0172
PKA-mediated phosphorylation of CREB 0.0021 17 3 0.0172
Negative regulation of FGFR4 signaling 0.0038 31 4 0.0175
Activation of the pre-replicative complex 0.004 32 4 0.0194
TGF-beta receptor signaling activates SMADs 0.004 32 4 0.0194
Regulation of insulin secretion 0.0061 49 5 0.0205
Signaling by FGFR1 0.0061 49 5 0.0205
Apoptotic factor-mediated response 0.0009 7 2 0.021
Glucagon signaling in metabolic regulation 0.0041 33 4 0.0214
NCAM1 interactions 0.0041 33 4 0.0214
Negative regulation of FGFR1 signaling 0.0041 33 4 0.0214
Mitochondrial biogenesis 0.0064 52 5 0.0256
Signaling by FGFR2 0.0088 71 6 0.0263
Lipid digestion. mobilization. and transport 0.0113 91 7 0.0267
FGFR2b ligand binding and activation 0.001 8 2 0.0269




Ratio of Protein

Number of Protein

Protein from

Reactome Pathway In Pathway In Pathway Gene Set P-value

Ligand-independent caspase activation via DCC 0.001 8 2 0.0269
MAPK1 (ERK2) activation 0.001 8 2 0.0269
Axon guidance 0.0589 476 23 0.029
Nuclear Events (kinase and transcription factor
activation) 0.0026 21 3 0.0296
Signal transduction by L1 0.0026 21 3 0.0296
Signaling by TGF-beta Receptor Complex 0.009 73 6 0.0296
Signaling by PDGF 0.0406 328 17 0.0325
Glucagon-like Peptide-1  (GLP1) regulates
insulin secretion 0.0027 22 3 0.0333
SHC-related events triggered by IGF1R 0.0011 9 2 0.0334
Downstream signal transduction 0.0379 306 16 0.035
Nuclear signaling by ERBB4 0.0028 23 3 0.0372
SHC-mediated cascade:FGFR2 0.0028 23 3 0.0372
Signaling by BMP 0.0028 23 3 0.0372
MyD88 cascade initiated on plasma membrane 0.0097 78 6 0.0388
Toll Like Receptor 10 (TLR10) Cascade 0.0097 78 6 0.0388
Toll Like Receptor 5 (TLR5) Cascade 0.0097 78 6 0.0388
Cohesin Loading onto Chromatin 0.0012 10 2 0.0404
Interleukin-6 signaling 0.0012 10 2 0.0404
MAP kinase activation in TLR cascade 0.0073 59 5 0.0405
PI Metabolism 0.0073 59 5 0.0405
Signaling by ERBB4 0.0052 42 4 0.0453
Signaling by PTK6 0.0076 61 5 0.0455
Signaling by EGFR 0.0392 317 16 0.0455
FRS-mediated FGFR2 signaling 0.0031 25 3 0.0456
Pyruvate metabolism 0.0031 25 3 0.0456
L1CAM interactions 0.0102 82 6 0.0473
Opioid Signalling 0.0077 62 5 0.0482
Signaling by ERBB2 0.0053 43 4 0.0486
Transcriptional activation of mitochondrial
biogenesis 0.0053 43 4 0.0486
MAPK family signaling cascades 0.0303 245 13 0.0491
Signalling to ERKs 0.0274 221 12 0.0498
miR-574-3p
Dopamine clearance from the synaptic cleft 0,0002 2 1 1,24E-03
Na+/CI- dependent neurotransmitter
transporters 0,0007 6 1 3,71E-03
Neurotransmitter Clearance In The Synaptic
Cleft 0,0007 6 1 3,71E-03
WNT5A-dependent internalization of FZD4 0,0012 10 1 6,17E-03
Regulation of signaling by NODAL 0,0012 10 1 6,17E-03
WNT5A-dependent internalization of FZD2,
FZD5 and ROR2 0,0012 10 1 6,17E-03
Retrograde neurotrophin signalling 0,0014 11 1 6,79E-03
VLDLR internalisation and degradation 0,0015 12 1 7,41E-03
Signaling by Activin 0,0016 13 1 8,02E-03
Signaling by NODAL 0,0024 19 1 0,0117




Ratio of Protein ~ Number of Protein Protein from

Reactome Pathway In Pathway In Pathway Gene Set P-value
LDL-mediated lipid transport 0,0025 20 1 0,0123
VLDL interactions 0,0028 23 1 0,0142
Signaling by BMP 0,0028 23 1 0,0142
Recycling pathway of L1 0,0028 23 1 0,0142
Lysosome Vesicle Biogenesis 0,0031 25 1 0,0154
Golgi Associated Vesicle Biogenesis 0,0036 29 1 0,0178

Transport of glucose and other sugars, bile salts
and organic acids, metal ions and amine

compounds 0,0053 43 1 0,0263
Clathrin derived vesicle budding 0,0056 45 1 0,0275
trans-Golgi Network Vesicle Budding 0,0056 45 1 0,0275
Oxygen-dependent proline hydroxylation of

Hypoxia-inducible Factor Alpha 0,0079 64 1 0,039
Lipoprotein metabolism 0,0085 69 1 0,042
Regulation of Hypoxia-inducible Factor (HIF) by

oxygen 0,009 73 1 0,0444
Cellular response to hypoxia 0,009 73 1 0,0444
PCP/CE pathway 0,0097 78 1 0,0474
L1CAM interactions 0,0102 82 1 0,0497

Supplementary Table S3 — Primers and reaction components from RT-gPCR reaction performed
to analyzed mRNA levels of target genes from miR-100-5p, miR-192-5p or miR-574-3p after
mimic treatment in NP69 cells.

Target Genes Primers (5" - 3’) Efficiency (R?)".
miR-100-5p

FZD8 Fwd: CCTCTTCATCGGCACCATGT / Rev: GGTGTAGAGCACGGTGAACA 0,9983
SMARCAS5 Fwd: GGTCTTGGCATCAATCTTGCG / Rev: CAAGCCTCCCATAGCCTGAA’ 0,9898
miR-192-5p

PRKAR1A (47)  Fwd: GTTTTCGGTCTCCTTTATCGC / Rev: TGCTCTCGGTGTTCCATAAATC 0.9892
RAB2A (41) Fwd: AGTTCGGTGCTCGAATGATAAC / Rev: AATACGACCTTGTGATGGAACG 0.9650'
miR-574-3p

CLTC Fwd: TGCCATGCCCTATTTCATCCA / Rev: CATCAACTGGGGCTGACCATA 0,9935
CUL2 Fwd: ATGTTCTACAGGCTGGTGCG / Rev: TCCTTCCACTGAAATGTTGGCT 0,9989
EP300 Fwd: CCGAGACATCTTGAGACGACAG' / Rev: GGGTTGCTGGAACTGGTTATGG 0,9007
EBXL5 Fwd: AGCCTCTTTGAAAAGGGACTGA/ Rev: ACATGGGCTGAAAAACCTCCT 0,9940
PD-L1 Fwd: GCCCCATACAACAAAATCAACC / Rev: GCTTGTCCAGATGACTTCGG 0,9971
STC1 Fwd: AAGATGGCGACCACCAAAGT / Rev: GCAGTGACGCTCATAAGGGA 0,9926
Reference genes

HSPCB Fwd: TCTGGGTATCGGAAAGCAAGCC / Rev: GTGCACTTCCTCAGGCATCTTG 0.9799'
RPS13 Fwd: CGAAAGCATCTTGAGAGGAACA / Rev: TCGAGCCCAAACGGTGAATC 0.9986'
RRN18S Fwd: AGAAACGGCTACCACATCCA / Rev: CACCAGACTTGCCCTCCA 0.9946'

1 Reaction components (GoTaq® gPCR Master Mix 2X. 0.2 uM primers. Nuclease-free water (NF)2) and cycling protocol
(95°C - 2 min (1x); 95°C - 15s. 60°C - 60s. 72°C — 30s (40x); 60-95°C (1x)3) was performed according to the manufacturer

instructions.
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Supplementary Figure S2 — Relative expression of miR-100-5p, miR-192-5p, and miR-574-3p
in NP69 cells 24 h after transfection with 10nM of the respective mimics compared to control

(reagent only).
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Capitulo 3 - Consideracdes finais e concluséo

Os ensaios realizados nesta tese de doutorado tinham como objetivo analisar o
efeito do miR-100-5p, miR-192-5p e miR-574-3p no comportamento celular e prever seus
genes alvo em células imortalizadas de nasofaringe NP69SV49T. Para tanto, foram
realizadas analises in silico (predicdo de genes alvo e enriquecimento de vias), assim
como analise de expressdo de genes alvos selecionados, de migracdo e proliferacéo
celular.

Vale ressaltar que o trabalho inicialmente incluia a analise de formacéo de colonia
e ensaios in vivo que demandavam construcdo de vetores lentivirais para expressao
estavel dos miRNAs nas células imortalizadas de nasofaringe, aléem de vetores para
validagdo da expressdo dos miRNAs por meio de ensaio da luciferase (vetores
psiCHECK). Os progressos em relacao a esses experimentos estdo descritos no Apéndice.

O aumento da expressdo de miR-192-5p pela transfeccdo de seu mimético em
células NP69 levou a reducdo na migracdo celular e uma reducao significativa do nivel
transcricional do oncogene RAB2A, mas sem efeito sobre a viabilidade e proliferacéo
celular. No geral, esse resultado sugere que 0 miR-192-5p pode se comportar como um
miRNA supressor tumoral no contexto de células imortalizadas de nasofaringe. 1sso
demonstra a importancia de uma investigacdo minuciosa do seu papel no contexto da
patogénese e progressdo do NPC.

O miR-192-5p foi reportado aumentado em soro de pacientes com NPC,
demonstrando seu potencial como biomarcador. Adicionalmente ja foi descrito como
inibidor da via TGF-B, que por sua vez induz a EMT e inibe o transcrito de KHSRP.
KHSRP é um inibidor de EMT que induz a maturacdo do miR-192-5p, sugerindo um
mecanismo regulatério ainda ndo estudado no contexto da nasofaringe. Em carcinoma de
célon (PUPPO et al., 2016), RAB2A também foi considerado um alvo de miR-192-5p, e
qguando houve inibicdo desse gene, levou a reducdo de migracdo, invaséo e proliferacdo
celular (Figura 3) (ZHENG et al., 2019).

A transfeccdo de células NP69 com miméticos do miR-100-5p ou miR-574-3p
demonstrou uma diminuicao significativa de seus respectivos genes alvos preditos, FZD8
e STCL. Esses alvos por si s ndo sao suficientes para inferir se h4 ou ndo modulacéo de
vias intracelulares importantes e alteracdo de algum comportamento celular ndo testado.
Com relagdo aos ensaios adicionais realizados, ndo houve diferenca estatistica na

viabilidade, proliferacdo ou migracdo de células NP69 transfectadas com o cada um dos




mimeticos em comparacao com o controle. Esses resultados indicam que mais analises in
vitro sdo necessarias para avaliar a funcdo de miR-100-5p e miR-574-3p no contexto de
celulas de nasofaringe.
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Figura 3 —Modelo das atividades do miR-192-5p por sua interagcdo com moléculas e vias preditas
nas analise in silico. Células NP69 tratadas com o mimético de miR-192-5p demonstraram uma
reducdo na taxa de migracéo e uma reducdo no transcrito RAB2A. Essa relagdo ja esta descrita em
células de cancer de colon, onde a reducdo de RAB2A levou a redugdo nas taxas de migracao,
invasdo e proliferacdo celular. Adicionalmente, RAB2A foi relacionado a ativacdo da via ERK
que sofre a influéncia de outros alvos de miR-192-5p. Esse miRNA foi encontrado aumentado
em amostras de soro de pacientes com NPC, tendo sido visto como potencial biomarcador para
essa doenca. MiR-192-5p ja foi descrito como inibidor da via TGF-B, que por sua vez induz a
EMT e inibe o transcrito de KHSRP, um inibidor de EMT que induz a maturac¢do do miR-192-5p.
Linhas destacadas em azul escuro remetem a achados in vitro desse trabalho; vias e genes em
negrito foram preditos como relacionados a miR-192-5p. Imagem baseada nos trabalhos (PUPPO
etal., 2016; YUAN et al., 2014, p. 3; ZHENG et al., 2019).

MiR-100-5p ja foi encontrado reduzido em amostras de NPC e esta reducdo levou

a um aumento na migracéo, invasao e proliferacdo dessas células por meio de IGF1R. A




via TGF-B (SPANJER et al., 2016) foi previamente relacionada ao aumento da expressao
de FzZDS8, alvo de miR-100-5p, que por sua vez levou ao aumento da proliferacdo e
metastase em carcinoma de células renais por meio da ativacdo de Wnt (Figura 4) (YANG
etal., 2017).
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Figura 4 - Modelo das atividades do miR-100-5p e sua interacdo com moléculas e vias preditas

Chordoma

nas analises in silico. Células NP69 tratadas com o mimético de miR-100-5p demonstraram uma
reducdo no transcrito FZD8. TGF-p foi descrito como indutor do aumento dos niveis de FZD8,
que por sua vez ativa a via Wnt, levando a um aumento da proliferagdo e metastase em carcinoma
de células renais. Adicionalmente, miR-100-5p foi encontrado com niveis reduzidos em amostras
de NPC, levando ao aumento da migracao, invasao e proliferacdo dessas células por meio de
IGF1R, além de ser descrito como um inibidor de mTOR. Linhas destacadas em azul escuro
remetem a achados in vitro desse trabalho; vias e genes em negrito foram preditos como
relacionados a miR-100-5p. Imagem baseada nos trabalhos (SPANJER et al., 2016; YANG et al.,
2017).

Com relacdo ao miR-574-3p, dados da literatura apontam uma associacgao entre sua
expressdo e os fendmenos celulares regulados por hipoxia. Essa correlagdo ja foi descrita
no contexto de linhagem celular U937 de linfoma histiocitico (RRID: CVCL_8932).
Quando em um ambiente com hipoxia, 0 miR-574-3p foi sequestrado por hnRNP L,
estimulando a expressdo de VEGFA e de outro alvo do miR-574-3p, EP300, um
coativador transcricional de NF-xB e HIF-1a (YAO et al., 2017). No contexto de cancer
gastrico, este miRNA foi descrito como um oncomir, aumentando EMT, proliferacéo,
migracdo e invasao celular, além de ter como alvo CUL2 (outro alvo testado), um
repressor de HIF-1o (JI et al., 2021) e regulador transcricional de STC1 (Figura 5)
(WACLAWICZEK et al., 2020).
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Figura 5 - Modelo das atividades do miR-574-3p e sua interagdo com moléculas e vias preditas
na analise in silico. Células NP69 tratadas com o0 mimético de miR-574-3p demonstraram uma
reducdo no transcrito STC1 que ja foi descrito como biomarcador para sobrevida de pacientes
com céncer de bexiga. Quando aumentado, STC1 induziu a proliferacdo e quimioresisténcia em
células de cancer gastrico, além de ser descrito como ativador da via TGF-p, que por sua vez leva
ao aumento da expressdo de miR-574-3p. Esse miRNA guando na presenca de hipdxia (linhagem
celular de linfoma histiocitico), é sequestrado pela ribonucleoproteina hnRNP L, levando ao
aumento de VEGFA e EP300 (alvo do miR-574-3p, com ativa¢do de HIF 10, ¢ via NF-kB.

Em uma meta-analise recentemente publicada foi demonstrada a importancia de
diferentes miRNAs como biomarcadores no carcinoma de nasofaringe (SHAW et al.,
2021). Esse estudo compreendeu 1.116 pacientes com NPC de 13 estudos selecionados
(exclusdo consecutiva de 5.459 trabalhos) para se obter um painel de miRNAs com
importancia no manejo clinico do paciente. Foram identificados 6 miRNAs relacionados
a um melhor prognostico e 15 com pior sobrevida para o NPC. Dentre esses 15 miRNAs,
miR-192 foi um dos miRNAs indicados. No contexto de NPC, miR-192 induziu a
proliferacdo celular, além de aumentar transcricdo de marcadores de EMT (HUANG et
al., 2020). Vale destacar que no presente estudo utilizamos células imortalizadas de
nasofaringe e ndo de NPC, de modo que pode ser notada uma diferenga contexto-
dependente .

Esse trabalho oferece indicios de que 0 miR-192-5p possa ter uma fungédo
semelhante a de um gene supressor tumoral em células imortalizadas de nasofaringe
transfectadas com seu mimetico, onde inibiu a migracéo celular e a expresséo de

RAB2A. A correlagdo entre RAB2A e 0 miR-192-5p no contexto de células




imortalizadas de nasofaringe ainda nédo foi descrito, indicando que o miR-192-5p pode

ser um bom candidato para ser investigado em estudos futuros.




