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RESUMO

Anexina A1 (ANXAL) é uma proteina que em condi¢fes normais € expressa no
citoplasma de diferentes tipos celulares, mas particularmente abundante nas células
diretamente relacionadas com o processo inflamatério, como monacitos, neutrofilos e
macrofagos. A ANXAL e seu peptideo Ac2-26 atuam por meio dos receptores FPR1 e
FPR2/ALX, mediando respostas biologicas dessas moléculas. O objetivo desta tese foi
apresentar os resultados de estudos realizados com a proteina anti-inflamatdria ANXA1
no tratamento de processos tumorigénicos ou inflamatdrios e compara-los com o grupo
controle (sem tratamento). Na realizacdo desses estudos, as células foram tratadas in
vitro com o peptideo mimético da ANXALl e entdo foram avaliadas algumas
caracteristicas morfoldgicas (proliferacdo, migracdo, invasdo, citotoxicidade e
viabilidade celular, co-localizagdo) e expressdo génica e proteica, com 0 intuito de
buscarmos por quais possiveis vias a ANXAL pode modular a expressao génica. Além
da acdo antiproliferativa da ANXAL, também relatamos nos nossos trabalhos a agédo
dessa proteina na modulacdo da expressdo génica. No capitulo 3.1 observamos que a
ANXAL ex6gena modifica a expressdo génica, em cultura de células de carcinoma de
laringe (Hep-2). Neste trabalho, relatamos os efeitos da ANXAL na expressdo génica,
utilizando analise gendmica em linhagens de carcinoma e de células foliculoesteladas de
adenoma pituitario (PDFS). Também foram utilizadas analises in vivo da pituitaria de
camundongos selvagens e knockouts para o gene da ANXAL. Pela técnica de RaSH
(Rapid Subtractive Hybridization) realizada em células tratadas e ndo tratadas com a
proteina ANXAL ou seu peptideo foi observada a regulacdo positiva da expressao do
gene CCR10. No capitulo 3.2 observamos a resposta antiproliferativa nas células Hep-2,
sugerindo que o peptideo da ANXAL pode desencadear a regulacdo do crescimento por
interacdo direta com o receptor FPR/ANXAL. O peptideo também pode ter ativado a
expressao  ANXAL endogena, resultando em regulacdo do crescimento por um
mecanismo autocrino/paracrino. Também foi avaliada a expressdo da ANXAL enddgena
em células tumorais e em mastocitos, no qual foi observado a imunoreatividade da
ANXAL1 mostrando baixa regulacdo nos tumores de laringe e células peritumorais,
comparadas com o tecido controle. No capitulo 3.3 observamos que também houve

diminuicdo na proliferacdo de células de céncer cervical apds tratamento com o



peptideo da ANXAL, agindo como um supressor tumoral, possivelmente por meio da
cascata MAPK/ERK. Além disso, os resultados mostraram que o tratamento resultou
em 82 genes diferencialmente expressos (pela técnica de RaSH). A expressdo da
proteina ANXAL foi diminuida nas células SiHa tratadas com o peptideo pelas analises
imunocitoquimicas ultraestruturais. O gene ID1 foi validado por RT-gPCR,
confirmando a sua baixa expressdo apos o tratamento com o peptideo. Também foram
interligadas, pelo Ingenuity Sistems, as vias de sinalizagéo celular, das quais a ANXA1
participa, importantes para o desenvolvimento tumoral. No capitulo 3.4, analisando as
células cultivadas da linhagem celular ARPE-19, observamos que a proliferacdo celular
diminuiu ap6s inducdo pelo LPS e apds o tratamento com o peptideo da ANXAL, a
proliferacdo e a migragdo celular aumentaram. E pela tecnologia de RaSH, 80 genes
diferencialmente expressos ap0ds o tratamento foram encontrados, dos quais cinco desses
genes (LRAT, CTGF, MAP1B, ALDH1A3 e SETD7), devido as suas funcdes estarem
relacionadas com doencas oculares e/ou inflamatdrias, foram validados por RT-qPCR,
mas apenas dois deles (LRAT, CTGF) confirmaram a baixa expressdo. Também foram
interligadas, pelo Ingenuity Sistems, as vias de sinalizacdo celular, das quais a ANXA1
participa, importantes para o processo inflamatorio. As analises in vitro, dos quatro
artigos cientificos, mostraram que 0 ANXAL pode ter um importante papel nas cascatas
génicas e um papel regulatério no desenvolvimento tumoral e na inflamacéo ocular.
Dessa maneira, 0s nossos dados apontam a importancia das células Hep-2, SiHa e
ARPE-19 como um alvo potencial de atividades génicas envolvendo a acdo da ANXAL,
tendo em vista as aplicacOes dessa proteina como uma possivel alternativa terapéutica

no carcinoma de laringe, de colo uterino e nas doengas inflamatdrias oculares.

Palavras-chave: cultura de células, expressao génica diferencial, efeito antiproliferativo.



ABSTRACT

Annexin A1 (ANXAL1) is a protein that under normal conditions is expressed in the
cytoplasm of different cell types, but particularly abundant in cells directly related to the
inflammatory process, such as monocytes, neutrophils and macrophages. ANXA1 and
its peptide Ac2-26 act through the receptors FPR1 and FPR2/ALX, mediating biological
responses of these molecules. The aim of this thesis was to present the results of studies
carried out with the anti-inflammatory protein ANXAL in the treatment of tumorigenic
or inflammatory processes and to compare them with the control group (without
treatment). In the accomplishment of these studies, the cells were treated in vitro with
the ANXA1l mimetic peptide and then some morphological characteristics
(proliferation, migration, invasion, cytotoxicity and cell viability, co-localization) and
gene and protein expression were evaluated in order to search for possible pathways for
ANXAL to modulate gene expression. In addition to the antiproliferative action of
ANXAL, we also report in our work the action of this protein in the modulation of gene
expression. In Chapter 3.1, we observed that exogenous ANXAL1 modifies gene
expression in culture of laryngeal carcinoma cells (Hep-2). In this work, we report the
effects of ANXAL on gene expression, using genomic analysis in carcinoma and
follicular cells of pituitary adenoma (PDFS). In vivo analyzes of the pituitary of wild
mice and knockouts for the ANXA1 gene were also used. By Rapid Subtractive
Hybridization (RASH) technique performed on cells treated and not treated with the
ANXAL protein or its peptide, the positive regulation of CCR10 gene expression was
observed. In chapter 3.2 we observed the antiproliferative response in Hep-2 cells,
suggesting that the ANXAL peptide can trigger the regulation of growth by direct
interaction with the FPR/ANXAL receptor. The peptide may also have activated the
endogenous ANXAL1 expression, resulting in regulation of growth by an
autocrine/paracrine mechanism. The expression of endogenous ANXAL1 was also
evaluated in tumor cells and in mast cells, in which ANXAL immunoreactivity was
observed showing low regulation in tumors of the larynx and peritumoral cells,
compared to the control tissue. In chapter 3.3 we observed that there was also a decrease
in the proliferation of cervical cancer cells after treatment with the ANXAL peptide,
acting as a tumor suppressor, possibly through the MAPK/ERK cascade. In addition, the

results showed that the treatment resulted in 82 differentially expressed genes (by
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RaSH). Expression of the ANXA1 protein was decreased in SiHa cells treated with the
peptide by ultrastructural immunocytochemical analyzes. The ID1 gene was validated
by RT-gqPCR, confirming its low expression after treatment with the peptide. Also
linked by Ingenuity Sistems were the cell signaling pathways, of which ANXAL
participates, important for tumor development. In chapter 3.4, analyzing the cultured
cells of the ARPE-19 cell line, we observed that cell proliferation decreased after
induction by LPS and after treatment with the ANXA1 peptide, cell proliferation and
migration increased. And by RaSH, 80 genes differentially expressed after treatment
were found, of which five genes (LRAT, CTGF, MAP1B, ALDH1A3 and SETD?7), due to
their functions related to ocular and/or inflammatory diseases, were validated by RT-
gPCR, but only two of them (LRAT, CTGF) confirmed the low expression. Ingenuity
Sistems also connected the cell signaling pathways, of which ANXAL participates,
important for the inflammatory process. In vitro analyzes of the four scientific papers
showed that ANXA1 may play an important role in gene cascades and a regulatory role
in tumor development and ocular inflammation. Thus, our data point to the importance
of the Hep-2, SiHa and ARPE-19 cells as a potential target of the genetic activities
involving the action of ANXAL, considering the applications of this protein as a
possible therapeutic alternative in laryngeal carcinoma, and in inflammatory eye
diseases.

Key words: cell culture, differential gene expression, antiproliferative effect
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LISTA DE ABREVIACOES

ABC: Cassete ligador de ATP

Ac2-26: Peptideo da ANXAL

ANXAL: Proteina Anexina Al

ALDH1A3: Familia Aldeido Desidrogenase 1, membro 3

ARPE-19: Linhagem celular de Células Epiteliais Pigmentadas da Retina Humana

BRB: Barreira Hematoretiniana

CCL27: citocina de motivo CC com ligante 27
CCR10: receptor para a citocina CCL27

CECP: Carcinoma Epidermoide de Cabeca e pescoco
COX: ciclo oxigenase -2

CTGF: Fator de Crescimento de Tecido Conjuntivo
CXCR4: citocina de motivo CXC e receptor 4

EGF: Fator de crescimento epidérmico
EPR: Epitélio Pigmentado da Retina

ERK: Quinase regulada por sinais extracelulares

FPR: Receptor para peptideos formilados

Hep-2: Linhagem de celular de carcinoma de laringe

HPV: Papilomavirus Humano

ID1: Ibinidor de ligante de DNA-1, proteina dominante negativo helix-loop-helix
IL — Interleucina

INF-y: Interferon gama

JNK - Via quinase N-terminal da c-Jun

LPS: Lipopolisacarideo bacteriano

LRAT: Lectina Retinol Acetiltransferase (fosfatidilcolina-retinol O-aciltransferase)
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MAP1B: Proteina associada ao microttbulo 1B
MAPK: Proteina quinase ativada por mitégeno

MCP-1: Proteina quimiotatica para mondcitos

NF-«B: Fator de crescimento nuclear kappa B

PCR: Reacdo em cadeia da polimerase

PDFS: linhagem de células foliculoesteladas de adenoma de pituitaria

Rantes: Expressédo e secrecdo de Células T reguladas e normais
RaSH: Hibridizacdo Subtrativa Rapida
RT-gPCR: transcriptase reversa — PCR quantitativo

SETD7: Dominio SET (lisina metiltransferase) 7
SiHa: Linhagem Celular de Carcinoma Cervical
siRNA: Acido Ribonucleico de silenciamento

SKCO-15: linhagem de células epiteliais derivadas de adenocarcinoma colorretal

TGF: Fator de crescimento transformante

TNF-a: Fator de necrose tumoral alfa

VEGF: Fator de crescimento vascular endotelial

UBC: Ubiquitina C
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1.INTRODUCAO

Anexina Al (ANXAL) pertencente a uma superfamilia bem conservada de
proteinas classificadas em cinco grupos (A-E), entre esses os vertebrados (mamiferos)
possuem as proteinas do grupo A (GUO; LIU; SUN, 2013). Estruturalmente essa
superfamilia possui duas porcdes, a regido C-terminal da proteina, representa 80% de
sua constituicdo, é comum para todos os membros e possui um dominio de ligacdo ao
calcio, composto de quatro sequencias homologas repetidas (BIAOXUE; XIGUANG;
SHUANYING, 2014), e a regido varidvel N-terminal, que é Unica em comprimento e
sequéncia para cada membro da familia e inclui sitios potenciais de fosforilacéo,
glicosilacdo e acéo de peptidase (GERKE; MOSS, 2002; PERRETTI; DALLI, 2009).

ANXAL é uma proteina que em condi¢fes normais € expressa no citoplasma de
diferentes tipos celulares, mas particularmente abundante nas células diretamente
relacionadas com o processo inflamatério, como mondcitos, neutrofilos e macrofagos
(GOULDING et al., 1990). Existem vérias propostas de mecanismos moleculares,
célula especifica, que sdo responsaveis pela secrecdo da ANXAL, entre esses, um deles
seria apds ativacdo celular, a ANXAL intracelular se transporta para a membrana
plasmatica e é entdo secretada pela ativacdo do transportador ABC (ATP-binding
cassette). Outros mecanismos seriam pela fosforilagdo do residuo de serina na porgéo
N-terminal, ou pela fus@o de granulos de gelatinase contendo ANXAL com a membrana
plasmatica, visto que ha a ligacdo a membrana de maneira dependente de célcio. Na
presenca de calcio, a ANXA1 extracelular sofre uma mudanca conformacional que leva
a exposicdo da regido N-terminal e ligacdo ao seu receptor FPR/ALX (PERRETTI;
D'ACQUISTO, 2009). Outro mecanismo de comunicacao intercelular, estudado mais
recentemente, seria pelas microvesiculas que transferem componentes de lipidios e
proteinas celulares para células-alvo (HEADLAND et al., 2015).

A ANXAL e seu peptideo Ac2-26 atuam por meio dos receptores FPR1 e
FPR2/ALX, mediando respostas bioldgicas dessas moléculas (LEONI et al., 2015;
PERRETTI, 2003). A proteina ANXA1 no organismo foi demonstrada ativar a cascata
p38 ativada por mitdgeno e o peptideo Ac2-26 promove a ativacdo da via quinase N-
terminal da c-Jun (JNK) (COORAY et al., 2013). No processo inflamatorio foi visto
que a ANXAL modificou o macrofago de perfil M1 para tipo M2 anti-inflamatorio,
atenuando a expressdo de IL-6, IL-1p e TNF-a (LI et al., 2011). A defesa do organismo

contra patdgenos e a resolucdo da inflamacgdo sdo importantes aces que a ANXAL e
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seu peptideo Ac2-26 desempenham (BUCKLEY; GILROY; SERHAN, 2014; VAGO et
al., 2016).

A expressdo e localizagdo da ANXAL tém sido investigadas, pelo nosso grupo
de pesquisa, em modelos experimentais de inflamagdo aguda no mesentério de ratos,
por meio da analise dos leucdcitos extravasados e endotélio vascular (GIL et al., 2006;
OLIANI et al., 2001), em inflamag&o cronica granulomatosa na pele de camundongos
(OLIANI et al., 2008), inflamacdes agudas (GIROL et al., 2013) e em estudo in vitro,
utilizando linhagens celulares de diferentes tipos de cancer (GASTARDELO et al.,
2014; PRATES et al., 2015; RODRIGUES-LISONI et al., 2006; SILISTINO-SOUZA
et al., 2007), e recentemente foi analisada em modelo de enxerto (TEIXEIRA et al.,
2016) e implante (MIMURA et al., 2016) de pele. O grupo de pesquisa trabalha também
com o estudo de tumores, destacando dois tipos: o carcinoma de cabeca e pescoco e o
de colo de utero. Na realizacdo desses estudos, as células tumorais sdo tratadas in vitro
com o peptideo mimético da ANXAL e entdo sdo avaliadas algumas caracteristicas
morfologicas (proliferagdo, migragdo, invaséo, citotoxicidade e viabilidade celular, co-
localizacdo) e expressao génica e proteica, com 0 intuito de buscarmos quais as
possiveis vias a ANXAL pode modular a expressdo génica.

A atuacdo da ANXA1 é especifica para cada tipo de cancer e ha evidencias que
indicam que sua regulacdo e localizacdo subcelular estdo relacionadas com
desenvolvimento, invasdo, metastase, progressdo e resisténcia a tratamentos (GUO;
LIU; SUN, 2013; JORGE et al., 2013; POETER et al., 2013; POLLI-LOPES et al.,
2013). Mundialmente, o carcinoma epidermdide de cabeca e pesco¢o (CECP) é o quinto
tipo mais comum, surgindo aproximadamente 500.000 casos novos e cerca de 271.000
Obitos por ano (MARCU; YEOH, 2009). No Brasil, estimam-se 11.140 casos novos em
homens e 4.350 em mulheres, para 0 ano de 2016/2017, considerando apenas 0S
tumores de cavidade oral (MINISTERIO DA SAUDE, 2017). Os principais fatores de
risco para 0 CECP, incluindo o cancer de laringe e o de cavidade oral (lingua), sdo o
tabagismo e o consumo de bebidas alcodlicas (HASHIBE et al., 2009). Infelizmente, a
maioria dos casos é diagnosticada em estagios avancados da doenca (60% nos estagios
Il e V) e séo células carcinogénicas escamosas, podendo variar consideravelmente em
agressividade, metastase potencial e sensibilidade a radioterapia e quimioterapia
(HERCHENHORN; DIAS, 2004).

Exemplos da agdo da proteina sdo encontrados no CECP, que inclui neoplasias

que surgem na cavidade oral, faringe e laringe, como foi observada a alta expresséo de
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ANXAL no nucleo de células epiteliais de carcinoma oral, analisadas em 115 pacientes
(LIN et al., 2008). Também foi observado que a ANXA1 pode ser usada como
biomarcador de progndstico em células de carcinoma epidermdide de esdfago, pois
pacientes com baixa expressdo de ANXAL nuclear tem melhor prognostico do que
aqueles com alta expressdo (HAN et al., 2014). Xiao e colaboradores (2017)
observaram que a ANXAL pode inibir in vitro a habilidade invasiva em células de
carcinoma de nasofaringe pela interagdo ANXAL1/S100A9/Vimentina. Enquanto a
interacdo ANXAL/FPR2, em estudos com cancer de laringe, também pode fornecer um
ponto de inicio para pesquisas, pois foi observado em experimentos in vitro e in vivo
que a ANXAL pode contribuir para a regulagdo do crescimento tumoral e metastase por
mecanismos paracrinos que sdo mediados pelo receptor FPR2 (GASTARDELO et al.,
2014).

Outro tipo de cancer estudado pelo nosso grupo é o cancer cervical, uma das
principais neoplasias ginecologicas em todo o mundo, essa doenca do colo do utero é
associada ao papilomavirus humano (HPV) e/ou a infeccdo com agentes bacterianos,
tais como Chlamydia trachomatis e Neisseria gonorreia (MOREIRA, 2014). Ele possui
uma estimativa de 16.340 novos casos para o Brasil em 2016, e o risco estimado dessa
doenga é de 15,85 casos a cada 100 mil mulheres (MINISTERIO DA SAUDE, 2017).
Além dessas infec¢bes, o microambiente tumoral também influencia no processo
tumorigénico, por ser muito diferente daquele observado em tecidos normais
correspondentes, sendo caracterizado por composicdo alterada da matriz extracelular,
densidade de microvasos elevada, abundancia de células inflamatérias e fibroblastos
com fenétipo ativado (DE WEVER; MAREEL, 2003; TLSTY; HEIN, 2001).

A tumorigénese cervical também pode estar relacionada com a expressdo da
ANXAL, por exemplo em amostras de displasia e cancer cervical nos estagios I, Il e I11,
foi visto que houve regulacdo aumentada da proteina fosforilada conforme progressao
da doenca (Robinson-Bennett et al., 2008). Enquanto outro trabalho mostra que em
amostras normais e de estagio I, 1l e Ill, e cancer invasivo, foi evidenciado que a
expressdo da proteina reduzia conforme progressdo da doenga, sendo mais forte nas
células normais (WANG et al., 2008). J& quando administrada a ANXAL exd6gena em
células de carcinoma de colo de Utero in vitro, foi observado que houve inibicdo da
proliferacédo celular e modulagédo da expresséo génica, pela via do gene ID1 (PRATES
etal., 2015).
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O tratamento para essas neoplasias é definido em funcgéo do tipo celular, grau de
diferenciacdo, local, extensdo, presenca de metastases linfonodais, caracteristicas
macroscopicas e envolvimento 6sseo e muscular do tumor. E importante levar em
consideracdo condigOes fisicas, sociais e ocupacionais do paciente (HASHIBE et al.,
2007). Os principais tratamentos incluem, cirurgia, terapia por irradiacdo e
quimioterapia. A cirurgia € o método mais antigo utilizado como tratamento do céncer,
mas é altamente invasivo, por isso alguns farmacos tém despertado interesse cientifico,
entre eles a ANXA1L poderia ser uma alternativa, devido ndo apenas ao seu potencial
anti-inflamatorio, mas também antitumorigénico.

Outro processo inflamatorio estudado pelo nosso grupo € a uveite, inflamacéao
ocular que acomete o trato uveal, que € composto por: iris (estrutura que da cor aos
olhos), corpo ciliar e coroide (composto basicamente por vasos sanguineos). Quando
ocorre 0 acometimento inflamatério de uma destas estruturas ou o conjunto das
mesmas, denomina-se uveite. O olho é um 6rgdo imunologicamente privilegiado onde
as respostas inflamatérias sdo suprimidas e muitos fatores sdo responsaveis por essa
supressdo, incluindo a presenca da barreira hematoretiniana (BRB) (CAl; BRANDT,
2008). O epitélio pigmentado da retina (RPE) é um dos principais componentes da BRB
que controla o fluxo de nutrientes para os fotorreceptores (LEUNG et al., 2009) e
contribui de forma essencial para o privilégio imunoldgico ocular (STREILEIN, 2003).
A inflamacdo é o principal fator contribuinte para o comprometimento funcional do
RPE (LEUNG et al., 2009). O epitélio esta envolvido em varias funcbes metabolicas e
suporta a retina sensorial; assim, a inflamacdo desta area pode levar a aparéncia de
doencas oftalmolégicas (HAMILTON; LEACH, 2011; STRAUSS, 2005). A primeira
linha de defesa contra patdgenos é mediada por receptores, que reconhecem o0s
invasores. Esses receptores podem iniciar a via inflamatéria de NF-kB e proteina
quinase ativada por mitogénio (MAPK) para desencadear a expressao de citocinas pro-
inflamatorias e quimiocinas (CORN; VUCIC, 2014).

A inflamacéo é um dos principais fatores que contribuem para muitos disturbios
de cegueira (LEUNG et al., 2009). Os corticosterdides sdo freqlientemente
administrados para tratar esse processo intraocular, no entanto, existe o risco de efeitos
colaterais (JONAS et al., 2003). Os corticosterdides induzem a expressdo da proteina
anexina Al (ANXA1), mediadores anti-inflamatorios endogenos (FLOWER, 1988).
Durante décadas, os cientistas desenvolveram conhecimentos para prevenir a perda de

Visdo ou restaurar a visao em pacientes afetados pela degeneracdo da retina por meio de
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terapia medicamentosa, aumento de genes ou transplante de células (WILEY et al.,
2015). Foi entdo, observado que a ANXAL diminui a proliferacdo, reestabelece a
migracdo, diminui a expressdo dos genes CTGF e LRAT e de citocinas pro-inflamatorias
nas células epiteliais pigmentadas da retina, determinando que as vias de sinalizacao
NF-kB e Ubiquitina C (UBC) sdo moduladas pela ANXA1 (CARDIN et al., 2017).

Desse modo, os trabalhos relacionados com a ANXA1 tém contribuido para um
maior entendimento do papel dessa proteina em processos tumorigénicos e
inflamatdrios. No entanto, os mecanismos pelos quais a ANXAL atua na tumorigénese
ndo sdo bem conhecidos e, considerando seu papel na inflamacéo, compreendem um
alvo importante para estudo. Os dados disponiveis também evidenciam que ha
controvérsia na expressdo dessa proteina na carcinogénese de cabeca e pescoco e
também na de colo de Utero, podendo evidenciar possiveis vias de atuacdo para estudos,
pois ela pode ser alvo de novas intervencgdes terapéuticas e/ou utilizada como potencial
biomarcador (BIAOXUE; XIGUANG; SHUANYING, 2014; LEONI; NUSRAT,
2016).
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2. PROPOSICAO

O objetivo desta tese é apresentar os resultados de estudos realizados com a proteina
anti-inflamatoria ANXAL no tratamento de processos tumorigénicos ou inflamatorios e
compara-los com o grupo controle (sem tratamento). Sua estrutura estd dividida em
capitulos que correspondem a artigos publicados, seguindo a sequéncia cronoldgica

abaixo:

- In vitro and in vivo studies on CCR10 regulations by Annexin Al. (Artigo
publicado no periddico FEBS Lett 2006 Feb 20; 580(5): 1431-8, doi:
10.1016/j.febslet.2006.01.072, JCR: 3,623)

- Annexin 1: differential expression in tumor and mast cells in human larynx cancer.
(Artigo publicado no periddico International Journal of Cancer, 2007 Jun 15;
120(12):2582-9. doi: 10.1002/ijc.22639, JCR: 6,513)

- ANXA1Ac2-26 peptide reduces ID1 expression in cervical carcinoma cultures.
(Artigo publicado no periédico Gene. 2015 Oct 10; 570(2): 248-54. doi:
10.1016/j.gene.2015.06.021, JCR: 2,415)

- ANXAL1ACc2-26 peptide: as a possible therapeutic approach in inflammatory ocular

diseases? (Artigo publicado no periédico Gene. 2017 May 30; 614:26-36. doi:
10.1016/j.gene.2017.02.032, JCR: 2,415)
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3. ARTIGOS

3.1 Invitro and in vivo studies on CCR10 regulations by Annexin A1*

ABSTRACT

The mode of action of annexin A1 (ANXAL) is poorly understood. By using rapid
subtraction hybridization we studied the effects of human recombinant ANXAL and the
N-terminal ANXAL peptide on gene expression in a human larynx cell line. Three genes
showed strong downregulation after treatment with ANXAL. In contrast, expression of
CCR10, a seven transmembrane G-protein coupled receptor for chemokine CCL27
involved in mucosal immunity, was increased. Moreover the reduction in CCR10
expression induced by ANXAL gene deletion was rescued by intravenous treatment
with low doses of ANXAL. These findings provide new evidence that ANXA1

modulates gene expression.

