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RESUMO

O adenocarcinoma ductal pancreatico (ADP) é uma doenca altamente letal e
agressiva. Alteracdo no perfil de acetilacdo das histonas envolvendo
desacetilases de histonas (HDAC), assim como modificacbes da expresséo de
MIiRNAs podem levar ao desenvolvimento tumoral. Neste estudo, foi avaliada a
expressdo das HDAC1, HDAC2, HDAC3 e HDAC7 em ADP e amostras de
tecido pancreatico nao tumoral (TN) usando analises experimentais e de banco
de dados. Os niveis de expressdo foram correlacionados com caracteristicas
clinico-patoldgicas dos pacientes e foi realizada uma investigacao in silico de
mMiRNAs reguladores de efeito das HDACs. Os niveis de expressao das HDACs
foram avaliadas por gRT-PCR a partir de 25 amostras de ADP e 23 amostras
de TN e a andlise da expressao diferencial (ED) e correlacdo entre HDACs e
mMiRNAs em ADP foi realizada utilizando perfis de expressdo de seis
microarranjos do Gene Expression Omnibus. Potenciais relacbes miRNA-
HDACSs foram coletadas em bases de dados de interacdo de miRNAs. Um valor
de P<0,05 foi considerado estatisticamente significativo. Encontramos
expressao reduzida em ADP comparado com TN para todas as HDACs
analisadas, com P<0,05 para HDAC1, 2 e 3. Entretanto, os fold-changes foram
muito baixos e provavelmente sem relevancia bioldgica, e a expressdo da
HDAC2 e HDACT? foi correlacionada com a idade ao diagnéstico. Nenhuma
outra correlacdo entre a expressdo das HDACs e caracteristicas clinico-
patolégicas  foi  identificada.  Analises de  ED sugeriram significativa
superexpressao das HDAC1, 2 e 7 e subexpressdo da HDAC3, contudo todas
apresentaram fold-changes pequenos. As analises dos bancos de
dados identificaram 728 miRNAs como reguladores das HDACSs. Intersecdes
entre 0os conjuntos de mMIRNAs (GSE41369 e GSE43796) e aqueles
recuperados da andlise de expresséao diferencial indicaram cinco miRNAs que
influenciam a HDAC1 (miR-188-5p, miR-539, miR-708, miR -4269 e miR-3616-
3p) e trés que influenciam a HDAC2 (miR-4307, miR-944 e miR-195). A
expressdo das HDACs provavelmente ndo € um biomarcador de progndstico
robusto para o ADP, uma vez que a expressao diferencial entre os grupos é
sutil. Ainda, este e estudos anteriores indicam nenhuma ou pouca associagéo

entre a expressdao HDACs e caracteristicas clinico-patolégicas relacionadas



com o prognastico. Finalmente, miRNAs provavelmente ndo estdo exercendo

um papel central na regulacdo da HDACs no ADP.



ABSTRACT

Pancreatic ductal adenocarcinoma (PDAC) is a highly lethal and aggressive
disease. The disruption of histone acetylation through histones deacetylases
(HDACSs) and expression regulation by miRNAs can lead to tumor development.
In this study we assessed HDAC1, HDAC2, HDAC3 and HDAC7 expression in
PDAC and non-tumoral tissue (NT) samples using experimental and databases
analysis, correlated their expression levels with clinical and pathological
features in patients and performed in silico investigation of HDACs regulation by
mMiRNAs. Expression levels of HDACs were measured by qRT-PCR from 25
PDAC and 23 NT. An analysis of differential expression (DE) and correlation of
HDACs and miRNAs in PDAC was performed using six Gene Expression
Omnibus microarray datasets. Potential miRNA-HDACs relationships were
collected from miRNA interaction databases. A P<0.05 was considered
statistically significant.

We found reduced expression in PDAC compared with NT for HDAC1, HDAC?2
and HDACS3, with P<0.05. Expression levels of HDAC7 did not significantly
differ between groups. However, fold-changes were very small and probably not
biologically relevant. Only HDAC2 and HDAC7 were associated with age at
diagnosis and no other associations between HDAC expression and clinical
features were identified. DE analysis suggested significant up-regulation of
HDAC1, HDAC2 and HDAC7, and down-regulation of HDACS3, albeit all of them
associated with small fold changes. Databases analysis identified 728 miRNAs
that could be HDACSs regulators. Intersections among the set of miRNAs found
in differential expression analysis of GSE41369 and GSE43796 and those
retrieved from target prediction identified five miRNAs targeting HDAC1 (miR-
188-5p, miR-539, miR-708, miR-4269 and miR-3616-3p) and three targeting
HDAC2 (miR-4307, miR-944 and miR-195). HDACs expression is likely not a
robust prognostic biomarker in PDAC since differential expression between
groups is subtle. Also, this and previous studies indicate no or only very few
associations between HDACs expression and clinicopathological features
related to prognosis. Finally, miRNAs are probably not exerting a central role in
HDAC regulation in PDAC.
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I.1. Epidemiologia do cancer de pancreas

As neoplasias malignas sdo uma das principais causas de Obito no
mundo, e sua incidéncia e mortalidade sO perdem para as doencas
cardiovasculares. No Brasil, as estimativas para o ano de 2016 indicam a
ocorréncia de 596 mil novos casos de cancer. O panorama do crescimento das
doencas cronico-degenerativas como o0 cancer € o resultado de diversos
fatores como, por exemplo, o envelhecimento da populacdo e o estilo de vida.
As acdes de promocdo e recuperacdo da saude com foco em patologias
cronicas neoplasicas possibilitam o rastreamento e diagndstico de tumores em

uma grande parcela da populacdo (INCa, 2015a).

Entre os tumores gastrointestinais, o cancer de pancreas € o segundo
mais comum, perdendo apenas para tumores do colén (Song e Lee, 2013).
Segundo estatisticas mundiais, este tumor € o 12° com maior incidéncia e a
sétima causa de morte por cancer (Ferlay et al., 2015). Nos Estados Unidos, as
estimativas para 2015 indicaram que a incidéncia foi de 48.960 novos casos e
esse tipo tumoral foi a quarta causa de morte relacionada ao cancer (Siegel,
Miller e Jemal, 2015). No Brasil, esta doenca corresponde a apenas 2% de
todos os casos novos de cancer diagnosticados e a 4% do total de ébitos
decorrente deste tipo de doenca (INCa, 2003). As altas taxas de mortalidade
associadas ao cancer de pancreas decorrem da dificuldade de deteccédo, alta
agressividade e diagnostico tardio, pois ndo ha sintomas especificos e a sua
biologia tumoral € muito agressiva (Wray et al., 2005). O Unico tratamento
curativo existente para este tipo tumoral é a resseccao cirdrgica. Contudo,
cerca de 80 a 85% dos pacientes apresentam tumores irressecaveis e/ou
metédstases que contraindicam a resseccao (Neuzillet, Sauvanet e Hammel,
2011; Vincent et al., 2011). O adenocarcinoma ductal pancreéatico (ADP) é o
tipo histolégico de tumor pancreatico mais frequente e de pior progndstico,
compreendendo 90% dos tumores nesse 6rgao (Neuzillet, Sauvanet e Hammel,
2011).

I.2. Aspectos clinicos do adenocarcinoma ductal pancreatico

A maior parte dos casos de ADP é diagnosticada em estagios bem

avancados da doenca, sendo que a taxa de sobrevida em cinco anos € de 20%
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para pacientes com doenca localizada e apenas de 2% para aqueles com
metastases a distancia (Simianu et al., 2010; Kim e Ahuja, 2015). O
estadiamento de todas as neoplasias é utilizado para avaliar a extensao,
determinar o planejamento terapéutico e indicar o prognéstico da doenca. A
ferramenta de avaliagdo do estadiamento recomendada pela Unido
Internacional contra o Céancer (UICC) é a Classificacdo TNM. Este sistema
baseia-se na extensdo anatdbmica da doenca, considerando as caracteristicas
do tumor primario (T), dos linfonodos das cadeias de drenagem linfatica do
orgdo em que o tumor se localiza (N), e a presenca ou auséncia de metastases
a distancia (M). Cada tumor recebe graduacbes em cada categoria e a
compilacdo dessas informacdes confere um estadiamento geral. Com base
nessas informacgdes, o tumor é classificado de inicial/localizado (estagio 0 ao
lIb) a irressecavel (estagio lll e 1V). O Quadro 1 apresenta as definicbes de
estadio TNM do cancer de pancreas (INCa, 2015b).
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Estadio T (Tumor primério)

Tx  Tumor primario ndo pode ser acessado

TO Na&ao ha evidéncia de tumor primario

Tis Tumor in situ

T1 Tumor limitado ao pancreas e < 2cm

T2 Tumor limitado ao pancreas e > 2cm

T3 Tumor se estende além do pancreas sem envolvimento do plexo
celiaco ou artéria mesentérica superior

T4 Tumor se estende além do pancreas e envolve o plexo celiaco ou

artéria mesentérica superior

Estagio N (Linfonodos regionais)

Nx Linfonodos regionais ndo podem ser acessados
NO Auséncia de metastase nos linfonodos regionais

N1 Presenca de metastase nos linfonodos regionais

Estadgio M (Metastase a distancia)

Mx A presenca de metastase a distancia ndo pode ser avaliada
MO Auséncia de metastase a distancia

M1 Presenca de metastase a distancia

Grupamento por Estadios

Estadio 0 Tis NO MO Localizado

Estadio IA T1 NO MO Localizado
EstadioIB T2 NO MO Localizado

Estadio 1A T3 NO MO Localmente invasivo
EstadiollB T1-3 N1 MO Localmente invasivo
Estadio lll T4 Qualguer N MO Irressecéavel

Estaddio IV Qualquer T Qualquer N M1 Irressecéavel

Quadro 1.Classificacdo TNM de tumores malignos: pancreas”
1 Unido Internacional Contra o Cancer (UICC) (INCa, 2015b).

Segundo a Sociedade Americana de Oncologia Clinica
aproximadamente 45-55% dos pacientes s&o diagnosticados na fase

irressecavel (lll e IV), na qual o tumor se disseminou para além da area do
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pancreas e de outros 6rgaos, como o figado, ou areas distantes do abdémen
(ASCO, 2014). A agressividade e letalidade do ADP se devem a diversos
fatores. O primeiro deles € o fato do pancreas estar localizado na porcéo
posterior do abdémen (retroperitdnio), o que dificulta a deteccédo precoce por
métodos convencionais de investigacdo e exame clinico (Molin e Maitra, 2012).
O segundo fator é a apresentacdo de sinais e sintomas inespecificos. As
manifestacbes dependem em grande parte da localizacdo do tumor e estagio
da doenca: em cerca de 65% dos casos o tumor esta localizacdo na cabeca do
pancreas, 15% no corpo/cauda e 20% envolvem o 6rgédo de uma forma difusa.
A localizacdo tumoral na cabeca do pancreas frequentemente leva a obstrucao
da via biliar, desencadeando a colestase, cuja sindrome clinica se expressa por
ictericia, coluria e acolia. Outros sintomas incluem dor abdominal, glicemia
alterada, astenia, anorexia e perda de peso, sendo fundamental o diagnostico
diferencial com pancreatite cronica e diabetes (Hidalgo, 2010; Simianu et al.,
2010). O terceiro fator € que os tumores pancreaticos comumente apresentam
metastases hepaticas, na cavidade peritoneal e pulmdes, mesmo em estagios
precoces. De fato, foi observado por Rhim e colaboradores (2012) que o
desenvolvimento de metastases pode acontecer concomitantemente ao
aparecimento da lesdo intraepitelial pancreatica (lesées precursoras do ADP)
em um modelo animal. Tais dados podem explicar por que pacientes que
realizam cirurgia de resseccado total do tumor com boas margens e sem
nenhum sinal de metdstase no momento da cirurgia apresentam recidivas
relacionadas ao sitio priméario poucos meses apés o procedimento (Rhim et al.,
2012). Por fim, o quarto fator crucial para a letalidade do ADP é a sua
resisténcia aos tratamentos quimioterapicos e drogas alvo-moleculares
desenvolvidos até o momento, 0 que pode estar ligado a sua baixa
vascularizacdo, a sua heterogeneidade molecular e as subpopulacdes de
células tronco presentes nesses tumores (Hingorani et al., 2005; Li et al., 2007;
Olive et al., 2009).

I.3. Biologia molecular do adenocarcinoma ductal pancreatico

O conhecimento dos mecanismos moleculares associados ao ADP
aumentou significativamente nos ultimos anos. Hoje, sabe-se que existem

genes fortemente relacionados ao desenvolvimento e a progressao desse tipo
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de tumor. As lesBes neoplésicas se dao em funcdo de mutagBes em diferentes
familias de genes: genes supressores de tumor, de manutencdo e reparo
celular e genes relacionados a proliferagdo, também chamados de oncogenes.
Essas alteracbes moleculares sdo observadas em trés lesdes pré-malignas:
neoplasias intraepiteliais pancreéaticas (NIPan) que sdo mais frequentes e
melhor caracterizadas, neoplasias intraductais papiliferas mucinosas (NIPM) e
neoplasias cisticas mucinosas (NCM). Estas duas ultimas apresentam como
caracteristica a producdo de mucina e visibilidade em exames de imagem
(Maitra e Hruban, 2008; Bosman et al., 2010).

Hruban e colaboradores (2000) identificaram e definiram um modelo de
progressdo de ADP com as alteracbes genéticas associadas a partir das
NIPans. Segundo eles, o epitélio normal comecaria a sofrer mutacbes em
oncogenes até desenvolver pequenas lesBes displasicas nos ductos
pancreaticos (NIPan, estagio 1A e 1B). Outras mutacdes levariam a perda de
funcdo em genes supressores de tumor, causando uma displasia severa
(NIPan estagio 2 e 3) e, por fim, a formacao do epitélio desmoplasico e invasor,
caracterizando o ADP (Hruban, Wilentz e Kern, 2000). O modelo de progresséo

tumoral do ADP a partir das NIPans esta resumido na Figura 1.
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Figura 1. Modelo de progressdo do cancer pancreatico (adaptado de
(Hruban, Wilentz e Kern, 2000; Bardeesy e Depinho, 2002).

O acumulo de sucessivas mutacfes nas células pancreéaticas somado a
alteracdes epigenéticas desencadeia a formacdo do ADP (Omura e Goggins,
2009). Entre as alteracGes genéticas, 0s genes que tém um papel crucial para
a progressao e desenvolvimento tumoral sdo KRAS, CDKN2A (p16 INK4A),
TP53, BRCA2 e SMAD4/DPC4 (Bardeesy e Depinho, 2002).

Nas fases iniciais da lesdo, observamos a ativagcdo de genes, em
especial do gene KRAS, com mutacgdes presentes em cerca de 30% das lesdes
iniciais e em 95% das lesGes avancadas de ADP. Alteracdes na familia KRAS
de oncogenes induzem a proliferacdo, sobrevivéncia e invasdo celular. A
superexpressao do gene ERBB2 também esta presente nas NIPans 1A-1B. A
telomerase é ativada no final da progressdo do ADP, sendo um ponto
fundamental para o processo de imortalizacdo das células tumorais (Bardeesy
e Depinho, 2002).

O desenvolvimento do processo neoplasico se consolida ap6s mutacdes
de perda de funcdo ocorrerem em genes supressores de tumor. A perda de
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funcdo do gene CDKN2A é encontrada em 80-95% dos ADPs a partir dos
estagios avancados e NIPans 2-3. O gene CDKN2A esta estritamente
relacionado a transcricdo dos genes supressores de tumor INK4 e ARF e,
desta forma, quando ha alteracdo em sua fungcédo ocorre um distlrbio nas vias
de sinalizag&o retinoblastoma (Rb) e p53 (Liggett e Sidransky, 1998; Bardeesy
e Depinho, 2002). MutacBes no gene TP53 sdo encontradas em 50-75% dos
casos de ADP (Redston et al., 1994), sendo mais pronunciadas nas NIPans 2-
3. Como consequéncia da perda de funcdo da proteina p53, a célula
desencadeia processos de instabilidade genémica. Mutacdes no gene BRCA2
sdo eventos mais tardios da progressdo do ADP e individuos portadores de
mutacfes herdadas nesse gene apresentam um risco significativo de
desenvolvimento de cancer de mama, ovario e pancreas, sendo o ultimo
menos incidente (Bardeesy e Depinho, 2002). A presenca de delecdes ou
mutacBes no gene SMAD4/DPC4 pode chegar a 55% dos ADPs (Liu, 2001) e
sua funcado esta intimamente ligada a via de sinalizacdo TGF-B, que tem um
papel fundamental no bloqueio do crescimento das células epiteliais normais.
Desta forma, alteracdes na expresséo desse gene impedem o bloqueio do ciclo
celular ou apoptose (Bardeesy e Depinho, 2002).

I.4. Epigenética

Segundo Feinberg, a epigenética é definida como o conjunto de
modificacbes do genoma, transmitidas durante a divisdo celular, que nao
envolvem uma alteracdo na sequéncia de DNA (Feinberg, 2001). Durante a
embriogénese, 0S mecanismos epigenéticos permitem que as células
progenitoras pluripotentes, que possuem o mesmo DNA gendémico, obtenham a
capacidade de se diferenciar em populagcbes distintas. Estes processos
regulam a expressao de redes génicas com tempo e intensidade especificos,
que por sua vez sédo capazes de modificar o fendtipo sem alterar a sequéncia
do DNA (Lomberk e Urrutia, 2015). Tais processos tem influéncia no
desenvolvimento e durante todo o tempo de vida do individuo e, assim, a
desregulacdo epigenética pode estar relacionada a ativacdo ou inibicdo
inapropriada de varias vias de sinalizacédo, levando ao desenvolvimento de

doencas, como o céancer (Jones e Baylin, 2002; Egger et al., 2004). Existem
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algumas diferencas entre a epigenética e 0S mecanismos genéticos
convencionais, que incluem a reversibilidade e a capacidade de agir em
distancias ndo esperadas, maiores do que um unico gene (Omura e Goggins,
2009).

Os principais mecanismos de regulacdo epigenética sdo as modificacdes
na conformagdo das histonas, metilagdo do DNA e regulagdo por miRNAs
(Sawan et al., 2008; Lomberk e Urrutia, 2015). Os dois primeiros processos
alteram a acessibilidade da cromatina, regulando a transcricédo local ou global
do DNA, enquanto o ultimo regula a expressao génica principalmente através
do silenciamento de RNAs mensageiros (Lund e Van Lohuizen, 2004).

I.4.1. Modificacdes nas Histonas

A organizagado nuclear condensada nas células eucariotas é dependente
do estado de agregacdo do nucleossoma, que por sua vez € composto por
DNA e proteinas béasicas denominadas histonas. Esta unidade basica da
cromatina é formada pelas histonas H2A, H2B, H3 e H4, as quais formam um
complexo que, por sua vez, se dimeriza a um complexo igual, formando um
octamero protéico em torno do DNA (Figura 2) (Luger et al., 1997; Schneider et
al., 2011). Além disso, a histona H1 € uma proteina externa ao octamero de
histonas-DNA e exerce um importante papel na compactacdo da cromatina
(Mazzio e Soliman, 2012).

Figura 2. Estrutura do nucleossoma. Dupla hélice de DNA de 146 pb.

O dominio N-terminal das histonas pertencentes ao octamero se estende
para fora do nucleossoma, o que permite a acessibilidade de complexos

reguladores epigenéticos que podem, de uma maneira geral, adicionar ou
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retirar moléculas covalentes a essas proteinas. Essas modificacbes séo
capazes de alterar a conformacdo do nucleossoma e a acessibilidade das
maquinarias de reparo, replicagéo e transcricdo ao DNA (Lee et al., 1993;
Peterson e Laniel, 2004; Groth et al., 2007; Mazzio e Soliman, 2012). As
modificagdes pos-traducionais das histonas incluem: a acetilagdo de lisinas, a
metilagdo de lisinas e argininas, a fosforilagdo de serinas e treoninas, a
adenosina difosfato-ribosilacdo de acido glutdmico e a ubiquitinacdo e
sumoilacdo de residuos de lisina, entre outros (Lomberk e Urrutia, 2015). As
marcas epigenéticas ndo ocorrem isoladas nos dominios N- terminais das
histonas e sdo capazes de exercer diferentes efeitos na expressdo génica.
Strahl e Allis (2000) propuseram que uma dada alteracdo pode ser
determinante para subsequentes modificacdes na mesma ou em outra histona,
e esse mecanismo ficou conhecido como “codigo das histonas”. (Strahl e Allis,
2000; Margueron, Trojer e Reinberg, 2005). Assim, a presenca de uma
determinada modificacdo pode facilitar ou impedir que uma segunda aconteca,
sendo essas alteracOes capazes de induzir diferentes niveis de organizacao da
cromatina e ainda serem transmitidas para células descendentes (Lomberk e
Urrutia, 2015). Atualmente, a modificacéo ativa no processo transcricional mais
estudada é a acetilagdo dos residuos de lisina das histonas 3 e 4 (H3 e H4),
gue levam a formacéo da eucromatina (Li, Carey e Workman, 2007).

O processo de modificacdo das histonas por acetilacdo é dependente de
dois grupos de enzimas: as acetilases de histonas (HATS) e as desacetilases
de histonas (HDACs). As HATs promovem a acetilacdo em residuos de lisina
nas histonas H3 e H4 e conferem a ativacdo da molécula de cromatina
(eucromatina), permitindo que a cromatina fique acessivel para a agdo dos
fatores de transcricdo (FT). Por outro lado, a acdo das HDACs consiste na
remocgéao dos radicais acetil do aminoacido lisina nas histonas H3 e H4, o que
impede o acesso dos FTs a cromatina, inativando-a (heterocromatina), como

mostrado na Figura 3 (Brown et al., 2000; Schneider et al., 2011).
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A)

B)

Heterocromatina

Figura 3. Modificacdo das histonas por acetilagdo (Adaptado de Sharma,
Kelly e Jones, 2010). A) As acetilases de histonas (HATs) promovem a acetilagdo
da cromatina, liberando o acesso a fatores de transcricdo epermitindo a ligagdo da
RNA Polimerase Il (Pol-ll). B) Com acdo inversa, as desacetilases de histonas
(HDACs) removem os radicais acetil das histonas, impedindo a ligagédo dos fatores de

transcrigdo e envolvidas no silenciamento génico.

A familia das HDACs apresenta quatro classes que possuem algumas
diferencas em relagdo a sua homologia no sitio catalitico, sendo entéo
classificadas de | a IV (Figura 4). As classes I, Il e IV apresentam como
caracteristica a necessidade da presenca de um ion zinco para a hidrélise do
grupo acetil. A classe lll, também conhecida como classe das sirtuinas (SIRT),
em razdo da sua relacdo com os genes SIRT1 e SIR2, € dependente da
presenca do cofator metabolico NAD® para promover a desacetilacdo e
liberacdo do grupo acetil (Gregoretti, Lee e Goodson, 2004; Ekwall, 2005). A
classe | possui quatro diferentes de enzimas: as HDACs 1, 2, 3 e 8. A classe |l
€ subdividida em classe lla, que apresenta apenas um dominio catalitico,
sendo composta pelas HDACs 4, 5, 7, 9 e 10; e classe Illb, que possui dois
dominios cataliticos, € composta pelas HDACs 6 e 10. A classe lll é formada
pelas SIRTs1, 2, 3,4, 5, 6 e 7; e a classe IV possui apenas um representante,
a HDAC11 (Grozinger e Schreiber, 2002; Yang e Seto, 2008; Schneider et al.,
2011).
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Classe Isoforma Subunidade Catalitica Cofator

Localizacao Celular

Expressio Dominio Catalitico

I Hpac1 RPD3 Zn™  Nuclear Ubiqua N____C
HDAC2 Nuclear
HDAC3 Nuclear e Citoplasmdtica
HDACB Nuclear

lla  HDAC4 HDA1 Zn™  Nuclear e Citoplasmdtica ~ Especifica N--:-j--c
HDACS Nuclear e Citoplasmdtica
HDAC? Nuclear e Citoplasmdtica
HDAC9 Nuclear e Citoplasmdtica

b HDAC6 HDA2 Zn"  Nuclear e Citoplasmdtica  Especifica . E-:l c
HDAC10 Nuclear e Citoplasmdtica

i gRT1 Sir2 NAD"  Nuclear Variavel N-
SIRT2 Citoplasmatica L[ [ e
SIRT3 Mitocondrial
SIRT4 Mitocondrial
SIRTS Mitocondrial
SIRT6 Nuclear
SIRT7 Nuclear

IV HDAC11 RPD3/HDAL Zn”  Nuclear

Ubiqua

Figura 4. Classes de desacetilases de histonas (Adaptado de Schneider et al.,

2011; Shirakawa et al., 2013).

