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RESUMO

A super expressao das proteinas HMGA (High Mobility Group A) além de ser
uma caracteristica de neoplasias humanas malignas tem uma papel essencial na
transformacao celular. O objetivo deste trabalho foi identificar os miRNAs associados
as proteinas HMGA no processo de transformacdo celular, analisando perfil de
expressdo de microRNAs (miRNAs) em células da tiredide transformadas com o
oncogene v-ras-ki, expressando ou ndo as proteinas HMGA. Entre os miRNAs
regulados pela transformacao celular, observou-se que o miR-10b, miR-21, miR-
125b, miR-221 e 0 miR-222 sdo positivamente e o miR-34a and miR-603 sao
negativamente regulados pela expressdo das proteinas HMGA. Assim focamos
nossa atencao no miR-10b e no miR-603 cuja expresséo parece ser dependente da
presenca das proteinas HMGA também em outros sistemas celulares. Igualmente,
foi demonstrado que CCND1 e CCND2 séo alvos do miR-603, e PTEN alvo do miR-
10b. Além disso, os estudos funcionais demonstraram que o miR-10b e 0 miR-603
sdo capazes de regular positiva e negativamente a proliferacdo celular e migracéo,

sugerindo um papel da sua desregulacao na transformacao de células da tiredide.

Palavras-chave: HMGA, miRNA, células da tiredide




ABSTRACT

HMGA overexpression, other than to be a feature of human malignant neoplasias,
has a causal role in cell transformation. Then, the aim of our study has been to
investigate the miRNAs regulated by the HMGA proteins in the process of cell
transformation analyzing the miRNA expression profile of v-ras-ki oncogene-
transformed thyroid cells expressing or not HMGA proteins. We demonstrate that,
among the miRNAs regulated by cell transformation, there are miR-10b, miR-21,
miR-125b, miR-221 and miR-222 that are positively and miR-34a and miR-603 that
are negatively regulated, by HMGA expression. Then, we focused our attention on
the miR-10b and miR-603 whose expression appeared to be dependent on the
presence of the HMGA proteins also in other cell systems. We found that miR-10b is
able to target the PTEN gene, whereas miR-603 targets CCND1 and CCND2 genes.
Moreover, functional studies showed that miR-10b and miR-603 were able to
regulate positively and negatively, respectively, cell proliferation and migration

suggesting a role of their deregulation in thyroid cell transformation.

Key words: HMGA, miRNA, Thyroid cells
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1 INTRODUCAO

O cancer nao é uma doenca unica, mas um grupo heterogéneo de doencas
gue tem na sua origem o mesmo processo desordenado de divisdo celular. Os
avangos na pesquisa do cancer durante os ultimos anos demonstraram que todos 0s
tumores tém em sua origem alteracoes no DNA. O DNA e o RNA sao moléculas de
grande importancia por constituirem o material genético das células. Os genes,
responsaveis pela transmissdo das informagfes hereditarias, sdo segmentos das
moléculas de DNA, responsaveis pela sintese de todas as proteinas celulares e,
nesse processo de fabricacdo, o RNA também participa. Assim, DNA e RNA
controlam a fabricacdo de todas as proteinas (estruturais e enzimaticas) das

células.!

Muitos estudos demonstram que durante o processo do envelhecimento
ocorrem danos a moléculas esséncias como o DNA e as proteinas, 0s quais
aumentam com a idade, indicando que a capacidade de reparo do DNA € um

importante determinante na taxa de envelhecimento celular e molecular.??

O dano ao DNA e as proteinas pode ser considerado uma das principais
causas do envelhecimento como demonstram algumas das diferentes teorias do
envelhecimento. Entre elas podemos citar: Teoria das proteinas alteradas, teoria do
dano e reparo do DNA, da teoria do erro catastroéfico, teoria da desdiferenciagéo e a
teoria dos radicais livres.

Os sistemas de reparo do DNA sédo uma das melhores defesas que a célula
possui para neutralizar a carcinogénese. De fato, € amplamente aceito que uma das
etapas cruciais na carcinogénese € o comprometimento de um ou mais sistemas de
reparo do DNA. Varios estudos propdem que as proteinas HMGA tém um importante
papel no reparo do DNA. A HMGAL1 pode competir com a p53 e com as proteinas
homologas MutS humanas (MSH2-MSH®6) pela ligagdo com a juncéo Holliday (uma

juncdo movel entre quatro fitas de DNA que ocorrem durante o processo de
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recombinacdo homodloga e importante na manutencdo da integridade do genoma)
exercendo uma influéncia negativa sobre a resposta de reparo as mutacdes de

sentido trocado no DNA.*

Uma série de genes envolvidos no reparo do DNA sdo negativamente
regulados pelas células humanas de cancer de mama MCF7, devido a super
expressao da HMGAL, sugerindo que essas possam influenciar o reparo do DNA
regulando negativamente a atividade transcricional dos genes envolvidos em varios

aspectos do reconhecimento e remocéo de danos ao DNA.®

A super expressdo das proteinas HMGA € uma caracteristica de tumores
malignos. Ambos os genes HMGA1 e HMGAZ2 sao amplamente expressos durante a
embriogénese e em tecidos neoplasicos (incluindo péancreas, da tiredide, mama,
colon, pulméo, ovario, do utero, prOstata, carcinomas gastricos, carcinomas de
células escamosas dos tumores orais cabeca cavidade, e pescoco), enquanto a sua

expressdo esta ausente ou muito baixa em tecidos adultos.®™**

A expressao da proteina HMGA esta associada com um fenétipo altamente
maligno. De fato, uma correlacéo significativa foi detectada entre os niveis elevados
de expressdo da proteina HMGAl e a presenca de metastase linfonodal e

estadiamento clinico avancado em carcinomas de célon.*

A correlacdo entre os niveis das proteinas HMGA e o fenétipo maligno se
tornou importante para determinar o seu papel no processo de transformacéo celular
e, em particular, para investigar se o seu aumento € um fenomeno perifericamente
associado com a transformacao celular ou se tem uma relagdo causal com o
fendtipo maligno. Varios estudos indicam que as proteinas HMGA tém atividades
oncogénicas, sendo causalmente envolvidas na transformacdo neoplasica. Além
disso, o bloqueio da sintese das proteinas HMGA1 por metodologias antisenso ou
por shRNA reduz a proliferacdo independente de ancoragem em soft agar e
aumenta a susceptibilidade a anoikis nas células de carcinoma pancreéatico e de

pulmao.*®

O aumento da expressdo de ambas as proteinas HMGAl1 e HMGAZ2 levam a
transformacdo neoplasica de varios tipos de células, crescimento celular
independente de ancoragem e a capacidade de formar tumores primarios e

metastaticos em ratos atimicos.'* Finalmente, a super expressdo destas proteinas
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em ratos transgénicos conduz a uma elevada incidéncia de lipomas e linfomas de
células NK-T/NK.*>1°

Recentemente, os microRNAs (miRNAs ou Mirs) surgiram como uma
importante classe de pequenos RNAs enddgenos que atuam como reguladores pos-
transcricionais da expressdo génica. Os miRNAs sdo pequenas moléculas de RNA
com 19-22 nucleotideos, que derivam de RNAs de fita dupla (dsRNAs). Atualmente,
0os MiRNAs sdo uma das moléculas reguladoras mais importantes que modulam a
expressao génica a nivel pos-transcricional, tendo como alvo mRNAs para clivagem

direta ou pela represséo da traducdo.*’

Estima-se que o genoma humano contém aproximadamente 1.000 miRNAs
e que eles podem regular perto de 30% dos genes humanos, demonstrando assim o
grande potencial regulatério proporcionado pelos miRNAs*®*2°. Um grande corpo de
evidéncias sugere que os mMIRNAs, tendo como alvo oncogenes ou genes
supressores de tumor, desempenham um papel importante na etiologia e
patogénese do cancer.?’ Portanto, é razoavel sugerir que as proteinas HMGA1
possam afetar a patogénese do cancer também regulando o padrdo de expressao
dos miRNAs promovendo a transformacao celular. Sendo assim, analisamos o perfil
de expressdo dos miRNAs de células da tiredide normal de ratos, FRTL5, que néo
expressam as proteinas HMGA, de células FRTL5 transformadas pelo virus do
sarcoma murino de Kirsten (FRTL5-KIMSV) que expressam as proteinas HMGAL e
possuem um fendtipo altamente maligno, e de células FRTL5 transfectadas com um
vetor que transporta o gene HMGA1 em uma orientagdo anti-senso, antes de serem
infectadas com o virus do sarcoma murino de Kirsten (FRTL5-KiIMSV-HMGA1las).
Estas células ndo expressam as proteinas HMGA1l, mas expressam niveis
significativos do oncogene retroviral transformado v-ras-Ki e n&o possuem a
dependéncia de horménios estimulantes da tirebide, mas, em contraste com as
células nao transfectadas, eles ndo crescem em soft agar ou formam tumores em

ratos atimicos.*

Esta andlise mostrou que trinta miRNAs s&o positivamente regulados
enquanto 11 miRNAs sédo negativamente regulados, na linhagem de células FRTL5-
kKiMSV em relacéo as células normais da tiredide. Entre esses miRNAs regulados

pela transformacao celular, existem o miR-10b, miR-21, miR-125b, miR-221 e miR-
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222 que sao positivamente e miR-34a e miR-603 que sao negativamente regulados,
pela expressdo da HMGA. Em seguida, concentramos nossa aten¢do no miR-10b e
no miR-603, cuja expressao demonstrou-se dependente da presenca das proteinas
HMGA também em outros sistemas celulares. Relatamos que miR-10b e miR-603
sao alvos dos genes PTEN e CCND1-D2 (que codificam as proteinas ciclica D1 e
ciclica D2), respectivamente, e sdo capazes de regular positiva e negativamente, a

proliferacdo e a migracao celular.
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2 REVISAO DA LITERATURA

2.1 CANCER E ENVELHECIMENTO HUMANO

Estudos epidemiologicos demonstram que o envelhecimento é um dos
principais fatores de risco para o desenvolvimento do cancer. Além disso, no Brasil,
com o aumento da expectativa de vida que alcangou 73,5 anos e o aumento da
populacdo com 65 anos ou mais, que era de 4,8% em 1991, passando a 5,9% em
2000 e chegando a 7,4% em 2010 a incidéncia do cancer tende a aumentar e a
exposicdo aos diferentes fatores de risco para cancer por um longo periodo, pode

ser uma explicacdo de porque o cancer é mais frequente em individuos idosos.?

O cancer é um processo multifatorial e envolve interacdes entre mecanismos
moleculares, celulares e sistémicos, sendo caracterizado por uma proliferacao
anormal de células que invadem os tecidos e 6rgaos, podendo espalhar-se para
outras regides do organismo formando as metéstases. Pode ser causado por fatores
ambientais (tabagismo, radiacdo, agentes quimicos e infec¢cdes do organismo) ou
por fatores internos (mutacdes herdadas, condi¢cées imunes e mutagcdes decorrentes
do metabolismo) que sdo na maioria das vezes pré-determinados geneticamente.
Tais fatores podem agir simultdnea ou isoladamente promovendo o inicio da

carcinogénese.

A nivel celular, a carcinogénese pode ser vista como um processo multiplo
envolvendo selecdo de células e mutacdes que geram um aumento na capacidade
de proliferacdo, sobrevivéncia, invaséo e metastase. E definido de forma conceitual,
como sendo um processo através do qual as células normais transformam-se em
células tumorais. As células cancerosas fogem dos controles proliferativos e criam
seus proprios controles. Todo esse mecanismo complexo € coordenado por genes.
Portanto o mecanismo da tumoriogénese é resultado de uma série de alteracdes dos

genes que atuam direta ou indiretamente no controle do ciclo celular. 4%
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O processo de carcinogénese divide-se basicamente em 3 etapas, iniciagao,

promocao e progressao, como pode ser observado a seguir na figura 1.

o Iniciagio _» | Reparacio N
|5 ooy E
= Quimico l
E“‘z"‘ Dose A Explosao s
3 ; PO T = Explosar x
zz Fisico Biolégica —» D Ativaciode |_ Alier??ues —JEEe. . |
gz Efeti N Prolo-oncogenes Genéticas b L
<5 tiva J Seletiva A
.- Biolégico '
< 5 L 5
[ l * | Mulacao / T |
L Promocdo
Inativagio T A
Eliminacas Instabilidade
Gendamica
Dano Reordenamento Alteracoes
Oxidativo Cromossomico Enzimaticas

ALTERACOES CELULARES

Fonte: INCA (2002, p. 58)

Figura 1. Diagrama esquematico dos processos envolvidos na carcinogénese.

As alteracbes genéticas que promovem o desenvolvimento de céancer
ocorrem em duas classes de genes reguladores do crescimento, que estao
presentes em células normais: os proto-oncogenes sao parte normal e essencial do
nosso material genético que pertencem a um grupo de genes relacionados ao
crescimento e divisdo celular. Na verdade sdo mudangas nestes genes que podem
levar ao desenvolvimento do cancer, eles podem se tornar oncogenes, isto é
desencadear a formacéo de tumores resultado de mutacdes, delecdes, insercdes ou
super expressao. E os genes supressores de tumor, sao inibidores de processos
gue levam a divisdo celular, a proliferacdo que de alguma forma, regulam a
diferenciacdo celular e induzem a morte celular programada quando h& erros
mutacionais. Alteracdes nestes genes podem provocar desenvolvimento de células

com crescimento descontrolado.

Os genes supressores de tumor codificam proteinas que inibem a diviséo

celular. O primeiro gene supressor de tumor descrito foi o Rb o qual esta localizado
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no locus 13ql14 e esta associado ao desenvolvimento do retinoblastoma, que afeta
aproximadamente 1 em 20.000 criangas em todo mundo.

O p53 é o gene supressor de tumor mais frequentemente alterado em
canceres humanos. Alteracdes nestes genes sao encontradas em aproximadamente
70% dos céanceres de colon, em 30 a 50% dos canceres de mama e em 50% dos
canceres de pulmdao. Atualmente este gene é reconhecido como o gene que regula a
transicéo da fase G1 para S do ciclo celular. Sempre que forem detectados danos ao
DNA o gene p53 tem o papel de suprimir a progressao do ciclo celular e a replicacao
do DNA. Assim, é capaz de monitorar o acumulo de danos ao DNA, estendendo o
periodo de transicao para permitir que o dano seja reparado antes da sua fixagdo no
genoma durante a replicacdo ou conduzindo as células a apoptose se o dano for
irreparavel. Assim, este gene ndo previne a ocorréncia de um tipo de tumor em
particular, como no caso de outros genes supressores de tumor, mas sim atua como

supressor da tumoriogénese. %

Além dos tumores epiteliais, mutagbes no p53 tém sido encontradas em
leucemias, linfomas, sarcomas e tumores neurogénicos. Alguns dos genes
supressores de tumor envolvidos no desenvolvimento de canceres humanos estao

listados na tabela a sequir.
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Tabela 1. Alguns genes supressores de tumor em humanos
Gene Tumor Produto do Gene

Rb-1 Retinoblastoma; Proteina que liga DNA,
osteosarcoma; carcinoma possivel regulador de
de duto de mama; transcricdo
carcinoma de pulméao

p53 Astrocitoma; carcinoma de Fator de transcricéo
mama, colon, pulmdo e (proteina que se liga a
tirebide; osteossarcoma; e uma regido especifica do
outros DNA)

WT-1 Tumor de Wilms, Proteina que liga DNA,
rabdomiossarcoma, possivel regulador de
carcinoma mamario e de transcricao
pulméo; hepatoblastoma

DCC Carcinoma de colon Receptor de superficie

celular

NF1 Neurofibroma tipo 1 Interage com a proteina

ras, induz hidrolise do
GTP

APC Carcinoma colorretal; Proteina citoplasmatica
polipose adenomatosa
familial

FAP Carcinoma de colon

MEN-1 Tumores de paratiredide,
pancreas, hipofise e cortex
adrenal

MLM Melanoma familial

|
Fonte: Bases moleculares da biologia, da genética e da farmacologia, 2008.