*Artigo publicado no Periddico FEBS Lett 2006 Feb 20; 580(5): 1431-8.
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Abstract The mode of action of annexin A1 (ANXA1) is poorly
understood. By using rapid subtraction hybridization we studied
the effects of human recombinant ANXA1 and the N-terminal
ANXAL1 peptide on gene expression in a human larynx cell line.
Three genes showed strong downregulation after treatment with
ANXAL. In contrast, expression of CCR10, a seven transmem-
brane G-protein coupled receptor for chemokine CCL27 involved
in mucosal immunity, was increased. Moreover the reduction in
CCR10 expression induced by ANXA1 gene deletion was res-
cued by intravenous treatment with low doses of ANXA1. These
findings provide new evidence that ANXA1l modulates gene
expression.

© 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.

Keywords: Gene expression; Host defence; Annexin Al-null
mice; Epithelial cells; Annexin Al

1. Introduction

Annexin Al (ANXA1) is a 37 kDa member of a family of
Ca**-regulated lipid-binding proteins [1]. Functional studies
have identified roles for ANXAT1 and its N-terminal domain
[2,3] in the regulation of inflammation [4], the cell cycle [5]
and as a mediator of glucocorticoid action on the release of cor-
ticotrophin (ACTH) from the anterior pituitary gland [6,7].
Many of the regulatory actions of ANXAT in these systems have
been shown to emerge promptly, i.e., within minutes to hours of
contact with the protein [6]. Whilst some have been ascribed to
the ability of ANXAL to act intracellularly to disrupt signalling
cascades [8], others appear to reflect interactions with cell sur-
face receptors [9-11]. Recent studies suggest that members of
the formyl peptide receptor (FPR) family of G-protein coupled
receptors are particularly important in this regard [12,13]. Three
members of this receptor family have been identified in human,
termed FPR, FPRL1 and FPRL2. Receptor-specific ligands are
not yet available, but FPR is highly sensitive to the bacterial
peptide formyl-Met-Leu-Phe (fMLP), while FPRL1 shows
some selectivity for lipoxin A4, a lipid metabolite, in addition
to responding to high concentrations of fMLP [14].

*Corresponding author. Fax: +44 208 3838032.
E-mail address: e.solito@imperial.ac.uk (E. Solito).

Despite the evidence that ANXA1 might influence cellular
responsiveness, the possibility that ANXAI regulates gene
expression has received scant attention. Interestingly however,
the recently generated ANXA1 knockout mouse shows signif-
icant alterations in the expression of a number of gene prod-
ucts associated with inflammation [15,16], a finding that
concurs with earlier reports that ANXAT1 reduces the expres-
sion of inducible nitric oxide synthase [17].

We have used rapid subtraction hybridisation (RaSH) [18]
to investigate the effects of ANXAI . 26 On gene expression
in a human cell line of epithelial origin. In addition, we have
compared the effects of hrANXA1 and ANXAlac 26 With
those of fMLP (a bacterial peptide) and the stable analogue
of lipoxin A4 [15-epi-16-(para-fluoro)-phenoxy-LXA4-methyl
ester, ATLa-ME], an arachidonic acid metabolite, in order
to explore the role of the FPR family in effecting the response
to ANXAL. The data obtained from the cell line in vitro have
been evaluated in vivo by studies on Anxal null mice. Our
findings strongly support a role for ANXAI in the regulation
of gene expression, particularly those genes concerned with the
inflammatory response.

2. Materials and methods

2.1. Drugs

Human recombinant annexin Al, [19] was produced, purified and
tested by SDS-PAGE for the presence of cleaved forms which were
not detected, by Scientific Proteins, Witterswil, Switzerland. Further-
more, the recombinant protein did not show any phosphorylation at
the N-terminal as reported previously [19]. Human ANXA 1> 2 (acet-
ylated peptide at the N-terminal) was synthesized in the Advanced Bio-
technology Centre, Imperial College London, UK. The peptide fMLP
was purchased from Sigma (Sigma-Aldrich Corp., Poole, Dorset,
UK) and 15-epi-16-(para-fluoro)-phenoxy-ATLA-methyl ester (ATLa,
the methyl ester of lipoxin A4) was a generous gift from Professor C.
Serhan (Harvard Medical School, Boston, USA). The doses of acety-
lated peptide (ANXA1 ¢z 26; 2 UM) were chosen on the basis of previ-
ous studies, performed both in vitro and in vivo, in which we showed
that comparable biological activity were obtained when the ratio be-
tween fMLP or ATLa and ANXA1 26 Was 1:20 [13,20] furthermore
such molar ratio was of 1:15 between the entire recombinant ANXA1
and the peptide Ac2-26 as described previously [21].

2.2. Cell culture

The Hep-2 cell lines were derived from a human larynx epidermoid
carcinoma cells (ATCC Rockville, MD, USA) and used for RaSH
analysis. The PDFS cell line derived from a clinically non-functioning
pituitary macroadenoma was used to confirm and compare the analy-
sis performed on Hep-2 cells (see supplement Table 2) [22].

0014-5793/$32.00 © 2006 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.
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2.3. Animals

Male Anxal-null mice aged approximately 4 months old [15] and
weighing 30 £ 4 g were used together with age- and sex-matched wild
type controls. All animals were fed on a standard chow pellet diet.
All procedures were carried out under licence in accordance with the
UK Animals (Scientific Procedures) Act, 1986. For tissue collection
the animals were killed by cervical dislocation and their lower back re-
gion was shaved. Longitudinal fragments of the dorsal skin (after shav-
ing), trachea and ileum were obtained from each mouse (6 animals per
tissue) and frozen immediately in liquid nitrogen for subsequent
extraction of RNA and protein.

Anxal null mice were injected intravenously via the lateral tail vein
with hrANXATI (10 ng/mouse), ANXA1 26 (14 ng/mouse) or a cor-
responding volume of the saline vehicle (100 pl). Mice (three animals
per treatment) were killed with CO,, 24 h after drug administration,
and tissues collected exactly as described above.

2.4. Rapid subtraction hybridization (RaSH) and RT-PCR analysis

Hep-2 cells were plated at a concentration of 10° cells/in six well
plates (Corning Incorporated, NY, USA) and 24 h later in culture,
stimulated with ANXAlac 26 (2 tM; 72 h). Total RNA isolated by
RNeasy (Qiagen, West Sussex, England) from control and treated cells
were used for double-stranded cDNA synthesis using a standard pro-
tocol [23]. The DNA was then digested and mixed with the adaptors
XPDN-14/XPDN-12 (Sigma Genosys; final concentration 20 uM) as
described by Jiang et al. [18]. 100 ng zester cDNA (e.g., untreated cells)
was mixed with 5 pg driver cDNA (e.g., ANXAL e o6 treated cells, see
also Table 1 ) in hybridization solution [18,24]. After extraction and
precipitation the hybridization mixtures (1 pg) were ligated to an Xhol
digested pCDNA3 plasmid and transformed in competent bacteria.
Bacterial colonies were selected randomly and amplified by PCR.
The sequences of these clones were determined using the automated cy-
cle sequencer in the Advanced Biotechnology Centre, Imperial College
London. Sequences were compared with the NCBI nucleotide bank
(GenBank) allowing identification of any genes up or down regulated.
Experiments were then set up (n = 3) in the same conditions described
above and RT-PCR with specific oligonucleotides (supplementary data
Table 1) for the genes identified by RaSH was performed.

2.5. Semi quantitative RNA analysis

We first determined the linear range of amplification (25, 20, 35, 40
cycles) of cDNA using each of the primer sets. Amplification was with-
in the linear range for all genes studies when 35 PCR cycles were used
and this level of amplification was therefore used in all further studies.
For each sample 5 pl of the PCR amplification products was analysed
on 2% agarose gels and stained with ethidium bromide. The intensities
of the bands were compared to GAPDH in each sample and evaluated
using the Image Master Software (SYDR-1990, SYNGENE, USA).

2.6. Western blot analysis

Expression of CCR10 (GPR2) protein (15 pg) was examined in the
cell lines and murine tissue extracts by SDS-PAGE, then transferred
electrophoretically to nitrocellulose paper [25]. The blots were incu-
bated overnight at 4 °C in incubation buffer in presence of an anti-
CCR10 antiserum (diluted 1:1000, goat anti-mouse polyclonal,
Abcam; or anti human CCR10 diluted 1:1000, Imgenex San Diego,
CA, USA). Immunoreactive protein bands were detected by chemilu-
minescence (GE Healthcare, UK) after incubation with secondary

Table 1
Genes isolated by RaSH
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antibody (rabbit anti-goat peroxidase; 1: 100000, Biomeda; or goat
anti-rabbit peroxidase conjugated antiserum, 1:25000, Sigma—Aldrich
Corp.). The blots were then scanned and analyzed (HP Scanjet 5200
with Adobe Photodeluxe Business Edition, version 1.1; Cupertino,
CA). The intensities of the bands were compared to B-actin (mouse
monoclonal 1:5000, Abcam).

2.7. FACS analysis

For detection of FPR and FPRLI1 on the cell surface of Hep-2 and
PDFS cells, aliquots of suspensions of the cells (10° cells in 100 pl) were
added to a 96-flat well plate in triplicate and incubated at 4 °C for 1 h
in the presence or absence (controls) of either: (a) a monoclonal anti-
human FPR antibody (1:100, BD Pharmingen) or mouse IgG1 clone
NOPC-21 (isotype-matched control antibody 1:100, BD Pharmingen,
UK) or (b) a rabbit anti-human FPRLI1 polyclonal antiserum raised
against the peptide TVWLKEMLFYGKYKIIDILVNP from the 3rd
extracellular domain of the receptor (1:100, Neosystem Strasburg,
France). Non-specific binding was minimized by the addition of hu-
man IgG (1.6 mg/ml, Roche Diagnostics, Lewes, UK). After incuba-
tion with the primary antiserum, the cells were incubated on ice for
30 min with FITC-conjugated rabbit anti-mouse or sheep anti-rabbit
1gG (1:300, Serotec, Kidlington, Oxford, UK). The cell surface fluores-
cence was analyzed immediately by flow cytometry using a Becton
Dickinson FACScan II analyzer. At least 10000 cells per sample were
counted. The data were analyzed as units of fluorescence measured in
the FL1 channel (mean fluorescence intensity). A similar method was
used to detect and quantify expression of the cell surface receptor
CCR10 (GPR2) using a goat anti-rabbit polyclonal antibody to
CCR10 (GPR2, 1:100, Imgenex San Diego, CA, USA) as a probe
and FITC-conjugated sheep anti-rabbit IgG (1:300, Serotec) for
detection.

2.8. Statistical analysis
Statistical significance was assessed by ANOVA followed by Bonfer-
roni’s ¢ test, and P < 0.05 was taken as statistically significant.

3. Results and discussion

3.1. Annexin A1 modulates gene expression in cell line
Subtractive hybridisation performed on the human cell line
Hep-2, identified three genes, which were downregulated by
hrANXA1 (100 nM) and ANXAlae 26 (2 UM) treatment.
The first was ITGBIBPI (previously named ICAP-1A4, Table
1 and Fig. 1) a protein specifically associated with the 1 cyto-
plasmic domain of integrins [26] containing putative phosphor-
ylation sites. The phosphorylated form probably impairs cell
adhesion and spreading [27], but over-expression of ITGBIBPI
stimulates cell migration [28]. Thus, the ability of ANXAI to
impair monocytes on the endothelium in vitro [21] may be med-
iated, at least in part, through /7GBIBP1 downregulation.
Since ANXA1 and ANXAI1-derived peptides are potential
ligands for members of the formyl peptide receptor (FPR)
family, we explored the potential role of these receptors in

Symbol

Locus ID Function

Upregulated 100 ng of tester CCRI0 (NM_016602)
(ANXAT1 s 26 treated cells)

versus 5 pg of driver (untreated cells)

Downregulated 100 ng of tester
(ANXA1 a2 26 treated cells)
versus 5 pg of driver (untreated cells) FARSLA (NM_004461)

TIFA (NM_052864)

ITGBIBPI (NM_004763)

A G protein coupled receptor for chemokine
CCL27 mostly involved in T cell mediated skin inflammation

A TRAF?2 binding protein involved in the TNF-mediated
signalling

A tRNA synthetase family expressed in a cell cycle

stage and differentiation-dependent manner

Accessory protein for the integrin beta 1
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Fig. 1. Comparison of the effect of ANXAI and FPRs ligands: fMLP and ATLa on ITGBIBP1, TIFA and FARSLA in Hep-2 genes isolated by
RaSH. Cells were plated and treated as reported for RaSH analysis. After 72 h of stimulation with (A) ANXA1 (100 nM) or ANXA1 a2 26 (2 pM) or
(B) fMLP (100 nM) and ATLa (100 nM) total RNA was extracted and RT-PCR performed using specific oligos for the above genes. Semi-
quantitative normalization was performed using GAPDH expression. The data are representative of six independent experiments.

mediating the genomic effects of ANXAI1 reported above.
First, we used RT-PCR and FACS analysis to determine
whether Hep-2 cells express FPR and FPRLI1. Our data dem-
onstrated mRNA and protein for both receptors in Hep-2 cells
(Fig. 2A and B). Subsequently, we used ligands of FPR and
FPRLI1, fMLP and the lipoxin A4 analogue (ATLa), to ex-
plore whether activation of these receptors modulated the
expression of ITGBIBPI (Fig. 1B and Table 3B supplement

1 2 3 4 AHindlll

data). Neither fLMP nor ATLa, ligands for FPR and FPRLI,
modified the expression of ITGBIBPI (Fig. 1B). Although we
cannot exclude the possibility that higher concentrations of
these compounds may have been effective they would be ex-
pected to act at the concentrations tested [13] and indeed have
been shown to modify the expression of other genes in this
study. We therefore suggest that the regulatory actions of
ANXAT1 and ANXA1, 6 On the expression of ITGBIBPI

H

§ 2Ab
Mouse | [£}
11961 rabbit

FPR1/FPRL1 (1056bp) Al ‘e St ‘a

GAPDH (350 bp) = e

Cell number x 104

Fig. 2. Hep-2 cells express both FPR and FPRLI1 receptors. (A) RT-PCR analysis lanes 1 and 4 represent the control amplified plasmids containing
the entire coding sequences for FPR and FPRLI, respectively. Lanes 2 and 3 amplified product in Hep-2 cells for FPR and FPRLI respectively. (B)
FACS analysis of FPR and FPRLI1 expression on the surface of the cells. The data are representative of three independent analyses.
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were mediated via a mechanism independent of FPR or
FPRLI.

A second gene downregulated by both hrANXA1 and AN-
XAl a2 26 Was a phenylalanine-tRNA synthetase (FARSLA).
Unlike ITGB1BP1 this gene was also downregulated by fMLP
and ATLa, suggesting a role for the FPR family in mediating
the response (Fig. 1A and B). In vivo FARSLA is expressed in
a tumour-selective, cell cycle stage and differentiation-depen-
dent manner and its expression is augmented in tumourigenic
versus non-tumourigenic variant of the same cell line [29].
Interactions between ANXA1 and aminoacyl-tRNa synthase
have been reported in patients with dermatomyositis [30] and
between ANXAI1 and tryptophanyl-tRNA synthetase [31]. To-
gether, these results raise the possibility that ANXAT1 plays a
role in cell transformation as well as in protein translation
and may explain why it is highly expressed in some cancers
and not in others [32]. Interestingly, it has been proposed that
ANXAT1 and tRNA synthase share some physiological role in
process related to myositis and immune response [31].
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A third gene downregulated by ANXA s> 26 and fMLP, but
not by ANXAL1 or ATLa (Fig. 1A and B) was a TRAF-inter-
acting protein with a forkhead-associated domain termed
TIFA or T2BP. Although merely speculative, as we do not
know how the acetylation may affect the structure and func-
tion of the peptide, the downregulation of TTFA suggests that
ANXA1 may modulate inflammatory processes via TNFao and
TIFA, supporting our previous findings on the role of ANXAL1
in systemic endotoxemia [33]. The data on the full protein
(hrANXAT1) or ATLa (ligand of FPRL1 receptor), which did
not affect the expression of this gene, suggest that the full-
length protein (hrANXAT1) and the N-terminal peptide (AN-
XAlacr 26) act via different mechanisms and thus support a
preferential binding of ANXAI1 to FPRLI receptor [13]. We
have recently published data on the differential effects of the
full-length protein and its peptide in the firm adhesion of hu-
man PMNs on the endothelium under flow [20] and the results
demonstrated here reinforce the dichotomy in the biological
activity of the acetylated peptide versus the entire molecule.
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Fig. 3. CCR10 expression in Hep 2 cells. RT-PCR analysis of CCRI0 expression after stimulation with ANXA1, ANXAle 26, fIMLP and ATLa

for 72 h. The data are representative of six independent experiments.
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Fig. 4. Western blot and FACS analysis of CCR10 expression on Hep-2 cells treated with recombinant hANXA1 and ANXA1; 6. (A) Total
protein cell extract from treated or untreated cells were analysed by Western blot. (B) FACS analysis: histogram (intensity of fluorescence versus
number of cells) showing the data from one of three independent experiments which all showed similar results.
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In contrast to it effects on ITGBIBPI, FARSLA and TIFA,
ANXAT1 (which is strongly expressed in epithelial cells and
skin [34]), had a positive effect on the expression of the

RT-PCR

Trachea
v
0.4+
2 )
= c
Sx Sc
>0 034 k]
gl 89
= X =2
£0© te
88 S5
@
._?8 0.2+ :E'.g
@ 2 2w
G ® o £
© E o5
ge g e
S € 014 £
Q.
(@) O
0.0
WT Anxal--
Skin
0.3+
£ 2
c
5 I S e
>Q [l T
a . 3]
gq: 0.2 g g-
£9 5o
© o @ =
8 — T
28 =9
22 55
@ c
S E 0.1 SE
— LO- - 0
3 c S c
-— —
=3 a
o o
0.0
WT Anxa1--
lleum
W
@

S 1 931 2
Q c
E'n_ S c
© =
5< ral
59 g9
8L 2 /=
=3 52
22 =28
(] T =
T E c ®
® o 2E
8 2 014 o5
a g
O £

(@]
0.0

WT

Anxal”

154

104

1435

CCRI0 gene (Table 1), a skin homing receptor for chemokine
CCL27 [35]. This effect was mimicked by ANXA1¢» 26, IMLP
and ATLa (Fig. 3 A and B), supporting a role for the FPR

Western Blot

30+

20

10

15+

10

WT Anxal--
I Mt iy i
WT Anxal”-
R

WT

Anxal”-

Fig. 5. CCR10 expression in Anxa | null mice. Left: RT-PCR analysis and right: Western blot analysis of CCR10 in trachea, skin and ileum from
Anxal null and wild type control mice. Histograms represent a semi-quantitative analysis performed on 6 mice per genotype, * P < 0.005 versus

relative WT.
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family in mediating the positive effect of ANXAT1. Support for
a role of ANXAI1 in CCR10 gene regulation was provided by
the Western blot and FACS analysis of the protein expression
and membrane localisation (Fig. 4A and B) indicating the po-
tential for a ligand binding activity.

3.2. Analysis of CCRI0 expression in vivo

Our studies on Anxal-null mice and wild type controls re-
veal a marked reduction in CCR10 expression in the Anxal-
null mice versus control (Fig. 5) and show that this is reversed
by treatment with hrANXAT or ANXA1 s 26 (Fig. 6). How-

F.C. Rodrigues-Lisoni et al. | FEBS Letters 580 (2006) 1431-1438

ever Anxal null mice did not show any phenotype that could
readily be linked to downregulation of CCR10 and further
studies are necessary to explore the significance of these find-
ings. However, our own data (John et al. manuscript in prep-
aration) and a recent report showing the LPS susceptibility of
the Anxal null mice [36] open new avenues on the possible sig-
nificance of changes in CCR10 expression.

As ANXAI is commonly viewed as an anti-inflammatory
protein and CCL27 is pro-inflammatory, it might have been
predicted that ANXA1 would downregulate CCR10 expres-
sion. However recent studies have reported that CCRI10
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Fig. 6. Exogenous recombinant ANXA1 augments the expression of CCR10 in trachea and ileum from Anxa 1 null mice. Left panel: RT-PCR
analysis Right panel: Western blot of CCR10 in trachea and ileum of wild type (WT) and Anxal null mice treated with human recombinant ANXA1
or ANXAT1ac 26 (10 ng/mouse, and 14 ng/ mouse, respectively, iv, 24 h before animals were killed). The data are representative of two independent

experiments performed on three animals per group.
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induction on pathogen-specific IgA-secreting B cells may be an
important factor for successful protection following local
mucosal infection [37].

4. Conclusions

Taken together, the data provide new evidence that ANXAI
modulates gene expression. The mechanisms responsible re-
quire further investigation. While our data support a role for
the FPR family in mediating some of the effects, the failure
of f{LMP and ATLa to suppress ITGBIBPI suggest other
mechanisms are involved. Furthermore, the dissociation
between the activities of hrANXAl and ANXAlaw 26
support the premise that the actions of ANXAI, but not
ANXA1 c» 26, are akin to those of the FPRLI1 ligand LXA4.
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in the online version, at doi:10.1016/j.febslet.2006.01.072.

References

[1] Gerke, V. and Moss, S.E. (2002) Annexins: from structure to
function. Physiol. Rev. 82, 331-371.
[2] Perretti, M., Ahluwalia, A., Harris, J.G., Goulding, N.J. and
Flower, R.J. (1993) Lipocortin-1 fragments inhibit neutrophil
accumulation and neutrophil-dependent edema in the mouse. A
qualitative comparison with an anti-CD11b monoclonal anti-
body. J. Immunol. 151, 4306-4314.
John, C., Cover, P., Solito, E., Morris, J., Christian, H., Flower,
R. and Buckingham, J. (2002) Annexin 1-dependent actions of
glucocorticoids in the anterior pituitary gland: roles of the N-
terminal domain and protein kinase C. Endocrinology 143, 3060—
3070.

[4] Perretti, M. and Gavins, F.N. (2003) Annexin 1: an endogenous
anti-inflammatory protein. News Physiol Sci 18, 60-64.

[5] Alldridge, L.C. and Bryant, C.E. (2003) Annexin 1 regulates cell
proliferation by disruption of cell morphology and inhibition of
cyclin D1 expression through sustained activation of the ERK1/2
MAPK signal. Exp. Cell Res. 290, 93-107.

[6] Taylor, A.D., Cowell, A.M., Flower, J. and Buckingham, J.C.
(1993) Lipocortin 1 mediates an early inhibitory action of
glucocorticoids on the secretion of ACTH by the rat anterior
pituitary gland in vitro. Neuroendocrinology 58, 430-439.

[7] John, C.D., Christian, H.C., Morris, J.F., Flower, R.J., Solito, E.
and Buckingham, J.C. (2004) Annexin 1 and the regulation of
endocrine function. Trends Endocrinol. Metab. 15, 103-109.

[8] Alldridge, L.C., Harris, H.J., Plevin, R., Hannon, R. and Bryant,
C.E. (1999) The annexin protein lipocortin 1 regulates the
MAPK/ERK pathway. J. Biol. Chem. 274, 37620-37628.

[9] Goulding, N.J., Pan, L., Wardwell, K., Guyre, V.C. and Guyre,
P.M. (1996) Evidence for specific annexin I-binding proteins on
human monocytes. Biochem. J. 316, 593-597.

[10] Christian, H.C., Taylor, A.D., Flower, R.J., Morris, J.F. and
Buckingham, J.C. (1997) Characterization and localization of
lipocortin 1-binding sites on rat anterior pituitary cells by

[3

=

(1]

[12]

(13]

(14]

[15]

(6]

(171

(18]

(191

[20]

(21]

[22]

(23]

[24]

(23]

[20]

[27]

1437

fluorescence-activated cell analysis/sorting and electron micros-
copy. Endocrinology 138, 5341-5351.