As HDACs também podem atuar removendo grupos acetil de proteinas

nao-histonas como fatores de transcricdo (E2F, p53, c-Myc, NF-kB), fator

indutor de hip6xia 1-alfa (HIF-1a), receptor de estrogénio, receptor andrégeno,

MyoD, chaperonas (HSP90), mediadores da sinalizacdo (Stat3, Smad7),

proteinas de reparo (Ku70), a-tubulina, p-caderina, retinoblastoma (pRb) e

exercendo efeitos diretos em varios processos biolégicos (Figura 5) (West e

Johnstone, 2014) .
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Figura 5. Consequéncias biologicas da desacetilacdo de proteinas (West e
Johnstone, 2014).

1.4.1.1. Desacetilases de histonas em adenocarcinoma ductal pancreatico

O papel das HDACs no desenvolvimento e controle de neoplasias tem
se tornado alvo de muitos estudos, uma vez que a acdo das HDACs pode
resultar no impedimento da transcricdo de genes regulatérios ligados a
diversas vias, desempenhando um papel que favorece o aparecimento de
tumores (Bi e Jiang, 2006; Haberland, Montgomery e Olson, 2009; Schneider et
al., 2010).

A classe | das HDACs é fortemente investigada no processo de
tumorigénese do ADP, visto que muitas pesquisas mencionam a sua
desregulacdo em amostras tumorais e linhagens celulares analisadas por
imunohistoquimica (IHQ), western blotting e testes moleculares.

A HDAC1 foi descrita como superexpressa em tumores humanos de
préstata, gastrico e de mama (Choi et al., 2001; Kim et al., 2004). Através de
uma abordagem utilizando imunohistoquimica, foi visto que a expressédo de
HDACL1 esta elevada em 56% dos casos de ADP e sua superexpressao esta
relacionada a alta atividade proliferativa, pior grau de diferenciagdo do tumor,
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maior estadiamento TNM e pior sobrevida (n=39) (Miyake et al., 2008; Wang et
al., 2009; Bosman et al., 2010). A superexpressdao de HDAC1l também foi
correlacionada a caracteristicas clinicas desfavoraveis tais como pior grau de
diferenciacdo do tumor, atividade proliferativa e pior estadiamento TNM, em
uma série de 54 amostras de ADP. Zhou e colaboradores (2011) observaram
superexpressao de HDACL1 por IHQ em cinco casos de ADP (100% dos casos).
O estudo também avaliou a expressdo génica em sete linhagens de ADP e
indicou alteracdo em duas delas (28%) utilizando a técnica de gRT-PCR
(Zhou, Liang e Yee, 2011). Lehmann e colaboradores (2009) detectaram uma
expressdo aumentada de HDAC1 em 32% dos casos em um estudo de IHQ
(n=78) (Lehmann et al., 2009).

Em relacdo a HDAC2, uma elevada expressdo em tumores de pancreas
(63%) foi observada e relacionada a um pior grau de diferenciacdo do tumor
(Lehmann et al., 2009). A mesma caracteristica desfavoravel também foi
observada por Fritsche et al., e 0 grupo observou ainda que a expressao de
HDAC2 em ADP foi 2,2 vezes maior do que no tecido normal (Fritsche et al.,
2009).

Quanto a HDAC3, um estudo envolvendo 78 pacientes com ADP
descreveu uma forte imunorreatividade nuclear para essa proteina em 79% dos
casos. Adicionalmente, sua expresséo foi correlacionada com a do gene SKP2
(oncogene com papel em vias de proliferacdo celular) (Lehmann et al., 2009).
Mais recentemente, Jiao e colaboradores identificaram superexpressao de
HDAC3 em um restrito nUmero de casos de ADP (100%, n=4) por Western
Blotting. O grupo também observou superexpresséo proteica de HDAC3 em
oito linhagens de ADP (100% dos casos) (Jiao et al., 2014).

A classe Il foi avaliada juntamente com a classe | em sete linhagens
celulares de cancer de pancreas (quatro derivadas de tumor primario e trés de
metastases de ADP) por Western Blotting. Enquanto as HDACs 4, 7 e 9
estavam superexpressas em seis linhagens (86%), a HDAC6 estava
superexpressa em trés (42%), e HDAC10 em apenas uma (14%) (Wang et al.,
2012).

A investigagao proteica comparativa das HDACs em tecidos pancreético
tumoral e adjacente nao-tumoral esta amplamente descrita na literatura, mas

poucos estudos avaliaram a expressdo génica objetivando a investigacao de
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HDACs em tecidos de ADP. Ouaissi et al., (2008) avaliaram o perfil de
expressao dos quatro grupos de desacetilases de histonas em 11 pacientes
com ADP, e seus resultados indicaram uma superexpressao de SIRT5 (90%) e
HDAC7 (81%); para as demais desacetilases o tecido pancreatico normal
apresentou maior expressao (Ouaissi et al., 2008). Em 2014, o grupo ampliou a
andlise para 29 casos de ADP e seus resultados corroboraram a analise
anterior em relacdo a superexpressdao de HDAC7 e, adicionalmente, foi
observado o mesmo perfil para a HDAC2 (Ouaissi et al., 2014). Os resultados

de todos estes estudos estdo resumidos na tabela 1.
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Tabela 1. Principais caracteristicas dos estudos de HDACs em ADP.

Tipo de Amostra N Método Resultado Referéncia
Tecido parafinizado 39 IHQ! Superexpressdo em 56% dos casos  Miyake et al., 2008
Tecido parafinizado 78 IHQ Superexpressdo em 32% dos casos  Lehmenn et al., 2009
HDAC1 Tecido parafinizado 54 IHQ Superexpressao Wang et al., 2009
Linhagens celulares 7 linhagens qRT-PCR? (Szlg%/i;expressao em duas linhagens Zhou, Liang e Yee, 2011
Tecido parafinizado 5 IHQ Superexpressdao em 100% dos casos Zhou, Liang e Yee, 2011
Linhagens celulares 7 linhagens WB (S4u2%2;expressao em trés linhagens Wang et al.,2012
Tecido parafinizado 35 IHQ Superexpressao Fritsche et al., 2009
Tecido parafinizado 78 IHQ Superexpressdo em 63% dos casos  Lehmenn et al., 2009
HDAC2 Linhagens celulares 7linhagens ~ WB® (Sllg%%zsxpressao em sete linhagens Wang et al..2012
Tecido fresco 29 gRT-PCR Superexpressao Ouaissi et al., 2014
Tecido parafinizado 78 IHQ Superexpressdo em 79% dos casos  Lehmenn et al., 2009
Linhagens celulares 7 linhagens WB (SSlgazgexpressao em seis linhagens Wang et al.,2012
HDAC3 . - N :
Tecido parafinizado 4 WB Superexpresséo (100%) Jiao et al., 2014
Linhagens celulares 8 linhagens WB (Sluop())e(z);oe;xpressao em oito linhagens Jiao et al., 2014
Tecido fresco 11 gRT-PCR Superexpressao (81%) Ouaissi et al., 2008
HDAC?7 Linhagens celulares 7 linhagens WB (SSLgp())/i;expressao em seis_linhagens Wang et al.,2012
Tecido fresco 29 gRT-PCR Superexpressao Ouaissi et al., 2014
(1) IHQ imunohistoquimica; (2) gRT-PCR - guantitativo por transcricdo reversa; (3) Western

Blotting
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1.4.1.2. Uso de inibidores de desacetilases de histonas em tumores

pancreaticos

Devido a dificuldades diagnosticas e a agressividade do ADP, poucos
pacientes (aproximadamente 20%) s&o elegiveis para a cirurgia de resseccao
do tumor (Lim, Chien e Earle, 2003). Para esse grupo restrito é indicada a
quimioterapia adjuvante, que tem inicio apds a cirurgia, e consiste no uso de
drogas com a finalidade de eliminar células residuais locais ou circulantes,
diminuir a incidéncia de metéstases a distancia e melhorar a sobrevida. O
tratamento adjuvante padrdo usado para o ADP & Gemcitabina, mas o 5-
fluorouracil pode ser utilizado como uma alternativa em caso de intolerancia.
(Cid-Arregui e Juarez, 2015).

Como mencionado anteriormente, a sobrevida em casos irressecaveis é
muito baixa, e por esta razdo nos ultimos anos surgiu uma série de drogas alvo
moleculares com o0 objetivo de reverter esse quadro. Os inibidores de
desacetilases de histonas (HDACIi) sdo uma nova classe de farmacos anti-
cancer que pertence a categoria mais ampla de "agentes modificadores da
cromatina” e que tem sido utilizada para melhorar o prognéstico de doencas
neoplasicas como o ADP (Lakshmaiah et al., 2014). Os HDACI geralmente
possuem trés caracteristicas estruturais comuns: (1) um grupo quelante de
zinco; (2) um grupo espacador, que é geralmente hidrofébico e (3) um grupo de
ligacdo a enzima que confere especificidade e geralmente possui um estrutura
em anel aroméatico, e por esta razdo possui acao apenas sobre as classes |, Il e
IV, que apresentam o Zn*? como cofator (Finnin et al., 1999; Bolden, Peart e
Johnstone, 2006; Marks e Xu, 2009). Os HDACI séo classificados em grupos
com base na sua estrutura quimica, incluindo acidos hidroxamicos (Tricostatina
A, Vorinostat), &cidos carboxilicos (Valproato, Butirato), aminobenzamidas
(Entinostat, Mocetinostat), peptideos ciclicos (Apicidina, Romidepsin), cetonas
epoxi (Trapoxins) e moléculas hibridas (West e Johnstone, 2014).

Diversos estudos clinicos tem avaliado o uso de HDACi contra o cancer
e doengas nao-neoplasicas como a artrite reumatoide (Vojinovic et al., 2011).
Os HDACI repercutem na acetilagéo global da célula modificando o padréo de
acetilacao de proteinas histonas e nao-histonas. Sua acédo no contexto celular

permite 0 maior acesso a cromatina, parada do ciclo celular, geracdo de
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espécies reativas de oxigénio, inducdo da apoptose, inibicdo do reparo do
DNA, acetilacdo de proteinas nao-histonas, disrup¢cdo da formacdo de
agregados proteicos e efeitos antiangiogénicos (Lakshmaiah et al., 2014).
Devido a sua inespecificidade e a capacidade de atuar em diversas vias
biolégicas, a compreensédo do seu mecanismo de acdo como droga antitumoral
ainda nao estd bem definida. Contudo, a formulacdo desses compostos tem
como principal objetivo agir especificamente nas histonas, permitindo sua
acetilacdo e maior transcricdo génica conduzindo a inibicdo da proliferacao,
diferenciacdo e apoptose (Johnstone, 2002). As HDACs de classe | (HDAC1,
HDAC2, e HDAC3), por exemplo, possuem subunidades cataliticas de varios
complexos-chave e séo recrutadas por proteinas de fusdo oncogénicas, sendo
assim as mais afetadas no tratamento com HDACi (West e Johnstone, 2014).

A acdo de HDACI esta sendo investigada por diferentes grupos (Wang
et al., 2012; Chien et al., 2014; lwahashi et al., 2014; Xu et al., 2014; Bauden,
Tassidis e Ansari, 2015; Pan et al., 2015; Zhao e He, 2015). As andlises, em
sua maioria, estdo limitadas a acdo da droga em linhagens celulares e os
resultados apontam uma grande heterogeneidade na resposta ao tratamento.
Até o momento, foram realizados poucos estudos clinicos em pacientes com
ADP. O tratamento com acido valproico foi investigado em um estudo clinico de
fase I, no qual foi avaliada a acédo deste HDACi em combinacdo com S-1, um
derivado da fluoropirimidina, em 12 pacientes com ADP irressecavel. Destes,
10 pacientes permaneceram com a doenca estavel (tumor nao apresentou
diminuicdo nem aumento na gravidade ou extensao) (Iwahashi et al., 2014; Nci,
2015).

CHR-3996 € um HDACI seletivo para a classe | que apresenta uma
capacidade de inibicdo 3.000 a 7.000 vezes maior contra HDAC1, 2, e 3 em
comparacao com a HDACG (classe II) (Moffat et al., 2010). Em 2012, pacientes
com tumor avancado ou metastatico que ndo responderam ao tratamento
padrao participaram de um estudo fase | para a utilizacdo de CHR-3996. Nove
participantes com céancer de pancreas foram incluidos no estudo, contudo
apenas um paciente com tumor neuroenddcrino apresentou uma resposta
parcial na reducdo da metastase hepéatica. Um ponto interessante deste
trabalho foi a avaliacdo da variacdo da acetilacdo induzida pelo HDACI

(acetilacdo da histona H3). A andlise foi realizada através de amostras do
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sangue periférico (leucocitos) pelo ensaio de ELISA e do foliculo capilar por
microscopia confocal. O padréo de acetilagdo do tumor ou das desacetilases
de histonas nao foi avaliado (Banerji et al., 2012). No mesmo ano, outro estudo
fase | analisou a acdo conjunta do HDACi Vorinostat e de um inibidor de
proteossomo (Marizomib) em pacientes com cancer de pancreas avancado. O
grupo avaliou a acao dessas drogas em quatro pacientes com ADP e observou
que as drogas apresentaram um efeito sinérgico, sendo que trés pacientes
apresentaram doenca estavel no final do estudo (Millward 2012). Em outro
ensaio clinico, dez pacientes com ADP também com doenca avancada foram
tratados com o HDACi Romidepsin e Gemcitabina. Apesar de seis casos
apresentarem doenca estavel, foi observada importante toxicidade

hematol6gica em varios pacientes (Jones et al., 2012).

1.4.2. MiRNAs

Outra forma de regulacao epigenética pode ser conferida através dos
MiRNAs. Os miRNAs (também chamados de microRNAs ou miRs) consistem
em uma classe de pequenos RNAs néo-codificantes de fita simples (18 a 25
nucleotideos de tamanho), envolvidos na regulacdo pés-transcricional da
expressdo génica em todos eucariotos multicelulares (Ambros, 2004; Bartel,
2004).

1.4.2.1. Mecanismo de acédo de miRNAs

Predominantemente, os miRNA agem como repressores translacionais
ligando-se complementarmente a sequéncias na regido 3' ndo traduzidas dos
seus mMRNAs alvo. A regulacdo da expressao génica é realizada por meio da
degradacédo e repressao da traducao do mRNA. Como exemplo, miRISC
(complexo de silenciamento induzido por RNA) pode competir com elF4 e
impedir sua ligacdo a extremidade 5 ' do mRNA, evitando assim a adesé&o da
subunidade ribossomal 60S, ou por impedir o recrutamento da subunidade 40S
(Mathonnet et al., 2007). Outra possibilidade € a estimulacdo da desadenilacéo
da cauda do mRNA, que se torna incapaz de circularizar e a tradugédo €
impedida (Humphreys et al., 2005; Beilharz et al., 2009). Uma repressao pos-
iniciacao da transcricdo também é possivel, através do desligamento prematuro

do ribossomo, diminuindo ou parando o alongamento da proteina, e
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aumentando a degradacdo do polipeptidio nascente (Nilsen, 2007). A
evidéncia mais recente da acdo de miRNAs indica que eles sado capazes de
servir como ativadores e repressores da expressdo génica ao se ligar a
sequéncias reguladoras no DNA. A ligacdo complementar de miRNAs a regides
promotoras pode inibir a transcricdo através de uma impossibilidade fisica do
elongamento do transcrito, ou ainda ser através da ativacao da transcricao ao
se ligar a regibes que recrutam modificadores de histonas, conferindo a

abertura da cromatina (Portnoy et al., 2011; Schwarzenbach et al., 2014).

1.4.3.2. MicroRNAs em cancer

Os genes de miRNAs estdo frequentemente localizados em regides
gendmicas associadas ao cancer e em pontos de quebra cromossdmica, bem
como em regides de frequente perda de heterozigosidade, sugerindo um
envolvimento dos miRNAs na iniciacdo e na progressédo de diversos tumores
humanos (Rachagani, Kumar e Batra, 2010).

Em um elegante trabalho de 2005, Lu e colaboradores demonstraram,
através de experimentos de microarranjo, que os perfis de expressao de
mMiRNAs refletiam a classificacdo das malignidades humanas, como o grau de
diferenciacdo tumoral e o tipo de neoplasia (Lu et al.,, 2005). Evidéncias
recentes indicam que os miRNAs podem atuar como supressores de tumor ou
oncogenes, sendo estes ultimos chamados de “oncomirs”. Conforme mostra a
Figura 6, em tecidos normais o funcionamento adequado da transcricao,
processamento e ligacdo dos miRNAs as sequéncias complementares resulta
em taxas balanceadas de crescimento, proliferacdo, diferenciacdo e morte
celular. J& em tecidos tumorais, duas alteracbes podem ser observadas em
relacdo ao nivel de expressao de miRNAs, ambas relacionadas com falhas em
algum ponto da biogénese desses miRNAs: (a) a reducdo ou eliminacédo da
expressao de um miRNA que atua como um supressor de tumor, processo este
que favoreceria a formagao de tumores devido a nao-repressao da expresséao
de oncoproteinas; e (b) o aumento nas taxas de expressdo de miRNAs que
atuam como oncogenes (Esquela-Kerscher e Slack, 2006).
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Figura 6. MicroRNAs podem atuar como oncogenes ou supressores de
tumor (Esquela-Kerscher e Slack, 2006).

1.4.2.3. MicroRNAs em adenocarcinoma ductal pancreético

A pesquisa de miRNAs com perfil alterado em ADP tornou-se alvo de
diversos estudos, a fim de buscar marcas moleculares no processo de
carcinogénese, progressao tumoral, resposta ao tratamento e biomarcadores
de diagndstico e progndstico (Bloomston et al., 2007; Moriyama et al., 2009;
Zhang et al.,, 2009; Hwang et al., 2010; Alemar et al.,, 2015). Analises
envolvendo a identificacdo de perfis de miRNA alterados em ADP podem
contribuir para definir prognéstico, intervengfes terapéuticas, diagnosticar e
permitir o acompanhamento da progressao da doenca (Sempere e Kauppinen,
2009).

Em 2007, foi publicado o primeiro estudo utilizando gRT-PCR array que
forneceu novas informacdes sobre a desregulacdo de miRNAs em ADP. O
trabalho analisou a expressdo de 201 precursores de miRNA e identificou
MiRNAs expressos exclusivamente em tumores pancreaticos como 0 miRNA-

221, -376a, e -301; a analise indicou também miRNAs superexpressos em ADP
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e em outros tumores (como o miR-155, -21, -221, -424, -301, e -100) (Lee et
al., 2007). No mesmo ano, Bloomston e colaboradores demonstraram que a
alta expressao de miRNA-196a pode predizer um mal prognostico de sobrevida
(Bloomston et al., 2007). Com o objetivo de buscar um padrdo Unico de
expressdo dos miRNAs em ADP e alvos moleculares relevantes para novas
estratégias terapéuticas e de diagnostico, Zhang e colaboradores (2009)
analisaram um painel de miRNAs em amostras de tecido tumoral de pacientes
com ADP, linhagens celulares de ADP, amostras de tecido de pacientes com
pancreatite crbnica e pacientes saudaveis. O estudo apontou 8 miRNAs que
nao haviam sido relacionados ao ADP (miRNA-196a, -190, -186, -221, -222, -
200b, -15b, e -95) e regulados positivamente na maioria dos tumores e
linhagens celulares (Zhang et al., 2009). Papaconstantinou e colaboradores
(2012) agruparam os estudos mais impactantes que relataram um perfil
aberrante de expressdo de miRNAs em ADP (Papaconstantinou et al., 2012).
Uma revisdo completa, publicada recentemente, sobre o papel dos miRNAs
como biomarcadores em ADP é parte integrante desta dissertacdo, e pode ser

vista no Anexo I.
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CAPITULO Il JUSTIFICATIVA
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O adenocarcinoma ductal pancreético € uma neoplasia cuja incidéncia
quase igual a mortalidade. Dados do Instituto Nacional de Cancer (INCa)
estimam que no Brasil o cancer de pancreas representa 2% de todos os
tumores e é responsavel por 4% do total de mortes por cancer. As maiores
taxas de mortalidade sdo encontradas nas regides Sul e Sudeste, e Porto
Alegre apresenta as maiores taxas (9,4 e 5,3/100.000, para homens e
mulheres, respectivamente) entre as capitais. O ADP € um tumor
especialmente interessante no contexto das novas pesquisas anti-cancer, visto
que até o momento pouquissimas estratégias terapéuticas tem demonstrado
um efeito significativo. Embora a incidéncia do cancer de péancreas seja
considerada baixa, a sua alta taxa de mortalidade justifica o incentivo a estudos
em diagnaostico precoce e, principalmente, novos tratamentos. Recentemente,
varios estudos tem abordado o papel de alteracdes epigenéticas no processo
de carcinogénese e na resposta a tratamentos anti-neoplasicos em diversas
neoplasias, inclusive no ADP. Tendo em vista que a expressdo de
desacetilases de histonas tem apresentado resultados variaveis em diferentes
estudos, realizados através de diferentes métodos (imunohistoquimica e qRT-
PCR), questiona-se o papel biol6gico dessas proteinas no ADP. A expressao
das HDACs pode ser influenciada por diversos fatores, como por exemplo,
miRNAs. Desta forma, neste trabalho propde-se uma analise da expresséo das
HDAC1, 2, 3 e 7 em ADP, através de uma investigacao in silico e in vitro destes
genes e de fatores potencialmente capazes de interferir na sua expressao.

Até o momento h& poucos estudos clinicos utilizando HDACi em ADP e
0S mesmos apresentam resultados modestos. De fato, algumas drogas deste
tipo ja foram aprovadas pelo FDA (Food and Drug Administration, Orgéo
regulador de alimentos e drogas dos Estados Unidos), pois apresentaram
excelentes resultados no tratamento de linfoma cutdneo de células T e linfoma
periférico de células T reincidente ou refratario. Contudo, essas drogas vem
apresentando resultados menos significativos nas demais fases da pesquisa
clinica quando se trata de tumores sélidos (Mottamal et al., 2015). As razdes
pelas quais os inibidores de HDAC s&o mais eficazes em doencgas
hematolégicas malignas do que em tumores sélidos ndo sdo bem
compreendidas, mas a heterogeneidade tumoral pode ser um fator que dificulta

a identificacdo de bons respondedores a essas terapias. Mais especificamente
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em relacdo ao ADP, os estudos clinicos ndo realizaram uma analise especifica
da expressdo dessas proteinas no tecido tumoral a fim de verificar qual grupo
de pacientes teria um real beneficio com a administracao dessas drogas. Como
ja descrito anteriormente ha uma certa variabilidade de expressao das HDACs
em diferentes estudos. Desta forma, investigar a expressao das HDACs e seus
mMiRNAs reguladores pode ajudar a determinar quais pacientes podem

responder as terapias com HDACI.
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[11.1. Objetivo geral

Avaliar o papel das desacetilases de histonas HDAC1, HDAC2, HDAC3
e HDAC7 no adenocarcinoma ductal pancreatico, através de analises de

expressao e dos possiveis mecanismos de silenciamento destes genes.

[11.2. Objetivos especificos

1. Avaliar o perfil de expressdo dos genes HDAC1, HDAC2, HDAC3 e
HDAC7 em adenocarcinoma ductal pancreatico, em relacdo ao tecido

nao-tumoral adjacente.

2. Correlacionar os niveis de expressdo dos genes HDAC1, HDAC2,

HDAC3 e HDAC7 com caracteristicas clinicas dos pacientes.

3. Comparar o perfil de expressdo dos genes HDAC1, HDAC2, HDAC3 e
HDAC7 encontrados neste estudo com 0s niveis de expressao descritos

nos bancos de dados internacionais.