A identificagdo dos produtos de proto-oncogenes e de genes supressores de

tumor envolvidos no controle do ciclo celular possibilitou novos entendimentos de

como a ativacdo de oncogenes ou a perda de genes supressores de tumor podem

levar ao crescimento desordenado e constituicdo genética anormal das células ’.

Alguns dos principais oncogenes e seus produtos estdo representados na tabela a

seqguir:
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Tabela 2. Alguns oncogenes em tumores humanos

Gene

Abl

bcl-1

bcl-2

bcl-3
erb-B1
neu/erb-B2
Gip

Gli
Gsp

Hst
Myc
L-myc
N-myc
Raf

Ha-ras

Ki-ras

N-ras

Ret
K-sam
Sis
Src
Trk

jun, fos

Tumor

Leucemia mieldide crénica
e linfocitica aguda
Linfomas de células B e
mielomas multiplos
Linfomas indiferenciados e
foliculares

Leucemias linfociticas
crénica de células B
Carcinoma de células
escamosas; astrocitoma
Carcinoma de mama,
ovario e estbmago
Carcinoma de ovario e
glandula adrenal
Gliobastoma

Adenoma de hipdfise;
carcinoma de tirebide
Carcinoma de estbmago
Linfoma de Burkitt;
carcinoma de pulmao,
mama e colo uterino
Carcinoma de células
pequenas de pulméo
Neuroblastoma; carcinoma
de pulméao

Carcinoma de estbmago

Carcinoma de bexiga,
colon, pulméo e péancreas;
melanoma

Leucemia mieldide aguda
e linfoblastica; carcinoma
de tiredide; melanoma
Carcinoma de trato
geniturinario e tiredide;
melanoma

Carcinoma de tiredide

Carcinoma de estdbmago
Astrocitoma

Carcinoma de célon
Carcinoma de tiredide

Varios tipos de tumores

Produto de Gene
Tirosina quinase

Ciclina D1

Proteina de membrana
citoplasmatica
Fator de transcrigao

Receptor de fator de
crescimento

Receptor de superficie
para fator de crescimento

GDP/GTP transdutor de
sinal citoplasmatico

Fator de crescimento

Fator de transcricéo
celular

Fator de transcricao
celular

Fator de transcricédo
celular

Serinaltreonina  quinase
citoplasmatica

Proteina ligante de
GDP/GTP

Transdutor de sinal

Transdutor de sinal

Receptor de superficie
celular

Receptor de fator de
crescimento
Fator de transcricao

|
Fonte: Bases moleculares da biologia, da genética e da farmacologia, 2008.
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Ainda que todos os tipos de céncer sejam causados por alteracbes nos
genes responsaveis pelo controle do crescimento e divisdo celular, isto ndo significa
qgue seja hereditario, estima-se que apenas entre 5 e 10% de todos os casos de
cancer sdo consequéncia de alteragcbes genéticas hereditarias, ou seja,
transmissivel de pais para filhos, sendo o restante causado principalmente por dano
(mutacBes) aos genes que sdo adquiridos durante a vida.?

2.2 EPIDEMIOLOGIA DO CANCER

O cancer vem se mantendo como uma das principais causas de morte no
mundo, e se tornou um dos mais importantes problemas de saude publica mundial.
E responséavel por mais de seis milhdes de 6bitos a cada ano, representando cerca
de 12% de todas as causas de morte no mundo. *°

O numero de casos de cancer no mundo deverd aumentar em 75% até
2030, segundo um estudo realizado Agéncia Internacional de Pesquisa em Cancer
(IARC, na sigla em inglés), 6rgdo ligado a Organizacdo Mundial da Saude
(OMS)**3. Segundo a pesquisa, essa taxa pode ser ainda mais alta e chegar a 90%
em paises mais pobres. Este estudo foi baseado no registro de novos casos de
cancer em 184 paises no ano de 2008 e fizeram uma projecdo da doenca para
2030, quando a populagdo mundial devera estar mais numerosa € com um maior
namero de idosos. De acordo com o artigo, enquanto 12,7 milhdes de pessoas
tiveram cancer em 2008, 22,2 milhdes de individuos em todo o mundo deverao
receber o diagndstico da doenca em 2030. Segundo os autores, os tipos de cancer
gue serdao mais prevalentes nos proximos anos vao variar de acordo com cada pais.
Em nacdes em desenvolvimento ou desenvolvidas como Estados Unidos, Brasil,
Russia e Reino Unido, por exemplo, o numero de canceres relacionados a
obesidade, como o de mama e o colorretal, e ao tabagismo, especialmente o de

pulméo, deveré crescer.*3

Outro estudo realizado recentemente utilizou o indice de desenvolvimento
humano (IDH), (um indice composto de expectativa de vida, educagdo e produto

interno bruto per capita) para caracterizar aspectos da incidéncia do cancer de




Revisdo da Literatura 23

acordo com o nivel de recurso e grau de desenvolvimento social, bem como as
tendéncias para um cenéario futuro. Na figura 2 pode-se observar a relacédo entre os
diferentes tipos de céancer e o nivel do IDH. Esses dados refletem no impacto que o
cancer tem causado na populacdo mundial e alertam para a tendéncia do aumento
do nimero de casos em todo o mundo.** Sendo assim, o desenvolvimento de

medidas de diagndstico precoce é de extrema importancia para reverter este

A World cancer incidence B world cancer incidence C World cancer martality D wWorld ancer m ortalicy
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Figura 2. Distribuic&o dos tipos de cancer pelo ind ice de desenvolvimento humano . (A) Numero
de novos casos. (B) Risco cumulativo de incidéncia. (C) Niumero de mortes. (D) Risco
cumulativo de morte. Fonte: Bray et al, 2012.
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2.3 CANCER DE TIREOIDE

Os tumores da tiredide sao a malignidade mais comum no sistema endocrino
e as taxas de incidéncia tém aumentado nas Uultimas décadas. Em 2008,
aproximadamente 37.000 novos casos foram diagnosticados nos Estados

Unidos. 3133

O carcinoma indiferenciado de tiredide incide entre 10 a 15% das neoplasias
tireoidianas malignas. Na maioria dos paises, as taxas de incidéncia vém mostrando
um padrao de crescimento lento, porém continuo (cerca de 1% ao ano) durante as
Gltimas décadas. Para o Brasil, segundo as estimativas do INCA sobre incidéncia de
cancer em 2012, estimam-se 10.590 casos novos de cancer da tiredide, com um
risco estimado de 11 casos a cada 100 mil mulheres. O céancer da tiredide em
mulheres é o terceiro mais incidente na regido Norte (7/100 mil). Nas regides
Sudeste (15/100 mil) e Nordeste (6/100 mil), ocupa a quarta posicao e nas regioes
Sul (10/200 mil) e Centro-Oeste (6/100 mil), a quinta e sexta posicoes,

respectivamente.3*

Existem muitos tipos de cancer de tiredide, que possuem diferentes
caracteristicas moleculares e clinicas. O carcinoma papilar da tiredide (PTC) é o
mais comum e representa 80% de todos os carcinomas da tirebide, o tipo folicular
representa aproximadamente 15%, o tipo medular 3% e o anaplastico 2%, mas
neste tipo as células tendem a crescer e se dividir muito rdpidamente, sendo muito
dificil de controlar e fazendo com que se torne um dos céanceres humanos mais

letal.®

Embora o cancer de tiredide ndo seja a malignidade de maior incidéncia no
homem, muitos mecanismos moleculares sdo compartilhados na carcinogénese e, a
melhor compreensdo destes mecanismos, independentemente do tipo histologico e

tecido de origem, poderao fornecer novos alvos para terapia.

Atualmente, muitos estudos tém sido desenvolvidos para analisar o perfil de

expressdao dos miRNAs em carcinomas para avaliar seu papel no processo da
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carcinogénese e o0 possivel uso dos miRNAs no diagndstico e prognéstico de
neoplasias.

2.4 PROTEINAS HMGA E MIRNAS

O material genético presente nas ceélulas eucarioticas encontra-se
empacotado numa estrutura conhecida como cromatina, que funciona como um
modelo fisiolégico dindmico na regulacdo de varios processos nucleares, incluindo
transcricdo do DNA, replicacdo, reparo, mitose e apoptose.**** A unidade
fundamental da cromatina é o nucleossoma que consiste em, aproximadamente, 146
pares de bases de DNA enroladas ao redor de um octadmero central de proteinas
conhecidas como histonas.®® As histonas sdo proteinas basicas pequenas que
consistem de um dominio globular, em que o filamento de DNA se enrola, e de uma

cauda amino-terminal flexivel, que sobressai do conjunto.

Inicialmente, as proteinas histonas foram consideradas componentes
meramente estruturais, que reinem uma grande quantidade de DNA gendmico em
uma estrutura que pode ser facilmente acomodada pelo nucleo das células.
Entretanto, atualmente, séo reconhecidas pelo seu envolvimento na manutencao do

equilibrio dinamico da cromatina.*

A cromatina também é constituida por um segundo tipo de proteinas
estruturais, ndo-histonas, chamadas Proteinas de Grupo de Alta Mobilidade (do
inglés High-Mobility-Group Proteins) (HMGs). As HMGs atuam como co-fatores em
processos nucleares basicos como a transcricdo génica, ligando-se a cromatina de
forma reversivel para alterar sua conformacdo e possibilitar ou facilitar a acéo
cooperativa com outras proteinas/enzimas que executam os referidos processos
celulares de forma mais direta.** As proteinas de grupo de alta mobilidade A
(HMGA) sdo uma familia composta por quatro proteinas: HMGAla, HMGALlb,
HMGAlc e HMGA2 (anteriormente conhecidas como HMGI, HMGY, HMG-I/IR e
HMGI-C, respectivamente). Elas sdo codificadas por dois genes distintos HMGAla e
HMGA1b. Estas proteinas ligam-se ao sulco das regides de DNA ricas em A-T. Seu

dominio de ligagdo com o DNA esta localizado na regido N-terminal da proteina e




Revisdo da Literatura 26

contém trés repeticdes curtas de bases, os chamados "ganchos-AT” (AT-Hook).** As
proteinas HMGA néo tém atividade transcricional, per se, no entanto, interagindo
com a maquinaria de transcricdo alteram a estrutura da cromatina e, assim, regulam,
positiva ou negativamente, a atividade transcricional de varios genes.**** Em células
e tecidos normais os niveis das proteinas HMGA estdo baixos ou ausentes. Em
contraste, em células neoplasicamente transformadas, bem como em células
embrionarias, a expressao constitutiva das proteinas HMGA é excepcionalmente
alta. Sua super expressao esta associada principalmente com um fenétipo altamente
maligno, e também representa um indice de mal progndstico e frequentemente se

correlaciona com a presenca de metéstase, e com uma sobrevida reduzida.*?

Varios estudos demonstram que as proteinas HMGA desempenham um
papel crucial na transformacdo neoplasica. O bloqueio da sintese de HMGA em
camundongos impede a transformacdo das células da tiredide por retrovirus
murinos. lgualmente, um adenovirus portador do gene HMGAL na orientagdo anti-
senso induz a morte celular por apoptose em linhagens celulares humanas de

carcinoma anaplasico de tire6ide, mas ndo nas células normais da tireide.**™’

Uma propriedade importante e quase Unica das proteinas HMGA € que elas
podem interagir diretamente com um namero extraordinariamente elevado de fatores
de transcricdo, utilizando mais de uma interacdo proteina-proteina. Esses
determinantes fornecem as proteinas HMGA um numero notavel de pontos de
controle para regular a expressdo de um grande numero de genes-alvo. Os

mecanismos de acao das proteinas HMGA estéo representados na figura 3 a seguir:
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Figura 3. Mecanismo de acdo das proteinas HMGA . A) Interagem com o DNA e com
fatores transcricionais, gerando uma multiproteina ligada ao DNA. B) InteragGes
proteina-proteina. c) Alteram a estrutura da cromatina. Fonte: Fusco A e Fedele M,
2007.

A sintese das proteinas HMGA é regulada pelos miRNAs, no entanto as
proteinas HMGA também podem regular a expressdao dos miRNAs. Foi descoberto
que a HMGA1 regula positivamente o miR-181 em células MCF7.*® Este resultado
parece coerente com dados publicados anteriormente que mostram o aumento da

expressdo do miR-181 em diversas neoplasias malignas. *°°

Além disso, o miR-181 regula negativamente a expressao do gene Polycomb
CBX7 (genes que codificam uma familia de proteinas de remodelamento da
cromatina) para o qual a perda da expressdo se correlaciona com um pior
prognéstico dos pacientes com cancer de coélon.®® Portanto, além destes
mecanismos de regulacdo discutidos acima, as proteinas HMGA podem regular a
expressdo dos genes com um papel crucial na carcinogénese, modulando a
expressdo dos miRNAs. Sendo assim € razoavel supor que as proteinas HMGA1

estdo envolvidas na regulacdo do cancer através da expressdo dos miRNA.

Os miRNAs constituem uma classe de pequenos RNAs enddgenos que

regulam a expressado génica. Sdo uma abundante classe de genes regulatérios em
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organismos multicelulares e modulam a expressdo de muitos genes que codificam
proteinas.'’ A maioria dos miRNAs identificados sdo altamente conservados
evolutivamente entre muitas espécies distantemente relacionadas (incluindo
invertebrados, vertebrados e plantas), sugerindo que os miRNAs desempenham um
papel importante em processos biolégicos essenciais, incluindo o tempo de
desenvolvimento, regulacdo do ciclo celular, diferenciagcdo, sinalizacao,

envelhecimento e cancer.*®

Até hoje todos os tipos de tumores analisados por perfis de miRNAs
demonstraram perfis significativamente diferentes (para amadurecimento e/ou
precursores de miRNAs) em comparacao com as células normais do mesmo tecido.
Além disso, evidéncias recentes indicam que os miRNAs podem ser considerados
colaboradores na oncogénese e que eles podem participar como supressores

tumorais classicos ou como oncogenes.*

Os miR-221/222, super-regulados na tiredide e no céncer de prostata,
demonstraram ter como alvo a proteina p27 (regulador negativo critico do ciclo
celular), e os camundongos que super expressam 0 mir-155 nas células
desenvolveram proliferacdo de células pré-B pré-leucemicas policlonais, seguido de
malignidade de células B.>* Portanto, dada a importancia dos miRNAs na regulacéo
génica e no processo de carcinogénese, investigamos como a super expressao das
proteinas HMGA1 pode contribuir para a transformacao celular regulando o padrao

de expresséo dos miRNAs.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Identificar e caracterizar os alvos da HMGA que desempenham um papel

fundamental na tumorigénese.

3.2 OBJETIVOS ESPECIFICOS

1. Caracterizar os niveis de expressao das proteinas HMGA nas células

tumorais e suas modificages pds-transcricionais.

2. Analisar o perfil de expressdo dos mMIRNAs em células de tiredide

transformadas que expressam ou nao as proteinas HMGAL.

3. Avaliaros peris de expressao dos miRNAs regulados pelas proteinas HMGA1

no processo de transformacao celular.
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4 METODOLOGIA

4.1 MIRNACHIP MICROARRAY

RNAs marcados, hibridizacgdo ao miRNA microarray e as analises do

microarray foram realizadas como previamente descrito.>?

4.2 EXTRACAO DE RNA E RT-PCR

O RNA total foi isolado das células utilizando Trizol (Invitrogen, Carlsbad, California,
USA), de acordo com as instru¢cdes do fabricante. Aproximadamente, 1 ug de RNA
de cada amostra foi reversamente transcrito com o kit de transcricdo reversa
miScript (Qiagen). A gRT-PCR para os miRNAs maduros foi realizada com o kit
miScript, um kit especifico para quantificacdo e analise dos perfis de miRNAs. As
analises qRT-PCR para CCND1, CCND2 e PTEN foram realizadas como
previamente descritas.>® Cada reacéo foi realizada em triplicata. Para calcular os
niveis de expressao relativa foi empregado o método 224" % Os primers utilizados

estdo descritos no material suplementar em anexo.

