UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL
FACULDADE DE MEDICINA
PROGRAMA DE POS-GRADUACAO: CIENCIAS EM GASTROENTEROLOGIA E
HEPATOLOGIA

Efeito das drogas Dexametasona e Azatioprina na viabilidade, morfologia e

comportamento migratério de células-tronco mesenquimais

NATALIA SCHNEIDER

DISSERTACAO DE MESTRADO

Porto Alegre
2014



UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL
FACULDADE DE MEDICINA
PROGRAMA DE POS-GRADUACAO: CIENCIAS EM GASTROENTEROLOGIA E
HEPATOLOGIA

Efeito das drogas Dexametasona e Azatioprina na viabilidade, morfologia e

comportamento migratério de células-tronco mesenquimais

NATALIA SCHNEIDER

Orientadora: Profa. Dra. Ana Helena da Rosa Paz
Co-orientador: Prof. Dr. Marcelo Lazzaron Lamers
Dissertacdo apresentada ao Programa de Pos-
Graduacdo: Ciéncias em Gastroenterologia e
Hepatologia, Universidade Federal do Rio Grande
do Sul, para obtencéo de titulo de Mestre.

Porto Alegre
2014



CIP - Catalogacao na Publicacédo

Schnei der, Natéalia

Ef eito das drogas Dexanetasona e Azatioprina na
vi abi |l i dade, norfol ogia e conportanmento migratoério de
célul as-tronco nmesenquinais / Natalia Schneider. --

Ori entadora: Ana Hel ena da Rosa Paz.
Coori entador: Marcel o Lazzaron Laners.

Di ssertacdo (Mestrado) -- Universidade Federal do
Ri o Grande do Sul, Facul dade de Medicina, Progranma
de Pds- Graduacao em Ci énci as em Gastroenterol ogia e
Hepat ol ogi a, Porto Al egre, BR- RS, 2014.

1. Célul as-tronco nmesenquimais. 2. Mgracéo
celular. 3. Doencas inflamatoérias intestinais. 4.

Azatioprina. 5. Dexanmetasona. |. Hel ena da Rosa Paz,
Ana, orient. |l. Lazzaron Laners, Marcelo, coorient.
[ Titulo

Elaborada pelo Sistema de Geracéo Automética de Ficha Catalografica da UFRGS com os
dados fornecidos pelo(a) autor(a).




Dedico essa dissertacdo a minha companheira
no amor e na vida, Ellen Nunes, pois teu apoio

e compreensao foram fundamentais nessa jornada.



AGRADECIMENTOS

Os meus sinceros agradecimentos:

A Profa. Dra. Ana Paz, por sua orientaco ndo so neste trabalho, mas em todo o meu
caminho desde a graduacdo. Por sempre, com muito carinho e paciéncia, acreditar no meu
potencial e me incentivar a ir mais longe. Por ser uma orientadora presente, trabalhadora e
sincera, mas além disso, por muitas vezes ser minha amiga, quase uma mae, e parceira nos mais
diversos momentos. Muito da minha evolu¢do como pesquisadora e como pessoa devo a ti, a
guem admiro e tenho como exemplo. Muito obrigada por tudo!

Ao Prof. Dr. Marcelo Lamers, por sua co-orientagdo neste trabalho, mesmo que a
distancia durante este Gltimo periodo. Por prontamente abrir as portas do seu laboratério ao
NOSSO grupo e me orientar com muita paciéncia em todos os momentos. Aprendi muito contigo e
espero continuar aprendendo, muito obrigada!

A Profa. Dra. Luise Meurer, por todo o seu apoio, orientacio, carinho e amizade, com os
quais posso contar desde a minha época de iniciacdo cientifica. Também aos professores Dra.
Sandra Vieira, Dr. Renato Fagundes e Dr. Sérgio Barros, ndo so pela incrivel experiéncia que
compartilhamos na Comissdo Coordenadora do PPG, mas por todos 0s momentos que pudemos
vivenciar e nos quais aprendo cada vez mais.

A Profa. Dra. Elizabeth Cirne-Lima e ao Prof. Dr. Eduardo Passos por nos acolherem em
seu laborat6rio e por apoiarem nossos projetos. As (aos) colegas do Laboratério de Embriologia
e Diferenciacdo Celular pelo companheirismo durante toda essa jornada.

A minha colega e amiga MSc. Fabiany Gongcalves, por seu apoio, carinho e amizade
desde a época da graduacdo, quando eu ja ouvia falar do seu trabalho na pesquisa e ndo
imaginava que um dia trabalhariamos juntas. Com muita alegria vim a fazer parte do teu trabalho
mais tarde, onde aprendi e aprendo muito. Hoje posso te chamar de colega mais uma vez, e dizer
que tenho uma grande admiracgdo por ti. Obrigada por tudo Faby! Agradeco também ao Lucas
Dreher, por suas habilidades artisticas e que com muito carinho ajudou a concretizar nossas

ideias.



As (aos) minhas/meus colegas Helena Mello, Fernanda Otesbelgue, Dra. Cristina Flores,
Dr. William Lorenzi, Dra. Patricia Lopez e Dr. Eduardo Chiela, pelo apoio e dedicacdo quando
trabalhamos juntos, pela parceria e pela amizade que muito considero. Cada um de vocés foi
importante em diferentes etapas deste processo e o resultado desse mestrado também é de vocés.

Aos colegas do Nucleo de Pesquisa Basica em Odontologia — UFRGS, Profa. Dra. Anna
Fossati, Dra. Lisiane Bernardi, MSc. Alessandro Menna, MSc. Grasieli Ramos, Bibiana Matte,
Leonardo Diel e Paloma de Campos, por me receberem em seu laboratorio e sempre estarem
dispostos a me auxiliar, até nos dias mais corridos para todos nds. A querida Profa. Dra.
Fernanda Visioli por sempre deixar um abraco e uma palavra de carinho toda vez em que nos
viamos.

Aos meus colegas do Centro de Pesquisa Experimental, Everaldo de Almeida, Flavinha
Giustti, Jefferson da Silva, Jorge Lopes, Patricia Koehler, Roger Pascoal, que ndo imaginam o
guanto me ajudaram nos mais diversos momentos com sua pronta disposic¢éo, carinho e amizade.

A MSc. Bianca Pfaffenseller, por todas as horas que passamos em frente ao confocal
tirando muitas fotos, por tudo o que me ensinaste e pela maravilhosa companhia que me fizeste
durante todo esse periodo.

A MSc. Anelise Bergmann, por sua parceria em nossos projetos, por estar sempre
disposta a me ensinar e por sua amizade.

Ao MSc. Alvaro Laureano por sua prontiddo em nos ajudar com a citometria de fluxo no
momento crucial de resposta aos revisores do paper deste trabalho.

A minha familia, pelo suporte que me deram desde pequena para que eu chegasse até
aqui, me incentivando nos estudos e a ir atrds dos meus objetivos. A minha namorada, Ellen
Nunes, pelas noites de companhia enquanto trabalhava tanto em casa quanto no laboratorio,
pelas horas de auséncia e finais de semana corridos, pela compreensdo nos mais diversos
momentos e pelo amor e carinho com 0s quais encarou esta jornada comigo. Aos amigos e
colegas que me apoiaram e entenderam a minha falta, por cada palavra de incentivo, digo que

valeu a pena!



“Aprender € a Unica coisa de que a
mente nunca se cansa, nunca tem

2

medo e nunca se arrepende.’

Leonardo da Vinci



SUMARIO

PARTE |
RESUMO ...t e e et e et e e e bt e e et e e et e e e te e e aateeeanbeeennteeenneeeennreeans 1
ABSTRACT ...ttt ettt ettt ettt e Rt b et e st e b s bt e R e bt n e R bt e Rt Rt neere et s 3
APRESENTAGAOD .......oiiiiiteiieee ettt sttt sttt ettt ettt es et en ettt san s 5
LISTA DE ABREVIATURAS ...ttt e e ssae e e st e e e snaeeeneeean 6
LISTA DE FIGURAS E TABELAS ... .ottt sae e nne e 8
1. INTRODUCAO E REVISAO DA LITERATURA ..o er e sests s, 9
1.1 Doencas Inflamatorias INtEStINAIS ...........ccveiuiiiiiiieie e 10
1.2 Tratamentos convencionais de Doencas Inflamatdrias Intestinais...........c.ccocevverernvncnns 12
1.2.1 Azatioprina € DEXAMELASONA ........coververueriirieitieiieiieee ettt bbb 13
1.3 CElulas-TronCo MESENQUIMAIS. ........ccviriieeieiieseesieeee e e ste e seeste e e sre s e sreeae e e sreeneens 14
1.3.1 Migracdo de células-tronco MeSENQUIMAIS. ......c.ccveiveeriiiiieiierie e e esieseesreesre e e eeeas 17
1.4 Células-tronco mesenquimais em Doencas Inflamatérias Intestinais...........ccocoevverivriennns 19
1.5 Células-tronco mesenquimais e as drogas Azatioprina e Dexametasona ..............cc.ceevenens 20
1.6 Protocolo de Migragao CeIUIAr ..........ocviiieie et 21
JUSTIFICATIVA oottt ettt s et et e ettt s e et et e neetesbe e aneatenean 23
QUESTAO DE PESQUISA ..ottt en sttt ne sttt neanens 23
HIPOTESE ..ottt 23
OBUIETIVOS ...ttt sttt et et e be e b et e s et et et e be s te b e s e e besbe e enenreeas 24
PARTE Il

CAPITULO 1: Analysis of mesenchymal stem cells migratory behavior by time-lapse
IMICTOSCOPY ASSAY ...ruvvevvesrerrentetertestesteaseeseessessessestesbeabeebeaseeseessessebesbeabeabeebeebeeseese e s et e nbeabesbenbeeee e 25