Tierney, T., Christian, H.C., Morris, J.F., Solito, E. and Buck-
ingham, J.C. (2003) Evidence from studies on co-cultures of TtT/
GF and AtT20 cells that Annexin 1 acts as a paracrine or
juxtacrine mediator of the early inhibitory effects of glucocorti-
coids on ACTH release. J. Neuroendocrinol. 15, 1134-1143.
Walther, A., Riehemann, K. and Gerke, V. (2000) A novel ligand
of the formyl peptide receptor: annexin I regulates neutrophil
extravasation by interacting with the FPR. Mol. Cell 5, 831-840.
Perretti, M., Chiang, N., La, M., Fierro, .M., Marullo, S.,
Getting, S.J., Solito, E. and Serhan, C.N. (2002) Endogenous
lipid- and peptide-derived anti-inflammatory pathways generated
with glucocorticoid and aspirin treatment activate the lipoxin
A(4) receptor. Nat. Med. 8, 1296-1302.

Chiang, N., Fierro, I.M., Gronert, K. and Serhan, C.N. (2000)
Activation of lipoxin A(4) receptors by aspirin-triggered lipoxins
and select peptides evokes ligand-specific responses in inflamma-
tion. J. Exp. Med. 191, 1197-1208.

Hannon, R., Croxtall, J.D., Getting, S.J., Roviezzo, F., Yona, S.,
Paul-Clark, M.J., Gavins, F.N., Perretti, M., Morris, J.F.,
Buckingham, J.C. and Flower, R.J. (2003) Aberrant inflammation
and resistance to glucocorticoids in annexin 1—/— mouse. Faseb J.
17, 253-255.

Wells, D., Wells, K., Liu, K., Hannon, R., Croxtall, J.D.,
Damazo, A.S., Oliani, S.M., Getting, S.J., Parente, L., Paul-
Clark, M., Yona, S., Gavins, F.N., Martin, J., Christian, H.,
Cover, P., John, C.D., Solito, E., Morris, J.F., Perretti, M.,
Buckingham, J.C. and Flower, R.J. (2004) The Annexin 1 ~/~
mouse phenotypic studies. Annexins 1, el-el2.

Bryant, C.E., Perretti, M. and Flower, R.J. (1998) Suppression by
dexamethasone of inducible nitric oxide synthase protein expres-
sion in vivo: a possible role for lipocortin 1. Biochem. Pharmacol.
55, 279-285.

Jiang, H., Kang, D.C., Alexandre, D. and Fisher, P.B. (2000)
RaSH, a rapid subtraction hybridization approach for identifying
and cloning differentially expressed genes. Proc. Natl. Acad. Sci.
USA 97, 12684-12689.

Lim, L.H., Solito, E., Russo-Marie, F., Flower, R.J. and Perretti,
M. (1998) Promoting detachment of neutrophils adherent to
murine postcapillary venules to control inflammation: effect of
lipocortin 1. Proc. Natl. Acad. Sci. USA 95, 14535-14539.
Hayhoe, R.P., Kamal, A.M., Solito, E., Flower, R.J., Cooper, D.
and Perretti, M. (2005) Annexin | and its bioactive peptide inhibit
neutrophil-endothelium interactions under flow: indication of
distinct receptor involvement. Blood, prepublished online Novem-
ber 8; doi: 10.1182/blood-2005-08-3099.

Solito, E., Romero, 1.A., Marullo, S., Russo-Marie, F. and
Weksler, B.B. (2000) Annexinl binds to U937 monocytic cells and
inhibits their adhesion to microvascular endothelium: Involve-
ment of the a4l integrin. J. Immunol. 165, 1573-1581.

Danila, D.C., Zhang, X., Zhou, Y., Dickersin, G.R., Fletcher,
J.A., Hedley-Whyte, E.T., Selig, M.K., Johnson, S.R. and
Klibanski, A. (2000) A human pituitary tumor-derived folliculos-
tellate cell line. J. Clin. Endocrinol. Metab. 85, 1180-1187.
Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989) Molecular
Cloning. A Laboratory Manual, Cold Spring Harbour Labora-
tory Press, New York.

Simm, M., Su, Z., Huang, E.Y., Chen, Y., Jiang, H., Volsky, D.J.
and Fisher, P.B. (2001) Cloning of differentially expressed genes in
an HIV-1 resistant T cell clone by rapid subtraction hybridization,
RaSH. Gene 269, 93-101.

Solito, E., Froud, K., Christian, H., Morris, J. and Buckingham,
J. (2003) Opposite effects of dexamethasone and oetsradiol on
annexin 1 expression. In: Endocrine Abstract 194th Meeting of
the Society for Endocrinology, Vol. 6, p. 65.

Chang, D.D., Wong, C., Smith, H. and Liu, J. (1997) ICAP-1, a
novel betal integrin cytoplasmic domain-associated protein, binds
to a conserved and functionally important NPXY sequence motif
of betal integrin. J. Cell Biol. 138, 1149-1157.

Bouvard, D. and Block, M.R. (1998) Calcium/calmodulin-depen-
dent protein kinase II controls integrin alphaSbetal-mediated cell
adhesion through the integrin cytoplasmic domain associated
protein-lalpha. Biochem. Biophys. Res. Commun. 252, 46-50.


http://dx.doi.org/10.1016/j.febslet.2006.01.072

1438

(28]

[29]

(30]

(31]

(32]

Zhang, X.A. and Hemler, M.E. (1999) Interaction of the integrin
betal cytoplasmic domain with ICAP-1 protein. J. Biol. Chem.
274, 11-19.

Sen, S., Zhou, H., Ripmaster, T., Hittelman, W.N., Schimmel, P.
and White, R.A. (1997) Expression of a gene encoding a tRNA
synthetase-like protein is enhanced in tumorigenic human myeloid
leukemia cells and is cell cycle stage- and differentiation-depen-
dent. Proc. Natl. Acad. Sci. USA 94, 6164-6169.

Shirakawa, T., Nakamura, A., Kohama, K., Hirakata, M. and
Ogihara, S. (2005) Class-specific binding of two aminoacyl-tRNA
synthetases to annexin, a Ca>*- and phospholipid-binding pro-
tein. Cell Struct. Funct. 29, 159-164.

Shaw, A.C., Rossel Larsen, M., Roepstorff, P., Holm, A.,
Christiansen, G. and Birkelund, S. (1999) Mapping and identi-
fication of HelLa cell proteins separated by immobilized pH-
gradient two-dimensional gel electrophoresis and construction of
a two-dimensional polyacrylamide gel electrophoresis database.
Electrophoresis 20, 977-983.

Mulla, A., Christian, H.C., Solito, E., Mendoza, N., Morris, J.F.
and Buckingham, J.C. (2004) Expression, subcellular localization
and phosphorylation status of annexins 1 and 5 in human

F.C. Rodrigues-Lisoni et al. | FEBS Letters 580 (2006) 1431-1438

pituitary adenomas and a growth hormone-secreting carcinoma.
Clin. Endocrinol. (Oxf) 60, 107-119.

[33] de Coupade, C., Ajuebor, M.N., Russo-Marie, F., Perretti, M.

(34]

(33]

[36]

(371

and Solito, E. (2001) Cytokine modulation of liver annexin 1
expression during experimental endotoxemia. Am. J. Pathol. 159,
1435-1443.

Schlaepfer, D.D. and Haigler, H.T. (1990) Expression of annexins
as a function of cellular growth state. J. Cell Biol. 111, 229-238.
Homey, B., Alenius, H., Muller, A., Soto, H., Bowman, E.P.,
Yuan, W., McEvoy, L., Lauerma, A.l., Assmann, T., Bunemann,
E., Lehto, M., Wolff, H., Yen, D., Marxhausen, H., To, W.,
Sedgwick, J., Ruzicka, T., Lehmann, P. and Zlotnik, A. (2002)
CCL27-CCRI10 interactions regulate T cell-mediated skin inflam-
mation. Nat. Med. 8, 157-165.

Damazo, A.S., Yona, S., D’Acquisto, F., Flower, R.J., Oliani,
S.M. and Perretti, M. (2005) Critical protective role for annexin 1
gene expression in the endotoxemic murine microcirculation. Am.
J. Pathol. 166, 1607-1617.

Kunkel, E.J., Kim, C.H., Lazarus, N.H., Vierra, M.A., Soler, D.,
Bowman, E.P. and Butcher, E.C. (2003) CCR10 expression is a
common feature of circulating and mucosal epithelial tissue IgA
Ab-secreting cells. J. Clin. Invest. 111, 1001-1010.
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ABSTRACT

Annexin 1 protein (ANXAL) expression was evaluated in tumor and mast cells in
human larynx cancer and control epithelium. The effect of the exogenous ANXA1
(peptide Ac 2-26) was also examined during the cellular growth of the Hep-2 human
larynx epidermoid carcinoma cell line. This peptide inhibited the proliferation of the
Hep-2 cells within 144 hr. In surgical tissue specimens from 20 patients with larynx
cancer, ultrastructural immunocytochemistry analysis showed in vivo down-regulation
of ANXAL expression in the tumor and increased in mast cells and Hep-2 cells treated
with peptide Ac2-26. Combined in vivo and in vitro analysis demonstrated that ANXAL
plays a regulatory role in laryngeal cancer cell growth. We believe that a better
understanding of the regulatory mechanisms of ANXAL in tumor and mast cells may
lead to future biological targets for the therapeutic intervention of human larynx cancer.
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Annexin 1: differential expression in tumor and mast cells in human

larynx cancer
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Annexin 1 protein (ANXA1) expression was evaluated in tumor
and mast cells in human larynx cancer and control epithelium.
The effect of the exogenous ANXA1 (peptide Ac 2-26) was also
examined during the cellular growth of the Hep-2 human larynx
epidermoid carcinoma cell line. This peptide inhibited the prolif-
eration of the Hep-2 cells within 144 hr. In surgical tissue speci-
mens from 20 patients with larynx cancer, ultrastructural immu-
nocytochemistry analysis showed in vivo down-regulation of
ANXAL1 expression in the tumor and increased in mast cells and
Hep-2 cells treated with peptide Ac2-26. Combined ir vivo and in
vitro analysis demonstrated that ANXAL1 plays a regulatory role in
laryngeal cancer cell growth. We believe that a better understand-
ing of the regulatory mechanisms of ANXAL1 in tumor and mast
cells may lead to future biological targets for the therapeutic inter-
vention of human larynx cancer.

© 2007 Wiley-Liss, Inc.

Key words: human mast cells; Hep-2 cells; annexin 1; larynx tumor;
ultrastructural immunocytochemistry

Larynx cancer is one of the most common types of tumors with
high mortality rates and poor prognosis.' This cancer (159,000
new cases and 90,000 deaths globally per year) is predominantly a
cancer affectln% men, in whom it comprises 2.4% of cases and
2.1% of deaths.” This evidence demonstrates that the development
of better treatment, diagnostic and preventive approaches requires
an improved understanding of the complex processes of larynx tu-
morigenesis.

The anti-inflammatory protein annexin 1 (ANXA1) is a 37 kDa
member of the annexin superfamily that share the function to bind
phospholipids in the presence of calcium ions. Previous studies
have emphasized that the N-terminal peptide of ANXA1 (peptide
Ac2-26) can reproduce the anti-inflammatory actions of the full-
length protein.> ANXA1 is described as a steroid-regulated protein
and is implicated in some of the beneficial actions of glucocorti-
coids, including inhibition of cell proliferation, anti-inflammatory
effects, the regulation of cell differentiation* and membrane traf-
ficking.’ The molecular mechanisms by which ANXA1 modulates
these cellular responses have not been fully determined. The stud-
ies indicate that ANXA1 inhibits cytosollc phospholipase 2 activ-
ity and arachidonic acid generation,* which may exg)laln some of
its anti-inflammatory and antiproliferative functions.” Due to these
antiproliferative effects, ANXA1 protein has been studied in some
types of cancer. ANXA1 expressmn in tumor cells has been i inves
tigated in vitro’ and in vzvo in cancers of the head and neck,®
liver,’ esophagus,'® lung'' and prostate. 1012 Antiproliferative
actions of ANXA1 have been reported in experiments in vitro.
The synthetic glucocorticoid dexamethasone inhibits A549 human
lung adenocarcinoma cell line E)rohferdtlon a process that is medi-
ated by induction of ANXAL.'

Studies in vivo have demonstrated that the pattern of ANXAL1
expression in human cancer is not well defined. While up-regula-

fﬁ\'uicc Publication of the International Union Against Cancer

piotel cancer control

tion of ANXA1 was prev10usly observed in glioblastoma'* and
mammary adenocarcinoma,'®> many investigators have reported
that ANXA1 expression was reduced or lost in other cancer tis-
sues. Down- regulatlon of ANXA1 was reported in many types of
cancers, 1nclud1ng in head and neck,®'° esophageal 10 gastrlc 16
prostate'®'? and breast.'” The altered expression of annexins has
also been associated with cell line transformation, tumor progres-
sion and metastasis, and interpreted to suggest either a homeo-
static or possible tumor suppressive role for annexins.®

ANXAL also has been reported in inflammatory cells, particu-
larly in mast cells involved in the inﬂammatory responses.
Mast cells have been reg)orted in Varlous types of the cancer such
as breast,20 skin,21 liver’? and gastrlc 3 These cells accumulate at
sites of tumor growth in response to numerous chemoattractants.
Mast cell infiltration has been 1m£hcated in tumor growth and is
associated with poor prognosis.”" Evidences indicate that mast
cells could have a dual role, to promote or inhibit tumor growth
depending on the local stromal conditions. This potential dual role
of mast cells is probable because of their ability to secrete either
the content of individual granules or distinct mediators selec-
tively.> Tryptase, a serine proteinase, is one important mast cell
mediator stored in cytoplasmic granules and is a sgemﬁc marker
of human mast cells investigated in cancer diseases.*'

In the present study we evaluated ANXA1 protein expression in
vivo in tumor and mast cells in invasive human larynx cancer to-
gether with patient-matched normal epithelium using ultrastruc-
tural immunocytochemistry analysis. The effect of the exogenous
ANXAL (peptide Ac2-26) was also investigated during the cellular
growth of the Hep-2 human larynx epidermoid carcinoma cells.

Material and methods
Tissue specimens

Human invasive laryngeal cancer tissues were collected from
20 patients in the Hospital de Base, Sdo José do Rio Preto, Sao

Abbreviations: ACTB, actin, beta; ANXAI1, annexin 1; cPLA2, cyto-
solic phospholipase A2; EGF, epidermal growth factor; FPR, formyl peptide
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DIFFERENTIAL ANNEXIN 1 EXPRESSION IN TUMOR AND MAST CELLS

Paulo, Brazil, according to protocols approved by the Committee
of Ethics in Research of the Federal University of Sao Paulo,
School of Medicine, Brazil (CONEP—process 128/01). Surgical
samples were collected from the center of the laryngeal tumor,
peritumoral (clinically normal adjacent tissue) and control regions
(normal laryngeal tissue) of the same patient. The patients were
all male and the age at surgery was in the range of 50-80 years
and none of them had received radiotherapy or chemotherapy
before intervention.

Cell culture and conditions

The Hep-2 cell line used was derived from a human larynx epi-
dermoid carcinoma cells (ATCC Rockville, Maryland USA). Hep-
2 cells were cultured at 37°C in 5% CO, in complete medium:
MEM-Glutamax (Invitrogen, Paisley, UK), pH 7.5, containing
10% fetal calf serum (PAA Laboratories, Teddington, Middlesex,
UK), 1% nonessential amino acids (Invitrogen) and 0.1% genta-
mycin (Sigma-Aldrich, Poole, Dorset, UK). The cells were plated
in 10-cm plates (Corning, High Wycombe, UK), and were incu-
bated in the conditions described above until the cells attained
70% confluence.

For experiments, Hep-2 cells were seeded at a concentration of
10* cells/35 mm plates in two sets of triplicates. By 24 hr, the cells
were adhered and treated with N-terminal peptide of ANXAL
(peptide Ac2-26, 2 uM) in complete medium. Control cells were
treated with boiled peptide Ac2-26 or complete medium. During
protocol optimization, 3 different concentrations (5, 7.5 and 10
pg/mL) of Ac 2-26 peptide were used. Since the cells died with
the last 2 concentrations, the former concentration was used in all
experiments. Fresh drugs were added every 2 or 3 days, when the
medium was changed. Cell morphology was observed every day.
After 1, 24, 48, 96 and 144 hr, control and treated cells were har-
vest, counted using a Neubauer hemocytometer, fixed and embed-
ded for ultrastructural immunocytochemical microscopy analysis
to investigate cell-associated ANXAL. In the second set of tripli-
cates total RNA was extracted. The experiment was repeated
4 times.

RNA extract and real time PCR

Total RNA was extracted using TRIzol Reagent (Life Technol-
ogies, Inc.) and treated with DNase. Aliquots (10 g) of total RNA
from control and treated cells were used for double-stranded
cDNA synthesis by using High Capacity cDNA Archive kit
(Applied Biosystems) as described by the manufacturer.*®

PCR amplifications were performed using a 7500 Fast Real-
Time PCR System (Applied Biosystems). Reaction mixture con-
sisted of a 20 pL volume solution containing 10 pL of Power
SYBR Green PCR Master Mix (Applied Biosystems), and 500 nM
of each primer. For every experiment, 10 ng cDNA were used and
each sample was tested in duplicate. The PCR conditions were
95°C for 10 min followed by 40 cycles of 95°C for 15 sec and
60°C for 1 min. Melting curve analysis was also performed for
each gene to check the specificity and identity of the RT-PCR
products. The gene expression stabilit}zl over different samples was
analyzed using the geNorm software.?” Each transcript level was
normalized by division with the expression values of the GAPDH,
ACTB and TUBAG used as internal standards.

Fixation, processing and embedding for immunohistochemistry
and ultrastructural immunocytochemistry

Fragments (0.5 mm) of laryngeal tumor, peritumoral and con-
trol tissues (n = 20 patients) of the same patient and Hep-2 cells
were fixed in 0.5% glutaraldehyde and 4% paraformaldehyde in
0.1 M sodium cacodylate buffer, pH 7.4, for 24 hr at 4°C. They
were then washed in sodium cacodylate buffer, dehydrated
through a graded series of methanol, and embedded in LR Gold
resin (London Resin Company, Reading, Berkshire, UK). Sections
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(1 pm thick) for immunohistochemistry and (70 nm thick) for ul-
trastructural immunocytochemistry were cut on an ultramicrotome
(Reichert Ultracut; Leica, Austria) and placed on nickel grids for
immunogold labeling.

Immunohistochemical analysis

To quantify human mast cells®! anti-tryptase antibody (specific
marker of human mast cells) was used. The sections (1 um thick)
were prepared onto histological slides,”® washed in 0.1 M Tris
buffer (Sigma Chemical), pH 8.2, incubated for 30 min with 3%
hydrogen peroxide and then washed 3 times in Tris buffer for fur-
ther 30 min. Nonspecific binding sites were then blocked with
10% Chicken Egg Albumin in Tris buffer (TBAE). Sections were
incubated overnight at 4°C in primary antibody, a mouse mono-
clonal anti-tryptase (Novocastra, Benton Lane, UK), diluted 1:500
in 1% TBAE. As control, sections were incubated with nonim-
mune mouse serum. Sections were washed in 1% TBAE for
40 min before incubation for 1 hr at room temperature with the
secondary antibody rabbit anti-mouse IgG (Fc fragment specific)
antibody (1:50 in TBEA) conjugated to 5 nm colloidal gold
(British BioCell International, Cardiff, UK). Sections were washed
in Tris buffer (30 min) and in distilled water (30 min). Silver
enhancing solution (SEKL, British BioCell International, Cardiff,
UK) was used to augment gold particle staining. At the end of the
reaction, sections were washed thoroughly in distilled water, coun-
terstained with hematoxylin and eosin and mounted in BIO-
MOUNT (British BioCell International, Cardiff, UK). Finally,
sections were examined using an AXIOSKOP2 microscope
(ZEISS, GR) and photographed.

Ultrastructural immunocytochemistry

For ANXA1 detection, we used an established immunogold
procedure.18 Ultrathin sections (70 nm) of laryngeal tissues (tu-
mor, peritumoral and control) and Hep-2 cells were prepared
and incubated at room temperature with 0.1 M phosphate buffer
containing 5% egg albumin (PBEA) for 30 min. The sections
were then incubated for 2 hr with a polyclonal antibody anti-
ANXA1 named LCPS1, a sheep polyclonal antibody raised
against the N-terminal peptide of human ANXA1 (peptide Ac2-
26), diluted 1:200 in 1% PBEA. Sections incubated with nor-
mal sheep serum were used as control (1:200). After 20 min
washing in PBEA, a 1:50 dilution in PBEA donkey anti-sheep
IgG (Fc-fragment specific) antibody conjugated to 15 nm col-
loidal gold (British BioCell International, Cardiff, UK) was
added and sections were incubated for 1 hr at room tempera-
ture. Sections were extensively washed in PBEA and then in
distilled water. Ultrathin sections were stained with uranyl ace-
tate and lead citrate before examination on a ZEISS-LEO 906
electron microscope (IBILCE-UNESP, Sao José do Rio Preto,
Sao Paulo, Brazil).

Data handling and statistical analysis

Analyses of ANXALI protein expression were realized in elec-
tron micrographs (n = 10 cells) of the tumor, mast cells (laryngeal
tumor, peritumoral and control tissues) and Hep-2 cells. The area
of each cell compartment (nucleus and cytoplasm) was determined
with the Axiovision software. The density of immunogold
(number of gold particles per um?) was calculated and expressed
for each cell compartment. Values are reported as mean = SEM
of gold particles per um> The mean gold particle density was
determined by analysis of variance followed, if significant, by the
Bonferroni test (tissue) and Student’s 7-test (Hep-2 cells); p values
less than 0.05 were taken as significant.

Quantitative analysis of the intact and degranulated mast cells
of human larynx (n = 20 patients) was performed in histological
sections of the laryngeal tumor, peritumoral and control tissues
stained for detection of tryptase in human mast cells. The quantifi-
cation of the mast cells was analyzed in 4 regions of of mast cells
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FIGURE 1 — Immunocytochemi-
cal analysis of ANXA1 immunor-
eactivity in human laryngeal tissues
in vivo. (a) The epithelial laryngeal
cells (control tissue) showed wide-
spread immunoreactivity in nucleus
(N) and cytoplasm (arrows). (b) A
low degree of ANXAI immunor-
eactivity was observed in nucleus
(N) and cytoplasm (arrows) of the
epithelial cells in peritumor tissue.
(c) ANXAI expression in tumor

3 Control cells was to a lower degree of im-

3 Peritumor munoreactivity in nucleus (N) and

N cytoplasm (arrows). (d) Absence of
E B Tumor gold labeling in section incubated
=1 with nonimmune sheep serum. (e)
E 2 Density of ANXA1 immunogold
- QIR particles in control epithelium cells
E :\.\\\\{ (control and peritumor laryngeal
] SN tissues) and tumor cells. Data repre-
o 14 x sent mean = SEM of gold particles
= *!\"-\ per umz localized in the control,
A \\ peritumor and tumor laryngeal tis-
© R sues cells (n = 200 cells for each

was performed with a high-power objective (40X) counting the
cells number in mm? areas. The mean mast cell number was used
for statistical analysis by the independent Student’s #-test; p values
less than 0.05 were taken as significant.

Results

Expression of ANXAI in tumor and epithelial cells
of the laryngeal tissues in vivo

ANXAT1 was detected by post-embedding immunogold labeling
in tumor and normal epithelium. The successful fixation protocol
of these tissues was evaluated by the good preservation of ultra-
structural morphology and antigenicity for ANXA1. The ANXA1
expression was observed in epithelial cells from control and peri-

group obtained from 20 patients).
*p < 0.05 versus Control Tissue.
Scale bars, 1 pum.

tumoral tissues (Figs. 1a and 1b) and tumor (Fig. 1c¢). No gold
labeling was detected in control sections incubated with nonim-
mune sheep serum (Fig. 1d). The significant decrease (p < 0.05)
in the expression of ANXA1 was observed in tumor and epithelial
cells from peritumoral tissue in relation to control laryngeal tissue
(Fig. le).

Effect of exogenous ANXAI (peptide Ac2-26)
on Hep-2 cell proliferation

We monitored the growth of the Hep-2 cells in vitro during a
course of treatment with peptide Ac2-26 for 144 hr. The growth
curve showed that peptide Ac2-26 (2 uM) inhibited cell prolifera-
tion in Hep-2 cells treated for 144 hr compared to both vehicle
and boiled Ac2-26 peptide controls (Fig. 2).
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FIGURE 2 — Growth curve of Hep-2 cells treated with peptide Ac2-
26. Proliferation of the cells was inhibited by peptide Ac2-26 (2 uM)
during 144 hr. Vehicle group (Hep-2 cells treated with complete me-
dium), boiled Ac2-26 (second control) and Ac2-26 (Hep-2 cells
treated with peptlde Ac2-26). Data are expressed as means = SEM of
number cells X 10*. *#%p < 0.001 versus vehicle.