4.3 LINHAGENS CELULARES E TRANSFECCOES

As células FRTL5 foram cultivadas em meio Coon’s F12 suplementado com
5% de soro e fatores de crescimento. As células FRO (linhagem humana de cancer
da tiredide) foram cultivadas em DMEM suplementado com 10% de soro fetal bovino

(FBS). Para a transfeccdo com os oligonucleotideos, as células foram transfectadas
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com 50 nmol/mL de pré-miRNA ou com os controles usando o reagente de
transfeccao siPORT Neo-FX™(Ambion), de acordo com o protocolo do fabricante.

Para a transfeccdo dos plasmideos recombinantes p-miRNA, as células
foram transfectadas com 5 pg de p-miRNA precursores expressando vetores
carregando miR-10b e miR-603 ou os controles (SBI System Biosciences, Mountain
View, CA), usando lipofectamina 2000 (Invitrogen), de acordo com as instru¢des do

fabricante.

4.4 ENSAIO DE IMUNOPRECIPITACAO DA CROMATINA

As células FRTL5-KIMSV foram processadas para os experimentos de
imunoprecipitacdo da cromatina (ChIP) conforme descrito.”®> As amostras foram
submetidas a imunoprecipitacdo com anticorpos especificos anti-HMGAL1 e HMGAZ2.

Os primers utilizados estédo descritos no material suplementar em anexo.

4.5 PLASMIDEOS E CONSTRUTOS

A regido 3’-UTR da CCND1 e CCND2, incluindo os sitios de ligacéo para o
miR-603 e a regido 3-UTR do PTEN, incluindo os sitios de ligacdo do miR-10b
foram amplificadas por PCR utilizando os primers descritos no material suplementar
em anexo. Os fragmentos amplificados foram clonados no vetor pGL3-Control Firefly
luciferase (Promega, Madison, WI, USA) no sitio de ligacdo de Xbal, imediatamente
downstream ao cédon de terminacdo do gene da luciferase. O vetor Renilla
luciferase (pRL-CMV) foi adquirido da Promega (Madison, WI, USA).

4.6 EXTRACAO DE PROTEINAS, WESTERN BLOTTING E ANTICORPOS

As andlises pelo método de western blotting foram realizadas como

previamente descrito®® e as membranas foram incubadas com anticorpos anti-
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CCND1(sc-F18, Santa Cruz), CCND2 (sc-181 Santa Cruz), PTEN (sc-7974, Santa
Cruz) e y-tubulina (sc-8035, Santa Cruz).

4.7 ENSAIO DE LUCIFERASE

Para os experimentos de luciferase reporter, as células FRTL5 foram co-
transfectadas usando siPORT com o vetor de luciferase (200 ng), com o plasmideo
Renilla luciferase reporter (pRL-CMV; Promega) (20 ng) e com os oligonucleotideos
miRNA (50 nmol/mL). A atividade da Renilla e da luciferase foram avaliadas 48
horas apds a transfeccdo atravées do sistema Dual-Luciferase Reporter Assay
System (Promega, Madison, WI, USA). A atividade da luciferase foi normalizada com
a atividade de Renilla como controle da eficiéncia de transfecgéo.

4.8 CURVAS DE CRESCIMENTO

Para a realizacdo das curvas de crescimento, as células FRTL5 e FRO
foram plagueadas em placas de 12 pocos e transfectadas com 50 nmol/mL de pré-
MiRNA precursor ou com o controle (Ambion, Austin,TX), usando siPORT neoFX. O

namero de células foi contado 24, 48, 72 e 96 horas apés a transfeccéo.

4.9 ENSAIO DE FORMACAO DE COLONIAS

Para o ensaio de formacdo de colbnias, as células FRTL5 foram
transfectadas com 5 pg de precursores do miR-10b e miR-603 (SBI System
Biosciences), ou com o vetor controle, contendo um gene de resisténcia a
neomicina. As células transfectadas foram selecionadas usando 1 mg/mL de
neomicina diluida no meio de cultura. Apdés 15 dias, as células foram fixadas e
coradas com 0.1% de cristal violeta e 20% de metanol e as colonias resultantes

foram contadas.
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4.10 CITOMETRIA DE FLUXO

Depois de tripsinizadas, as células foram lavadas uma vez com PBS e
fixadas em etanol 70% por 24 horas. A coloracdo para o conteudo de DNA foi
realizada com 2 pg/mi de iodeto de propideo e 20 pg/ml de RNase A por 30 minutos.
Para a deteccdo da marcacdo do DNA foi empregada a técnica de citometria de
fluxo com o equipamento FACScan (Becton Dickinson, San Jose, CA) com interface
com computador Hewlett-Packard (Palo Alto, CA). Os dados do ciclo celular foram

analisados com o programa CELL-FIT (Becton Dickinson).

4.11 ENSAIO DE CICATRIZACAO DE FERIDAS

Para o ensaio de cicatrizacdo das feridas, as ceélulas foram plagueadas em
placas de 60 mm. Apds as células atingirem confluéncia, as feridas foram
produzidas com o auxilio de uma ponteira (p1000) estéril. As células foram lavadas
com PBS e foi adicionado meio de cultura, as areas com as feridas foram marcadas
e cultivadas em meio DMEM (contendo 10% de soro fetal bovino) em atmosfera
Uumida a 37C com 5% de CO ,. A distancia de migracao das células foi avaliada com

o auxilio de um microscoépio de contraste de fase em diferentes tempos.

4.12 ETICA

O projeto foi submetido e aprovado pela Comisséo Cientifica do Instituto de
Geriatria e Gerontologia (IGG) e pelo Comité de Etica em Pesquisa da PUCRS
(CEP) (ANEXO 1).
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5 RESULTADOS

5.1 PERFIL DE EXPRESSAO DOS MIRNAS DE CELULAS DE TIREOIDE NORMAL
E TRANSFORMADAS

O perfil de expressdo dos miRNAs nas células FRTL5 (células normais de
tiredide de rato), FRTL5-KIMSV (células de tiredide de ratos transformadas com o
virus murino do sarcoma de Kirsten, expressando as proteinas HMGA1l) e FRTL5-
KiMSV-HMGA1las (células da tiredide de rato que nao expressam HMGA1L) foi

determinado pela anélise do miRNACHIP microarray.

Aplicando as analises estatisticas (ANOVA), obtivemos uma lista de miRNAs
diferentemente expressos (p<0,05) nas diferentes linhagens celulares analisadas.
Trinta mMIRNAs encontravam-se super expressos duas vezes ou mais nas células
FRTL5-KIMSV quando comparadas com as células de tiredide normais (Tabela 3).
Onze miRNAs apresentaram expressdo reduzida nas células FRTL5-KIMSV
aproximadamente de duas vezes, em comparacdo com as ceélulas ndo infectadas
(Tabela 4).
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Tabela 3. miRNAs positivamente regulados nas células FRTL5-ki vs FRTL5.

FRTLS* FRTL5-Ki* FRTL5-Ki-HMGAlas*  Unique id

1 280.1031015 1595.9298702 58.5380234 miR-211

2 73.5939709 1946.3039316 58.5380234 miR-221

3 408.6431883 2151.2743109 234.4708541 miR-222

4 681.9879092 862.8705086 575.8666445 miR-135a

5 60.8792876 886.1772341 79.0067003 miR-10b

6 822.2648124 1034.9552875 575.5817842 miR-125a-5p
7 58.5380234 554.0564711 366.4643405 miR-181c

8 2345.2757725 16663.5795702 864.8471/08 miR-125b

9 438.3500082 2146.5560831 1915.0423375 miR-296-3p
10 697.1044181 1644.0562633 1302.4911182 miR-139-3p
11 707.4409641 1999.457069 799.0544053 miR-181a-2*
12 372.1153502 1076.8152751 804.0368436 miR-136

13 946.7022302 1690.4004014 909.1057362 miR-24

14 76.6874006 221.7257964 191.3959116 miR-30c-1*
15 5219.2525397 10419.5983292 1680.5467998 miR-23a

16 58.5380234 264.1678294 58.5380234 miR-21

17 73.1195679 244.4214859 193.946408 miR-99a

18 154.337559 390.0188225 58.2088773 miR-25

19 218.424279 1612.9996976  739.5993112 miR-10a

20 675.7057813 983.1501574 722.1672157 miR-31

21 128.866498 443.7987304 120.7775502 miR-29b

22 71.0230958 357.9657789 250.3728592 miR-345

23 643.7278191 781.2730488 191.9130308 miR-191*

24 68.4715993 256.4252354 83.0545357 miR-19a

25 2817.59766 6045.0485854  3805.9202533 miR-92a

26 79.9056953 238.4870808 168.9075747 miR-154

27 1055.6938719 1515.2413967 1056.8644699 miR-219-2-3p
28 110.8374531 842.301297 703.1372825 miR-548a-3p
27 161.2776146  900.4412948 82.6132426 miR-563

30 346.4019254 747.2039031 557.4334893 let-7e

Note: * os valores indicam a média geométrica das intensidades de fluorescéncia.
Genes com significancia de 0,05 no teste univariado.
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Tabela 4. miRNAs negativamente regulados nas células FRTL5-ki vs FRTLS5.

FRTLS* FRTL5-Ki* FRTL5-Ki-HMGA1las * Unique id
1 1599.7312207 668.3778225 731.0884692 miR-129-3p
2 1118.3268735 653.3083176 912.8465266 miR-595
3 1894.213173 1055.631416 1367.2495312 miR-191
4  2863.5463995 1926.8172024 3211.5447107 miR-589
5 133.3676227 76.488397 295.5620751 miR-583
6 1448.953761 1041.4575446  1346.3562923 miR-370
7 20378.1155961 15386.6688822 26007.4430165 miR-766
8 11095.946331 5272.941518 6396.9011842 miR-133b
9 90.8431762 58.5380234 90.9180302 miR-660
10 149.7864931 58.5380234 160.050953 miR-603
11 291.5533059 91.1295579 103.2299827 miR-34a

Note: * os valores indicam a média geométrica das intensidades de fluorescéncia
Genes com significancia de 0,05 no teste univariado.

Entre estes genes regulados pela transformacéo celular, o miR-10b, miR-21,
miR-125b, miR-221 and miR-222 demonstraram-se positivamente regulados
enquanto o miR-34a e o0 miR-603 encontravam-se negativamente regulados pela
expressdao de HMGA. Subsequentemente, os resultados obtidos por meio do
MIRNACHIP foram validados, avaliando a expressdo dos miRs 10b, 21, 125b, 221,
222, 603 e 34a utilizando a técnica de RT-PCR (figura 4).
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Figura 4. Validacdo do microarray por RT-PCR . Andlise através de gRT-PCR do miR-10b, miR-
221, miR-222, miR-125b, miR-21, miR-603 e miR-34a foi realizada em células FRTLS5,
FRTL5-KIMSV e FRTL5-KiMSV-HMGA1las. Os valores de expressao indicam a alteracéo
relativa nos niveis de expresséo entre FRTL5 e FRTL5-KiIMSV, assumindo que o valor
médio das amostras normais era igual a 1.

ApoOs investigamos se a dependéncia da expressdo de HMGA de alguns
mMiRNAS era restrita as células de tiredide transformadas ou se era um evento mais
geral, analisando sua expressdo em uma linhagem de células de cancer de mama
(MCF7), transfectadas com HMGA1 (MCF7-HMGAL) ou wild type, e em fibroblastos

embrionérios de camundongos (MEFs) null para hmgal com seu controle wild type.

Como mostra a figura 5, 0 miR-10b era muito mais expresso em MCF7-
HMGA1 em relacédo seu controle MCF7 wild type e menos expresso em MEFs null
para hmgal em comparacao com seu controle wild type. JA o miR-603 apresentou o
comportamento contrario, sendo menos expresso em MCF7-HMGA1 e em MEFs
wild type em comparagédo com MCF wild type e MEFs hmga null. Contrariamente o
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miR-21, miR-125b, miR-221, miR-222 e o miR-34a ndo apresentaram diferengas

significativas em MEFs ou MCF7, com ou sem expressao das proteinas HMGA.

Com base nesses dados, as investigacdes foram direcionadas para os miR-
10b e miR-603 pois sua expressdo é seguramente, dependente das proteinas

HMGA em mais de um sistema celular.
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Figura 5. Expressdo do miR-10b e miR-603 em células MCF-7 tra nsfectadas com HMGA1 e
MCF7 wild type e MEFs hmgal"' e wild type. Os valores de expressdo indicam a
mudanca relativa nos niveis de expresséo entre MEF wild type e MEF hmgal"', MCF7 wild
type e MCF7-HMGAL, assumindo que o valor médio das amostras wild type era igual a 1.
Cada barra representa a média + e.p. a partir de trés experimentos independentes
realizados em triplicata.

5.2 AS PROTEINAS HMGA1 SE LIGAM A REGIAO UPSTREAM DO MIR-10B E DO
MIR-603

Foi investigado se as proteinas HMGAL1 se ligam diretamente as regides
reguladoras do miR-10b e do miR-603. Considerando que as proteinas HMGA se
ligam ao DNA nas regides ricas em A-T, por meio dos seus dominios “AT-hooks”,***3
procuramos a presenca de sitios de ligacdo para HMGAL1 em uma regiao de 2.000

pb upstream ao miR-10b e do miR-603. Para isso, foi empregado o ensaio de
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imunoprecipitacdo da cromatina (ChIP) para determinar se as proteinas HMGAL1
poderiam se ligar a estas sequéncias. Com este objetivo a cromatina de células
FRTL5-KIMSV foi imunoprecipitada com anticorpos anti-HMGAL1 e anti-HMGA2. O
DNA imunoprecipitado foi entdo analisado por meio da técnica da PCR semi-
guantitativa usando primers (descritos no material suplememntar em anexo) que

cobrem todos os sitios de ligagéo.

Foi observada uma amplificacdo da regido correspondente a regiao
upstream do miR-10b e do miR-603 nas células FRTL5-KiIMSV imunoprecipitadas
com anticorpos ant-HMGA1 e HMGA2, nenhuma amplificagdo foi detectada nos
controles negativos (figura 6). Isto demonstra que a ligacdo é especifica para a
regido upstream do miR-10b e do miR-603. Portanto, estes resultados indicam que
as proteinas HMGAL1 e HMGA2 séo capazes de se ligar in vivo a regido localizada

upstream do miR-10b e do miR-603 que provavelmente tem func¢des reguladoras.

miR-10b promoter

Figura 6. HMGA1 e HMGA?2 se ligam a regido upstream do miR-10b e do miR-603 . A cromatina
das células FRTL5-KiIMSV foi imunoprecipitada com anticorpos anti-HMGAL1 and anti-
HMGAZ2 e analisada por PCR. O Input e o DNA imunoprecipitado foram analisados por
PCR usando primers especificos para a regiao upstream do miR-10b e do miR-603.
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5.3 CCND1 E CCND2 SAO ALVOS DO MIR-603

Uma vez que os miRNAs sdo capazes de modular a expressdo do gene
tendo como alvo mRNAs, utilizamos ferramentas de bioinformatica (Target Scan,
mirGen e Miranda) para procurar por alvos do miR-603. Foram encontrados muitos
alvos envolvidos em diversos processos bioldgicos, mas este estudo dedicou-se a
ciclina D1 (CCND1) que tém sido mencionada como um gene chave que controla o
ciclo celular e frequentemente, encontra-se super expresso em células cancerosas,
contribuindo para a proliferacdo e migracdo celular, e ao gene da ciclina D2

(CCND2) que tem um papel muito importante na transicdo G1/S do ciclo celular.>

Os locais que correspondem a “sequéncia semente” do miR-603 foram
previstos para ambas as sequéncias 3'UTR destes genes (Figura 7A). Para validar a
influéncia do miR-603 sobre os alvos, os oligonucleotideos de pré-miR-603 foram
transfectados em células FRTL5, os niveis das proteinas CCND1 e CCND2
produzidas foi determinado pelo método de western blotting. Apds a transfeccéo
com o miR-603, foi observada uma reducdo evidente nos niveis das proteinas
CCND1 e CCND2 quando comparado com o controle (Figura 7B). Nenhuma
alteracdo nos niveis de mRNA CCND1 e CCND2 foram detectados apds a
transfeccdo com miR-603 em relagdo ao controle ou com as células né&o
transfectadas (Figura 7C). Este resultado valida uma regulacdo poés-transcricional
das proteinas CCND1 e CCND2 pelo miR-603 e exclui seu papel na degradacéo do
MRNA de CCND1 e CCND2.