4. Identificar, através de preditores in silico, o0s miRNAs que possivelmente
tem como alvo as HDAC1, HDAC2, HDAC3 e HDACY.

5. Investigar o papel dos miRNAs preditos na modulacéo da expressdo das

HDAC1, HDAC2, HDAC3 e HDAC7, através de anéalises in silico

utilizando dados de bancos de dados internacionais.
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Is There a Role for Histone Deacetylases as Prognostic Biomarkers in
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Abstract

Introduction: Pancreatic ductal adenocarcinoma (PDAC) is a highly lethal and
aggressive disease. The disruption of histone acetylation through histones
deacetylases (HDACs) and expression regulation by miRNAs can lead to tumor
development. In this study we assessed HDAC1, HDAC2, HDAC3 and HDAC7
expression in PDAC and non-tumoral tissue (NT) samples using experimental
and databases analysis, correlated their expression levels with clinical and
pathological features in patients and performed in silico investigation of HDACs
regulation by miRNAs.

Materials and Methods: Expression levels of HDACs were measured by gRT-
PCR from 25 PDAC and 23 NT. An analysis of differential expression (DE) and
correlation of HDACs and miRNAs in PDAC was performed using six GEO
microarray datasets. Potential miRNA-HDACSs relationships were collected from
MiRNA interaction databases. A P<0.05 was considered statistically significant.
Results: We found reduced expression in PDAC compared with NT for HDAC1,
HDAC2 and HDAC3, with P<0.05. Expression levels of HDAC7 did not
significantly differ between groups. However, fold-changes were very small and
not biologically relevant. Only HDAC2 and HDAC7 were associated with age at
diagnosis and no other associations between HDAC expression and clinical
features were identified. DE analysis suggested significant up-regulation of
HDAC1, HDAC2 and HDAC7, and down-regulation of HDACS3, albeit all of them
associated with small fold changes. Databases analysis identified 728 miRNAs
that could be HDACSs regulators. Intersections among the set of miRNAs found
in differential expression analysis of GSE41369 and GSE43796 and those
retrieved from target prediction identified five miRNAs targeting HDAC1 (miR-
188-5p, miR-539, miR-708, miR-4269 and miR-3616-3p) and three targeting
HDAC2 (miR-4307, miR-944 and miR-195).
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Conclusions: HDACs expression is likely not a robust prognostic biomarker in
PDAC since differential expression between groups is subtle. Also, this and
previous studies indicate no or only very few associations between HDACs
expression and clinicopathological features related to prognosis. Finally,
mMiRNAs are probably not exerting a central role in HDAC regulation in PDAC.

Keywords: Pancreatic ductal adenocarcinoma, epigenetic, histone
deacetylases, miRNA.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) corresponds to 90% of
pancreatic cancer [1] and is the fourth leading cause of cancer-related deaths in
the United States [2]. Its high lethality is related to difficulties in early detection,
aggressive biology and absence of specific symptom in the initial stages of the
disease [3]. Most PDACs occur up to the age of 60 years (80% of cases) [1]
and the definitive diagnosis is usually obtained through invasive procedures [4].
Carcinogenesis of the pancreas, as of other malignancies, is a multistep
process that involves the accumulation of genetic alterations and likely
epigenetic changes. Among these, the remodeling of chromatin is strongly
influenced by the phenomena of histone acetylation and deacetylation [5].
Histone deacetylases (HDACS) are proteins that remove the acetil radical of H3
and H4 N-terminal histone tails, repressing chromatin (heterochromatin) and
leading to reduced gene expression, while histone acetylases (HATS) generate
an open chromatin structure (euchromatin), enabling transcription factors to
activate their target genes [6]. Proteins of the HDAC family are classified
according to their homology in the catalytic site, as class | to IV enzymes.
HDAC class | proteins (1, 2, 3 and 8) are the most studied while class Il (4-7, 9,
and 10), class lll (SIRT1-7) and class IV (11) HDACs are less investigated [7,
8]. Class I, Il, and IV HDACs are Zn?** dependent enzymes and class Il HDACs
require NAD" as a cofactor [9]. Histone deacetylation lead to gene silencing,
decreased DNA repair and may facilitate tumor development [6]. Through
overexpression, or aberrant recruitment in tumor cells, HDACs have shown to
play an important role in the control of proliferation, apoptosis, differentiation,
migration and angiogenesis in many cancers [5, 10]. Thus, HDACs are good
candidates for diagnostic and prognostic biomarkers and also therapeutic
targets. Similarly, histone deacetylase inhibitors (HDACI) are molecular targeted
drugs to HDACs that have shown a promising role in the treatment of certain
neoplastic diseases [11]. Therefore, it becomes essential recognize patients
who have a different expression of HDACs in tumor tissue to identify groups
that have a real benefit in the administration of these drugs. Several previous
HDAC expression studies in PDAC have shown heterogeneous results, and
therefore, the use of HDACI in PDAC is still considered guestionable. Among

the factors that may influence HDAC expression is the action of miRNAs.
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MiRNAs are endogenous noncoding RNAs of 18-25 nucleotides in length with
an important regulatory role exerted by mRNAs targeting, for cleavage or
translational repression [12]. There is concrete evidence for interaction of
HDACs and miRNAs in various ways during carcinogenesis [3]. In the present
study, we assessed HDAC1, HDAC2, HDAC3 and HDACT7 expression in PDAC
and non-tumoral pancreatic tissue samples using experimental and databases
analyses, correlated these results with clinical and pathological features and

performed an in silico investigation of HDAC regulation by miRNAs.

Materials and Methods

Patients

The study included 36 patients diagnosed with PDAC in a public university
hospital in Southern Brazil. Inclusion criteria were recent pathology-proven
diagnosis and no history of previous or current chemo- or radiotherapic
treatment. Definitive tumor staging was established on the basis of surgical
findings and additional exams for those patients submitted to surgical
intervention. Ultrasound, computed tomography scans and/or magnetic
resonance imaging data, as well as histological analyses of biopsy samples
were used to determine stage in patients with inoperable tumors. Tumor stage
was assigned according to UICC and WHO criteria [14]. Tumoral and adjacent
non-tumoral tissue samples were obtained during surgery or diagnostic biopsy
procedures from patients, and hematoxylin-eosin slides were prepared for all
cases to confirm the diagnosis and assess sample quality. Samples with
pancreatitis, necrosis, fibrosis and < 70% cellularity were excluded.

This study was approved by the Institutional Review Board. All participants

provided written informed consent before recruitment.

Gene expression assays

Tissue samples were stored at —80°C after surgical excision until mMRNA
isolation. Total RNA was extracted using the mirVana PARIS kit (Ambion), and
resulting mRNAs were eluted into 50 pl of pre-heated RNAse-free water,
according to the manufacturer’s instructions. The total RNA concentration was

assessed by measuring absorbance at 260 nm wusing a NanoDrop
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spectrophotometer (ND-1000, Thermo Scientific). Reverse transcription was
performed using 30 ng of total RNA using High Capacity cDNA Archive Kit
(Applied BioSystems) according to the manufacturer's recommendations.
Quantitative polymerase chain reactions were performed from 2.5 pyl of cDNA
and run in duplicates using human TagMan RNA Assay kits (Applied
Biosystems) Hs02621185 s1  (HDAC1), Hs00231032_ml1 (HDAC?2),
Hs00187320_m1 (HDAC3) and Hs00248789_m1 (HDACY7). Normalization was
done using the Hs02758991 g1 assay (GAPDH). Quantitative PCR was run on
a StepOne real-time PCR system (Applied Biosystems) and the cycle threshold
(Ct) values were automatically calculated using the StepOne 2.2.2 Software
(Applied Biosystems). The 22t method was used to analyze the relative gene
expression [15, 16]. Considering good practice standards, samples with Ct
values same or above 36 (equivalent to no identifiable target mMRNA) were
excluded from the analysis [17]. Therefore, study groups do not always have

the same sample size to all HDACs analyzed.

Clinical variables

Age at diagnosis, gender, TNM classification, tumor location and
differentiation grade were determined from the pathology and clinical records.
Clinical features were categorized as follows: differentiation grade (well
differentiated/ moderate vs. moderate to poorly/ poorly differentiated); tumor
location (pancreatic head vs. non-head); T stage (T1/T2 vs. T3/T4) and TNM
stage (I/ll vs. lII/IV).

Databases analysis

Large scale expression data

Six pancreatic cancer datasets publicly available at Gene Expression
Omnibus (GEO) database were used in this study. These datasets contained
large-scale expression profiling of genes (GSE28735, GSE41368, GSE43795
and GSE32676) and miRNAs (GSE41369 and GSE43796) in PDAC vs. normal
samples. HDAC1, HDAC2, HDAC3, HDAC7 and miRNA expression profiles
were analyzed for differential expression. We paired the datasets GSE41368
and GSE41369, and datasets GSE43795 and GSE43796, which provide mRNA
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and miRNA expression profiling for the same patient samples. Details about the
GEO accession numbers, platforms, data pre-processing and sample summary

of datasets used are provided in S1 Table.

Differential expression analysis

Differential expression analysis for GEO datasets was performed with the
limma R package version 3.24.5, except for dataset GSE41369, which was
analyzed with the DESeq R package version 3.2 [18, 19]. Genes and miRNAs
were considered differentially expressed between both groups if presenting an
adjusted p-value < 0.05. To report expression distribution and fold change for
HDACs analysis in cases where more than one probe mapped to the same
HDAC, the expression values for each sample were reduced to a single value
by taking the average among samples. The individual HDAC probe codes of

each of the datasets are depicted in S2 Table.

MicroRNA-mediated regulation analysis

We investigated if HDACs 1, 2, 3 and 7 may be under influence of
mMiRNA regulation. For this purpose, we collected experimentally validated data
of miRNA target interactions from miRTarBase and starBase databases to
search for known relationships between miRNAs and HDACs. For miRTarBase,
we considered only interactions classified as functional, including those with
weak evidence. For starBase, we required target sites to be predicted by at
least two of the five softwares in addition to the supporting experiments. To
complement experimental data, we performed computational target prediction
using TargetScan and Diana MicroT. To restrain the large list of predicted
targets, we kept only TargetScan predictions with total context score lower than

-0.1 and Diana MicroT predictions with a score higher than 0.7.

Expression correlation among predicted miRNA and their target
HDACs in PDAC

We performed the correlation analysis for datasets GSE41368 and
GSE41369, and datasets GSE43795 and GSE43796, which provide mRNA and
MIiRNA expression profiling for the same patient samples. We computed the
Pearson correlation among expression profiles of miRNA-target pairs. Based on
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the previous knowledge that miRNA and target mRNA present opposite
changes in expression profiles (e.g., an upregulation of a miRNA will cause a
downregulation of its targets), we removed from the list those interactions with a
correlation higher than -0.25 [20].

Statistical analysis

SPSS version 18.0 (IBM) was used for data handling and statistical
analyses. Considering the non-parametric characteristics of our data, the
comparison between gene expression results of tumor and non-tumoral tissues
was evaluated using the Mann-Whitney test. Spearman’s correlation test was
used to assess and compare results between genes. Mann-Whithey and
Kruskal-Wallis tests were used to determine if there was a significant
association between the relative tissue mRNAs levels and clinical variables.
Fisher's exact and Continuity correction Chi-square tests were performed to
determine if there was a significant association between the relative HDAC
levels and a given clinical feature. A statistical test (t-test based on limma, or
negative binomial difference test based on DESeq) was applied to identify
differentially expressed genes and miRNAs, followed by p-values adjustment
using the false discovery rate (FDR) method. Statistical tests were two-sided

and P-values of <0.05 were considered statistically significant.

Results

Clinical data were available in all cases and are summarized in Table 1.
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Table 1. Correlation between HDAC expression and clinicopathological features
(n=25).

HDAC1 HDAC?2 HDAC3 HDAC7

expression expression expression expression

Variables N (%) P-value P-value P-value P-value
Age (years) 0.242 0.034 0.361 0.030
> 65 11 (44)

Sex 0.469 1.000 0.257 0.791
Male 12 (48)

Differentiation grade’ 0.198 NP 0.752 0.628
Well/ moderate 16 (64)

Moderate to poor/ poor 09 (36)

Location 0.938 NP NP 0.745
Head 21 (84)

Other (non-head) 04 (16)

T stage! 0.709 NP 0.637 0.467
TUT2 05 (20)

T3/T4 19 (76)

NI 01 (4)

N stage’ 0.317 0.134 0.099 0.692
NXx 04 (16)

NO 06 (24)

N1 15 (60)

M stage® 0.407 NP 0.752 0.914
MO 22 (88)

M1 03 (12)

TNM Stage® 0.555 NP 0.862 0.715
1/ 18 (72)

1\ 07 (28)

'According to the American Joint Committee on Cancer (AJCC) 6" edition - TNM
staging system for pancreatic cancer. NI = not informed, NP= not performed (No
statistically compared because all samples belong to the same group).
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To assess tissue expression of HDAC, we performed quantitative RT-
PCR of the 36 patients with PDAC included in the study, but only 25 PDAC
tissues (PDAC) and 21 pancreatic non-tumoral tissues (NT) matched the
inclusion criteria of sample quality. Although we used the gold-standard method
to access gene expression, and the internal control used (GAPDH) is very
established in the literature and always exhibited acceptable Ct values in our
analysis, some samples showed very poor, even undetectable HDAC 2, 3 and 7
expression. As a consequence of excluding samples who presented Ct values
236, the analyses were performed with different sample sizes, as shown below.

When expression levels were compared between tumor and non-tumoral
samples, a statistically significant difference was observed for HDAC1
(PDAC=24, NT=18), HDAC2 (PDAC=7, NT=5) and HDAC3 (PDAC=11, NT=9)
expression (P = 0.042; 0.012 and 0.004, respectively), with reduced expression
in tumor tissue (fold-change of -0.50; -0.21; -0.21, respectively). Expression
levels of HDAC7 (PDAC=16, NT=7) did not significantly differ between PDAC
and NT tissues (fold-change 1.90, P = 0.738). Interestingly, HDAC7 expression
in tumor tissue was the highest among all HDACs (Fig 1). All ACt values are
shown in S1 Fig.

Next, using Spearman’s rank test, we analyzed the correlation between
HDAC1, HDAC2, HDAC3 and HDAC7 gene expression in tumors. Strong
positive correlations were identified between HDAC1 and HDACS3 (rs = 0.638; P
= 0.002) and HDAC2 and HDACS3 (rs = 0.755; P = 0.005). All other correlations
were not significant (S2 Fig).

We investigated whether HDAC expression was associated with selected
clinical features in this series, and results of this analysis are summarized in
Table 1. As shown in the table, we found statistically significant associations
between HDAC2 and HDAC7 expression and age (P = 0.034 and P = 0.030,
respectively). There was no significant association of HDAC expression with
other clinical features (sex, differentiation grade, tumor location, T, N, M and
TNM stages).

Considering the lower HDAC1, HDAC2 and HDAC3 levels in tumor
samples obtained from the experimental analysis, we investigated HDAC
expression in the publicly available GEO database. We observed that HDAC1,

HDAC2 and HDAC7 were significantly up-regulated in tumor tissues in relation
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to non-tumoral tissues in the three datasets analyzed (GSE28735, GSE41368
and GSE43795). As well as seen in our results, HDAC3 was significantly
downregulated in PDAC (P< 0.001). The GSE32676 dataset did not show
significant differences in expression for all HDACs. When we checked the fold
changes (log-scale) in datasets with significant results, we observed that all
values were low (Fig 2). Next, we compared the fold change of both the
experimental and databases analyses. To make this comparison with fold
change obtained with the 2*° method, the fold change dataset values are not
in log-scale. In all experiments, differential expression between groups was
subtle (Fig S3).

Finally, we investigated if some miRNA could be interfering in HDAC
expression. First, we searched miRTarBase, starBase, TargetScan and Diana
MicroT databases for evidence of miRNAs influencing HDAC expression. Based
on this analysis, we identified a set of 20 experimentally validated miRNAs and
a set of 717 miRNAs predicted to be regulators of HDAC1, 2, 3 and 7, with 9
mMiRNAs common to both sets. A total of 858 interactions were found among the
728 miRNAs retrieved by databases analysis and the 4 HDACs of interest (S3
Table). Only one predicted miRNA was a potential regulator of all HDACs: miR-
3127-3p. Secondly, we analyzed the miRNA expression profiles from
GSE41369 and GSE43796. We found 64 miRNAs to be differentially expressed
in PDAC based on expression profiling from GSE43796, 11 of which were
retrieved as potential regulators of HDAC1, 2, 3 and 7. Moreover, we analyzed
GSE41369 and found 96 miRNAs to be differentially expressed, 35 of which
were predicted to be regulators of HDAC1, 2, 3 and 7 (Fig 3).

Lastly, we performed a separate analysis using matched datasets
(GSE41368:GSE41369 and GSE43795:GSE43796), thus allowing correlation
analysis. As a result, we identified 30 out of the 728 predicted miRNA target
interactions that showed a negative correlation between gene and miRNA
expression profiles between GSE41368 and GSE41369. Of these 30 miRNASs,
three showed differential expression in GSE41369 and have target HDAC1
(miR-188-5p, mIiR-539 and miR-708, both for HDAC1). Analysis of
GSE43795:GSE43796 identified 95 miRNAs with negative correlation; five of
these were differentially expressed in GSE43796 and target HDAC1l and
HDAC2 (miR-4269 and miR-3616-3p for HDAC1 and miR-4307, miR-944 and

52



miR-195 for HDAC2). A detailed analysis of the differential expression of
mMIRNAs in the database is available in Table S4.
Discussion

Currently, there is an intensive search to identify early diagnostic and
prognostic biomarkers for pancreatic cancer. Several groups reported that
epigenetic alterations could play an important regulatory role in tumor biology.
In this context, the expression of modifying chromatin proteins (particularly
HDACs) have drawn attention for presenting differential expression in many
tumors [21-24]. Although the involvement of HDACs in hematological tumors is
well described, there are heterogeneous data about differential expression of
these proteins in PDAC. These proteins are target by drugs known as HDAC
inhibitors (HDACI) which are already in use in the clinical setting, and for this
reason is important to identify eligible patients to this treatment.

Nakagawa and colleagues (2007) were the first to demonstrate HDACs
expression in tissue samples of PDAC (n=20). The study was focused on the
expression of HDAC1, HDAC2 and HDACS, and indicated positivity of 85%,
90% and 100% of the samples studied, respectively. Other solid tumors
(prostate, stomach, esophagus and colon) were analyzed and compared with
normal adjacent tissue (normal tissue was not available in pancreatic cancer
cases). The analysis showed that most of the tumors had lower or equal
expression levels when compared to the matching normal tissue [24].

Since then, many groups investigated a role for HDACs in pancreatic
carcinogenesis, and the effect of these proteins as therapeutic targets. The
most expressive results in relation to HDACs in tissue samples from PDAC
showed overexpression of HDACL1 in 56% [22], HDAC2 in 63% [25], HDAC3 in
79% [25] and HDAC7 in 81% of the samples analyzed [26]. In this context,
HDAC7 appears to be the most overexpressed HDAC among PDAC samples.
However, in this initial study of Ouaissi et al., HDAC7 expression was analyzed
by RT-PCR in only a small number of cases (n = 11) [26]. Subsequently, in
2014, the analysis was extended to a larger cohort (n = 29) confirming the
previous findings and also indicating that HDAC2 was overexpressed in tumors
[27]. Fritsche and colleagues (2009) also found HDAC2 overexpression by
immunohistochemistry, which was more intense in undifferentiated tumors [28].

Using the same methodology, another study found overexpression of HDAC2 in
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50% of PDAC cases (n=70) and correlated these results with the proliferative
capacity of the tumor and clinical features, without any identifiable association
[29]. In addition, HDAC3 was detected in 79% of samples (n=78) in one study
[25], providing initial evidence for its investigation in the PDAC pathogenesis.
Nonetheless, few posterior studies did not confirm that HDAC3 is
overexpressed in PDAC. Although a more recent study tried to demonstrate
again that this HDAC is overexpressed in PDAC, they only studied a limited
number of cases (n=4) [30]. Lastly, HDAC1 is the most studied HDAC in
PDAC. This protein was found overexpressed in 56% of PDAC samples (n=39)
and its expression correlated with that of factor 1a inducible by hypoxia (HIF-1
a). In this same study, the authors explored the association of HDAC1 with
clinical data, but had no significant results [22]. In contrast, other authors
described an association between HDACL1 expression and tumor differentiation,
increased proliferative activity and more advanced TNM stages of the disease.
They also demonstrated that expression increased progressively during all
stages of tumor development (precursor lesions to PDAC) [31]. However,
studies with larger sample sizes (78 and 70) showed HDAC1 overexpression in
less than 50% of the cases analyzed [25, 29].

In recent years, microarrays have been used in many studies to identify
gene signatures associated with PDAC. To date, four groups performed
comprehensive comparative analyses of the expression profile of PDAC tumor
tissue vs. normal adjacent pancreatic tissue. None of them identified significant
increased expression (in fold change) of HDAC1, 2, 3 and 7 in PDAC compared
to normal pancreas. Therefore, additional analyzes (such as RT-PCR or protein
expression for these targets) were not performed (GSE28735, GSE41368,
GSE43795 and GSE32676) [32-35].

Analysis of HDAC protein and transcript expression in pancreatic cancer
cell lines have been published by several groups, nevertheless inferences about
the data should be made with caution. Tissue samples have considerable intra-
and intertumoral variability and this experimental limitation could be the reason
of the heterogeneity in results. Similarly, each cell line pertains to a specified
portion of the tumor or its metastasis. Several studies have shown differences in

the pattern of clone expression as the disease progresses [36-38].
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In addition to HDACs, miRNAs are also involved in the regulation of gene
expression and have an established role in all stages of tumorigenesis, such as
apoptosis, cell proliferation, angiogenesis, invasion and metastasis of several
solid tumors [39]. To date, few studies have explored the analysis of
interactions between HDACs and miRNAs. In this work we tried to explore
potential associations between these epigenetic mechanisms and their
contribution to the development of PDAC. In an in silico analysis, miR-3127-3p
was identified as a regulator of the four HDACs analyzed. However, we did not
identify any in vivo or in vitro experimental study investigating this interaction,
nor its role in any disease. Additionally, our analysis revealed some miRNAs
that may play a role in the regulation of specific HDACs in PDAC: we identified
five miRNAs targeting HDAC1 (miR-188-5p, miR-539, miR-708, miR-4269, and
miR-3616-3p) and three targeting HDAC2 (miR-4307, miR-944 and miR-195).
Most of these miRNAs have never been studied in PDAC.

From all miRNAs pointed by in silico analyzes, only miR-708 was
described in pancreatic samples, in a study that analyzed the expression of 846
human miRNAs in IPMNs (precursor lesion of PDAC) with low and high
potential for malignancy. Among the miRNAs expressed differently, miR-708
showed 3.38x higher expression in benign lesions [40]. This same miRNA was
also differentially expressed in PanIN, when compared to normal tissue [41].

Other four miRNAs (miR-188-5p, miR-539, miR-944 and miR-195) were
also identified in other cancers. Low expression of miR-188-5p was described in
hepatocellular carcinoma compared to non-tumoral hepatic tissue. In silico and
in vitro studies indicate that this miRNA has FGF5 (Fibroblast Growth Factor) as
one of its targets, a protein with significant role in the regulation of tumor growth
and metastasis that is overexpressed in tumors [42]. Next, another study
showed that this same mIRNA has tumor suppressor functions in prostate
cancer [43]. Lower expression of miR-539 was associated with a gastric MALT
(Mucosa-Associated Lymphoid Tissue) lymphoma compared normal gastric
mucosa [44], and also its low expression was associated with a poor prognostic
in patients with osteosarcoma [45]. A subsequent study described this miRNA
negatively regulating migration and invasion ability of metastatic cells of the
thyroid [46]. Powr6zek and colleagues (2015) evaluated the miRNA expression

of 90 patients with lung cancer and 85 healthy controls. The results indicated
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that miR-944 was overexpressed in individuals with cancer and had diagnostic
accuracy for the detection of lung squamous cell carcinoma with potential for
resection (AUC = 0.982) [47]. In other study, the miR-195 has presented strong
evidence for a tumor suppressor function in some cancers (e.g. breast cancer,
colorectal, hepatocellular carcinoma and osteosarcoma). In 2013, a reduced
expression in the serum of this same miRNA was identified as a potential
diagnosis biomarker for breast cancer cases compared to controls. The
sensitivity levels of the miR-195 (73.97%) suggested that it can be used as a
detection tool for this type of tumor in early stages [48]. As well as other study,
significantly lower expression of this miRNA has also been proposed as a
diagnostic biomarker for differentiating patients with suspected osteosarcoma
(P <0.001) and its expression correlated to poor prognosis [49]. Bcl-2, a key
protein in the apoptosis mechanism, cell migration, invasion and metastasis
[50], was described a target of miR-195 in colorectal cancer cell lines [51].
There are no reports reporting the involvement of some miRNAs identified
herein, miR-4269, miR-3616-3p and miR-4307, regarding PDAC or other tumor
types.