Apéndice

Neste apéndice serdo descritos 0s ensaios adicionais realizados durante o trabalho
de doutorado que se mostravam essenciais no periodo. Principalmente a montagem de
vetores, com ou sem validacdo funcional, tendo como objetivo a validagdo do modelo
e/ou a realizacdo dos ensaios in vivo inicialmente inclusos no projeto. Os principais

reagentes e recursos utilizados durante o doutoramento estéo descritos na Tabela 1.

Tabela 1 — Reagentes e recursos utilizados durante a tese de doutorado.

Reagent or Resource Source//Manufacturer Identifier / Reference

Assay kits

CellTiter 96® AQueous One Promega

Solution Cell Proliferation Assay (G3582
GenePrint® 10 System Promega B9510
QIAprep® Spin Miniprep Kit QIAGen 27104
Tryzol Reagent Thermo Fisher 15596026

Cell lines

NPGISV40T Gao Lab RRID #CVCL_F755;

Chemicals, peptides, recombinant proteins

Lipofectamine 3000 Transfection | Thermo Fisher L3000015
Reagent

Invitrogen™Lipofectamine™ Thermo Fisher

RNAIMAX Transfection Reagent 13778075
High-Capacity cDNA Reverse Thermo Fisher 4368814

Transcription Kit

Oligonucleotides, RNAI

miR-100-5p, miR-192-5p e miR-  Canopy Biosciences

574-3p mimic miRNA Mimic - Powered by Nawgen
FZD8 (miR-100-5p Fwd: CCTCTTCATCGGCACCATGT
Rev: GGTGTAGAGCACGGTGAACA
RAB2A [5] (mIR-192-5p Fwd: 5 -
AGTTCGGTGCTCGAATGATAAC
Rev:
AATACGACCTTGTGATGGAACG’
PRKAR1A Fwd: GTTTTCGGTCTCCTTTATCGC [#1 - Xie et al.. 2015]

Rev: TGCTCTCGGTGTTCCATAAATC



https://canopybiosciences.com/product/mirna-mimic/

SMARCAS5 Fwd: GGTCTTGGCATCAATCTTGCG
Rev: CAAGCCTCCCATAGCCTGAA

CLTC Fwd: TGCCATGCCCTATTTCATCCA
Rev: CATCAACTGGGGCTGACCATA

CuL2 Fwd: ATGTTCTACAGGCTGGTGCG
Rev: TCCTTCCACTGAAATGTTGGCT

EP300 Fwd:
CCGAGACATCTTGAGACGACAG-3
Rev:
GGGTTGCTGGAACTGGTTATGG-3

FBXLS Fwd:
AGCCTCTTTGAAAAGGGACTGA
Rev: ACATGGGCTGAAAAACCTCCT

PDL1 Fwd:
GCCCCATACAACAAAATCAACC
Rev: GCTTGTCCAGATGACTTCGG

STC1 Fwd: AAGATGGCGACCACCAAAGT
Rev: GCAGTGACGCTCATAAGGGA

HSPCB Fwd:
TCTGGGTATCGGAAAGCAAGCC
Rev:
GTGCACTTCCTCAGGCATCTTG

RPS13 Fwd:
CGAAAGCATCTTGAGAGGAACA
Rev: TCGAGCCCAAACGGTGAATC

RRN18S Fwd: AGAAACGGCTACCACATCCA
Rev: CACCAGACTTGCCCTCCA

psiCHECK-100 (3p, SCR 3p, 5p
and SCR 5p)

psiCHECK-192 (3p, SCR 3p, 5p
and SCR 5p)

psiCHECK-574 (3p, SCR 3p)
pLenti-100
pLenti-192
pLenti-574




ImageJ2 OpenSource (httpFwd://imagej.net/)

mirDIP

ReactomeF|Viz

Cytoscape

RUEDEN C. T. et al. BMC
Bioinformatics  18:529, 2017. DOI:
10/gdsmf9 [PMID: 29187165].

Tokar T, Pastrello C,
Rossos AEM, Abovsky M, Hauschild A-
C, Tsay M, et al. miDIP 41—
integrative

database of human microRNA target
predictions.  Nucleic Acids Res
46:D360-70, 2018. DOl
10.1093/nar/gkx1144

Croft D, Mundo AF, Haw R, Milacic M,
Weiser J,
Wu G, et al. The Reactome pathway
knowledgebase. Nucleic  Acids
Res  42:D472-7, 2014.  DOL
10.1093/nar/gkt1102 | PMID:
http://pmid.virican.net/24243840; PMC:
PMC3965010.

Shannon P, Markiel A,
Ozier O, Baliga NS, Wang JT, Ramage
D, et al. Cytoscape: A Software
Environment for Integrated Models of
Biomolecular Interaction  Networks.
Genome

Res  13:2498-504, 2003. DOI:
10.1101/gr.1239303




Analise da eficiéncia dos primers utilizados para a amplificagdo dos respectivos

transcritos alvos para o miR-100-5p, miR-192-5p e miR-574-3p

33
32,5
32
31,5
5 : 31
30,5
30
29,5
A\ 29
—— > /) \ 28,5
— 0
f— =3 =i - e S —
o A
24,5
24
235
5 — =
: 23
22,5
/ \
A, 22
/ \
4 \ 21,5
0 [ < s I
B R B e S

50

50

20

y =-1,665In(x) + 37,895
R?=0,9883

100 150 200 250

y =-1,17In(x) + 28,135
R?=0,965

100 150 200 250

y =-1,291In(x) + 31,334
R?=0,9926

40 60 80 100 120
cDNA (ng/uL)

Figura S1 — Gréficos demonstrando curva de amplificagdo, curva de melting e eficiéncia de

amplificacdo dos transcritos provenientes dos genes alvos selecionados. (A) curva de eficiéncia e

melting do transcrito do gene FZD8 em verde escuro, (B) curva de eficiéncia e melting do

transcrito do gene RAB2A em azul e (C) curva de eficiéncia e melting do transcrito do gene STC1

em vermelho. As curvas de melting em C apresentadas na cor bege e cinza séo provenientes de

dois outros conjuntos de primers para o transcrito do gene PD-L1 (dados ndo demonstrados).
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Figura S2 - Resultados de PCR em tempo real para analise da expressao em nivel transcricional
dos genes FZD8 e RAB2A, preditos como alvos para os miRNAs humanos 100-5p e 192-5p,
respectivamente e observacdo de sua especificidade com relacdo aos demais miRNAs estudados.
Foram utilizadas células imortalizadas de nasofaringe (NP69) sem tratamento, expostas ao
reagente de transfeccdo somente (Controle) ou transfectadas com miméticos sintéticos para miR-
100-5p, miR-192-5p ou miR574-3p. (A) O tratamento com mimético de miR-100-5p levou a
reducdo do transcrito de FZD8, porém o transcrito ndo reduziu apds tratamento com os outros
miméticos . (B) O tratamento com mimético de miR-192-5p levou & reducédo do transcrito de
RAB2A porém o transcrito ndo reduziu ap6s tratamento com 0s outros miméticos. ** p<0,005;
*x% n<0,002.

Construcdo de vetores lentivirais para transducdo em células imortalizadas de

nasofaringe.

Os vetores lentivirais foram estabelecidos para que as células NP460hTert tivessem
a expressdo estavel do miR-100-5p, miR-192-5p ou miR-574-3p. Para tanto, as
sequéncias gendbmicas dos pre-miR-100, -192 e -574 foram obtidas no GenBank
(“National Center for Biotechnology Information (NCBI)[Internet]. Bethesda (MD):
National Library of Medicine (US)”, 2021). Estas sequéncias foram ent&o utilizadas para
realizacdo do desenho dos iniciadores, conforme orientacdes da literatura e do fabricante

do sistema, e encaminhadas para sintese dos oligonucleotideos em servigo especializado.




Esses iniciadores foram utilizados para amplificagdo da regidao genémica do pre-miR de
interesse (Quadro S1) e o produto da PCR foi inserido no vetor pPENTR/SD/D-TOPO®
(Thermo Fisher), empregando a estratégia Gateway® de clonagem (Thermo Fisher).
Desse modo foram gerados construtos para expressao constitutiva de cada um dos
miRNAs de interesse. Os cassetes de expressdo dos pre-miRNAs nos construtos
PENTR/SD/D-TOPO/miR-(100, 192 ou 574) obtidos foram entdo transferidos para o
vetor de destino pLenti6.3/TO/V5-DEST por meio de recombinacdo molecular. Apds o
término da montagem do vetor lentiviral, células HEK293FT seriam utilizadas para
producdo de particula viral que por sua vez seriam utilizadas para transducédo das células
de interesse (NP460hTert) (Figura Suplementar S3). Abaixo, detalharemos a montagem

dos vetores lentivirais estabelecidos.
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Figura Suplementar S3 — Desenho esquematico do fluxograma de montagem dos vetores
lentivirais, pLenti-miR-100, -192 ou -574, que tinham como objetivo a inducdo de expresséo
estavel dos respectivos miRNAs em células imortalizadas de nasofaringe (NP69). Primeiramente,
as sequencias dos pre-miR-100, -192 ou -574, adicionadas de uma regido de flanqueamento de
100 pb, foram amplificadas utilizando uma reacdo de PCR utilizando iniciadores que continham

uma regido de iniciacdo e de término de leitura. Esta sequéncia foi inserida no vetor comercial




pENTR/SD/D-TOPO que ap6s confirmagéo da insergdo por meio de sequenciamento, seguiu para
reacdo de recombinacdo molecular com o vetor lentiviral pLenti6.3/TO/V5-DEST. Os vetores

lentivirais finais foram validados utilizando sequenciamento Sanger.

Desenho dos iniciadores da regido gendmica para pre-miR-100, pre-miR-192 e pre-miR-
574

Para a amplificacdo da regido de interesse e consequente inser¢do da regido
amplificada em vetor lentiviral, foi adicionada uma regido de flanqueamento, com
aproximadamente 100 pares de bases (pb), adjacente ao pre-miRNA de interesse. Para
tanto, a sequéncia completa do pre-miRNA foi obtida do banco de dados miRBase
(KOZOMARA; BIRGAOANU; GRIFFITHS-JONES, 2019) e as sequéncias gendmicas
com 200 pb adjacentes, tanto em regido 5’ como em regido 3’ (regido de flanqueamento)
foram obtidas do banco de dados GenBank (“National Center for Biotechnology
Information (NCBI)[Internet]. Bethesda (MD): National Library of Medicine (US)”,
2021). Essa regido de flanqueamento ¢ necessaria para que o transcrito seja normalmente
processado pela maquinaria da célula, originando um ou dois miRNAs maduros (3p, S5p
ou ambos).

A sequéncia final (regido de flanqueamento de 200 pb contendo a sequéncia
completa do pre-miRNA) foi utilizada para realizar o desenho dos iniciadores para cada
miRNA de interesse (Quadro S1 e S2), que contém, além da sequéncia do pre-miRNA,
uma sequéncia de iniciacdo e de parada de leitura (start e stop coddon) necessarias para

que haja a leitura da regido de interesse do vetor pela maquinaria celular.




Quadro S1 — Sequéncias dos pre-miRNAs de interesse (-100, -192 e -574) obtidas por meio das
plataformas online miRBase e GenBank-NCBI. Com sublinhado simples estdo destacados os
iniciadores sense, e com sublinhado duplo os iniciadores antisense para insercdo em vetor de
entrada pENTR-SD/D/TOPO. Em negrito estdo as sequéncias genémicas dos pre-miRNAs de

interesse.

Sequéncias obtidas para os pre-miRNAs de interesse
Pre-miR-100 (353 pb)

>hsa-mir-100 MI10000102
CCUGUUGCCACAAACCCGUAGAUCCGAACUUGUGGUAUUAGUCCGCACAAGCUUGUA

UCUAUAGGUAUGUGUCUGUUAGG

>NR 029515.1 Homo sapiens microRNA 100 (MIR100), microRNA
CCTGTTGCCACAAACCCGTAGATCCGAACTTGTGGTATTAGTCCGCACAAGCTTGTA
TCTATAGGTATGTGTCTGTTAGG

>hg38 dna range=chr11:122152029-122152508 5'pad=200 3'pad=200 strand=+
repeatMasking=none
TATGGGAATTGAGGGCCAGCCTATTAATTCATCATTGAAGAACCTCATTCATTTCAG
GACAAAAGGTCTCCTTCCTCCACCTCAGCCCCCTTTTCCATTTTTATCACTCTTAAA

GGAAACTAAGGGGAAGAGAAGGAGAATGAAATAACTCGAAGGGATATTGAATGGCAT
ATAAGCAAAGCCCCAGGTCCGTGAGATTGCCTAACAGACACATACCTATAGATACAA
GCTTGTGCGGACTAATACCACAAGTTCGGATCTACGGGTTTGTGGCAACAGGCCTCA
ATATCTTCTCTCTTTTGGGGCTGTGACATGTCTGAAAATAAAATATTACAACCATTA
ATCCAATAAAAGAGTCTACCATTCAATTGTTTTATGCCATAAATGGAAAGGACTTCG

TCCCACTCTCACAAAAGCAAAAGTTAAGCAATATCTTCTATGTTCTCCCCAACGTGC

TTCCCTTGGTTTCCACTTTTTCCA
Pre-miR-192 (418pb)
>hsa-mir-192 M10000234
GCCGAGACCGAGUGCACAGGGCUCUGACCUAUGAAUUGACAGCCAGUGCUCUCGUCU
CCCCUCUGGCUGCCAAUUCCAUAGGUCACAGGUAUGUUCGCCUCAAUGCCAGC
>NR 029578.1 Homo sapiens microRNA 192 (MIR192), microRNA
GCCGAGACCGAGTGCACAGGGCTCTGACCTATGAATTGACAGCCAGTGCTCTCGTCT
CCCCTCTGGCTGCCAATTCCATAGGTCACAGGTATGTTCGCCTCAATGCCAGC
>hg38 dna range=chr11:64890937-64891446 5'pad=200 3'pad=200 strand=+

repeatMasking=none




TGCAGCCCAAGGGAACAGCATGGGCAAAGCATAGAGGTGCCACAGGGCAGGCAGGGC
AGGGGCAGGACTGAAGCTGTTCAGGCTCATTCACGGGGAATGAGACAGAGGGAGGTG

GGACCATGAGTGCTGCACTGGGGTCGCAGGATCTCTGCTGACTGCTGGACACCCCCG
GCCCTCCCCTATCCCTGCAGGTCCTGGTGGCTGGCATTGAGGCGAACATACCTGTGA
CCTATGGAATTGGCAGCCAGAGGGGAGACGAGAGCACTGGCTGTCAATTCATAGGTC
AGAGCCCTGTGCACTCGGTCTCGGCAGCCCACCGACAGCCCTCCACTACCCGCCACC
ATCTGGCCTGGGAGCGTCGCCACGGTAGTCCTGGCTGGTCTGCTGGCCAGCACCTGC
CTCTCCTTCTTCGTGGGTACTGGCCCTCGCCCCAGATAACAGCAGCCCCACTGGAAC
CAGTGGGCACTTCCACATGGAGTTGCTGTTACAGGGGGCGGGAACCAATTGGAG
Pre-miR-574 (406 pb)
>hsa-mir-574 MI10003581

GGGACCUGCGUGGGUGCGGGCGUGUGAGUGUGUGUGUGUGAGUGUGUGUCGCUCCGG

GUCCACGCUCAUGCACACACCCACACGCCCACACUCAGG

>NR 030300.1 Homo sapiens microRNA 574 (MIR574), microRNA
GGGACCTGCGTGGGTGCGGGCGTGTGAGTGTGTGTGTGTGAGTGTGTGTCGCTCCGG
GTCCACGCTCATGCACACACCCACACGCCCACACTCAGG
>hg38 dna range=chr4:38867832-38868327 5'pad=200 3'pad=200 strand=+
repeatMasking=none

GCGGTAAGAGCCCCGGGCACTCGGTCCCCATCCCCTTCCCCGGGGEGEGCGGEGCGAGCE

CGGGGGCGGCTGCCCGEGEEGETGGTGGGAACACCATACCTTGGCGCCTCGTCCGGGAC
CCACGAATCCTGCCCTCTGCGTTAGTGAGAAGCAGTGGTCAGGGAGGACCCGGCTCT
GGGGTGAGGGTCTGGGGCGGCGCGGCCGAGGGACCTGCGTGGGTGCGGGCGTGTGAG
TGTGTGTGTGTGAGTGTGTGTCGCTCCGGGTCCACGCTCATGCACACACCCACACGC
CCACACTCAGGGTCTGCCCCCTCGGCCTGCGTGAACCTCCGCGGAGCCTGCCTGGAT
CTCCCAAAGTATCCAGTCCTGGCACCAAGCAAGTCTGGAAAAGTGCCCCCAATGGCT
CGGGGCCAAGTCAGAGGTGGGCTGCAGGGTCCCCCAGCCCGGGCACGAAGGGAGCAG

GTCCCTGTAAGACAGAGGCCTCGTCCCAGGGTGCGCCTGC




Quadro S2 - Iniciadores e componentes da reacdao de PCR para amplificagdo da regido genémica
do pre-miR-100, pre-miR-192 e pre-miR-574, do sitio de clonagem do vetor pPENTRTM/SD/D-
TOPO e da regido de recombinacéo entre o vetor pPENTRTM/SD/D-TOPO e pLenti6.3 TOVS5-

DEST.