Para demonstrar que a interagdo direta entre os miRNAs analisados e os
MRNAs da CCND1 e CCND2 foi responséavel pela redugédo do nivel de proteina, a
regido 3'-UTR de CCND1 e CCND?2 incluindo os sitios de ligagdo do miR-603 foi
inserida abaixo da regidao da ORF da luciferase. A atividade da luciferase foi medida
apos 48 horas, e foi significativamente reduzida apds a transfeccdo com miR-603 em
comparacdo com 0 controle ou com as células nao transfectadas (Figura 7D),
indicando que a reducao da expressao das proteinas CCND1 e CCND2 pelo miR-

603 é dependente da sua de ligagdo direta a regido 3'-UTR.
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Figura 7. CCND1 e da CCND2 séo alvos do miR-603 . (A) Representacdo esquematica das regides

3'-UTR do gene CCND1 e CCND2 alvos do miR-603. (B) Western blotting dos niveis da
proteina ciclina D1 em células FRTL5 transfectadas com miR-603 e com o controle (painel
da esquerda) e andlise de Western blotting dos niveis da proteina CCND2 em células
FRTLS5 transfectadas com o miR-603 e com o controle (painel da direita). A expressédo da 'y
-tubulina foi usada como controle. A analise densitométrica foi realizada usando software
ImageJ e normalizando a 7y -tubulina. (C) Andlise qRT-PCR do mRNA da CCND1 (painel
da esquerda) e da CCND2 (painel da direita). Os valores de expressao relativas indicam a
alteracdo nos niveis de expressdo do mRNA da CCND1 e da CCND2 entre células
tratadas com miRNAs ou ndo tratadas em comparagcdo com controle, e normalizadas com
G6PD. (D) Atividade relativa da luciferase em células FRTL5 transfectadas
transientemente com Luc-CCND1-3'UTR (painel da esquerda) ou Luc-CCND2-3'UTR
(painel da direita) em comparagéo com o controle ou com as células nado transfectadas.
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5.4 PTEN E ALVO DO MIR-10b

Também para o miR-10b as analises bioinformaticas previram diferentes
alvos, no entanto, alguns deles j& haviam sido validados em estudos prévios.>®>°
Entre os genes alvos encontrados, o gene PTEN foi investigado no presente estudo.
O PTEN é um importante supressor tumoral, cuja expressdo é frequentemente
alterada em uma ampla gama de canceres humanos. ® Entretanto estudos recentes
demonstraram que as alteracdes sutis nos niveis de PTEN podem levar a iniciacdo e
progressdo do tumor in vivo.®% Além disso, o PTEN parece ser regulado por

muitos miRNAs.%*

Para avaliar a influéncia do miR-10b na sintese da proteina PTEN, as
células FRTL5 foram transfectadas com oligonucleotideos pre-miR-10b, e
procuramos por mudancas nos niveis da proteinas PTEN através do método de
western blotting. A introducdo do miR-10b nas células FRTL5 reduziu os niveis da
proteina PTEN quando comparada as células transfectadas com o controle (figura
8B). A analise dos niveis de mMRNA de PTEN apds a transfec¢cdo com miR-10b ndo
demonstrou mudancas significativas em relagcdo ao controle ou as ceélulas néo
transfectadas, indicando que o miR-10b regula os niveis de producdo da proteina
PTEN agindo a nivel pés-transcricional (figura 8C). Finalmente, para demonstrar que
a interacdo direta entre miR-10b e mMRNA de PTEN foi responsavel pela reducédo na
producado da proteina, a regido 3'-UTR de PTEN incluindo os sitios de ligacédo para o
miR-10b foi inserido abaixo da ORF da luciferase. A atividade da luciferase foi
avaliada 48 horas apo0s e estava significativamente reduzida apés a transfecgdo com
miR-10b quando comparado as células transfectadas com o controle ou as células
nao transfectadas (figura 8D), indicando que a reducdo nos niveis de expressao da

proteina PTEN pelo miR-10b foi dependente da sua ligagéo direta a regido 3'-UTR.
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Figura 8. PTEN é alvo do miR-10b . (A) Representacdo esquematica da regido 3'-UTR do gene
PTEN alvo do miR-10b. (B) Western blotting da expresséo da proteina PTEN em células
FRTL5 transfectadas com miR-10b e com controle. A expressao da 7y -tubulina foi usada
como controle de carregamento. A analise densitométrica foi realizada usando software
ImageJ e normalizando a y -tubulina. (C) Analise qRT-PCR do mRNA de PTEN. Valores
de expressédo relativas indicam a mudanca relativa nos niveis de mRNA de PTEN em
comparacao com o controle ou com as células nao-tratadas, normalizados com G6PD. (D)
A atividade relativa da luciferase em células FRTL5 transfectadas transientemente com
Luc-PTEN-3'UTR juntamente com miR-10b ou células ndo transfectadas em comparacéo
com o controle.

5.5 A EXPRESSAO DO MIR-10B E DO MIR-603 AFETA A PROLIFERACAO
CELULAR DE MANEIRA ANTAGONICA

O efeito do mir-10b e do miR-603 na proliferacao celular foi investigado na
tentativa de melhor compreender seu papel na transformacéo das células tiredideas.

Para tanto, foi realizada uma curva de crescimento nas células FRTL5 nao
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transfectadas ou transientemente transfectadas com o miR-10b e o miR-603, ou com
o controle. A figura 9A, mostra uma clara reducdo no numero de células 96 horas
apos transfeccdo com o miR-603 comparado com as células ndo transfectadas ou
com o controle. Contrariamente, um aumento significativo no nimero de células foi
observado apés a transfec¢cdo com miR-10b quando comparado com as células nao
transfectadas ou com o controle. Resultados semelhantes foram observados quando
células de tumor anaplastico da tiredide (FRO) foram transfectadas com os mesmos

mMiRNAs ou com o controle (figura 9B).

O ensaio de formacgédo de colbnias nas células FRTL5 foi realizado apos
transfeccdo com vetores carrengando os precursores do miR-10b e do miR-603, ou
com o vetor vazio, contento um gene de resisténcia a neomicina. Como mostra a
figura 9C e de acordo com os resultados obtidos na curva de crescimento, as células
transfectadas com o vetor que expressa 0 miR-10b produziram um maior nimero de
colonias em comparagao com aquelas transfectadas com o vetor vazio, enquanto as
células transfectadas com o miR-603 geraram um menor numero de colénias em

comparacéo ao controle.

Finalmente, para melhor entender os efeitos dos miRNAs analisados, na
progressao do ciclo celular, as células FRTL5 foram transfectadas com precursores
dos miRNAs ou com o controle e analisadas por citometria de fluxo.

Como mostra a Figura 9D, as células transfectadas com miR-10b mostraram
uma reducdo na populacédo de células em fase G1 e um aumento na populacao de
células em fase S, comparado com o controle ou com as células ndo transfectadas,
enquanto as células transfectadas com miR-603 mostraram um aumento na
populacao de células em G1 e uma reducdo no numero de células em fase S. Estes
resultados indicam que a super expressao destes miRNAs afeta a transicdo G1/S no

ciclo celular.




Figura 9. Efeitos do miR-10B e miR-603 na prolifera
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de crescimento de células FRO transfectadas com miR-10b e miR-603 em comparacéo
com as células ndo transfectadas ou com o controle. Os valores médios + e.p. derivam de
trés experimentos independentes realizados em duplicata. (C) Ensaio de formacao de
colbnias realizado em células FRTL5 transfectadas com um vetor expressando o miR-10b
ou miR-603 sob o controle transcricional do promotor de CMV. O vetor vazio foi utilizado
como controle. (D) A analise por citometria de fluxo das células FRTL5 transfectadas com
0 miR-10b e o miR-603 ou com o controle. Cada barra representa a média + e.p. de trés
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fase (G1,S,G2/M, subG1l) esta apresentado na tabela.
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5.6 A EXPRESSAO DO MIR-10B E DO MIR-603 AFETA A MIGRACAO CELULAR

Para avaliar o papel do miR-10b e do miR-603 na migracao celular foi
realizado um ensaio de cicatrizacdo de feridas, em células FRO estavelmente
transfectadas com p-miR-10b e com p-miR-603. Uma diferenca significativa na
migracéo celular foi observada, sob microscopio de contraste de fase, 15 horas apoés
a realizacao ferida.

Como mostra a figura 10, o fechamento da ferida foi quase completo apos
15 horas nas células transfectadas com o miR-10b. Contrariamente o fechamento da
ferida ocorreu somente apos 24 horas nas células transfectadas como miR-603.
Portanto, estes resultados demonstram que o miR-603 reduz a migracao de células
cancerosas da tiredide enquanto que o miR-10b tem um comportamento oposto,
aumentando a migracao dessas células.

FRO untransfected FRO backbone vector FRO pMIRNA-10b FRO pMIRNA-603

0 hours

15 hours

Figura 10. Papel do miR-10b e do miR-603 na migracd o celular . Células FRO néo transfectadas e
transfectadas estavelmente com p-miR-10b, miR-603 ou vetor vazio foram plaqueadas em
igual densidade em placas de seis pocos e cultivadas até a confluéncia. Uma ferida
uniforme foi realizada em cada cultura confluente e o fechamento da ferida foi avaliado
sob microscopio de contraste de fase. As fotografias foram tiradas nos periodos de 0 e 15
horas apds a transfeccéo.
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6 DISCUSSAO

A super expressdo da proteina HMGA € uma caracteristica de neoplasias
malignas e tem um papel fundamental na transformacdo celular modulando a
transcricdo de um grande numero de genes que tém um papel essencial na
progressdo da carcinogénese. As proteinas HMGA exercem suas atividades
oncogénicas através de diferentes mecanismos: inducdo de E2F1,%® atividade da
AP1,%° inducdo da ciclina A, ® inativacdo da inducdo da apoptose pela p53°°°
modulacdo da expressado génica e de genes envolvidos na transicdo epitelial-

.97 Desde o aparecimento dos miRNAs como importantes

mesenquima
reguladores da expresséo génica muitos estudos demonstraram que a desregulacao
da sua expressdo pode estar envolvida no processo de carcinogénese, nosso
objetivo foi identificar os miIRNAs cuja expressdo é dependente da expressao da
proteina HMGA e entdo definir seu papel na transformacédo celular. Para este
propésito utilizamos uma linhagem de células epiteliais (que representa o tipo celular
a partir do qual tem origem a maioria das neoplasias malignas) onde a
transformacdo maligna € inibida pela supressdo da expressdo da proteina HMGA
através de metodologia anti-senso. Portanto, realizamos o perfil de expressédo dos
mMiRNAs em células normais, células de tiredide de rato transformadas com v-ras-ki e

transformadas com v-ras-ki carregando um construto HMGAL1 anti-senso.

A andlise deste experimento demonstrou a presenca de muitos miRNAs cuja
expressdo depende da expressdo de v-ras-ki, entre eles, sete miRNAs s&o
modulados pela expressdo das proteinas HMGA. E digno de nota que entre os
MiRNAs super expressos em células transformadas com v-ras-ki, encontramos o
miR-221 e o0 miR-21 que tém sido descritos como positivamente regulados em

muitos carcinomas humanos.’*"?

Entre os miRNAs dependentes da HMGA decidimos focar a atencdo no miR-
10b e no miR-603, visto que observamos que a sua expressao foi dependente da

expressdo da HMGA também em MEFs wt e null para hmgal, e em células MCF7
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expressando ou ndo a proteina HMGAL. Primeiramente, demonstramos que a
regulacdo do miR-10b e do miR-603 pelas proteinas HMGA é direta, porque a ChIP
demonstrou que tanto HMGA1 como HMGA2 sdo capazes de se ligar a regido
upstream destes miRNAs. Depois identificamos os alvos destes miRNAs: A CCND1
e a CCND2 sao alvos do miR-603 e PTEN é alvo do miR-10b.

Estes miRNAs tém uma sequéncia correspondente na regido 3'UTR dos
genes alvo identificados, e a sua expressao intensificada aumenta os niveis das
processo de traducao, visto que nao foram observadas mudancas significativas nos
niveis de mMRNA da CCND1, CCND2 e PTEN apos o tratamento com o miR-10b ou

com o miR-603.

Os estudos funcionais validam o papel da regulacdo destes miRNAs na
transformacao celular. A expressao intensificada do miR-10b aumenta a migragao
celular, promove a proliferacdo devido a uma diminuicdo da populacéo celular na
fase G1 do ciclo celular. Por outro lado o efeito oposto é alcancado quando as

células sado transfectadas com o miR-603.
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7 CONCLUSOES

Varios estudos tém mostrado a desregulacdo da expressdo dos miRNAs em
carcinomas da tiredide humana, e estudos funcionais corroboram o papel critico

destes miRNAs no desenvolvimento carcinoma da tiredide.

Este estudo fornece um novo mecanismo através do qual as proteinas
HMGA contribuem para a transformacédo de células malignas e sugere diferentes
abordagens para a terapia contra o cancer baseada no bloqueio da funcdo das
proteinas HMGA. Na verdade isto é possivel por meio da atuacdo direta nas
proteinas HMGA, ou aumentando os niveis dos miRNAs que tem como alvo
HMGA,*® ou modificando a expressdo ectdpica dos miRNAs modulados pelas
proteinas HMGA.

O perfil de expressdo destes miRNAs juntamente com o seu papel biolégico
sugere uma correlacdo com o diagnodstico, prognostico e novas abordagens

terapéuticas.
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8 CONSIDERACOES FINAIS

Desde a descricao original, das proteinas HMGA, ha 25 anos, diferentes
estudos vem demonstrando que elas possuem um papel fundamental no processo
da carcinogénese, e que sua presenca em amostras de tumores é um marcador de

mal progndstico para a maioria dos carcinomas humanos.

Visto que a expressao diferencial da proteina HMGA em células neoplésicas
e normais permite maior especificidade e menor toxicidade na terapia e que as
proteinas HMGA sao super expressas em canceres de diferentes origens, a terapia

baseada em HMGA pode ter uma ampla gama de aplicacoes.