In the present study we evaluated the expression levels of four HDACs
which had all been previously described as overexpressed in tumor tissues,
including PDAC. Our results showed that only HDAC7 was overexpressed in
PDAC corroborating information already published, however the difference
found between tumor and normal tissue was not statistically significant. The
analysis of differential expression of the other HDACs was significant and
showed higher expression in normal tissue, contrary to previously published
studies. Importantly, the difference in expression between normal and tumor
tissue was subtle for all HDACs and only HDAC2 and HDAC7 were associated
with age at diagnosis. No other associations between HDAC expression and
clinical features were identified.

The experimental results of this study must be viewed in the context of
some limitations: a relatively small sample size, small number of paired samples
(PDAC and normal tissue the same patient) and intratumoral heterogeneity. The
analysis of public databases indicated a higher expression of HDACs in tumor
tissue, except for HDAC3. As well as the experimental data, the difference in

expression between tissues was subtle, indicating that HDAC expression is
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probably not a suitable biomarker in PDAC; as a consequence, PDAC patients
are likely not eligible for therapy with deacetylase inhibitors.

Finally, to evaluate miRNAs that could impact HDAC expression, we
search in public miRNAs databases (GSE43796 and GSE41369) which had (a)
the same sample dataset analysed for HDAC and miRNA expression, and (b)
showed differential miRNA expression between tumoral and normal tissues [33,
34]. This analysis indicated eight miRNAs (miR-188-5p, miR-539, miR-708,
mMiR-4269, miR-3616-3p, mMiR-4307, miR-944 and miR-1307) that can be
potentially associated with HDAC1 or HDAC2 deregulation. However, based on
the small difference in expression of these HDACSs in tumor and normal tissue, it
is likely that this silencing mechanism is not playing a central role in
tumorigenesis.

We conclude that HDACs expression is likely not a robust prognostic
biomarker in PDAC since differential expression between normal and tumor
tissue is subtle and because this and previous studies indicate no or only very
few associations between HDACs expression and clinicopathological features
related to prognosis. Finally, miRNAs are probably not exerting a central role in
HDAC regulation either. Additional studies should be conducted in search for

diagnostic and prognostic biomarkers for PDAC.
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Figures

Fig 1. Relative fold change in expression of four HDACs in pancreatic
adenocarcinoma and non-tumoral adjacent tissue. A. HDAC1; B. HDAC2; C.
HDAC3; D. HDAC7. Each sample was run in duplicate. The upper and lower limits of
the boxes and the lines across the boxes indicate the 75th and 25th percentiles and the
median, respectively. Error bars indicate values above the 75th and 25th percentiles
and below 1.5 interquartile ranges. Outliers (°) were defined as any value point more
than 1.5 interquartile ranges below the first quartile or above the third quartile.
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Fig 2. Relative fold change in expression of four HDACs in pancreatic

adenocarcinoma and non-tumoral adjacent tissue in the GEO database.
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Fig 3. Intersections among the set of miRNAs found in differential
expression analysis of GSE41369 and GSE43796 and those retrieved from

target prediction.
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S2 Fig. Spearman’ correlation between expression of different HDACs. (A)
HDAC1 vs HDAC2; (B) HDACL1 vs HDAC3 and (C) HDAC1 vs HDACY7; (D) HDAC2 vs
HDACS3; (D) HDAC2 vs HDACY7; (D) HDACS3 vs HDACY.
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S3 Fig. Comparison of expression fold changes of the experimental and
databases analyses. *P<0.005.
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S1 Table. Gene expression datasets used in this study.

Accession Data Type Platform Dataset Summary
GSE28735 Expression Affymetrix 45 matching pairs of pancreatic ductal
profiling by Human Gene adenocarcinoma tumor and adjacent
array 1.0 ST Array non-tumor tissues. Array data were
[GPL6244] preprocessed using Robust Multiarray
analysis (RMA) and log2 transformed.
GSE32676  Expression Affymetrix Patient samples of normal pancreas
profiling by Human (n=7) and pancreatic ductal
array Genome U133  adenocarcinoma (PDAC, n=25). Array
Plus 2.0 Array data were previously normalized with
[GPL570] the GCRMA package and log2
transformed.
GSE41368  Expression Affymetrix Patient samples of normal pancreas
profiling by Human Gene (n=6) and pancreatic ductal
array 1.0 ST Array adenocarcinoma (PDAC; n=6)
[GPL6244] retrieved during surgery. Array data
were preprocessed using Robust
Multiarray analysis (RMA) and log2
transformed.
GSE41369 Non-coding NanoString Patient samples of normal pancreas
RNA nCounter (n=9) and pancreatic ductal
profiling by ~ Human miRNA adenocarcinoma (PDAC; n=9)
array assay retrieved during surgery. Array data
[GPL16142] were quantiled normalized and log2
transformed.
GSE43795  Expression lllumina Samples of solid-pseudopapillary
profiling by HumanHT-12 neoplasms (SPN; n=14), pancreatic
array V4.0 expression  ductal adenocarcinoma (PDAC; n=6)
beadchip and neuroendocrine tumors (NET; n=6),
[GPL10558] and nonneoplastic pancreatic tissue
(n=5). Only PDAC and normal samples
were used. Array data were quantiled
normalized and log?2 transformed.
GSE43796 Non-coding Agilente Human Samples of  solid-pseudopapillary
RNA mMiRNA neoplasms (SPN; n=14), pancreatic
profiling by  microarray v16  ductal adenocarcinoma (PDAC; n=6),
array [GPL15159] neuroendocrine tumors (NET; n=6) and

nonneoplastic pancreatic tissue (n=5).
Only PDAC and normal samples were
used. Array data were quantiled
normalized and log?2 transformed.
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S2 Table. Gene expression datasets used in this study.

Gene

Accession ID symbol Adj P.Val logFC
GSE28735 7899774 HDAC1 1.86E-06 0.548935
7962659 HDAC7  0.002012156 0.229978

GSE32676 201209 at HDAC1  0.189087043 0.662202
242141 at HDAC2  0.681331531 0.175335

201833 _at HDAC2 1 0.032035

216326 s _at HDAC3  0.741263633 -0.16676

236326 _at HDAC7  0.995995848 0.000517

217937 s at HDAC7 1 -0,00744

GSE41368 7899774 HDAC1  0.032985365 0.457301
GSE43795 ILMN_ 1727458 HDAC1  0.014204865 0.861765
ILMN_3251283 HDAC2  0.012873803 0.387045
ILMN_1767747 HDAC2  0.144470876 0.326639
ILMN_1772455 HDAC3 3.47E-07 -0.8345
ILMN_3266186 HDAC7 3.63E-06 1.300904
ILMN_3189715 HDAC7  0.013358771 0.424185
ILMN_1794485 HDAC7 0.25970247 -0.16043

71



S3 Table. 728 miRNAs retrieved by database analysis with target in the 4

HDACSs of interest.

MiRNA Target Source
hsa-miR-1 HDAC2 Experimental
hsa-miR-149-5p HDAC2 Experimental
hsa-miR-149-5p HDAC7 Experimental
hsa-miR-24-3p HDAC1 Experimental
hsa-miR-30a-5p HDAC1 Experimental
hsa-miR-449a HDAC1 Experimental
hsa-miR-615-3p HDAC1 Experimental
hsa-miR-615-3p HDAC7 Experimental
hsa-miR-671-5p HDAC1 Experimental
hsa-miR-92a-3p HDAC1 Experimental
hsa-miR-140-5p HDAC7 Experimental
hsa-miR-19a-3p HDAC7 Experimental
hsa-miR-590-3p HDAC?2 Experimental
hsa-miR-410-3p HDAC1 Experimental
hsa-miR-1271-5p HDAC7 Experimental
hsa-miR-143-3p HDAC7 Experimental
hsa-miR-145-5p HDAC2 Experimental
hsa-miR-19b-3p HDAC7 Experimental
hsa-miR-34a-5p HDAC1 Experimental
hsa-miR-449b-5p HDAC1 Experimental
hsa-miR-96-5p HDAC7 Experimental
hsa-miR-539-5p HDAC1 Experimental
hsa-miR-548ah-3p HDAC2 Prediction
hsa-miR-548am-3p HDAC?2 Prediction
hsa-miR-548aq-3p HDAC2 Prediction
hsa-miR-5582-3p HDAC?2 Prediction
hsa-miR-3163 HDAC?2 Prediction
hsa-miR-3613-3p HDAC?2 Prediction
hsa-miR-548ae HDAC?2 Prediction
hsa-miR-3662 HDAC2 Prediction
hsa-miR-4786-3p HDAC?2 Prediction
hsa-miR-3148 HDAC?2 Prediction
hsa-miR-548f HDAC2 Prediction
hsa-miR-193a-5p HDAC?2 Prediction
hsa-miR-548aj-3p HDAC?2 Prediction
hsa-miR-548x-3p HDAC?2 Prediction
hsa-miR-455-3p HDAC2 Prediction
hsa-miR-4662b HDAC?2 Prediction
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hsa-miR-548c-3p
hsa-miR-5590-3p
hsa-miR-3188
hsa-miR-548z
hsa-miR-548h-3p
hsa-miR-548ac
hsa-miR-5194
hsa-miR-3977
hsa-miR-4753-5p
hsa-miR-548e
hsa-miR-342-3p
hsa-miR-4288
hsa-miR-3133
hsa-miR-5692a
hsa-miR-5680
hsa-miR-3163
hsa-miR-513a-3p
hsa-miR-513c-3p
hsa-miR-4422
hsa-miR-4698
hsa-miR-1323
hsa-miR-548d-3p
hsa-miR-548ar-3p
hsa-miR-1304-5p
hsa-miR-1276
hsa-miR-587
hsa-miR-4284
hsa-miR-4459
hsa-miR-603
hsa-miR-877-3p
hsa-miR-3913-3p
hsa-miR-5692c
hsa-miR-5692b
hsa-miR-4662a-3p
hsa-miR-4778-3p
hsa-miR-5009-5p
hsa-miR-4426
hsa-miR-302f
hsa-miR-632
hsa-miR-330-5p
hsa-miR-195-3p
hsa-miR-589-5p
hsa-miR-5680
hsa-miR-539-5p

HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC1
HDAC2
HDAC2
HDAC2
HDAC7
HDAC2
HDAC2
HDAC2
HDAC2
HDAC1
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC1
HDAC1
HDAC7
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC3
HDAC2
HDAC3
HDAC1
HDAC2

Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
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hsa-miR-889
hsa-miR-3658
hsa-miR-369-3p
hsa-miR-548a-3p
hsa-miR-656
hsa-miR-4482-3p
hsa-miR-16-2-3p
hsa-miR-373-5p
hsa-miR-548n
hsa-miR-4528
hsa-miR-4647
hsa-miR-3156-5p
hsa-miR-495
hsa-miR-3688-3p
hsa-miR-4668-3p
hsa-miR-1261
hsa-miR-584-5p
hsa-miR-142-5p
hsa-miR-4798-3p
hsa-miR-524-5p
hsa-miR-302d-5p
hsa-miR-4694-3p
hsa-miR-513a-5p
hsa-miR-607
hsa-miR-3616-5p
hsa-miR-186-5p
hsa-miR-616-5p
hsa-miR-3121-3p
hsa-miR-302b-5p
hsa-miR-4768-3p
hsa-miR-3922-5p
hsa-miR-4725-3p
hsa-miR-4252
hsa-miR-130a-5p
hsa-miR-5688
hsa-miR-4420
hsa-miR-3662
hsa-miR-371b-5p
hsa-miR-498
hsa-miR-302c-5p
hsa-miR-548g-3p
hsa-miR-520d-5p
hsa-miR-548at-5p
hsa-miR-494

HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC3
HDAC1
HDAC2
HDAC2
HDAC1
HDAC2
HDAC3
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC1
HDAC2
HDAC1
HDAC2
HDAC7
HDAC2
HDAC2
HDAC1
HDAC2
HDAC2
HDAC2
HDAC2
HDAC1
HDAC2
HDAC2

Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
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hsa-miR-3121-3p
hsa-miR-4795-3p
hsa-miR-548l
hsa-miR-3682-5p
hsa-miR-548t-5p
hsa-miR-5480-3p
hsa-miR-543
hsa-miR-34a-3p
hsa-miR-4269
hsa-miR-548c-3p
hsa-miR-633
hsa-miR-205-3p
hsa-miR-466
hsa-miR-7-2-3p
hsa-miR-7-1-3p
hsa-miR-502-5p
hsa-miR-1277-5p
hsa-miR-5006-5p
hsa-miR-548h-5p
hsa-miR-676-5p
hsa-miR-129-5p
hsa-miR-192-3p
hsa-miR-548b-5p
hsa-miR-499b-3p
hsa-miR-500a-5p
hsa-miR-548ar-5p
hsa-miR-1202
hsa-miR-499a-3p
hsa-miR-548y
hsa-miR-5011-5p
hsa-miR-548as-5p
hsa-miR-548au-5p
hsa-miR-4447
hsa-miR-548;j
hsa-miR-548c-5p
hsa-miR-548am-5p
hsa-miR-548ap-5p
hsa-miR-5480-5p
hsa-miR-4732-5p
hsa-miR-4753-3p
hsa-miR-548ab
hsa-miR-548d-5p
hsa-miR-545-5p
hsa-miR-4472

HDAC1
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC1
HDAC1
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC7
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC7
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC7
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC7
HDAC2
HDAC2
HDAC2
HDAC2
HDAC7

Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
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hsa-miR-548a-5p
hsa-miR-1236
hsa-miR-548i
hsa-miR-373-5p
hsa-miR-4441
hsa-miR-522-3p
hsa-miR-665
hsa-miR-3671
hsa-miR-216a
hsa-miR-3180-5p
hsa-miR-2467-5p
hsa-miR-1305
hsa-miR-3189-3p
hsa-miR-4496
hsa-miR-335-3p
hsa-miR-338-5p
hsa-miR-548p
hsa-miR-3136-5p
hsa-miR-548ak
hsa-miR-888-5p
hsa-miR-1279
hsa-miR-3972
hsa-miR-3678-3p
hsa-miR-1273g-3p
hsa-miR-5096
hsa-miR-548w
hsa-miR-559
hsa-miR-5703
hsa-miR-3158-5p
hsa-miR-4637
hsa-miR-4687-3p
hsa-miR-148a-5p
hsa-miR-374c-5p
hsa-miR-362-5p
hsa-miR-4495
hsa-miR-4773
hsa-miR-224-3p
hsa-miR-4323
hsa-miR-593-5p
hsa-miR-96-3p
hsa-miR-410
hsa-miR-345-5p
hsa-miR-3975
hsa-miR-4517

HDAC2
HDAC2
HDAC2
HDAC1
HDAC7
HDAC2
HDACY7
HDAC2
HDAC2
HDAC7
HDAC2
HDAC2
HDAC3
HDAC1
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC7
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC1
HDAC1
HDAC2
HDAC7
HDAC2
HDAC2
HDAC2
HDAC2
HDAC3
HDAC2
HDAC7
HDAC7
HDAC2
HDAC1
HDAC2
HDAC2
HDAC2

Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
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hsa-miR-3613-3p
hsa-miR-371a-5p
hsa-miR-5196-5p
hsa-miR-381
hsa-miR-4263
hsa-miR-500b
hsa-miR-4282
hsa-miR-580
hsa-miR-126-5p
hsa-miR-5007-5p
hsa-miR-5094
hsa-miR-300
hsa-miR-548aj-5p
hsa-miR-548g-5p
hsa-miR-548x-5p
hsa-miR-548ag-5p
hsa-miR-885-5p
hsa-miR-4536-5p
hsa-miR-522-3p
hsa-miR-5193
hsa-miR-655
hsa-miR-875-3p
hsa-miR-616-5p
hsa-miR-575
hsa-miR-490-3p
hsa-miR-181a-2-3p
hsa-miR-4700-5p
hsa-miR-578
hsa-miR-4326
hsa-miR-1825
hsa-miR-2054
hsa-miR-4789-3p
hsa-miR-4677-5p
hsa-miR-942
hsa-miR-4459
hsa-miR-4650-5p
hsa-miR-1208
hsa-miR-371b-5p
hsa-miR-3921
hsa-miR-4531
hsa-miR-4731-3p
hsa-miR-3126-5p
hsa-miR-548ac
hsa-miR-4695-5p

HDAC3
HDAC2
HDAC1
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC1
HDACY7
HDAC2
HDAC2
HDAC1
HDAC2
HDAC2
HDAC2
HDAC1
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC7
HDAC3
HDAC2
HDAC1
HDAC2
HDAC2
HDAC7
HDAC1
HDAC3
HDAC1

Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
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hsa-miR-511
hsa-miR-3934
hsa-miR-4477b
hsa-miR-513b
hsa-miR-548av-5p
hsa-miR-3909
hsa-miR-4662a-5p
hsa-miR-130a-5p
hsa-miR-3200-5p
hsa-miR-4271
hsa-miR-548an
hsa-miR-634
hsa-miR-1244
hsa-miR-4659b-5p
hsa-miR-218-2-3p
hsa-miR-3139
hsa-miR-4719
hsa-miR-548k
hsa-miR-4676-5p
hsa-miR-182-5p
hsa-miR-3679-5p
hsa-miR-4305
hsa-miR-4739
hsa-miR-4434
hsa-miR-4484
hsa-miR-224-3p
hsa-miR-3690
hsa-miR-5047
hsa-miR-625-5p
hsa-miR-4270
hsa-miR-515-5p
hsa-miR-4638-3p
hsa-miR-519e-5p
hsa-miR-4789-5p
hsa-miR-548av-3p
hsa-miR-4685-5p
hsa-miR-3673
hsa-miR-4724-5p
hsa-miR-1304-5p
hsa-miR-1205
hsa-miR-4683
hsa-miR-4755-3p
hsa-miR-4775
hsa-miR-510

HDAC2
HDAC3
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC1
HDAC1
HDAC2
HDAC2
HDAC2
HDAC2
HDAC1
HDAC1
HDAC2
HDAC2
HDAC2
HDACY7
HDAC1
HDAC2
HDAC2
HDAC1
HDAC2
HDAC1
HDAC2
HDAC7
HDAC2
HDAC7
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC7
HDAC2
HDAC2
HDAC7
HDAC2
HDAC2
HDACY7
HDAC2
HDAC7

Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
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hsa-miR-766-5p
hsa-miR-3194-3p
hsa-miR-3661
hsa-miR-5009-3p
hsa-miR-4690-3p
hsa-miR-4275
hsa-miR-4477a
hsa-miR-520a-5p
hsa-miR-525-5p
hsa-miR-1184
hsa-miR-410
hsa-miR-379-3p
hsa-miR-411-3p
hsa-miR-488-5p
hsa-miR-548z
hsa-miR-548h-3p
hsa-miR-3194-3p
hsa-miR-518c-5p
hsa-miR-3170
hsa-miR-4252
hsa-miR-507
hsa-miR-2052
hsa-miR-1270
hsa-miR-4776-3p
hsa-miR-3674
hsa-miR-188-5p
hsa-miR-3120-3p
hsa-miR-4768-3p
hsa-miR-33a-3p
hsa-miR-362-3p
hsa-miR-619
hsa-miR-141-3p
hsa-miR-4672
hsa-miR-4742-3p
hsa-miR-516a-3p
hsa-miR-340-3p
hsa-miR-516b-3p
hsa-miR-197-3p
hsa-miR-340-5p
hsa-miR-4308
hsa-miR-200a-3p
hsa-miR-1285-3p
hsa-miR-589-3p
hsa-miR-4801

HDACY7
HDAC2
HDAC2
HDAC2
HDAC7
HDAC2
HDAC2
HDAC7
HDACY7
HDAC7
HDAC2
HDAC2
HDAC2
HDACY7
HDAC3
HDAC3
HDACY7
HDAC7
HDAC7
HDACY7
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC3
HDAC2
HDAC7
HDAC2
HDAC7
HDAC2
HDAC2
HDAC1
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC3
HDAC2
HDAC2
HDAC3
HDAC2

Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
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hsa-miR-548at-3p
hsa-miR-155-3p
hsa-miR-329
hsa-miR-4718
hsa-miR-4668-3p
hsa-miR-551b-5p
hsa-miR-346
hsa-miR-125b-2-3p
hsa-miR-5195-3p
hsa-miR-3160-5p
hsa-miR-101-5p
hsa-miR-103a-2-5p
hsa-miR-4524b-5p
hsa-miR-23a-3p
hsa-miR-377-3p
hsa-miR-548ap-3p
hsa-miR-2355-5p
hsa-miR-342-3p
hsa-miR-618
hsa-miR-4697-3p
hsa-miR-367-3p
hsa-miR-4524a-5p
hsa-miR-488-3p
hsa-miR-1301
hsa-miR-23c
hsa-miR-363-3p
hsa-miR-5187-3p
hsa-miR-3127-3p
hsa-miR-548aa
hsa-miR-5001-3p
hsa-miR-548t-3p
hsa-miR-3074-5p
hsa-miR-4307
hsa-miR-23b-3p
hsa-miR-32-3p
hsa-miR-4314
hsa-miR-4439
hsa-miR-4692
hsa-miR-4769-3p
hsa-miR-5010-3p
hsa-miR-548as-3p
hsa-miR-1264
hsa-miR-569
hsa-miR-583

HDAC2
HDAC2
HDAC7
HDAC2
HDAC1
HDAC2
HDAC2
HDAC2
HDACY7
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDACY7
HDAC2
HDAC2
HDAC2
HDAC2
HDACY7
HDAC2
HDAC2
HDAC2
HDAC7
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC1
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC1

Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
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hsa-miR-548z
hsa-miR-758
hsa-miR-548h-3p
hsa-miR-3926
hsa-miR-3925-5p
hsa-miR-483-3p
hsa-miR-938
hsa-miR-3184-3p
hsa-miR-5590-5p
hsa-miR-664-5p
hsa-miR-1321
hsa-miR-4709-3p
hsa-miR-4747-5p
hsa-miR-4802-3p
hsa-miR-548b-3p
hsa-miR-562
hsa-miR-2467-5p
hsa-miR-4639-5p
hsa-miR-943
hsa-miR-144-5p
hsa-miR-3915
hsa-miR-4761-5p
hsa-miR-4480
hsa-miR-370
hsa-miR-5571-5p
hsa-miR-1185-2-3p
hsa-miR-3191-5p
hsa-miR-1914-3p
hsa-miR-3159
hsa-miR-620
hsa-miR-767-5p
hsa-miR-1185-1-3p
hsa-miR-4701-5p
hsa-miR-4731-3p
hsa-miR-577
hsa-miR-518c-5p
hsa-miR-1910
hsa-miR-374b-5p
hsa-miR-3165
hsa-miR-409-3p
hsa-miR-3680-5p
hsa-miR-5580-3p
hsa-miR-548c-3p
hsa-miR-944

HDAC1
HDAC2
HDAC1
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC7
HDACY7
HDAC1
HDAC2
HDAC2
HDAC2
HDAC1
HDAC2
HDAC2
HDAC1
HDAC7
HDAC2
HDAC2
HDAC7
HDAC2
HDAC2
HDAC3
HDAC1
HDAC2
HDAC2
HDAC7
HDAC2
HDAC7
HDAC2
HDAC2
HDAC3
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC2
HDAC3
HDAC2

Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
Prediction
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hsa-miR-2115-3p
hsa-miR-27b-3p
hsa-miR-548ae
hsa-miR-223-3p
hsa-miR-548ah-3p
hsa-miR-548am-3p
hsa-miR-548aq-3p
hsa-miR-1295b-5p
hsa-miR-4292
hsa-miR-4292
hsa-miR-654-5p
hsa-miR-541
hsa-miR-214
hsa-miR-3619-5p
hsa-miR-326
hsa-miR-1302
hsa-miR-331-3p
hsa-miR-608
hsa-miR-516a-5p
hsa-miR-761
hsa-miR-4651
hsa-miR-4298
hsa-miR-4433
hsa-miR-526b
hsa-miR-3649
hsa-miR-4723-5p
hsa-miR-1910
hsa-miR-2110
hsa-miR-3150a-3p
hsa-miR-3175
hsa-miR-3168
hsa-miR-4685-5p
hsa-miR-646
hsa-miR-4777-3p
hsa-miR-2861
hsa-miR-3162-5p
hsa-miR-4638-5p
hsa-miR-4264
hsa-miR-3925-3p
hsa-miR-4293
hsa-miR-4690-5p
hsa-miR-1266
hsa-miR-574-3p
hsa-miR-544b

HDAC2
HDAC2
HDAC3
HDAC2
HDAC3
HDAC3
HDAC3
HDAC1
HDAC1
HDAC7
HDAC7
HDACY7
HDAC1
HDAC1
HDAC3
HDAC3
HDAC2
HDAC7
HDAC7
HDAC1
HDAC7
HDAC3
HDAC1
HDAC2
HDAC7
HDAC7
HDAC3
HDAC1
HDAC7
HDAC7
HDAC2
HDAC3
HDAC2
HDAC2
HDAC2
HDAC3
HDAC7
HDAC3
HDAC7
HDAC1
HDAC7
HDACY7
HDACY7
HDAC7

Prediction
Prediction
Prediction
Prediction
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hsa-miR-188-5p
hsa-miR-500b
hsa-miR-1915
hsa-miR-1225-3p
hsa-miR-4632
hsa-miR-4720-5p
hsa-miR-4727-5p
hsa-miR-4518
hsa-miR-485-5p
hsa-miR-3686
hsa-miR-4690-5p
hsa-miR-362-5p
hsa-miR-4701-5p
hsa-miR-4489
hsa-miR-532-3p
hsa-miR-3911
hsa-miR-4799-3p
hsa-miR-4488
hsa-miR-4697-5p
hsa-miR-4667-5p
hsa-miR-4508
hsa-miR-4650-3p
hsa-miR-588
hsa-miR-4524
hsa-miR-518a-5p
hsa-miR-527
hsa-miR-299-3p
hsa-miR-4690-3p
hsa-miR-4649-3p
hsa-miR-100
hsa-miR-4681
hsa-miR-99a
hsa-miR-34a
hsa-miR-3667-5p
hsa-miR-3919
hsa-miR-24
hsa-miR-99b
hsa-miR-2117
hsa-miR-34c-5p
hsa-miR-96
hsa-miR-1178
hsa-miR-3942-3p
hsa-miR-3194-5p
hsa-miR-3616-3p
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hsa-miR-3618
hsa-miR-4536
hsa-miR-449b
hsa-miR-374c
hsa-miR-1271
hsa-miR-4688
hsa-miR-589
hsa-miR-3127-3p
hsa-miR-892b
hsa-miR-589
hsa-miR-483-3p
hsa-miR-4328
hsa-miR-548ad
hsa-miR-1203
hsa-miR-4314
hsa-miR-4509
hsa-miR-584
hsa-miR-3678-3p
hsa-miR-3656
hsa-miR-3918
hsa-miR-4286
hsa-miR-129-3p
hsa-miR-3184
hsa-miR-423-5p
hsa-miR-4292
hsa-miR-1285
hsa-miR-4291
hsa-miR-4516
hsa-miR-3622a-3p
hsa-miR-3622b-3p
hsa-miR-1248
hsa-miR-3126-3p
hsa-miR-545
hsa-miR-1915
hsa-miR-708
hsa-miR-4286
hsa-miR-4450
hsa-miR-4253
hsa-miR-3622b-5p
hsa-miR-4666-5p
hsa-miR-657
hsa-miR-28-5p
hsa-miR-4308
hsa-miR-4794
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hsa-miR-589
hsa-miR-4483
hsa-miR-4642
hsa-miR-570
hsa-miR-4451
hsa-miR-631
hsa-miR-3616-3p
hsa-miR-1293
hsa-miR-4436b-3p
hsa-miR-4446-5p
hsa-miR-4683
hsa-miR-1470
hsa-miR-3122
hsa-miR-3913-5p
hsa-miR-3689a-3p
hsa-miR-3689c
hsa-miR-371b-3p
hsa-miR-711
hsa-miR-3127-3p
hsa-miR-361-3p
hsa-miR-545
hsa-miR-103a
hsa-miR-107
hsa-miR-1304
hsa-miR-3135
hsa-miR-4514
hsa-miR-1912
hsa-miR-615-5p
hsa-miR-4703-3p
hsa-miR-4726-5p
hsa-miR-561
hsa-miR-570
hsa-miR-1972
hsa-miR-330-3p
hsa-miR-874
hsa-miR-3661
hsa-miR-3667-5p
hsa-miR-193a-3p
hsa-miR-193b
hsa-miR-3126-5p
hsa-miR-4308
hsa-miR-3915
hsa-miR-4667-3p
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hsa-miR-4640-3p
hsa-miR-4772-5p
hsa-miR-3927
hsa-miR-192
hsa-miR-215
hsa-miR-325
hsa-miR-3918
hsa-miR-4640-5p
hsa-miR-566
hsa-miR-1268
hsa-miR-1268b
hsa-miR-4659a-5p
hsa-miR-940
hsa-miR-1911
hsa-miR-1254
hsa-miR-1280
hsa-miR-3665
hsa-miR-3937
hsa-miR-4644
hsa-miR-512-5p
hsa-miR-935
hsa-miR-920
hsa-miR-1254
hsa-miR-4460
hsa-miR-1295
hsa-miR-2682
hsa-miR-365
hsa-miR-449c
hsa-miR-4692
hsa-miR-4786-3p
hsa-miR-503
hsa-miR-3679-3p
hsa-miR-631
hsa-miR-1225-3p
hsa-miR-4667-3p
hsa-miR-4691-3p
hsa-miR-4704-5p
hsa-miR-765
hsa-miR-4664-5p
hsa-miR-766
hsa-miR-4788
hsa-miR-3150a-3p
hsa-miR-3151
hsa-miR-3936
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hsa-miR-621
hsa-miR-642a
hsa-miR-1233
hsa-miR-1245b-5p
hsa-miR-24
hsa-miR-2964a-5p
hsa-miR-3142
hsa-miR-342-5p
hsa-miR-362-5p
hsa-miR-4300
hsa-miR-4686
hsa-miR-4755-3p
hsa-miR-500b
hsa-miR-1224-3p
hsa-miR-1260
hsa-miR-1260b
hsa-miR-28-5p
hsa-miR-3116
hsa-miR-4514
hsa-miR-708
hsa-miR-4417
hsa-miR-2467-3p
hsa-miR-4729
hsa-miR-486-5p
hsa-miR-1307
hsa-miR-3139
hsa-miR-323b-3p
hsa-miR-4480
hsa-miR-1324
hsa-miR-4291
hsa-miR-4649-3p
hsa-miR-3187-5p
hsa-miR-33a
hsa-miR-33b
hsa-miR-4274
hsa-miR-4646-5p
hsa-miR-363
hsa-miR-3663-3p
hsa-miR-4265
hsa-miR-4322
hsa-miR-4667-5p
hsa-miR-147
hsa-miR-4319
hsa-miR-4525
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HDAC3
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hsa-miR-3128
hsa-miR-4664-5p
hsa-miR-4722-5p
hsa-miR-125a-3p
hsa-miR-32
hsa-miR-367
hsa-miR-4419a
hsa-miR-4422
hsa-miR-939
hsa-miR-19a
hsa-miR-19b
hsa-miR-3199
hsa-miR-3664-3p
hsa-miR-4266
hsa-miR-4515
hsa-miR-1178
hsa-miR-2053
hsa-miR-342-5p
hsa-miR-3691-3p
hsa-miR-4278
hsa-miR-4757-5p
hsa-miR-491-5p
hsa-miR-25
hsa-miR-3192
hsa-miR-3943
hsa-miR-4510
hsa-miR-612
hsa-miR-3125
hsa-miR-3916
hsa-miR-4461
hsa-miR-455-3p
hsa-miR-4700-5p
hsa-miR-670
hsa-miR-146b-3p
hsa-miR-185
hsa-miR-4306
hsa-miR-4296
hsa-miR-483-5p
hsa-miR-489
hsa-miR-608
hsa-miR-637
hsa-miR-92a
hsa-miR-125b
hsa-miR-4512
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hsa-miR-3614-5p
hsa-miR-539
hsa-miR-4691-5p
hsa-miR-4716-3p
hsa-miR-4792
hsa-miR-3529
hsa-miR-92b
hsa-miR-942
hsa-miR-4739
hsa-miR-764
hsa-miR-1253
hsa-miR-146b-5p
hsa-miR-4651
hsa-miR-4660
hsa-miR-1229
hsa-miR-204
hsa-miR-211
hsa-miR-223
hsa-miR-3116
hsa-miR-4505
hsa-miR-671-5p
hsa-miR-3173-5p
hsa-miR-4793-3p
hsa-miR-625
hsa-miR-146a
hsa-miR-3973
hsa-miR-4650-5p
hsa-miR-4728-5p
hsa-miR-4762-3p
hsa-miR-548m
hsa-miR-146b-3p
hsa-miR-16
hsa-miR-195
hsa-miR-326
hsa-miR-3688-5p
hsa-miR-4756-5p
hsa-miR-4489
hsa-miR-4694-5p
hsa-miR-514
hsa-miR-514b-3p
hsa-miR-581
hsa-miR-1229
hsa-miR-4305
hsa-miR-485-5p
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hsa-miR-15a
hsa-miR-31
hsa-miR-330-5p
hsa-miR-3677-5p
hsa-miR-3925-3p
hsa-miR-424
hsa-miR-1275
hsa-miR-3975
hsa-miR-4665-5p
hsa-miR-4744
hsa-miR-139-5p
hsa-miR-23a
hsa-miR-23b
hsa-miR-23c
hsa-miR-3188
hsa-miR-3670
hsa-miR-4700-3p
hsa-miR-587
hsa-miR-379
hsa-miR-4257
hsa-miR-4476
hsa-miR-1321
hsa-miR-15b
hsa-miR-3545-5p
hsa-miR-497
hsa-miR-125a-5p
hsa-miR-4288
hsa-miR-4635
hsa-miR-4639-3p
hsa-miR-4792
hsa-miR-133a
hsa-miR-133b
hsa-miR-3155
hsa-miR-3155b
hsa-miR-3690
hsa-miR-4506
hsa-miR-2110
hsa-miR-520g
hsa-miR-520h
hsa-miR-1231
hsa-miR-1253
hsa-miR-155
hsa-miR-4451
hsa-miR-4653-5p
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hsa-miR-4672
hsa-miR-377
hsa-miR-3922-3p
hsa-miR-4506
hsa-miR-2115
hsa-miR-3127-3p
hsa-miR-4330
hsa-miR-4481
hsa-miR-4523
hsa-miR-934
hsa-miR-2467-5p
hsa-miR-4536
hsa-miR-4649-3p
hsa-miR-4661-5p
hsa-miR-4761-3p
hsa-miR-608
hsa-miR-632
hsa-miR-3618
hsa-miR-3928
hsa-miR-4434
hsa-miR-4516
hsa-miR-548ah
hsa-miR-628-5p
hsa-miR-1272
hsa-miR-4642
hsa-miR-502-5p
hsa-miR-654-3p
hsa-miR-759
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Table S4. MiRNAs

identified

in databases (a) showing differential

expression between PDAC and normal pancreatic tissue and (b) having

HDACSs as targets. (P<0.05).

Log?2 Fold Change of

miRNA Target Interaction Dataset ; .
miRNA in dataset
miR-188-5p HDAC1 GSE41368 and GSE41369 -2,03
miR-708 HDAC1 GSE41368 and GSE41369 -2,74
miR-539 HDAC1 GSE41368 and GSE41369 -1,50
miR-4269 HDAC1 GSE43795 and GSE43796 -1,41
mMiR-3616-3p HDAC1 GSE43795 and GSE43796 -0,48
miR-4307 HDAC?2 GSE43795 and GSE43796 -0,15
miR-944 HDAC?2 GSE43795 and GSE43796 -0,13
miR-195 HDAC?2 GSE43795 and GSE43796 -1,30
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CAPITULO V DISCUSSAO
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A discussdo especifica referente aos resultados obtidos no presente
trabalho encontra-se no manuscrito apresentado no Capitulo IV. Neste capitulo
serdo mencionados aspectos mais gerais referentes ao tema retomando
guestbes ndo discutidas anteriormente. No entanto, alguma sobreposicdo de
conteddo é inevitavel.

O céancer de pancreas € um dos tumores com pior prognostico. A
dificuldade no rastreamento somado a sintomatologia tardia, rapida progresséo
e a baixa eficacia dos tratamentos em casos avancados sdo 0s principais
fatores que levam esse tipo de tumor a possuir estatisticas tdo desfavoraveis.
Estudos recentes indicam que esta neoplasia serd a segunda causa de morte
por cancer em 2030 nos EUA (Rahib et al., 2014).

Atualmente, hd uma busca frequente na identificacdo de biomarcadores
de diagnostico precoce e progndstico para o cancer de pancreas. Os casos
com sintomas clinicos e evidéncia radiologica forte de tumor podem ser
avaliados através de uma biopsia tecidual por endoscopia, uma abordagem
com alta especificidade. Em contrapartida, nos pacientes em que a suspeita
clinica e radiolégica é baixa, ndo had exames ndo invasivos suficientemente
sensiveis e especificos que conduzam a uma clara definicdo do diagndéstico.
Apesar do panorama de biomarcadores prognoésticos e diagnosticos estar
evoluindo constantemente com identificacdo de moléculas detectaveis na
saliva, soro, plasma, suco pancredtico, urina e fezes, até o momento nédo ha
um biomarcador validado para o ADP (Kenner et al., 2015). O Unico marcador
utilizado é o CA19-9 (antigeno carboidrato 19-9), contudo ele apresenta baixa
sensibilidade (70-80%) e especificidade (68-91%). Este biomarcador esta
presente na superficie celular de tumores gastrointestinais, incluindo cancer de
esOfago, estbmago, vias biliares e pancreas (Kannagi, 2007).

Dadas estas circunstancias, visando a identificacdo de marcadores que
possam auxiliar na definicdo do uso de terapias alvo-moleculares e, em ultima
analise, favorecer o prognostico de pacientes com doenca avancada, diversos
grupos observaram que alteracbes epigenéticas poderiam ter um papel
regulador importante na biologia tumoral. Neste contexto, a expressao de
proteinas modificadoras da cromatina (em especial as HDACs) tem chamado
atencdo por apresentar expressao diferenciada em diversos tumores
(Nakagawa et al., 2007; Jin et al., 2008; Miyake et al., 2008; Oehme et al.,
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2009). O envolvimento das HDACs em neoplasias hematologicas ja estd bem
descrito, e essas proteinas sdo o alvo de drogas ja utilizadas na clinica
(HDACIi). No entanto, a expressao aberrante dessas proteinas no ADP
apresenta dados heterogéneos.

O primeiro estudo que avaliou a expressdo das HDACs utilizando
amostras de tecido e linhagens celulares de ADP foi publicado em 2007
(Nakagawa et al., 2007). Os resultados demonstraram superexpressao de
algumas proteinas no tumor e sugeriram que poderiam ser promissores alvos
terapéuticos. Nakagawa e colaboradores investigaram a expressao de HDAC1,
HDAC2 e HADAC3 em 20 amostras de ADP e presenca dessas proteinas em
85%, 90% e 100% das amostras, respectivamente. Um ponto interessante
deste trabalho foi uma andlise da expressdo das HDACs em outros tumores
(prostata, estbmago, esbéfago e célon) e seus respectivos tecidos normais
(tecidos normais de pancreas nao estavam disponiveis). A andlise indicou que
na maior parte das analises comparativas realizadas com tumores solidos e
seus tecidos normais correspondentes, 0s tumores apresentavam expressao
menor ou igual ao tecido normal (Nakagawa et al., 2007).

Desde entdo, muitos grupos focaram seus estudos na busca por uma
relacdo entre HDACs e carcinogénese pancreatica, bem como na identificacao
de um papel destas como alvo terapéutico. Os resultados mais expressivos em
relacdo as HDACs em amostras teciduais de ADP indicaram superexpressao
de HDAC1 em 56% (Miyake et al., 2008), HDAC2 em 63% (Lehmann et al.,
2009), HDAC3 em 79% (Lehmann et al., 2009) e HDAC7 em 81% (Ouaissi et
al., 2008) das amostras analisadas. Neste contexto, a HDAC7 parece estar
mais desregulada em ADP. Contudo, no estudo inicial publicado por Ouaissi e
colaboradores, a expressdo génica da HDAC? foi analisada por RT-PCR em
um numero pequeno de casos (N=11) (Ouaissi et al., 2008). Posteriormente,
em 2014, a andlise foi estendida para uma coorte maior (N= 29) que
corroborou a analise anterior e ainda indicou que havia também
superexpressao de HDAC2 nos tumores (Ouaissi et al., 2014). Fritsche et al.,
(2009) também encontraram uma superexpressdo de HDAC2 por
imunohistoquimica e sua expressdao foi mais acentuada em tumores
indiferenciados (Fritsche et al.,, 2009). Usando a mesma metodologia, outro

estudo encontrou superexpressdao de HDAC2 em 50% dos ADP (N=70) e
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correlacionou esse resultado com a capacidade proliferativa do tumor e
caracteristicas clinicas, entretanto ndo foram identificadas associacfes
(Giaginis et al., 2015). Adicionalmente, a HDACS3 foi detectada em 79% das
amostras (N=78) (Lehmann et al., 2009), fornecendo evidéncias para a sua
investigacdo mais aprofundada na patogénese do ADP. Contudo, poucos
trabalhos posteriores encontraram superexpressdo de HDAC3 em amostras de
ADP. Apesar de o estudo mais recente ter demonstrado superexpressdo da
HDAC3 em ADP, a analise era composta por um numero limitado de casos
(n=4) (Jiao et al., 2014). Por fim, a HDAC mais estudada em ADP, HDAC1, foi
encontrada superexpressa em 56% dos casos (Miyake et al., 2008). Esta
HDAC foi correlacionada com o fator 1 a induzivel por hipéxia (HIF-1 a) um
fator de transcricdo que ativa genes envolvidos em aspectos cruciais da
biologia tumoral, como a angiogénese, metabolismo da glicose e invasao
(Semenza, 2003). Miyake e colaboradores avaliaram a expresséo de HDAC1 e
sua possivel correlacdo entre esta HDAC e variaveis clinicas, mas nenhuma
associacdo significativa foi encontrada. Diferentemente, outros autores
descreveram uma associacdo entre a expressdao de HDAC1l e o grau de
diferenciacdo do tumor, aumento da atividade proliferativa e estadgios mais
avancados da doenca (TNM). Eles também demonstraram que a expressao
aumentada progressivamente com fases posteriores do desenvolvimento do
tumor (lesdes precursoras para ADP) (Wang et al., 2009). Entretanto, estudos
com maiores tamanhos amostrais (78 e 70) identificaram superexpressao
proteica em menos de 50% dos ADP analisados (Lehmann et al., 2009;
Giaginis et al., 2015).

Recentemente, microarranjos tem sido usados em muitos estudos para
identificar assinaturas génicas associadas ao ADP e quatro grupos utilizaram
esta abordagem de analise comparando amostras teciduais de ADP e
pancreas normal adjacente ao tumor. Embora a diferenca entre os tecidos
tenha sido estatisticamente significativa, os valores de fold change demonstram
que a esta diferenca ndo é relevante, no que diz respeito a expressdo das
HDAC1, 2, 3 e 7. Ainda, analises complementares como a validacdo por RT-
PCR e expressao proteica ndo foram realizadas (nUmeros de acesso ao Gene
Expression Omnibus: GSE28735, GSE41368, GSE43795 e GSE32676)
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(Donahue et al., 2012; Zhang et al., 2012; Frampton et al., 2014; Park et al.,
2014).

Andlises de expressdo proteica e de transcritos das HDACs em
linhagens celulares foram publicadas por diversos grupos, mas inferéncias a
respeito dos dados devem ser realizadas com cautela. Amostras teciduais
apresentam grande variabilidade intra- e intertumoral e estas podem ser as
raz0es da grande heterogeneidade dos resultados. Da mesma forma, cada
linhagem celular corresponde a uma porcdo especifica do tumor ou suas
metéstases. Diversos estudos tem demonstrado diferencas no padrdo de
expressdo de clones a medida que a doenca progride (Marusyk e Polyak,
2010). As linhagens celulares de ADP utilizadas nos estudos de tumores
primarios sdao BxPC-3, PANC-1, MIA-PaCA-2, PL-45, Panc 02.03 e HPAC e
derivadas de metastases sdo HPAF-Il, Capan-1, ASPC-1, CFPAC-1, HS-766T
e SW1990. Por exemplo, em um estudo com sete linhagens celulares, Zhou e
colaboradores observaram a superexpressdo de HDAC1 apenas nas linhagens
BxPC-3 e PANC-1 (Zhou, Liang e Yee, 2011). Ainda para a HDAC1, sua
expressao foi superior a linhagem controle de tecido pancreatico ndo tumoral,
para apenas trés amostras (BxPC-3, ASPC-1 e MIA-PaCA-2) em uma analise
por Western Blotting (Wang et al., 2012). Neste mesmo estudo a HDAC2
estava mais expressa em todas as linhagens (BxPC-3, ASPC-1, PANC-1,
Capan-1, CFPAC-1, HPAC e MIA-PaCA-2), assim como HDAC3 e HDAC7
apresentaram superexpressdo em seis linhagens (BxPC-3, ASPC-1, PANC-1,
CFPAC-1, HPAC e MIA-PaCA-2).

Além das HDACs, os miRNAs também estédo envolvidos na regulacéo de
genes com papel crucial em todas etapas da tumorigénese, como apoptose,
proliferacéo celular, angiogénese, invasao e metastase em diferentes tumores
sélidos. (Ruan, Fang e Ouyang, 2009). Até o momento, poucos estudos
exploraram a anadlise de interagfes entre HDACs e miRNAs. Neste trabalho
buscamos identificar possiveis relacdes entre esses mecanismos epigenéticos
que possam contribuir especificamente no desenvolvimento do ADP. Nas
analises in silico, 0 miR-3127-3p foi identificado como um regulador das quatro
HDACs analisadas. Entretanto, nés ndo encontramos estudos experimentais

com esse regulador.
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Adicionalmente, nossas analises revelaram alguns miRNAs que podem ter
um papel importante na regulacdo especifica de HDACs em ADP: foram
identificados cinco miRNAs que tem como alvo a HDAC1 (miR-188-5p, miR-
539, miR-708, miR-4269 e miR-3616-3p) e trés miIRNAs que tem como alvo a
HDAC2 (miR-4307, miR-944 e miR-195).