Alvos e iniciadores

Componentes da reagédo

Termociclagem

Iniciadores para amplificagdo da regido
gendmica do pre-miR-100, pre-miR-192 e pre-

miR-574

Pre-miR-100 (gendmico)
S: CACCATGGTTGTGAGAGTGGGACGAA
AS: CTAAAAAGGTCTCCTTCCTCCACC

Pre-miR-192 (gen6mico)
S: CTAGTTCAGGCTCATTCACGGGG
AS: CACCATGGCCCCTGTAACAGCAACTCCAT

Pre-miR-573 (gen6mico)
S: CACCATGGTCGGTCCCCATCCCCTTC
AS:CTACTGCAGCCCACCTCTGAC

Iniciadores para amplificagao do sitio de
insergao do vetor pPENTR™/SD/D-TOPO

S: GTAAAACGACGGCCAG

AS: CAGGAAACAGCTATGAC

Iniciadores para amplificacdo da regido de
recombinagdo entre o vetor pENTR™/SD/D-
TOPO e pLenti6.3TOV5-DEST

S: CGCAAATGGGCGGTAGGCGTG

AS: CATAGCGTAAAAGGAGCAACA

Tampao PCR 10x (600 mM Tris-
S04, 180 mM (NH4)2SOs4, pH
8,9), 25 mM MgCl, 10 mM
DNTP mix, 10 uM iniciadores,
1U enzima Taq DNA Polimerase
Alta Fidelidade?

Tampé&o PCR 10x (600 mM Tris-
S04, 180 mM (NH4)2SOs4, pH
8,9), 25 mM MgCl, 10 mM
DNTP mix, 10 uM iniciadores,
1U enzima Taq DNA Polimerase
Alta Fidelidade?

Tampao PCR 10x (600 mM Tris-
S04, 180 mM (NH4)2SOs4, pH
89), 25 mM MgCl, 10 mM
DNTP mix, 10 uM iniciadores,
1U enzima Taq DNA Polimerase
Alta Fidelidade?

Tamp&o PCR 10x (100 mM Tris-
HCI, 500mM KCI, pH 8,5), 50
mM MgS04, 20 mM DNTP mix,
30 pM iniciadores, 1U enzima
DNA
Convencional
Tamp&o PCR 10x (100 mM Tris-
HCI, 500mM KCI, pH 8,5), 50
mM MgS04, 20 mM DNTP mix,
30 PM iniciadores, 1U enzima
DNA

Convencional’

Taq Polimerase

Taq Polimerase

95°C - 3 min (1x); 94°C
- 30s, 57°C - 30s, 68°C
- 30s (35x); 68°C -
10min (1x), 4°C - =

95°C - 1 min (1x); 94°C
- 30s, 55°C - 15s, 68°C
- 4bs (35x); 68°C -
10min (1x), 4°C - =

95°C - 1 min (1x); 94°C
- 30s, 61°C - 15s, 68°C
- 45s (35x); 68°C -
10min (1x), 4°C - =

95°C - 3 min (1x); 94°C
- 30s, 55°C - 30s, 72°C
~ 30s (37x); 72°C -
10min (1x), 4°C - e

95°C - 3 min (1x); 94°C
- 30s, 55°C - 30s, 72°C
~ 30s (37x); 72°C -
10min (1x), 4°C - e

'NeoTaq DNA Polymerase. 2Platinum® Taq DNA Polymerase High Fidelity;







Sequenciamento das reqides referentes ao pre-miR-100, -192 e -574 amplificadas por
PCR.

Apo6s a amplificacdo da regido gendmica do pre-miR-100, -192 ou -574, esses
foram enviados para servico especializado de sequenciamento Sanger, onde verificamos
que as sequéncias eram complementares a regido gendmica esperada (Figura Suplementar
S4 a S6). Apos essa confirmacdo, as sequéncias foram ligadas ao vetor de entrada

PENTR/SD/D-TOPO na propor¢do molar 1:3 em reacédo de ligagdo overnighta 16°C.

Score Expect Identities Gaps Strand
536 bits (290) 2e-148 292/293(99%) 0/293(0%) Plus/Plus

Query 1 TAAGGGGAAGAGAAGGAGAATGAAATAACTCGAAGGGATATTGAATGGCATATAAGCAAA 60

Frrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e e e e e e e e
Sbjct 120107 TAAGGGGAAGAGAAGGAGAATGAAATAACTCGAAGGGATATTGAATGGCATATAAGCAAA 120166

Query 61 GCCCCAGGTCTGTGAGATTGCCTAACAGACACATACCTATAGATACAAGCTTGTGCGGAC 120

FErrrrrrrr rerrrrrrrrrrrrerrrrrr e e e e e e e e e
Sbjct 120167 GCCCCAGGTCCGTGAGATTGCCTAACAGACACATACCTATAGATACAAGCTTGTGCGGAC 120226

Query 121 TAATACCACAAGTTCGGATCTACGGGTTTGTGGCAACAGGCCTCAATATCTTCTCTCTTT 180

Frrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e e e e e e e e
Sbjct 120227 TAATACCACAAGTTCGGATCTACGGGTTTGTGGCAACAGGCCTCAATATCTTCTCTCTTT 120286

Query 181 TGGGGCTGTGACATGTCTGAAAATAAAATATTACAACCATTAATCCAATAAAAGAGTCTA 240

FEEEEEEErr e e et e e e e e e e e e e e e e e e e e e e et
Sbjct 120287 TGGGGCTGTGACATGTCTGAAAATAAAATATTACAACCATTAATCCAATAAAAGAGTCTA 120346

Query 241 CCATTCAATTGTTTTATGCCATAAATGGAAAGGACTTCGTCCCACTCTCACAA 293

FEEEEEEEEr e e e e e e e e e e e e e e e e e el
Sbjct 120347 CCATTCAATTGTTTTATGCCATAAATGGAAAGGACTTCGTCCCACTCTCACAA 120399

Score Expect Identities Gaps Strand

536 bits(290) 4e-157 292/293(99%) 0/293(0%) Plus/Plus

Query 1 TAAGGGGAAGAGAAGGAGAATGAAATAACTCGAAGGGATATTGAATGGCATATAAGCAAA 60

Frrrrrrrrrrerrrrrrrrrrrrrerrrrrr e e e e e e e e e
Sbjct 121 TAAGGGGAAGAGAAGGAGAATGAAATAACTCGAAGGGATATTGAATGGCATATAAGCAAA 180

Query 61 GCCCCAGGTCTGTGAGATTGCCTAACAGACACATACCTATAGATACAAGCTTGTGCGGAC 120

FEEEEErrrr e e e e e e e e e e e e e e e e e e e e e
Sbjct 181 GCCCCAGGTCCGTGAGATTGCCTAACAGACACATACCTATAGATACAAGCTTGTGCGGAC 240

Query 121 TAATACCACAAGTTCGGATCTACGGGTTTGTGGCAACAGGCCTCAATATCTTCTCTCTTT 180
Frrrrrrrrrrerrrrrrrrrrerrerr et e e e e e e e e e
Sbjct 241 TAATACCACAAGTTCGGATCTACGGGTTTGTGGCAACAGGCCTCAATATCTTCTCTCTTT 300

Query 181 TGGGGCTGTGACATGTCTGAAAATAAAATATTACAACCATTAATCCAATAAAAGAGTCTA 240

FEEEEEEErr et e e e e e e e e e e e e e e e e e e e e e
Sbjct 301 TGGGGCTGTGACATGTCTGAAAATAAAATATTACAACCATTAATCCAATAAAAGAGTCTA 360

Query 241 CCATTCAATTGTTTTATGCCATAAATGGAAAGGACTTCGTCCCACTCTCACAA 293
FEEEEEEEEE e e et e e e e e e e e e e e e e e e




Sbjct 361 CCATTCAATTGTTTTATGCCATAAATGGAAAGGACTTCGTCCCACTCTCACAA 413

Figura S4 - Anélise do amplificado da regido genémica do pre-miR-100 para inser¢ao no
vetor-base pPENTR/SD/D-TOPO® para subsequente construcao de vetor lentiviral empregando
clonagem Gateway®. (A e B) Confirmacdo da sequéncia do produto de PCR obtido (Query),
condizente com a regido gendmica do pre-miR-100 (Shjct), conforme confirmacdo de

sequenciamento Sanger das fitas antisense e sense (A e B respectivamente).

A Score Expect Identities Gaps Strand
671 bits(363) 0.0 363/363(100%) 0/363(0%) Plus/Plus

Query 1 ACTGGGGTCGCAGGATCTCTGCTGACTGCTGGACACCCCCGGCCCTCCCCTATCCCTGCA 60
FEEEEEEEEEE e e e e e
Sbjct 56 ACTGGGGTCGCAGGATCTCTGCTGACTGCTGGACACCCCCGGCCCTCCCCTATCCCTGCA 115

Query 61 GGTCCTGGTGGCTGGCATTGAGGCGAACATACCTGTGACCTATGGAATTGGCAGCCAGAG 120

FEEEEEE et r e e e e e e e et e e e e e et e e e e
Sbjct 116 GGTCCTGGTGGCTGGCATTGAGGCGAACATACCTGTGACCTATGGAATTGGCAGCCAGAG 175

Query 121 GGGAGACGAGAGCACTGGCTGTCAATTCATAGGTCAGAGCCCTGTGCACTCGGTCTCGGC 180

CEErrrrrrr et rrr et e e e e e e e e e e e e e e
Sbjct 176 GGGAGACGAGAGCACTGGCTGTCAATTCATAGGTCAGAGCCCTGTGCACTCGGTCTCGGC 235

Query 181 AGCCCACCGACAGCCCTCCACTACCCGCCACCATCTGGCCTGGGAGCGTCGCCACGGTAG 240

FEEEEEEEEE e e e e e e e e e e e e e e e e e el
Sbjct 236 AGCCCACCGACAGCCCTCCACTACCCGCCACCATCTGGCCTGGGAGCGTCGCCACGGTAG 295

Query 241 TCCTGGCTGGTCTGCTGGCCAGCACCTGCCTCTCCTTCTTCGTGGGTACTGGCCCTCGCC 300
CErrrrrrrrrrrrrrr et e e e e e e e e e e e e e
Sbjct 296 TCCTGGCTGGTCTGCTGGCCAGCACCTGCCTCTCCTTCTTCGTGGGTACTGGCCCTCGCC 355
Query 301 CCAGATAACAGCAGCCCCACTGGAACCAGTGGGCACTTCCACATGGAGTTGCTGTTACAG 360
FEEEEEEEEEE e e e e e e e e e e e e e e e
Sbjct 356 CCAGATAACAGCAGCCCCACTGGAACCAGTGGGCACTTCCACATGGAGTTGCTGTTACAG 415

Query 361 GGG 363

Sbjct 416 GGG 418

E; Score Expect Identities Gaps Strand
651 bits(352) 0.0 352/352(100%) 0/352(0%) Plus/Minus
Query 1 CTGGGGCGAGGGCCAGTACCCACGAAGAAGGAGAGGCAGGTGCTGGCCAGCAGACCAGCC 60

FErrrrrrrrrrrrrrrrrrrrr e e e e e e e e
Sbjct 359 CTGGGGCGAGGGCCAGTACCCACGAAGAAGGAGAGGCAGGTGCTGGCCAGCAGACCAGCC 300

Query 61 AGGACTACCGTGGCGACGCTCCCAGGCCAGATGGTGGCGGGTAGTGGAGGGCTGTCGGTG 120

FEEEEEEEE R r e e e e e e e e e e e e e e e e e e e e e el
Sbjct 299 AGGACTACCGTGGCGACGCTCCCAGGCCAGATGGTGGCGGGTAGTGGAGGGCTGTCGGTG 240




Figura S5 — Analise do amplificado da regido gendmica do pre-miR-192 para insergdo no
no vetor-base pENTR/SD/D-TOPO® para subsequente construcdo de wvetor lentiviral
empregando clonagem Gateway®. (A e B) Confirmacéo da sequéncia do produto de PCR obtido
(Query), condizente com a regido gendmica do pre-miR-192 (Sbhjct), conforme confirmacéo de

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

121 GGCTGCCGAGACCGAGTGCACAGGGCTCTGACCTATGAATTGACAGCCAGTGCTCTCGTC 180

FEEETEEEE e e e e e e e e e e e e e e e e e
239 GGCTGCCGAGACCGAGTGCACAGGGCTCTGACCTATGAATTGACAGCCAGTGCTCTCGTC 180

181 TCCCCTCTGGCTGCCAATTCCATAGGTCACAGGTATGTTCGCCTCAATGCCAGCCACCAG 240

FEEETEEEE e e e e e e e e e e e e e e e e e
179 TCCCCTCTGGCTGCCAATTCCATAGGTCACAGGTATGTTCGCCTCAATGCCAGCCACCAG 120

241 GACCTGCAGGGATAGGGGAGGGCCGGGGGTGTCCAGCAGTCAGCAGAGATCCTGCGACCC 300
FEErrrrrrrr e e e e e e e
119 GACCTGCAGGGATAGGGGAGGGCCGGGGGTGTCCAGCAGTCAGCAGAGATCCTGCGACCC 60

301 CAGTGCAGCACTCATGGTCCCACCTCCCTICTGTCTCATTCCCCGTGAATGAG 352
FEEEEErrrrr e e e e e
59 CAGTGCAGCACTCATGGTCCCACCTCCCTCTGTCTCATTCCCCGTGAATGAG 8

sequenciamento Sanger das fitas antisense e sense (A e B respectivamente).