CAPITULO 2: Dexamethasone and azathioprine promote cytoskeleton changes and affect

Mesenchymal Stem Cells migratory Dehavior............ccooovi i 45
PARTE Il

DISCUSSAD ..ottt s 83
CONGCLUSOES ...ttt 87

PERSPECTIVAS ..o 88



REFERENCIAS BIBLIOGRAFICAS
APENDICE ... oo



RESUMO

Glicocorticoides e outras drogas imunossupressoras séo comumente utilizados para o tratamento
de condicBes inflamatdrias, como as Doengas Inflamatorias Intestinais (DIIs). Apesar dos
avancgos na terapia medicamentosa, a remissao da doenca ainda € dificil de ser mantida. Devido
as suas propriedades imunomodulatérias, as Células-Tronco Mesenquimais (MSCs —
Mesenchymal Stem Cells) tém emergido como reguladoras da resposta imune, e sua viabilidade e
propriedades migratdrias sdo essenciais para o sucesso da terapia celular. Entretanto, pouco se
conhece sobre os efeitos das drogas convencionalmente utilizadas no tratamento das DIlIs no
comportamento das MSCs. Portanto, o0 objetivo deste estudo foi avaliar a viabilidade, a
morfometria nuclear, a polaridade celular, a distribuicdo da actina-F e da FAK (Focal Adhesion
Kinase), e 0 comportamento migratorio das MSCs na presenca das drogas Azatioprina (AZA) e
Dexametasona (DEXA). As células foram isoladas de membranas coridnicas humanas e
caracterizadas pela diferenciacdo em adipdcitos e ostedcitos, bem como pela expressdo de um
painel de marcadores de superficie. As MSCs foram previamente tratadas com AZA ou DEXA
por 24h ou 7d nas concentracbes de 1uM ou 10uM, respectivamente. Ambas as drogas nao
afetaram a viabilidade celular analisada por MTT (3-(4,5-dimethyltiazol-2-yl)-2,5-
diphenyltetrazolium bromide) e morfometria nuclear. Entretanto, a analise do indice de
polaridade resultou em uma morfologia mais alongada apds o tratamento com AZA, engquanto
células mais arredondadas foram observadas na presenca de DEXA. Os filamentos de actina
foram marcados por Rodamina-Faloidina e sua analise mostrou que a AZA preservou
parcialmente a formacédo de lamelipodios e aumentou a presenca de fibras de estresse ventrais,
enquanto que a DEXA inibiu a formacdo de lamelipddios, evidenciou uma maior presenca de
fibras de estresse ventrais e diminuiu a estabilidade das protrusdes de membrana, observadas em
video. Atraves da analise de microscopia de série temporal, foi observado que as células sob o
efeito da AZA por 7d migraram por maiores distancias e tiveram um aumento em sua velocidade
de migracédo (24,35%; P < 0,05; n = 4), ao passo que a DEXA diminuiu a velocidade migratoria
em 24h e 7d (-28,69% e -25,37%, respectivamente; P < 0.05; n = 4) e diminuiu a distancia
alcangada pelas células. Em conclusdo, nossos dados sugerem que as drogas AZA e DEXA

podem afetar diferentemente a morfologia e o comportamento migratorio das MSCs,



possivelmente afetando o resultado da terapia celular. O protocolo de migragéo celular utilizado
neste estudo foi estabelecido por nosso grupo de pesquisa, sendo que um artigo cientifico
contendo todas as etapas do protocolo foi escrito para que outros laboratdrios possam utiliza-lo

de maneira simples e eficaz.

Palavras-chave: Células-Tronco Mesenquimais, Actina, Migracdo Celular, Azatioprina,

Dexametasona, Doencas Inflamatdrias Intestinais.



ABSTRACT

Glucocorticoids and other immunosuppressive drugs are commonly used to treat inflammatory
disorders, such as Inflammatory Bowel Disease (IBD) and, despite few improvements, the
remission of IBD is still difficult to maintain. Due to its immunomodulatory properties,
Mesenchymal Stem Cells (MSCs) have emerged as regulators of immune response, and its
viability and activation of migratory properties are essential for a successful cell therapy.
However, little is known about the effects of immunosuppressant drugs used on IBD treatment
on MSCs behavior. In this way, the aim of this study was to evaluate MSCs viability, nuclear
morphometry, cell polarity, F-actin and FAK (Focal Adhesion Kinase) distribution and cell
migration properties in the presence of the immunosuppressive drugs Azathioprine (AZA) or
Dexamethasone (DEX). MSCs were isolated from human chorionic membranes and
characterized through adipogenic and osteogenic differentiations, as well as a panel of surface
markers. Cells were previously treated with AZA or DEX for 24 hrs or 7 days at 1uM and
10uM, respectively. Both drugs had no effects on cell viability analyzed through MTT (3-(4,5-
dimethyltiazol-2-yl)-2,5-diphenyltetrazolium bromide) and nuclear morphometry. However,
polarity index analysis showed that AZA treatment induced a more elongated cell shape while a
greater presence of rounded cells was observed under DEX exposure. F-actin was stained by
Rhodamine-Phalloidin and showed that AZA could partially preserve lamellipodia formation and
increase the presence of ventral actin stress fibers, while DEX inhibited lamellipodia formation
and increased the presence of ventral actin stress fibers while decreasing protrusion stability,
observed in video. Through time-lapse microscopy, it was observed that after 7 days of
treatment, AZA improved cell the spatial trajectory (ST) and increased migration speed (24.35%,
P <0.05, n = 4) while DEX impaired ST and migration speed after 24 hrs and 7 days treatment (-
28.69% and -25.37%, respectively; P < 0.05, n = 4). In conclusion our data suggests these
immunosuppressive drugs can differently affect MSCs morphology and migration capacity,
possibly impacting the success of cell therapy. The migration protocol used in this study was
successfully established by our group, leading to the writing of a protocol paper to facilitate the

usage of this technique by other laboratories in a simple and efficient manner.



Keywords: Mesenchymal Stem Cells, Actin, Cell Migration, Azathioprine, Dexamethasone,

Inflammatory Bowel Disease.



APRESENTACAO

Esta dissertagdo esta organizada em secOes dispostas da seguinte maneira: Introducédo e
Revisdo da Literatura, Justificativa, Questdo de Pesquisa, Hipotese, Objetivos, Artigos
Cientificos, Discussdo, Conclusdes, Perspectivas, Referéncias Bibliograficas e Apéndice.

A Introducéo e Revisdo da Literatura mostram o embasamento tedrico que nos levou a
formular a proposta de trabalho. Os materiais, os metodos e os resultados, assim como as
referéncias bibliograficas especificas, encontram-se no corpo dos artigos cientificos
denominados Capitulos 1 e 2. Esses trabalhos foram realizados no Laboratério de Embriologia e
Diferenciacdo Celular e na Unidade de Analise Molecular e Proteinas do Centro de Pesquisa
Experimental do Hospital de Clinicas de Porto Alegre, em colaboragdo com o Ndcleo de
Pesquisa Basica em Odontologia — Universidade Federal do Rio Grande do Sul, com auxilio
financeiro CAPES e FIPE-HCPA.

A sec¢do Discussdo contém uma interpretacdo geral dos resultados obtidos nos artigos
cientificos; a secdo Conclusdes aborda as conclusbes gerais obtidas na dissertacdo. A secao
Perspectivas discute as possibilidades de desenvolvimento de projetos a partir dos resultados
obtidos, dando continuidade a essa linha de pesquisa. A secdo Referéncias Bibliograficas lista
as referéncias utilizadas na Introducéo e Discussao da dissertacdo. A secdo Apéndice contém
uma lista dos trabalhos realizados em co-autoria durante o periodo do mestrado.



LISTA DE ABREVIATURAS

Dlls — Doengas Inflamatorias Intestinais

MSCs — Células-Tronco Mesenquimais/Mesenchymal Stem Cells

UC — Colite Ulcerativa/Ulcerative Colitis

DC — Doenga de Crohn

Th1 — Células T auxiliares/Type 1 T helper cells

IL-12 — Interleucina 12

INF-y — Interferon y

TNF-a — Fator de Necrose Tumoral o/ Tumor Necrosis Factor o

Th2 — Células T auxiliares/Type 2 T helper cells

IL-5 — Interleucina 5

IL-13 — Interleucina 13

Th17 — Células T auxiliares/Type 17 T helper cells

IL-17 — Interleucina 17

IL-23 — Interleucina 23

AZA — Azatioprina

6-MP — 6-Mercaptopurina

6-TGN — Nucleotideos 6-Tioguanina

TRAIL — Fator de Necrose Tumoral Relacionada ao Ligante Indutor de Apoptose/Tumor
necrosis factor-Related Apoptosis-Inducing Ligand

TNFRS7 — membro 7 da Superfamilia de Receptores do Fator de Necrose Tumoral/Tumor
Necrosis Factor Receptor Superfamily member 7

MEK - Proteina Quinase ativada por Mitdgeno/Mitogen-activated protein Kinase

NF-xp — Fator Nuclear Kappa B/Nuclear Factor Kappa B

bcl-x, — Linfoma de Células B Extra Grande/B cell lymphoma-extra large

HGPRT — Hipoxantina-Guanina-Fosforibosil-Transferase / Hypoxanthine-Guanine-
Phosphoribosyl-Transferase

6-MeMP — 6-MetilMercaptopurina/6-MethylMercaptopurine

6-Me-Thio-IMP — S-Metil-Tioisina 5’monofosfato/S-Methyl-Thioinosine 5'-Monophosphate



TPMT — Tiopurina Metiltransferase/Thiopurine Methyltransferase

XO — Xantina Oxidase/Xanthine Oxidase

PDNS — Sintese de Novo de Purina/Purine de Novo Synthesis

DEXA — Dexametasona

Treg — Células T Regulatorias

CXCR4 — Receptor da Quimiocina C-X-C tipo 4/C-X-C Chemokine Receptor type 4
SDF-1 — Fator Derivado de Ceélulas Estromais-1/Stromal Derived Factor-1