Somente o0 miR-708 foi estudado em amostras de pancreas. Neste
estudo, 846 miRNAs humanos foram avaliados em lesdes precursoras do ADP
(NIPMs) com o objetivo de distinguir lesdes com potencial de malignidade baixo
e alto. Quinze miRNAs foram diferentemente expressos entre lesdes benignas
e malignas de NIPM, e dentre estes 0 miR-708 apresentou expressao 3,38x
maior em lesdes benignas (Lubezky et al., 2013). Este mesmo miRNA também
foi identificado em outro tipo de lesdo precursora do ADP, as NIPan, quando
comparado ao tecido normal (Yu et al., 2012)

Outros miRNAs apontados nas analises in silico (miR-188-5p, miR-539,
mMiR-944 e miR-195) foram estudados em outros tipos tumorais. O miR-188-5p
foi descrito recentemente por Fang e colaboradores como subexpresso em
carcinoma hepatocelular em comparagcdo ao seu tecido normal adjacente.
Andlises in silico e in vitro indicaram que este miRNA apresenta como um de
seus alvos o FGF5 (do inglés, Fibroblast Growth Fator), proteina
superexpressa em tumores com um importante papel na regulacdo do
crescimento do tumor e invasdo (Fang et al., 2015). Em seguida, um outro
estudo apontou que esse mesmo MiRNA apresenta funcdes de supressdo de
tumor em cancer de préstata (Zhang et al., 2015). A baixa expressdo do miR-
539 foi associado ao linfoma géastrico MALT (Mucosa-Associated Lymphoid
Tissue) em comparacdo a mucosa gastrica normal (Thorns et al., 2012), e
ainda, sua baixa expressao foi associada a um pior progndostico em pacientes
com osteossarcoma (Mirghasemi et al.,, 2015). Um estudo subsequente
descreveu que esse miRNA regula negativamente a capacidade de migragao e
invasdo de células metastaticas de tiredide (Gu e Sun, 2015).

Powr6zek e colaboradores (2015) avaliaram a expressdo de 90
pacientes com cancer de pulm&o e 85 controles saudaveis. Os resultados
indicaram que 0 miR-944 estava superexpresso em individuos com céancer e
ainda apresentava acuracia diagnostica para detec¢édo do carcinoma de células

escamosas do pulmé&o que apresentassem potencial para ressec¢cao (AUC =
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0,982) (Powrozek et al.,, 2015). Em outros estudos, o0 miR-195 ja apresentou
fortes evidéncias para uma funcdo supressora de tumor em alguns tipos de
cancer (por exemplo, cancer de mama, colorretal, osteosarcoma e carcinoma
hepatocelular). Em 2014 este mesmo miRNA foi apontado como um potencial
biomarcador de diagnéstico de cancer de mama quando se observou a
expressao reduzida no soro de casos com essa doengca em comparacao aos
controles. Os niveis de sensibilidade de 73,97% sugeriram que esse mMiRNA
pode ser usado como uma ferramenta de deteccdo deste tipo de tumor em
estagios iniciais (Zhao et al., 2014). O uso do miR-195 como biomarcador de
diagnostico também foi proposto para diferenciar pacientes com suspeita de
osteossarcoma. Os niveis do miR-195 foram investigados no soro de 166
pacientes com osteossarcoma e 60 controles saudaveis e, assim como no
estudo anterior, miR-195 foi significativamente menos expresso nos casos com
tumor (p <0,001), e os niveis de expressdo foram correlacionados a um pior
prognéstico (Cai et al.,, 2015). A Bcl-2, proteina chave no mecanismo de
apoptose e recentemente associada aos processos de migracdo celular,
invasdo e metastase (Um, 2015), foi descrita como alvo de miR-195 em
linhagens de cancer colorretal (Yang, Tan e Song, 2015). Nao hé relatos na
literatura relacionando o envolvimento de alguns miRNAs aqui identificados,
miR-4269, miR-3616-3p e miR-4307, com o ADP ou outro tipo tumoral.

No presente estudo nés avaliamos quatro HDACSs, escolhidas de acordo
com dados prévios da literatura, que foram descritas como superexpressas em
tecidos tumorais, incluindo o ADP. Os nossos resultados indicaram
superexpressdo da HDAC7 em ADP corroborando as informacbes ja
publicadas, contudo a diferenca encontrada entre a expressdo em tecido
tumoral e adjacente ndo foi estatisticamente significativa. A analise da
expressao diferencial das demais HDACs foi significativa e indicou maior
expressdo no tecido normal. Resultados similares ja foram reportados por
outros estudos, onde apesar do tecido tumoral apresentar (em média) niveis
superiores de expressao, diversas amostras tiveram niveis de expressao
equivalentes entre os dois tecidos (normal e ndo-tumoral) ou ainda uma maior
expressdo no tecido normal. E importante destacar que a diferenca de
expressao entre tecido normal e tumoral foi sutil para todas as HDACs e

apenas as HDAC2 e HDAC7 foram associadas com a idade ao diagndéstico.
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Varios fatores podem explicar esses achados. O primeiro deles é o
limitado tamanho amostral do estudo, que decorreu principalmente em razao
de: i) a baixa prevaléncia do ADP (apesar do grande esfor¢o para recrutamento
de casos) e ii) as diversas perdas na selecdo das amostras (por ma qualidade
do material demonstrado no exame anatomopatoldgico ou porque 0S casos nos
quais os valores de Ct foram iguais ou superiores a 36 foram excluidos). O
segundo fator limitante € o pequeno numero de amostras pareadas (ADP e
tecido normal do mesmo paciente) disponiveis para analise. Esta ultima pode
ser uma limitagdo importante, uma vez que a exclusdo de uma amostra de um
paciente que apresenta uma expressao de HDAC equivalente em ambos os
tecidos (tecido normal e tumoral) pode gerar desvios altos. O terceiro fator que
postulamos como complicador nesse estudo € a heterogeneidade intratumoral,
que também pode explicar a discordancia dos resultados. A anélise dos bancos
de dados publicos indicou uma maior expressao das HDACs no tecido tumoral,
com excegao da HDAC3. Assim como nos dados experimentais gerados em
nosso laboratério, a diferenca da expressao entre os tecidos foi sutil nas bases
de dados, indicando que esta analise pode ndo ser suficiente para distinguir
pacientes elegiveis para terapias com inibidores de desacetilases.

Por fim, para avaliar miRNAs que possam ter influéncia na desregulacéo
das HDACs, investigamos em bancos de dados publicos de miRNAs
(GSE43796 e GSE41369) que tinham (i) o0 mesmo conjunto de amostras com
dados de expressao para HDACs e miRNA, e (ii) miRNAs que apresentassem
expresséo diferenciam entre o tecido tumoral e normal (Frampton et al., 2014;
Park et al., 2014). A analise indicou oito miRNAs (miR-188-5p, miR-539, miR-
708, miR-4269, miR-3616-3p, MiR-4307, miR-944, miR-1307) que podem,
potencialmente, estar associados a desregulagdao da HDAC1 ou HDAC2. No
entanto, baseado na pequena diferenca de expressdao das HDACs no tecido
tumoral e normal, é provavel que esse mecanismo de silenciamento ndo esteja

exercendo um papel central na tumorigénese do ADP.
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CAPITULO VI CONCLUSOES

101



Considerando os resultados encontrados no presente estudo, podemos

concluir que:

a. A expressdo das HDACs ndo é um biomarcador de progndstico
robusto em APD, uma vez que a expressao diferencial entre o tecido
pancreatico ndo tumoral e tumoral foi sutil. E ainda, neste e estudos anteriores
indicam nenhuma ou poucas associacfes entre a expressdo das HDACs e

caracteristicas clinico-patolégicas relacionadas com o prognéstico.

b. O uso de inibidores de desacetilases como terapia adjuvante no
tratamento do ADP deve ser analisado com cautela, pois mesmo em estudos
com uma série robusta (considerando a baixa prevaléncia do ADP) foi
encontrada heterogeneidade na expressdo proteica e de transcritos das
HDACSs.

c. Foi identificado expressédo diferencial de alguns miRNAs que
potencialmente agem sobre HDACs. No entanto, uma vez que a diferenca
entre a expressdo HDACs foi sutil, os miRNAs, provavelmente, ndo estao

exercendo um papel central na regulacédo dessas HDACS.

d. Estudos adicionais devem ser realizados em busca de

biomarcadores de diagndéstico e progndstico para PDAC.
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CAPITULO VIl PERSPECTIVAS
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Como perspectivas e sugestdes de analises adicionais destacamos as

seguintes:

e Aumentar o tamanho amostral, tentando incluir mais casos pareados.

e Analisar a expressédo proteica das HDACs em amostras teciduais de
ADP e tecido pancreético normal por imunohistoquimica.
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Introduction

Among all cancer types, pancreatic ductal adenocarcinoma
(PDAC), although rare, is considered one of the most lethal
tumors, being responsible for 3% of all new cancer cases and
7% of all cancer-related deaths. PDAC is also the fourth
highest cause of cancer-related death in the United States;
maoreover, the National Cancer Institute cstimates that in
2015 48960 people will be diagnosed with pancreatic can-
cer and that 40,560 of them will die because of the discase.!
Several of PDAC associated features make it a devastating
and lethal disease, for example, the cary dissemination of
tumor-derived cells in the blood stream,? substantial mor-
bidity associated with disease progression {(which often ren-
ders the patient unsuitable for surgery or even nonsurgical
disease-specific treatments),® and widespread tumor resis-
tance to most forms of current treatment.* The only curative
approach for FDAC patients is surgical resection, and only
patients with localized (carly stage) tumors are eligible for
this therapy.

At present, there is no detection method for the diag-
nosis of early stage PDAC; indeed, pancreatic cancer is usu-
ally a silent disease that only becomes apparent after tumor
invasion of the surrounding tissues or metastatic seeding of
distant organs. Thercfore, the discovery of new diagnostic
and prognostic biomarkers in pancreatic cancer is particularly

important for patient survival. The only tumor markers for
pancreatic cancer currently being used in a clinical setting are
carbohydrate antigen 19-9 (CA19-9) and carcinoembryonic
antipen (CEA), both of which present limitations because of
low sensitivity and specificity. Besides their inability to dis-
criminate malign and benign discase, these bipmarkers are
not specific tumor markers; in fact, the serum levels of these
markers show variation in many discases.

miRMNAs have recently emerged as promising biomark-
ers in PDMAC because these molecules show tissue-specific
expression patterns® and are stable in circolating samples that
can be casily obtained; hence, they enable discase screening in
high-risk patients (zs diagnostic biomarkers) and evaluation of
several disease parameters (as prognostic biomarkers).”

In 1993, using Caemorbabdisis elegans as a model, Lee
et 2l ® identified a gene that codes for small noncoding RNAs,
and further studies have demonstrated that these small RNAs
can regulate protein translation by binding to the 3-UTR and
consequently inhibit mRMNAs? In the following years, these
small noncoding RNA genes were described in different spe-
cies, including humans, and they were named microRNAs
(miRMNAs or miRs) ! Nowadays, miRNAs are well-known
cancer biomarkers; they can fulfill this role because of their
deregulation in virtually all tumors and presentation of tumor-
specific profiles.
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The aim of the present article is to review the major stud-
ies that have evaluated the expression of miRNAs as biomark-
crs in pancreatic cancer and its premalignant lesions. The
article is structured into five main sections. The first section,
miRMNAs and cancer, introduces the early studies in this field;
the next three sections explore the differential expression of
miRNAs in premalignant lesions and PDAC. The final sec-
tion highlights the recent findings related to miENAs as use-
ful circulating biomarkers. The discussion of the hiogenesis,
mechanism of action, and editing of miRNAs is beyond the
scope of this article, but excellent reviews on these topics can
be found elsewhere. !>

miRNAsand Cancer

An association between mi RN As and cancer was proposed for
the first time in 2002, when Calin et al.” demonstrated that a
region commonly deleted in B-cell chronic lymphocytic leuke-
mia (B-CLL) corresponded to miR-15 and miR-16 genes. The
loss of this region (13q14) is the most frequent chromosomal
abnormality in CLL, and this koss alss ocours in other tumors,
which indicates that tumor-suppressor genes could be locaned
in this region. Calin et al also showed that both miRNA genes
are deleted or downregulated in 63% of CLL cases. In 2005,
Cimmino et al.* demonstrated that miR-15 and miR-16 nega-
tively repulate BCL2, which encodes the antiapoptotic protein
Bel2. The absence of miR-15 and miR-16 in CLL promotes
Bcl2 superexpression, which inhibits apopeosis and contributes
to the establishment and progression of the malignant pheno-
type. Two years after their study describing the relationship
between miRNAs and cancer, Calin et al.' published a paper
in which genome-wide miRNA microarray profiling was used
to show, for the first time, the potential importance of miRNAs
in the diagnosis and prognosis of human malignancies.

In a comprchensive study, in which bead-based flow-
cytometric profiling technology was applied, the authors
demonstrated that a relatively small number of miRN As could
provide a larpe amount of diagnostic information because the
expression patterns indicated not anly different human cancers
types but also differentiation states. The authors also observed
parterns of gene expression for each type of tumor that reflecred
distinct mechanisms of transformation.® The feasibility and
utility of monitoring the expression of miRNAs in human
cancer was confirmed in this study and reinforced by others,
because unlike mRNAs, miENAs remained largely intact in
routinelyobtained, formalin-fixed, paraffin-embedded (FFFE)
tissues. " Following the publication of this paper, several stud-
ies have shown that miRN A expression patterns are associated
with different steps of carcinogenesis, and it is now well known
thar miRNAs can act as onco-miRNAs or tumor-suppressor
mikMNAs. In the first scenario, the overexpression of an
miRMNA that acts as an onco-miRNA would contribute to
tumor formation through the negative regulation of a tumor-
suppressor mRNA. Increased levels of these mature miR-
MNAs could ocour because of miRNA gene amplifications,

constitutive promoter activation, increased efficiency in miRNA
processing, or increased stability of the miRNA. In the sec-
ond scenario, the reduction or absence of an miRMNA that acts
a5 a tumor suppressor can lead to tumor formation because
low expression levels of the miRNA promotes the overexpres-
sion of mENAs that encode oncoproteins, and this favors the
development of other features necessary for tumor progression,
such as increased proliferation, invasiveness, and angiogen-
esis. The reduction or elimination of an miRMA can be caused
by defects at any stage of miRNA biogenesis.? Although the
correlation between miRMNA and cancer was clear in 2005, the
first study to show that the deregulation of a single-miRNA
gene could lead to cancer was published in 2006; specifically,
this study investigared a lymphoblastic leukemia high-prade
lymphoma in mice.2!

In light of the central role that miRNAs play in car-
cinogenesis, they can be considered new regulators of cancer
hallmarks.** Several examples can be used to illustrate the
importance of miEMNA regulation in all tumorigenic steps,
such as cell proliferation, apoptosis, replicative potential,
angicgenesis, immune response, fumer invasion, metastatic
potential, and penomic instability. Indeed, in one elepant
study, high-throughput miENA profiling was applied to com-
pare miRNA expression levels in premalignant stages as well
as tumors and metastasis, and each stage was found o cor-
relate with a distinct miRNA expression signature. Moreover,
the wide variety of altered miRN As was shown to reflect dis-
tinct functional roles in the acquired capabilities necessary for
tumor formation and progression, the hallmarks of cancer, in
a mouse model of pancreatic neuroendocrine tumors. ™

According to Volinia et al.”, despite the evident malec-
ular differences between tumor types, some tumors present
similar miRNA expression patterns, including prostate, colon,
gastric, and pancreatic cancers, whereas others, such as lung
and breast cancers, presented different signatures. Although
some miRNAs are typical in one tumor type or tissue, other
miRMAs, such as miR-21, miR-191, and miR-17-3p, arc sig-
nificantly overexpressed in several different tumor types. The
study of Volinia et al showed that the most common miRNA
alteration in solid tumors involves an increase in the expression
levels, whereas loss of expression is less common and usually
tissue specific. Finally, the authors’ data provided further evi-
dence to sugpest that miRNAs function cither in a dominant
or recessive fashion by controlling the expression of protein-
coding umor suppressors and oncogenes.

Differential Expression of miRNAs in Premalignant
Pancreatic Lesions: Pancreatic Intracpithelial
Neoplasia

Most authors in the field propose that there are three pos-
sgble precursor lesions to PDAC: pancreatic intraepithelial
neoplasia {PanIN), intraductal papillary mucinous neoplasm
(IPMN), and a less prevalent precursor lesion known as muci-
nous cystic neoplasm (MCNL All of these alterations harbor
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different types of dysplasia and involve a stepwise accumnla-
tion of penetic alterations that leads to the progression of the
lesions from benign to malignant neoplasms 2

PanIMs are found in the smaller caliber pancreatic ducts
and are the most common and extensively studied of the
premalignant lesions. The classic PDAC progression model
is based on a sequence of molecular and histological altera-
tions, which involves the transformation of the normal pan-
creatic duct in low-grade dysplasias (PanIN-1A and -1B) to
high-grade dysplasias (PanIN-11 and -II1.¥ PanIN-I1A and
-1B are characterized by an increase in the ductal cells with
abundant mucin production; however, in Panl™-1B, the pap-
illary architecture replaces the flat architecture. While the
lesions progress, the cells acquire moderated nuclear altera-
tions (PanIM-II} with abnormal mitosis and lumen invasion,
similar to those from in situ carcinoma (Pan]N-111, when cells
also present a severe nuclear alteration). >

The progression of premalignant lesions to invasive neo-
plasia is the result of surcessive genetic changes in a relatively
predictable order in tumor-suppressor genes, oncogenes, and
DMNA repair genes.™ The evaluation of miRNA expression in
low- and high-grade PanINs is aimed at identifying biomark-
ers in the early stages of pancreatic carcinogenesis. Indeed,
2 PanIN progression model based on miRNA differential
expression was described, showing that different miRNA
expression profiles correlate with each stage of premalignane
lesions. ™ In particular, the study investigated the expression
profile of 735 human miRN As in PanlNs, PDAC, and normal
tissues, and it incladed a principal component anabysis demon-
strating that miRNA expression profiles could be used to not
only classify different PanIN stages but also correctly discrim-
inate between PanlN and normal pancreatic (ductal) tizsue.
Sixry-five miRMNAs were differentially expressed in precursor
lesions relative to normal cells, and among these, 13 overex-
pressed miRNAs (miR-146a, -182, -193a-3p, -193h, -200a,
-200b, -200c, -21, -29%, -425, -486-3p, -70E, and -874) and
one underexpressed miENA (miR-296-5p) were selected for
validation by quantitative polymerase chain reaction igPCR)
in an independent cohort (all overexpressed levels were con-
firmed). An interesting finding of this study was the identi-
fication of miR-196b as the most highly expressed miRMNA
in PanIN (compared with expression in normal cells); it was
also highly expressed in PanIN-ITI {compared with expres-
sion in PanIN-I and -IT) and expressed at even greater levels
in PDAC samples. These findings led to the conclusion that
miRMNA expression levels can be used to discriminate patients
with low-grade premalignant lesions from patients with high-
grade lesions and PDAC.

The same miRNA was also overexpressed in serum sam-
ples from humans and transgenic KPC mice (@ mouse model
of PDAC that expresses both oncogenic KRAS and mutant
p3 in pancreatic cells). By analyzing the expression profiles of
five miR M As that were differentially expressed in PDAC {miR-
21, 155, -1%6a, -1%6b, and -210) in KPC mice, Slater er al®

found that only miR-196a and -196b were significantly overex-
pressed. They confirmed this finding in human serum samples
and found that the expression levels of miR-196a and -196b,
when measured together, discriminated PanIN-I1, -I11, and
PDAC patients from healthy controls. This panel of miRINAs
reached a perfect sensitivity and specificity (100%) when used to
discriminate healthy controls from high-grade PanIN patients;
thus, these miRNAs are promising biomarkers for cardy diag-
nosis. In human microdissected PanIN samples, miR-155 and
miR-21 were evabuated by quantitative real-time PCR (qRT-
PCR): only miR-155 expression was significantly different in
high-grade PanlNs versus nontumoral tissues; however, no
difference in miR-153 expression was observed when PanlN-1
lesions were compared with nontumoral tissue

"The expression levels of a panel of five miRNAs (miR-10b,
-21, -14Ba, -196a, and -217) were analyzed in PanlNs and
PIAC by Xue et al* The authors cormoborated the resuls of
previous studies; they found that miR-1%a was overexpressed
in PanlIN and PDAC compared with its expression in benign
pancreatic tissee. Furthermore, miR-10b was upregulated in
PanIN, miR-21 was upregulated in FDAC, and miR-217 was
underexpressed in PRAC samples (compared with their expres-
sion in normal tissue). miK-148a expression was inversely cor-
related with PDAC progression becanse its levels were found
to be high in normal pancreatic tissue samples and low in
PDAC samples [with imermediate levels chserved in chronic
pancreatitis (CF) and PanlNs]. These findings suggested that
miR-148a could be a gnod marker of disease progression.

Beeause miR-21 is & well-known oncogenic miENA in
many cancers,” including PDAC, its presence is common in
various miRNA panels. duRieu and cols found thar topether
with other miRNAs (eg, miR-221, -222, 200, and -205),
miR-21 was found to be overexpressed in FanIN, with levels
increasing as the lesion progresses and reaching its highest lev-
els in PanIN-I1 and -I1. In this study, the authors also identi-
fied the overexpression of let-7 (a2 well-characterized miRNA
that inhibits cell proliferation) in PanIM-I1 and -I11 as well as
its underexpression in PIMAC (as expected, according to Tor-
risani et al.* and Ali et al.®), thereby characterizing this
miENA as a potential biomarker for differential diagnosis in
tissue samples ¥

Finally, in another study, the expression levels of
miB-145 were also correlated with PanIN  propression.
PanIN-1 showed high levels of miR-145, whereas PanIN-11
and -111 as well as PDMAC tissues presented with low or absent
miR-145 expression. ™

Differential Expression of miRNA in Premalignant

Pancreatic Lesions: Mucinous Lesions

In addition to PanINs, two other premaligpnant lesions,

IFMNs and MCNs (both containing a mucinous component),

can play an important role in pancreatic carcinogenesis.
IPMNsz are the most common cystic precursor lesions

of PDAC. These lesions are mucin-producing epithelial
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neoplasms that arise within the main pancreatic duct or one
of its branches. They are considered potentially malignant
and, being composed of columnar cells, are macroscopicallby
visible via imaging technology.™ IPMNs are organized into
three categories depending on the degree of cytoarchitectural
atypia. Lesions with low-grade dysplasia are characterized
by a single layer of well-polarized cells, small pleomorphism,
and rare mitoses. Intermediate-grade dysplasia shows nuclear
stratification, loss of polarity, and crowding. Finally, IPMN
lesions with high-grade dysplasia show severe dysplastic epi-
thelial changes, marked loss of polarity, and loss of differenti-
ated cytoplasmic fearures.*

MCNs of the pancreas are single spherical lesions mac-
roscopically visible by imaging (mean diazmeter: 610 cm);
they are most often found in the pancreatic body and tail,
and they do not communicate with the pancreatic ductal sys-
tem. 42 According to the grade of intraepithelial dysplasia,
the World Health Organization has classified MCNs into
three categories: MCNs with low, intermediate, and high-
grade dysplasia &

The potential of miRNAs as biomarkers in muci-
nous lesions has been evalusted in several studies, given
that once these lesions are diagnosed by imaging there
is meither a way to evaluate the level of epithelial dysplasia
nor a method to predict whether the lesion will progress to
adenocarcinoma and how long this might take. The poten-
tial of miRNAs as biomarkers in mucinous lesions has been
evaluated in several studies.