Exogenous Ac2-26 peptide regulates expression of ANXAI

The real time PCR data showed greater expression of
ANXA1 mRNA in Hep-2 cells after 6 hr of peptide Ac2-26
treatment. This was followed by a decrease in expression at 12
and 24 hr, and a second peak at 48 hr prior to a subsequent
decline up to 144 hr, when compared to untreated Hep-2 cells
(Fig. 3a). However, protein expression was observed to be sig-
nificantly increased at 24 and 96 hr, maintaining a stable
amount up to 144 hr (Fig. 3b). Ultrastructural immunocyto-
chemistry analysis showed positive endogenous ANXA1-stain-
ing in the nucleus and cytoplasm of untreated Hep-2 cells (Fig.
3c¢) and treated with peptide Ac2-26 for 144 hr (Fig. 3d). No
gold labeling was detected in control sections incubated with
nonimmune sheep serum (Fig. 3e).

Expression of tryptase in the mast cells of the laryngeal
tissues in vivo

The immunohistochemical reaction using the monoclonal
antibody anti-tryptase, was used as a specific marker for
human mast cells, in order to quantify their appearance in the
laryngeal tissues studied (Figs. 4a—4c). In the control tissue,
we observed intact mast cells in connective tissue, showing
intense tryptase immunoreactivity within cytoplasmic granules
(Fig. 4a). In contrast, no immunoreactivity was observed in
sections incubated with nonimmune mouse serum (data not
shown). The mast cells within the peritumoral and tumor tissue
in some cases showed the characteristic signs of degranulation
and were also immunoreactive for tryptase (Figs. 4b and 4c).
The intraepithelial regions of invasive tumor tissue showed fre-
quent infiltration by immunoreactive mast cells (Fig. 4c¢). The
tumor and peritumoral tissues showed a significant (p < 0.05)
decrease in the number of intact mast cells when compared
with control tissue (Fig. 4d). However, the number of degranu-
lated mast cells was significantly (p < 0.05) higher in the tu-
mor and peritumoral tissues than in the control tissue. Mast
cell number in the tumor was significantly (p < 0.05) lower
than in the peritumor tissue (Fig. 4d).

Subcellular localization of ANXAI in mast cells in vivo

The mast cells in the laryngeal tissues showed immunoreactiv-
ity for ANXAT1 within the nucleus, cytosol and in the matrix of the
electron-dense cytoplasmic granules (Figs. 5a—5c¢). Some immu-
noreactivity was also found in association with the plasma mem-

2585

brane. Clusters of ANXA1 immunoreactivity in the matrix of
cytoplasmic granules were selectively detected in the mast cells of
laryngeal tumor (Fig. 5¢). No gold labeling was detected in control
sections incubated with nonimmune sheep serum (Fig. 5d). The
quantitative analysis of ANXA1 immunogold expression in mast
cells showed subcellular localization of gold particles in each tis-
sue (Table I). The data obtained in the cellular compartments
examined (nucleus, cytosol and cytoplasmic granules) in mast
cells indicated differences in the expression of the protein in each
tissue. A significant increase (p < 0.05) in the immunoreactivity
of ANXAT1 was observed in the nucleus and cytoplasmic granules
of mast cells in the laryngeal tumor and peritumor tissues com-
pared to the control. The peritumoral tissue also showed an
increase significantly (p < 0.05) of immunogold particles in the
cytosol of the mast cells compared to the laryngeal tumor and con-
trol tissues (Table I).

Discussion

Cancer of the larynx shows a hlgh rate of mortality, desplte
advances in diagnosis and treatment." There is evidence that in
certain clinical conditions, changes in annexin expression levels or
localization may contribute to the pathological consequences and
sequelae of disease. In this way, annexins are indirectly linked to
some of the most serious human disease including cancer.?’ Here
we have explored that endogenous ANXAI1 expression in tumor
and mast cells infiltrates would regulate the function of both cell
types in the tumor development. Also investigated the effect exog-
enous ANXA1 in vitro in Hep-2 human larynx epidermoid carci-
noma cells.

The density of ANXA1 immunoreactivity showed a significant
down-regulation in the laryngeal tumor and peritumoral cells com-
pared with control tissue. Several other studies have shown that
ANXA1 expresswn also changes during the development and pro-
gressmn of cancer.'” Tt is down -regulated in head and neck,” pros-
tate'” and breast cancers.'” The ANXAI protein expression was
decreased in these cancers compared with normal epithelium sug-
gesting that this protein is an essential component for maintenance
of the normal eplthehal phenotyge a fact that may be important in
early events in invasive cancer.

Based on our findings demonstrating the down-regulation of
ANXAL expression in laryngeal tumor cells in vivo, we went on
to investigate the effect of exogenous ANXA1 on Hep-2 larynx
cancer cells. The results demonstrated that addition of peptide
Ac2-26 inhibited cellular growth of the Hep-2 cells in 144 hr.
These antiproliferative actions of ANXA1 in Hep-2 cells sug-
gest that this protein has an important role in larynx tumor sup-
pression.

We also investigated whether the mechanism of ANXAI1
induction by peptide Ac2-26 in Hep-2 cells was at the tran-
scriptional level. The real time PCR results combined with ul-
trastructural immunocytochemistry demonstrated that the pep-
tide Ac2-26 treatment of Hep-2 cells induced a peak of
ANXA1 mRNA expression at 6 and 48 hr, whereas the peak
in protein expression was observed at 24 and 96 hr. Other
studies have also demonstrated difference 1n ANXA1 expres-
sion patterns at mRNA and protein levels.”®>® This data corre-
lated with the antiproliferative response, suggesting that pep-
tide Ac2-26 can trigger Hep-2 cell growth regulation by direct
interaction with the ANXA1 FPR receptor. The peptide may
also have activated endogenous ANXAT1 expression, resulting
in growth regulation by an unclarified autocrine/paracrine
mechanism. The ANXA1 autocrine/paracrine role at the mem-
brane has been also shown in the invasion of a model epithe-
lial cell line, SKCO-15, derived from colorectal adenocarci-
noma through nFPR activation.®'

The yet unknown mechanism by which ANXA1 regulates pro-
liferation might involve gene expressmn modulatlon since recent
data support such a role for this protein.*? It is also possible that
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FIGURE 3 — Transcriptional and translational expression of ANXA1. (a) mRNA expression level of ANXA1 from Hep-2 cells treated with
peptide Ac2-26 was determined by real time PCR and compared with vehicle group (Hep-2 cells treated with complete medium). Each transcript
level was normalized by division with the expression values of the GAPDH, ACTB and TUBAG6 used as internal standards. (b) Protein expression
of ANXAT in Hep-2 cells over 144 h. Representative time course showing the 37 kDa of ANXAT1 in Hep-2 cells. Values (mean = SEM) were
obtained by immunocytochemical analysis for Hep-2 cells at 24, 48, 96 and 144 hr. (n = 10 distinct cells for each group). *p < 0.05 versus vehi-
cle; ***p < 0.001 versus vehicle. Electron micrographs showing ANXA1 immunogold labeling in Hep-2 cells. (¢) Vehicle group (untreated
Hep-2 cells) shows some immunoreactivity in the nucleus (N) and cytoplasm (arrows). (d) Hep-2 cells after treatment with peptide Ac2-26 (144
hr) showed intense ANXA1 immunoreactivity localized to the nucleus (N) and cytoplasm (arrow). (¢) Absence of gold labeling in sections incu-

bated with nonimmune sheep serum. Scale Bars: (¢—c) 1 um.

the antiproliferative actions of ANXA1 are mediated via stimula-
tion of apopt051s ANXALT has been shown to stimulate apopt0s1s
malnly in cells of the myelo-monocytic lineage,**** neutrophils’ 33
and in broncho-alveolar eplthellal cells.*® In addition, ANXAI
expressmn is strongly induced in thyroid carcinoma cells during

““tumor necrosis factor-related apoptosis inducing ligand’’
(TRAIL)-induced apoptosis.®” Preliminary experiments by us to
investigate if treatment with peptide Ac2-26 (2 uM) influenced ap-
optosis in Hep-2 cells revealed that there was no increase in apo-
ptotic cell number as identified by ANXAS binding (data not
shown). Another possible mechanism for the antiproliferative
action of ANXA1 could be via activation of the extracellular re-
ceptor kinase (ERK) signaling cascade as prev1ously demon-
strated in a variety of cell types.® The prec1se mechanism by
which ANXAT1 regulates cellular proliferation in laryngeal carci-
noma cells remains to be determined.

leferentlatlon induction by ANXA1 was also reported in vitro
for A549 cells'® and in the human squamous cell carcinoma cell
line SqCC/Y1. Studies demonstrated that ANXA1 added exoge-
nously to SqCC/Y1 cells are capable of inducing cellular differen-
tiation presumably through its capacity to decrease phosphohpase
A2 (PLA2) activity and arachidonic acid formation.*® Most stud-
ies of ANXA1 regulation of cellular proliferation have focused on
glucocorticoid-mediated suppression of growth ANXAI influen-
ces dexamethasone-induced changes in cell proliferation, probably
through inhibition of cPLA2 activity and subsequent suppression
of prostaglandin E2 and arachidonic acid release.'® This mecha-
nism potentlally involves rapid changes in the phosphorylation of
ANXA1.° One common element in the induction and phosphoryl-
ation of ANXAI shared between the process of liver development
and regeneration is epidermal growth factor (EGF), which exerts
its mitogenic effects through phosphorylation and upregulation.
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ANXAL also has been shown to be a substrate for epidermal
growth factor receptor kinase, a recognized indicator of poor
prognosis and reduced survival in head and neck cancer.
ANXA1 may be correlated with these findings since this protein
has also been associated with the development of metastasis in
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some invasive malignancies suggesting a role for this protein in
regulating epithelial cell migration/invasion.*® While we cannot
exclude the possibility that some of the positive staining reflected
uptake of peptide Ac2-26 into the cells, these data suggest that
application of peptide Ac2-26 to Hep-2 cells up-regulates the en-
dogenous expression of the protein in both the cytoplasm and the
nucleus. We suggest that the nuclear localization of the protein
supports the premise that ANXA1 may influence gene expression
directly.

Analyzing the stroma surrounding the tumor we observed mast
cells infiltrating intraepithelially within the larynx cancer and in
the connective tissue near the invasive tumor. The number of these
cells was quantified using the immunohistochemistry reaction for
serine proteinase tryptase in the laryngeal tissues. This technique
is extensively used for human mast cell identification.?'

The presence and increase in degranulated mast cell number
observed in the laryngeal tumor and peritumoral tissues suggests
that tumor cells are recruiting and activating mast cells to release
their secretion of biological mediators that could be detrimental to
the tumor or contribute to the tumor development. In cancer, some
authors have suggested that inflammatory cells including mast
cells can stimulate the epithelial cells during the events of promot-
ing tumor growth through release of mediators that alter the
microenvironment.*® Previous studies have described an increase
in the mast cell number of the peritumoral tissue in patients with
melanoma?' and basal cell carcinoma*' but mast cell degranula-
tion was not evaluated. Evidence indicates that mast cells accumu-
late at sites of tumor growth in response to numerous chemoattrac-
tants released by tumor cells and could either promote or inhibit
tumor growth depending on the local stromal conditions. Several
authors have discussed the dual role of mast cell in cancer. Mast
cells can be beneficial or detrimental to the tumor depending on
the télsmor stroma microenvironment altering its secretory pro-
cess.

A number of studies have provided evidence that mast cells
express the anti-inflammatory protein ANXA1'"®'%4? and this pro-
tein has been implicated in playing an important role in tumor de-
velopment, directly or indirectly, and could be a diagnostic marker
for certain types of tumors.” Our results have demonstrated the in-
tracellular localization and disposition of human mast cell
ANXAI1 by ultrastructural immunocytochemical analysis in laryn-
geal tissues (tumor, peritumoral and control tissues) obtained from
the same patient. In the tumor, mast cells showed granules with
varying electron density, characteristic of degranulated mast cells.
In these cells the immunoreactivity to ANXA1 showed character-
istic clusters in the interior of the granules. The quantitative analy-
sis of the ANXA1 expression showed a significant increase of the
protein in the cytoplasmic granules and nucleus of the mast cells
in laryngeal tumor and peritumoral tissues. Previous studies dem-
onstrated that increased ANXA1 expression in rat mast cells after
dexamethasone treatment might be one of the potential mecha-
nisms b%/ which glucocorticoids inhibit the mast cells degranula-
tion."®** Also local administration of the ANXA1 N-terminal pep-
tide inhibits mast cell degranulation in rats inflamed by infection
of ovalbumin into the pleural cavity."®

The increase in ANXA1 expression observed in mast cells in
the tumor and peritumoral region compared to control tissue, sug-
gests that the endogenous protein may act as a feedback response
in the modulation of mediators release. Since mast cells mediators

FIGURE 4 — Immunohistochemical analysis of triptase in the mast
cells of the laryngeal tissues in vivo. Sections (1 pm) were stained
with hematoxylin and eosin. (a) Control, (b) peritumor and (¢) tumor
tissue showed mast cells immunoreactive by tryptase (curve arrow)
and epithelium (Ep). (d) Quantitative analysis of intact and degranu-
lated mast cells (n = 20 patients). ***p < 0.001 versus intact mast
cells, control; ¥+ ¥p < 0.001 versus intact mast cells, peritumor, *p <
0.05, " p < 0.001 versus degranulated mast cells, control; **p <
0.001 versus degranulated mast cells, peritumor. Scale bars 10 pm.
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FI1GURE 5 — Modulation of ANXA1 protein expression in laryngeal human mast cells. (a) Control, (b) peritumor and (¢) tumor tissue (n = 20
patients). Mast cells with gold particles in the nucleus (N), cytosol, cytoplasmic granules (arrows) and plasma membrane (arrowheads). Clusters
of ANXA1 immunoreactivity in the matrix of cytoplasmic granules were selectively detected in the mast cells of tumor tissues (arrows). (d) Ab-
sence of gold labeling in section incubated with normal sheep serum. Scale bars, 1 pm.

TABLE I - DENSITY OF ANNEXIN 1 IMMUNOGOLD PARTICLES IN MAST CELLS IN CONTROL, PERITUMOR
AND TUMOR LARYNGEAL TISSUES

ANXA1 imunoreactivity in mast cells (gold particles/um?)

Tissue Nucleus Cytosol Granule
Control 0.19 = 0.02 0.31 = 0.02 0.26 = 0.02
Peritumor 0.81 £ 0.09%** 0.68 £ 0.05%* ### 0.75 = 0.05%%% ###
Tumor 0.92 + (.2%%%* 0.35 £ 0.02 0.46 = 0.04*

Data represent mean + SEM of gold particles per um? localized in different mast cells analyzed in the
control, peritumor and tumor laryngeal tissues (7 = 200 cells for each group obtained from 20 patients).
*p < 0.05 versus control tissue; #p < 0.05 versus tumor tissue.

have a role in cancer growth, ANXA1 may contribute to the mod-
ulation of mediators release.

In conclusion, by in vivo and in vitro approaches we have dem-
onstrated that ANXA1 may have a regulatory role in laryngeal
cancer development. Mast cell-derived ANXA1 might contribute
to the regulation of in vivo tumoral growth by a paracrine mecha-
nism. A better understanding of the regulatory mechanisms of

ANXAT1 in tumor and mast cells may lead to future biological tar-
gets for the therapeutic intervention of human larynx cancer.
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ABSTRACT

Cervical cancer is the second most frequent cancer in women worldwide and is
associated with genetic alterations, infection with human papilloma virus (HPV),
angiogenesis and inflammatory processes. The idea that inflammation is involved in
tumorigenesis is supported by the frequent appearance of cancer in areas of chronic
inflammation. On the other hand, the inflammatory response is controlled by the action
of anti-inflammatory mediators, among these mediators, annexin A1 (ANXAl), a 37
kDa protein was detected as a modulator of inflammatory processes and is expressed by
tumor cells. The study was carried out on the epithelial cancer cell line (SiHa) treated
with the peptide of annexin Al (ANXA1Ac2-26). We combined subtraction
hybridization approach, Ingenuity Systems software and quantitative PCR, in order to
evaluate gene expression influenced by ANXA1. We observed that ANXA1Ac2-26
inhibited proliferation in SiHa cells after 72h. In these cells, 55 genes exhibited changes
in expression levels in response to peptide treatment. Six genes were selected and the
expression results of 5 up-regulated genes (TPT1, LDHA, NCOAS3, HIF1A, RAB13)
and one down-regulated gene (ID1) were research by real time quantitative PCR. Four
more genes (BMP4, BMPR1B, SMAD1 and SMAD4) of the ID1 pathway were
investigated and only one (BMPR1B) shows the same down regulation. The data
indicate the involvement of ANXALAc2-26 in the altered expression of genes involved
in tumorigenic processes, which could potentially be applied as a therapeutic indicator

of cervical cancer.
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1. Introduction

Carcinoma of the cervix, or cervical cancer, is the second most fre-
quent neoplasm in women worldwide. Each year, approximately
530,000 new cases of cervical cancer arise. Cervical cancer is the fourth
leading cause of death in developing countries, with approximately
275,000 deaths per year (Jemal et al., 2011).

A factor directly related to cervical cancer is infection with human
papilloma virus (HPV), and approximately 90% of cervical cancer cases
are associated with HPV as a causative agent (Jaafar et al., 2009;
Walboomers et al., 1999). A common feature of this type of tumor is
the high expression of two oncogenes, E6 and E7, which encode multi-
functional proteins known for their ability to inactivate the tumor sup-
pressors p53 and pRb, respectively (Narisawa-Saito and Kiyono, 2007).
This altered expression of oncogenes leads to instabilities in the genome
by blocking the cell cycle and checkpoints deregulation in these cells,
due to the loss of these tumor suppressors genes. These cells then can
progress towards the tumorigenic process (Incassati et al., 2006).

Other factors that contribute to the risk of developing cervical cancer
have been described. These factors include age; the number of sexual
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partners, which has been especially associated with co-infection;
prolonged use of hormonal contraceptives; a large number of full-
term pregnancies; and cigarette smoking (Soto-De Leon et al,, 2011).

The inflammatory response is controlled by the action of anti-
inflammatory mediators, which act to maintain the homeostasis of the
immune response to prevent tissue damage. These mediators include
annexin-A1l (ANXA1), a 37 kDa protein expressed by tumor cells that
act as a modulator of inflammation (Flower, 1988; Silistino-Souza
et al,, 2007; Alves et al., 2008).

The Annexins (ANX) are a well-conserved superfamily of structural-
ly related proteins characterized by a C-terminal homologous domain
containing four to eight repeats of 70-75 amino acids that are responsi-
ble for the calcium and phospholipid binding properties. The variable N-
terminal region is unique in length and sequence and includes potential
sites of phosphorylation, glycosylation and peptidase action (Gerke and
Moss, 2002). Annexins are present in many organisms, including molds,
plants, fungi and mammals. They are preferentially localized in the
cytoplasm, where they associate with the plasma membrane or cyto-
skeleton, but some annexins, including ANXA1, have also been
found to localize to the outside of the plasma membrane (Solito
et al,, 1994, 2003a). Though the function of the annexins is far from
clear, they have been shown to be involved in signal transduction
(Alldridge et al., 1999; De Coupade et al., 2000), vesicle transport
(Diakonova et al., 1997), cell transformation (Violette et al., 1990;
Solito et al., 1998), inflammation (Perretti and Gavins, 2003), cell
matrix interactions and apoptosis (Raynal and Pollard, 1994; Solito
et al., 2003b).

Annexin A1 (ANXA1), originally known as lipocortin 1, was the first
member of this family to be cloned (Wallner et al., 1986). ANXA1
mimics the anti-inflammatory activity of glucocorticoids by inhibiting
the synthesis of eicosanoids and the activity of phospholipase A2
(PLA2), affecting the components of the inflammatory reaction and
the release of arachidonic acid (Flower, 1988; Perretti and Gavins,
2003). This protein is especially found in many cell types related to de-
fensive processes, which include neutrophils (Oliani et al., 2001), mast
cells (Oliani et al., 2008), eosinophils (Oliani et al., 2002) and monocytes
(Goulding et al., 1990).

The expression and localization of ANXA1 have been investigated in
experimental models of acute inflammation induced by carrageenan in
the rat mesentery through the analysis of extravasated leukocytes
(Oliani et al., 2001; Gil et al., 2006). The vascular endothelium and
chronic granulomatous inflammation have also been examined in the
skin of mice (Oliani et al., 2008; Gibbs et al., 2002).

After it was discovered that the biological activity of ANXAT1 could be
reproduced by the first twenty-six amino acids in the N-terminus (pep-
tide Ac2-26) as well as some smaller peptides (Cirino et al., 1993;
Perretti et al., 2001), the use of these molecules in experimental models
of acute (Damazo et al., 2006; Gavins et al., 2007), chronic (Gibbs et al.,
2002) and systematic inflammation has become commonplace
(Damazo et al., 2005). The management of these mimetic ANXA1 pep-
tides causes the activation of the abundant ANXA1 receptors found in
leukocytes, promoting cell activation and intracellular signaling, pro-
voking detachment of adherent leukocytes (Gavins et al., 2003;
Gastardelo et al., 2009).

In comparison to HPV negative squamous cell penile carcinoma
samples, ANXA1 protein expression was significantly increased in
high-risk HPV squamous cell penile carcinoma samples indepen-
dently of the subtype of penile squamous cell carcinoma. ANXAT is
likely to play an oncogenic role in penile cancer associated with
high-risk HPVs (Calmon et al., 2013). By contrast, the ANXA1 expres-
sion in cervical carcinogenesis has been scarcely investigated. The
levels of this protein and its mRNA decrease as the cancer develops,
suggesting that ANXA1 may be regarded as a biological marker in
tumor progression (Lee et al., 2008). The down-regulation of
ANXA1 expression in [LaCit2]3 (Lanthanum citrate complex)-treat-
ed SiHa cells suggests that ANXA1 might regulate growth factors

related to apoptosis to mediate programmed cell death (Shen et al.,
2010).

Though the works related to ANXA1 have contributed to a greater
understanding of the role of this protein in inflammatory and tumor-
igenic process, the molecular mechanisms by which ANXA1 modu-
lates cellular responses in the inflammatory process have not yet
been fully determined. Available data suggest that this protein may
be significantly involved in cancer in addition to its important role
in the inflammatory process, most likely through signaling cascades
that include genes related to the cell cycle, differentiation and
apoptosis.

To investigate the effects of ANXAT1 in cervical cancer, we evaluat-
ed the influence of this peptide on the morphology, cell proliferation
and gene expression in SiHa cells. We also identified the signaling
pathways that genes modulated by ANXA1,».26 participate which
are important for tumorigenic and the inflammatory process.

2. Materials and methods
2.1. SiHa culture conditions

The SiHa cell line originally established from an epidermoid carci-
noma of the cervix (ATCC, Rockville, Maryland, USA) was obtained
and seeded at a density of 1 x 10° cells/mL per 75 cm? culture flask
(Corning, NY, USA). MEM-Earle medium (Cultilab, Campinas, SP,
Brazil) was used at pH 7.5 and supplemented with 10% fetal calf
serum (Cultilab), 1% non-essential amino acids and 1% antibiotic/
antimycotic (Invitrogen Corporation, Carlsbad, CA, USA) and cul-
tured at 37 °C under an atmosphere of 5% CO,.

2.2. Pharmacological treatment

The SiHa cells were subdivided into a control group that was not
manipulated and an experimental group to which 3 pM of ANXA1ac,-
26 Was added. The experiments were conducted for time periods of 2,
4,24, 48 and 72 h to determine the statistically significant time for
further use in the methodology.

2.3. Growth curve

SiHa cells were seeded in triplicate at a density of 5 x 10% cells in
plastic 6-well plates and divided in two groups. The control group
was grown on complete medium whereas peptide ANXA1ac2-26
was added to the experimental group. 24 h later, when the cells
had already adhered, SiHa cultures were incubated with serum free
medium (MEM 0%). After an additional 24 h, peptide was added to
the experimental group whereas the control group was maintained
in complete medium without any pharmacological manipulation.

The cell morphology was observed on each day. The cytotoxic ef-
fects of peptide on the proliferation of SiHa cells were investigated in
two experimental groups at 2, 4, 24, 48 and 72 h. The cells were har-
vested, stained with trypan blue and counted using a Neubauer he-
mocytometer. Significant differences between the groups were
determined by one-way analysis of variance (one-way ANOVA) and
if found to be significant, further analyzed using the Bonferroni
test. The same experiment was repeated twice.

2.4. RNA extraction for Rapid Subtraction Hybridization (RaSH) and real
time PCR experiments

SiHa cells were seeded at a density of 1 x 106 cells/mLin 75 cm? cul-
ture flasks in complete medium (control group) and incubated with
10 pg/mL of peptide Ac2-26 for 72 h (experimental group). The RNA
from control and ANXA1,-26 treated SiHa cells was extracted using
Trizol (Sambrook and Russel, 2001) following treatment with DNase
(Invitrogen). cDNA synthesis was performed using a High Capacity
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cDNA Archive kit (Applied Biosystems, Foster City, CA, USA) according
to the manufacturer's instructions.