J4 os miRNAs desempenham papéis importantes na resposta celular a
agentes cancerigenos e genotoxicos. O perfil de expresséo alterado dos miRNAs
esta associado ao processo de carcinogénese, tendo implicagcdes no diagndéstico e
prognéstico de diferentes tipos de cancer. Os miRNAs podem influenciar as
respostas ao tratamento e a cura de tumores, demonstrando que seu papel como
agente terapéutico anticancer € promissor e no futuro podem servir como

biomarcadores para a detecédo precoce de tumores.
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9 PERSPECTIVAS

7z

O desafio atual é identificar diferentes alvos que séo regulados pelos
miRNAs. Traduzir toda esta informac@o em estratégias terapéuticas que beneficiem
pacientes com tumores com super expressdo das proteinas HMGA e assim

desenvolver novas terapias contra o cancer inibindo as proteinas HMGA.
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ANEXO 2 — MATERIAL SUPLEMENTAR

Primers usados para os experimentos de imunoprecipitacao da Cromatina

10bprom1 Fw CCTGCCCTTCACCATTAGC
10bprom1l Rv CTCAGCGGCAGAAGAAAAAG
10bprom2 Fw TGAGGGCATTTGTTCCTTTC
10bprom2 Rv GCGACAATTTGAAGCAATGA
10bprom3 Fw GTTGTTCGCCTGCTTGGTA
10bprom3 Rv GTCCCACCCAGAGTGAGGTA

603 proml Fw CACCATGCCCAGCTAATTTT
603 prom1l Rv CAGCACTTTGGGAGGCTAAG
603 prom2 Fw GATTTCAGGCATGAGCCACT
603 prom2 Rv GAAGCACCCTTTCCACAGTC
603 prom3 Fw ACGTGCTTGTTGGGAAACTC
603 prom3 Rv GCCTGCATCTTAAGCAAAGG

Primers usados para as analises de qRT-PCR da CCND1, CCND2 e PTEN

CCND1 Fw GCACAACGCACTTTCTTTCC
CCND1 Rv TCCAGAAGGACTTCAATCTG

CCND2 Fw CACCGACAACTCTGTGAAGC
CCND2 Rv CCACTTCAGCTTACCCAACAC

PTEN Fw GAGGCCCTGGATTTTTATGG
PTEN Rv CGCCTCTGACTGGGAATAGT

Primers usados para as regioes 3'-UTR da CCND1, CCND2 e PTEN

3'utr CCND1 Fw AATTTCTAGAGGGGGCGTAGCATCATAGTA
3'utr CCND1 Rv AATTTCTAGAGTGCAACCAGAAATGCACAG

3'utr CCND2 Fw AATTTCTAGACAGCGTTTATGGTGCTTCCT
3'utr CCND2 Rv AATTTCTAGAGAATTCACCACCCATTGTCC

3'utr PTEN Fw AATTTCTAGAAAGAGGGATAAAACAC
3'utr PTEN Rv AATTCTCAGAGCCACTTCAGTTGGTGACAG




Anexos

ANEXO 3 - ARTIGOS PUBLICADOS

JCEM ONLINE

Hot Topics in Translational Endocrinology—Endocrine Research

MiR-1 Is a Tumor Suppressor in Thyroid
Carcinogenesis Targeting CCND2, CXCR4,
and SDF-1a

Vircenza Leane, Daniela D'Angelo, lleana Rubio, Paula Mussnich de Freitas,
Antonetla Fedenco, Marianna Colamaio, Pierlorenzo Paflante,
Geraldo Mederos-Neto, and Alfredo Fusco

Istituio di Endocrinologlz ed Oroologla Spedmentale del Consiglio Mazioraie dalle Ricerche oo
Dipsrtiments di Blokogla e Patoiogla Cellulzre e Molecolane (WL, D0, PMAF, AF MC PP AFL
Facoéta o Medicing 8 Chirungia i Napod, Lnivarsits degd Studi di Kapoll “Radesico IL,” Kaples
Oncogenomic Centar, Centro Ingegnena Ganetica and European Sthool of Mofecular Medicina vl
M.C., AF, 80131 Maples, faly; and Thyrowd Untt (.8, G.A.-M.), Division of Endocrinalogy, Depastment
of CiEnical Meadicine, Unéversity of 520 Paulo Medical School, 530 Paulo, 09372-270 Brand

Context Micro-RNA have emerged as an Important class of short endogenows RNA that act as
postiranscriptional reguiators of gene expression and are constanthy dereguiated in human cancer.
BAR-1 has been found down-regulated in kung, oodon, and prostate cancer.

Objecthees: In this study, wa Imestigated the posstble rofe of miR-1 In thyroid carcinogenesis.

Design: We have analyzed mIB-1 expression in a panel of thyrold neoplasias including banign and
malgnant lesions and searched for miR-1 targets.

Results: Dur resubts showe that mii-1 expression i drastically down-reguiated in thyrodd adenomas
and carcnomas in comparison with normal thyrold tissws. Interestingly, miR-1 down-regulation
wiat also found in thyrodd hyperproliferathee nonneoplastic Jeslons such s golters. We identifled
the CONDZ2, coding for the cycin D2 (CCNDZ) protein that favors the G5 transition, CoCed, and
E0F-Ta genes, coding for the recephor for the stromal cell derived factor-1 (SDE-1HCXCLEZ chamo-
kine and Itz ligand S0F- LCKCL 12, respecthvely, a5 miB-1 targets. An Imeerse comelation was found
between miA-1 expression and COC chemokine receptor £ (CMCR4) and SDF-1a protein levels in
papillary and anaplastic thyrold carcinomas. Consistent with a rofe of the COND2 protein in cell
proliferation and O{CR4 and SOF-1a proteins in call invasion and metastasts, functional studies
demonsirate that mig-1 1s able to inhibit thyroid cardnoma celt proliferation and migration.

Concluslons: These results Indicate the Inwohement of miR-1 in thyrokd cell proliferetion and
migration, validating a rode of mie- 1 down-regudation In thyrold carcinogenesis. & Olin Enooornod
Matab 96: E1388-E1398, 2011)

icro-RBA {miRMA) have emerged as an important

class of short endogenous RNA thar act as post-
transcriptional regulators of pene expression {1). They are
small RNA molecules of 19-22 pucleotides in lenpth,
which are derived from double-stranded RN A, These tny
fragmemts of R A regulase gene expression by hybridizing

55N Frird DOV 1SN Cnkna TOAS.T1

Frried nLLEA

CopyEghl © 2011 Iry Tho Encoong Socoty

ok: 102710 20110945 Focerved Fasruzry £, 700 5, Accopied ur 13, 7011
Find Publichec Oning hy T3, 2001

E1388  joem endojoumalsorg

to complementary sequences in the 3'-untransiated region
{3"-UTR} of tarpet mRENA (2, T} A-majoricy of identified
miRMA are highly evolutionarily conserved among many
distantly related species, supgesting that miRMNA play a
very important role in essential biological processes (4 7).
Currently, miRMNA have been conzidered oneof the most

Absrevizhons AKT, Poiar inas B 870, snaplasic Eyrod mncer: COMD2, oyon 02
CACRE, O ciamoons ecoplor 4, TRERT, cAMP Teponn oismant bincing protosn 1
E¥, ampty vecior: B4, follular sdenoma; FTIC, Il ol coonomas HE, nhibtor
of Pucleatr [achar-«3: WET, hopstoryis groarth Scsor mooptns meNA, mimo BN FIC;
papiitary Tie0d Gminoms: P propyinicursot. qRT-FCA, quantitaivg AT-FOR SOF-1
wioimai opd covmeed Aacior-3; U, T anisnadaieg wgon
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important regulatory molecules, which modulate gene ex-
pression at posttranscoptional level by tarpeting mENA
for direct cleavage of mRNA or repression of mRNA
transtation.

Recently, our group has shown an aberrant miF™NA
expression profile that cleady differentiates papillary thy-
roid carcinoma (PTC) from normal chyroad tissues (3, 9).
Ini particular, a significant increase in miR-221, miR-222,
and miR-181b was detected in FT'C in comparisoa with
normal thyroid tissee. Moreover, we found an aberrant
miRMNA expression profile that clearly differentiates ana-
plastic thyroid cancer (ATC) from normal thyroid tissues
and from FTC {10},

Previous works have demonstrated that micro-RNA 1
{miR-1) has been found down-regulated n fung {11}, liver
112}, prostate (13}, and rhabdomyosarcoma (14} cancer
and that the restoration of miR-1 expression in hung and
rhabdomyosarcoma cancer cells reversed their tumaori-
genic properties, such as growth, replication potential,
motility/migration, clonogenic survival, and tumor for-
mation in nude mice. The aim of our work has been to
investigate the possible role of miR-1 in thyroid carcino-
genesis. Here, we report that miR-1 is drastically reduced
in benign and malignant thyroid neoplasiasin comparison
with normal thyroid.

Materials and Methods

Cell lines and transfections

The haman thyrosd carcinoma cell lmes { TRC-1, FRO, WRO:,
FBL, and B-CPAP) wore grown as provioosly dosenbed (15
Mormal and transformed MCC)3 cclls have been provicusly de-
screbed {16-18). For oligonoclconde ranskonon, odls wore
rransfocicd wath 100 ns pre-mall - 1 orsorambled afigenudconde
{Ambron, Awstn, TX] using sl PORT neob X Transfecsron Agen:
{Ambwon} sccordimg fo the manofacturer’s mstruceons. For the
transfoction of the miﬂ.curln'nl.-rb:, celle wore transfocted with 5
pg of the mMNA precursor construces cxpressing mif-1 or
backbone (5Bl Sywtem Broscionees, Moontain Veew, CA) and
.5 ne of constroct CXPICESENE (G418 romistance o=l m:i:n.lq
Lipofccramine (Invitrogen, Cardshad, CA) according to the
manufacturcy s instroctions, At 24 b aficr the cransfoction, the
colbs were sclococd wich G418 {1 mpfml} for 3 whk and coloorcd
tn a medium conmining G418 (500 ppfml)

Fresh human thyroid tissue samples

Mommal and neoplastic human thyroyd fismpes were colleced
at the Scrwner d Anatomo-Pachologic, Contre Hespatahicr Lyon
Suod, France. We declare that informcd conscne for the scicnihic
uer of biological matcnal was obtained from patents.

Mice

Thyroid kypcrplasia was induccd as described m Supplcmen-
ral Matcrials and Methods {pobhshed on The Endoome Soa-
cry' s Journals Online web s ar hetpficom. cndopoormals_org .

jemendopurnalsom . E1389

RMA extraction and guantitative RT-PCR (gRT-PCR)

Tonl RNA was wolarcd from cells and human omsucs with
Troasl flnwierngen ) sccording to the manufac ierer's mstroctions.
Qﬂ.ﬂ:ﬂ:‘uh‘?: RT'I‘EE. {I:H' marunc miH—N.A. Wl Ei.l'l'il:d s ac-
cording to the manufachror's srscnons of the miSopt Sysem
Bars (QIAGEN, Valoncia, CAjJ. Reachons contamcd mabcnpt
Primer Sees (QIAGEN) speahc for milt-1 and U {used m nor-
matizme RMA lovds]. Qantmrnve R T-ICR analyas for cychin D2
(CENNZ), CXC chemplane recopinr 4 (CEXCRY), and stromal
coll denved Faceor-1e (S0F-Ta) wore perdformed as provioasly
described {19}, Fach reacoon was carmicd oot in mplicaic. To
caleulace the relative exprosion kevels, we nscd the 174457
method (2} For primer sequencrs, sce Supplemenml] Marcnals
and Mcthods,

Plasmids and constructs

MilNA precumor constructs cxpressing miR-1 under the
manscnpoonal control of the CMY promoter or backbone were
purchascd from S0 System Bioscenco [pCRH-CMV-MOS-
EF1). The CEND2, SDF-Ta, and CXCRA-3"-UTR reproms, m-
duding binding sites for malt-1, weore amplificd by PCR from
penomic DA by wsmg the primess doscnibed in Sopplemental
Mascrials and Mcthods, The amphificd fragmonis were cloned
men plil 3-conmrnl fircfly luciferase vector (Promecga, Madson,
W at the Xbal see. Mumoon mio mill-1 binding stes of the
CNCREY-UTH and SDF-10-3-UTR, was introduccd by asing
ChartkiChanpe stc-direceed musageness kit (Stramgene, La fulla,
LA} following the manufacturer’s instrocmons. All the primers
=ed are deseribed m Suppicmental Matcrials and Methods.

Luciferase target assays

Cells wore cotransfeeecd using MO BT wath the madificd firc-
Ay hofcrase voctor {01 pgd docnbed abowe, the Remilla lo-
afcrase reporter plasmid (pRE-CMY; Promega b {30 nph and the
BNA oligonuccotidcs {50 nm). Firefly and Bemifle lociforasc
activitics were measurcd 14 b aficr ransfection with the doal-
luciferase CCPOricr assay systom I'Il"rumtga.l [":in:ﬂ}- :n:ri\'il:;r
was normalized to Remilla activity as control of mansfocdaon
ctfrcicncy.

Protein extraction, Western blotting, and
antibodies

Cells were bysed in lysis buffer contarming 1% Momides P-20,
1 mus EDTA, 50 ma Trs-HC (pH 7.5 and 150 ma Nalll,
supplememicd with complox proteasc inhabitoes moctwes {Roche
Phagnowe, Indranapobs, 1M} Total protcms were scparaed by
SD5PAGE and transforred to nitroccllslose membrancs (Am-
crsham, PMecaaway, MN]L Mombranos wore Blocked with 5%
nonfat milk and incubated wrth annbadies desonbed m Sapple-
mental Matcnals and Methods.

Flow cytometry
Cells were =.1'La.|'_r..'.c-|j Eq-' flow CytEmciry afer T2 J1.| &5 pr:vi-
ousky described [9).

Growth curve assay

Cellswere placedar 1 10 ixlls per wellin 24-weell plates and
counted cach 24 k for 56 b
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Colony-forming assay

Cells, plated at a densizy of 0% tn 100-mm dishes, were
transfocbcd pang Lipofoctamme with § pg milt-1 or backbooc
comstruces and supplemenecd wath GATE 24 b lakcr. The cclls
were fixed and staincd with crystal vkt (0.1% crystal vioket in
2 methanc!) after 2wk, and colomics wore counecd.

Cell migration
Celis {1 = 10"} m 200 pl scrum-frec DMEM were placed on
polycarhonatc membrane (8-mm porc} mothe wpper compare-

ment, whereas 500 pl DAMEMS 0% FBS was added 1o the lower

compartmcnt. The plaics wore meubated ae 37 € for 24 b Afecr
incuhamon, the cells at the opper side of the membranc were
mechamcally removed and treated as described m Supplemental

Maicrials and Mcthods.

Cell invasion

It was performed ax desenbed for the odll mgration assay bus
using, polycarbonate membrancs coated with 1.3 mpfmi cxtra-
cellnfar matrix {Matngel; BOF Bioscooners, San Josc, TA).

Scratch wound healing assay

Crlls afeer conflucnee were treated with mytomicin Cor 3 b
Woands weore penerancd with 2 stenlc piperee. Cells woore rinscd
twice with PRS, and fresh coliure medinm was added. Arcas of
wounds were marked and photographed at vanoes tme points
with a phasc-contrast microscope.

Soft agar colony assay

Clls were mused in DMEM 23 (Sipma Chemucsl Co, be
Lowms, MO, trypeose phosphate boffer, and 1.25% of Moblc
Agar (Dhico Laboratorrcs Inc., Dictroet, M1 and platcd in #0-mm
dhshes on the top of 1% azar hase. The colones were couneed
after 3w

Results

MiR-1 is down-regulated in benign and malignant
thyroid neoplasias

To evaluate the possible role of miR-1 in thyroid can-
cer, we analyzed the miR-1 expression ina panel of normal
thyroid and hyperplastic and neoplastic thyroid Gssues
including beaign and malignant lesions. As shown in Fig.
1A, mil-1 was dewn-regulated in follicular thyroid car-
cimoma (FIC), PTC, and ATC in comparisen with normal
thyroid withowt any correlation with the depree of the
malignant phenotype. The averape change between nor-
mal thyroid and carcinoma tissues was 5-fold. Moreover,
down-regulation of miR-1 level has been also observed in
a panel of thyroid carcinoma cell lines [Fig. 1B). Intersst-
inghy, miR-1 was down-regulated also m goiters and fol-
licular adenomas (FA) in coomparizon with normal Gssues
[Fig. 1C), sugpesting mik- 1 down-regulasion was also as-
sociated to thyroid cell profiferation mdependently from
the malignant phenotype. To further confiem this hypoth-
esis, we analyzed miR-1 expression in rat thyroid PCCI3

1'Climn Endocnral Metah, Sepiember 2011, SGE1E1358-E1308
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cells, which means cells prowing regularly in culture, in
comparison with rat thyroid pland where thyroid cells are
essentially in 3 quiescent phase. As shown in Fig. 24,
miR-1 expression was much lower in PCCI2 with respect
to thyroid tisswe. Moreover, miR-1 expression was lower
in thyroid goiters induced by propyithiouracl (PTU) toeat-
ment, which leads to increased TSH serum levels, incom-
parisoa with the untreated thyroid glands (Fig. ZBL

MiR-1 targets CCND2

Because miE ™A are able so modulate pene expression
at the postiranscriptional level by tarpeting mBEMN A, stud-
ies were undertaken to identify the targets for miR- 1, using
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bioinformatic tools. Among the predicted mrpets, we fo-
cused on the CONID2 gene that codes for the CCND2
protein that has a critical robe in the cell cyele GU/S ran-
sitien, thus accounting for a role of miR-1 down-repula-
tion in the increased proliferation of thyroid cells as oc-
curring in goiters and adenomas.