The first study to evaluate miBNA expression in IPMNs
was published in 2009 by Habbe et al, and it included a sample
set containing 13 IPMMN adenomas, 31 borderline IFMNs,
and 20 IPMNs with carcinoma in sitn, plus 54 matched non-
neoplasic pancreatic tissue samples. First, the authors con-
ducted a pilot study in which the expression of 12 miRNAs
{described in the literature as deregulated in pancreatic can-
cer) was compared in 15 IPMN samples and matched normal
pancreatic tissues. Expressions levels for 10 of these miRNAs
differed significantly between cases and controls. miR-21
and miR-155 had the highest fold-changes, 12.1 and 116,
respectively. The expression levels of these two miRNAs were
subsequently evaluated by using locked nucleic acid in situ
hybridization in 64 IPMN lesions and 54 controls, which con-
firmed their overexpression in the IPMN samples. Expression
levels of these two miRNAs were also assessed in pancreatic
juice; miR-155 was overexpressed in 60% of all cases, with
20-fold or greater relative-fold expression, whereas miR-21
was also highly expressed in the cases relative to the controls,
but not to the extent of miR-155. Although these were inter-
esting results, none reached statistical significance * miR-21
and miR-155, together with miR-101, were also analyzed
in a multicenter study of 65 invasive IPMNs, 16 noninva-
sive IFMI M5, and 5 normal pancreatic tissues. The expression
levels of the first two miRNAs correlated with an increase
in disease severity; specifically, they were overexpressed in

invasive IPMN samples, expressed at lower levels in benign
tissue, and almost absent in normal pancreatic cells. Simi-
lar to findings in PDAC stodies, IPMN patients with high
miR-21 levels had a significantly shorter overall survival (17.2
months) compared with patients who had low miR-21 lev-
els {53.3 months). miR-101 showed an opposite expression
pattern: it was equally expressed in normal pancreas tissues
and benign TPMMNs, but it was underexpressed in invasive
IFMN samples, which sugpests that miR-101 acts as a tumor
suppressor.™ Nakahara et al further investigated the role
of miR-101 in pancreatic carcinogenesis.*® With the aim of
understanding whether this miRNA regulates the expression
of the EZH2 gene, which is suspected to act as an oncogene
by downregulating tumor-suppressor genes,* the authors
assessed expression of miR-101 using qPCR in five malig-
nant tumors and five benign IPMN samples. Its expression
was significantly lower in malignant IFMN than in benign
samples. Thus, together with other findings, this study sug-
gested that EZH2 blockage by miR-101 is an important step
in pancreatic carcinogenesis, and this miENA could there-
fore represent & potential therapeutic target.

In a study that included several pancreatic lesions, the
expression of B66 mature miRMNAs was assayed in an atternpt
to distinguish between pancreatic tumors and lesions with
low and high malignamt potential. To confirm the micro-
array findings in this study, levels of miR-21, -126 and -16 (ie,
mikMNAs with known relevance to pancrearic carcinogenesis)
were also measured by qRT-PCR. Expression levels of miR-
21 did not differ between benign cystic tumors (comprising
IPMN, MCN, and serous microcystic adenoma), PDAC, and
carcinoma ex-IFMN (which is an invasive malignancy that
arises from IPMN). The expression of miR-126 did not differ
between IPMN, MCN, and the other groups, whereas miR-16
was overexpressed in IPMN samples relative to PDAC sam-
ples Byu et al used a categorization strategy in their study,
which imvolved investigating a panel of miRNAs, including
two recurrently analyzed miRNAs (miB-21 and miR-155)
plus miR-221, miR-17-3p, and miR-191 to discriminate muci-
nous (IPMN and MCN) from nonmucinous lesions [serous
cystadenomas (SCAs) and other benign cysts]. Although the
first four miENAs in the aforementioned list could be used
to discriminare between the groups, none of the miRNAs
allowed differentiation between IPMN and MCN_ % Using a
dightly different approach in which cystic lesions were cat-
egorized into three risk categories (benign, corresponding to
SCAs premalignant, corresponding to IPMN and MCN;
and malignant, corresponding to adenocarcinoma), Henry
et al* showed that a panel of nine miRNAs could be used
to correctly classify these groups. In another study, Lee et al
identified a MCN classifier, which included a panel of four
miBMNAs {miB-10b-5p, miR-202-3p, miR-210, and miR-375)
whose expression levels could be employed to discriminate
MCN from other pancreatic cystic neoplasms and PDAC
with a sensitivity and specificity of 1009
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Matthaei et al.® used a DiffFairs approach to iden-
tify novel biomarkers and analyze the expression profiles of
750 miRNAs in IPMN and aspirated cystic fluid samples,
thereby identifying 26 and 37 candidate miRNAs for these
respective samples. By using these candidate miRNAs, the
authors were able to distinguish between high-risk lesions
(high-grade IPMNs) and low-risk lesions (low-grade IPMNs
and SCA). By narrowing their analysis down to a panel of
nine miRNAs, they were able to discriminate both groups
with a sensitivity of 8% and a specificity of 100%; further-
more, they could distinguish low-grade IPMNs/SCA from
unusual cysts as cystic pancreatic neurcendocrine tumors
and solid psendopapillary tumors. Using a similar approach,
Lubezky et al.? analyzed 846 human miRNAs in 55 sped-
mens, including low-, moderate-, and high-grade TPMNs,
PDAC, and normal pancreatic tissues. Fifteen miRNAs were
differentially expressed in benign lesions (low- and moderate-
grade IPMMs) compared with malignant lesions (high-grade
IPMN and invasive carcinoma arising in [PMN), including
overexpression of miR-155, miR-708, miR-424°, miR-21,
miR-503, miR-214*, miR-150, miR-146a, and miR-21* and
underexpression of miK-130b, miR-375, miR-148a, miR-
216h, miR-216a, and miR-217.

More recently, studies used high-throughput methods
o reveal new deregulated miRNAs in premalignant lesions,
including miR-100, miR-9%a, miR-9%b, miR-342-3p, and
miR-130a as well as miR-126. In microarray analysis, all of
these miRMNAs were underexpressed in high-risk TPMNs,
relative to low-risk IPMNs, and this trend was confirmed by
qRT-PCR in a different cohort. Moreover, an miRNA profile
composed of miR-99b, miR-130a, and miR-342-3p reached
an area under curve (AUC) value of 0.74 in the validation

phasze. Wang et al* employed next-generstion sequencing
(SOLiD platform) to identify patients with low-grade and
high-grade dysplasia, and they found 13 overexpressed and
2 underexpressed miRNAs in cystic fluid samples from
paticnts with IPMN and MCN (compared with expression
in pancreatic tumor samples). However, these resulis were not
statistically significant, perhaps because of small sample sizes.
Only miB-216 was significantly overexpressed in high-risk
patients; therefore, this single miRNA discriminated low-risk
patients from high-risk patients.

Unfortunately, authors have used divergent nomenclature
to categorize IPMN lesions in various stages, which hampers
comparisons between different studies. A schematic progres-
son model of precursor lesions (PanlNs and IPMNs) and
miRNAs deregulated in each stage can be seen in Figure 1.

Differential Expression of miRNAs in PDAC

More than 0% of patients diagnosed with pancreatic cancer
die from the disease,™ and accurate diagnostic and prognos-
tic biomarkers are absent. Therefore, identification of new
biomarkers that provide informative data reparding diag-
nosis and prognosis, as well as elucidate important aspects
of tumor biology, is valuable for providing appropriate
paticnt management.

In 2006, Lee et al* used qgRT-PCR in an effort to pro-
vide insights into deregulation of miRNAs in pancreatic can-
cer. Consequently, they published the first study comparing
expression patterns of miRNA precursors in PDAC tumors,
adjacent benign tissues, CP specimens, normal pancreatic tis-
sues, and pancreatic cancer cell lines. The expression profile of
201 miRMNAs showed a specific pattern for each sample type,
with tumors, normal tissues (obtained from normal pancreas),
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and benign tissues (adjacent non-tumnoral tissues, classified as
normal tissues) profiled correctly (and differentially); a find-
ing that reinforced the hypothesis that miENA expression
profiles may generate a unique molecular signature for cach
tissue. Although some miRNAs were exclusively expressed in
pancreatic tumors cells (eg, miR-221, -376a, and -301), some
of the most aberrantly expressed miRNAs {eg, miR-155, -21,
-221) also showed abnormal expression in other cancer types.
The correct categorization of different tissue types was also
possible using a panel of 25 differentially expressed miRNAs
(21 overcxpressed and 4 underexpressed), as demonstrated by
Bloomston et al™ These authors also showed that miRNA
expression patterns could differentiate PDAC from normal
pancreatic tissue and CP in %% of all tested cases. A sec-
ond panel containing 15 overexpressed and 8 underexpressed
miRNAs differentiated PDAC tumors from CP with an accu-
racy of 93%. The authors also investigated whether absolute
levels of miRNA expression could be applied to discriminate
between short-term and long-term survivors with node-posi-
tive diseases, and statistical analyses revealed a subgroup of six
overexpressed miRNAs in patients with long-term survival.
Specifically, two miRMNAs could be used to reliably predice
survival: patients with increased miR19%6a-2 and miR-219
expression showed short-term survival (median survival of
14.3 and 13.6 months, respectively), whereas patients with low
expression of these miRMNAs showed long-term survival (26.5
and 23.8 months, respectively). It is interesting to note that
nodal status, T stage, and histologic grade were not predictive
of survival, which reinforces the specific usefulness of miENA
profiles in disgnosis and progrostic analyses. By using a set of
94 miRMNAs, Szafranska et al.™® found that the global miRNA

expression in CF tissues is intermediate between normal and
PDAC tissues, and they showed that expression of this panel
clearly distinguished PIXAC from normal and CP tissues. This
study aimed to establish a pancreatic miRNome, ic, the first
comprehensive miRMNA expression profile in normal pancre-
aric tissue, CF, and PIDAC. The authors found thar 84 miR-
MNAs were differentially expressed between normal pancreatic
tissues and PDAC samples. Among these miRMNAs, 41 were
downregulated and 32 were upregulated (at least two-fold),
while 11 other miRNAs were strongly enriched in FDAC.

Zhang et al.® analyzed expression levels of 95 miRMNAs
(chosen based on their imwlvement in cancer biology, cell
development, and apoptosis) not only in PDAC and normal
pancreatic tissues but also in pancreatic cell lines. They dem-
onstrated that expression patterns in pancreatic cancer tissues
and pancreatic cancer cell lines were significantly different
from those observed in a normal human pancreatic ductal epi-
thelial cell line and normal pancreatic tissues obtained from
paticnts. They also showed that each pancreatic cancer tissue
and cell type presented a unique profiling pattern, which indi-
cated that significant intertumoral heterogeneity exists. This
study identified several novel miRNAs associared with pan-
creatic cancer and revealed that eight miRNAs (miR-196a,
miR-190, miR-186, miR-221, miR-222, miR-200b, miR-15b,
and miR-35) were significantly upregulated in most PDAC
tumaors from patient samples and cell lines.

A meta-analysis conducted by Ding et al *0 corroborated
the findings of most published articles when it revealed that
multiple-miRMNA profiling assays are more accurate than
single-miRNA profiling assays for diagnosing PDAC (AUC
0.92% and 0.82%, respectively).

118 1 BIOMARKER INSIGHTS 201510

121



2

miRMNA= = biomarkers in pancreatic ducial adenocarcinoma

Several recent studies have demonstrated the deregulation
of miRMNA expression in pancreatic cancer, which highlights
their utility as diagnostic and prognostic markers. Different
methodologies have been used to assess miRNA expression,
including northern blotting,™ qRT-PCR assays developed for
the amplification of precursor molecules 5 miRNA array,©
modified Invader assays,® qRT-PCR developed to assay
mature miRMA® (either by using TagMan or SYBR Green
strategies), and analysis of RNA-seq dara

Regardless of the methodology used, certain miRNAs
appear i have a more central role in pancreatic carcinogenesis.
For example, miR-21 is consistently reported as being over-
expressed in PDAC,™ and studies suggest that this miRNA
contributes to cell proliferation, invasion, and chemoresistance
in pancreatic cancer.** Indeed, PDAC patients whose tumors
present low miR-21 expression have a better response to adju-
vant treatment,”™ and hrmph node-negative patients with high
(rumoral) miR-21 expression levels have shorter survival times
than similar patients with low miR-21 expression levels.®
Similar results have been reported when progression-free sur-
vival was analyzed. 5

miR-34a is an important component of the p53 pathway
and acts as a tumor suppressor; it is frequently underexpressed
in PDAC cell lines,™ and its expression is known to decrease
according oo several mechanisms. ™7 In a pb3-mutant pan-
creatic cancer cell line, restoration of miR-34a expression
restored the tumor-suppressing function of p33 and sensitized
the tumor cells o chemotherapy and radiztion.™ Recent stud-
ies in PDMAC patients showed that patients with high miR-34a
expression levels had a better survival following resection with
curative intene.”

Owerexpression of miR-155 s common in several dif-
ferent tumor types, ™™™ and this miRNA was found to be
upregulated by approximately three-fold in 11 of 21 PDAC
cell lines® One of its targets, the pA3-regulated stress-
induced gene TPSJINPI, is downregulated in PDAC and
correlates with tumor progression.”” High miR-155 expres-
sion levels ane observed in the tumors of patients with worse
survival curves. ™

Several other miENAs have been associated with pan-
creatic carcinopenesis and are briefly discussed here. miR-196a
has been shown to be virtually absent in normal pancreatic tis-
sue, burt it increased by 14-fold in PDAC tissues and cell lines.
In addition, miR-196a expression levels correlated well with
survival and disease progression, with levels already altered in
PanlINs and in all other stages up to PRAC.™® miR-200b is
overexpressed in 708 of all PDAC cases; levels increased up
to 43-fold in PDAC tissucs relative to non-tumoral pancre-
atic tissues.™ The miR-200 family of miRNAs mainly targets
two transcription factors, ZEB1 and ZEB2, which negatively
regulate E-cadhering this ultimately promotes progression
of the epithelial-to-mesenchymal ransition (EMT), which
ensures mobility to mumor cells and favors metastasis. *H%
Khan et al.* showed (through an invasion assay) that miR-145

reduces the amount of invading cells and is also able m enhance
the effects of gemdtabine in FDAC cell lines. miR-145, which
negatively regpulates the MUCI3 protein (which increases
tumorigenic cell signaling pathways in PDAC™), is virtually
absent in pancreatic cancer tissues, but it is highly expressed in
normal pancreatic cells. miR-125b is overexpressed in 2 gem-
citahine-resistant pancreatic cancer cell line (BxPC3-GZR)
and advanced PDAC tumor tissues, and its suppression also
causes a partial reversal of the mesenchymal phenotype and
increases the response to gemcitabine treatment in BxPC3-
GZR and PANC-1 cell lines® Finally, dercgulation of
another miRNA, miR-376a, in PDAC was first described in
2006 when its expression was shown to be increased by seven-
fold in PDAC tissues. The exclusive expression of this miRMNA
in pancreatic tumor cells (it was not found in benign pancreatic
arini or stromal cells) suggested that it could be a good PDAC
hiomarker Years later, overexpression of miR-376a was also
observed in rats in a study that showed that serom levels of this
miRMNA reflected tumoral status. "

Circulating miR NAs as Biomarkers in PDAC
It is often difficult to diagnose pancreatic cancer because of
limited access and the need for invasive diagnostic procedures;
thus, substantial research effort has been applied to the identi-
fication of diagnostic and prognostic biomarkers in circulating
samples. In 2008, two different studies showed the presence of
miBNAs in serum and plasma samples, thereby highlighting
the potential of miRNAs as minimally invasive biomarkers
for diagnostic as well as prognostic purposes.*® In addition,
Mitchellet al.” demonstrated that miRNAs are stablein plasma
because they are protected against endogenous R Nase activity.
In an experiment with prostate cancer xenografts, miRNAs
were shown to originate from tumors and enter circulation,
where their expression levels could be used to robustly dis-
tinguish xenografted mice from controls. In humans, serum
levels of miR-141 distinguished patients with prostate cancer
from healthy controls, and this finding led the authors o pro-
pose that measurement of tumor-derived miRMNAs in serum
or plasma would be a useful method for blood-based detec-
tion of human cancer. Several more recent studies have dem-
onstrated that circulating miRNAs are included in lipid or
lipoprotein complexes, such as apoptotic bodies, microvesicles
{(up to 1 pm), and exosomes (small membrane vesicles of endo-
cytic origin, 50-100 nm in size), or protected by Argonaute
protein 2.7 Therefore, they are highly stable and could be
used as biomarkers for different tumor types,™ and different
sampling strategies could be employed, including minimally
invasive procedures to obtain serum and plasma and noninva-
sive procedures to obtain samples such as saliva ™

In PDAC, miRNAs were reported as useful circulat-
ing biomarkers for the first time in 2009 when Wang et al
demonstrated that a panel of four miRNAs (miR-21, -210,
-155, and -196a) overexpressed in FDDAC tissues could also
be detected in the plasma of PDAC patients and that these
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miRNAs clearly distinguished patients with and without can-
cer (sensitivity of 64% and specificity of B9%).* Another study
measured the plasmatic levels of miR-210, {which increase
in hypoxia situstions™) and found that expression of this
miRNA significantly increased (four-fold) in PDAC patients
relative to controls, confirming the potential of miRMNAs as
diagnostic biomarkers in PDAC miR-21, miR-155, and
miR-1%a were also evaluated by Kong et al.®, who investi-
gated a larper panel of miRNAs (miR-21, -155, -19%6a, -181a,
-181b, -221, and -222). Using serum samples, they found
that miR-21, -155, and -196a could be used to correctly dis-
criminate PDAC patients from controls. Circulating levels
of miR-196a were also shown to predict prognosis: patients
with unresectable PIDAC (stages [11 and IV) had significanthy
higher miR-196a levels, whereas patients with low miR-196a
expression levels were in the early stages of the discase (stages
I and II). Finally, serum miR-19%6a levels were found to be
a good predictor of median survival time in PDAC patients;
patients with high-level miR-196a expression had a median
survival of 6.1 months, whereas patients with low miR-196a
levels had 2 median survival of 12 months. Morimurz et al.*
cvaluated miRMNA expression levels in the plasma and tissue of
the same patients. They analyzed the expression levels of the
miR-17-92 cluster in the tissue and plasma of PDAC patients
and healthy controls and found that, within the cluster and
considering concordant expression levels in plasma and tissue,
miR-18a expression distinguished patients with and without
the disease.

In a large study performed in 2012, Liu et al.'" identified
44 overexpressed miRMAs and 19 underexpressed miRNAs
in the serum of PDAC patients (where expression was com-
pared with age- and sex-matched cancer-free controls). Sur-
prisingly, some of the miENAs reported as deregulated in this
study were different from those described in previous studies
that analyzed circulating samples from PDAC patients. Among
these miENAs, only seven (miR-20a, -21, -24, -25, -99a, -185,
and -191) were expressed at significantly different levels in the
serum of PDAC patients versus controls, and these could be
used o distinguish cancer-affected patients from CP patients.
Patients who expressed high levels of miR-21 had a lower sur-
wvival rate than those with low miR-21 expression levels. In
addition, a prospective study used this seven-miBNA panel to
screen and follow 55 dlinically suspected cases of PDAC across
several months. With the pathological diagnosis considered
as a standard, the seven-miRNA panel could be employed wm
identify FDAC patients with an accuracy of 83.6%, which was
significantly higher than the scouracy of CA19-9 (36.4%), the
only carrently available peripheral biomarker for PDAC, and
CEA (36.4%) for the same sample set. In the same year, another
group also described plasmatic levels of two miBNAs (miR-196a
and mil-16) as carly and independent hiomarkers for FDAC,
more cffective than CA19-9 for cardy diagnosis. Furthermose, the
combination of mi RN As with CA19-% significantly improved the
dizgnostic accuracy of the miRNA panel or CA19-9 alone!™

In contrast to these previous studies, Cote et al'®
reported that miR-21 expression levels in plasma were not
significantly different between PDAC patients and healthy
controls. Through measurement of 10 candidate miRNAs in
plasma and bile aspirates of PDAC patients, CP patients, and
healthy controls, the authors identified a panel of five miRMNAs
{miR-10b, miR-155, miR-160b, miR-30c, and miR-212} that
could distinguish cases from controls with accuracy in both
sample types. When considering only plasma samples, seven
miRNAs (miR-10b, -30c, -106b, -155, -181b, -1%a, and
-212) showed significantly different expression across all three
groups and between individuals with PDAC and CP.

Although the use of miRNA panels ssems to be the most
effective approach to diagnosis and prognosis, some individual
miRNAs also show potential. For example, circulating levels of
miR-182 were shown to be increased in PDAC patients com-
pared to those in patients with CP and healthy controls, and this
trend was significantly associated with advanced clinical stages
and lymph node metastases. Moreover, this single miRNA was
able to predict outcome after pancreatectomy; PDAC patients
with high levels of miR-182 had shorter discase-free survival
and overall survival compared with those of patients with
low miR-182 levels.!™ A recent study from our group'™ also
revealed that the expression of two miRNAs (miR-21 and miR-
34a) in serum samples could individually discriminate FDAC
and healthy controls. Indeed, when both variables were consid-
ered together, only a discrete improvemnent was observed.

In the last few years, a prowing number of researchers
have employed high-throughput methodologies to analyze
hundreds of miRMNAs and collect data that are considered
more robust. One of the first studies to achieve this was a
multicenter study in which 245 samples (129 tissue and 116
blood samples) from PDMAC patients, CP patients, and healthy
controls were assessed for the expression of B63 miRMNAs
using the Geniom Biochip miRNA Heme sapiens. In blood
samples, 87 miRNAs differentiasted PDAC patients from
healthy controls, whereas 18 miRMAs distinguished CP
patients from controls. Interestingly, the study did not iden-
tify a single circulating miRNA that could be used to distin-
guish between PIXAC and CF patients.'® In the second study
with a case—control design, 754 miRNAs were analyzed in
the whole blood of 409 PDAC patients, 25 CP patients, and
312 healthy controls {srganized into discovery, training, and
validation cohorts) with the aim of finding an miRNA panel
suitable for diagnosis of PDAC. Using a TagMan human
microR N A assay to access miRN A expression, two diagnostic
panels (indexes I and II) were created that comprised 4 (miR-
145, miR-150, miR-223, and miR-636) and 10 (miR-26h,
miR-34a, miR-122, miR-126%, miR-145, miR-150, miR-223,
miR-505, miR-634, and miR-885-5p) miRNAs, respectively.
Both panels provided satisfactory results, and when they were
combined with CA19-9, index I had an AUC of 0.94 (85%
sensitivity and 98% specificity) and index IT had an AUC of
0.93 (85% sensitivity and 0% specificity). Furthermore, the
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AUC for the combination of CA1%-% and miRNA panels was
significantly higher than that for CA19-9 used alone.'™
Finally, Lin et al' analyzed differential expression
of 1,711 miRNAs in the serum of six PDAC patients and
six controls, and they demonstrated that 22 miRNAs were
upregulated, while 23 were downregulated. Among these
miRNAs, they chose the eight most derepulated (upregu-
lated: miR-1238, miR-296—3p, miR-4290, and miR-453-5p
downregulated: miR-1280, miR-492, miR-395, and miR-
663a) for validation in a larger cohort of 49 PDAC and 27
control serum samples. Receiver operating characteristic curve
analysis showed that miR-492 and miR-663a yielded the larg-
est AUCs, 0.787 and 0870, respectively. In an analysis thar
was even more comprehensive, Kojima et al.'™ performed a
ID-Gene assay, ie, a sensitive microarray developed to detect
2,555 human miRNAs registered in the miR Base (release 205
httpe/fwwrw.mirbase org/), using 100 serum samples from
PDAC patients and 150 from healthy controls, in addition to
other digestive cancers samples. Notwithstanding the find-
ing that miR-6836-3p showed high sensitivity and specificity
when used alone (B9.4% and 82.3%, respectively), the anthors
found that a combination of eight miENAs (miR-6075, miK-
4294, miR-6B80-5p, miR-6799-5p, miR-125a-3p, miR-4530,
miR-6836-3p, and miR-4476) had an even higher sensitiv-
ity (B0.3%) and specificity (97.6%). As expected, CA19-9 and
CEA showed lower sensitivities (65.6% and 40%, respectively)
and specificities (92.9% and 88.6%, respectively) in the same
sample cohort. These results suggest that the assessment of
miRNA expression levels, when miRNAs are used alone or
organized into different panel types, is clinically valuahle for
identifying patients with pancreatic tumors who could benefie
from surgical intervention, chemotherapy, or radiotherapy.
Besides plasma and serum biomarkers, some authors have
focused on salivary biomarkers because saliva is composed of a
complex combination of enzymes, hormones, antibodies, etc.,
which makes saliva samples as informative as blood in certain
clinical situations."™ Moreover, obtaining a saliva sample is
noninvasive and involves low cost, and several studies have
shown that salivary molecules can be useful as cancer bio-
markers.'*-153 In 2010, Zhang et al."™ demonstrated that a
panel of four salivary mRENAs (KRAS, MBD3L2, ACRV],
and DPM1T) distinguished PDAC patients from CFP patients
and healthy controls with 0% sensitivity and 95% specificity.
More recent studies have shown that miRNAs can be detected
in saliva samples and used as biomarkers.®"™ Indeed, Xie
et al."" performed a pilot study using the saliva samples of
eight PDAC patients and eight healthy controls, which were
analyzed with the human miRNA microarray (Agilent; capa-
ble of profiling the expression of 2,006 miRNAs). Consider-
ing certain criteria, the authors chose the 10 most deregulated
miRNAs and tested them by using gF'CR in the same cohort.
Among the miRNAzs, miB-3679-5p and miR-940 showed
significant differential expression between the two groups,
and when these were assayed in a larger cohort, miR-3679-5p

was found to be downregulated and miR-940 upregulated in
PDAC patients compared with expression levels in healthy
controls. Both miRNAs reached satisfactory sensitivities
(B2.5% and 0%, respectively) but not specificities (45% and
40%, respectively). In a recent study, miRNA expression was
assayed in saliva samples and similar issues with specificity
were not observed; specifically, miR-21, miR-23a, miR-23h,
and miR-2% were significantly upregulated in PXAC patients
compared with controls, and their specificity was 100%, while
their sensitivities were variable (71.4%, 85.7%, 85,7%, and
57%, respectively).”"” Another pilot study using salivary sam-
ples did not obtain statistically significant results and found
{using qRT-PCR) high Ct values, indicating an almost unde-
tectable expression of the miRMNAs assayed. ™

Conclusions

Usually, eardy stage pancreatic cancer is a silent disease; it
becomes apparent only after tumor invasion of surrounding tis-
sues of metastatic seeding of distant organs. Suspected PDAC
cases are primarily identified through imaging (eg, ultra-
sonography, computed tomography, and magnetic resonance),
but this approach only identifies 2 pancreatic mass, which
could be related to nonmalignant pancreatic disorders. Thus,
imaging is usually insufficient for providing the final diagnosis
of malignancy, CF, or other benign pancreatic lesions. Defini-
tive diagnosis is usually ohtained through invasive procedures,
such as biopsies, which are usually accomplished by endoscopic
ultrasonography, with diagnostic confirmation only possible
in some cases after a laparotomy; thus, the definitive diagnosis
of PDAC or pancreatic precursor besions is almost impossible
when using only noninvasive procedures. "'

The biomarkers most commonly used in clinical settings,
CEA and CA19-9, are not sufficiently accurate for the detec-
tion of pancreatic cancer, but they can be useful in follow-ups
to assess disease progression in patients who have been already
dizgnosed. Therefore, the identification of highly sensitive and
specific diagnostic and/or prognostic biomarkers is important
for avoiding multiple surgical procedures and helping to distin-
guish, without invasive procedures, patients with and without
cancer as well as patients with different premalignant lesions.