CEs — Células Endoteliais

Células NK — Células exterminadoras naturais/Natural Killer cells

FAK — Quinase de Adesdo Focal/Focal Adhesion Kinase

Rac-1 — Substrato C3 da Toxina Botulinica Relacionado a Ras 1/Ras-related C3 botulinum toxin
substrate 1

ERM — Ezrina-Radixina-Moesina/Ezrin-Radixin-Moesin

iNOS — Oxido Nitrico Sintase induzivel/inducible Nitric Oxide Synthase

IGF-1 — Fator de Crescimento semelhante & Insulina tipo 1/Insulin-like Growth Factor-1
MTT - 3-(4,5-dimethyltiazol-2-yl)-2,5-diphenyltetrazolium bromide



LISTA DE FIGURAS E TABELAS

INTRODUCAO

Figura 1: Doencas Inflamatorias INteStINAIS...........cccvevveiieiicie e 11
Figura 2: Mecanismo de aGa0 das tIOPUINGS...........uoirieieieieite sttt 13
Figura 3: Efeitos imunomodulatérios das MSCs em células do sistema imune..............cccceevn.e. 16
Figura 4: Diferentes tipos de fibras de estresse em células mesenquimais............ccccccevverieennnnn. 18

CAPITULO 1

Figura 1. Glass-bottomed dish preparation.............ccoccveeeeiiierieiiesieieeeesie e 40
FIQUIA 2. CeIl CUIUIE.....eceee ettt et e s ae et e et e re e re e e 41
FIgura 3. MICIOSCOPE SELUPD....c.veeureitieieeiesieesteetesteeste et e st e ste e e s e e steesaesseesbeesesssesreestesneesreeneeenee e 42
Tabela 1. Comparison of in vitro cell migration techniques..............c.coeviiiiiiiiiiinin.n 43
Tabela 2. TroubleShooting adVICE. ........oueieiiti it e, 44

CAPITULO 2

Figura 1. MSCS Characterization. ...........ovueeinine ettt ettt et e e e et e i eeeaeeneaa 76
Figura 2. MSCs viability and nuclear morphometry............cooiiiiiiiiiiiiieeees 77
Figura 3. Cell Polarity INAEX.........ouinieii e 78
Figura 4. Actin cytoskeleton and FAK distribution...............ccoooiiiiiiiiiiiiiiin, 79
Figura 5. MSCs migration speed and spatial trajectory.............coooeviiiiiiiiiiiiiieeens 80
Figura Suplementar 1. Polarity index analysis.............ocouiiiiiriiniiiiiii e, 81
Figura Suplementar 2. Cytoskeleton morphology..........c.cooiiiiiiiiiiiiiiiiiieeea, 82



1. INTRODUCAO E REVISAO DA LITERATURA

As Doencas Inflamatorias Intestinais (DIIs) sdo doencas do trato gastrointestinal
caracterizadas pela disfuncdo de células T e producdo alterada de citocinas pré-inflamatdrias.
Esta inflamacdo é sustentada por alteracdes no sistema imunoldgico da mucosa intestinal
(Bouma e Strober, 2003; Martinez-Montiel et al., 2014), tendo como componentes
desencadeadores da patogénese a suscetibilidade genética, os fatores microbiais e ambientais,
como dieta, depresséo, estresse e a influéncia de radicais livres (Corridoni et al., 2014; Sobczak
et al., 2014). O curso das doencas é caracterizado por crises que se alternam com periodos de
remissdo; sendo que uma minoria dos pacientes tem atividade continua. A severidade das crises e
a resposta ao tratamento variam, desde sintomas leves, sem manifestacdes sistémicas, até risco
de morte fulminante naqueles pacientes que ndo respondem ao tratamento e, portanto, sdo
candidatos a intervencdo cirdrgica (Cosnes et al., 2011). Apesar dos avangos nas terapias
medicamentosas atuais, estas nem sempre sdo efetivas e novas terapéuticas que visem a
imunomodulacdo e o reparo tecidual sdo necessarias (Duijvestein et al., 2010; Martinez-Montiel
etal., 2014; Renna et al., 2014).

As Células-Tronco Mesenquimais (Mesenchymal Stem Cells — MSCs) tém surgido como
uma opcgao para o tratamento de condi¢des inflamatdrias, pois apresentam grande plasticidade,
multipotencialidade, atuam como reguladoras da resposta imune e tém a capacidade de migrar
até o sitio de injuria (Forbes et al., 2014; Gonzalez-Rey et al., 2009; Le Blanc et al., 2003; Liang
et al., 2011). As MSCs secretam uma variedade de citocinas que atuam na imunossupressao
local, controlam a inflamacgéo e auxiliam no reparo tecidual (Caplan e Dennis, 2006; Miller et al.,
2008; Mokbel et al., 2011). Além disso, podem ser isoladas de diferentes 6rgdos e tecidos,
incluindo medula 6ssea, musculo, tecido adiposo, e 6rgaos de origem materno-fetal (Hass et al.,
2011; Indumathi et al., 2013; Meirelles et al., 2006).

Os tratamentos convencionais para as DIIs incluem drogas imunossupressoras, como as
tiopurinas e os glicocorticoides. Entretanto pouco se sabe sobre a interacdo de MSCs e drogas
imunossupressoras. Estudos anteriores analisaram a interagdo entre medicamentos e MSCs; no
entanto, os resultados disponiveis na literatura ndo sdo conclusivos, uma vez que existem

importantes divergéncias entre autores (Buron et al., 2009; Duijvestein et al., 2011; Hoogduijn et



al., 2008; Nichols et al., 2013; Nuzzi et al., 2012; Yun et al., 2011). Alem disso, diferentes
condicdes fisioldgicas ou farmacoldgicas podem afetar a migrag¢ao celular (Geipler et al., 2012;
Lamers et al., 2011), processo importante para a efetividade da terapia celular. Portanto, é
essencial que seja estudada a interacdo entre MSCs e as drogas utilizadas como tratamento
convencional das DlIs, na hipotese de serem utilizadas de maneira concomitante ou na proposta

de transplante autélogo.

1.1 Doengcas Inflamatdrias Intestinais

As DlIls, como a Retocolite Ulcerativa (RCU) e a Doenca de Crohn (DC), sdo
caracterizadas por uma disfuncdo de linfocitos T da mucosa intestinal e alteracdo na producéo e
secrecao de citocinas (Bouma e Strober, 2003), apresentando periodos de reincidéncia e remissao
(Cosnes et al., 2011). Apesar de ser amplamente aceito que as DIIs resultem de uma resposta
imune desregulada a fatores naturais em individuos geneticamente suscetiveis, a causa ainda nao
foi completamente elucidada (Corridoni et al., 2014). Nesse sentido, varios componentes estéo
sendo implicados na sua patogénese como suscetibilidade genética, fatores microbiais e
ambientais, incluindo dieta, depressdo, estresse, e a influéncia de radicais livres (Sobczak et al.,
2014).

Inicialmente havia o consenso de que a DC estaria associada ao desequilibrio de células T
helper 1 (Th1), mediado pelas citocinas IL-12, INF-y e TNF-a (fator de necrose tumoral a);
enquanto que a RCU estaria associada ao desequilibrio de células T helper 2 (Th2), mediado
pelas citocinas IL-5 e IL-13 (Corridoni et al., 2014; Muzes et al., 2012). Porém, tem se visto
recentemente que ambas as vias ndo sdo necessariamente exclusivas (Muzes et al., 2012). Além
disso, células Thl7 tem se mostrado importantes no quadro imunolégico das Dlls,
principalmente através das citocinas IL-17 e IL-23, ligadas a inflamac&o intestinal (Corridoni et
al., 2014; Yen 2006).

A DC normalmente afeta o ileo e 0 cdlon, mas pode atingir descontinuamente qualquer
regido do trato gastrointestinal (Figura 1A). Aléem disso, € caracterizada por inflamacao
transmural e pode ser associada a formacdo de granulomas, e desenvolvimento de estenoses e
fistulas (Abraham et al., 2009; Corridoni et al., 2014; Sobczak et al., 2014). A doenga torna-se

sintomética quando existem lesfes extensas, associadas a uma reacdo inflamatoria sistémica, ou
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ainda quando ha a presenca de estenoses, abscessos ou fistulas (Cosnes et al., 2011). Dentre os
sintomas estdo: diarreia frequente, dor abdominal apds as refeicfes, fadiga, perda de apetite,
perda de peso, febre, estomatite, e fistulas ou fissuras perianais. Alguns pacientes ainda
apresentam sangramento retal, artrite e eritema nodoso (Head e Jurenka, 2004).

A RCU envolve o reto e parte ou todo o célon em um padrdo continuo e é caracterizada
por uma inflamacéo limitada a mucosa, sem apresentacao de fistulas ou granulomas (Figura 1B)
(Abraham et al., 2009; Corridoni et al., 2014). A severidade da doenca varia desde sintomas
menores sem manifestagdes sistémicas, até a necessidade de colectomia, muitas vezes chegando
ao risco de morte fulminante quando ndo ha resposta ao tratamento (Cosnes et al., 2011).
Sintomas iniciais incluem o progressivo amolecimento das fezes, dor abdominal e diarreia. Com
a progressao da doenca, o paciente pode apresentar perda de peso, fadiga, perda de apetite, muco

nas fezes, sangramento retal, febre e anemia (Head e Jurenka, 2003).