To validare the influence of miR-1 on the COND2 tarc-
get, we transfected the miit-1 oliponocleotide into the
TPC-1 and FRO cells, deriving from thyroid papillary and
anaplastic carcinoma, respectively, and after 48 h, we
searched for changes in CCWD2 protein levels by Western
blot analysis. Introduction of miR-1 decreased CCND2
protein levels [Fig. 200 Interestingly, a significans de-
crease in COND2 mBMNA level was observed incells trans-
fected with the miR-1 with respect to scrambled oligong-
cleotide (Fig. 2E). This result indicates that miR-1 affects
COMNDI protein synthesis by facilitating the specific dep-
radation of CCNDZ mRNA. Most miRNA are thought to
controd gene expression by base pairing with the miRNA-
recopnizing clements found i their messenger target. To
demaonstrate that the direct interaction between miR-1
and CCND2 mRNA was responsible of the COCND2 pro-
tein decreased expression, we inserted the CCND2-3'-
UTR including the mil-1 seed sites downsiream of the
luciferase open reading frame. This reporter vector was
transfected into FRO cells with the milR-1 or scrambled
oligonucleotides, The luciferase activity was markedly
diminished after miR-1 transfection, as compared with
the scrambled oligonucleotide [Fig. 2F). These results
indicare that the miR-1 interferes with COND2 trans-
lation through direct interaction with its 3°-UTTR.

MiR-1 targets CKCR4 and its ligand SDF-1a

The reduction of mil-1 was observed also in malignant
thyroid lezions. Therefore, searching for potential mBRR A
targets of human mil-1, we focused on CXCR4 chemo-
kine receptor pene and its ligand SOF-1, also called
CXCE 12, respectively. CXCR4 is one of the most impor-
tant chemokine receptors for cancer cells and is a seven-
trensmembrane G protein-coupled receptor (210, It is
cxpressed in 4 great number of human solid and hemato-
logical cancers, inchuding breast, prostate, brain, colon,
and lungcancer {22, 23} and has a critical role in the abificy
of neoplastic cells to metaseasize (24 -27 ) Even though the
down-regulation of SDF-1 has been reporied i thyroid ad-
encmas {28), overexpression of CX{R4 and S0F-1a has
been frequently described im homan thyroid cancer (29, 20L

Omne site that matches the miR-1 seed sequence was
predicted in both 3'-UTR sequences of these penes (Fig. A
and Fi. Western blot analysis in the FRO cell line shows
thar CXCR4 and SOF-1e protein levels are lower in the
miR-1-transfected cells than n cells ransfecred with a

Femendopurnalnon E1390

scrambled oliponucleotide (Fig. 3, Band G}. Interestingly,
a significant decrease in CXCE4 mBMNA level was ob-
served in the cells trapsfected with the miR-1 with respect
te the scrambled oligomecleotide [Fig. 3C), whereas
SO F-1e mRMN A expression bevels are unchanged (Fig. IHJ,
indicating that miR-1 affects CXCR4 protein synthesis by
facilitating the specific degradation of CXCRY mRMNA,
We also show that milt-1 rransfection down-repulates the
luciferase activity of a Feporter construct carrying the 3°-
UTR-CXCR4 o 3-UTR-SDF-1a sequence (Fig. 3, D and
1), and the mutation in the putative 3°-UTH site inhibits the
sensitivity of the reporter constructs to miR-1. These re-
sults have been confirmed using also the TPC-1 cells (Fig.
3B} that express CXCR4 bat not SDF-1a. However, the
SDE-1/CHNCRS pathway is sl active i TPC-1 cells
because the serum contains the SDF-1e factor. Tt has
been previously reported that stimulation of CXOCRS
induces the activation of several kinase cascades mainly
through the activation of the gsubunit of the Gi protein
(31, 32). Therefore, we analyzed the phosphorylation sta-
tus of two downstream effectors, ERE 172 and protein ki-
nase B (AKTI, and the protein levels of an inhibitor of
mueclear factor-wB (IKB) thar is depraded by the ubiguitin
system after phosphorylation by IKB kinase activated by
stimulation of the CXCR4/SDF-l1a pathway, in FRO
transfected with the miR-1 with respect to the serambled
oliponucleotide. As shown in Fig. 3E, total AKT and ERK
protein level does not change after restoration of miR-1
cxpression, but their phosphorylation, evaluated wsng an-
tibodics able to recognize the specific phosphorylated forms
of AKT and ERE, is fower in FRO-miR-1 cells moomparison
with FRO-empty vector (EV) (Fig. 3E). Comversely, KB pro-
tein was, a5 expecied, more abundant i FRO-miR-1 cells
(Fis. 3E).

MiR-1 regulates CXCR4 and SDF-1ax protein in witro
and in wive

Previous studics have copsistently shown an imcreased
X CR4 and its ligand SDF-1a expression in human FTC
and ATC {18, 30, 33, 34). Therefore, the resules presented
here ndicating CXCR4 and SDF- 1o as targets of mil-1
wotld lead o the hypothesis that the decreased miR-1
expression might, at least partially, sccount for the
CXCR4and SDF-1a increased levelsin FTC and ATC. To
verify this hypothesis, we have analyzed the CXCR4 and
SDF-1a proteins and the miR-1 levels in a set of FTC and
AT, Asshown in Fig. 44, increased CX0CHS and SDF-1a
protein levels were observed in FA, PTC, FIC, and ATC
analyred showing a decreased miR-1 expression (Fig. 4, A
and B), in comparison with the nommal thyroid dssus. An
inverse correlation between CXCRASDE-1a expression
was also found in human thyroid carcinoma cell lines and
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RAG. 2 CCNDY = target of mil-1. &, gAT-PCH analyse of mifl-1 in e thyeoud tesue and
PLCHE cef=x The relxtive expreszsion walues indicate the relative change.in the sxpreszsicn fevels
betwesn POCE odls and rat thyroid ti=ue, sumeng that the value of rat thyroid tEsue is
equal o 1. Each ber represents She mean walues = 5 from expenmments pedormed o
triphcate. B, feft panef, gAT-PCE anakysis of mif-1 in a pans of thyrosds de=rved from
urdrested pod FTL-trested mice: The numbers 1, 2, 2 4 and 5 refer fo mach differert mouss
treated with PTLL The relative expremion values indicate the nelative change i the expression
levels betweszn murine gailers and umbreated shyeoids fvel, assuming that the value of
untneated thyroids = equal o 1. Fach hav represents the mesn values = 5§ from experments
perfommed n triplkate. fight pared, TSH s=2nam levels @ cantral and PTU-treated mice. T5H
fewels wens expressed s nanogrars per milliiter. T, Schematic repeesendation of the wid-type
and mistated 3°-UTH =tes of the CCNDT gene tomgeted by mill-1. 0, Westen blots of the
CCRDZ and wnirulin protens, wosd g inading control. Proteins wese sxtracted from RO and
TRC-1 ool trarsfected with soambled or mifl-1 olgorudectide and collacted aft=s #8 b E;
gAT-PCE anaky=is of CCNDZ mARA in FRO refs shown in D. Relatoes expresion valoes mdicate
1he melative change n mANA expressicn levels Between mili-treated and scrambled
ide-treated t=lls, normafized with GAPDH. The ermor bars nepressnt the m=an
walues = 5 [n = 30 F, Reldve ludfense actwty in B0 cells tarsiently tarslecied for 24 b
wath wild-type canstructs for mER-1 seed sequence and with mif-1 ofigonucl=otide and 2
contmed no-targeting scrambled oSgonudectds. The relatve actrrty of firelly oofermase
expreion was sandedized toa trandection controd, usieg Rendls luoferees. The ba
repeesent the mean wahies = 2 in= 30 P < 0.05 v the ccambled akgonudectide:
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in rat thyroid cells after transformation
with different oncopenes {v-ras-Ha, v-
ras-Ki, v-raf, middle T-Py, RET/PTC-1,
and BRAF) iSupplemental Fig. 1, Aand
B, respectively ). In poiters, we found an
imverse correlation between miR-1 and
COMND2 protein (Supplemental Fig.
1C), whereas we did not observe any
imcrease in CXCR4 and SDF-1 expres-
sion with respect to the normal thyroid
tissue (Fig. 440

Restoration of miR-1 expression
reduces the cell growth rate,
motility, and migration of thyroid
carcinoma cell lines

To determine whether the reduced
miR-1 expression affecrs thyroid carci-
nopenesis, we evaluated the growth raie
of two thyroid carcinoma cell lines
transfected with a mil-1 expresion vec-
tor. To thisaim, we carried owut a coloay-
forming assay on FRO and TPC-1 cells,
tramsfecting them with the miR-1 gene
or the backbome wectors. As shown in
Fig. 5A, FRO and TPC-1 cels trans-
fected with miR-1 generated a lower
number of codonies than control teans-
fected colls. Mext, to examine the ansiu-
morigenic function of miR-1 in thyroid
cancer cells, we generated FRO and
TPC-1 stable cells expressing mil-1
(FRO-miR-1 and TPC1-miR-1, respec-
tvely). Quantitstive RT-PCR demon-
stratedd a4 higher than 1i4old norease of
miR-1 in the FRO-miR-1 and THC-1-
miR-1 cells with respect to the cells rans-
fected with the backbone veoos (FRO-EY
and TPC-1-EV, respectively) (Fig. 5B). As
shown in Fig. 5C, FRO-miR-1 and TPC-
1-miR-1 cells grow at 2 sipnificingy kower
rate in comparison with the untransfeced
and comrol vector-transfoced cells,

Then, we investigated the cell oycle
phase distribution of mift-1 stably trans-
fected FRO o TRC- cells through fow
cytometric analysis. As shown in Fip.
5D, FRO-mil-1 and TPC-1-miR-1
showed a significant decrease in the
transition from the Gl to the 5 phase
compared with the FRO-EV and TPC-
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13 and 2%, respectively ). Therefore, these resuls clearly m-
dicate the ahility of milt- 1 to exert an apoptotic effect, prob-
ably consequent to the induced mability to overcome the G1
phase.

It &= well known that the activation of the SOF-1af
CXOR4 pathway plays an importane roke in cell invasion
and migration and, thereby, in the cells ability to metas-
tasize, Therefore, we evaluated the effect of miR-1 over-
expression on the ability of FRO and TRC-1 cells 2o mi-
graie. For this purpose, two different methods have been
approached. First, we performed a scratch wound bealing
assay, Motility of FRO-miR-1 and FRO-EV cells at con-
fluence, incubated for 3 h with mitomycin C to inhibit the
profiferation, was monitored under a microscope at dif-
ferent time points after generation of the wound. Closure
of the wound was completed within 24 h in control
FRO-EV cells {Fig. 6A), whereas it occurs only after 24 h
i the FRO-miR-1 cells,

Then, we performed a migration assay. The cells were
seeded 10 serum-free medium on the top chamber of 3
rwo-chamber trans-well cell culrure plate. Colorimetnic
estimation of the cells miprated to the lower chamber re-
vealeda lower number of FRO-miR- 1 cells compared with
that of the FRO-EV cells (Fig. 6B). Similar results have
been obtamed with TPC-1-miR-1 and TPC-1-EV cells
\Fig. 6B).

Furthermore, to investigaie the role of miR-1 in inva-
sivity and, then, in the progression of thyroid carcinopen-
esis, we evaluated the effect of mil-1 restoration on the
malipnant phenotype by performing an invasion and a soft
apar assays. Asshown in Fig. 0, the restoration of mil-1
expression levels in the FRO cells ishibited theirability to
imvade the Matrigel matrix. Moreover, the FRO-miR-1
cells lose the ability 1o grow in an anchorage-independent
manner (Fig. &0,

Therefore, these results clearly demonsorare thar mil-1
expression markedly reduces the migration'motility and
invasivity of thyroid cancer cells.

Discussion

Here, we report that miR-1 is drastically down-regulated
in human thyroid goiters and neoplasias, suggesting a cor-
relation between miR-1 down-regulation and thyroid cell
growth. Theretore, these data would elearly support a -
mor suppressor role of miRk-1. Indeed, overexpression of
miR-1 in a couple of humsan thyroid carcinoma cell fines
causcs a drastic reduction of proliferation rate with an
increased number of the cell population in sub-G1 phase
of the cell cycle. This i consistent with previous data
showing the miRt- 1 ability to reverse the tumerigenic prop-

kemeendojournalzomg | ET295

erties. of lung cancer cells (11). Conssseent with a role of the
mik-1 down-regulation im thyroid cell proliferation, we
have identified as a rarget of miRk-1 the CCND2Z gene that
codes for the CCND 2 protein that has a critical role inocell
proliferation. We also report the identification of the
CNCR4and SDF-1o genes as targets of mil-1. In fact, we
show that the enforced expresion of the miR-1 signifi-
cantly decreases the CXCR4 and SIDF-1a protein levels.
This effect on the SDF-1e cxpresaon seems due to an m-
hibition of the SDF-1emRNA manshtion process because
no significant changes were observed in the mAMNA levels
after miK-1 treatments. Conversely, miB-1 is able 1o
down-regulate CXCR 4 protein levels by acting on the spe-
cific CXCR4mRNA depradation. However,in bothcases,
miR-1 directy regulates the expression of these two pro-
teins becawse we show thar miR-1 i able to nepatively
regulace the expression of the CXCR4 gene and SDF-1n
3'-UTR-based reporter constructs and this regulation is
dependent on the tarpet sites located i the CXCR4 and
SDF-1a-V-UTR sequences. The identification of these
targets may account for one of the mechanisms by which
mik-1 i involved 10 thyreid carcinogenesis, Indeed, the
CXNCR4 pene codes for a protein also called fusin, which
it an e-chemokine recepror specific for SDF-1CXCL1 2, a
molecule endowed with potent chemotactic activity for
bymphocytes (351, Both proteing are frequentdy overex-
pressed in FTC and play a major role in the mechanism of
Iymph node metastasis from primary mumer (30, 38).

The regulation of CXCR4and its lipand by miR-1 can,
at least parsially, account for their increased expression in
thyroid neoplasias. Indeed, we show a significant inverse
correlation between CXCR4 and SDF-1a protein levels
and miR-1 expression in FA, PTC, and ATC. Of course,
our results do not exclude chat other mechanisms, act-
ing at a transcriptionzl level, may account for the in-
creased CXNCR4 and SDF-1a expression in PTC. In Fact,
miRk-1 down-regulation would likely synergize with
these mechanisms,

Recent resulis have also reported that miR-1 is able to
tarpes the yrosine kinase recepeor for hepatocye growth
factor, encoded by the hepatocyte growth factor receptor
(MET) oncogene (12). The MET recepror promotes a
complex biological program named invasive growth that
results from stimulation of cell motility, invasion, and pro-
tection from apoptosis. This oncogene s overexpressed in
many human malipnant neoplasiaz (37). Here, we show
that miR-1 down-regulates the MET gene also in thyroid
cells (Supplemenzal Fig. 2}, confirming a rode of miR-1 in
cell migration. Moreover, we have recently shown that
cAMP response element-binding protein 1 (CREB1) s a
direct tarpet of mil-1 {Leone, V., D, IV Angelo, A Ferraro,
P. L Pallante, I. Rubio, M. Santors, C. M. Croce, and A,




Anexos 71

E1Z395 Lecre =t al. K4A-1 Down-Regulation in Thymod Cancer | Chn Erdocrral Metah, Sepdember 2011, 9621:E13838-£1358

FRO miA-1

o E
2 2
PR > E a4 b

| _E i

E i
o om 4
ul P rEo i P-4 mo
FRO NT FROEW FRQ mifR-1

Numbear of colonies
]

tm |
ume |
|
LT |
- |
u 4 - -

FROD NT FROEY FRO miR-1

RG. 6. Cverespeession of mB-1 inbibits thyrod cell migration. 4, FRG-miR-1 and FRO-EV cels were plated at equal density in sw-wel plaies and
grown to confluence - and incubated for 3 h with mitommydn C to inhibit the proliferation. Uiniform soatch was made insach cpnfiusnt bayper
culture, the extertt aof wound closure wes monitoned under 8 phase-contrast micosoope, @nd photographs were taken-at 0, 12, and 2008,
Wigration assxy. Colormetnic svaleation of the o=fls migrated from the uppesr §othe lower chamber. The cells wene stasned with orystal nalet,
wlubized in acetic acid and methanol (1: 1], ard absarbance was messured at 595 nme The results are the mears of three ndependent
ewpeniments 1 5. T, Invasion sssay by colosimednc svaluation of the o=l thad invaded the Matrigel matroe. The cells wees stained with crystad
wiclet and salpbdired = acstic acid ard methano! (1:1), and absorbance wes measured 2t 595 nm. The results are mears of thees independet
experinerts = % D, Analyis of ancharage-indeperdent growh of FRO-mif-1 and FRO-EY el A totnlaf 5 » 10" cmtic per Bl-rmm dish wene
used for this assay. A represerative section of colonies fomed Sfter 4 wik is shown. The FRIO-mif-1 siowed a drastic reduction in the number of
coionies in comparzan waith the urdmnsdfected ard EV-fransecied AAO cofic




Anexos

72

1 Cin Endocrinol Metab, Septernber 7011, S6/5):E1388-£1393

Fusco, manuscript in preparation). These resubis would
account fora key role of miR-1 down-repulation in the
growth of normal thyroid cells where CREB1 has a rele-
vant role in thyroid cell proliferation. Indeed. TSH,
through activation of iy receptor, stmulates the cAMP
pathway eventally leading to CREBI phosphoryladon
and transcriptional activation. Coasistent with this find-
ing, we have demonstrared that TSH stimulation in-
duces a drastic miR-1 down-regulation in rat thyroid
cells (Leone, V., f al., manuscript in preparation). In
conclusion. our data indicate a role of miR-1 down-
repulation in thyroid cell growth and transformation.
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Altered MicroRNA Expression Profile in Human
Pituitary GH Adenomas: Down-Regulation of miRNA
Targeting HMGA1, HMIGA2, and E2F1
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Context MicroRNa (miRNA) are 2n Important dass of regulators of gene expression. Altered
miIRMA exipression has been constantly found in human neoplasias and plays an iImportant role In
the process of cardnogenesis

Objecthse: The alm of this study was to Identify spectfic miRNA whose expression is aitered In
GH-semeting pliutary adenomas.