2.5. Rapid Subtraction Hybridization (RaSH)

The RaSH technique (Jiang et al., 2000) was performed with two
subtractions. The first was termed “Sub I”, in which the SiHa control
cells were referred to as tester and the cells treated with peptide Ac2-
26 were termed driver. In the second subtraction, “Sub II,” the opposite
test was performed.

The first cDNA strand was obtained by reverse transcriptase with
2 pL of oligo (dT) (50 mM) and 2 pL of 10 mM dNTPs at 65 °C for
5 min. The samples were immediately placed on ice for 1 min and
2.0 pL of 0.1 mM DTT, 1 pL of 40 U/uL RNAout and 4.0 pL of 5X First-
Strand Buffer [250 mM Tris-HCL (pH 8,3), 375 mM KCL and 15 mM
MgCL,] were added. The samples were incubated at 42 °C for 2 min be-
fore 1.0 pL of Superscript™ II reverse transcriptase (RT) (200 U/uL) was
added. The mixture was incubated again at 42 °C for 50 min and then at
70 °C for 15 min. Segments of 3-actin cDNA were also amplified to verify
the quality of these reactions.

The second strand of cDNA was synthesized in reactions containing
30 L of 5X Second Strand Buffer, 3 pL of 10 mM dNTPs, 1 pL of DNA li-
gase (10 U/uL), 4 pL of DNA Pol I (10 U/pL) and 1.0 pL of RNase H (2 U/
UL). The samples were incubated for 2 h at 16 °C before the addition of
2 uL of T4 DNA Pol (5 U/pL) and further incubation for an additional
5 min. The action of T4 DNA Pol was inhibited by the addition of 10 puL
of 0.5 M EDTA. Phenol:chloroform extraction was used to purify the
sample and the pellet was resuspended in 45 pL of water. The cDNA
was used in amplification reactions for segments of GAPDH and was
subsequently digested with 2 pL of Mbol enzyme (10 U/uL) and incubat-
ed for 1 h at 37 °C. Finally, over 1 pL of this enzyme was added to the re-
action, and the samples were incubated overnight at 37 °C.

To this cDNA was added 4.1 and 4.5 [LL, respectively, of the adaptors
XDPN-14 5’-CTGATCACTCGAGA and XDPN-12 5’-GATCTCTCGAGT
(Sigma Chemical, final concentration 10 mM), 8 pL of 5X T4 DNA ligase
buffer Invitrogen®, heated at 55 °C for 1 min, and cooled down to 14 °C
within 1 h. The cDNA received 3 pL (9 U) of T4 DNA ligase (3 U/pL), liga-
tion was carried out overnight at 14 °C. After phenol/chloroform extrac-
tion and ethanol/glycogen precipitation, the mixtures were diluted to
100 pL with TE buffer (10 mM Tris/1 mM EDTA); 40 pL of the mixtures
were used for PCR amplification.

The PCR mixtures were set up using 10 uM XPDN-18 5’-CTGATCAC
TCGAGAGATC, 0.4 mM dNTPs, 10 x PCR buffer, 1.5 mM MgCl, and 1 U
Taq DNA polymerase (Invitrogen). Thermocycler conditions were
1 cycle at 72 °C for 5 min, followed by 25 cycles of 94 °C for 1 min,
55 °C for 1 min, 72 °C for 1 min, ending in a final extension at 72 °C
for 3 min. Ten microgram of purified PCR product (tester) was digested
with 10 U/uL Xhol (Invitrogen) for 6 h at 37 °C and followed phenol/
chloroform extraction and ethanol precipitation.

One-hundred nanograms of the tester cDONA were mixed with 5 pig of
the driver cDNA in hybridization solution (0.5 M NaCl, 50 mM Tris/HCI,
SDS2% and 40% formamide) and, after heating at 99.9 °C for 5 min,
incubated at 42 °C for 1 h, and 42 °C for 48 h. After extraction and
precipitation, the hybridization mixture (1 pg) was ligated with
Xhol-digested pZero plasmid and transformed into competent
bacteria. Bacterial colonies were picked and used as DNA template
for PCR. Clones were sequenced using an automated DNA sequence
and homologies sequences were searched using the BLAST program.
Gene ontology (GO) annotation was used for the functional classifi-
cation of up- and down-regulated genes using terms from Gene On-
tology database.

We further analyzed the genes through IPA (Ingenuity Systems®) to
relate the differentially expressed genes with biological functions and
processes in which these genes are involved and evaluate what the
main networks of interaction between them.

2.6. Quantitative PCR — RT-qPCR

The RNA from control and ANXA1q-26 treated SiHa cells was ex-
tracted and cDNA synthesis was performed as described above.

Six differentially expressed genes were selected for validation by
quantitative real time PCR experiments according to their direct or indi-
rect involvement in tumorigenesis. Their expression was checked in
treated samples relative to matched non-treated samples.

The primers were manually designed with: 19-23 bp length, 30-
80% GC content and a short amplicon size (80-120 bp). Their sequences
are available upon request (Table 1). Real time PCR was performed in
triplicate using a 7500 Fast Real-Time PCR System (Applied
Biosystems). Reaction mixture consisted of a 20 uL volume solution
containing 100-500 mg of Power SYBR Green PCR Master Mix (Applied
Biosystems), 100 nM of each primer and 100 ng cDNA (control and
treated with peptide ANXA1ac 26 [3 UM]). The PCR conditions were
95 °C for 10 min followed by 40 cycles of 95° for 15 s and 60° for
1 min. Melting curve analysis was performed for each gene to check
the specificity and identity of the RT-PCR products.

For each primer set, the efficiency of the PCR reaction (linear equa-
tion: y = slope + intercept) was measured in triplicate on serial dilu-
tions of the same cDNA sample. The PCR efficiency (E) was calculated
by the formula E = [10¢~ /5°P®)] and ranged from 1.96 to 2.02 in the dif-
ferent assays.

Two control genes (GAPDH, ACTB) were used as internal standards.
The relative expression ratio (fold change) of the target genes was cal-
culated according to Pffafl (2001). Statistical analysis was performed
by a two-tailed unpaired t test using GraphPad prism software.

To investigate the pathway of ID1 gene, were analyzed four genes
(BMP4, BMPR1B, SMAD1 and SMAD4) following the methodology de-
scribed above. The ID1 gene is connected with more four genes
(BMP4, BMPR1B, SMAD1 and SMAD4) in TGF-Beta signaling pathway,
from KEGG (http://www.kegg.jp/pathway/ko04350), according to
Pathways from Biosystems (http://www.ncbi.nlm.nih.gov/gene/3397).

3. Results
3.1. Cellular morphology

SiHa cells were initially cultured and observed by phase contrast mi-
croscopy. These cells have a fusiform appearance and central core, with
multiple nucleoli and a eucromatic position, which are characteristics of
a cell with high metabolic activity (Fig. 1A). In cells treated with
ANXA1ac 26 [3 IM], there was no morphological change, and cytoplas-
mic processes were more clearly observed due to reduced cell prolifer-
ation (Fig. 1B).

3.2. Proliferation assay

In the proliferation assay, one-way ANOVA using the GraphPad
Prism 5 program was used to observe the growth inhibitory effect

Table 1

Primers for the interesting genes.
Primer Sequence
HIF1A right 5’ TCCTCACACGCAAATAGCTG 3’
HIF1A left 5" TGCTCATCAGTTGCCACTTC 3’
ID1 right 5" TAGTCGATGACGTGCTGGAG 3’
ID1 left 5" AAACGTGCTGCTCTACGACA 3’
LDHA right 5" GCCGTGATAATGACCAGCTT 3’
LDHA left 5" TGGCAGCCTTTTCCTTAGAA 3’
NCOA3 right 5" AAGTCCCCACACCTTCACTG 3’
NCOA3 left 5" TTCTGGCAATACTGGGAACC 3/
RAB13 right 5" CTGCAAAGCGAATGATCAGA 3’
RAB13 left 5" AGCCTACGACCACCTCTTCA 3’
TPT1 right 5’ TAGAGCAACCATGCCATCTG 3’
TPT1 left 5" GCTGCAGAACAAATCAAGCA 3’
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Fig. 1. Morphological analysis and growth curve of ANXA1,.,.»6 peptide treatment in SiHa cell line. SiHa cells were seeded in complete MEM 10% at a concentration of 5 x 10* per well (6
well plate). The cell morphology observed in (A) the control group, characterized by a monolayer of nucleated cells was not altered in (B) the ANXA1ac-26 peptide [10 pg/mL] treated
group. 400 x magnification. (C) SiHa cells were cultured, counted after 2, 4, 24, 48 and 72 h and these results were plotted on a growth curve. Assays were performed in triplicate.

Graph x = time (hours) and y = number of cells x 10 P values < 0.05 were significant.

under ANXA1a 26 treatment. The peptide was shown to decrease the
proliferation in treated cells in comparison to the control group
(Fig. 1C). Statistical analysis showed that these differences were most
significant (P < 0,05) at a concentration of 10 pg/mL of peptide and a cul-
ture time of 72 h.

3.3. Genes identified using the RaSH approach

Rapid subtractive hybridization (RaSH) compares two distinct
experiments to find differential gene expression. RaSH was performed
on SiHa cells from the control group and those treated with
ANXATpc2.26 for 72 h, and 82 clones were isolated and sequenced. By
screening these sequences through GenBank (Blast) and by rigorous
classification and selection, 55 genes were found to be differentially
expressed. Two libraries of genes (Sub I and Sub II) were acquired.
Twenty-three genes of the “Sub I” library exhibited changes in expres-
sion levels in the control cells, whereas 32 genes of the “Sub II” library
changed in expression under treatment with peptide. Therefore, it was
expected that the gene expression of one library would be lower than
that of the other one. The libraries of the genes obtained along with
their different functions and processes described in the Gene Ontology
(GO) databases.

IPA (Ingenuity Systems©) was used to further analyze the 55 differ-
entially expressed genes, which were especially associated with tumor-
igenesis, apoptosis, necrosis and cell proliferation (Supplements 1 and
2). Moreover, some of these genes were chosen because they form a
network of important interactions with other genes such as NF-kB, Ubiq-
uitin and HSP in the “Sub I” library or with genes associated with cancer,

inflammatory diseases, the cell cycle, senescence, replication and cell
death in the “Sub II” library.

Six differentially expressed genes, TPT1, LDHA, ID1, NCOA3, HIF1A
and RAB13, were selected for validation by quantitative real time PCR
experiments (Table 1). These genes are associated with calcium ion
transport, cellular response to extracellular stimulus, apoptotic process,
regulation of transcription, response to hypoxia and regulating mem-
brane trafficking, respectively and were chosen according to their func-
tions related to their direct or indirect involvement in tumorigenic and
inflammatory processes.

3.4. Real-time PCR validation of differentially expressed genes

The RaSH analysis indicated the down-regulation of four genes (ID1,
LDHA, RAB13 and TPT1) and up-regulation of two genes (HIF1A and
NCOA3) in SiHa cells treated with ANXA1,x_26. However, the quantita-
tive PCR experiment showed that only the expression of ID1 was signif-
icantly reduced in these cells after peptide treatment (Fig. 2). The
expression of other genes oscillated without statistical significance,
which was most likely because the peptide does not quantitatively
modify the expression of the selected genes despite its interaction
with the cell.

3.5. Real-time PCR gene-related pathway gene ID1
Four genes (BMP4, BMPR1B, SMAD1 and SMAD4) of ID1 pathway

were analyzed, however, the quantitative PCR experiment showed
that only the expression of BMPR1B was significantly reduced in SiHa
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Fig. 2. Quantitative real time PCR gene expression in SiHa cells treated with ANXA1a0-26
peptide. Expression of HIF1A, ID1, LDHA, NCOA3, RAB13 and TPT1 genes in SiHa cells treated
with ANXA1ac.26 peptide (10 pg/mL), compared with control cells. Assays were per-
formed in triplicate to confirm the results and the data represented in base 2 logarithm.

cells after ANXA1c-26 treatment (Fig. 3), like the ID1 gene expression.
The expression of other genes oscillated without statistical significance
(BMP4, SMAD1 and SMAD4).

4. Discussion

Although cervical cancer can be prevented, it still represents a major
public health problem for women, especially in underdeveloped coun-
tries where there is little monitoring and prevention.

The anti-inflammatory protein Annexin A1 (ANXA1) could be used
as an indicator of treatment. Though the literature on the in vitro
(D'Acquisto et al., 2008) and in vivo (Gastardelo et al., 2009; Facio
etal,, 2011) pharmacological effects of this protein and its mimetic pep-
tides in inflammatory processes is extensive, the expression of this pro-
tein in cervical carcinogenesis has been scarcely investigated. Some
studies found the low expression of ANXAT1 in cervical cancer, suggest-
ing that this protein could be considered a biological marker in the pro-
gression of invasive cervical cancer or regulates apoptosis-related
growth factors, point to a negative effect of ANXAT1 in the cervical can-
cer, low expression worst prognostic (Lee et al., 2008; Shen et al.,
2010). Thus, we explored the action of ANXA14c,_26 on SiHa cells de-
rived from cervix squamous cell carcinoma, a cell line that provided
the best conditions for the experiments. These cells contained HPV16,
with an estimated 10 copies of HPV 16 DNA integrated into the cellular
DNA (Yee et al., 1985).

In analyzing the SiHa cell line, we observed that the morphology did
not change after treatment with peptide ANXA14c,_26. However, cell
proliferation decreased after 72 h of treatment. ANXA1 mediates the
disruption of normal cell morphology and inhibits cyclin D1 expression,
reducing cell proliferation through proximal modulation of the ERK sig-
nal transduction pathway (Alldridge and Bryant, 2003). ANXA1 has di-
rect anti-proliferative effects on cells possibly through the constitutive

Genes
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Fig. 3. Quantitative real time PCR gene expression in SiHa cells treated with ANXA1ac-26
peptide. Expression of BVMP4, BMPR1B, SMad1 and SMad4 genes in SiHa cells treated with
ANXA1p26 peptide (10 ug/mL), compared with control cells. Assays were performed in
triplicate to confirm the results and the data represented in base 2 logarithm.

over-activation of ERK1/2. Thus, the anti-proliferative role of ANXA1
may be directly responsible, at least in part, for the growth arrest.
These findings suggest that ANXAT may act as a tumor suppressor
(Ang et al., 2009).

But in the other hand, this anti-proliferative effect can be explained
by apoptosis too, Parente and Solito (2004) comment that ANXA1 pro-
motes inflammatory cell apoptosis associated with transient rise in in-
tracellular calcium and caspase-3 activation. Then in these SiHa cells,
how there are inflammatory cells in cancer process, we can suppose
that this negative effect can be explained by apoptosis (Parente and
Solito, 2004).

Apoptosis was also a criterion for selecting the differentially
expressed genes for validation by real-time RT-PCR. Of the 55 genes
identified by RaSH approach was very difficult choose only six genes
to validation, because all of them have some interesting function, but
IPA (Ingenuity Systems©) was helpful to choose which genes were es-
pecially associated with tumorigenesis, apoptosis, necrosis, regulation
of transcriptional and in the same gene network.

After an analysis of the literature, six genes (HIF1A, ID1, LDHA,
NCOA3, RAB13 and TPT1) were selected for validation by real-time RT-
PCR using treated and non-treated cell lines. These genes show poten-
tial involvement in signaling cascades related to tumorigenesis and/or
the interaction between inflammation and tumor cells through angio-
genesis, metastasis, lactate dehydrogenase activity, regulation of gene
expression, cell adhesion and binding and calcium ion transport. The
RT-PCR results for the ID1 gene were consistent with the RaSH data.
For the gene expression of NCOA3 and HIF1A, the results were not signif-
icantly increased. Thus, these genes can be considered to be good mo-
lecular markers if their high expression levels are confirmed in other
cells. LDHA, RAB13 and TPT1 genes still require further testing. These re-
sults are most likely due to the higher concentrations of the peptide that
are required in these cells to observe the mimetic effects.

The different expression levels of the ID1 gene are related to angio-
genesis, differentiation and metastasis. The overexpression of ID1 was
detected in esophageal squamous cell carcinoma, which suggests that
in our study, ANXA1 may regulate this gene by decreasing its expression
and may be used as a possible therapeutic target. ID1 belongs to a family
of small molecules of short length (13 to 20 kDa) and acts as an inhibitor
of differentiation or DNA binding (Benezra et al., 1990). The ID1 gene is
not a transcription factor, it is a transcriptional regulator (lacking a basic
DNA binding domain) which negatively regulates the basic helix-loop-
helix (bHLH) transcription factors by forming heterodimers and
inhibiting their DNA binding and transcriptional activity (Zheng et al.,
2004). Thus, ID1 regulates the effects of transcription factors on target
genes. Infection by high-risk human papilloma viruses (HPVs) is consid-
ered to be the central cause of invasive cervical cancer, suggesting that
high-risk HPVs can enhance the progression of human cervical cancer
through ID1 regulation (Darnel et al., 2010).

The overexpression of ID1 alone can induce angiogenic processes in
endothelial progenitor cells (EPCs) in ovarian cancer. The expression of
ID1 and matrix metalloproteinase-2 (MMP-2) was increased in EPCs
isolated from ovarian cancer patients compared to those obtained
from healthy subjects. It can thus be concluded that ID1 can enhance
EPC angiogenesis in ovarian cancer, which is mainly mediated by the
PI3K/Akt and NF-kB/MMP-2 signaling pathways (Su et al., 2013).

In most metastatic cancer patients, epithelial tumor cells from pri-
mary tumor samples express any grade ID1 positivity. In addition,
higher protein expression levels seem to correlate with poorer progno-
ses in prostate cancer (Ponz-Sarvisé et al., 2014). The overexpression of
ID1 protein is associated with more aggressive behavior of tumor cells
in human cervical cancer and is an independent marker for the progres-
sion of this tumor type (Schindl et al., 2001).

The ID1 is considered as a BMP (bone morphogenetic protein) spe-
cific target gene that binds either to a type 1 or a type 2 receptor to
form the ternary signaling complex (Chang et al., 2002). BMPs belong
to the TGF-p superfamily and act via their specific receptors, the
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BMPRs. Among the receptors, BMPR1B has been previously analyzed
and shown to be linked to the advancement of breast cancer and poor
prognosis. Analysis revealed lower expression levels of BMPR-IB tran-
script in poor prognosis patient samples compared to good prognosis
samples, as well as, down-regulation of BMPR-IB in MDA-MB-231cells
and leads to increased cell proliferation of breast cancer cells in vitro
(Bokobza et al., 2009). Probably the down expression of the BVIPR1B re-
ceptor is according to the ID1 gene expression.

In the literature, the overexpression of ID1 gene is observed in cervi-
cal cancer, but our data showed decreased expression of ID1 and BMPR-
1B genes after the peptide treatment, suggesting that this peptide can
modify the expression of some genes in cervical carcinoma cells. As con-
sequence of the decreased expression of ID1 gene by the peptide, ID1-
targeted transcription factors will be relieved to regulate their down-
stream signals.

The genes evaluated in this study showed differential expression in
SiHa cells in a manner dependent on ANXA1 426 treatment. In summa-
ry, this study highlights the importance of the RaSH technique as a fast
and efficient method for identifying genes modulated by ANXA1 in cells
of epithelial origin. Further experiments are needed to determine
whether other genes obtained by subtraction are regulated by ANXA1
and whether these are causally related to treatment-induced changes
in this protein. The functions of the genes identified in this study are im-
portant in tumor progression and are amenable to changes through al-
tering the metabolism of the cervical epithelial cells.

The cervix is difficult to access, and treatments for cervical carcino-
ma commonly involve surgery, chemotherapy or radiotherapy. Howev-
er, new therapeutics such as the use of gene therapy associated with
nanoparticles tested in cervical cancer derived Hela cells are being de-
veloped, allowing the delivery of drugs into target cells (Zheng et al.,
2013).

Finally, the ANXA1ac_26 peptide alters the proliferation and gene ex-
pression of SiHa cells. These changes are most likely related to inflam-
matory and tumorigenic processes. Thus, we suggest that the peptide
has modulatory effects on the metabolism of this cell type. Few investi-
gations have evaluated the effects of this peptide on the expression of
selected genes Our data suggests the mechanisms of action of this
anti-inflammatory protein, and future molecular studies must be con-
ducted to verify these processes. Our findings suggest the importance
of future studies using SiHa cells for the development of new therapies.
These studies should focus on gene activities that involve the action of
ANXA1 and applications of this peptide as a possible therapeutic in
the treatment cervical carcinoma.

5. Conclusions

These findings show that the ANXA1ac,-26 alters the proliferation of
SiHa cells and the expression of genes with roles in signaling cascades
involved in the inflammatory and tumorigenic processes. Thus, our re-
sults point to possible applications of the ANXA1 ;26 peptide as an in-
dicator of innovative therapies for the treatment of cervical carcinoma.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.gene.2015.06.021.

Disclosures
The authors have declared that no competing interests exist.
Author contributions statement

JP carried out the cell culture experiments, RaSH assay, real-time PCR
assay, performed the statistical analysis, and drafted the manuscript.
GBF-S assisted with the cell culture experiments and RaSH assay.
ARDS and WAS]Jr assisted with the RaSH assay. BRC assisted with the
real-time PCR assay. EHT and SMO were involved in drafting the manu-
script or revising it critically for important intellectual content. FCR-L

conceived the study, and participated in its design and coordination
and helped to draft the manuscript. All of the authors read and approved
the final manuscript.

Acknowledgments

We thank Fundacdo de Amparo a Pesquisa do Estado de Sdo Paulo —
FAPESP (Grants 2012/08177-4 to JP and 2012/08320-1 to FCR-L).

References

Alldridge, L.C., Bryant, C.E., 2003. Annexin 1 regulates cell proliferation by disruption of
cell morphology and inhibition of cyclin D1 expression through sustained activation
of the ERK1/2 MAPK signal. Exp. Cell Res. 290 (1), 93-107 (New York, Oct.).

Alldridge, L.C., Harris, HJ., Plevin, R., Hannon, R., Bryant, C.E., 1999. The annexin protein
lipocortin 1 regulates the MAPK/ERK pathway. J. Biol. Chem. 274 (53), 37620-37628
(Dec.).

Alves, V.AF., Nonogaki, S., Cury, P.M., Wiinsch-Filho, V., De Carvalho, M.B., Michaluart-
Janior, P., Moyses, R.A., Curioni, O.A., Figueiredo, D.L., Scapulatempo-Neto, C., Parra,
E.R., Polachini, G.M,, Silistino-Souza, R., Oliani, S.M., Silva-Janior, W.A., Nobrega, F.G.,
Head And Neck Genome Project/Gencapo, Tajara, E.H., Zago, M.A., 2008. Annexin
A1 subcellular expression in laryngeal squamous cell carcinoma. Histopathology 53,
715-727 (Oxford, Dec.).

Ang, E.ZF., Nguyen, H.T., Sim, H.L,, Putti, T.C,, Lim, L.H.K., 2009. Annexin-1 regulates
growth arrest induced by high levels of estrogen in MCF-7 breast cancer cells. Mol.
Cancer Res. 7 (2), 266-274 (Philadelphia, Feb.).

Benezra, R, Davis, R.L., Lockshon, D., Turner, D.L, Weintraub, H., 1990. The protein Id: a
negative regulator of helix-loop-helix DNA binding proteins. Cell 61 (1), 49-59
(Apr.).

Bokobza, S.M,, Ye, L., Kynaston, H.E., Mansel, R.E., Jiang, W.G., 2009. Reduced expression of
BMPR-IB correlates with poor prognosis and increased proliferation of breast cancer
cells. Cancer Genomics Proteomics 6, 101-108.

Calmon, M.F., Mota, M.T., Babeto, E., Candido, N.M., Girol, A.P., Mendiburu, C.F., Bonilha,
J.L, Silvestre, R.V., Rosa, B.M., Thomé, J.A., Medeiros, G.H., Soares, F.A., Guimaraes,
G.C, De Arruda, ].G., Oliani, S.M,, Villa, L.L,, Vassallo, J., Rahal, P., 2013. Overexpression
of ANXAT1 in penile carcinomas positive for high-risk HPVs. PLoS One 8 (1) (San
Francisco, Jan.).

Chang, H., Brown, C.W., Matzuk, M.M., 2002. Genetic analysis of the mammalian
transforming growth factor-beta superfamily. Endocr. Rev. 23 (6), 787-823 (Dec.).

Cirino, G., Cicala, C,, Sorrentino, L., Ciliberto, G., Arpaia, G., Perretti, M., Flower, RJ., 1993.
Anti-inflammatory actions of an N-terminal peptide from human lipocortin 1. Br.
J. Pharmacol. 108 (3), 573-574 (London, Mar.).

D'Acquisto, F., Perretti, M., Flower, RJ., 2008. Annexin-A1: a pivotal regulator of innate
and adaptive immune systems. Br. J. Pharmacol. 155, 152-169.