A. Crohn's disease B. Ulcerative colitis

Esophagus

Stomach

g.F'"u.,..

e

Liver

Gall bladder

f
Large intestine {
(colon)

Small intestine

Ileum

Figura 1. Doencas Inflamatorias Intestinais. (A) Doenga de Crohn. A inflamacdo pode afetar todo o trato digestivo,
da boca ao anus. (B) Colite Ulcerativa. A inflamacdo é limitada ao c6lon. Fonte: Singh et al, 2011.
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A incidéncia e a prevaléncia das DIIs tém crescido ao redor do mundo, onde as maiores
incidéncias sdo registradas na América do Norte e na Europa (Cosnes et al., 2011; Ponder e
Long, 2013), e ha um aumento em &reas antes consideradas de baixa incidéncia, como a Europa
Oriental e a Asia (Ng, 2014). Dados epidemioldgicos ainda s&o escassos na América Central e do
Sul, refletindo a baixa frequéncia ou a falta de registros sobre essas doencas (Cosnes et al.,
2011).

1.2 Tratamentos convencionais de Doencas Inflamatdrias Intestinais

Os correntes progressos no entendimento da fisiopatologia das DIls permitiram avancos
nos tratamentos disponiveis e nos objetivos terapéuticos. Substancias como Aminossalicilatos,
Corticosterdides, Tiopurinas, Metotrexato e Ciclosporina foram largamente utilizadas para
induzir e manter a remissdo da doenca (Martinez-Montiel et al., 2014). Porém, a partir da
identificacdo de que altos niveis da citocina pré-inflamatoria TNF-a estdo presentes na mucosa
de pacientes com Dlls, as terapias biologicas anti-TNFa comegaram a ser introduzidas,
direcionando sua acéo contra esta citocina (Sobczak et al., 2014). Inicialmente, o tratamento era
centrado no controle dos sintomas; entretanto, a cicatrizacdo da mucosa passou a ser um objetivo
terapéutico, associada a um bom prognostico, a um menor nimero de admissdes hospitalares e
de procedimentos cirargicos. Sendo assim, o tratamento convencional atualmente esta focado na
remissdo profunda das DlIls, ou seja, no controle dos sintomas e da inflamacdo intestinal, na
completa cicatrizacdo das lesdes da mucosa, na normalizacéo dos indices de atividade soroldgica
(proteinas C-reativa e taxa de sedimentacdo de eritrdcitos) e na restauracdo da funcédo intestinal
normal (Martinez-Montiel et al., 2014; Renna et al., 2014).

Os medicamentos hoje utilizados incluem, além daqueles convencionais, um arsenal cada
vez mais diversificado de drogas bioldgicas (Sobczak et al., 2014). No entanto, a situacao ainda
estd longe da ideal; por exemplo, 10% dos pacientes com DC ndo toleram ou ndo respondem
primariamente a todas as drogas utilizadas para o seu tratamento. Entre os individuos que
respondem a terapia anti-TNFa, um ter¢o mostra a perda da resposta e requer otimizagdo ou a
mudancga para outro agente bioldgico (Martinez-Montiel et al., 2014). A remissdo da doenca
ainda é dificil de ser mantida e os pacientes sofrem com a baixa qualidade de vida devido a

recidiva, a necessidade eventual de intervencdo cirdrgica, a ndo rara apresentacdo de
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manifestacbes extra-intestinais e os conhecidos e importantes efeitos colaterais das drogas
(Duijvestein et al., 2010). Este quadro caracteriza a necessidade por novas terapias ou a
otimizacdo das mesmas, sendo a terapia com MSCs uma alternativa para a modulacgdo do sistema

imune e para reparacao tecidual.

1.2.1 Azatioprina e Dexametasona

A Azatioprina (AZA) é uma droga imunossupressora andloga do nucleotideo purina,
pertencente ao grupo das tiopurinas. Apds a sua ingestdo oral, a AZA € rapidamente convertida
em 6-mercaptopurina (6-MP), seu metabolito ativo, que em sequencia passa por uma complexa
biotransformacdo em outros metabdlitos ativos e inativos. O primeiro intermediario ativo,
tioinosina monofosfato, é prontamente convertido em 6-TGN (nucleotideos 6-tioguanina), o qual
é considerado o principal efetor das tiopurinas. Seu efeito citotoxico e imunossupressor é
atribuido a incorporacdo aos acidos nucleicos das células, resultando em inibicdo da sintese de
nucleotideos e proteinas, e consequentemente inibicdo da proliferacdo de linfocitos (Figura 2)
(Bér et al., 2013; Sahasranaman et al., 2008). O mecanismo de acdo da AZA e da 6-MP inclui o
aumento de apoptose (ou morte celular programada) de linfdcitos T ativados, e 0 aumento de 6-
TGN bloqueia a expressao de TRAIL, TNFRS7 e a4-integrina, provocando a diminuicdo da
inflamacdo (Thomas et al., 2005; Sahasranaman et al., 2008). Também foi registrada sua acao
através da inibicdo da ativacdo de Racl em células T, que tem como alvo os genes MEK, NF-«f3
e bel-x,, levando a apoptose celular (Tiede et al., 2003).

6-MeMP
TPMT
GST HGPRT TPMT
Azathioprine B-Mercaptopurine B-Thio-IMP 6-Me-Thio-IMP PDNS
P ptop
GSH
X0 IMPDH
6-Thiouric acid 6-TGN mssssl) Incorporation into DNA
T Lymphocyte . : TRAIL, TNFRSF7,
Activation signal # Purine nucleotides od-integrin
Immunity inflammation

Figura 2. Mecanismo de acéo das tiopurinas. HGPRT - Hypoxanthine-guanine-phosphoribosyl-
transferase, 6-MeMP - 6-methylmercaptopurine, 6-Me-Thio-IMP - S-methyl-thioinosine 5'-
monophosphate, TPMT - thiopurine methyltransferase, XO - xanthine oxidase, PDNS - purine 13
de novo synthesis. Fonte: Sahasranaman et al, 2008.



A droga Dexametasona (DEXA) faz parte do grupo dos glicocorticoides, 0s quais
possuem propriedades anti-inflamatorias e imunossupressoras; entretanto, seus mecanismos de
atuacdo ainda ndo sdo totalmente esclarecidos (Wang et al., 2008). Glicocorticéides levam a
expansao de células T regulatorias (Chen et al., 2006), interferem na migracéo de leucocitos pela
inibicdo de proteinas de adesdo (Wust et al., 2008) e inibem a producdo de citocinas pro-
inflamatdrias e quimiocinas (Almawi et al., 1996; Mdller et al., 2013). Uma das acOes
conhecidas para os glicocorticoides, como a Dexametasona, € sua atuagdo sobre a ativacao de
NF«B. Em seu estado inativo, NF«f ¢ transportado ao citoplasma pela proteina inibitoria
nomeada IkP. Quando Ikp € inativado por sinais inflamatorios, o sinal de localizagdo nuclear de
NF«p torna-se visivel; dentro do nucleo, NFkp se liga a sequencias do DNA chamadas de
elementos NF«kf} e estimula a transcri¢ao de citocinas, quimiocinas, moléculas de adesdo celular,
fatores complementares e receptores para essas moléculas, estimulando a inflamacdo. Os
glicocorticoides atuam induzindo a expressdao de IkP, o qual inibe a transcri¢do dos elementos
NF«p e forma um heterodimero inativo com NF«f, diminuindo a inflamac¢ao (Rhen e Cidlowski,
2005; Wang et al., 2008).

A DEXA ¢ referenciada como uma droga utilizada no tratamento das DIIs (Duijvestein et
al., 2010). Além disso, ¢é facilmente diluida em meio de cultura para utilizacdo em experimentos
in vitro (D4902, Sigma) ao contrario de outros glicocorticoides, como Prednisona, Prednisolona

ou Metilprednisolona.

1.3 Células-Tronco Mesenquimais

As MSCs tém demonstrado um grande potencial terapéutico para o tratamento das DIIs.
Estas células apresentam grande plasticidade e multipotencialidade, podendo ser isoladas de
diferentes 6rgdos e tecidos, incluindo medula 6ssea, musculo, tecido adiposo, e ainda 6rgaos de
origem materno-fetal. (Hass et al., 2011; Indumathi et al., 2013; Meirelles et al., 2006). Quando
nas condigcOes ideais, as MSCs possuem a capacidade de diferenciagdo em tecidos como
cartilagem, osso, tenddes/ligamentos e musculo (Bielby et al., 2007; Caplan, 2005; Patel et al.,
2013). Para que estas células possam ser identificadas como MSCs, elas devem expressar 0S
marcadores de superficie CD105, CD73 e CD90, e ndo expressar CD45, CD34, CD14 ou

CDI11b, CD79a. ou CD19 ¢ HLA-DR. Além disso, as MSCs devem ser aderentes e ter a
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capacidade de diferenciar-se em osteoblastos, adipocitos e condrécitos in vitro (Dominici et al.,
2006).

O uso de tecidos materno-fetais tem sido cada vez mais aplicado para o isolamento de
MSCs. Estudos tém utilizado tecidos placentérios tanto de primeiro quanto terceiro trimestre de
gestacdo, isolando MSCs das membranas amniotica e coridnica, e da camada decidua. Além
disso, pode-se utilizar fontes como o corddao umbilical, o sangue de corddo umbilical e a geleia
de Wharton (Hass et al., 2011). As MSCs derivadas destes tecidos tém sido caracterizadas
quanto ao potencial de diferenciacdo, imunofenotipagem e morfologia, possuindo caracteristicas
semelhantes as MSCs derivadas de medula 6ssea. Além disso, os tecidos materno-fetais
apresentam-se como uma fonte de facil e pronto acesso, sem causar desconforto aos seus
doadores e nem problemas éticos relacionados a sua coleta, uma vez que o material seria
descartado (Hass et al., 2011; Indumathi et al., 2013).