Design: Using 3 mRMACHIP micraarray, we heve analyzed the miknNa expression profile of human
GH adenomas v normal pituftary gland.

Results: We report the identification of a set of mIRNA, Induding miR-32b, mIR-326, mig-432,
milR-548c-3p, mIR-570, end miR-603, drastically and constantly down-regulated in GH adencmas.
‘Wedemonstrate that thess miRMNA target genes such as high-mobllity groupaat (HMGE 1), HAGAZ,
and E2F1, whose overexpresston andios acthration plays a oritical rofe In pituttary tumornigenests.
‘e also shiow that the enforced expresston of the down-regulated miiMA has 2 negative role on
the grovwth regulation of piiuttery adenoma cells. Finally, an inverse comrelatlon s found between
the expression of these mifthA and HMGAT and HMEAZ protein levels in GH adenomas.

Condusion: Our study Ideniifles 3 spediic subset of mikMA, whose down-regulstion might con-
tribute to pituitery tumorigenests. U O Endocrinol Metab 97 0000- 0000, 2012)

ituitary fumors are in most cases monoclonal adenomas histolopically mixed GHYprobactin (PRL) cell adenomas co-
arising from adenohypophyseal cells and represent secreting PRL and GH (31 Piuiciry adenomas appear to

about 15% of intracranial mumors {1, 2} GH adenomas (so-  resule from a multstep and mubticausal process in which
marctrophic adenomas) correspond to about 20% of all pi- - hereditary genetic predisposition, endocnine factors, and spe-
tuitary adenomas. In 30-50% of the GH adenomas, theyare  cfic somatic mutations may serve a5 coneributing factors.
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The high-mobifity groap A (HMGA) protein family
consists of four members, HMGA1a, HMGA1b, and
HMGA Ic jencoded through altemmative splicing by the
HMGAT gene) and HMGAZ (encoded by the HMGAZ
pene) {4, 5. The HMGA proteins interacting with the
transcriptional machinery can regulate, positively or neg-
atively, theexpression of several penes (6—51. HMGA pro-
tein expression is abondant during embryogenesis,
whereas it is absent or detected at very bow levels mromal
aduls tissue. Conversely, HMGA overexpression is a con-
stant feature of human malignant neoplasms (9).

We have previously shown that transgenic mice over-
expressing Hmpal or Hmga? penes-develop mixed GHY
PRL-secreting pituitary adenomas (10, 11) and that the
HMGAZ pene is amplificd and overexpressed in several
pituitary adenomas (8, 12). The overexpression of the
HMGA genes would induce pituitary adenomas by en-
hancing the activity of the E2 transcription factor 1,
E2F1, by up-regulating rthe expression of cyclin B2 and,
likely, other genes mainly involved in the regulation of
the cell cycle (8, 131

MicroRMNA [miRNA) are a class of small noncoding
RMA that regulate pene expression at the postiranscrip-
tional level, They bind to 3'-untranslated repions (3°-
UTR} of tarper mRNA, causing block of translation or
mRMNA depradation (141 Ther play important roles in
essential processes such asdifferentiation, cell growth, and
cell death {15, 16). Several smdies have demonstrated al-
tered expression of specific miRNA i different tvpes of
human neoplasias, sugpesting that they play a key rolein
tumorigencsis | 17 ). It has been previously demonstrated
tharmik-15a and miR16 -1 are expressed at low kevels in
pituitary adenomas. Their expression cormelarss inversely
with tumor diameter and directly with the secretion of the
antineoplastic cyrokine pd43 (184 Other studies have
shown alterations of miRMNA expression in pituitary ad-
epomas (19-21} In particular, it has been recently re-
ported thar 52 miRNA were differentially expressed in
GH adenomas and normal pituitanies. Several of these
miRNA may be invalved in cell proliferation, apoptosis,
and cancer development and progression (22).

To identify miRNA potentially involved in the patho-
penegis of GH adenomas, we have analyzed the miR™NA
expression profile of 12 human GH adenomas vs. nommal
pituitary gland. Interestingly, five of the most dows-
repulated miRMNA have av tarpets E2F, HMGAL, and
HMGAZ genes, all of which are already known to play a
critical role in pituitary mmorigencsis:

Materials and Methods
Tissue collection and RMA isolation

Piomimary sdenomas were sbaincd from panonts operatcd ar
E Jowanncau Service de Meomchinemgie U300, Grogpemen:

) Clin Endoenrol Metab, hdy 2012, 9700000000

Hiospimaher Fst Hospuoss Ciwals de Lyon. For cach umar, some
Fra.;u'n:nt were frozen m Hqui& n['l:rnn,l:n and stoacd ar K0 C
et BMA cxgracnon. Other fragmens wore Axcd m Boam-
Holland fiwid and cmbedded m parafhin for pathological diag-
noss, ncduding immanocymchomisry. Tumons wore dasaificd
according io the 2004 Winrd Healsh Drganization clasahcaton
iz sparscly or denscly pranulated adonomas and GH o GH-
PRL adcnomas. Age, scx, and dinical and hormonal dat of the
pancnts and the pathological charactenstc of GH adonomas
analyzed for miBMACHI arc summarized m Sapplenomial Ta-
hlc 1 {publshed on The Endocmc Soacry’s Joumals Onlme webk
mtc at bitpdccmoondopoernals.orgl. We declare that informed
conscat for the scicnmbic wse of kologic | marcral was oharmcd
fram all pan-.l:rn:.

Tortal BN A ixolation from human puIrl:r.i:u:ﬂ TUmTROTE Was por-
formed wath TRl reagent (Ieverogen, Carlshad, CA) accoed-
ing to the manusfactoror’s mstructons, RMNA from human nommal
pinstary glands wore paed as control. Mormal prowtarics were
obtamecd from autopsics of two females and onc male, aged from
40-50 ¥E, and devoid of cndocrine discascs:

miRNACHIP microarray

RMA labchng, bybndeaton on miANA micoarray chap,
and microarmay analysis wore performed as provecusly described
{13}, Dhfferemtially cxpresscd millNA tn priwrtary adonoma os-
suc samples were analyzed by class companson aang Student’s
1 kst procedorc. Microarmay data were analyrcd also by signid-
wcance analyss of microarray test (for more detarls sco Supple-
mental Information ). Each sample was analyeed for BN A ox-
prosseon profile i mphcaie (24

Bioinformatic prediction of miRMA target genes

(cnecs potcniafly targoned by the scloceed miMA wore ido-
tificd by wang diffcrene tonds avaidable onbine such as TargetSean
[wwwe.mrgrescanorgl and milanda (wwwmicoma.org). For
marc detmls soc Supplomental Information.

Reverse transcription and quantitative real-time
(qRT}-PCR

Heverse mansenipoon and g T-PCR formanure iR NA were
performed acconding to manufactarer’s instrochons of mScrpt
system lom (CHAGEMN, Valenoia, CAl {for morc detasds sec Sup-
plemental Information). qRT-MCR analyses for HMOAL
HMGAZ, and F2FT weore porformed as provususly descnibed
(131 To cakulatc the relative cxprossion [evels we used the
17835 mephind (25, Primers for glocosc-6-phosphate debidre-
penasc |GEP D) were used for nommahzanen, The promers scd

to amplify the above monnoncd genes arc roportcd in Supplc-
mental Information.

Cell lines and transfection
GH3, HP75, MEGD, and HEX-2%3 and transfoction meth-
ods arc described i Supplemenzal Informanon.

Western blotting and antibodies

Westcm blot anabysis was porformed as proviously described
&), and the membrancs were incobarcd with anohodics apainst
E2F] (C-28 Sanm Crur Buacchoology, Santa Croz, CA) e-m-
bl (SC-R{35- Santa Crox I,ﬂ-a.l:l:hrl {SC-1615:Sanm Crm.h amd
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ang-HMGAL and antg-HMUGAZ antbodics, all proevioosty de-
scrbcd (13, 26k,

Luciferase target assays

(clls wore comansfoced wath the modificd Recfly lucforase
vootors: deseribed in Sopplomontal Informanon, aloag wath the
renifla luoferase reporter plasmid and the Il NA olgomsclon-
tidcs: Fircfly and remilla hsoiferase activitics were measarcd 74 b
aftor ranstortrom wath the dual-lucfcrase reporter assay systom
Mromcga, Madisom, WL Fircfly actovety was normaliacd to re-
nulla activity as control of transfection chhaoncy.

Growth curve

Cells woore plated m six-well places and transbected wath il
nmoliml pre-mafl mBNA precierssr or scrambled olgomeclca-
tde vsang sMORT noalX. Colls were counted i emphcar ae
daily intcrvals wath a Burker homocytomotor chamber.

Colony-forming assay

Cells wore wamsfooerd with the pMIRNA cxprosson vootors or
the backhonc voctor, along wath the pBARE-puro corstrct ox-
prosing the puromycin-roastance peoc. Transfocred ocls wore sc-
krtcd by uang | mefml poromycen difused 1n the modrwm wsecd tor
oalnare. Afeer 15 d cclls wore Bacd and sincd with (1.1 % crystal
waplct in 20%: mcthanol, and rosulmmp, colonics were coamted.

Flow oytometry

After trypmmizanon, colls wore washed m PRS and fxed in
TU%% cthanol. Stainmg for DNA contont was performed wath 2
pfml propadiom wdide and 20 pp'ml riborsclease A for Hmm,
For cach measwere, 30,6} cvemts have boen analyzed. Weuscda
FAC can Aow cymometer (Becmon Dickmson, San Josc, CA) that
was intcrfaccd with 2 Hewletr-Packard computer {Tala Albo,
CA) Cell cycle dats were analyzed wath the CELL-FIT program
| Becton Dickmson).

josmendopoumakiorg. 3

Statistical analysis

Student’s § test was used to doterminc the sagnrhcance for all
the quanotative cxperiments. All error hare represent the 5.
Sranivtical mpnaficance for all the rosts, asscsecd by czlculanng the
P valec, wax <05,

Results
miRNA expression profile of GH-secreting pituitary

adenomas

We used a miRNACHIP microarray (23} 1o evaluate
the miRMA expression profile of 12 GH adenomas vs. that
of three normal pituitary glands. Eleven patients presented
with a GH-secreting adenoma with clinical and hormonal
signs of acromegaly, ooe with a silent GH adenoma. The
clinical and hormonal data and the histological features of
the umors are summarized in Supplemental Table 1. By
applying biosmatistcal analysis (see Materials and Meth-
ods), we obtained a list of miRNA differentially expresed
(P < L03) beeween normal pituitary and GH adenomas
{Tahle 1). Eighteen mi N A were down-regulated with
at least a 2-fold change in the neoplastic tissues com-
pared with the normal gland. Conversely, only one
miRMNA, the miR-320, was overexpressed (with a 13.3-
fold change) in GH adenomas, compared with normal
pituitary. To validate the results obeained by micraoar-
ray Chip, we analyzed the expression of eight down-
regulated miRNA (miR-34b, milt-326, miR-374b,
mil-432, miR-548c-3p, miR-570, miR-603, and miR-
£33) and the only one up-regulared (miR-320) by gRT-

TABLE 1. miRNA expression profie of GH-secreting pituitary adenomas vs. normal pituitary

Geometric mean of intensities Geometric mean of Intensities Fobd
In pltuitary adenomas In normal phuttary change miRMA unique [

1 1338 7274209 1006376500 13.3123E76 hsz-mik-320

. 610035528 8234445835 0.0660614 hsz-mifi-a33

3 b54.09E1341 4446 917357 01247152 nsz-mif-657

4 77 3976401 E35.220726 0.04926673 has-miR-663

5 B E623332 3602462431 0. 1683913 hsa-mif-432

E 93.443452 1320821671598 00707465 hsa-miR-B01

7 182 2341766 ZE83.0851269 0.0e20BOS hsa-mif-325

8 75 B02RG02 510 BB46ETS 01483757 has-mil-5ES

g 2170307218 2713 6989391 QLO079976 nsa-mift-3740
10 11,5571 388 B17.4436558 01644 TET hsa-miR-480-3p
1 HE_ 1058270 E74.4133742 0.1535424 hsz-mifi-o03
12 2485 5552871 AE00E 85725 QL201BI52 nsz-mif-483-3p
13 T4 42235971 3318440313 02242684 hsa-mif-5492
14 SEER1TIE 2020629337 Q2974028 nsz-mik-5al
15 102. 775683 5209025722 0197269 hsa-mifi-160
16 2301 80E3 17ZB.076057 0.1332007 nsz-mift-548c-3p
17 4529 34TTES3 17ES0. 1625191 Q25524 4E hsa-mif-o3&:
18 125910938564 49793184131 02528718 hsa-mif-5id
149 715553155 2IBITI05 D3 ZTTEL hsz-mif-340

The microamay sxperiment was perfoemed twics using the same ANA somples. The threshoid walte wed 1o soreen up- and down-regulated milkG
was more than 2-fold or fesx than 0.5-fold change.
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PCR oo a larger set of tumoral samples (18 GH adeno-
mas, 121 of which were already used for the microarray).
Ay shown in Fig 1A, a drastic down-regulation of mik-
34b, miR-326, miR-374b, miRk-432, mil-548c-3p,

I Clin Endocrinal Metsh, hdy 2012, S7{c0000-0000

miR-570, miR-603, and miR-633 was observed in GH
adencmas in comparison wich normal pinutary tssues,
As far as the miR-320 expressian is concerned, it was
highly wp-regulated in nine of 18 samples, whereas no

GH adenomas
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or a weak up-regulation was observed in the other ad-
enoma samples.

Mext, we investigated whether the altered expression of
these miRMNA was specific for GH histotype or 2 more
general event im pituitary remors. Therefore, we examined
their expression in six PRL adenoma and in 190 ponado-
troph adenoma samples by gRT-FCR . As showmin Fig. 1,
B and C, almost all of the anabyred miRNA showed the
same expression partern both in FRL and gonadotroph
adenomas with the exception of a few cases, Surprisingly,
mil-320 was drastically down-regulated in PRL and go-
nzdotroph adenomas, whereas it was highly up-regulated
in GH adenomas.