A Score

Expect lIdentities Gaps  Strand

638 hits(345) 0.0 355/363(98%) 0/363(0%) Plus/Plus

Query

Sbjct

Query

Sbijct

Query

Sbjct

Query

Sbijct

Query

Sbjct

Query

Sbijct

Query

1

54

61

174

234

241

294

301

354

361

GCTGCCCGGGGGTGGTGGGAACACCATACCTTGGCGCCTCGTCCGGGACCCACGAATCCT

Frrrrrrrrrrrrrrrrrrrrrrrrrrr e
GCTGCCCGGGGGTGGTGGGAACACCATACCTTGGCGCCTCGTCCGGGACCCACGAATCCT

GCCCTCTGCGTTAGTGAGAAGCAGTGGTCAGGGAGGACCCGGCTCTGGGGTGAGGGTCTG

FErrrrrrrrrrrrrrrrrrrrerrert e e e e e e e e e e
GCCCTCTGCGTTAGTGAGAAGCAGTGGTCAGGGAGGACCCGGCTCTGGGGTGAGGGTCTG

GGGCGGCGCGGCCGAGGGACCTGCGTGGGTGCGGGCatgtgagtgtgtgtgtgtgagtyt
FErrrrrrrrerrrrrrerrrrrrrr et et e e e
GGGCGGCGCGGCCGAGGGACCTGCGTGGGTGCGGGCGTGTGAGTGTGTGTGTGTGAGTGT

gtgtCGCTCCGGGTCCACGCTCATGCRCACACCCACACGCCCRCACTCAGGGTCTGCCCC

Frerrrrrrrrrrrrrrrrrrrrrrr et rrrrr e
GTGTCGCTCCGGGTCCACGCTCATGCACACACCCACACGCCCACACTCAGGGTCTGCCCC

CTCGGGCTGSGKGAACCTCCGCGGAGCCTGCCTGGATCTCCCAAAGTATCCAGTCCTGGC

freer et rrrrrrrrrrrrrrrrrrrrrrrrrr e
CTCGGCCTGCGTGAACCTCCGCGGAGCCTGCCTGGATCTCCCAAAGTATCCAGTCCTGGC

ACCAAGCAAGTCTGGAAAAGTGCCCCCRATGGCTCGGGGCCRAGTCAGGGGTGGGCTGCA
Frrrrrrrrrrerrrerrrrrrerrer rerrrrrrrrrer rerr et rerr e e

ACCAAGCAAGTCTGGAAAAGTGCCCCCAATGGCTCGGGGCCAAGTCAGAGGTGGGCTGCA

GTA 363

60

113

180

300

353

360




|11
Sbijct 414 GTA 416

B Score Expect ldentities Gaps Strand
534 bits(289) 1e-156 315/330(95%) 1/330(0%) Plus/Minus

Query 4 TTGCTTGGTGCCAGGACTGGATACTTTGGGAGATCCAGGCAGGCTCCGCGGAGGTTCACG 63

Frrrrrrrrrrerrrrrrrrrrrrrrrr et e e e e e e e e et e
Sbjct 362 TTGCTTGGTGCCAGGACTGGATACTTTGGGAGATCCAGGCAGGCTCCGCGGAGGTTCACG 303

Query 64 CAGGCCGAGGGGGCAGACCCTGAGTGTGGGCGTGTGGGTGTGTGCATGAGCGTGRACCCG 123
Frerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e rrrr rrrd
Sbjct 302 CAGGCCGAGGGGGCAGACCCTGAGTGTGGGCGTGTGGGTGTGTGCATGAGCGTGGACCCG 243

Query 124 GAGCGacacacactcrcacacacacactcacacGCCCGCACCCACGCAGTGCCCTCGGCC 183
Frrrrrrrrrrrrrr e e
Sbjct 242 GAGCGACACACACTCACACACACACACTCACACGCCCGCACCCACGCAGGTCCCTCGGCC 183

Query 184 GCGCCGCCCCAGACCCTCACCCATGAGCCGGGTCCTCSCTGACCACTGGTTCTCACTAAC 243
Frerrrrrrrrerrrrrreerr o rrrrrrrrerr e rerr e e rrrr e
Sbjct 182 GCGCCGCCCCAGACCCTCACCCCAGAGCCGGGTCCTCCCTGACCACTGCTTCTCACTAAC 123

Query 244 GCAGAGGGGAGTATTCGTGGGTCGAGGACGAGGCGCCA-GGTATGGTGTTCCCACCWCCC 302

FErrrrrr e rrrrrrrer et rrrrrrrr e e e e e e e
Sbjct 122 GCAGAGGGCAGGATTCGTGGGTCCCGGACGAGGCGCCAAGGTATGGTGTTCCCACCACCC 63

Query 303 CCGGGCAGSCGCCCCCGCGCTCGCCCGCCC 332
FEErrrrr et
Sbjct 62 CCGGGCAGCCGCCCCCGCGCTCGCCeGeee 33

Figura S6 - Andlise do amplificado da regido gendmica do pre-miR-574 para insercdo no
no vetor-base pENTR/SD/D-TOPO® para subsequente construcdo de wvetor lentiviral
empregando clonagem Gateway®. (A e B) Confirmacédo da sequéncia do produto de PCR obtido
(Query), condizente com a regido gendmica do pre-miR-574 (Sbjct), conforme confirmacéo de
sequenciamento Sanger das fitas antisense e sense (A e B, respectivamente). Todas as regibes de
alteracdo de base (azul) presentes no iniciador sense, ndo estdo no antisense e vice-versa,
indicando que a alteracdo se deve a um erro de leitura de base do sequenciamento Sanger. Em

letras minusculas esté destacada uma regido de repeticéo presente neste pre-miRNA.

Sequenciamento das reqides do pre-miR-100, -192 e -574 inseridas em vetor pENTR
SD/D/TOPQ®,

Apbs o término da montagem dos vetores de entrada pENTR-miR-100, -192 ou -
574, esses foram enviados para servigo especializado de sequenciamento Sanger, onde
verificamos que as sequéncias eram complementares a regido genémica esperada (Figura

Suplementar S7 a S9). Com isso, os vetores selecionados foram utilizados para realizagédo




da recombinacdo molecular com o vetor comercial pLenti6.3/TO/V5-DEST, conforme

recomendacéo do fabricante.

/\ Score Expect Identities Gaps Strand
732 bits(396) 0.0 422/447(94%) 0/447(0%) Plus/Plus

Query 1 GCCAACTTTGTACAAAAAAGCAGGCTCCGCGGCCGCCYTGTTTAACTTTRAGAAGGAGCC 60
FEEEEErrrrr e e e et e rrer e
Sbjct 107 GCCAACTTTGTACAAAAAAGCAGGCTCCGCGGCCGCCTTGTTTAACTTTAAGAAGGAGCC 166

Query 61 CTTCACCATGGTTGKGAGAGTGGGACGAAGYCCTTTCCATTTATGGCATAAAACAATTGA 120

FECEEEEErr e vrr e e e e e et e e e e e e e e e e
Sbjct 167 CTTCACCATGGTTGTGAGAGTGGGACGAAGTCCTTTCCATTTATGGCATAAAACAATTGA 226

Query 121 ATGGKAGACTCTTTTATTGGATTAATGGTTGTAATATTTTATTTTCRGACATGTCACAGC 180
FEertrrrrrrrrrr e e e e et r et e e et rr e e
Sbjct 227 ATGGTAGACTCTTTTATTGGATTAATGGTTGTAATATTTTATTTTCAGACATGTCACAGC 286

Query 181 CCCAAAAGAGAGAAGATATTGAGGKCTGTTGCCACARACCCGTASATCCGAACTTGTGGT| 240

FEErrrrrrr e e e e e et
Sbjct 287 CCCAAAAGAGAGAAGATATTGAGGCCTGTTGCCACAAACCCGTAGATCCGAACTTGTGGT 346

Query 241 hTTAGKCCGCACWAGCWTGWRTCYATAGGTATGTGTCTGTKAGQCAATCYCACARACCTG 300

R R R R R AR R R
Sbjct 347 ATTAGTCCGCACAAGCTTGTATCTATAGGTATGTGTCTGTTAGGCAATCTCACGGACCTG 406

Query 301 GGGCTTTGCTTATRTGCCAWTCARTATCCCWTCGAGTTATTTCATTCTCCTTCTCTTCCC 360
FEEErrrrrrrrr v vt trrrt e e e e e e e
Sbjct 407 GGGCTTTGCTTATATGCCATTCAATATCCCTTCGAGTTATTTCATTCTCCTTCTCTTCCC 466

Query 361 CTTAGTTTCCTTTAAGAGTGATAAAAATGGAAAAGGGGGCTGAGGYGGASGAMGGAGACC 420
FECEEEEErr e e e e e e e e v rrrrind
Sbjct 467 CTTAGTTTCCTTTAAGAGTGATAAAAATGGAAAAGGGGGCTGAGGTGGAGGAAGGAGACC 526

Query 421 TTTTTAGAAGGGTGGGCGCGCCGACCC 447
FECEEEEEEr et
Sbjct 527 TTTTTAGAAGGGTGGGCGCGCCGACCC 553




B Score Expect Identities Gaps Strand
1044 bits(565) 0.0 570/574(99%) 0/574(0%) Plus/Minus

Query 1 TTGATAAGCAATGCTTTCTTATAATGCCAACTTTGTACAAGAAAGCTGGGTCGGCGCGCC 60

FECEEEEErr e e e e e e e e e e e e e
Sbjct 600 TTGATAAGCAATGCTTTCTTATAATGCCAACTTTGTACAAGAAAGCTGGGTCGGCGCGCC 541

Query 61 CACCCTTCTAAAAAGGTCTCCTTCCTCCACCTCAGCCCCCTTTTCCATTTTTATCACTCT 120

FECETEEEE e e e e e e e e e e e e e e e e e e e e
Sbjct 540 CACCCTTCTAAAARAGGTCTCCTTCCTCCACCTCAGCCCCCTTTTCCATTTTTATCACTCT 481

Query 121 TAAAGGAAACTAAGGGGAAGAGAAGGAGAATGAAATAACTCGAAGGGATATTGAATGGCA 180

FECETEEEE e e e e e e e e e e e e e e e e e e e
Sbjct 480 TAAAGGAAACTAAGGGGAAGAGAAGGAGAATGAAATAACTCGAAGGGATATTGAATGGCA 421

Query 181 TATAAGCAAAGCCCCAGGTCTGTGAGATTGKCTAACAGACACATACCTATAGATACRAGq 240

FEEErrrrrrr et et e e e e e e e
Sbjct 420 TATAAGCAAAGCCCCAGGTCCGTGAGATTGCCTAACAGACACATACCTATAGATACAAGC 361

Query 241 hTGTGCGGACTAATACCACAAGTTCGGATCTACGGGTTTGTGGCRACAGQCCTCAATATC 300

FErrrrrrrrrrrrrrrrrrrr e et e e e e et e
Sbjct 360 TTGTGCGGACTAATACCACAAGTTCGGATCTACGGGTTTGTGGCAACAGGCCTCAATATC 301

Query 301 TTCTCTCTTTTGGGGCTGTGACATGTCTGAAAATAAAATATTACAACCATTAATCCAATA 360

FEEEEEEEr et e e e e e e e e e e e e e e e e e e
Sbjct 300 TTCTCTCTTTTGGGGCTGTGACATGTCTGAAAATAAAATATTACAACCATTAATCCAATA 241

Query 361 AAAGAGTCTACCATTCAATTGTTTTATGCCATAAATGGAAAGGACTTCGTCCCACTCTCA 420

FEEEEEEEr et e e e e e e e e e e e e e e e e e e
Sbjct 240 AAAGAGTCTACCATTCAATTGTTTTATGCCATAAATGGAAAGGACTTCGTCCCACTCTCA 181

Query 421 CAACCATGGWGAAGGGCTCCTTCTTAAAGTTAAACAAGGCGGCCGCGGAGCCTGCTTTTT 480

FErrrrrrr et e et e e e e e e e
Sbjct 180 CAACCATGGTGAAGGGCTCCTTCTTAAAGTTAAACAAGGCGGCCGCGGAGCCTGCTTTTT 121

Query 481 TGTACAAAGTTGGCATTATAAAAAAGCATTGCTCATCAATTTGTTGCAACGAACAGGTCA 540

FErrrrrrrrrrrrerrrrrrrr e e e e e e e
Sbjct 120 TGTACAAAGTTGGCATTATAAAAAAGCATTGCTCATCAATTTGTTGCAACGAACAGGTCA 61

Query 541 CTATCAGTCAAAATAAAATCATTATTTGGGGCCC 574
FECTEEEEEr e e

Sbjct 60 CTATCAGTCAAAATAAAATCATTATTTGGGGCCC 27
Figura S7 — Anelamento da sequéncia proveniente de sequenciamento Sanger da colénia 10
contendo o vetor pENTR-miR-100 (Query) com a regido esperada no vetor (Shjct). (A e B)
Confirmacdo da sequéncia do pre-miR-100 ap6s amplificacdo por PCR (Query), condizente com
aregido gendmica do pre-miR-100 (Sbjct), conforme confirmacgéo de sequenciamento Sanger das
fitas antisense e sense (A e B, respectivamente). Em negrito estd demonstrada toda a sequéncia
inserida contendo a sequéncia iniciadora inserida no vetor por meio do iniciador (verde) e a
sequéncia de parada inserida no vetor por meio do iniciador (vermelho). Adicionalmente estdo

destacadas a sequéncia gendémica do pre-miR-100 (caixa) e 0os mismatchs (azul).




Score Expect  ldentities Gaps  Strand

1240 bits(671) 0.0 674/677(99%) 0/677(0%) Plus/Plus
Query 1 ACTGAKAGTGACCTGTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCCAAC 60

FEEEr trrrr e e e e e e e e e e e e
Sbjct 66 ACTGATAGTGACCTGTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCCAAC 125

Query 61  TTTGTACAAAAAAGCAGGCTCCGCGGCCGCCTTGTTTWAYTTTAAGAAGGAGCCCTTCAC 120
FEEEEEEEErrer e e e e e e e e e b re e e e e e
Sbjct 126 TTTGTACAAAAAAGCAGGCTCCGCGGCCGCCTTGTTTAACTTTAAGAAGGAGCCCTTCAC 185

Query 121 CATGGCCCCTGTAACAGCAACTCCATGTGGAAGTGCCCACTGGTTCCAGTGGGGCTGCTG 180
FEEEEEEEE e e e e e e e e e e e e e e e e e e
Sbjct 186 CATGGCCCCTGTAACAGCAACTCCATGTGGAAGTGCCCACTGGTTCCAGTGGGGCTGCTG 245

Query 181 TTATCTGGGGCGAGGGCCAGTACCCACGAAGAAGGAGAGGCAGGTGCTGGCCAGCAGACC 240
FEErrrrrrrrr e e e e e e e e
Sbjct 246 TTATCTGGGGCGAGGGCCAGTACCCACGAAGAAGGAGAGGCAGGTGCTGGCCAGCAGACC 305

Query 241 AGCCAGGACTACCGTGGCGACGCTCCCAGGCCAGATGGTGGCGGGTAGTGGAGGGCTGTC 300
FEEEEEEEErr e e e e e e e e e e e e e e e e e
Sbjct 306 AGCCAGGACTACCGTGGCGACGCTCCCAGGCCAGATGGTGGCGGGTAGTGGAGGGCTGTC 365

Query 301 GGTGGGCﬂGCCGAGACCGAGTGCACAGGGCTCTGACCTATGAATTGACAGCCAGTGCTCT| 360

Frerrrrrrrrrrrrrr e e et r e e e e e e
Sbjct 366 GGTGGGCTGCCGAGACCGAGTGCACAGGGCTCTGACCTATGAATTGACAGCCAGTGCTCT 425

Query 361 |CGTCTCCCCTCTGGCTGCCAATTCCATAGGTCACAGGTATGTTCGCCTCAATGCCAGCKA 420

FEEEErrr et r e e e e e e e e
Sbjct 426 CGTCTCCCCTCTGGCTGCCAATTCCATAGGTCACAGGTATGTTCGCCTCAATGCCAGCCA 485

Query 421 CCAGGACCTGCAGGGATAGGGGAGGGCCGGGGGTGTCCAGCAGTCAGCAGAGATCCTGCG 480

Frerrrrrrrrrrrrrr e rrr e et r e e e e e
Sbjct 486 CCAGGACCTGCAGGGATAGGGGAGGGCCGGGGGTGTCCAGCAGTCAGCAGAGATCCTGCG 545

Query 481 ACCCCAGTGCAGCACTCATGGTCCCACCTCCCTCTGTCTCATTCCCCGTGAATGAGCCTG 540
Frerrrrrrrrrrrerr e rrr e et e e e e
Sbjct 546 ACCCCAGTGCAGCACTCATGGTCCCACCTCCCTCTGTCTCATTCCCCGTGAATGAGCCTG 605

Query 541 AACTAGAAGGGTGGGCGCGCCGACCCAGCTTTCTTGTACAAAGTTGGCATTATAAGAAAG 600
FEEEEEErrrr e e e e e e e e e
Sbjct 606 AACTAGAAGGGTGGGCGCGCCGACCCAGCTTTCTTGTACAAAGTTGGCATTATAAGAAAG 665

Query 601 CATTGCTTATCAATTTGTTGCAACGAACAGGTCACTATCAGTCAAAATAAAATCATTATT 660
FECEEEEErr e et e e et e e e e e e e e e e e e
Sbjct 666 CATTGCTTATCAATTTGTTGCAACGAACAGGTCACTATCAGTCAAAATAAAATCATTATT 725

Query 661 TGCCATCCAGCTGATAT 677
FEETEEEEErrrrrrrd

Sbjct 726 TGCCATCCAGCTGATAT 742
Figura Suplementar S8 - Anelamento da sequéncia proveniente de sequenciamento Sanger da
coldnia 1 contendo o vetor pENTR-miR-192 (Query) com a regido esperada no vetor (Shjct).
Observada a confirmacdo da sequéncia do pre-miR-192 ap6s amplificacdo por PCR (Query),
condizente com a regido genbmica do pre-miR-192 (Sbjct), conforme confirmacdo de

sequenciamento Sanger da fita sense. Em negrito esta demonstrada toda a sequéncia inserida




contendo a sequiencia iniciadora inserida no vetor por meio do iniciador (verde) e a sequencia de
parada inserida no vetor por meio do iniciador (vermelho). Adicionalmente esta destacada a

sequéncia gendmica do pre-miR-192 (caixa).