Damazo, A.S., Yona, S., D'Acquisto, F., Flower, R.J., Oliani, S.M., Perretti, M., 2005. Critical
protective role for annexin 1 gene expression in the endotoxemic murine microcircu-
lation. Am. J. Pathol. 166, 1607-1617 (Bethesda, Jun.).

Damazo, A.S., Yona, S., Flower, RJ., Perretti, M., Oliani, S.M., 2006. Spatial and temporal
profiles for anti-inflammatory gene expression in leukocytes during a resolving
model of peritonitis. J. Inmunol. 176, 4410-4418 (Baltimore, Apr.).

Darnel, A.D., Wang, D., Ghabreau, L., Yasmeen, A., Sami, S., Akil, N., Al Moustafa, A.E., 2010.
Correlation between the presence of high-risk human papillomaviruses and Id gene
expression in Syrian women with cervical cancer. Clin. Microbiol. Infect. 16 (3),
262-266 (Paris, Mar.).

De Coupade, C,, Gillet, R.,, Bennoun, M., Briand, P., Russo-Marie, F., Solito, E., 2000. Annexin
1 expression and phosphorylation are upregulated during liver regeneration and
transformation in antithrombin IIl SV40 T large antigen transgenic mice. Hepatology
31 (2), 371-380 (Feb.).

Diakonova, M., Gerke, V., Ernst, J., Liautard, J.P., Van Der Vusse, G., Griffiths, G., 1997. Local-
ization of five annexins in ]774 macrophages and on isolated phagosomes. J. Cell Sci.
110 (Pt10), 1199-1213 (May).

FacioJr., FN,, Sena, A.A, Aradjo, L.P., Mendes, G.E., Castro, I, Luz, M.A.M.,, Yu, L, Oliani, S.M,,
2011. Annexin 1 mimetic peptide protects against renal ischemia/reperfusion injury
in rats. J. Mol. Med. 89 (1), 51-63 (Berlin).

Flower, RJ., 1988. Eleventh Gaddum memorial lecture: lipocortin and the mechanism of
action of the glucocorticoids. Br. J. Pharmacol. 94, 987-1015 (London, Aug.).

Gastardelo, T.S., Damazo, A.S., Dalli, ], Flower, RJ., Perretti, M., Oliani, S.M., 2009. Function-
al and ultrastructural analysis of annexin A1 and its receptors in extravasating neu-
trophils during acute inflammation. Am. J. Pathol. 174 (1), 177-183 (Bethesda, Jan.).

Gavins, F.N,, Yona, S., Kamal, AM,, Flower, R]., Perretti, M., 2003. Leukocyte antiadhesive
actions of annexin 1: ALXR- and FPR-related anti-inflammatory mechanisms. Blood
101 (10), 4140-4147 (New York, May).

Gavins, F.N., Dalli, J., Flower, R]., Granger, D.N., Perretti, M., 2007. Activation of the
annexin 1 counter-regulatory circuit affords protection in the mouse brain microcir-
culation. FASEB J. 21 (8), 1751-1758 (Bethesda, Jun.).

Gerke, V., Moss, S.E., 2002. Annexins: from structure to function. Physiol. Rev. 2, 331-371.

Gibbs, L., Carollo, M.G., Damazo, A.S., Oliani, S.M., Perretti, M., 2002. Time-dependent ex-
pression of annexin 1 in a model of chronic granulomatous inflammation. Inflamm.
Res. 51 (6), 300-306 (Basel, Jun.).

Gil, CD,, La, M., Perretti, M., Oliani, S.M., 2006. Interaction of human neutrophils with en-
dothelial cells regulates the expression of endogenous proteins annexin 1, galectin-1
and galectin-3. Cell Biol. Int. 30 (4), 338-344 (London, Mar.).


http://dx.doi.org/10.1016/j.gene.2015.06.021
http://dx.doi.org/10.1016/j.gene.2015.06.021
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0005
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0005
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0005
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0010
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0010
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0010
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0015
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0015
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0015
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0020
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0020
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0020
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0025
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0025
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0025
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0030
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0030
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0030
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0035
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0035
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0035
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0040
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0040
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0045
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0045
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0050
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0050
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0055
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0055
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0055
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0060
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0060
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0060
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0065
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0065
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0065
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0070
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0070
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0070
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0070
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0075
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0075
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0075
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0080
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0080
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0085
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0085
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0090
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0090
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0090
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0095
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0095
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0095
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0100
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0100
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0100
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0105
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0110
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0110
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0110
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0115
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0115
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0115

254 J. Prates et al. / Gene 570 (2015) 248-254

Goulding, N.J., Godolphin, J.L.,, Sharland, P.R., Peers, S.H., Sampson, M., Maddison, P.J.,
Flower, RJ., 1990. Anti-inflammatory lipocortin 1 production by peripheral blood
leucocytes in response to hydrocortisone. Lancet 335 (8703), 1416-1418 (London,
Jun.).

Incassati, A., Patel, D., McCance, D,J., 2006. Induction of tetraploidy through loss of p53 and
upregulation of Plk1 by human papillomavirus type-16 E6. Oncogene 25 (17),
2444-2451 (Basingstoke, Apr.).

Jaafar, F., Righi, E., Lindstrom, V., Nohadani, M., Van Noorden, S., Lloyd, T., Poznansky, J.,
Stamp, G., Dina, R,, Coleman, D.V., Poznansky, M.C., 2009. Correlation of CXCL12 ex-
pression and FoxP3 + cell infiltration with human papillomavirus infection and clin-
icopathological progression of cervical cancer. Am. J. Pathol. 175 (4), 1525-1535
(Bethesda, Oct.).

Jemal, A, Bray, F., Center, M.M.,, Ferlay, ], Ward, E., Forman, D., 2011. Global cancer statis-
tics. CA Cancer J. Clin. 61 (2), 69-90 (New York, Mar-Apr.).

Jiang, H., Kang, D.C., Alexandre, D., Fischer, P.B., 2000. RaSH, a rapid subtraction hybridiza-
tion approach for identifying and cloning differentially expressed genes. Proc. Natl.
Acad. Sci. U. S. A. 97 (23), 12684-12689 (Washington, Nov.).

Lee, Y.S., Chung, H.W., Moon, H.S., 2008. The expression of annexin I and thymosin beta4
in cervical cancer. Korean J. Obstet. Gynecol. 51, 313-323 (Seoul, Mar.).

Narisawa-Saito, M., Kiyono, T., 2007. Basic mechanisms of high-risk human
papillomavirus-induced carcinogenesis: roles of E6 and E7 proteins. Cancer Sci. 98
(10), 1505-1511 (Tokyo, Oct.).

Oliani, S.M., Paul-Clark, MJ., Christian, H.C,, Flower, R]., Perretti, M., 2001. Neutrophil in-
teraction with inflamed post-capillary venule endothelium alters annexin 1 expres-
sion. Am. J. Pathol. 158, 603-615 (Bethesda, Feb.).

Oliani, S.M., Damazo, A.S., Perretti, M., 2002. Annexin 1 localization in tissue eosinophils
as detected by electron microscopy. Mediat. Inflamm. 11 (5), 287-292 (Sylvania,
Oct.).

Oliani, S.M., Ciocca, G.A., Pimentel, T.A., Damazo, A.S., Gibbs, L., Perretti, M., 2008. Fluctu-
ation of annexin-A1 positive mast cells in chronic granulomatous inflammation.
Inflamm. Res. 57 (10), 450-456 (Basel, Oct.).

Parente, L., Solito, E., 2004. Annexin 1: more than an anti-phospholipase protein. Inflamm.
Res. 53 (4), 125-132.

Perretti, M., Gavins, F.N., 2003. Annexin 1: an endogenous anti-inflammatory protein.
News Physiol. Sci. 18, 60-64 (Bethesda, Apr.).

Perretti, M., Getting, SJ., Solito, E., Murphy, P.M., Gao, J.L., 2001. Involvement of the recep-
tor for formylated peptides in the in vivo anti-migratory actions of annexin 1 and its
mimetics. Am. J. Pathol. 158 (6), 1969-1973 (Bethesda, Jun.).

Pffafl, M.\W., 2001. A new mathematical model for relative quantification in real-time RT-
PCR. Nucleic Acids Res. 29 (9), 2002-2007 (May).

Ponz-Sarvisé, Mariano, Castafién, Eduardo, Panizo Santos, Angel, Redrado, Miriam, Lopez,
Inés, Rosell, David, Gil-Aldea, Isabel, Calvo, Alfonso, Nguewa, Paul A., Gil-Bazo,
Ignacio, 2014. Differential tumor expression of inhibitor of differentiation-1 in pros-
tate cancer patients with extreme clinical phenotypes and prognostic implications.
Clin. Genitourin. Cancer 12 (2), 87-93 (Apr.).

Raynal, P., Pollard, H.B., 1994. Annexins: the problem of assessing the biological role for a
gene family of multifunctional calcium- and phospholipid-binding proteins. Biochim.
Biophys. Acta 1197, 63-93 (Amsterdam, Apr.).

Sambrook, J., Russel, D.W., 2001. Molecular Cloning: A Laboratory Manual. 3rd. Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N. Y.

Schindl, M., Oberhuber, G., Obermair, A., Schoppmann, S.F., Karner, B., Birner, P., 2001.
Overexpression of Id-1 protein is a marker for unfavorable prognosis in early-stage
cervical cancer. Cancer Res. 61 (15), 5703-5706 (Aug.).

Shen, L., Lan, Z., Sun, X, Shi, L., Liu, Q., Ni, ], 2010. Proteomic analysis of lanthanum citrate-
induced apoptosis in human cervical carcinoma SiHa cells. Biometals 23 (6),
1179-1189 (Oxford, Dec.).

Silistino-Souza, R., Rodrigues-Lisoni, F.C., Cury, P.M., Maniglia, ].V., Raposo, L.S., Tajara, E.H.,
Christian, H.C,, Oliani, S.M., 2007. Annexin 1: differential expression in tumor and
mast cells in human larynx cancer. Int. J. Cancer 120 (12), 2582-2589 (New York,
Jun.).

Solito, E., Nuti, S., Parente, L., 1994. Dexamethasone-induced translocation of lipocortin
(annexin) 1 to the cell membrane of U-937 cells. Br. J. Pharmacol. 112 (2), 347-348
(Jun.).

Solito, E., De Coupade, C., Parente, L., Flower, R.J., Russo-Marie, F., 1998. Human annexin 1
is highly expressed during the differentiation of the human epithelial cell line A 549.
Involvement of NF-IL6 in phorbol ester induction of annexin 1. Cell Growth Differ. 9
(4), 327-336 (Apr.).

Solito, E., Mulla, A., Morris, J.F., Christian, H.C., Flower, R.J., Buckingham, J.C., 2003a. Dexa-
methasone induces rapid serine-phosphorylation and membrane translocation of
Annexin 1 in a human folliculostellate cell line via a novel nongenomic mechanism
involving the glucocorticoid receptor, protein kinase C, phosphatidylinositol 3-
kinase, and mitogen-activated protein kinase. Endocrinology 144 (4), 1164-1174
(Apr.).

Solito, E., Kamal, A., Russo-Marie, F., Buckingham, J.C., Marullo, S., Perretti, M., 2003b. A
novel calcium-dependent proapoptotic effect of annexin 1 on human neutrophils.
FASEB J. 17 (11), 1544-1546 (Aug.).

Soto-De Leon, S., Camargo, M., Sanchez, R., Munoz, M., Perez-Prados, A., Purroy, A.,
Patarroyo, M.E., Patarroyo, M.A., 2011. Distribution patterns of infection with multiple
types of human papillomaviruses and their association with risk factors. PLoS One 6
(2), 14705 (San Francisco, Feb.).

Su, Yajuan, Gao, Lingjuan, Teng, Lichen, Wang, Ying, Cui, Jialin, Peng, Shiyun, Fu, Songbin,
2013.1d1 enhances human ovarian cancer endothelial progenitor cell angiogenesis
via PI3K/Akt and NF-kB/MMP-2 signaling pathways. ]. Transl. Med. 11 (132) (May).

Violette, S.M,, King, 1., Browning, ].L., Pepunsky, R.B., Wallner, B.P., Sartorelli, A.C., 1990.
Role of lipocortin 1 in the glucocorticoid induction of the terminal differentiation of
a human squamous carcinoma. J. Cell. Physiol. 142 (1), 70-72 (Jan.).

Walboomers, ].M., Jacobs, M.V., Manos, M.M., Bosch, F.X., Kummer, J.A., Shah, K.V.,
Snijders, PJ., Peto, J., Meijer, CJ., Mufioz, N., 1999. Human papillomavirus is a neces-
sary cause of invasive cervical cancer worldwide. J. Pathol. 189 (1), 12-19 (London,
Sep.).

Wallner, B.P., Mattaliano, R.J., Hession, C., Cate, R.L,, Tizard, R, Sinclair, LK., Foeller, C.,
Chow, E.P., Browning, ].L., Ramachandran, K.L., Pepinsky, R.B., 1986. Cloning and ex-
pression of human lipocortin, a phospholipase A, inhibitor with potential anti-
inflammatory activity. Nature 320 (6057), 77-81 (Mar.).

Yee, C., Krishnan-Hewlett, 1., Baker, C.C., Schlegel, R., Howley, P.M., 1985. Presence and ex-
pression of human papillomavirus sequences in human cervical carcinoma cell lines.
Am. ]. Pathol. 119 (3), 361-366 (Philadelphia, Jun.).

Zheng, W., Wang, H., Xue, L, Zhang, Z., Tong, T., 2004. Regulation of cellular senescence
and p16(INK4a) expression by Id1 and E47 proteins in human diploid fibroblast.
] Biol. Chem. 279, 31524-31532.

Zheng, Y., Chen, H., Zeng, X,, Liu, Z,, Xiao, X., Zhu, Y., Gu, D., Mei, L., 2013. Surface modifi-
cation of TPGS-b-(PCL-ran-PGA) nanoparticles with polyethyleneimine as a co-
delivery system of TRAIL and endostatin for cervical cancer gene therapy. Nanoscale
Res. Lett. 8 (1), 161 (New York, Apr.).


http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0120
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0120
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0120
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0125
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0125
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0125
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0130
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0130
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0130
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0130
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0130
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0135
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0135
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0140
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0140
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0140
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0145
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0145
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0150
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0150
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0150
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0155
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0155
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0155
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0160
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0160
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0160
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0165
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0165
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0165
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0170
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0170
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0175
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0175
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0180
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0180
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0180
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0185
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0185
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0190
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0190
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0190
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0195
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0195
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0195
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0200
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0200
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0205
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0205
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0210
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0210
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0210
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0215
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0215
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0215
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0220
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0220
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0220
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0225
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0225
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0225
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0225
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0230
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0230
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0230
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0230
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0230
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0230
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0235
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0235
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0235
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0240
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0240
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0240
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0245
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0245
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0250
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0250
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0255
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0255
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0255
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0260
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0260
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0260
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0260
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0265
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0265
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0265
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0270
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0270
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0270
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0275
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0275
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0275
http://refhub.elsevier.com/S0378-1119(15)00729-5/rf0275

3.4 ANXA1Ac2-26 peptide: as a possible therapeutic approach in inflammatory ocular

diseases? *

ABSTRACT

The eye is immunologically privileged when inflammatory responses are suppressed.
One component responsible for the suppression of inflammatory responses is the blood
retinal barrier, which comprises the retinal pigment epithelium. The destruction of this
barrier initiates inflammation, which can affect any part of the eye. Therefore,
inflammatory response is controlled by the action of anti-inflammatory mediators,
among these mediators, annexin Al (ANXA1L) protein acts as a modulator of
inflammation. In this study we aimed to improve the knowledge of this area by
investigating how a peptide of the ANXAL protein (ANXAlac-26) modulates the
morphology, proliferation, migration and expression of genes and proteins in human
retinal pigment epithelium cells (ARPE-19). Determining how signaling pathways (NF-
kB and UBC) are modulated by the ANXAlac-26 peptide could be important for
understanding the inflammatory process. ARPE-19 cells were activated by bacterial
lipopolysaccharide endotoxin (LPS) and treated with ANXALac-26 peptide, in a
concentration of 1.7uM and 33.8uM. We observed that the LPS activation diminished
the levels of endogenous ANXAL after 2h and 24h and ANXA1ac2-26 peptide decreased
the proliferation and re-establishes the migration of ARPE-19 cells. After using a
hybridization approach, 80 differentially expressed genes were found. Five of these
genes were selected (LRAT, CTGF, MAP1B, ALDH1A3 and SETD7) and all were
down-regulated after treatment with the peptide. The genes CTGF and LRAT would be
considered as potential molecular markers of ophthalmologic inflammation. The
expression of pro-inflammatory cytokines was also decreased after the treatment,
indicating the efficiency of the anti-inflammatory peptide at high concentrations, since
the reduction in the levels of these mediators were observed after the treatment with
ANXALac-26 peptide at 33.8uM. Our results suggest that the retinal pigment epithelial
cells are a potential target of the ANXAL protein and point to possible applications of
the ANXAlac-26 peptide as an innovative therapy for the treatment of ocular

inflammation.
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mediators, annexin A1 (ANXA1) protein acts as a modulator of inflammation. In this study we aimed to improve
the knowledge of this area by investigating how a peptide of the ANXA1 protein (ANXA14c>_26) modulates the
morphology, proliferation, migration and expression of genes and proteins in human retinal pigment epithelium
cells (ARPE-19). Determining how signaling pathways (NF-<B and UBC) are modulated by the ANXA14c-26 Pep-
tide could be important for understanding the inflammatory process. ARPE-19 cells were activated by bacterial
lipopolysaccharide endotoxin (LPS) and treated with ANXA1ac,_»6 peptide, in a concentration of 1.7 pM and
33.8 uM. We observed that the LPS activation diminished the levels of endogenous ANXA1 after 2 h and 24 h
and ANXA1a._26 peptide decreased the proliferation and re-establishes the migration of ARPE-19 cells. After
using a hybridization approach, 80 differentially expressed genes were found. Five of these genes were selected
(LRAT, CTGF, MAP1B, ALDH1A3 and SETD7) and all were down-regulated after treatment with the peptide. The
genes CTGF and LRAT would be considered as potential molecular markers of ophthalmologic inflammation.
The expression of pro-inflammatory cytokines was also decreased after the treatment, indicating the efficiency
of the anti-inflammatory peptide at high concentrations, since the reduction in the levels of these mediators
were observed after the treatment with ANXA1ac,_»¢ peptide at 33.8 uM. Our results suggest that the retinal
pigment epithelial cells are a potential target of the ANXA1 protein and point to possible applications of the
ANXA1 4226 peptide as an innovative therapy for the treatment of ocular inflammation.
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1. Introduction

The eye is an immunologically privileged organ where inflammatory
responses are suppressed and many factors are responsible for this sup-
pression, including the presence of the blood retinal barrier (BRB) (Cai
and Brandt, 2008). The retinal pigment epithelium (RPE) is a major
component of the BRB that controls the nutrient flow to photoreceptors
(Leung et al., 2009) and makes an essential contribution to ocular
immune privilege (Streilein, 2003).

Inflammation is the main contributing factor to the functional
impairment of the RPE (Leung et al.,, 2009). The epithelium is involved
in various metabolic functions and supports the sensory retina; thus, in-
flammation of this area may lead to the appearance of ophthalmologic
diseases (Hamilton and Leach, 2011; Steinberg, 1985; Strauss, 2005).
The first line of defense against pathogens is mediated by receptors,
which recognize the invaders. These receptors may initiate the inflam-
matory pathway of NF-kB and mitogen-activated protein kinase
(MAPK) to trigger the expression of pro-inflammatory cytokines and
chemokines (Corn and Vucic, 2014).

Bacterial lipopolysaccharide (LPS) can stimulate the RPE cells at
concentrations of 100 ng/mL and 1 mg/mL to produce an inflammatory
response (Elner et al., 2003; Garcia-Cabanes et al., 2001; Girol et al.,
2013; Koga et al., 2003; Zanon et al., 2015) and in the retina, LPS in-
creases the concentration of pro-inflammatory cytokines (Wang et al.,
2005; Yang et al., 2007). RPE cells express diverse LPS receptors, includ-
ing CD14 and TLR4, which play an important role in defense against a
variety of ocular pathologies (Elner et al., 2005; Kindzelskii et al.,
2004; Paimela et al., 2007).

Inflammation is a major contributing factor to many blinding disor-
ders (Leung et al., 2009). Corticosteroids are frequently administered to
treat this intraocular process, nevertheless, there is the risk of side effects
(Jonas et al., 2003; McGhee et al., 2002; Yoshikawa et al.,, 1995). Cortico-
steroids induce the expression of the protein annexin A1 (ANXA1), which
is one of the endogenous anti-inflammatory mediators (Blackwell et al.,
1980; Flower, 1988). Anti-inflammatory agents block specific pathways
related to inflammation (Serhan et al., 2008), these molecules are differ-
ent from pro-resolving agents, which present pro-resolving properties
together with anti-inflammatory actions (Sugimoto et al., 2016). The
protein Annexin A1 (ANXAT1) is one of these inflammatory pro-resolving
mediators (Blume et al., 2011), and has been investigated as an anti-
inflammatory therapeutic agent.

The annexins (ANX) comprise a well conserved super-family of
proteins that are structurally related and characterized by a homologous
C-terminal domain that is responsible for the properties of calcium and
phospholipids binds (Yazid et al., 2010). The N-terminal domain, which
is unique in length and sequence for each family member, includes
potential phosphorylation, glycosylation and peptidase activity sites
(Gerke and Moss, 2002). The ANXA1 anti-inflammatory and anti-prolif-
erative actions have been shown in in vivo and in vitro studies that
used administration of exogenous ANXA1 or its mimetic peptide of the
N-terminal domain (Ac2-26 and Ac-AMVSEFLKQAWFIENEEQEYVQTVK)
(Gastardelo et al., 2014, 2009; Gimenes et al., 2015; Girol et al., 2013;
Prates et al., 2015).

There is a wide variety of literature on the pharmacological effects of
ANXAT1 and its mimetic peptides on inflammatory processes in vitro
(D'Acquisto et al., 2008; Gastardelo et al., 2014; Prates et al., 2015)
and in vivo (de Paula-Silva et al.,, 2016; Facio et al., 2011; Gastardelo et
al., 2009; Gimenes et al., 2015; Machado et al., 2016). However, few
studies have tracked their actions on ocular inflammation (Girol et al.,
2013). The purpose of the ANXA1 treatments was to maintain the
anti-inflammatory properties and to avoid the side effects of glucocorti-
coids (Perretti and Gavins, 2003). Identification of the ANXA1 mecha-
nism of action, along with the development of new therapeutic agents
with the potential to mimic specific endogenous pathways, has
increased the development of drug discovery programs (Gavins and
Hickey, 2012).

For decades, scientists developed knowledge to prevent vision loss
or restore vision in patients affected by retinal degeneration through
drug therapy, gene enhancement or cell transplantation (Wiley et al.,
2015). In this study we aimed to improve the knowledge of this area
by investigating how a peptide of the ANXA1 protein modulates the
morphology, proliferation, migration and expression of genes and pro-
teins in ARPE-19 cells. Determining how signaling pathways, NF-<B
and Ubiquitin C (UBC), are modulated by the ANXA1ac_26 peptide
and how this could be important for understanding the inflammatory
process.

2. Materials and methods
2.1. ARPE-19 culture conditions

ARPE-19 cells (derived from human RPE; American Type Culture
Collection) were grown in culture dishes, in a mixture of DMEM and
HamF-12 (1:1) (Cultilab, Campinas, Brazil) (Dunn et al., 1996) supple-
mented with 10% FBS, 200 mM L-glutamine, 0.1 mg/mL streptomycin,
and 100 U/mL penicillin (Invitrogen) and were incubated at 37 °C and
5% CO,. The morphology was observed by inverted microscopy.

2.2. Pharmacological treatments

ELISA and Western blotting assays were carried out to optimize the
duration of inflammation activation by LPS for use in the following two
groups: a) control and b) bacterial lipopolysaccharide endotoxin (LPS,
Escherichia coli, serotype 0127: B8, Sigma Chemical Co. Poole, Dorset,
UK); a concentration of 10 pg/mL (Paimela et al., 2007) was used for
periods of 1, 2, 4, 24 and 48 h.

ARPE-19 cells were subdivided into three groups: a) control; b) acti-
vation by 10 pg/mLLPS (Paimela et al., 2007) for 24 h (Girol et al.,, 2013);
and c) activation by LPS and treatment with two concentrations of the
ANXAlac-26 peptide (Ac-MVSEFLKQAWFIENEEQEYVQTVK) of the
ANXAT1 protein (Raynal and Pollard, 1994). Treatment concentrations
were chosen based on the results previously obtained by our research
group: 1.7 uM (Rodrigues-Lisoni et al., 2006), was used in the growth
curve, migration, rapid subtraction hybridization, quantitative PCR and
multiplex assays, and 33.8 uM (Girol et al,, 2013) was used in the quan-
titative PCR and multiplex assays.