Quando comparada a outras fontes, as MSCs derivadas de placenta apresentam beneficios
relacionados as propriedades terapéuticas. Além de possuirem alguns marcadores caracteristicos
de células-tronco embrionarias (Yen et al., 2005), as MSCs derivadas de placenta demonstraram
melhor taxa de proliferacdo (Barlow et al., 2008), superior capacidade de enxertia (Brooke et al.,
2008) e propriedades imunossupressoras aumentadas (Li et al., 2014; Zhu et al., 2014). Estas
células ainda possuem uma grande capacidade migratoria tanto in vitro (Li et al., 2009) quanto in
vivo (Kholodenko et al., 2012), e os resultados positivos em estudos experimentais levaram a
administragdo de MSCs de tecido fetal em ensaios clinicos de fase | para tratamento de DC e UC
(Liang et al., 2012; NCT01769755).

As MSCs atuam como reguladoras da resposta imune, justificando o interesse para sua
utilizacdo na terapia de doencas inflamatorias. Além disso, sdo conhecidas por apresentar baixa
imunogenicidade, sendo capazes de “escapar” do reconhecimento por células T devido a baixa
expressdao de HLA de classe | e a auséncia de HLA de classe 11 e de moléculas co-estimulatorias
(Forbes et al., 2014; Gonzalez-Rey et al., 2009; Le Blanc et al., 2003). As MSCs secretam uma
variedade de fatores soluveis que atuam no reparo tecidual, inibindo a fibrose, a apoptose e a
transmigracdo de leucocitos. Também atuam estimulando a angiogénese, a proliferacdo e/ou

diferenciacdo de células progenitoras intrinsecas do tecido lesado, e a proliferacdo de células T
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regulatorias, atuando no controle da inflamacao (Figura 3) (Caplan e Dennis, 2006; Ma et al.,
2014; Miller et al., 2008; Mokbel et al., 2011; Yagi et al., 2010; Yi e Song, 2012).

Estas moléculas bioativas secretadas por MSCs podem atuar de forma direta ou indireta,
promovendo a sinalizacdo intracelular da célula alvo ou agindo sobre as células vizinhas para
gue as mesmas secretem agentes funcionalmente ativos (Caplan e Dennis, 2006). Entre os fatores
solaveis liberados esta a IDO, que atua inibindo a proliferacéo de linfécitos T pela diminuicao do
aminoacido essencial triptofano e pela inducdo de metabdlitos reguladores do sistema imune
(Ren et al., 2009). Também a IL-6, a qual auxilia na inibicdo da diferenciagdo de mondcitos em
células dendriticas (Djouad et al., 2007) e a IL-10, que atua inibindo a resposta de células T por
alteracBes provocadas na funcdo de células apresentadoras de antigenos (Beyth et al., 2005),
além de inibir a diferenciacdo de células Th17 (Qu et al., 2012); e ainda a PGE2, que estimula a
proliferacdo de células Treg (English et al., 2009) enquanto inibe a proliferacdo de células NK

(Spaggiari et al., 2008) e a maturacdo de células dendriticas (Spaggiari et al., 2009).
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Figura 3. Efeitos imunomodulatérios das MSCs em células do sistema imune. Os efeitos
imunomodulatorios das MSCs incluem a supressao da proliferacéo de linfécitos B e T, inducéo de
células T regulatdrias, inibicdo da maturacdo de monocitos em células dendriticas e inibigdo da
funcéo de células NK. Fonte: Yi e Song, 2012.
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1.3.1 Migracao de células-tronco mesenquimais

O processo migratorio das MSCs é dependente da relacdo entre as quimiocinas liberadas
por células do sitio inflamatorio e os receptores presentes na membrana das MSCs. O
recrutamento das MSCs ocorre por quimiotaxia, ou seja, a migracdo direcionada em resposta ao
gradiente de quimioatratores (fatores de crescimento e quimiocinas). Um dos receptores mais
estudados é o CXCR4, responsavel pela quimioatragdo ao SDF-1 (stromal derived factor-1)
(Sohni e Verfaillie, 2013; Marquez-Curtis e Janowska-Wieczorek, 2013). Em modelo
experimental de DC, a administracdo sistémica de MSCs derivadas de medula éssea
superexpressando o receptor CXCR4 resultou em melhora clinica e histoldgica dos animais em
comparacgéo ao grupo controle (MSCs sem superexpressao de CXCR4), diminuindo a inflamacéo
e mostrando a importancia da adequada migracdo das MSCs também no contexto das Dlls (Liu
etal., 2014).

Portanto, a terapia com MSCs necessita da migracdo das células até a inflamacéo ou local
de injuria (processo também conhecido como homing) (Sohni e Verfaillie, 2013). A migracéao
celular é um processo complexo que envolve 0 movimento do citoesqueleto de actina e a inducao
da polarizacédo celular. Este movimento € caracterizado pela polimerizacao de actina e formacéo
de adesBes nascentes na parte anterior da célula, maturacdo das adesdes celulares, contratilidade
do corpo celular e a soltura na parte posterior da célula (Li e Gundersen, 2008; Pollard e Cooper,
2009; Swaney et al., 2010).

As fibras de estresse em células mesengquimais sdo compostas por agrupamentos de
filamentos de actina, os quais sdo ancorados a adesbes focais que as conectam a matriz
extracelular (Tojkander et al., 2012). A associacdo das fibras de estresse com as adesdes focais e
a sua morfologia variam, podendo ser classificadas em fibras dorsais, ventrais e arcos transversos
(Figura 4).

As fibras de estresse dorsais sdo ancoradas a adesdes focais na por¢do distal da celula e
atuam como uma plataforma para os outros tipos de fibras de estresse, assim como para liga-las
as adesOes focais. Elas estdo envolvidas na regulacdo das adesdes frontais das células e na
promocdo da migragédo celular. Ja os arcos transversais sdo agrupamentos curvos de filamentos
de actina, ndo diretamente ligados as adesdes focais, e que externam sua forca contrétil atraves

da conexdo com as fibras dorsais. As fibras de estresse ventrais sdo ligadas as ades@es focais em
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Figura 4. Diferentes tipos de fibras de estresse em células
mesenquimais. Representacdo esquematica da rede de fibras
de estresse de actina de células mesenquimais formadas por 3
diferentes tipos: dorsais (dsf — em azul), arcos transversais (ta
— em amarelo) e ventrais (vsf — em vermelho). As adesGes
focais estdo representadas pelos pequenos tracos brancos.
Fonte: Vallenius, 2013.

ambas as extremidades e estdo envolvidas na regulacdo da polaridade celular. Elas sdo
localizadas frequentemente na parte posterior da célula, onde podem promover a constri¢do
celular e facilitar o movimento da célula (Tojkander et al., 2012; Vallenius, 2013).

A organizacdo dos tipos de fibras de estresse é importante para 0 movimento migratério,
assim como a sua interagdo com as adesdes focais, pois estas asseguram uma comunicacao entre
a célula e a matriz extracelular durante os processos de adesao e migracao. Nesse sentido, a FAK
(Focal Adhesion Kinase) € um componente importante na modulacdo do movimento celular, pois
quando ativada por diferentes estimulos pode influenciar o citoesqueleto, as adesGes celulares e
as protrusdes de membrana (Mitra et al., 2005). Além disso, a migracdo celular depende da
ativacdo de uma série de vias de sinalizacdo que resultam na quebra da assimetria celular, onde
uma célula mais alongada é correlacionada a uma migracdo mais efetiva e a presenca de
lamelipodios indica uma célula em movimento (Friedl e Alexander, 2011; Ridley et al., 2003;
Tojkander et al., 2012; Vallenius, 2013).

Atualmente existem controvérsias envolvendo o mecanismo pelo qual as MSCs migram

em direcdo ao tecido inflamado. Ao contrario da bem caracterizada cascata de adesdo do homing
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de leucocitos, ha a falta de um claro mecanismo envolvendo a migracdo de MSCs. Ainda é
incerto o exato posicionamento das MSCs ap0s a sua infusdo, o que torna mais dificil determinar
se as células sdo capturadas entre 0s vasos ou se realizam a migracao transendotelial (Karp e
Leng Teo, 2009). Apesar de estudos terem visualizado as MSCs capturadas no pulméao ap6s
administracdo intravenosa (Parekkadan e Milwid, 2010; Schrepfer et al., 2007), outros tém
encontrado MSCs administradas sistemicamente alcancando tecidos alvo de injaria, como o
cerebro (Jackson et al., 2010; Kholodenko et al., 2012), a medula espinal (Kim et al., 2013), o
coracdo (Zhang et al., 2007) e os rins (Zhuo et al., 2013) sugerindo que as MSCs tém a
capacidade de migrar in vivo para o sitio de injdria ap6s infusdo sistémica.

Nesse sentido, ja foi demonstrado que as MSCs interagem com células endoteliais (CES).
Atraveés de ensaio in vitro viu-se que as MSCs possuem a capacidade de rolamento sobre as CEs
e que esse processo é seguido por firme adesdo celular. Tal efeito foi aumentado quando as CEs
foram previamente estimuladas com TNF-a. Além disso, os movimentos de rolamento e firme
adesdo foram observados in vivo (Rister et al., 2006). Nosso grupo recentemente publicou um
estudo sobre a administracdo de MSCs em modelo experimental de UC por diferentes vias,
mostrando que a via intravenosa melhorou o quadro clinico e histoldgico dos animais quando
comparada a via intraperitoneal (Goncalves et al., 2014). Ha evidéncias sobre os beneficios da
aplicacdo local de MSCs (Kim et al., 2013; Charwat et al., 2008), porém, a administracdo
intravenosa € uma opcdao minimamente invasiva que permite flexibilidade na terapia celular,

como repetidas doses e 0 alcance de locais ndo disponiveis cirurgicamente.