A
627 hits(339) 0.0 340/341(99%) 0/341(0%) Plus/Plus

Query 1 TGATAGTGACCTGTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCCAACTT 60

Frrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 55 TGATAGTGACCTGTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCCAACTT 114

Query 61 TGTACAAAAAAGCAGGCTCCGCGGCCGCCTTGYTTAACTTTAAGAAGGAGCCCTTCACCA 120

Frerrrrrrrrrrrrrrrrrrrrrrrrrrrrr rrrrrrrrr e
Sbjct 115 TGTACAAAAAAGCAGGCTCCGCGGCCGCCTTGTTTAACTTTAAGAAGGAGCCCTTCACCA 174

Query 121 TGGTCGGTCCCCATCCCCTTCCCcggggggcgggcgagegegggggeggetgeceggggg 180

Frrrrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 175 TGGTCGGTCCCCATCCCCTTCCCCGGGGGGCGGGCGAGCGCGGGGGCGGCTGCCCGGGGG 234

Query 181 TGGTGGGAACACCATACCTTGGCGCCTCGTCCGGGACCCACGAATCCTGCCCTCTGCGTT 240

Frrrrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 235 TGGTGGGAACACCATACCTTGGCGCCTCGTCCGGGACCCACGAATCCTGCCCTCTGCGTT 294

Query 241 AGTGAGAAGCAGTGGTCAGGGAGGACCCGGCTCTGGGGTGAGGGTCTGGGGCGGCGCGGC 300

Frrrrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 295 AGTGAGAAGCAGTGGTCAGGGAGGACCCGGCTCTGGGGTGAGGGTCTGGGGCGGCGCGGC 354

Query 301 CGAGGGACCTGCGTGGGTGCGGGCgtgtgagtgtgtgtgtyg 341

FEEEEEEr et e e e et et e e et
Sbjct 355 CGAGGGACCTGCGTGGGTGCGGGCGTGTGAGTGTGTGTGTG 395

B
Score Expect Identities Gaps Strand

448 bits(242) 2e-130 243/244(99%) 0/244(0%) Plus/Minus

Query 1 CTGATAGTGACCTGTTCGTTGCAACAAATTGATAAGCAATGCTTTCTTATAATGSCAACT 60
Frrrrrrrrrrerrrrrrrrrrrrrrrr e e e rrr e e e e e e el

Sbjct 681 CTGATAGTGACCTGTTCGTTGCAACAAATTGATAAGCAATGCTTTCTTATAATGCCAACT 622

Query 61  TTGTACAAGAAAGCTGGGTCGGCGCGCCCACCCTTCTACTGCAGCCCACCTCTGACTTGG 120
Frrrrrrrrrrerrrrrrrrrrrrrerrrrrr e e e e e e e e

Sbjct 621 TTGTACAAGAAAGCTGGGTCGGCGCGCCCACCCTTCTACTGCAGCCCACCTCTGACTTIGG 562

Query 121 CCCCGAGCCATTGGGGGCACTTTTCCAGACTTGCTTGGTGCCAGGACTGGATACTTTGGG 180
Frrrrrrrrrrerrrrrrrrrrrrrerrrrrr e e e e e e e e

Sbjct 561 CCCCGAGCCATTGGGGGCACTTTTCCAGACTTGCTTGGTGCCAGGACTGGATACTTTGGG 502

Query 181 AGATCCAGGCAGGCTCCGCGGAGGTTCACGCAGGCCGAGGGGGCAGACICCTGAGTGTGG! 240

Frrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 501 AGATCCAGGCAGGCTCCGCGGAGGTTCACGCAGGCCGAGGGGGCAGACCCTGAGTGTGGG 442

Query 241 244
L

Sbjct 441 CGTG 438
Figura Suplementar S9 - Anelamento da sequéncia proveniente de sequenciamento Sanger da
colonia 2 contendo o vetor pENTR-miR-574 (Query) com a regido esperada no vetor (Shjct).
Observada a confirmacgdo da sequéncia do pre-miR-574 ap6s amplificacdo por PCR (Query),
condizente com a regido genbmica do pre-miR-574 (Sbjct), conforme confirmacdo de
sequenciamento Sanger da fita sense. Em negrito esta demonstrada toda a sequéncia inserida

contendo a sequiencia iniciadora inserida no vetor por meio do iniciador (verde) e a seqliencia de




parada inserida no vetor por meio do iniciador (vermelho). Adicionalmente esta destacada a

sequéncia gendmica do pre-miR-574 (caixa).

Seguenciamento dos vetores lentivirais pLenti-miR-100, -192 e -574

Apbs a confirmacdo da sequéncia do pre-miR-100, -192 e -574 em seu vetor de
entrada (pENTR/SD/D-TOPO), foi realizada a reacdo de recombinacdo molecular do
vetor de entrada com o vetor comercial pLenti6.3/TO/V5-DEST (Figura Suplementar
S3). Este novo vetor, denominado pLenti-100, -192 ou -574 foi entdo enviado para
sequenciamento Sanger em servico especializado para confirmacdo da presenca do pre-
miRNA de interesse (Figura Suplementar S10).

A

Score Expect  ldentities Gaps  Strand
828 bits(448) 0.0 458/463(99%) 0/463(0%) Plus/Plus
Query 104 CAAGTTTGTACAAAAAAGCAGGCTCCGCGGCCGCCTTGTTTAACTTTAAGAAGGAGCCCT 163

Frerrrrrrrr e e rrr e et e e
Sbjct 251 CAACTTTGTACAAAAAAGCAGGCTCCGCGGCCGCCTTGTTTAACTTTAAGAAGGAGCCCT 310

Query 164 TCACCATGGTTGTGAGAGTGGGACGAAGTCCTTTCCATTTATGGCATAAAACAATTGAAT 223
FEEEEEEEErr et e e e e e e e e e e e e e
Sbjct 311 TCACCATGGTTGTGAGAGTGGGACGAAGTCCTTTCCATTTATGGCATARAACAATTGAAT 370

Query 224 GGTAGACTCTTTTATTGGATTAATGGTTGTAATATTTTATTTTCAGACATGTCACAGCCC 283
FECEEEEErr et e e et e e e e e e e e e e e e
Sbjct 371 GGTAGACTCTTTTATTGGATTAATGGTTGTAATATTTTATTTTCAGACATGTCACAGCCC 430

Query 284 CAAAAGAGAGAAGATATTGAGQCCTGTTGCCACAAACCCGTAGATCCGAACTTGTGGTATl 343

Frerrrrrrrrrrrrrrrrrrrrr e et e e e e e
Sbjct 431 CAAAAGAGAGAAGATATTGAGGCCTGTTGCCACAAACCCGTAGATCCGAACTTGTGGTAT 490

Query 344 HAGTCCGCACAAGCTTGTATCTATAGGTATGTGTCTGTTAQGCAATCTCACAGACCTGGG 403

FEEETEEEErr e e e e e e e e e e e e rrrrrrnd
Sbjct 491 TAGTCCGCACAAGCTTGTATCTATAGGTATGTGTCTGTTAGGCAATCTCACGGACCTGGG 550

Query 404 GCTTTGCTTATATGCCATTCAATATCCCTTCGAGTTATTTCATTCTCCTTCTCTTCGGGT 463
Frerrrrrrrrr e et r et ety I
Sbjct 551 GCTTTGCTTATATGCCATTCAATATCCCTTCGAGTTATTTCATTCTCCTTCTCTTCCCCT 610

Query 464 TAGTTTCCTTTAAGAGTGATAAAAATGGAAAAGGGGGCTGAGGTGGAGGAAGGAGACCTT 523
Frerrrrrrrrrrrerr e e e et e e e e
Sbjct 611 TAGTTTCCTTTAAGAGTGATAAAAATGGAAAAGGGGGCTGAGGTGGAGGAAGGAGACCTT 670

Query 524 TTTAGAAGGGTGGGCGCGCCGACCCAGCTTTCTTGTACAAAGT 566
FEEETEEEErr e e et e e e e e e
Sbjct 671 TTTAGAAGGGTGGGCGCGCCGACCCAGCTTTCTTGTACAAAGT 713




B

Expect Identities Gaps Strand

970 bits(525) 0.0 527/528(99%) 0/528(0%) Plus/Plus

CAAGTTTGTACAAAAAAGCAGGCTCCGCGGCCGCCTTGTTTAACTTTAAGAAGGAGCCCT

FEE TR Er e e e e e e e e e e e e e e e e e e e e
CAACTTTGTACAAAAAAGCAGGCTCCGCGGCCGCCTTGTTTAACTTTAAGAAGGAGCCCT

TCACCATGGCCCCTGTAACAGCAACTCCATGTGGAAGTGCCCACTGGTTCCAGTGGGGCT

FEEEEEEEEEE e e e e e e e e e e e e e e e e e e
TCACCATGGCCCCTGTAACAGCAACTCCATGTGGAAGTGCCCACTGGTTCCAGTGGGGCT

GCTGTTATCTGGGGCGAGGGCCAGTACCCACGAAGAAGGAGAGGCAGGTGCTGGCCAGCA
FEEEEEEr et e e e e e e
GCTGTTATCTGGGGCGAGGGCCAGTACCCACGAAGAAGGAGAGGCAGGTGCTGGCCAGCA

GACCAGCCAGGACTACCGTGGCGACGCTCCCAGGCCAGATGGTGGCGGGTAGTGGAGGGC
FEEEEEEEErr et e e e e e e e e e e e e e
GACCAGCCAGGACTACCGTGGCGACGCTCCCAGGCCAGATGGTGGCGGGTAGTGGAGGGC

TGTCGGTGGGCﬂGCCGAGACCGAGTGCACAGGGCTCTGACCTATGAATTGACAGCCAGTq

FEEEEEEEEE e e e e e e e e e e e e e e e e e e
TGTCGGTGGGCTGCCGAGACCGAGTGCACAGGGCTCTGACCTATGAATTGACAGCCAGTG

hTCTCGTCTCCCCTCTGGCTGCCAATTCCATAGGTCACAGGTATGTTCGCCTCAATGCCN

FECEEEEEr et e v et e e e e e e e e e e e e e e e
CTCTCGTCTCCCCTCTGGCTGCCAATTCCATAGGTCACAGGTATGTTCGCCTCAATGCCA

CACCAGGACCTN" AGGGATAGGGGAGGGCCGGGGGTGTCCAGCAGTCAGCAGAGATCC

Frerrrrrrrrrrrrrr e e et r e e e e e e
GCCACCAGGACCTGCAGGGATAGGGGAGGGCCGGGGGTGTCCAGCAGTCAGCAGAGATCC

TGCGACCCCAGTGCAGCACTCATGGTCCCACCTCCCTCTGTCTCATTCCCCGTGAATGAG

FEEETEEEErr et e e e e e e e e e e e e e
TGCGACCCCAGTGCAGCACTCATGGTCCCACCTCCCTCTGTCTCATTCCCCGTGAATGAG

CCTGAACTAGAAGGGTGGGCGCGCCGACCCAGCTTTCTTGTACAAAGT 635
FEEETEEEErr e e e e e e e e e e et
CCTGAACTAGAAGGGTGGGCGCGCCGACCCAGCTTTCTTGTACAAAGT 778

Expect  ldentities Gaps  Strand

525 bits(284) 2e-153 286/287(99%) 0/287(0%) Plus/Plus

Score
Query 108
Sbjct 251
Query 168
Sbjct 311
Query 228
Sbjct 371
Query 288
Sbjct 431
Query 348
Sbjct 491
Query 408
Sbjct 551
Query 468
Sbjct 611
Query 528
Sbjct 671
Query 588
Sbjct 731
C

Score
Query 49
Sbjct 251
Query 109
Sbjct 311
Query 169
Sbjct 371
Query 229
Sbjct 431

CAAGTTTGTACAAAAAAGCAGGCTCCGCGGCCGCCTTGTTTAACTTTAAGAAGGAGCCCT

Fre e rrrrr e e e e e e e e e
CAACTTTGTACAAAAAAGCAGGCTCCGCGGCCGCCTTGTTTAACTTTAAGAAGGAGCCCT

TCACCATGGTCGGTCCCCATCCCCTTCCCcggggggcgggcgagegegggggeggetgee
FPEEEEEErrr e e e e e e e e e
TCACCATGGTCGGTCCCCATCCCCTTCCCCGGGGGGCGGGCGAGCGCGGGGGCGGCTGCC

cgggggTGGTGGGAACACCATACCTTGGCGCCTCGTCCGGGACCCACGAATCCTGCCCTC
FEEETEEEEEr e e e e e e e e e e e e e e
CGGGGGTGGTGGGAACACCATACCTTGGCGCCTCGTCCGGGACCCACGAATCCTGCCCTC

TGCGTTAGTGAGAAGCAGTGGTCAGGGAGGACCCGGCTCTGGGGTGAGGGTCTGGGGCGG

Frerrrrrrrrrrrerr e rrr e et r e e e e e
TGCGTTAGTGAGAAGCAGTGGTCAGGGAGGACCCGGCTCTGGGGTGAGGGTCTGGGGCGG

167

310

227

370

287

430

347

490

550

527

587

730

108

310

168

370

228

430

288

490




Query 289 CGCGGCCGAGGGACCTGCGTGGGTGCGGGCgtgtgagtgtgtgtgtg 335

FEEEEEEEE R e e e e e e e e e e e e
Sbjct 491 CGCGGCCGAGGGACCTGCGTGGGTGCGGGCGTGTGAGTGTGTGTGTG 537

Figura S10 - Anelamento da sequéncia proveniente de sequenciamento Sanger (Shjct) do vetor
pLenti-miR-100 colonia 2 (A), pLenti-miR-192 colonia 1 (B) e pLenti-miR-574 coldnia 1 (C)
com a regido esperada no vetor (Shjct)) apds recombinacdo plasmideal por sistema Gateway®.
Observada a confirmacéo das sequéncias dos pre-miR-100, 192 e 574 ap6s amplificacdo por PCR
(Query), condizente com a respectiva regido gendmica, conforme confirmacdo de
sequenciamento Sanger da fita sense. Em caixa esta demosntrada a sequéncia do pre-miR em
guestdo, em negrito esta demonstrada toda a sequéncia inserida contendo a sequéncia iniciadora
do vetor inserida por meio do iniciador regido gendmica dos respectivos pre-miRNA (verde) e a

sequéncia de parada inserida no vetor do mesmo modo (vermelho).

Vetores psiCHECK?2

Para validagdo funcional dos miRNAs utilizados, tanto no tratamento com
miméticos, como para expressdo constitutiva por meio de vetores lentivirais, foram
montados vetores para realizacdo do ensaio da luciferase utilizando o vetor comercial
psiCHECK™-2 (Promega). Brevemente, o desenho dos insertos foi realizado conforme
descrito no boletim técnico Promega (SCHAGAT; VIDUGIRIENE, 2008), sendo
constituido pela sequéncia complementar ao miRNA maduro (5p ou 3p) e trés regides
correspondentes a sitios para enzimas de restricdo (Quadro Suplementar S3). Um dos
sitios esta localizado na regido 5’ (Xhol), outro na regido 3’ (Pmel) e um terceiro
contendo o sitio de clivagem da enzima Xbal, empregado na validacdo do vetor montado
(Figura Suplementar S11 e Quadro Suplementar S4).

Com esse sitio de clivagem da enzima Xbal, empregado na validacdo do vetor
montado, é possivel verificar se ha ou ndo a presenca do inserto, sendo que o vetor
digerido sem o inserto com essa enzima torna-se apenas linearizado (6273 pb) ou quando
hé a presenca do inserto proporciona digestdo com duas bandas, com 2561 e 3732 pb
(Figura Suplementar S12). Como controle do ensaio da luciferase, foram montados
vetores com a sequéncia complementar ao miRNA maduro, porém embaralhadas
(scrambled), para tanto, foi utilizado a plataforma online Sequence Scramble
(GenScript)(“Sequence Scramble (GenScript)”, 2002)




Quadro S3 - Enzimas, reagentes e condigdes da reacdo de digestdo para clonagem e verificacdo

da presenca do inserto utilizando o vetor psiCHECK?2

Propésito experimental

Componentes da reagao

Condicdes da reagao

Verificagdo da presenga do
inserto no vetor psiCHECK2

Digestéo do vetor psiCHECK2
para ligagdo com inserto

Tampé&o NEB 2 (50 mM NaCl, 10 mM Tris-HCI, 10 mM MgClz, 1 mM
DTT, pH 7.9), BSA 1x, 2U de cada Enzima Xbal), 500ng de DNA e
H20 g.s.p. 20pL.