Several different approaches have revealed a number of
miBMNAs that could be used as biomarkers in PDAC, but it
is important to also highlight some limitations. Only a few
miRMNAs have been appropriately validated in independent
eohorts or investigated for their function in carcinogenesis. The
wide variety of analytical methods employed in different stud-
ies is a barrier to comparing existing published results, a fact
that reinforces the need to confirm the differential expression
of miRMAs encountered in distinct populations. In some
studies, sample size is also an issue, and the low prevalence
of pancreatic cancer and its precursor lesions should stimulate
efforts to conduct more collaborative projects. Furthermore,
the use of circulating miRNAs as biomarkers is also limited
by their heterogeneous origin. Blood and endothelial cells are
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Table 1. Circulating miRMAs deregulated in PDAC patients.

ORIGIN mIRNA REGULATION REFERENCE

Serum miR-125a-3p, miR-402, miR-505, mif-083a, Down Lin et al, 2014; Kojima et al, 2015
miR-1260, miF-4204, miF-4476, miR-4530,
miR-6E850-5p
miR-21, miR-155_ miFt-138a, miRk-208-3p, Up Kong et al, 2011; Lin et al, 2014;
miR-483-5p, miF-1238, mR-4220, mA-6075 Kojima et al, 2015

Plasma miR-10b, miR-18_ miF-18a, miR-20a, Up Wang et al, 2007; Ho et al, 2010;
miR-21, miF-24, mif-25, miR-30c, Morimura et al, 2011; Liu R e al, 2012
miR-&2a, miR-106b, miR-155, miR-181k, Liu J &t al, 2012 Cote et al, 2014;
miR-182, miR-135, miR-191, miR-126a, Chen etal, 2014
miR-210, miF-212

Whole miR-31, miR-31", miR-03, miR-126", Down Schultz et al, 2014

Blood miR-150, miR-86%a, miR-235,
miR-34a. mif-122, mif-145, mif-199b-5p, Schultz et al, 2014
miR-582-3p, miR-/89-5p. miR-885-5p e

Saliva miR3870-5p Down Xie et al, 2015
miR-21, mif-23a, miF-23b, miR-28c, Up Xie et al, 2015; Humeau et al, 2015
miR-240

the origin of most of the cell-free miRNAs in the blood, and
this could be a confounding factor in the search for tumor-
specific miRMNAs. Indeed, ciroulating miRNAs are only stable
(ie, protected apainst RNase activity) becanse of their asso-
ciation with other structures (eg, apoptotic bodies, exosomes,
high-density lipoprotein vesicles, and mainly proteins from
the Arponaute family®®-%'2%). This primordial interaction
adds another bias if we consider that differences in miRNA
expression levels could be because of differential degrada-
tion in different environments. The future perspectives in the
miRNA field should focus on overcoming these limitations to
find a robust panel of miRNAs for clinical use.

As shown in this review, miRNAs, considered either
individually or in pancls, are key players in 2 wide varicty of
applications. Although making robust comparisons is difficule
because of the different analytical approaches used to date,
some miRNAs have been consistently reported as biomark-
exs, either for diagnostic or prognostic purposes. For example,
miK-21, miR-155, and miK-196 can be used to distinguish
between normal, premalignant, and FDAC tissues in a tissue-
approach, and they discriminated healthy controls from
PDAC patients in serum and plasma samples in more than
one independent study. Other derepulated miRNAs in differ-
ent sample types are shown in Table 1. Despite the aforemen-
tioned limitations, substantial progress has been made toward
the discovery of novel diagnostic and prognostic PDAC bio-
markers, and miRNAs show particular promise in this field.
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ANEXO I

Termo de Consentimento Livre e Esclarecido (TCLE)

TCLE projeto 10-0162

ANEXD |

Termo de Consentimeanto Livre e Esclarecido - Casos

BIOMARCADORES EM CANCER DE PANCREAS: ESTUDOS GENOMICOS E
PROTEOMICOS EM MATERIAL BIOLOGICO

Pesquisadores: Pafricia |zeti, Barbara Alemar, Alessandro Bersch Osvalds, Gabrigl
Macedo, Cleandra Gragério Silva, Ursula Matte, Patricia Ashion-Frolla

Consentimento Infarmado para Armazenamento de Materfal Bioldgico e Estudos
Moleculares em Pacientes com Doencas do Pdncreas

O Grupo de Oncogenética e Grupo de Vias Biliores & Pancreas do Hosgpital de
Clinicas de Porte Alegre estdo realizando um estudo para procurar novas alternativas
para o diagnéstico de doengas do pdncress. Nesse estudo serSo avallados materiais
bioldgicos de pessoas com & sem doencas pancredficas, Por meio desie esfudno,
convidames pesscas com alteragBes no péncreas a doar um ou mais dog saguintes
matesials: sangue, tecido pancredtico (uma pequena pane do pancreas que poderd ser
refirada durante a cirurgis) e saliva dos quais sero exraidos DNA, RNA e proteinas
(material gendtico e protebmico). A partir do estuds deste malefrial, pretendemos
caorelacionar os achadoa moleculares a fim de identificar marcadores assoclados aa
deservolvimento de doengas do  péncreas. lsso poderd  contribuir para o
estabeleciments de esiralégias que visem a deteccio & o manejo precoce dessas
doencas.

Este matarial seré estocado no Hospital de Clinicas de Podls Alegre & poderd ser
utilizade para futuros estudos sobre falores geniticos associados a diversas doengas do
pancreas. Oa dados pessoais e clinices consianies de prontudric dos padicipantes
serdo digitados em um benco de dados e manlidos sob sigilo. Todas as andfises

laboratorais serdo realizadas sem identificacio nominal das pesscas. A quantidade de
tecido pancredtico & sangue doado para estes estudos ndo Fao prejudicar aua sadkde.
Se vock desejar participar do estude, quaisquer perguntas que wook tver em
relagio as coletas e aos procedimenios que serdo feilos ro futuro serfio respondidas
por membros da equipe de cirurgia gue estd Ihe acompanhando ou por membros da
equipe de pesquisa. Se vock ndo dessjar paricipar do estude, & sua decisfio ndo
afstard seu acompanhamento médico ou cimingico no Hospital de Clinicas de Pora

Alegre. 5o vood desefa participar e concorda em doar estes materiais para pesquisa,

Rubrica do
[ 12 1]

ubrica do
RO

Por favor, responda & perguntas a seguir:

Comié de Efca em Pasquiss

GPPGHCPA

VERSAD APROVADA

29 ; (0% | 2MZ
e 10462
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1. Vocé concorda que as suas amostras obtidas neste estudo sejam armazenadas e
utilizadas neste estudo sobre doencas de pancreas?

O sim O néo

2. Vocd quer ser Informado sobre os resultados destes estudos?
O sim O néo

Sa vocé respondou sim” & esta pergunts, serd avisado sobre qualquer informagdo obtida neste
estudo.

S.Sevooéreepondeu‘ﬂm'ipergmtamterbr.oporalgmnmlouer
hmﬂbﬂn&&mwmesm.mamuwumma
alguma pessoa préxima a voca?

Osim (neste caso, indicar nome & telefone )

O néo

4. Vocé concorda que suas amosiras sejam armazenadas para uso futuro em outras
pesquisas ndo relacionadas a doencas do pancreas?

Osim On&o

&mmu'm-aemm.mmmmmwmarwmmmm
pars o uso do malerial bioldgico doado na realizagdo de novos esfudos, bem como o serd para
receber os resulfados dos mesmos, caso assim deseje.

5. Voucamrdaqwummuasseiammvhdumeenmdepenulano
exterior, para realizago de andlises complementares?

Dsim O néo

As amostras serso enviadas sem ldentificagdo, e os resutados obtidos ndo traro beneficio
direlo pava vocs.

O armazenamento da amostra ndo implica em qualquer custo. O periodo de Wi
armazenamento & de 5 anos, mas seu consentimento pode ser retirado a qualquer L
momento se vocd mudar de idéia, e neste caso as suas amostras serfio destruidas,

Este documento ndo toma obrigatéria a realizaglio de nenhum dos procedimentos
acima mencionados. Em nenhuma hipdtese haverd quebra de sigilo quanto aos seus [ Tubmade
dados pessoais ou a liberaglo de amostras identificadas ou resultados para terceiros
sem a sua autorizagho por escrito. Se publicados em revistas cientificas, os resultados
desse estudo serdo apresentados de forma anonima, sem identificacho dos
participantes.
Comile ge Etlcs em Pesquisd
GPPGIHCFA
VERSAO APROVADA
29 , 03 | 202
W A0OAbZ.
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Pamqnuamwnoeefeimbgab.opmumedocummooompoﬂodem
paginas foi elaborado em duas vias de igual teor, ambas firmadas e rubricadas pelos.

envolvidos (paciente e pesquisador) abaixo entificados.

Declaro que |i e compreendi as informagfes acima, e recebi uma via assinada e
fubricada deste documento. Declaro, ainda, que tive minhas dividas esclarecidas por

Nome do entrevistador Assinatura do entrevistador
Ass.
Assinatura do paciente
Nome completo:
Data de nascmento: Data:
Testemunha:
Nome e assinatura
Data

_— -

Pesquisadores responséveis: Em caso de divida 0s pesquisadores & o comild da 61cs pocardo fornecsar
esclarecmenos. Telefones para contato: Pesquisaderes - Dr. Alessandro Osvaldt, Dra Patricia Ashion-
Prolla, Dra, Patricia lzetti @ mastranda Barbara Alemar {51) 3358-7861

Comisé de Etica HCPA (51) 3359-8304.

cesquisador

Comidé de Etica em Pesguise
GPPGIHCPA
VERSAO APROVADA
_29 o2 | 2042

AnZ A2
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ANEXO Il
TCLE projeto 14-0526

Termo de Consentimento Livre @ Esclarecido = Casos

CARACTERIZAGAO DA HETEROGENEIDADE GENOMICA E EPIGENOMICA DOS
TUMORES DE PANCREAS E SUAS LESOES PRECURSORAS

Pesquisadores: Alessandro Bersch Osvaldt, Birbara Alemar, Cleandra Gregorio
Silva, Patricia AshionProlla

Consentimento Informado para Armazenaments de Material Biolégico e Estudos
Moleculares em Pacientes com Doencas do Pincreas

0O Laboratério de Medicina Gendmica e Grupo de Vias Biliares & Pincreas do
Hospital de Clinicas de Porlo Alegre estdo realizando um estudo para melhorar o
entendimento atual sobre as lestes pancredticas e assim tentar encontrar novas
alternativas para o diagndéstico @ progndstico de doengas do pincreas. Nesse
estudo serdo avaliados materiais bioldgicos de pessoas com e sem doengas
pancredticas. Por meio deste estudo, convidamos pesscas com alteragées no
pancreas a doar um ou mais dos seguintes materiais: sangue ¢ tecido pancredtico
{uma pequena parte do pincreas que poderd ser retirada durante a cirurgia, @ outra
fragio do tecido, que fica emblocada em parafina no Departamento de Patologia

deste Hospital), dos quais serdo extraidos DNA, RNA e proteinas, que serdo

Rubrica do
investigados através de andlises moleculares. A partic do estudo deste material, p..:r:;u
pretendemos correlacionar o8 achados moleculares a fim de identificar marcadores

associades ao desenvolvimento de doencas do pincreas. lsso poderd contribuir

para o estabelecimento de estratégias que visem a deteccdo e o manejo precoce [ ——

dessas doengas. pesquisador

Este material serd estocado no Hospital de Clinicas de Porto Alegre @ poderd

ser utilizado para futuros estudos sobre fatores genéticos associados a diversas

doencas do pincreas. Os dados pessocais e clinicos constantes do prontudrio dos
participantes serdo digitados em um banco de dados e mantidos sob sigilo. Todas
as andlises laboratoriais serdo realizadas sem identificagio nominal das pessoas. A
guantidade de tecido pancredtico ¢ sangue doado para estes estudos ndo irdo

prejudicar sua saide.

Se vocé desejar participar do estudo, quaisquer perguntas que voceé tiver em
relagio as coletas e aos procedimentos que serdo feiltos no fuluro serdo
respondidas por membros da equipe de cirurgia que esta he acompanhando ou por
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membros da equipe de pesquisa. Se vocé ndo desejar participar do estudo, a sua
decisdo ndo afetard seu acompanhamento médico ou cirdrgico no Hospital de
Clinicas de Porio Alegre. Se vocé deseja parlicipar @ concorda em doar estes

materiais o a pesquisa, por favor, responda ds perguntas a sequir:

1. Vocé concorda que as suas amostras obtidas neste estudo segam armazenadas ¢
utilizadas neste estudo sobre doengas de pincreas?

O sim O néo
2. Vool quer ser informado sobre os resultados destes estudos?
O sim Onéo

Se vocé respondeu “sim” a est pergunia, serd avisado sobre gualguer informagao
obtida neste estudo.

3. 5S¢ vooé respondeu “sim” & pergunta anterior, & por alguma razdo estiver
impossibilitade de receber estes resultados, vocé deseja que estes sejam

transmitidos a alguma pessoa proxima a vocé?

O sim (neste caso, indicar nome ¢ telefone )

O néo

4. Voo concorda que suas amostras sejam armazenadas para uso futuro em outras
pesquisas 7
O=im Ondo

Se vocé respondeu “sim" a esta guestio, serd contatado para conceder ou Ndo sua
autonizagdo para o uso do material biokgico cedide na realizagdo de novos
estudos, bem como o serd para receber os resulfados dos mesmas, caso assim
deseje. Caso ndo seja possivel contati-lo, este fato serd resolvido jumto ao Comité
de Etica em Pesquisa (CEP) do HCPA Toda nova pesguisa a ser desenvolvida com
o material armazenado serd submetida para aprovagdo do CEP - HCPA e, quando

for o caso, da Comissdo Nacional de Etica em Pesquisa.

5. Vocé concorda que suas amostras sejam enviadas para centros de pesquisa no

exterior, para realizagio de andlises complementares?

O =im Ondo

Rubrica do

pac imnto

Rubrica do

posquisadaor
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Voeé pode aceitar participar das demais partes do esfudo sem, confudo, fer suas
amosiras retiradas do pais. Ressaltamos gue as amostras serdo emviadas sem
identificacdo, ¢ 05 resultados obtidos nao rardo beneficio direto para vocé.

O armazenamento da amostra ndo implica em qualquer custo. O periodo de
armazenamento & de 5 anos, mas seu consentiments pode ser retirado a quakyuer
momento se vocé mudar de idéia, ¢ neste caso as suas amostras serdo destruidas.
Este documento ndo torna obrigatdria a realizagio de nenhum dos procedimentos
acima mencionados. Em nenhuma hipdtese havera quebra de sigilo quanto aos
seus dados pessoais ou a liberagido de amostras identificadas ou resultados para
terceiros sem a sua autorizagio por escrito. Se publicados em revistas cientificas,
0% resultados desse estudo serio apresentados de forma andmima, sem
identificagdo dos participantes.

Para que se cumpram os efeilos legais, o presente documento composto de
trés piginas foi elaborado em duas vias de igual teor, ambas firmadas e rubricadas
peles envolvidos (paciente @ pesquisador) abaixo identificados.

Declaro que li @ compreendi as informagdes acima, & recebi uma wvia
assinada e rubricada deste documento. Declaro ainda que tive minhas dividas
esclarecidas por

Nome do entrevistador Assinatura do enfrevistador

Assinatura do paciente

Nome completo:

Data de nascimento: Data:

Pesquisadores responsdaveis: Em caso de divida os pesquisadores ¢ o comité de
ética poderdo formecer esclarec mentos. Telefones para contato: Pesquisadores
“rAlessandro Osvaldt, Barbara Alemar, Cleandra Gregdrio, Patricia Ashton-Prolla,:
{51) 3359-T661

Comité de Etica HCPA (51) 3359-8304.
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ANEXO IV.
Cartas de aprovacao do projeto — CEP HCPA

Porto Alegre, 21 de janeiro de 2013

Ao GPPG

Exmo. Coordenadar

Prof. Fldvie KEapczinski

RE: Emenda ao Projete GPPG n® 10-0162 - “BIOMARCADORES EM CANCER
BE PANCREAS: ESTUDOS GENOMICOS E PROTEOMICOS EM
MATERTAL BIOLOGICO"

Caro Prof. Flavio,

¥enho, por intermédio desta, solicitar emenda ao projete GPPG 10-
0162. Considerandoe o objetivo principal do referide projete de pesquisa,
que inclui @ busca por biemarcaderes de risco e progndstico em cdncer de
pdncreas, os autores do projeto propdem amplagdo dos objetives

especificos incluindo:

Avaliagdo da expressdo dos genes HDACL, HDACZ e HDACS = andlise de sey
papel como possiveis fatores progndsticos em Adenocarcinoma Ductal

Fancredtico.

Para atingir este objetive propomos cbservar a expressdo de HDALL,
HOACE & HDAST em tecides tumorais de pacientes (jd recrutados) com
Adenocarcinoma Ductal Pancreatice correlacionande com o expressdo no
tecido ndo-tumoral adjocente ao tumor em tecide igualmente j@ armazenado
no projeto por PCR em tempo real. Da mesma forma, seria feita a correlagdo

dos niveis de expressdo dos genes HDACT, HDACE & HDACT com fatores
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progndsticos clinicos, resposta ao tratamento, sobrevida livre de progressao
& sobrevida global.

Este cbjetivo estd sendo proposto em seguimento oos achades do
préprio projete 10-0162, bem como em sequéncia aos resultades do projeto
10-0418, relacionade ao projete 10-0162 e intitulade “AVALIACAC DA
MODIFICACAQ DAS  HISTOMAS POR  TECNICA CMLING-
HISTOQUIMICA COMO BIOMARCADORES PREDITIVOS E MNOVOS
ALVOS-TERAPEUTICOS EM ADENOCARCINOMA DE PAMCREAS" que
identificou expressdo diferencial e possivel popel regulatério de algumas
histonas, o qual serd investigado em maior detalhe com a rova abordagem
agqui proposta.

Este objetivo serd cumpride coma parte de um trabalho de ¢onclusdo
de curso da académica Cleandra Gregdrio Silva, aluma do curso de
Biomedicina da UFCSPA que jd participa do projete de pesquisa 10-0162
desde janeire de 2012, Og recursos financeiros pare realizagBo dos

experimentos necessdrios para cumprir este objetivo estdo disponiveis.

Permanece o disposigde para  esclorecimentos  adicionais,

Atenciosamente,

Profa, Patrich Aghton-Pralla

Pesquisadora respensdvel pelo projeto 10-0162
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#r¢  HCPA - HOSPITAL DE CLINICAS DE PORTO ALEGRE
- Grupo de Pesquisa e Pés-Graduagdo
COMISSAO CIENTIFICA E COMISSAD DE PESQUISA E ETICA EM SAUDE

A Camisséo Clentifica e a Comissao de Pesguisa @ Etica em Saine, que & reconhecida pela Comssso
Nacion®' de Ence em Pesquisa (CONEPYMS como Comitd de Eica 6m Pasquisa co HOPA & paio Offica
For Human Research Protections (OHRPUUSDHHS, como Instituconal Aeview Board ( RB00O0NG21)
anal'saram 0 pro;eto’

Projeto: 100162

Pesqusador Hesponsavel
PATRICIA ASHTON PAROLLA

Tituto: BIOMARCADORES EM CANCER DE PANCREAS: ESTUDOS GENOMCOS E
PROTEOMICOS EM MATERIAL BIOLOGICO

Data da Varsdo.
EMENDA VI AD PROJETO NS
Es%8 documenio refarante &0 projelo acma for  APROVADD oM Seus S5pacios &L cos & medxio g oos,

ge acordo com a5 Dievrizes 8 Namas Intermaconais @ Naconals, especiaiments 53 Resclugles 10806
e complementares co Conselho Nacional de Sadde.

Puorto Alegre, 23 &8 @neiro de 2013,

‘ —
Prof Mmi

Ooudnr-% GPPGHCPA

[z

Pigine{de
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Porto Alegre, 17 de margo de 2015.

Ao Comité de Etica em Pesquisa
Exmo. Codrdenador
Prof. José Roberto Goldim

RE: Emenda ao Projeto GPPG n° 10-0162 — 'BIOMARCADORES EM
CANCER DE PANCREAS: ESTUDOS GENOMICOS E PROTEOMICOS EM
MATERIAL BIOLOGICO"

Caro Prof. Goldim,
Venho, por intermédio desta, solicitar emenda ao projeto GPPG 10-0162.

Na data de 22/01/2013 foi encaminhada ao Comité uma emenda com objetivo
de avaliar a expressao dos genes HDAC1, HDAC2 ¢ HDAC3 e HDAC3 e
analisar de seu papel como possiveis fatores prognasticos em Adenocarcinoma
Ductal Pancredtico utilizando a técnica de por PCR em Tempo Real, a qual foi
aprovada na data de 28 de janeiro de 2013. Os resultados desta analise estao
prontos e estamos compilando 0s mesmos nesse momento. No entanto, para
fins de publicacdo, serd necessaria a analise dos produlos destes mesmos
genes por imuno-histoquimica, para complementar os achados da expressao
génica, bem como analise complementar de uma outra desacetilase de histona,
a HDAC7, que apresenta uma relavandia importante nesse tipo tumoral
demonstrada recentemente na literatura.

Cabe salientar que nao ha necessidade de apoio financeiro complementar,
pois ja dispomos do recurso para estas analises adicionais.

Permaneco a disposicéo para esclarecimentos adicionais. Alenciosamente,

fé(,L/’_

Profa.|Patricia Ashten-Prolla
Pesquisadora responsavel pelo projeto 10-0162
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