2.3. ELISA assay

The evaluation of cytokines levels in the supernatant of ARPE-19
cells was performed using the immunoassay kit for IL-6 and IL-8
(R&D, Minneapolis, MN, USA) using the conditions described above.
The quantification of cytokine levels was determined by an optical
density reader (Molecular Devices Sunnyvale, CA) using standard
curves according to the manufacturer's instructions. The results were
shown as the mean + standard error of the cytokine levels in pg/mL.

24. Western blotting

ARPE-19 cells were cultivated in75 cm? culture flasks, in accordance
with the description above. The cells were collected in 1 mL of lyses buffer
(1 complete mini tablet of EDTA-free protease inhibitor [Roche Applied
Science, Mannheim, Germany], 50 mM Tris-HCl, 150 mM NacCl, 1% Tri-
ton-X), subjected to centrifugation, and the supernatant was collected.
Aliquots of these samples were subjected to the Bradford assay for
quantification of proteins by an optical density reader (Molecular Devices
Sunnyvale, CA). Equal amounts of protein (30 pg) were separated by gel
electrophoresis according to the protocol in a Mini-PROTEAN Tetra Cell
(Bio-Rad, Hercules, USA) and transferred to nitrocellulose membranes
(Hi-Bond C; Amersham Biosciences, Little Chalfont, UK). Membranes
were blocked with 5% powdered milk diluted in TBS-T (Bio-Rad Reagent,
Hercules, USA). Then, the membranes were incubated overnight with
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anti-ANXA1 (rabbit polyclonal IgG, 1:1000,Zymed Laboratories, San
Francisco, CA, USA) and anti-a-tubulin (mouse monoclonal IgG, 1:1000,
Zymed Laboratories, San Francisco, CA, USA). The following day, the
membranes were incubated with anti-rabbit IgG (1:2000) conjugated
with horseradish peroxidase (HRP) (Serotec, Oxford, UK). The HRP reac-
tion product was visualized on photographic film (Hyperfilme,
Amersham, Little Chalfont, UK) after application of the chemiluminescent
ECL kit (Amersham, Little Chalfont, UK). The densitometry levels of
ANXAT1 were quantified using the Axioskop 2 software. As a control of
the reaction, tubulin was detected by mouse monoclonal IgG antibody,
1:1000 (Zymed Laboratories, San Francisco, CA, USA).

2.5. Growth curve

ARPE-19 cells were seeded in triplicate in plastic 6-well plates in
accordance with the description above. At 24 h later when the cells ad-
hered, ARPE-19 cultures were incubated with serum free medium. After
an additional 24 h, the cells were activated using LPS. The control group
was maintained without any pharmacological manipulation. After 24 h
of induction, one group was treated with the ANXA1ae 26 peptide for 1,
2,4, 24,48 and 72 h (Gastardelo et al., 2014).

The cytotoxic effect of the peptide with regard to the proliferation
and viability of ARPE-19 cells was investigated in all experimental con-
ditions. The cells were harvested and quantified using the Countess®
Automated Cell Counter (Invitrogen®) and Trypan Blue. Significant dif-
ferences between the groups were determined by one-way analysis of
variance (one-way ANOVA) and groups that were significantly different
were further analyzed using the Bonferroni test. The same experiment
was repeated three times.

2.6. Cell migration assay

ARPE-19 cells were seeded in triplicate in 24-well plates and proc-
essed using the growth curve assay. After treatment with the
ANXA1ac_26 peptide, grooves were made in all wells using a 10 L pi-
pette tip. Analyses were performed at 0, 8, 24, 48 and 72 h (these
times were chosen according to standard laboratory procedures). The
migration was monitored using images that were taken, and the num-
ber of cells was measured from three different microscope areas. Signif-
icant differences between the groups were determined by t-test. The
same experiment was repeated twice.

Based on statistical analysis, treatment for 72 h was chosen as the
time for the subsequent techniques: rapid subtraction hybridization,
quantitative PCR and multiplex assay.

2.7. Rapid subtraction hybridization (RaSH)

The RaSH technique (Franco-Salla et al., 2016; Jiang et al., 2000;
Prates et al., 2015; Rodrigues-Lisoni et al., 2006) was performed with
two subtractions (Sub). The first was termed “Sub A”, in which the
ARPE-19 cells activated by LPS were referred to as tester, and the cells
stimulated and treated with ANXA1a_26 Were termed driver. In the
second subtraction, “Sub B”, the opposite test was performed.

Aliquots of 20 pg of total RNA were used for double-stranded com-
plementary DNA (cDNA) synthesis. The first cDNA strand was obtained
by reverse transcription, 50 mM oligo (dT) and 10 mM dNTPs at 65 °C
for 5 min. The samples were placed on ice and 0.1 mM DTT, 40 U/uL
RNAout, 5x Superscript Il Buffer [250 mM Tris-HCL (pH 8.3),
375 mM KCL and 15 mM MgCL2] and 3 pL of Superscript I1l reverse tran-
scriptase (RT) (200 U/uL) were added. The mixture was incubated at
42 °C for 60 min and then at 70 °C for 15 min. RNase H (2 U/uL)was
added and the reaction was incubated at 37 °C for 20 min. Segments
of B-actin cDNA were amplified to verify the quality of these reactions.

The second strand of cDNA was synthesized in reactions containing
5x Second Strand Buffer, 10 mM dNTPs, DNA ligase (10 U/uL) and DNA
Pol I (10 U/uL).The samples were incubated for 2 h at 16 °C before T4

DNA Pol (5 U/uL) was added, and the sample was incubated for an addi-
tional 5 min. The action of T4 DNA Pol was inhibited by the addition of
0.5 M EDTA. Phenol:chloroform extraction was used to purify the sam-
ples, and the pellet was resuspended in 45 pL of water. The cDNA was
used in amplification reactions for the segments of 3-actin and it was
digested with Mbol enzyme (10 U/pL) and incubated for 1 h at 37 °C. Fi-
nally, >1 pL of this enzyme was added to the reaction and incubated
overnight at 37 °C.

The cDNA was then supplemented with molecular adaptors XDPN-
14 5'-CTGATCACTCGAGA and XDPN-12 5'-GATCTCTCGAGT (Sigma
Chemical, final concentration 10 mM), 10x T4 DNA ligase buffer
(Invitrogen®©) and water, heated at 55 °C for 1 min, and cooled to
14 °C within 1 h. The cDNA received 9 U of T4 DNA ligase (3 U/uL) and
ligation was carried out overnight at 14 °C. After phenol/chloroform ex-
traction and ethanol/glycogen precipitation, the mixtures were diluted
to 100 pL with TE buffer (10 mM Tris/1 mM EDTA). 40 pL of the mixtures
were used for PCR amplification.

The PCR mixtures were set up using 10 pM XPDN-18 5'-
CTGATCACTCGAGAGATC, 0.4 mM dNTPs, 10 x PCR buffer, 1.5 mM
MgCl, and 1 U Taq DNA polymerase (Invitrogen). Thermocycler condi-
tions were 1 cycle at 72 °C for 5 min, followed by 25 cycles of 94 °C for
1 min, 55 °C for 1 min, 72 °C for 1 min, and a final extension at 72 °C
for 3 min. A total of 10 pg of purified PCR product (tester) was digested
with 10 U/pL Xhol (Invitrogen) for 6 h at 37 °C, followed by phenol/
chloroform extraction and ethanol precipitation.

One-hundred nanograms of the tester cDNA was mixed with 5 pg of
the driver cDNA in hybridization solution (0.5 M NaCl, 50 mM Tris/HCl,
2% SDS and 40% formamide) and, after heating at 95 °C for 5 min, was
incubated at 42 °C for 48 h. After extraction and precipitation, the hy-
bridization mixture (1 pg) was linked with the Xhol-digested pZero
plasmid and transformed into competent bacteria. Bacterial colonies
were picked and used as the DNA template for PCR. Clones were
sequenced using an automated DNA sequencer, and homologous se-
quences were identified using the BLAST program. Gene ontology
(GO) annotation was used for the functional classification of up- and
down-regulated genes using terms from the Gene Ontology database.

IPA (Ingenuity Systems©) software was used to connect the differ-
entially expressed genes with biological functions, to relate the process
in which these genes are involved and to recognize the pathways of in-
teraction between them.

2.8. Quantitative PCR - RT-qPCR

The gene expression levels were measured in ARPE-19 cells plated in
75 cm? culture flasks, and the experiment was conducted according to
the description above. Following treatment with DNase, RNA extraction
was performed with TRIzol, according to the manufacturer's instruc-
tions (Invitrogen). cDNA synthesis was performed using a high capacity
cDNA archive kit (Applied Biosystems, Foster City, CA, USA) according to
the manufacturer's instructions.

Five differentially expressed genes were selected for validation by
quantitative real time PCR experiments, according to their direct or
indirect involvement in inflammation and eye metabolism. The genes
are: Connective Tissue Growth Factor (CTGF), Lecithin Retinol
Acyltransferase  (phosphatidylcholine-retinol ~O-acyltransferase)
(LRAT), Microtubule-Associated Protein 1B (MAP1B), Aldehyde Dehy-
drogenase 1 Family, member A3 (ALDH1A3) and SET domain-containing
(lysine methyltransferase) 7 (SETD?).

The primers were manually designed using the following criteria:
19-23 bp length, 30-70% GC content and a short amplicon size (90—
110 bp) (Table 1). Real time PCR was performed in triplicate using a
7500 Fast Real-Time PCR System (Applied Biosystems). The reaction
mixture consisted of a 20 pL volume solution containing 100-500 ng
of Power SYBR Green PCR Master Mix (Applied Biosystems), 100 nM
of each primer and 100 ng cDNA. The PCR conditions were 95 °C for
10 min, followed by 40 cycles of 95 °C for 15 s and 60 °C for 1 min.
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Table 1

Primers for the genes analyzed by real time PCR.
Oligonucleotide Sequence
LRAT right 5" AGATGCCATAGTGGGTCAGG 3’
LRAT left 5" CGAAGACAAAGGGAGGAACA 3’
CTGF right 5" TGGAGATTTTGGGAGTACGG 3’
CTGF left 5" GCAGGCTAGAGAAGCAGAGC 3/
MAP1B right 5" CAGGATGGGTGGTGCTTAGT 3’
MAPI1B left 5" AGTCCGGCTCTTTCTCCTTC 3’
ALDH1A3 right 5" GTCCGATGTTTGAGGAAGGA 3’
ALDH1A3 left 5" GAATACGCTTTGGCCGAATA 3’
SETD? right 5" ACATACGTGCCCTGGAGAAC 3’
SETD? left 5" GCACCCTGGAGGGGTATTAT 3’

Melting curve analysis was performed for each gene to check the spec-
ificity and identity of the RT-PCR products.

For each primer set, PCR efficiency (linear equation: y = slope +
intercept) was measured in triplicate for serial dilutions of the same
c¢DNA sample. The PCR efficiency (E) was calculated by the formula
E = [10(=1/51°P®)] and ranged from 1.96 to 2.02 in the different
assays.

Two control genes (GAPDH and ACTB) were used as internal stan-
dards. The relative expression ratio (fold change) of the target genes
was calculated according to Pfaffl (2001).
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2.9. Multiplex assay

The cytokine levels were quantified from the supernatants of ARPE-19
cells, and the experiment was conducted according to the description in
Section 2.2. The MILLIPLEX MAP HCYTOMAG 60K kit and Magpix
Luminex XMAP equipment (Millipore Corporation, Billerica, MA, USA)
were used according to the manufacturer's instructions. The metabolites
analyzed included interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin 1
beta (IL-1P),regulated on activation, normal T cell expressed and secreted
(RANTES), monocyte chemotactic protein (MCP-1), tumor necrosis factor
alpha (TNF-av), interferon gamma (IFN-+y), interleukin 10 (IL-10), vascu-
lar endothelial growth factor (VEGF) and epidermal growth factor (EGF).
The assays were performed in quintuplicate to confirm the results.
Metabolite concentrations were determined using Magpix Xponent
(Millipore Corporation, Billerica, MA, USA) software.

3. Results

3.1. Inflammatory mediators and annexin Alprotein expression in ARPE-19
cells

The presence of IL-6 and IL-8 cytokines was measured in the super-
natant of ARPE-19 cells by ELISA assay. Cells activated with LPS showed
a significant increase in the release of IL-6 (Fig. 1A) and IL-8 (Fig. 1B)
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Fig. 1. Analysis of pro-inflammatory mediators and ANXA1 expression in ARPE-19 cells after activation by LPS. Dosages of [A] IL-6 and [B] IL-8 were monitored by ELISA; [C] Representative
Western blotting illustrating the intact (37 kDa) and N-terminal cleaved (33 kDa) forms of ANXA1 and [D] Densitometry analyses of endogenous ANXA1 protein. The times used were 1, 2,
4,24 and 48 h. The results were obtained as mean + standard error of the cytokine levels in pg/mL (ELISA) with five independent experiments and, the index densitometry of the bands
(Western blotting) with three independent experiments. 1 symbol = p < 0.05; 2 symbols = p < 0.01; 3 symbols = p <0.001 [A] and [B] * vs. control; % vs. 1 h; $ vs. 2 h; # vs.4 h; [D] * vs.
control; & vs. control; # vs. 2 h; $ vs. 24 h (ANOVA followed by Bonferroni's test).
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cytokines after 24 h compared to the control group. High levels of cyto-
kines were maintained at 48 h. The expression of ANXA1 in these cells
under control conditions and after the activation with LPS by Western
blotting was determined (Fig. 1C). The immunoreactivity of ANXA1
was detected in cells under all experimental conditions, and low levels
of intact protein (37 kDa) were observed at 2 and 24 h compared to
those of the controls at 1, 4 and 48 h after induction (Fig. 1D). Tubulin
showed similar immunoreactivity in all experimental conditions
(Fig. 1C). Therefore, the time of 24 h was chosen for the induction of
inflammation by LPS.

3.2. Migration and proliferation in ARPE-19 cells

The cellular morphology is characterized by a monolayer of elongat-
ed cells ordered in hexagonal form in the control group. There was no
change after activation by LPS or treatment with the anti-inflammatory
peptide ANXA1c2-26 (Figs. 2A-C). ARPE-19 cells showed a progressive
growth between 1 and 72 h. The three groups did not exhibit an intense
difference in growth (Fig. 2D). Nonetheless, there was a significant
difference after 72 h, and proliferation was diminished in the cells treat-
ed with the ANXA14_26 in comparison to the control group. The cell
migration was influence by the treatment. ARPE-19 activated with LPS
exhibited a decrease in migration and an increase in migration after
ANXA1ac2_26 treatment (Fig. 2E). After 24 to 72 h of LPS activation,
migration was affected in these cells, but treatment with ANXA1a-26
re-establishes the migration similar to that of the control group. Thus,
the assays showed that the period of 72 h was the most statistically
significant (P < 0.05).

3.3. Genes identified using the RaSH approach
RaSH was performed on ARPE-19 cells from the group activated by

LPS and those stimulated and treated with ANXA1ac_26 peptide for
72 h. A total of 142 clones were isolated and sequenced. By screening
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these sequences through GenBank (Blast), followed by rigorous classifi-
cation and selection, 80 differentially expressed genes were identified.
The research acquired two libraries. Twenty-one genes of the “Sub A”
library exhibited changes in expression levels in response to LPS activa-
tion, whereas 59 genes of the “Sub B” library exhibited changes in
expression with ANXA1ac,_»6 treatment. Therefore, it was expected
that the gene expression of one library would be lower than that of
the other one. The gene libraries and their different functions and
processes are described in the Gene Ontology (GO) databases.

The 80 differentially expressed genes were further analyzed through
IPA (Ingenuity Systems©). Genes in the “Sub A” library were found to be
associated with cellular organization, cell cycle and DNA repair and rep-
lication. Genes in the “Sub B” library were found to be associated with
immunological and inflammatory disease, cell cycle and cellular devel-
opment. Moreover, some of these genes were chosen because they
form a network of important interactions with genes such as MYC,
SMAD?2 and UBC in the “Sub A” library (Fig. 3A and Supplement 1A)
and HIF1A and NF-kB in the “Sub B” library (Fig. 3B and Supplement 1B).

Five differentially expressed genes, CTGF, LRAT, MAP1B, ALDH1A3 and
SETD7, were selected for validation by quantitative real time PCR exper-
iments (Table 1) because of their direct or indirect involvement in the
visual cycle, nervous and visual system development and function,
and ophthalmic and inflammatory disease.

3.4. Real-time PCR validation of differentially expressed genes

The RaSH analysis indicated the down-regulation of two genes (CTGF
and LRAT) and the up-regulation of three genes (MAP1B, ALDH1A3 and
SETD7) in ARPE-19 cells treated with the peptide. However, the quantita-
tive PCR experiment with 1.7 pM of ANXA1ac_26 showed oscillation in
the gene expression without statistically significant alterations (Fig. 4A).
Nevertheless, the experiment using 33.8 uM showed significantly
reduced expression of the five selected genes (Fig. 4B).
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Fig. 2. Morphological analysis and effects of treatment with ANXA1c,_2¢ peptide on the proliferation and migration of ARPE-19 cells. The cell morphology was observed by inverted
microscopy in the [A] control group, that is characterized by a monolayer of elongated cells ordered in hexagonal form, was not altered in the groups [B] activated by LPS [10 pg/mL]
and [Clactivated by LPS and treated withANXA1ac_26 [1.7 pM]. [D] Cell growth showed a progressive growth between 0 and 72 h, and did not differ between the experimental groups.
[E] Cell migration decreased after activation by LPS and increased after administration of the ANXA1ac,_26 peptide. ARPE-19cells were seeded in completeDMEM:F-12 medium at a
concentration of 5 x 10* per well (6 well plate) and activated by LPS [10 pg/mL] and treated with ANXA1a¢ o6 [1.7 uM]. Assays were performed with three independent experiments.
Bar: 100 um. [D] Graph with x = time (h) and y = number of cells. *p < 0.05 LPS + ANXA1c, 6 Vs. Control. [E] Graph with x = time (h) and y = migration area (mm?). *p < 0.05

LPS vs. control; +p < 0.05 LPS vs. LPS + ANXA1ac-26.
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Fig. 3. Differentially expressed genes were analyzed using a manually curate structured network tool (Ingenuity Pathway Analysis). [A] Subtraction A (Sub A), after LPS activation, LRAT
gene network showed associated functions related to tumorigenesis, apoptosis, cell proliferation and necrosis. [B] Subtraction B (Sub B), after treatment with ANXA1c»_26 peptide, Gene
network showed associated functions related to cancer, inflammatory diseases, cell cycle, senescence, death and cell replication. White nodes: genes identified by IPA; grey nodes: genes
identified by IPA and RaSH; black node: identified by IPA and validated by Real Time PCR.
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Fig. 4. Gene expression by real time PCR. [A] The genes showed oscillation in expression
without statistically significant alterations in cells treated with ANXA14c,_»6 peptide
[1.7 uM] compared with cells activated by LPS. [B] Significantly reduced expression of
the CTGF, LRAT, MAP1B, ALDH1A3 and SETD7 gene in cells treated with ANXAlac2_26
peptide [33.8 uM] compared with cells activated by LPS. ARPE-19 cells were seeded in
complete DMEM:F-12 medium at a concentration of 1 x 10° per flask, activated by LPS
[10 pg/mL] and treated with ANXA1ac2-26 peptide. Assays were performed with three
independent experiments. Data represent logarithm base 2 and relative expression >1.0
and < — 1.0 was statistically significant.

3.5. Metabolite analysis in the supernatant of ARPE-19 cells by multiplex
assay

The LPS activation increased the concentration of IL-6, IL-8, IL-1p,
Rantes, MCP-1, TNF-o, INF-y and VEGF (Figs. 5 and 6) in the supernatant
obtained from ARPE-19 cells. The treatment with 1.7 M ANXA1 26 for
72 h (Fig. 5) did not reduce the levels of the inflammatory mediators.
Nonetheless, the treatment with 33.8 uM (Fig. 6) significantly diminished
the levels of IL-6, IL-8, IL-1p, Rantes, MCP-1, TNF-a, IFN-vy and VEGF,
indicating the efficiency of the anti-inflammatory peptide at high
concentrations.

4. Discussion

The inflammation is triggered through the pathogen recognition re-
ceptors (PRRs) and the activation of diverse pathways, which induce the
secretion of pro-inflammatory molecules (Kauppinen et al., 2016;
Kumar et al.,, 2011), it could be related to the development of ocular
pathogenesis. Our in vitro analysis showed that the ANXA1c2_26 may
play an important role in gene cascades and a regulatory role in ocular
inflammation. The protective role of ANXA1a_26 peptide was observed
in retinal ganglion cell line (RGC-5), where the treatment decreased the
expression of caspase 3 and bax, while increased the expression of bcl2
in cell lysates (Shao et al.,, 2012). Thus, our data demonstrate the impor-
tance of RPE cells as a potential target for gene activities involving the
action of ANXAT1, and its applications should be considered as a possible
therapeutic approach in inflammatory ocular diseases.

In this study, we observed that after the treatment, the morphology
was not modified, cells proliferation decreased, and cell migration

increased. The constitutive over-activation of ERK1/2 may directly inter-
fere with the anti-proliferative effects of ANXA1 on cells; thus, this char-
acteristic may be partially responsible for growth arrest (Prates et al.,
2015). The presence of the protein ANXAT1 at different concentrations
promotes cell migration, which suggests that the presence of the pro-
tein modulates cell invasiveness (Kang et al., 2012). Together, these
data show us that the protein may influence different processes in in-
flammatory environments to restore homeostasis.

The analysis of the inflammatory mediators after activation with LPS
showed an increase in the release of TNF-a, IL-10, IL-8, IL-6 and MCP-1,
which are involved with inflammation. Several investigations indicate
that in ocular inflammation, pro-inflammatory cytokines are mainly
produced by the inflammatory endothelial cells and the RPE (Ooi et
al., 2006; van Laar and van Hagen, 2006; Zenkel et al,, 2010). Other stud-
ies have also demonstrated the release of some inflammatory media-
tors, such as IL-6 and IL-8, in RPE cells activated by LPS (Girol et al.,
2013; Leung et al., 2009; Paimela et al., 2007; Zanon et al., 2015). The
treatment with 33.8 UM of ANXA14c2_26 peptide decreased the release
of these mediators, it was also seen in our research group, where the
ANXA1 had modified the expression of pro- and anti-inflammatory cy-
tokines (Damazo et al., 2011; Girol et al., 2013). Our data show that
ANXA1ac2-26 reduces the release of inflammatory mediators by epithe-
lial cells, consequently preventing the development of inflammation.

The RaSH technique generated 80 differentially expressed genes,
showing that ANXA1 may have a regulatory effect on gene expression
after activation with LPS and treatment with ANXA1c_26 peptide.
Genes selected for validation were LRAT, CTGF, MAP1B, SETD7 and
ALDH1A3, which would indicate involvement with the important func-
tions associated with ocular disease, retinal fibrosis syndrome, nervous
system functions and development, eye system function and develop-
ment, and inflammatory disease.

The treatment with the ANXA1ac_26 peptide revealed a reduction in
the expression of all the analyzed genes, confirming the down-regula-
tion of the CTGF and LRAT genes found in RaSH. Furthermore, a signifi-
cant reduction in expression occurred at the concentration of 33.8 pM,
indicating that the mimetic peptide is probably more effective at higher
concentrations in these cells. Thus, the CTGF and LRAT genes would be
considered as potential molecular markers of ophthalmologic inflam-
mation, while MAP1B, ALDH1A3 and SETD7 genes require further testing.

The CTGF gene is correlated with different degrees of retinal fibrosis
syndrome that depend on expression levels (Chen et al., 2012). It was
demonstrated that its expression at high levels was present in age-relat-
ed macular degeneration, where it was related to it the production of
matrix proteins through the ERK signaling pathway (p42/p44™APK)
and p38MAPK (Nagai et al,, 2009). The treatment with the peptide de-
creased the expression of this gene, indicating that ANXA1 may alter
its expression through the NF-<B signaling pathway, supported by the
fact that these genes are related by the IPA system. The down-regulation
of CTGF may be an alternative to homeostasis restoration. On the other
hand, it was shown that a time-dependent increase in the levels of
CTGF was concomitant with the retinal vascularization development in
neonatal mice (Chintala et al., 2012). The expression of this gene may
be important for the development and remodeling of retinal vessels,
explaining its increase after LPS induction, and decreased, after the
treatment with 33.8 pM, as an attempt to restore homeostasis.