1.4 Células-tronco mesenquimais em Doencas Inflamatdérias Intestinais

A terapia celular tem sido utilizada como alternativa de tratamento para pacientes com
Dlls devido as caracteristicas imunomodulatérias e de reparo tecidual. Estudos experimentais em
modelos animais tém demonstrado resultados satisfatérios quando MSCs sdo administradas
como tratamento para as DIIs. Animais submetidos a terapia celular apresentam uma melhora
clinica e histopatoldgica, como a diminuic¢do da diarreia e inflamagéo, e o aumento da sobrevida
(Gonzalez-Rey et al., 2009). Nesse sentido, Gongalves et al., 2014 demonstraram que a
administracdo de MSCs via intravenosa melhorou o quadro clinico e diminuiu a inflamagdo em

modelo experimental de UC aguda, quando em comparagdo com a via intraperitoneal. Além
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disso, Liang et al., 2011 demonstrou que MSCs derivadas de corddo umbilical foram capazes de
migrar ao sitio de injuria e provocar uma melhora dos animais em modelo experimental de DC.

Ensaios clinicos tém sido conduzidos nesse sentido e apresentam resultados que, embora
sejam promissores, ainda sdo controversos (Martinez-Montiel et al., 2014; Gazouli et al., 2014).
Estudos de fase | com a aplicacdo de MSCs para o tratamento de DC demonstraram que as
células sdo seguras e viaveis para uso clinico (Duijvestein et al., 2010; Ciccociopo et al., 2011);
além disso estudos de fase Il apresentaram resultados de melhora clinica dos pacientes com Dlls
tratados com a terapia celular (Garcia-Olmo et al., 2009; Forbes et al., 2014). Também h&
estudos de fase 111 em andamento, como o que esta sendo conduzido pela Osiris Therapeutics Inc
(NCT00482092). Neste estudo, o tratamento com Prochymal (MSCs alogénicas derivadas de
medula dssea; Orphan Drug status) foi aplicado em pacientes com DC ativa; apesar de uma
pausa ter sido feita devido a alta resposta do grupo placebo, atualmente o estudo estd em
andamento e os resultados ainda ndo estdo disponiveis (Martinez-Montiel et al., 2014). Além
deste, outro estudo de fase Il estd em curso para o tratamento de DC fistulizante com a
administracdo de MSCs derivadas de tecido adiposo; encontra-se na fase de recrutamento de
pacientes (NCT01541579).

1.5 Células-tronco mesenquimais e as drogas Azatioprina e Dexametasona

Os estudos sobre o efeito da AZA sdo principalmente focados em células do sistema
imune, havendo poucos dados disponiveis sobre a acdo da mesma em MSCs. Nesse sentido,
trabalhos demonstraram que a AZA ndo altera a viabilidade, o fendtipo, a diferenciacdo, a
proliferacdo, as caracteristicas imunogénicas e a capacidade imunossupressora das MSCs
(Duijvestein et al., 2011; Manchefio-Corvo et al., 2013). Entretanto, foi visto por outros autores a
diminuicdo da proliferacdo e o aumento da apoptose de MSCs provocados por AZA (Huang et
al., 2014). Além disso, Manchefio-Corvo et al., 2013 observou que AZA preservou a acao
estimulatoria das MSCs em células T regulatorias in vitro e protegeu as MSCs da lise provocada
por células NK, o que sugere uma grande adi¢cdo ao contexto da terapia celular.

O efeito da DEXA em MSCs também apresenta resultados diversos. Estudos
demonstraram alteracGes provocadas por esta droga em relagdo a proliferacdo, a viabilidade, a

morfologia celular e a imunossupressdo (Nuzzi et al., 2012; Wyles et al., 2014; Wang et al.,
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2012). Por outro lado, trabalhos mostraram que a DEXA ndo provocou nenhum efeito na
expressdo de antigenos e na proliferacdo das MSCs, e ainda protegeu as células da apoptose
(Nuzzi et al., 2012; Wang et al., 2012; Song et al., 2009). Além disso, foi demonstrado em
modelo animal que este glicocorticoide parece atuar anulando o efeito terapéutico das MSCs
(Chenetal., 2014).

Atualmente, os resultados encontrados na avaliacdo da interacdo das MSCs com AZA ou
DEXA s&o limitados e divergentes. Além disso, os estudos ndo avaliam a migracéo intrinseca e a
morfologia por microscopia confocal, incluindo anélise do citoesqueleto de actina e suas fibras

de estresse, aspectos importantes para o sucesso da terapia celular.

1.6 Protocolo de Migracgéo Celular

O estudo da base da migracdo celular tem sido de fundamental importancia para o
entendimento dos seus mecanismos, e nesse sentido, uma adequada técnica para avaliacdo dos
seus aspectos é essencial. A migracdo intrinseca é o primeiro indicativo de como uma célula ird
responder a um quimioatrator (Petrie et al., 2009; Swaney et al., 2010). A técnica de microscopia
de serie temporal fornece as imagens para a avaliacdo da migracao celular, mas ainda é vista
como de alto custo pelo equipamento e material requerido. Entretanto, € uma técnica que permite
modificacbes e que j& foi utilizada para diversos fins, como a filmagem do desenvolvimento
larval (Chai et al., 2012), a medigédo da migracao celular direcionada (Wu et al., 2014) , da meia-
vida de proteinas (Geva-Zatorsky et al., 2012), e da expressao de genes em diferentes células
(Young et al., 2011).

Neste trabalho, foi padronizada a técnica de microscopia de série temporal para MSCs,
também com o objetivo de torna-la mais acessivel. Outros protocolos comumente utilizados para
a avaliacdo da migracdo celular incluem a técnica de Transwell, que consiste em uma membrana
permeével por onde as células podem migrar de um compartimento ao outro em diregdo a um
quimioatrator (Limame et al., 2012). Entretanto, ndo é possivel a obtencdo de imagens do
movimento celular. Outro ensaio utilizado € o chamado Wound Healing, que consiste em um
intervalo feito na monocamada celular com o objetivo de obter as imagens da migragédo celular

em direcdo ao espaco livre (Liang et al., 2007). Apesar de fornecer imagens do comportamento
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celular, muitas vezes a migracdo e a proliferacdo celular sdo confundidas, sendo dificil o
seguimento individual das células.

O protocolo de microscopia de série temporal é adequado para a quantificacdo de
medidas como a velocidade de migracao e a trajetdria espacial das células (Lamers et al., 2011),
e a simplificacdo do método possibilita a utilizacdo do protocolo com equipamentos mais
modestos e materiais comumente utilizados nos laboratorios. Tais aspectos da migracao
intrinseca podem ser avaliados na presenca de diversas drogas, como a interacdo entre

imunossupressores e MSCs avaliada neste estudo.
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JUSTIFICATIVA

Atualmente, o tratamento das DIIs é centrado no uso de medicamentos para a inducéo e
manutencdo da remissdo da doenca. Entretanto, a terapia convencional nem sempre é efetiva e
muitas vezes apresenta efeitos colaterais, existindo a necessidade da busca por novos
tratamentos. As MSCs tém sido cada vez mais utilizadas como terapia alternativa devido ao seu
efeito imunomodulador e a sua atuacdo no reparo tecidual. Porém, estudos demonstrando a
interagdo das MSCs com os medicamentos utilizados nas DlIs sdo limitados e divergentes, além
de ndo aprofundarem-se nos aspectos da migracdo celular intrinseca e nos movimentos do
citoesqueleto de actina. Considerando a importancia destes aspectos, acreditamos que, para o
sucesso da terapia celular em associagdo com a terapia medicamentosa, s80 necessarios mais
estudos para o esclarecimento do comportamento das MSCs frente aos medicamentos

convencionais utilizados para as DlIs.

QUESTAO DE PESQUISA

As drogas Azatioprina e Dexametasona modificam a viabilidade, a morfologia e o

comportamento migratdrio das Células-Tronco Mesenquimais?
HIPOTESE
Os medicamentos Azatioprina e Dexametasona podem alterar aspectos da viabilidade, da

morfologia e do comportamento migratorio das Células-Tronco Mesenquimais, podendo assim,

alterar seu efeito terapéutico.
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OBJETIVOS

Objetivo Geral

Avaliar a viabilidade, a morfologia e 0 comportamento migratorio das células-tronco

mesenquimais sob o efeito de Azatioprina e Dexametasona.

Obijetivos Especificos

- Extrair, isolar e caracterizar células-tronco mesenquimais de membrana coriénica humana;
- Padronizar um protocolo de migracdo celular intrinseca para MSCs;
- Avaliar as MSCs sob o efeito de Azatioprina e Dexametasona quanto a:

- Viabilidade celular e morfometria nuclear;
- Polaridade celular;

- Morfologia do citoesqueleto de actina;

- Distribuicdo da FAK;

- Velocidade e trajetdria espacial da migracdo das MSCs.
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Abstract

Cellular migratory behavior has been largely studied in the past few years, especially due to the
growing interest in cellular therapy. In this way, studying the basis of mesenchymal stem cells
(MSCs) homing becomes crucial for understanding their migratory process. Here we describe a
protocol for monitoring cellular migration of mesenchymal stem cells through visualization and
quantification of migratory activities. Cells are placed on a fibronectin-coated dish, stimulating
cell migration for up to 20 h. In combination with microscopic imaging, this assay allows
quantification of cell speed and spatial trajectory, also recording membrane movement and
protrusions. The actual handling time for the assay takes 2-3 h in total. This protocol was
developed to simplify imaging of cells providing options of materials easily reachable to most
laboratories. It can be adapted to examine cell migration at a variety of adherent cells, including
fibroblasts and MSCs.
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Introduction

Overview of cellular migration

Cell migration has gained worldwide attention, especially after cellular therapies had become
such a focus among treatments for several diseases. Studying the basis of cellular migration has
been crucial for understanding the mechanisms in particular diseases and therapy outcomes. It is
already known that cells must have a polarized morphology resulting from intracellular signaling
to migrate properly. This process must follow a protrusion at the leading edge, efficient
adhesion, contraction and detachment, concluding the motility cell cycle. In this way, directional
cell migration involves both intrinsic cellular directionality and external regulation, and can be
quantified regarding cell spatial trajectory (ST) and speed of migration. Cellular intrinsic
migration is the first indicative of how a cell is going to respond in front of a chemoattractant,
although it does not guarantee an outcome [1,2]. External factors can modify the basic
mechanisms of cell motility [1], and here we provide a simple technique to begin understanding
cellular behavior under different influences. Our protocol uses fibronectin as a known stimulator
of cellular migration [3]. Besides not providing the cell a strict direction to follow, fibronectin is

a proper matrix to assess intrinsic cell behavior under a range of experimental conditions.