Tampao NEB 4 (50 mM Potassium Acetate, 20 mM Tris-acetate, 10
mM Magnesium Acetate, 1 mM DTT, pH 7.9), BSA 1x, 2U de cada

Incubag&o a 37°C por
2h, inativagdo 65°C
por 20 min.

Incubagéo a 37°C por
2h, inativagdo 65°C

(duplex) Enzima Xhol, Pmel e Fosfatase Antartica, 1ug de DNA e H20 g.s.p.  por 20 min.
20uL.

T4 Polynuclectide Kinase Tampé&o (70 mM Tris-HCI, 10 mM MgCI2, 5 mM DTT, pH 7.6), 10U
(PNK) de PNK, 1uL ATP 50nM, 500 ng DNA (dulpex) e H20 qg.s.p. 254L.

5V40 pramoter

psiCHECK2 ;
(CHECK: psiCHECK2
5273 bp —pdl 6293 bp

psiCHECK2.

AmMpR promoter AmpR promoter

HSY TK promater

Figura S11 - Desenho esquematico do mapa do vetor psiCHECK2 demonstrando as regifes de
anelamento dos primers (vermelho), e regido dos sitios para as enzimas de restricdo Pmel (Verde),

Xbal (Azul claro) e Xhol (lilas) no vetor-base sem o inserto (A) e no construto, com o inserto (B).




Quadro S4 - Sequéncias sense e antisense sintetizadas referentes aos insertos dos miR-100, -192

e -574, tanto 3p quanto 5p e seus respectivos scramble. Estdo inseridas as sequéncias regifes

parciais para as enzimas de restricdo Xhol (lilas) e Pmel (verde), sitio completo da enzima Xbal

(azul) e, quando necessario, regido filler (vermelho).

MiRNA

(miRBase ID)

Sequéncia para sintese (5’ - 3’)

hsa-miR-100-5p
(MIMAT0000098)
hsa-miR-100-3p
(MIMAT0004512)
hsa-miR-192-5p
(MIMAT0000222)
hsa-miR-192-3p
(MIMAT0004543)
hsa-miR-574-5p
(MIMAT0004795)
hsa-miR-574-3p
(MIMAT0003239)
has-miR-100-5p
(SCRAMBLED)
hsa-miR-100-3p
(SCRAMBLED)
hsa-miR-192-5p
(SCRAMBLED)
hsa-miR-192-3p
(SCRAMBLED)
hsa-miR-574-5p
(SCRAMBLED)
hsa-miR-574-3p
(SCRAMBLED)

Idéntica
Complementar
ldéntica
Complementar
ldéntica
Complementar
Idéntica
Complementar
ldéntica
Complementar
Idéntica
Complementar
ldéntica
Complementar
Idéntica
Complementar
ldéntica
Complementar
ldéntica
Complementar
|déntica
Complementar
ldéntica

Complementar

TCBAG!5aTCTAGACACAAGTTCGGATCTACGGGTTGTIT
RAAGAACCCGTAGATCCGAACTTGTGTCTAGA a8
[IGEAG -TCTAGACATACCTATAGATACAAGCTTGETTT
BRAACCAAGCTTGTATCTATAGGTATGTCTAGA! B
IGGAGTCTAGAGGCTGTCAATTCATAGGTCAGETTT
RAAGCTGACCTATGAATTGACAGCCTCTAGAR
FCEABTCTAGA!gaCTGTGACCTATGGAATTGGCAGETTT
RAACCTGCCAATTCCATAGGTCACAGtcaTCTAGAR
IGGAGTCTAGAACACACTCACACACACACACTCAGTTT
BRAAGTGAGTGTGTGTGTGTGAGTGTGTTCTAGAR
ICBAGTCTAGATGTGGGTGTGTGCATGAGCGTGETTT
RAAGCACGCTCATGCACACACCCACATCTAGAR
GEAG ;2 TCTAGA ACACGTGGATATCGGCTATTCGIGTTT
RAAG CGAATAGCCGATATCCACGTGT TCTAGAtca8
[IGBAG - TCTAGAATGCAGAGATATCTTCCATAACETTT
RAACGGTTATGGAAGATATCTCTGCATTCTAGA! B
ICEAGTCTAGAATTGCGTGCGGTACGTAATCAGTTT
ARAACTGATTACGTACCGCACGCAATTCTAGAR
FEBABTCTAGA!gaGATAAGGTGTACTGCCGATGTCETTT
RAAGGACATCGGCAGTACACCTTATCtcaTCTAGAR
EEAGTCTAGACACACCAACTCAATCACACCAACGTTT
RAAGGTTGGTGTGATTGAGTTGGTGTGTCTAGAR
CBAGTCTAGAGTGCGTGTGAGTGGCTTAGTGGETTT
RAAGCCACTAAGCCACTCACACGCACTCTAGAR




psiCHECK2 Ultra AmFJIiﬁcado pés-digestéo
1kb miR-100-5p psiCHECK2-miR-100-5p

A ; B Low
nv- 01 02 03 04 05 - NTC Ladder 01 02 03 04 05

200 pb >
150 pb B
100 pb p

50 pb »

7kb»
Skb»

psiCHECK2 psiCHECK2 psiCHECK2 psiCHECK2 psSiCHECK2
c 1kb SCR-miR-100-5p miR-192-5p SCR-miR-192-5p D 1kb miR-574-3p SCR-miR-574-3p
Inv. 01 02 03 01 02 04 01 02 03 Inv. 01 02 03 01 02 03

Figura S12 - Digestdo dos vetores psiCH-miR-100-5p, SCR-100-5p, -192-5p, SCR-192-5p, -
574-3p e -SCR-574-3p com a enzima Xbal para confirmacgdo da presenca do inserto antes da
realizacdo do sequenciamento Sanger. (A) Pode-se verificar a ndo digestéo do vetor psiCH-100-
5p e seu respectivo scramble devido a inserc¢éo do sitio de metilacdo para E. coli (Dam+) que é
revertido apds amplificacdo por PCR, sendo entdo (B) digerido pela enzima Xbal e verificado a
formacé&o de trés bandas nos vetores com inserto, sendo uma referente ao vetor ndo digerido (196
pb) e duas provenientes da digestdo com 133 e 66 pb, enquanto que no controle hd uma banda de
176 pb (auséncia do sitio de clivagem).(C e D) Verificacdo da digestdo dos vetores psiCH-192-
5p, SCR-192-5p, -574-3p e -SCR-574-3p, podendo-se verificar uma banda (6293pb) quando
digerido um vetor sem o inserto, ou duas bandas (3732 e 2561 pb) quando positivo para o inserto.

Sequenciamento Sanger dos vetores psiCHECK?2

Apdbs montagem e confirmacdo dos vetores psiCHECK2 conforme brevemente
descrito acima, foi realizado o sequenciamento Sanger para verificar se as sequéncias
complementares aos miRNAs maduros estavam presentes no vetor sem inser¢es ou
mutacdes (Figura Suplementar S13).

A psiCHECK-miR-100-5p (sense)
Score Expect Identities Gaps Strand
957 bits(518) 0.0 518/518(100%) 0/518(0%) Plus/Plus
Query 1 GCGATCGCTCGAGTGATCTAGACACAAGTTCGGATCTACGGGTTGTTTAAACCTAGAGCG 60

FErrrrrrerr e rrr e e e e e e e e e e e e e e e
Sbjct 548 GCGATCGCTCGAGTGATCTAGACACAAGTTCGGATCTACGGGTTGTTTAAACCTAGAGCG 607

Query 61 GCCGCTGGCCGCAATAAARATATCTITATTTTCATTACATCTGTGTGTTGGTTITTIGTGT 120
FEEEEEr e e e e e e e e e e e e e e e e e e e e e

Sbjct 608 GCCGCTGGCCGCAATAAAATATCTTTATTTTCATTACATCTGTGTGTTGGTTTITTIGTGT 667

Query 121 GAGGATCTAAATGAGTCTTCGGACCTCGCGGGGGCCGCTTAAGCGGTGGTTAGGGTTTGT 180




Sbjct

Query

Sbijct

Query

Sbjct

Query

Sbijct

Query

Sbjct

Query

Sbjct

Query

Sbjct

668

728

908

421

968

1028

FEEETEEErer e e e e e e e e e e e e e e ey
GAGGATCTAAATGAGTCTTCGGACCTCGCGGGGGCCGCTTAAGCGGTGGTTAGGGTTTGT

J9AAGGAACGAAACACTCTCATTCGGAGGCGGCTCGGGGTTTG

FEEEEEEEEErr e e e e e e e e e rrrrrree
CTGACGCGGGGGGAGGGGGAAGGAACGAAACACTCTCATTCGGAGGCGGCTCGGGGTTTG

GTCTTGGTGGCCACGGGCACGCAGAAGAGCGCCGCGATCCTCTTAAGCAcccccceGCCC

FEErrrrrrr e e e e e e e e e e e e e e e e e e
GTCTTGGTGGCCACGGGCACGCAGAAGAGCGCCGCGATCCTCTTAAGCACCCCCLCCGLCC

TCCGTGGAGGCGGGGGTTTGGTCGGCGGGTGGTAACTGGCGGGCCGCTGACTCGGGCGGG

FEEEEEEEEEEr e e e e e e e e rrrrrree
TCCGTGGAGGCGGGGGTTTGGTCGGCGGGTGGTAACTGGCGGGCCGCTGACTCGGGCGGG

TCGCGCGCCCCAGAGTGTGACCTTTTCGGTCTGCTCGCAGACCCCCGGGCGGCGCCGCCG

CErrrrrrrr e e e e e e e e e e e e e e e e e
TCGCGCGCCCCAGAGTGTGACCTTTTCGGTCTGCTCGCAGACCCCCGGGCGGCGCCGCCG

CGGCGGCGACGGGCTCGCTGGGTCCTAGGCTCCATGGGGACCGTATACGTGGACAGGCTC

FEEEEEEEEE e e e e
CGGCGGCGACGGGCTCGCTGGGTCCTAGGCTCCATGGGGACCGTATACGTGGACAGGCTC

TGGAGCATCCGCACGACTGCGGTGATATTACCGGAGAC 518

FEEEEEEEEr et e e e e e el
TGGAGCATCCGCACGACTGCGGTGATATTACCGGAGAC 1065

psiCHECK-miR-100-5p (antisense)

Score

Expect Identities Gaps Strand

961 bits(520) 0.0 520/520(100%) 0/520(0%) Plus/Minus

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbijct

Query

Sbijct

1

648

61

121

528

AGATGTAATGAAAATAAAGATATTTTATTGCGGCCAGCGGCCGCTCTAGGTTTAAACAAC

FEEEEEr e e e e e e e e e e e e e e e e e e e e e
AGATGTAATGAAAATAAAGATATTTTATTGCGGCCAGCGGCCGCTCTAGGTTTAAACAAC

CCGTAGATCCGAACTTGTGTCTAGATCACTCGAGCGATCGCCTAGAATTACTGCTCGTTC

FEEEEEE e e et e e e e e e e e e e e e e e e e e e
CCGTAGATCCGAACTTGIGTCTAGATCACTCGAGCGATCGCCTAGAATTACTGCTCGTTC

TTCAGCACGCGCTCCACGAAGCTCTTGATGTACTTACCCATTTCATCTGGAGCGTCCTCC

FEEEEEr e e e e e e e e e e e e e e e e e e e e e
TTCAGCACGCGCTCCACGAAGCTCTTGATGTACTTACCCATTTCATCTGGAGCGTCCTCC

TGGCTGAAGTGGAGGCCCTTCACCTTCACGAACTCGGTGTTAGGGAACTTCTTAGCTCCC

CErrrrrrrrr e et e e e e e e e e e e e e e e
TGGCTGAAGTGGAGGCCCTTCACCTTCACGAACTCGGTGTTAGGGAACTTCTTAGCTCCC

TCGACAATAGCGTTGGAAAAGAACCCAGGGTCGGACTCGATGAACATCTTAGGCAGATCG

FEEEEEE e e e e e e e e e e e e e e e e e e e e
TCGACAATAGCGTTGGAAAAGAACCCAGGGTCGGACTCGATGAACATCTTAGGCAGATCG

7217

240

787

300

847

360

420

967

480

1027

60

120

529

180

240

409

300

349




Query

Sbijct

Query

Sbjct

Query

Sbijct

Query

Sbjct

421

228

168

TCGCTGGCCCGAAGGTAGGCGTTGTAGTTGCGGACAATCTGGACGACGTCGGGCTTGCCT

FEEEEEEEEEEr e e e e e e e e e e e rrrrrree
TCGCTGGCCCGAAGGTAGGCGTTGTAGTTGCGGACAATCTGGACGACGTCGGGCTTGCCT

CCCTTAACGAGAGGGATCTCGCGAGGCCAGGAGAGGGTAGGCCGTCTAACCTCGCCCTTC

FEErrrrrrr e e e e e e e e e e e e e e e e
CCCTTAACGAGAGGGATCTCGCGAGGCCAGGAGAGGGTAGGCCGTCTAACCTCGCCCTTC

TCCTTGAATGGCTCCAGGTAGGCAGCGAACTCCTCAGGCTCCAGTTTCCGCATGATCTTG

FEEEEEEEEErr e e e e e e e rrrrrree
TCCTTGAATGGCTCCAGGTAGGCAGCGAACTCCTCAGGCTCCAGTTTCCGCATGATCTTG

CTTGGGAGCATGGTCTCGACGAAGAAGTTATTCTCAAGCA 520

FEEEEEE e e e e e e e e e e e
CTTGGGAGCATGGTCTCGACGAAGAAGTTATTCTCAAGCA 129

psiCHECK-SCR-miR-100-5p (sense)

Score

Expect Identities Gaps  Strand

802 bits(434) 0.0 437/438(99%) 1/438(0%) Plus/Plus

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbjct

Query

Sbijct

Query

Sbijct

1

61

121

181

636

696

421

ATCGCTCGAGTGATCTAGAACACGTGGATATCGGCTATTCGGTTTAAACCTAGAGCGGCC

Frrrrrrrrr e e e e e e e e e e e e e e e e e e e
ATCGCTCGAGTGATCTAGAACACGTGGATATCGGCTATTCGGTTTAAACCTAGAGCGGCC

GCTGGCCGCAATAAAATATCTTTATTTTCATTACATCTGTGTGTTGGTTTTTTGTGTGAG

FCEEEEEE e e e e e e e e e e e e e e e e e e e e e
GCTGGCCGCAATAAAATATCTTITATTTTCATTACATCTGTGTGTTGGTTTTTIGTGTGAG

GATCTAAATGAGTCTTCGGACCTCGCGGGGGCCGCTTAAGCGGTGGTTAGGGTTTGTCTG

Crrrrrrrrrrrrrrrr e et rrrrr e e e e e e e e
GATCTAAATGAGTCTTCGGACCTCG-GGGGGCCGCTTAAGCGGTGGTTAGGGTTTGTCTG

FErrrrrrrrr e e e e e e e e e e e e e e e e e e e
ACGCGGGGGGAGGGGGAAGGAACGAAACACTCTCATTCGGAGGCGGCTCGGGGTTTGGTC

TTGGTGGCCACGGGCACGCAGAAGAGCGCCGCGATCCTCTTAAGCACcccccceGCCCTCC

FErrrrrrrrrrr et e e e e e e e e e e e e e e e
TTGGTGGCCACGGGCACGCAGAAGAGCGCCGCGATCCTCTTAAGCACCCCCCCGCCCTCC

GTGGAGGCGGGGGTTTGGTCGGCGGGTGGTAACTGGCGGGCCGCTGACTCGGGCGGGTCG

FEEEEErr ettt e e e e e e e e e e e e e
GTGGAGGCGGGGGTTTGGTCGGCGGGTGGTAACTGGCGGGCCGCTGACTCGGGCGGGTCG

CGCGCCCCAGAGTGTGACCTTTTCGGTCTGCTCGCAGACCCCCGGGCGGCGCCGCLCGLGG

CErrrrrrrrr e et e e e e e e e e e e e e e e
CGCGCCCCAGAGTGTGACCTTTTCGGTCTGCTCGCAGACCCCCGGGCGGCGCCGCLCGLGG

CGGCGACGGGCTCGCTGG 438

FEETEEErEr el
CGGCGACGGGCTCGCTGG 893

289

420

229

480

60

516

120

576

180

635

240

300

755

815

420

875




psiCHECK-SCR-miR-100-5p (antisense)