LRAT is important in the retinoid regeneration process, known as the
visual cycle, where it esterifies all-trans-Retinol to all-trans-Retinyl Ester
(Mondal et al., 2000; Mufiiz et al., 2014). This protein is expressed in di-
verse fetal and adult tissues, including the RPE (Mondal et al., 2000; Ruiz
and Bok, 2010). Mutations in this gene are associated with the early
onset of severe retinal dystrophy (Tang et al., 2013; Trevino et al.,
2005) and are also associated with progressive retinal atrophy (Dev
Borman et al.,, 2012). The down-regulation of this gene, which is related
to the UBC pathway, as shown by the IPA system, may be related to the
inflammatory environment, perhaps when there is impairment in the
visual system or to help activate the inflammatory signaling cascades.
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Fig. 5. Effect of ANXA1ac2-26 [1.7 tIM] peptide on the expression of pro- and anti-inflammatory metabolites. Analysis of IL-6, IL-8, IL-1(3, Rantes, MCP-1, TNF-c, IFN-y and VEGF, were
monitored after the treatment for 72 h. ARPE-19 cells were seeded in complete DMEM:F-12 medium at a concentration of 5 x 10* per well (6-well plate), activated by LPS [10 pg/mL]
and treated with the ANXA1a._26 peptide. Assays were performed with three independent experiments. Data represent mean + standard error. Metabolite concentrations were
determined using Magpix Xponent software. *p < 0.05 LPS and LPS + ANXA1aq_26 Vs. control.

The studied genes in this work showed differential expression in
ARPE-19 cells in an ANXA14_»6 treatment-dependent manner. The
peptide altered cell proliferation and migration, and gene and protein
expression. Few studies have evaluated the effect of ANXA1ac_26 in
the expression of the selected genes, and future molecular studies are
needed to show the mechanisms of action of this anti-inflammatory
protein. Other experiments will be needed to determine whether the
other genes, obtained from the RaSH technique, are causally related or
associated with changes induced by the treatment.

5. Conclusion

Our findings show that ANXAT1 is involved in the signaling cascades of
inflammatory processes, NF-kB and UBC, which decrease cell prolifera-
tion and increase migration, modulating CTGF and LRAT gene expression
in RPE cells. Therefore, our results indicate that RPE cells are potential
targets for the gene activity of the ANXA1a_26 peptide, and their possi-
ble use for innovative therapies in the treatment of ocular inflammations
should be considered.
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Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.gene.2017.02.032.
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4. CONSIDERACOES FINAIS

Os efeitos pr6 e anti-inflamatérios da proteina ANXAL, glicocorticoide
enddgeno, dependente do tipo de ligante, ja foram descritos (GUO; LIU; SUN, 2013),
essa proteina é encontrada no citoplasma celular, esta associada a membrana plasmatica
e dentro de vesiculas secretorias e endossomais (GREWAL et al., 2016). Dependendo
da célula que ativa a via da ANXAL, cascatas génicas diferentes sdo desencadeadas.
Dentre essas cascatas temos a MAPK/ERK; quando essa é ativada em monocitos e
células T, ha uma resposta de diferenciacdo e proliferacdo, e quando ativada em
neutrofilos, a resposta pode levar a apoptose e/ou necrose (D’ACQUISTO; PIRAS;
RATTAZZI, 2013; PERRETTI; D’ACQUISTO, 2009; POETER et al., 2013). A
proteina ANXAL no organismo foi demonstrada por ativar a cascata p38 ativada por
mitdgeno e o peptideo Ac2-26 promove a ativacao da via quinase N-terminal da c-Jun
(JNK) (COORAY et al., 2013).

Nos nossos trabalhos houve uma diminuicdo da proliferacdo quando os
diferentes tipos celulares foram tratados com o peptideo da ANXAL, portanto o possivel
mecanismo para a acdo antiproliferativa da ANXAL poderia ser via ativacdo da cascata
de sinalizacdo MAPK/ERK, conforme demonstrado anteriormente em uma variedade de
tipos celulares (ALLDRIGDE et al., 2003).

No capitulo 3.2 observamos a resposta antiproliferativa nas células Hep-2,
sugerindo que o peptideo da ANXAL pode desencadear a regulacdo do crescimento por
interacdo direta com o receptor FPR/ANXAL. O peptideo também pode ter ativado a
expressdo  ANXAL endogena, resultando em regulagdo do crescimento por um
mecanismo autocrino/paracrino. O papel autocrino/paracrino da ANXAL na membrana
também foi mostrado na invasdo com modelo de linhagem celular epitelial, SKCO-15,
derivada do adenocarcinoma colorretal através da ativacdo da interacdo dessa com 0s
receptores FPR (BABBIN et al., 2006). O mecanismo pelo qual a ANXAL regula a
proliferacdo ainda é desconhecido, mas pode estar relacionado com a modulacdo da
expressao génica, uma vez que os dados suportam esse papel para essa proteina
(RODRIGUES-LISONI et al., 2006). Também é possivel que as a¢Bes antiproliferativas
da ANXAL sejam mediadas por meio da estimulacdo da apoptose. A ANXAL
demonstrou estimular a apoptose, principalmente nas células da linhagem mielo-
monocitica (SOLITO et al., 2001), neutrofilos (SOLITO et al., 2003) e nas células
epiteliais bronco-alveolares (DEBRET et al., 2003).
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No capitulo 3.3 observamos que também houve diminuicdo na proliferacdo de
células de cancer cervical apds tratamento com o peptideo da ANXA1L, agindo como um
supressor tumoral, possivelmente por meio da cascata MAPK/ERK. Essa agdo pode
acarretar na expressdao aumentada dessa via, a qual altera expressdo de moléculas
envolvidas no ciclo celular, fazendo com que haja parada na fase G1/S (MCCUBREY et
al., 2007). A proteina ANXAL pode assim possuir acao antiproliferativa nas células de
cancer cervical por meio das cascatas MAPKs. A agdo dessa proteina na resposta
imune, por meio de diversos mediadores moleculares e receptor FPR2, ndo é bem
conhecida, mas ha indicativas de que as cascatas MAPKs (ERK1/2, p38MAPK e
quinase N-terminal da c-Jun) estdo envolvidas (GREWAL et al., 2016). A diminuigéo
da proliferacdo de células de céncer é ocasionada pela regulagdo aumentada dessa
proteina (BIAOXUE; XIGUANG; SHUANYING, 2014). Alguns trabalhos também
corroboram com essa acdo antiproliferativa da ANXAL, por exemplo, estudos com
linhagem celular de adenocarcinoma de pulmdo, mostrou que bloqueio da ANXAL,
utilizando siRNA, diminuiu a capacidade de invasdo dessas células (LIU et al., 2011),
assim como estudos com camundongos ‘nude’, os quais tiveram expressao da ANXAI
bloqueada, apresentaram reducdo significante da tumorigénese em glioblastoma; em
adicdo, blogueio da proteina e do receptor FPR1 fizeram com que crescimento tumoral
diminuisse ainda mais (YANG et al., 2011).

No capitulo 3.4, analisando as células cultivadas da linhagem celular ARPE-19,
observamos que a proliferacdo celular diminuiu apds inducdo pelo LPS e apds o
tratamento com o peptideo da ANXAL, a proliferacdo e a migracéo celular aumentaram
com relacdo ao LPS. O teste de migracdo celular também foi realizado por Kang e
colaboradores (2012), em diferentes linhagens celulares de cancer de mama humano, e
foi visto que cada tipo celular expressa a ANXAL em diferentes concentracoes,
promovendo a migracdo celular. Esses pesquisadores, ainda relataram que apds a
administragdo do micro RNA de interferéncia da ANXAL ocorre diminui¢cdo da
migracdo e proliferacdo celular, sugerindo assim que a presenca da proteina modula a
invasividade e o crescimento celular.

Investigacdo realizada no nosso laboratério, também com a linhagem celular
ARPE-19 (MIMURA, 2012), mostrou que a ANXAL est4 envolvida na fisiologia do
Epitélio Pigmentar da Retina nas condi¢des normais e apds o estimulo inflamatdrio com
LPS e o tratamento possui acdo anti-inflamatoria nessas células. Outros trabalhos

mostraram que a expressdo da ANXAL, bem como as atividades anti-inflamatérias e
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protetoras dessa proteina e dos seus peptideos miméticos, tém sido exploradas
(GAVINS et al., 2007; D’ACQUISTO, 2009) em varios modelos experimentais, como
inflamacdes pulmonares (DA CUNHA; OLIANI; DAMAZO, 2012), regulagdo da
atividade da COX-2 em células da macula densa renal (SEIDEL et al., 2012),
tratamento de colite (OUYANG et al., 2012), efeito protetor apds lesdo do nervo
cavernoso (FACIO JUNIOR; BURNETT, 2012), entre outros.

Além da acdo antiproliferativa da ANXAL, também relatamos nos nossos
trabalhos a acdo dessa proteina na modulacdo da expressdo génica. No capitulo 3.1
observamos que a ANXAL exdgena modifica a expressao génica, em cultura de células
de carcinoma de laringe (Hep-2), porém 0s mecanismos responsaveis requerem mais
investigacdo. Neste trabalho, relatamos, pela primeira vez, os efeitos da anexina Al
(ANXAL) e seu peptideo N-terminal (ANXALAc2-26) na expressao génica, utilizando
analise gendmica em linhagens de carcinoma e de células foliculoesteladas de adenoma
pituitario (PDFS). Também foram utilizadas analises in vivo da pituitaria de
camundongos selvagens e knockouts para o gene da ANXA1. Os dados do trabalho,
obtidos por técnicas de eletroforese 2D, PCR semi-quantitativa, imuno-histoquimica,
western blot e citometria de fluxo, mostraram que a proteina regula sua propria
expressdo e inibe a expressdo de um grande numero de proteinas. Tais efeitos sdo
compardveis a acdo poderosa do tratamento com esterdides e reforcam a funcgédo
proposta da ANXAL como um mensageiro secundario da acdo de glicocorticoides
(FLOWER, 1988).

Pela técnica de RaSH (Rapid Subtractive Hybridization) realizada em células
tratadas e ndo tratadas com a proteina ANXAL ou seu peptideo foi observada a
regulacdo positiva da expressdo do gene CCR10, um receptor para citocina CCL27
(HOMEY et al., 2002). O mesmo resultado foi observado em camundongos knockouts
para ANXAL. Tanto as analises por PCR semi quantitativa como por Western Blot
mostraram que as células de pele e do trato respiratério desses animais exibem niveis
reduzidos de CCR10 em relacdo aos camundongos selvagens. A citocina CCL27 e seu
receptor CCR10 mediam respostas quimiotaticas no recrutamento de células T in vitro
(LEUNG, SOTER, 2001; SOLER et al., 2003). A CCL27, cuja expressao é constitutiva
e elevada em pele normal e inflamada, € regulada positivamente pelo fator de necrose
tumoral TNF-a e pelo fator de transcricdo nuclear kappa B (NF-kB) in vitro e
negativamente pelos glicocorticoides in vivo (VESTERGAARD et al., 2005; HOMEY

et al., 2002). Como a ANXA1 é vista frequentemente como uma proteina anti-
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inflamatdria, seria esperada uma baixa expressdo do CCR10, que modula efeitos pré-
inflamatorios. Entretanto, como a ANXAL estd presente na pele (SCHLAEPFER,
HAIGLER, 1990), é possivel que ela module positivamente a expressao desse receptor
para facilitar o acimulo local de linfécitos. Um efeito similar é observado em relacao
aos glicocorticoides, um outro grupo de fatores anti-inflamatorios que aumentam, em
eosinofilos, a expressdo de um dos membros desta familia de receptores, 0 CXCR4,
provavelmente resultando no sequestro de eosindfilos circulantes para tecidos ndo
inflamados (NAGASE et al., 2000). Os eosinofilos, cuja migracdo € uma caracteristica
marcante da inflamacdo alérgica, possuem sitios ligadores de glicocorticdides, que
parecem atuar diretamente sobre essas células e reduzir sua longevidade pela indugéo de
apoptose (WALLEN et al., 1991).

A ANXAL esta fortemente expressa durante o desenvolvimento do trato
respiratorio superior e da pele (WELLS, et al. 2004) e exibe, em fibroblastos,
significantes mudancas na expresséo relacionadas com a idade (BORALDI et al., 2003),
com niveis elevados em fibroblastos humanos de doadores adultos comparados a
doadores idosos. Este fato pode se refletir na expressao e na funcionalidade do CCR10
como parte de uma falha geral, relacionada com o envelhecimento, em responder ao
estresse ambiental e/ou fisiologico. A mesma falha pode ocorrer em céncer,
considerando a semelhanca de muitos mecanismos envolvidos na senescéncia e na
tumorigénese. O fato do receptor CCR10 ser um mediador do recrutamento de linfécitos
especificos da pele e o fato da ANXAL ser expressa na pele e inibir a L-selectina em
neutréfilos (STRAUSBAUGH, ROSEN, 2001) e em mondcitos (de COUPADE et al.,
2003) reforcam o papel dessa proteina na inflamacao cutanea.

Em resumo, esse trabalho mostrou a técnica de RaSH como um método rapido e
eficiente identificando genes modulados pela ANXAL. Para o gene CCR10, sua
expressao foi claramente relacionada com a presenca da ANXAL in vivo. Apesar da sua
influéncia sobre um grande nimero de genes, a perda da ANXAL em animais knockout
ndo comprometeu sua sobrevivéncia, suportando uma fungdo adaptativa para a ANXA1L
em uma variedade de padrGes metabdlicos. Outros experimentos Sdo necessarios para
determinar se os demais genes regulados pela ANXA1L estdo casualmente relacionados
ou associados com mudancas induzidas pelo tratamento com esta proteina, embora isto
pareca improvavel, pois nossos achados foram observados em duas linhagens celulares

independentes. Estes estudos, embora desafiantes, fornecerdo informac6es importantes a
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respeito do fendtipo de organismos knockout para anexina Al e, portanto, da funcao
fisiologica desta proteina.

No capitulo 3.2, ainda trabalhando com a linhagem celular de carcinoma
epidermdide de laringe (Hep-2) tratadas com o peptideo da ANXAL, também foi
avaliada a expressdo da ANXAL endogena em células tumorais e em mastocitos, no
qual foi observado a imunoreatividade da ANXA1 mostrando baixa regulagdo nos
tumores de laringe e células peritumorais, comparadas com o tecido controle. Varios
outros estudos demonstraram que a expressdo de ANXAL também se altera durante o
desenvolvimento e a progressdo do cancer (SHEN et al., 2005) e esta regulada
negativamente em tumores de cabeca e pescoco (PEDRERO et al., 2004), préstata (XIN
et al., 2003) e cancer de mama (SHEN et al., 2005). A expressdo da proteina ANXAL
foi diminuida nesses tumores em comparacdo com o epitélio normal sugerindo que esta
proteina é um componente essencial para a manutencédo do fendtipo epitelial normal, um
fato que pode ser importante em eventos iniciais em cancer invasivo (PAWELETZ et
al., 2000).

Com base em nossos achados demonstrando a baixa expressao de ANXAL em
células tumorais de laringe in vivo, investigamos o efeito da ANXAL exdgena em
células de cancer de laringe Hep-2. Os resultados de PCR em tempo real combinados
com imunocitoquimica ultraestrutural demonstraram que o tratamento com peptideo em
células Hep-2 induziu um pico de expressdao de mMRNA de ANXAL a 6 e 48 h, enquanto
gue o pico na expressdo de proteina foi observado a 24 e 96 h. Outros estudos também
demonstraram diferenca nos padrdes de expressao ANXAL nos niveis de mRNA e
proteina (GIBBS et al., 2002).

No capitulo 3.3, no estudo de células de carcinoma de colo de Utero tratadas com
0 peptideo da ANXAL, os resultados mostraram que o tratamento resultou em 82 genes
diferencialmente expressos (pela técnica de RaSH). A expressdo da proteina ANXAL
foi diminuida nas células SiHa tratadas com o peptideo pelas analises
imunocitoquimicas ultraestruturais. O gene ID1 foi validado por RT-gPCR,
confirmando a sua baixa expressdo ap6s o tratamento com o peptideo. Também foram
interligadas, pelo Ingenuity Sistems, as vias de sinalizagéo celular, das quais a ANXA1
participa, importantes para o desenvolvimento tumoral.

A selecdo dos genes validados contribui para um melhor entendimento dos
processos tumorigénicos. Na literatura, os niveis de expressdao do gene ID1 estdo

relacionados com angiogénese, diferenciacdo e metéastase, e a superexpressdo foi
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encontrada em carcinoma esofagico de células escamosas (LUO et al., 2012), sugerindo
que, no nosso trabalho, a ANXAL pode ter regulado este gene diminuindo sua
expressdo, podendo ser utilizada como um possivel alvo terapéutico. O gene ID1 é um
inibidor de diferenciacdo ou de ligacdo de DNA que pertence a uma familia de pequenas
moléculas de curto comprimento (13 a 20 KDa). O inibidor de diferenciacdo contém um
dominio hélice-al¢a-hélice pelo qual inibe os fatores de transcri¢do bésica de ligacéo ao
DNA. Desta maneira esse gene regula os fatores de transcricdo de genes alvos
(BENEZRA, et al., 1990). Em um estudo, Darnel e colaboradores (2010)
correlacionaram tipos de HPVs, em cancer cervical, com a expressdo génica dos genes
ID, onde verificaram que a expressdo da oncoproteina E6 correlaciona com a expressao
de ID1 em 95% dos carcinomas cervicais invasivos, sugerindo que os HPVs de alto
risco contribuem para a progressao tumoral pela regulacdo do gene ID1.

No capitulo 3.4 estudamos o efeito do tratamento com o Peptideo da ANXA1
em um modelo experimental de uveite in vitro, no qual observamos pela tecnologia de
RaSH 80 genes diferencialmente expressos ap6s o tratamento. Cinco desses genes
(LRAT, CTGF, MAP1B, ALDH1A3 e SETD7), devido as suas funcbes estarem
relacionadas com doencas oculares e/ou inflamatorias, foram validados por RT-qPCR,
mas apenas dois deles (LRAT, CTGF) confirmaram a baixa expressdo. Também foram
interligadas, pelo Ingenuity Sistems, as vias de sinalizagéo celular, das quais a ANXA1
participa, importantes para o processo inflamatorio. A selecdo dos genes validados
contribui de forma significativa para o entendimento dos processos inflamatdrios
oculares, pois na literatura os niveis de expressdo do gene CTGF estdo relacionados
com os diferentes graus da sindrome da fibrose retiniana (CHEN et al., 2012) e, ainda,
com a expressao elevada na Doenca Macular relacionada com a idade, pois induz a
producio de protefnas da matriz pelas vias de sinalizacio ERK (p42/p44™®k) e p3gmerk
(NAGAI et al., 2009). Chintala e colaboradores (2012) estudaram a retinopatia induzida
por oxigénio em ratos neonatais, e injetaram vetores virais recombinantes do gene
CTGF. Esses pesquisadores observaram que o desenvolvimento da vascularizacdo da
retina foi concomitante com o aumento, progressivo e dependente do tempo, nos niveis
de CTGF, e a supressdo da expressdo ou atividade do CTGF atrasou a expansao do
plexo capilar da retina. O CTGF possui efeito direto no desenvolvimento e remodelagéo
dos vasos da retina, sendo importante no reparo e adaptabilidade vascular apés lesdes.

Além da relagdo com o metabolismo ocular, esse gene possui fungdo na diferenciacdo e
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proliferacdo dos condrdcitos, adesdo celular e esta relacionado com o fator de
crescimento derivado de plaquetas.

No gene LRAT estudado, ressaltamos a importancia relacionada por codificar
uma proteina que catalisa a estratificacdo do All-trans-Retinol para All-trans-Retinil
Ester, uma reacgéo essencial para o ciclo dos retindides no sistema visual. Essa proteina é
expressa em diversos tecidos em adultos e fetos, incluindo o Epitélio Pigmentar da
Retina (RUIZ; BOK, 1999). MutacGes nesse gene estdo relacionadas com o inicio
adiantado de severas distrofias na retina (TREVINO et al., 2005; TANG et al., 2012).
Estudos de Borman e colaboradores (2012) mostraram que mutacées no gene LRAT
causam atrofia progressiva de retina. Eles avaliaram, pela tecnologia de microarray, 149
pacientes com Amaurose Congénita de Leber ou distrofia precoce de retina
(caracterizada pela perda da visdo desde o nascimento). Nesse estudo identificaram um
paciente com a mutacdo homozigota nesse gene e outros trés pacientes com novas
mutacdes no exon 2, sugerindo que alteracdes no gene LRAT podem mostrar uma boa
resposta a novas terapias.

Os genes estudados mostraram expressdao diferencial nas células do Epitélio
Pigmentar da Retina de uma maneira dependente do tratamento com o peptideo. Em
resumo, esse trabalho evidencia a importancia da técnica utilizada e pelas funcdes dos
genes encontrados podemos observar que sdo importantes nas cascatas dos processos
inflamatdrios, podendo ter sua expressdo modificada pela possivel interacdo no
metabolismo das células epiteliais oculares. O olho possui caracteristicas que o torna
um 6rgdo alvo para terapia génica, por ser imuno privilegiado, ter tamanho pequeno, e
ser facilmente visualizado e examinado. Os fotorreceptores e o Epitélio Pigmentar da
Retina sdo os principais alvos para terapia génica no tratamento de doencas da retina,
devido seu importante papel no ciclo visual (LIPINSKI; THAKE; MACLAREN, 2013).

Em relacdo a analise da expressdo das citocinas, no capitulo 3.4 foi observado
que o tratamento com o peptideo da ANXAL diminuiu a expressao de moléculas pré-
inflamatdrias. Analisamos nos sobrenadantes dos cultivos a liberacdo dos mediadores
pro-inflamatorios IL-6, IL-8, IL-1pB, Rantes, MCP-1 e TNF-a e anti-inflamatérios 1L-10,
EGF, VEGF e INF-y, nas células ARPE-19 apds ativacdo pelo LPS, com e sem
tratamento. O estimulo pela endotoxina nessas celulas induziu a liberacdo dos
mediadores envolvidos na resposta inflamatoria, como TNF-a, IL-10, IL-8, IL-6 e
MCP-1, mostrando aumento significante em relacdo ao controle, e mantendo altos

niveis apds 72 horas.
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Vérias investigacdes indicam que, na inflamacdo ocular, as citocinas pro-
inflamatorias sdo produzidas principalmente pelas células inflamatorias, endoteliais e,
pelo epitélio pigmentado da retina (OOl et al., 2006; ZENKEL et al., 2010). Outros
estudos também mostram a liberacdo de alguns mediadores inflamatorios, como a IL-6
e IL-8, em células do epitélio pigmentar da retina ativadas pelo LPS (LEUNG;
BARNSTABLE; TOMBRAN-TINKA, 2009; MIMURA, 2012). Pacientes com doencas
do segmento anterior do olho também apresentaram alta expresséo de 1L-6 e IL-8 em
fluido lacrimal (FODOR et al., 2006). Ha evidéncias de que essas citocinas podem
induzir a degeneracdo celular e tecidual, pois, camundongos nocautes para IL-6
apresentam maior sobrevida de células ganglionares da retina em relagdo aos selvagens
apos lesdo do nervo optico (FISHER et al., 2001).

Anteriormente, ja foi demonstrado que a ANXAL esta relacionada com a
modificacdo da expressdo de citocinas pro e anti-inflamatdrias em estudos do nosso
grupo (DAMAZO et al., 2011; GIROL, 2012, MIMURA, 2012) e, também, de Yang e
colaboradores (2006) usando linhagens celulares de fibroblasto de pulméo (com e sem o
gene da ANXAL), observaram que essa proteina regula negativamente a expressao da
citocina IL-6, via efeitos na cascata p38™®*. A sinalizacéo da IL-6 leva ao aumento da
producdo de citocinas inflamatorias, quimiocinas, proteases e fatores de crescimento
(IL-6, IL-1B, IL-23, CCL5, CXCL8, MCP-1, MMP9, MMP2, VEGF e HIF)
(AGGARWAL; GEHLOT, 2009; SANSONE; BROMBERG, 2011). Os nossos dados
mostram que 0 ANXAlac26 reduz a liberacdo de mediadores inflamatérios pelas
células epiteliais, consequentemente impedindo o desenvolvimento inflamatério.

Concluimos que o peptideo da ANXAL altera a proliferacdo, migracdo e
expressao génica e proteica nas diferentes linhagens celulares estudadas (Hep-2, PDFS,
SiHa e ARPE-19) e, essas alteracGes podem provavelmente estar relacionadas com os
processos inflamatdrios, devido a indugdo realizada por endotoxina. Assim, sugerimos
que ANXAL tem acdo moduladora no metabolismo dessas células. Poucas investigacdes
tém avaliado o efeito da ANXAL na expressao desses genes que foram selecionados em
nossos trabalhos e, futuros estudos moleculares serdo necessarios para mostrar 0S
mecanismos de acdo dessa proteina anti-inflamatoria.

As analises in vitro mostraram que 0 ANXALac2-26 pode ter um importante papel
nas cascatas génicas e um papel regulatério no desenvolvimento tumoral e na
inflamacdo ocular. Dessa maneira, 0s nossos dados apontam a importancia das células

Hep-2, SiHa e ARPE-19 como um alvo potencial de atividades génicas envolvendo a
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acdo da ANXAL, tendo em vista as aplicacbes dessa proteina como uma possivel
alternativa terapéutica no carcinoma de laringe, de colo uterino e nas doengas

inflamatdrias oculares.
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