Identification of the target genes for the miRMNA
down-regulated in GH adenomas

Using bicinformatic tools (miRands and Tarpe:-
Scan) to search for potential targets of the above iden-
tificd miRMNA, we identificd several penes that could be
tarpeted by them. Interestingly, we found that three of
these miRNA (miR-326, miR-432, and milR-570) po-
tentially targer the HMGAZ? gene, two miENA (mil-
34b and miR-3548c-3p) have both the HMGAT and
HMGA? genes as predicred targets, and the other two
[mil-326 and mik-603) are predicted to regulare E2F1
{Supplemental Table 1) We focused on these tarpets
because it has been previously demonstrared that
HMGAT and HMGA 2 are overexpressed in most of the
human pituitary adenomas {8, 12} and that transgenic
mice overexpressing these penes developed mixed
PRL/GH pituitary adenomas (111, Itis also well known
that increased E2F] activity or expression can lead to
patuitary umorigenesis (13, 27, 28}

In Fig. 2, A and B, we report the miRMNA-targeting
siteson HMGA T and HMGA2 3"-UTR, respectively. To
validaze the influence of the identified miBNA on the
expression of HMGA geaes, we transfected them ingo
MEG-11 and HEK-293 cells, which express significant
levels of both HMGAL and HMGAZ, searching for
changes in HMGA /2 protein levels. The expression
levels of the transfected miRNA are reporied in Sup-
plemental Fig. 1. Transfection of miR-34b and miR-
548¢-3p decreased both HMGA L and HMGAZ protein
levels, whereas miR-326, miR-432, and miR-570 over-
expression resulted in the decreass of HMGA? protein
levels only (Fig. 2C and Supplemental Fipo ZA) com-
pared with the scrambled-transfected cells. Interess-
ingly, changes in HMGA T andior HMGAZ mRNA lev-
cls, even though quoite moderate, were observed in cells
transfected with miR-548c-1p, mik-432, and miR-570 {Fig.
I and Supplemental Fig 2B), suppesting that these milt A
act, arleast in part, through HMGA1/2 mRNA depradation.

joemendojoumakorg 5

Conversely, mo changes in HMGAT and HMGAZ mRNA
bevels were detecred after monsfection: with mil-34b and
mil-324, thus excloding their role in HMGATZ mBNA
degradarion,

To demonstrate that the direct interaction between
the analyzed miBNA and the HMGAT and HMGA2
mRNA was rexponsible for protein level decreass, we
inserted the 3'-UTR of HMGAL and HMGAZ mREMNA
downstream of the luciferase open reading frame, either
in sense (Loc-HMGAL-3'-UTR and Luc-HMGAZ-3'-
UTR| or in antisense |(Luc-HMGAIrev-3"-UTH - and
Luc-HMGAZrew-3°-UTR | orientation. These reporter
vectors were transfected in MEG-01 cells together with
miRMA oliponucleotide precursors or a scrambled oli-
goncleotide. As shown in Fig. 2E, the luciferase activ-
ity of the Luc-sense-37-UTR constructs was markedly
diminished after transfection of cach analyzed miEMA
compared with the scrambled, whereas the luciferase
activity of Luc-antisense-3'-UTR constructs did not
vary, indicating that these miRMNA interfere with
HMG AL and HMGA2 translation through direct inter-
action with their 3*-UTR. Moreover, we also performed
luciferase assays wsing 3°-UTR constructs of HMGAL
and HMGAZ in which we deleted the seed sequence of
miR-548c-3p and miR-326, respectively. Our resulis
show thar both HMGAT and HMGAZ 3-UTR deletion
mutants were not affected by mill-348c-3p or miR-326
transfection [Supplemental Fig: 2C).

As described above, E2FT was one of the predicted
tarpets for miR-126 and mir-603. The miRNA-target-
ing sites on E2F1 3'-UTR are represented in Fig. 3A. To
validate E2FI as target for miR-326 and miR-603, we
transfected these miRN A into MEG-01 cells, and quan-
tification of E2F1 protein and mRMNA levels was per-
formed by Western blor and gR T-PCH. respectively. As
shown in Fig, 3B, transfection of mik-326 and miR-603
decreased EZF1 protein levels with respect to the scram-
bled-mransfecred cells. A reduction of mRMA levels was
also observed indicating thar miR-326 and miR-603
regulate EZF1 protein levels also through E2F1 mRMNA
degradation (Fig. 3C). Similar results were obtained by
transfecting HEK-233 cells | Supplemental Fig. 3, A and
B). To validate the dicect inhibition of E2F1 protein by
these miRNA, we mserted 3°-UTR of the E2FI mRNA
cither in sense or in antsense onentation (Luc-E2F1-
3UTR and Luc-E2F Trev-3°-UTR} downsteeam of the
luciferase open reading frame, and reporter vectors
were transfected into MEG-01 cells along with oligo-
nucleotide precursors of miR-3126 and miR-603. As
shown in Fig. 3D, overexpression of the predicted E2F1-
tarpeting miR ™A significantly reduced [uciferase activ-
ity of the Luc sense construct, but not Luc antisense
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construct, indicating that the inhibi-
tion of EXF1 protein expression by
these miRMNA was dependent on their
direct binding to its 3-U7TH. These
results were further supported by sim-
ilar experiments, in which we used the
Luc-E2F1-3'-UTR-carrving deletion
in the seed sequences of mil-326 and
miR-503. These ceporter vectors were
not affected by miR-126 and miB-503
transfection, demonstrating that the
inhibitory activity of these miR™NA on
E2F1 expression s dependent on their
direct interaction with their binding
sites on E2F1 3-UTR (Supplemental
Fig. 1, C and D).

The miRMA down-regulated in GH
adenomas inhibit cell proliferation
To understand the rode of miRMNA
down-regulation i pimicary mmorigen-
esis, we analyzed their effects on cell pro-
biferation, performing oel prowth curves
using HF7 5 pituitary adenoma cells tran-
sicntly transfected with miR-34b, miRt-
326, miR-432, miR-548c-3p, miRk-570,
mik-503, or scrambled oliponucleotide.
As shown in Fig. 4A, a sipnificant reduc-
tion af cell number was observed 94 h
after ramsfection with the selocted
mifMNA  compared with  scrambled-
transfected celbs, Similar resules were also
obtained when rat GH3 pituitary bumor
cells were trapsfected with milR-326,
miB-4312, mik-348c-3p, miR-570, o
scrambled olipomucleotide (g, 4B). Be-
cause mil-34b and mil-603 targeting
sites on HMGA and FE2F1 3-UTR are
notconserved inrat, their effecs werenog
analyzed in these oells. Morcover, the in-
hibitory role of the analyzed miB™NA on
cell growth was also demonsteated by a
prowth curve performed oo human
HEK-293 cells (Supplemental Fiz. 4A ),
Mext, we performed a colomy-
forming assay on GH3 cells (Fig. 40)
after transfection with pMIENA ex-
pression vector carrying mil-32& pre-
cursor and on MEG-01 cells (Fig. 40
after transfection with pMIRNA ex-
pression vectors carrying mil-34b and
mill-326 precursors  along  with
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PBABE-purc-expressing gene for the resiseance to puro-
mycin. We focused our attention on these miRNA becawse
mil-34b was predicted o down-regulate both HMGAL
and HMGAZ mENA, and miR-326 was predicted to tar-
gt both HMGAZ2 and E2F] mRNA. As controf of the
PBABE-pure transfection efficiency in the presence of
PMIENA or backbone vectors, we also transfected cells
with pMILNA expression vector carrying miR-887 thar
does not have matching sequences m the 3-UTE of
HMGAT, HMGAZ2, and E2FI and does not have as pre-
dicted target genes coding for protein involved in cell

growth repulation. As shown in Fip. 4, © and Dy, cells
transfected with miR-34b and miR-326 generated a lower
number of colonies in comparison with the same cells
transfected with the backbone vector or the pMIRNA-
887, thus confirming the negative role of these mif A in
the regulation of cell growih.

Finally, to better characterize the effects of the ana-
byzed miRNA on cell cycle progression, miB™NA precur-
sors or scrambled oliponucleotide were transfected on
GH3 (Fip. 4E), MEG-D1 {Fig. 4F), and HEK-293 cells
{Supplemental Fig. 4B ) and analyzed by flow cytometry.
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RG. & mif-34b, mifl-326, mil-432; mil-5458c-30, mif-570, and mif-E602 nkeba ool pralferation. A and B, Cell growth curees of HPTS (A) and
GHE (B ol transfected with mifl-34b, mil-326, mif-432, mif-54Ec-3p, mill-570, and mil-E02 and courted each 24 h for 86 b afier plating. The
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pencentage of cefl in G and & phase i also reported. Each bar represents the mean <

tripkcats. *, F < 005 compared with sorambled transfected cafc

Interestingly, miBRMNA-transfected cells displaved an in-
crease in the G1-phase population and a decrease in the
S-phase compared with scrambled-transfected cells:
These results indicate that the overexpression of these

% from three independent expaiments performed in

miR ™A affects the G1-5 transition of the cell cycle pro-
gression, as expected by their targets (HMGAL
HMGAZ, and EZF1), known to be involved in the reg-
ulation of this phase of the cell cycle.
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with milfA sxpresion in GH sdenomas compared with normal
piiwtary (NF), as shown by Western biot znalysis of HMGAT and
HMEAT protein expression. The: leved of B-actin wes used a3 loading
control

SR HMGEAT

Irverse correlation between miAMNA expression
and HMGA1/2 expression

Toverify whether miRNA down-regulation might have
a role abso i e in the process of pituitary tumongenesis,
we analyred HMGAT and HMGAZ expression in somse
GH adenomas by Westem blot. As shown in Fip. 5, in-
creased HMGAL and HMGA2 protein levels, in compari-
son with normal pitultary, were observed in all GH ade-
nomas analyzed, all of which showed a decreased miBMNA
expression (Fig. 1A} in comparison with nomnal pituizany
tissue, Thest data sugpest that there may be an inverse
correlation  between miRMNA down-regulation  and
HMGALZ expression.

Discussion

To investigate the possible role of alterations of miBNA
expression in GH adenomas, we analyzed the miRMNA ex-
pression profile of 12 GH adenomas in comparison with
the normal pituitary gland by microarcay analysis. Nine-
teen mIRMNA were identified as differentially expressed
between pituitary adenomas and normal pituitary with a
sipnificant (= 2-fold) change. We focused our atrention on
cight of the down-repulated miRMNA because they were
predicted to tarpet HMGAT, HMGAZ, andfor E2F1
genes, Interestingly, these miRNA were also down-rego-
{ated in another six GH adenoma samples and in a large
majority of PRL and gonadotroph adenomas tested, sup-
gesting that their down-regulation might represent a gen-
cral event in pituitary tumoripenesis. However, the vali-
dation of this hypothesis requires the analysis of a higher
number of FRL and gonadotroph adenoma samples, be-
cause onlbya limited number of thess tumaors were analyzed
in ourstudy. Subse quently, we focused on the miR S A that
had as target penes HMGAL, HMGAZ, and E2F1, whose
role in pituitary tumorigenesis has been aleeady demon-
strated. Interestingly, three of these miRNA (miR-324,
milk-432, and miB-570) have HMGAZ as a target, two

joemeendojournakorg . 9

miENA (miR-34b and miR-548c-3p) have both the
HMGAL and HMGAZ penes as tarpets, and the other two
miRkNA (miR-326 and miR-603) have E2F1 as a target.
Therefore, the down-regulation of thess miRNA may ac-
count for the increased HMGA and E2F1 prosein levels
observed in pituitary adenomeas. This sppears extremely
inferesting because HMGAZ overexpression, after ampli-
fication and/or rearrangement of the HMG A2 pene asso-
ciated with trisomy of chromosome 12, where the
HMGAZ gene iz located, has been frequently observed in
PRL adenomas {12). Moreover, high protemn levels of
HMGAT have been correlated with imvasion, tumor size,
and higher Ki-67 index in PRL, silent ACTH, and gonado-
tropin adenomas (29). Consequently, the down-regula-
tdon of the miBMNA tampeting HMGAZ might syoerpgize
with HMGAD gene alterations in the induction of high
cxpression levels of HMGAZ protein in pituitary adeno-
mas. Accordingly, we report an inverse correlation be-
tween HMGA L2 protein levels and the expression of the
analyzed miRMNA inGH adenomas. This down-regufation
could, at beast partially, account for the HMGA2 overex-
piession in pituitary adenomas where no penomic
HMGAZ alterations have been observed, because it occurs
for mos: of the human nonfunctioning pituitary adeno-
mas, which rarely harbor trisomy of chromosome 12 {30},
Certainly, the down-regulation of miR-34b and miR-
548c-3p, both targeting HMGA T, could account for the
overexpression of HMGAL protein detected in most bus-
man pituitary adenomas (13} in the absence of any altera-
ton of the HMGAL pene locus.

Among the miRNA down-regulated m GH adenomas,
two target E2FT. Also in this case, the increased E3FT levels
could have a role in pituitary bomongenesis. Indeed, mice
carrying a gernlne mutaton of one Bb allele, cowang an
mcrease m the E2F1 activity, are highly predisposed o de-
velop pituitary temaors (31 ), and this ocours also in mice with
impaired function of p27 or pi8, which both converge on
pRE {32, 33} Morcover, the induction of the E2F1 activity
plays acritical role also m the pituitary adenomas induced in
transgenic mice overexpressing Hmgal or HmgaZ {131

Functional studies validated a role for the down-regu-
Lation of these mik ™A i temorigenesis. Indeed, the over-
expression of the selected miBNA mhibited cell prowth.
Moreover, fluorescence-activated cell sorting analysis
demonstrated that, consistent with the identified targety,
these miR™NA retain the cells in the G phase of the cell
cyvcle. Theresults reported here are consistent with a recent
study of our proup showing that five milkNA tarpeting the
HMGAT and HMGAZ penes are down-repulated in bo-
man pituitary adenomas | 34},

As mentioned in the introductory section, the miRNA
expression profile of GH adenoma has been already re-
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ported {19, 22). These sudies reveal different down-reg-
ulfated miBMA bur do not show conflicting resules. The
differences between thess studics may depend on 1) a dif-
ferent miR MA platform used for miRNA scroening and 2)
phamacological rearment preceding the surgical mter-
vention. Owr microarray data were analyzed also by sip-
nificance analysis of microarray test, a more stringent sta-
tistical technique for determining whether changes in pene
ormiRM A expression are statistically sipnifican: (formore
details see Supplemental Information). Therefore, it is
likely that, given the selectivity of our staristic analysis, our
system has excluded some miRMNA that have been previ-
ously identified as altered in GH adenomas. Of incerest is
the finding, in the study of Mao #f ol {22} that miR-126
and miR-381 are down-repulated in GH adenomas. The
target of these miE™A i the PTTG gene, which is over-
expressed in most pitutary adenomas and is imvolved in
multiple cellular pathways incdluding proliferation, trans-
formation, and anpgiopenesis (35, 36). Nevertheless, there
are some common findings berween our dars and the ones
previously published; miR-801 appears down-regulaned
in GH adenomas also in the work by Mao er all (22},
whereas miR-26 i reported a5 down-regulated in the
study of Bottoni et al. (19}

It is worth noting that our study, as other ones an-
alyzing R™NA and miR™ A expression profile in pituitary
adenomas, do ot wse, for technical reasons, the appro-
priate control that should be represented by normal
somatotrophs. However, the validity of our findings is
supported by the demonstration that our selected down-
regitated miR™NA scem to have a role in pituitary -
morigencesis because they are able to regulate the groweh
of pititary adenoma cells.

In conclusion, we report the identification of miRMA
drastically and constantly down-regulated in GH adeno-
mas, Because these miB MNA tarpet penes, such as HMGAT,
HMGAZ, and E2F1, whose overexpression andfor act-
vation plays a critical role n pituitary tumorigencsis, it is
reasonable to conclude that their down-regulation might
contribaste to this process, suggesting an approach to the
therapy of pituitary adenomas based on the restoration of
the down-regulated miR M AL
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