Score Expect  ldentities Gaps Strand

793 bits(429) 0.0 429/429(100%) 0/429(0%) Plus/Minus
Query 1 GATATTTTATTGCGGCCAGCGGCCGCTCTAGGTTTAAACCGAATAGCCGATATCCACGTG

FEEEEEEEEE e e e rrrrrrrrrrrrrrrere
Sbjct 536 GATATTTTATTGCGGCCAGCGGCCGCTCTAGGTTTAAACCGAATAGCCGATATCCACGTG

Query 61 TTCTAGATCACTCGAGCGATCGCCTAGAATTACTGCTCGTTCTTCAGCACGCGCTCCACG

FEErrrrrrr e e e e e e e e e e e e e e e e
Sbjct 476 TTCTAGATCACTCGAGCGATCGCCTAGAATTACTGCTCGTTCTTCAGCACGCGCTCCACG

Query 121 AAGCTCTTGATGTACTTACCCATTTCATCTGGAGCGTCCTCCTGGCTGAAGTGGAGGCCC

FEEEEEEEEErr e e e e e e e rrrrrree
Sbjct 416 AAGCTCTTGATGTACTTACCCATTTCATCTGGAGCGTCCTCCTGGCTGAAGTGGAGGCCC

Query 181 TTCACCTTCACGAACTCGGTGTTAGGGAACTTCTTAGCTCCCTCGACAATAGCGTTGGAA

FEEEEEE e e e e e e e e e e e e e e e e e e e e e
Sbjct 356 TTCACCTTCACGAACTCGGTGTTAGGGAACTTCTTAGCTCCCTCGACAATAGCGTTGGAA

Query 241 AAGAACCCAGGGTCGGACTCGATGAACATCTTAGGCAGATCGTCGCTGGCCCGAAGGTAG

FEErrrrrrr et rrr e e e e e e e e e e e e e e e e
Sbjct 296 AAGAACCCAGGGTCGGACTCGATGAACATCTTAGGCAGATCGTCGCTGGCCCGAAGGTAG

Query 301 GCGTTGTAGTTGCGGACAATCTGGACGACGTCGGGCTTGCCTCCCTTAACGAGAGGGATC

Frrrrrrrrr e e e e e e e e e e e e e e e e e e e
Sbjct 236 GCGTTGTAGTTGCGGACAATCTGGACGACGTCGGGCTTGCCTCCCTTAACGAGAGGGATC

Query 361 TCGCGAGGCCAGGAGAGGGTAGGCCGTCTAACCTCGCCCTTCTCCTTGAATGGCTCCAGG

FErrrrrrrrrrr et e e e e e e e e e e e e e e e
Sbjct 176 TCGCGAGGCCAGGAGAGGGTAGGCCGTCTAACCTCGCCCTTCTCCTTGAATGGCTCCAGG

Query 421 TAGGCAGCG 429

RERENN
Sbjct 116 TAGGCAGCG 108

psiCHECK- miR-192-5p (sense)

Score Expect Identities Gaps  Strand

898 bits(486) 0.0 494/498(99%) 0/498(0%) Plus/Plus
Query 1 ATTCTAGGCGATCGCTCGAGTCTAGAGGCTGTCAATTCATAGGTCAGGTTTAAACCTAGA

FEEEEEE e e e e e e e e e e e e e e et e e e e e e
Sbjct 447 ATTCTAGGCGATCGCTCGAGTCTAGAGGCTGTCAATTCATAGGTCAGGTTTAAACCTAGA

Query 61 GCGGCCGCTGGCCGCAATAAAATATCTTTATTTTCATTACATCTGTGTGTTGGTTTTTTG

FEEEEEr e e e e e e e e e e e e e e e e e e e
Sbjct 507 GCGGCCGCTGGCCGCAATAAAATATCTTTATTITCATTACATCTGTGTGTTGGITTTTTG

Query 121 TGTGAGGATCTAAATGAGTCTTCGGACCTCGCGGGGGCCGCTTAAGCGGTGGTTAGGGTT

FEEEEEE e e et e e e e e e e e e e e e e e e e e e e
Sbjct 567 TGTGAGGATCTAAATGAGTCTTCGGACCTCGCGGGGGCCGCTTAAGCGGTGGTTAGGGTT

60

4717

120

417

180

357

240

297

300

237

177

420

117

506

120

180

626




Query 181 TGTCTGACGCg
Frrrrrerrerr e e e et ettt e e e e
Sbjct 627 TGTCTGACGCGGGGGGAGGGGGAAGGAACGAAACACTCTCATTCGGAGGCGGCTCGGGGT

gAAGGAACGAAACACTCTCATTCGGAGGCGGCTCGGGGT

Query 241 TTGGTCTTGGTGGCCACGGGCACGCAGAAGAGCGCCGCGATCCTCTTAAGCACccccccG

FEErrrrrrr e e e e e e e e e e e e e e e e
Sbjct 687 TTIGGTCTTGGTGGCCACGGGCACGCAGAAGAGCGCCGCGATCCTCTTAAGCACCCCCCCG

Query 301 CCCTCCGTGGAGGCGGGGGTTTGGTCGGCGGGTGGTAACTGGCGGGCCGCTGACTCGGGC
FEEEEEEEEErr e e e e e e e rrrrrree
Sbjct 747 CCCTCCGTGGAGGCGGGGGTTTGGTCGGCGGGTGGTAACTGGCGGGCCGCTGACTCGGGC

Query 361 GGGTCGCGCGCCCCAGAGTGTGACCTTTTCGGTCTGCTCGCAGACCCCCGGGCGGCGCCG

FEErrrrrrr e e e e e e e e e e e e e e e e e
Sbjct 807 GGGTCGCGCGCCCCAGAGTGTGACCTTTTCGGTCTGCTCGCAGACCCCCGGGCGGCGCCG

Query 421 CCGCGGCGGCGACGGGCTCGCTGGGTCCTAGGCTGGGTGGGGACCGTACACGTGGACAGG
FEEEEEEEEr e e e e N
Sbjct 867 CCGCGGCGGCGACGGGCTCGCTGGGTCCTAGGCTCCATGGGGACCGTATACGTGGACAGG

Query 481 CTCTGGAGCATCCGCACG 498

FEEEEEErEr et
Sbjct 927 CTCTGGAGCATCCGCACG 944

psiCHECK- miR-192-5p (antisense)

Score Expect Identities Gaps Strand
809 bits(438) 0.0 440/441(99%) 0/441(0%) Plus/Minus
Query 1 ATGTAATGAAAATAAAGATATTTTATTGCGGCCAGCGGCCGCTCTAGGTTTAAACCTGAC

FEEEEEr e e e e e e e e e e e e e e e e e e e e e
Sbjct 548 ATGTAATGAAAATAAAGATATTTTATTGCGGCCAGCGGCCGCTCTAGGTTTAAACCIGAC

Query 61 CTATGAATTGACAGCCTCTAGACTCGAGCGATCGCCTAGAATTACTGCTCGTTCTTCAGC

FErrrrrrrrrrr et e e e e e e e e e e e e e e e
Sbjct 488 CTATGAATTGACAGCCTCTAGACTCGAGCGATCGCCTAGAATTACTGCTCGTTCTTCAGC

Query 121 ACGCGCTCCACGAAGCTCTTGATGTACTTACCCATTTCATCTGGAGCGTCCTCCTGGCTG

FEEEEEr e e e e e e e e e e e e e e e e e e e e e
Sbjct 428 ACGCGCTCCACGAAGCTCTITGATGTACTTACCCATTTCATCTGGAGCGTCCTCCTGGCTG

Query 181 AAGTGGAGGCCCTTCACCTTCACGAACTCGGTGTTAGGGAACTTCTTAGCTCCCTCGACA

FEEEEEE e e et e e e e e e et e e e e e e e e e
Sbjct 368 AAGTGGAGGCCCTTCACCTITCACGAACTCGGTGTTAGGGAACTTCTTAGCTCCCTCGACA

Query 241 ATAGCGTTGGAAAAGAACCCAGGGTCGGACTCGATGAACATCTTAGGCAGATCGTCGCTG

FErrrrrrer e e e e e e e e e e e e e e e e e e
Sbjct 308 ATAGCGTTGGARAAAGAACCCAGGGTCGGACTCGATGAACATCTTAGGCAGATCGTICGCTG

Query 301 GCCCGAAGGTAGGCGTTGTAGTTGCGGACAATCTGGACGACGTCGGGCTTGCCTCCCTTA

FEEEEEr e e e e e e e e e e e e e e e e e e e e e
Sbjct 248 GCCCGAAGGTAGGCGTTGTAGTTGCGGACAATCTGGACGACGTCGGGCTTGCCTCCCTTA

240

686

746

806

420

480

926

60

489

120

429

180

240

309

300

249

189




Query 361 ACGAGAGGGATCTCGCGAGGCCAGGAGAGGGTAGGCCGTCTAACCTCGCCCTTCTCTTTG

FEErrrrrrr e e e e e e e e e e e e e e e e
Sbjct 188 ACGAGAGGGATCTCGCGAGGCCAGGAGAGGGTAGGCCGTCTAACCTCGCCCTTCTCCTTG

Query 421 AATGGCTCCAGGTAGGCAGCG 441
FEEEEEErrrr e
Sbjct 128 AATGGCTCCAGGTAGGCAGCG 108

psiCHECK- miR-SCR-192-5p (sense)

Score Expect Identities Gaps  Strand

819 bits(443) 0.0 443/443(100%) 0/443(0%) Plus/Plus
Query 1 GGCGATCGCTCGAGTCTAGAATTGCGTGCGGTACGTAATCAGTTTAAACCTAGAGCGGCC

FEErrrrrrr e e e e e e e e e e e e e e e e e e
Sbjct 453 GGCGATCGCTCGAGTCTAGAATTGCGTGCGGTACGTAATCAGTTTAAACCTAGAGCGGCC

Query 61  GCTGGCCGCAATAAAATATCTTTATTTTCATTACATCTGTGTGTTGGTTTTTIGTGTGAG
CEErrrrrrr e e e e e e e e e e e e e e e
Sbjct 513 GCTGGCCGCAATAAAATATCTTTATTITTCATTACATCTGIGTGTTGGTTTTTTGTGTGAG

Query 121 GATCTAAATGAGTCTTCGGACCTCGCGGGGGCCGCTTAAGCGGTGGTTAGGGTTTGTCTG
FErrrrrrrrrrrr e e e e e e e e e e e e e e e e e

Sbjct 573 GATCTAAATGAGTCTTCGGACCTCGCGGGGGCCGCTTAAGCGGTGGTTAGGGTTTGTICTG

Query 181

JgJAAGGAACGAAACACTCTCATTCGGAGGCGGCTCGGGGTTTGGTC

FEEEEEEEEE e e e e e e e e e
Sbjct 633 ACGCGGGGGGAGGGGGAAGGAACGAAACACTCTCATTCGGAGGCGGCTCGGGGTTTGGTC

Query 241 TTGGTGGCCACGGGCACGCAGAAGAGCGCCGCGATCCTCTTAAGCAcccccccGCCCTCC

CErrrrrrrr e e e e e e e e e e e e e e e e e e
Sbjct 693 TTGGTGGCCACGGGCACGCAGAAGAGCGCCGCGATCCTCTTAAGCACCCCCCCGCCCTCC

Query 301 GTGGAGGCGGGGGTTTGGTCGGCGGGTGGTAACTGGCGGGCCGCTGACTCGGGCGGGTCG

FErrrrrererr e e e rrr e e et e e e e e rrd
Sbjct 753 GTGGAGGCGGGGGTTTGGTCGGCGGGTGGTAACTGGCGGGCCGCTGACTCGGGCGGGTCG

Query 361 CGCGCCCCAGAGTGTGACCTTTTCGGTCTGCTCGCAGACCCCCGGGCGGCGCCGCCGCGG

FErrrrrrrrrrr et e e e e e e e e e e e e e e e
Sbjct 813 CGCGCCCCAGAGTGTGACCTTTTCGGTCTGCTCGCAGACCCCCGGGCGGCGCCGCCGCGG

Query 421 CGGCGACGGGCTCGCTGGGTCCT 443

FEEEEEErrr et
Sbjct 873 CGGCGACGGGCTCGCTGGGTCCT 895

psiCHECK- miR-SCR-192-5p (antisense)

Score Expect Identities Gaps Strand
996 bits(539) 0.0 546/549(99%) 1/549(0%) Plus/Minus
Query 1 GATGT-ATGAAAATAAAGATATTTTATTGCGGCCAGCGGCCGCTCTAGGTTTAAACTGAT

420

129

60

512

120

572

180

632

240

300

752

812

420

872

59




Sbjct 549 GATGTAATGAAAATAAAGATATTTTATTGCGGCCAGCGGCCGCTCTAGGTTTAAACTGAT

Query 60 TACGTACCGCACGCAATTCTAGACTCGAGCGATCGCCTAGAATTACTGCTCGTTCTTCAG

FEEEEEEEEErr e e e e e e e rrrrrrrrerre
Sbjct 489 TACGTACCGCACGCAATTCTAGACTCGAGCGATCGCCTAGAATTACTGCTCGTTCTTCAG

Query 120 CACGCGCTCCACGAAGCTCTTGATGTACTTACCCATTTCATCTGGAGCGTCCTCCTGGCT

FEErrrrrrr et e e e e e e e e e e e e e e e e e
Sbjct 429 CACGCGCTCCACGAAGCTCTTGATGTACTTACCCATTTCATCTGGAGCGTCCTCCTGGCT

Query 180 GAAGTGGAGGCCCTTCACCTTCACGAACTCGGTGTTAGGGAACTTCTTAGCTCCCTCGAC

FEErrrrrrr e e e e e e e e e e e e e e e e e e
Sbjct 369 GAAGTGGAGGCCCTTCACCTTCACGAACTCGGTGTTAGGGAACTTCTTAGCTCCCTCGAC

Query 240 AATAGCGTTGGAAAAGAACCCAGGGTCGGACTCGATGAACATCTTAGGCAGATCGTCGCT

Frrrrrrrrr e e e e e e e e e e e e e e e e e e e
Sbjct 309 AATAGCGTTGGAAAAGAACCCAGGGTCGGACTCGATGAACATCTTAGGCAGATCGTCGCT

Query 300 GGCCCGAAGGTAGGCGTTGTAGTTGCGGACAATCTGGACGACGTCGGGCTTGCCTCCCTT

FEErrrrrrr et rrr e e e e e e e e e e e e e e e e
Sbjct 249 GGCCCGAAGGTAGGCGTTGTAGTTGCGGACAATCTGGACGACGTCGGGCTTGCCTCCCTT

Query 360 AACGAGAGGGATCTCGCGAGGCCAGGAGAGGGTAGGCCGTCTAACCTCGCCCTTCTCCTT

Frrrrrrrrr e e e e e e e e e e e e e e e e e e e
Sbjct 189 AACGAGAGGGATCTCGCGAGGCCAGGAGAGGGTAGGCCGTCTAACCTCGCCCTTICTCCTT

Query 420 GAATGGCTCCAGGTAGGCAGCGAACTCCTGGGGCTCCAGTTTCCGCATGATCTTGCTTGG

Crrrrrrrrrrrrrrrrrrrrrrr e e e e e e e e
Sbjct 129 GAATGGCTCCAGGTAGGCAGCGAACTCCTCAGGCTCCAGTTTCCGCATGATCTTGCTTGG

Query 480 GAGCATGGTCTCGACGAAGAAGTTATTCTCAAGCACCATTTTCTCGCCCTCTTCGCTICTT

FEEEEEr e e e e e e e e e e e e e e e e e e e e e
Sbjct 69  GAGCATGGTCTCGACGAAGAAGTTATTCTCAAGCACCATTTTCTCGCCCTCTTCGCICTT

Query 540 GATCAGGGC 548

LT
Sbjct 9 GATCAGGGC 1

psiCHECK- miR-574-3p (sense)

Score Expect Identities Gaps  Strand

809 hits(438) 0.0 440/441(99%) 0/441(0%) Plus/Plus
Query 1 GGCGATCGCTCGAGTCTAGATGTGGGTGTGTGCATGAGCGTGGTTTAAACCTAGAGCGGC

CErrrrrrrrr e et e e e e e e e e e e e e e e
Sbjct 453 GGCGATCGCTCGAGTCTAGATGTGGGTGTGTGCATGAGCGTGGTTTAAACCTAGAGCGGC