Cell migration techniques

Commonly used cell migration techniques (Table 1) include the Transwell assay, which consists
of a permeable membrane through where cells can migrate from one compartment to another. It
usually involves a chemoattractant in the lower chamber, where cells are supposedly attracted to.
However, it also can be used to assess intrinsic cellular behavior if both compartments contain
fetal bovine serum (FBS) at the same percentage and no chemoattractant [4]. Despite widely
used, is not possible to use this technique to image cellular migration behavior. In this way, an
imaging assay frequently applied is the Wound healing assay (or Scratch assay), which consists
of a gap in the cellular monolayer and the footage of cell movements to close it [5]. Although it
provides imaging of cellular behavior, cell migration and proliferation is often misread in this

technique. To provide the best technique to assess intrinsic cell migration imaging, we propose
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the time-lapse microscopy technology, simplifying and demystifying this technique to be of

broad reach to most laboratories.

Time-lapse microscopy

Time-lapse microscopy is often brought as a complicated and expensive technique, being out of
reach to most of research laboratories. However, it is an excellent option to investigate cell
behavior, expression and migration, while here we provide options to perform this technique
with basic and low cost materials. Previous studies have applied this technique, with
modifications, to image larval development [6], to measure directed cell migration [7] or the
half-life dynamics of multiple proteins [8] and single-cell gene expression [9]. Our group has
already tested high and low glucose concentrations on different fibroblastic cells, observing
cellular behavior through this patronized technique [10]. Moreover, we are analyzing
mesenchymal stem cell migration under influence of immunosuppressant drugs [11], observing
that time-lapse microscopy is adequate to begin understanding cellular behavior in a range of

conditions.

Experimental design

Before starting the procedure, some points should be considered. To obtain the best comparison
between groups, the researcher should follow timing as strict as possible. It is highly important to
start video shooting at the same point in all samples after step 8 of the protocol, so if any cellular
changes appear on images, timing errors could be crossed out. Another important issue is the
percentage of FBS that the cell type requires. Image testing should be done beforehand aiming to
find the best medium fit for cells to migrate properly, so the shooting could be long enough to
obtain good analyzing material. An option to this matter is a medium that does not require FBS
complementation. Although a little more expensive, it is a valuable alternative. Moreover, the
use of medium with phenol red is advised, along with a well vaseline-sealed petri dish, to avoid
CO; exchange and maintain and control the ideal pH. This protocol can be performed to evaluate
a serial of drugs and chemicals effects on intrinsic behavior of different cell types. Our proposal
is to provide an inexpensive and simple technique to obtain good results regarding cell

migration.
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Limitations

This protocol has limitations when compared to other techniques. Differently from the Transwell
assay, chemotaxis may not be evaluated. Also a chemical gradient of CO, exchange can not be
controlled if your microscope is not equipped with stage incubator (which regulates temperature,
CO; and humidity). However, our results demonstrated that Vaseline-sealed petri dishes
associated to a temperature controlled-support promote adequate conditions to maintain MSCs
for extended periods, as long as 20 h. Reagents described here are well established for
mesenchymal stem cells, and adaptations should be made to obtain the best experimental fitting
to your cell type.

MATERIALS

REAGENTS

CRITICAL All reagents must be sterile.

Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco, cat. no. 31600-034)

Fetal Bovine Serum (FBS; Gibco, cat. no. 12657-029)

Trypsin-EDTA, 0.25% (wt/vol); divide it into 2 ml aliquots for single use and store them at -20
°C (Gibco, cat. no. 25200-072)

Penicillin Streptomycin Solution; divide it into 1 ml aliquots for single use and store them at -20
°C (PS; Gibco, cat. no. 15140-122)

Phosphate-Buffered Saline (PBS; Laborclin, cat. no. 590338)

Fibronectin (Sigma-Aldrich, cat. no.F0895-1MG)

Hydrochloridric Acid (HCI) CAUTION Hydrochloridric acid is a corrosive agent. Handle it with
care.

Norland Optical Adhesive 68 (Ultraviolet curing glue, Norland, cat. no. 6801)

Solid Vaseline

Ethanol 96% CAUTION Ethanol 96% is a flammable liquid. Handle it with care.
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EQUIPMENT

For cell culture

Disposables: 75-cm? flask (TPP), centrifuge tubes (15 ml, TPP), pipette tips (Vatten)

Pipetts (Pipetman) CRITICAL Pipettes and all other equipment for cell culture must be sterile.
CO; incubator set to 5% CO, and 37 °C (Thermo Fisher Scientific, cat. no. 3111)

Circular glass coverslips, 25 mm (see Equipment Setup; Fisherbrand, cat. no. 12-545-102)
Petri dishes, 35 mm (see Equipment Setup; Corning, cat. no. 430588)

Centrifuge (Eppendorf, cat. no. 5810-01418)

Water bath at 37°C CRITICAL Water bath must be sterile and maintained with sterile water,
which should be periodically changed.

For cell migration

Inverted microscope (Axio Observer Z1, cat. n0.491912-0003-000) equipped with a charge
coupled device camera and with a temperature-controlled support for imaging (Temp Module
S1, cat. no. 411860-9010-000)

Obijective: x10 objective (Ecplan-Neofluar, x10 numerical aperture (NA): 0.3)

Image analysis software: Image J

REAGENT SETUP

Cell culture medium To 100 ml of DMEM low glucose w/ phenol red, add FBS (10% (vol/vol))
and PS (1% (vol/vol)). Store the medium at 4 °C for up to 1 month, and prewarm it to 37 °C in a
water bath before use.

Fibronectin To 5 ml of PBS, add 10 pl of fibronectin 1 mg/ml (2 pg/ml final concentration). Use

the working solution immediately after preparation.
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EQUIPMENT SETUP

Circular glass coverslip preparation Submerge circular glass coverslips into hydrochloridric
acid 10% solution (HCI (vol/vol) in Ethanol 96%) in an appropriate beaker, with the help of a
coverslip porcelain support and tweezers. Keep the coverslips well separated during acid
immersion and cover the beaker with parafilm. Let it incubate overnight at room temperature.
After incubation, transfer the coverslips to a beaker filled with distilled water, assisted by a
porcelain support and tweezers. Keep the coverslips submerged for 5 min and repeat the wash
four more times. Leave the coverslips on the porcelain support in an incubator at 37 °C
overnight. Dry-heat-sterilize the coverslips and store them in a sterilized container for future use
for up to 6 months. Steps could be visualized in Figure 1. CAUTION Hydrochloridric acid is a
corrosive agent. Handle it with care. CRITICAL Coverslip preparation needs to be performed

over 3 d.

Glass-bottomed dish preparation Make a central hole in the 35mm petri dish, with the help of
a drilling machine, not bigger than 20mm (smaller than the glass coverslips). Position the petri
dish up-side-down and apply Norland Optical Adhesive 68 glue throughout the whole border.
Place the circular coverslip, previously sterilized, closing the hole. Leave it under UV radiation
during 2 h for the glue to go dry, and turn the petri dish up, leaving it under UV radiation for
another 2 h, then close it with the lid. Steps could be visualized in Figure 1. CAUTION UV

radiation is a hazard agent. Handle it with care.

Fibronectin coating Wash the glass-bottomed dish with PBS and coat with 1 ml of fibronectin
working solution (2 pg/ml) only at the area of the glass coverslip (Figure 2). Incubate it at 4 °C
overnight. Next day, wash the fibronectin coated area with PBS gently. It is advised to use the
fibronectin glass-bottomed dish immediately, but it can be stored at 4 °C with PBS covering the
fibronectin area up to 4 days. Prior to use, discard the PBS and wash the dish with warm culture
medium. CRITICAL Always maintain fibronectin coated area covered either with PBS or
culture medium, so it can not run dry. It is critical to keep the glass-bottomed dish sterile at all

steps from the protocol.
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PROCEDURE

Preparation of adherent cell culture TIMING ~ 1 week

1 Culture adherent cells in a 75-cm? flask in a humidified incubator at 37 °C with 5% CO..

2 Change the medium every 2-3 d by discarding the current medium and washing cells with 2 ml
of prewarmed PBS (1x).

3 Discard the liquid and add 10 ml of prewarmed complete fresh medium (DMEM with 10%
(v/v) FBS and 1% (v/v) PS).

4 Maintain the culture in a humidified incubator at 37 °C with 5% CO, until it reaches 80% of
confluence. ? TROUBLESHOOTING

Adherent cells collection TIMING 2 h

5 After reaching 80% of confluence in culture, cells should be well attached and present a
fibroblastic morphology. Detach cells by discarding current medium and washing cells with 2 ml
of prewarmed PBS; discard the liquid and add 2 ml of trypsin-0.25% EDTA solution. Place the
flask in the humidified incubator at 37 °C with 5% CO, for 2-3 min.

6 Transfer the suspension of cells and trypsin-0.25% EDTA to a 15-ml centrifuge tube, add 6 ml
of complete medium and centrifuge at 200 x g for 5 min at 4 °C.

7 Discard the medium and resuspend the pellet in 1 ml of prewarmed complete medium. Place
2x10* cells onto a thoroughly cleaned 20 mm fibronectin-coated glass-bottomed dish (2ug/ml) in
a total of 2 ml. It is important to place cells only at the fibronectin-coated area.