Query 61 CGCTGGCCGCAATAAAATATCTTTATTTTCATTACATCTGTGTGTTGGTTTTTTGTGTGA

FEEEEEE e e e e e e e et e e e e e e e e e e e
Sbjct 513 CGCTGGCCGCAATAAAATATCTTTATTTTCATTACATCTGTGTGTTGGTTTTTTIGTGIGA

Query 121 GGATCTAAATGAGTCTTCGGACCTCGCGGGGGCCGCTTAAGCGGTGGTTAGGGTTTGTCT

FEEEEEEEr e e et e e e e e e e e e e e e e e e e e e e
Sbjct 573 GGATCTAAATGAGICTTCGGACCTCGCGGGGGCCGCTTAAGCGGTIGGTTAGGGTTTGTCT

119

430

179

370

239

310

299

250

359

130

479

539

10

60

512

120

572

180

632




Query

Sbjct

Query

Sbijct

Query

Sbijct

Query

Sbjct

Query

Sbjct

633

693

421

873

FEEEEEErrer e e e e e e e e e e e e e e e et
GACGCGGGGGGAGGGGGAAGGAACGARAACACTCTCATTCGGAGGCGGCTCGGGGTTTGGT

CTTGGTGGCCACGGGCACGCAGAAGAGCGCCGCGATCCTCTTAAGCACC

FEEEEEEEEEr e e e e e e e e e e e
CTTGGTGGCCACGGGCACGCAGAAGAGCGCCGCGATCCTCTTAAGCACCCCCCCGCCCTC

~GCCCTC

CGTGGAGGCGGGGGTTTGGTCGGCGGGTGGTAACTGGCGGGCCGCTGACTCGGGCGGGTC

FEEErrrrrr e e e e e e e e e e e e e e e e e
CGTGGAGGCGGGGGTTTGGTCGGCGGGTGGTAACTGGCGGGCCGCTGACTCGGGCGGGTC

GCGCGCCCCAGAGTGTGACCTTTTCGGTCTGCTCGCAGACCCCCGGGCGGCGCCGCCTCG

R N
GCGCGCCCCAGAGTGTGACCTTTTCGGTCTGCTCGCAGACCCCCGGGCGGCGCCGCCGLG

GCGGCGACGGGCTCGCTGGGT 441

FEETEEEEEr et
GCGGCGACGGGCTCGCTGGGT 893

psiCHECK- miR-574-3p (antisense)

Score

Expect  ldentities Gaps Strand

793 bits(429) 0.0 429/429(100%) 0/429(0%) Plus/Minus

Query

Sbjct

Query

Sbijct

Query

Sbjct

Query

Sbijct

Query

Sbjct

Query

Sbjct

Query

Sbijct

1

61

121

181

AAAGATATTTTATTGCGGCCAGCGGCCGCTCTAGGTTTAAACCACGCTCATGCACACACC

Frrrrrrrrr e e e e e e e e e e e e e e e e e e e
AAAGATATTTTATTGCGGCCAGCGGCCGCTCTAGGTTTAAACCACGCTCATGCACACACC

CACATCTAGACTCGAGCGATCGCCTAGAATTACTGCTCGTTCTTCAGCACGCGCTCCACG

FErrrrrrrrrrr et e e e e e e e e e e e e e e e
CACATCTAGACTCGAGCGATCGCCTAGAATTACTGCTCGTTCTTCAGCACGCGCTCCACG

AAGCTCTTGATGTACTTACCCATTTCATCTGGAGCGTCCTCCTGGCTGAAGTGGAGGCCC

FEEEEEr e e e e e e e e e e e e e e e e e e e e e
AAGCTCTTGATGTACTTACCCATTTCATCTGGAGCGTCCTCCTGGCTGAAGTGGAGGCCC

TTCACCTTCACGAACTCGGTGTTAGGGAACTTCTTAGCTCCCTCGACAATAGCGTTGGAA

FEEEEEE e e e e e e e e e e e e e e et e e e e e e
TTCACCTTCACGAACTCGGTGTTAGGGAACTTCTTAGCTCCCTCGACAATAGCGTTGGAA

AAGAACCCAGGGTCGGACTCGATGAACATCTTAGGCAGATCGTCGCTGGCCCGAAGGTAG

FEEEEEE e e e e e e e e e e e e e e e e e e e e
AAGAACCCAGGGTCGGACTCGATGAACATCTTAGGCAGATCGTCGCTGGCCCGAAGGTAG

GCGTTGTAGTTGCGGACAATCTGGACGACGTCGGGCTTGCCTCCCTTAACGAGAGGGATC

FEEEEEE e e et e e e e e e et e e e e e e e e e
GCGTTGTAGTTGCGGACAATCTGGACGACGTCGGGCTTGCCTCCCTTAACGAGAGGGATC

TCGCGAGGCCAGGAGAGGGTAGGCCGTCTAACCTCGCCCTTCTCCTTGAATGGCTCCAGG

FErrrrrrer e e e e e e e e e e e e e e e e e e
TCGCGAGGCCAGGAGAGGGTAGGCCGTCTAACCTCGCCCTTCTCCTTGAATGGCTCCAGG

240

300

752

812

420

872

60

4717

120

417

180

357

240

300

237

177

420

117




Query 421 TAGGCAGCG 429

FEEEEErn
Sbjct 116 TAGGCAGCG 108

psiCHECK- miR-SCR-574-3p (sense)

Score Expect  Identities Gaps  Strand
778 bits(421) 0.0 421/421(100%) 0/421(0%) Plus/Plus
Query 1 AGTGCGTGTGAGTGGCTTAGTGGGTTTAAACCTAGAGCGGCCGCTGGCCGCAATAAAATA

FEEEEEEEEE e e e rrrrrrrrrrrrrrrere
Sbjct 472 AGTGCGTGTGAGTGGCTTAGTGGGTTTAAACCTAGAGCGGCCGCTGGCCGCAATAAAATA

Query 61 TCTTTATTTTCATTACATCTGTGTGTTGGTTTTTTGTGTGAGGATCTAAATGAGTCTTCG

FErrrrrrrrr e rer e e e e e e e e e e e e e e e e
Sbjct 532 TCTTTATTTTCATTACATCTGTGTGTTGGTTTTTTGTGTGAGGATCTAAATGAGTCTTCG

Query 121 GACCTCGCGGGGGCCGCTTAAGCGGTGGTTAGGGTTTGTCTGACGCggy

FErrrrrrerrrrrrer e e e e e e e e e e e e e e e e
Sbjct 592 GACCTCGCGGGGGCCGCTTAAGCGGTGGTTAGGGTTTGTCTGACGCGGGGGGAGGGGGAA

JOAA

g

Query 181 GGAACGAAACACTCTCATTCGGAGGCGGCTCGGGGTTTGGTCTTGGTGGCCACGGGCACG

FEEEEEEEEE e e e e e e e e e
Sbjct 652 GGAACGAAACACTCTCATTCGGAGGCGGCTCGGGGTTTGGTCTTGGTGGCCACGGGCACG

Query 241 CAGAAGAGCGCCGCGATCCTCTTAAGCAcccccccGCCCTCCGTGGAGGCGGGGGTTTGG

FEErrrrrrr et rrr e e e e e e e e e e e e e e e e
Sbjct 712 CAGAAGAGCGCCGCGATCCTCTTAAGCACCCCCCCGCCCTCCGTGGAGGCGGGGGTTTGG

Query 301 TCGGCGGGTGGTAACTGGCGGGCCGCTGACTCGGGCGGGTCGCGCGCCCCAGAGTGTGAC

FErrrrrrrrr e e e e e e e e e e e e e e e e e e e
Sbjct 772 TCGGCGGGTGGTAACTGGCGGGCCGCTGACTCGGGCGGGTCGCGCGCCCCAGAGTGTGAC

Query 361 CTTTTCGGTCTGCTCGCAGACCCCCGGGCGGCGCCGCCGCGGCGGCGACGGGCTCGCTGG

FErrrrrrrrrrr et e e e e e e e e e e e e e e e
Sbjct 832 CTTTTCGGTCTGCTCGCAGACCCCCGGGCGGCGCCGCCGCGGCGGCGACGGGCTCGCTGG

Query 421 G 421

\
Sbjct 892 G 892

psiCHECK- miR-SCR-574-3p (antisense)

Score Expect  ldentities Gaps Strand
791 bits(428) 0.0 428/428(100%) 0/428(0%) Plus/Minus
Query 1 TAAAGATATTTTATTGCGGCCAGCGGCCGCTCTAGGTTTAAACCCACTAAGCCACTCACA

FErrrrrrer e e e e e e e e e e e e e e e e e e
Sbjct 537 TAAAGATATTTTATTGCGGCCAGCGGCCGCTCTAGGTTTAAACCCACTAAGCCACTCACA

Query 61  CGCACTCTAGACTCGAGCGATCGCCTAGAATTACTGCTCGTTCTTCAGCACGCGCTCCAC
FEEEEEE e e et e e e e e e et e e e e e e e e e

Sbjct 477 CGCACTCTAGACTCGAGCGATCGCCTAGAATTACTGCTCGTTCTTCAGCACGCGCTCCAC

Query 121 GAAGCTCTTGATGTACTTACCCATTTCATCTGGAGCGTCCTCCTGGCTGAAGTGGAGGCC

60

531

120

651

240

711

300

771

831

420

60

478

120

180




FEEEEEEEEr e e e e e e e rrrrrrrrrrrrrre e
Sbjct 417 GAAGCTCTTGATGTACTTACCCATTTCATCTGGAGCGTCCTCCTGGCTGAAGTGGAGGCC 358

Query 181 CTTCACCTTCACGAACTCGGTGTTAGGGAACTTCTTAGCTCCCTCGACAATAGCGTTGGA 240

FEEEEEEEEErr e e e e e e e rrrrrrree
Sbjct 357 CTTCACCTTCACGAACTCGGTGTTAGGGAACTTCTTAGCTCCCTCGACAATAGCGTTGGA 298

Query 241 AAAGAACCCAGGGTCGGACTCGATGAACATCTTAGGCAGATCGTCGCTGGCCCGAAGGTA 300

FEErrrrrrr e e e e e e e e e e e e e e e e e e
Sbjct 297 AAAGAACCCAGGGTCGGACTCGATGAACATCTTAGGCAGATCGTCGCTGGCCCGAAGGTA 238

Query 301 GGCGTTGTAGTTGCGGACAATCTGGACGACGTCGGGCTTGCCTCCCTTAACGAGAGGGAT 360
FEEEEEEEEErr e e e e e rrrrrrrrrrrrre
Sbjct 237 GGCGTTGTAGTTGCGGACAATCTGGACGACGTCGGGCTTGCCTCCCTTAACGAGAGGGAT 178

Query 361 CTCGCGAGGCCAGGAGAGGGTAGGCCGTCTAACCTCGCCCTTCTCCTTGAATGGCTCCAG 420

CEErrrrrrrr e e e e e e e e e e e e e e e e e
Sbjct 177 CTCGCGAGGCCAGGAGAGGGTAGGCCGTCTAACCTCGCCCTTCTCCTTGAATGGCTCCAG 118

Query 421 GTAGGCAG 428
[REEEEN
Sbjct 117 GTAGGCAG 110

Figura 13 — Anelamento das regifes sequenciadas (Shjct) com a regido esperada no sitio de
clonagem contendo a sequéncia para os miR-100-5p, SCR-miR-100-5p, miR-192-5p, SCR-192-
5p, 574-3p e SCR-574-3p (verde) em vetor psiCHECK2 (Query). Pode-se observar
complementariedade no sequenciamento da fita (A,C, E, G, l e K) sensee (B, D, F, H,Je L)

antisense.

Ensaios da Luciferase apds transfeccdo com miR-100-5p em células imortalizadas de
nasofaringe (NP69)

Para verificagdo da especificidade dos miméticos foi efetuado o ensaio da luciferase
por meio de vetores que contém a regido complementar a0 miRNA maduro analisado
utilizando células NP69. Para tanto foram empregadas 6 condicGes, para cada miRNA:
1) Vetor psiCHECK?2 somente; 2) vetor psiCHECK2 + mimético (miR-100-5p, -192-5p
ou -574-3p); 3) vetor psiCHECK-miR-100-5p, -192-5p ou 574-3p somente; 4) vetor
psiCHECK-miR-100-5p, -192-5p ou 574-3p + respectivo mimético 5) vetor psiCHECK-
SCR-miR-100-5p, -192-5p ou 574-3p; 6) vetor psiCHECK-SCR-miR-100-5p, -192-5p
ou 574-3p + respectivo mimético. Todos 0s grupos possuiam reagente para transfec¢do
Lipofectamine RNAIMAX (Thermo Fisher Scientific).

Nesse experimento espera-se que a expressdo da luciferase de Renilla seja reduzida

na presenca do mimético de miRNA compativel com o vetor repérter recombinante




empregado, de modo a reduzir a luminescéncia e evidenciar a inibicdo pos-transcricional
exercida pelo mimético e sua especificidade pela regido regulatéria introduzida no vetor
reporter.

Conforme observado na Figura Suplementar S14 a S16, houve reducéo de 84% na
deteccdo de unidade relativa de luciferase quando realizada a co-transfeccdo do vetor
psiCHECK-miR-100-5p com o mimético do miR-100-5p (Figura Suplementar S14),
reducdo de 86% na deteccdo de unidade relativa de luciferase quando realizada a co-
transfeccdo do vetor psiCHECK-miR-192-5p com o mimético do miR-192-5p (Figura
Suplementar S15) e 82% na deteccédo de unidade relativa de luciferase quando realizada
a cotransfeccdo do vetor psiCHECK-miR-574-3p com o mimético do miR-574-3p
(Figura Suplementar S16). Adicionalmente, foi verificado 43% de reducdo na detecgao
de unidade relativa de luciferase quando realizada a co-transfeccdo do vetor psiCHECK-
miR-SCR-574-3p com o mimético do miR-574-3p (Figura Suplementar S16), isso
provavelmente se deve ao fato desse miRNA possui muitas regides de repeticdo,

proporcionando uma ligagdo parcial do mimético ao respectivo vetor psiCHECK.
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Figura Suplementar 14 - Diferenca na taxa de luminescéncia emitida pela atividade de luciferase
(Renilla/Firefly) em células NP69SV40 24h ap6s a transfeccdo com vetor psiCHECK (controle),
psiCHECK-miR-100-5p ou psiCHECK-SCR-100-5p, todos com ou sem 0 mimético do miR-100-
5p. Foi observada uma redugdo de 84% na taxa relativa da luciferase em células co-transfectadas
com o vetor psiCHECK-miR-100-5p e 0 mimético do miR-100-5p. quando comparada com as

células co-transfectadas com o vetor psiCHECK e 0 mimético do miR-100-5p * p<0,03.
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Figura Suplementar 15 - Diferenca na taxa de luminescéncia emitida pela atividade de luciferase
(Renilla/Firefly) em células NP69SV40 24h ap6s a transfecgcdo com vetor psiCHECK (controle),
psiCHECK-miR-192-5p ou psiCHECK-SCR-192-5p, todos com ou sem 0 mimético do miR-192-
5p. Foi observada uma redugdo de 86% na taxa relativa da luciferase em células co-transfectadas
com o vetor psiCHECK-miR-192-5p e 0 mimético do miR-192-5p quando comparada com as
células co-transfectadas com o vetor psiCHECK e o mimético do miR-192-5p, e reducédo de 91%
quando comparada com células transfectadas com o vetor psiCHECK somente. * p<0,009; **
p<0,007.
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Figura 16 - Diferenca na taxa de luminescéncia emitida pela atividade de luciferase
(Renilla/Firefly) em células NP69SV40 24h ap6s a transfecgdo com vetor psiCHECK (controle),
psiCHECK-miR-574-3p ou psiCHECK-SCR-574-3p, todos com ou sem 0 mimético do miR-574-

3p. Foi observada uma reducéo de 82% na taxa relativa da luciferase em células co-transfectadas




com o vetor psiCHECK-miR-574-3p e 0 mimético do miR-574-3p quando comparada com as
células co-transfectadas com o vetor psiCHECK e o mimético do miR-574-3p, e reducdo de 85%
guando comparada com células transfectadas com o vetor psiCHECK somente. Adicionalmente,
foi observada uma reducéo de 42% na taxa relativa da luciferase em células co-transfectadas com
o0 vetor psiCHECK-SCR-miR-574-3p e o mimético do miR-574-3p quando comparada com as
células co-transfectadas com o vetor psiCHECK e o mimético do miR-574-3p, e reducdo de 55%
guando comparada com células transfectadas com o vetor psiCHECK somente. *p<0,04;
**n<0,03; ***p<0,004.
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