8 Allow the cells to attach to the fibronectin-coated glass-bottomed dish for 1 h (Figure 2) in the
humidified incubator at 37 °C with 5% CO,. ? TROUBLESHOOTING

9 Add prewarmed complete medium to the fibronectin-coated glass-bottomed dish where the
cells are placed, until it is completely filled.

10 Place solid vaseline on the border of the lid and close the dish to avoid any gas exchange and

to maintain the medium pH while filming the cells.
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Apparatus preparation for cell migration assay TIMING 30 min-1 h
11 Assemble the equipment for the migration assay as shown in Figure 3.

12 Set the dish support temperature to 37 °C to maintain the ideal medium temperature.

Time-lapse imaging TIMING ~ 20 h

13 Transfer the closed dish containing the cells to the prewarmed support of the microscope.
Choose the best field with x10 objective considering the ideal of ~10 cells in the imaging field,
and image without any shadows or bubbles.

14 For migration speed and ST measurement, use a x10 objective to obtain contrast phase time-
lapse images at a 10 min intervals for up to 20 h. Membrane movement and protrusions can also
be analyzed by taking pictures every 10 s for 50 min, using a x40 objective. ?
TROUBLESHOOTING

Quantitative analysis TIMING 1 -2 h

15 After time-lapse image acquisition, plot the migratory paths of individual cells and determine
the total distance randomly traveled by using the Image J software. Individual migration speed
could be calculated considering distance traveled in the determined period and ST could be
determined and plotted using SigmaPlot software. We recommend four independent experiments
to allow appropriate statistical analysis.

? TROUBLESHOOTING

Troubleshooting advice can be found in Table 2.

TIMING

Steps 1-4, cell culture: ~ 1 week

Steps 5-10, cell collection: ~2 h

Steps 11-12, preparation for migration assay: 30 min-1 h
Steps 13-14, time-lapse imaging: ~ 20 h

Step 15, quantitative analysis: 1-2 h
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ANTECIPATED RESULTS

Our group has previously applied this technique to evaluate the effects of low glucose, high
glucose or osmotic control in CHO.K1, NIH-3T3 fibroblasts or mouse embryonic fibroblasts
migration. For image shooting, cells were kept in CCM1 medium, which does not require FBS
complementation. Cellular speed and directionality were measured following imaging where
images were captured every 10 min; also, kymografy analysis was performed after a 30 min
video with captured images every 5 s. Data was compiled and analyzed over Image J [10].

In the same way, we used this protocol to assess the effects of Dexamethasone and Azathioprine
on human chorionic mesenchymal stem cells. The images were taken every 10 min for a total of
20 h or every 10 s for a total of 50 min, and cells were kept in DMEM 10% FBS during the

procedure. Cellular speed and ST were analyzed using Image J software [11].
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FIGURE LEGENDS

Figure 1. Glass-bottomed dish preparation. Glass coverslips should be prepared by incubating
them in HCI 10% ethanol overnight, following 5x washing in distilled water in the next day.
Dry-heat sterilize the glass coverslips after they had gone dry and glue them on the 20mm hole
petri dish. Expose each side of the dish to UV radiation for 2 h and the glass-bottomed dish is

ready to be used.

Figure 2. Cell culture. Culture the cells until it reaches 80% of confluence and collect them.
Place fibronectin (2ug/ml) in the glass portion of the glass-bottomed dish and then place the
collected cells on the fibronectin coated area.

Figure 3. Microscope setup. (A) Photograph of migration assay through microscope imaging.
(B) Controller of the temperature-controlled dish support. (C) Visualization of time-lapse
images.

TABLE LEGENDS

Table 1. Comparison of in vitro cell migration techniques. Comparison of Time-Lapse

Mycroscopy, Scratch Assay and Transwell Assay.

Table 2. Troubleshooting advice. Identification of problems, possible reasons and solutions.
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FIGURE 1. Glass-bottomed dish preparation.
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FIGURE 2.

Cell culture.
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FIGURE 3.Microscope setup.
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Table 1. Comparison of in vitro cell migration techniques.

Time-lapse Scratch
) Transwell assay
microscopy assay
Live imaging Yes Yes No
Number of analyzed Small Small Large
cells
Precise individual Yes No No
tracking
Chemical gradient No No Yes
Equipment set up Self-made and easy to Easytosetup Transwell chambers

set up

commercially

available

43



Table 2. Troubleshooting advice.

Step Problem

Possible Reason

Solution

4 Poor cell attachment

Slow cell growth

8 Poor cell attachment

14 Blurry image

Culture flasks surface are
not adequate

Cell culture is
contaminated
Insufficient supply of

nutrients

Coated fibronectin is not

adequate

Cells were kept too long in
trypsin-0.25% EDTA

The equipment was not
able to sustain the settings
overnight

Bubbles were formed

Reach out for the
fabricant

Use of antibiotics is
always advised
Changing medium
every 2-3 days is
recommended

Keep fibronectin glass-
bottomed dish at 4 °C
no longer than 4 days
prior to use

Verify adequate
incubation time with
trypsin-0.25% EDTA
according to cell type
Manually adjust focus
in the equipment during
the first 1-2 h of footage
The lid needs to be well
closed with solid
vaseline; focus on the
center of the dish when
choosing the best field
and avoid the edges
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Abstract

Glucocorticoids and immunosuppressive drugs are commonly used to treat inflammatory
disorders, such as Inflammatory Bowel Disease (IBD) and, despite few improvements, the
remission of IBD is still difficult to maintain. Due to its immunomodulation properties,
Mesenchymal Stem Cells (MSCs) have emerged as regulators of immune response, and its
viability and activation of migratory properties are essential for successful cell therapy.
However, little is known about the effects of immunosuppressant drugs used on IBD treatment
on MSCs behavior. The aim of this study was to evaluate MSC viability, nuclear morphometry,
cell polarity, F-actin distribution and cell migration properties in the presence of the
immunosuppressive drugs Azathioprine (AZA) or Dexamethasone (DEX). After initial
characterization, MSCs were treated with DEX (10 uM) or AZA (1 uM) for 24 hrs or 7 days.
Both drugs had no effects on cell viability or nuclear morphometry. However, AZA treatment
induced a more elongated cell shape and increased the presence of ventral actin stress fibers,
while DEX was associated to a more rounded cell shape with high presence of ventral actin
stress fibers and a decrease on protrusion stability. After 7 days of treatment, AZA improved cell
spatial trajectory (ST) and increased migration speed (24.35%, P < 0.05, n = 4) while DEX
impaired ST and migration speed after 24 hrs and 7 days treatment (-28.69% and -25.37%,
respectively; P < 0.05, n = 4). In conclusion our data suggests these immunosuppressive drugs
can differently affect MSCs morphology and migration capacity, possibly impacting the success
of cell therapy.

Keywords: Mesenchymal Stem Cells, Actin, Cell Migration, Azathioprine, Dexamethasone,
Inflammatory Bowel Disease.
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Introduction

Inflammatory bowel disease (IBD) is a family of chronic inflammatory disorders of the
gastrointestinal tract, that includes Crohn’s Disease (CD) and Ulcerative Colitis (UC) and which
is characterized by dysfunction of T cells and uncontrolled production of inflammatory cytokines
[1]. Evidence supports that IBD results from the interaction between genetic, environmental and
microbial factors, resulting in exaggerated and imbalanced mucosal immune response to the
normal intestinal microflora. This inflammation is sustained by alteration of the mucosal barrier
and immune system defects, which opens possibilities for new treatments targeting
immunomodulation and tissue repair [1-3].

IBD patients usually suffer from a poor quality of life, multiple adverse effects and the
disease remission often remains difficult to maintain. Despite improvements in current drug
treatments, they are not entirely effective [1,4]. Furthermore, IBD has grown its appearance in
pediatric patients, who present a history of multiple intestinal resections and immune modulating
treatments with or without biological agents. Their long term response to treatment is uncertain,
and that is one of the many reasons why there is a search for new therapies, putting mesenchymal
stem cells as one of the best options to treat these inflammatory conditions [3].

Mesenchymal stem cells (MSCs) present great plasticity, multipotent capacity and have
emerged as potent regulators of the immune response. These cells are known for having low
immunogenicity, being able to escape recognition by T cells due to a low expression of HLA
class I, and the lack of HLA class Il and co-stimulatory molecules [5-7]. MSCs also secrete a
variety of cytokines that act suppressing local immune system, controlling inflammation and
assisting in tissue repair [8-10]. These cells can be isolated from different organs and tissues,
including bone marrow, muscle, adipose tissue, and also feto-maternal organs. In addition, the
usage of postnatal placental tissue has shown several benefits as a source of MSCs [11-13].
When compared to other sources, placental-derived MSCs have shown to possess a better
proliferation rate [14], superior engraftment capacity [15], to share some of the same markers
encountered in embryonic stem cells [16] and to present increased immunosuppressive properties

[17,18]. These cells also possess a great migration capacity both in vitro [19] and in vivo [20].

50



These results lead to a successful administration of fetal-derived MSCs on a phase | study for the
treatment of CD and UC [21].

Up to date, there are controversies involving the mechanisms by how MSCs migrate to
inflamed tissues. MSCs homing is defined as the arrest of MSCs into the tissue vasculature
followed by endothelial transmigration. Unlike the well-characterized adhesion cascade of
leukocyte homing, there is a current absence of a clear mechanism for MSCs homing. The exact
positioning of MCSs after infusion is unclear and makes it difficult to determine if cells have
been arrested within the vessels (localization) or have gone through transendothelial migration
(homing) [22]. Despite studies visualizing MSCs trapped into the lungs after intravenous
infusion [23,24], several others have found MSCs systemically administered reaching the target
injured tissue, such as brain [20,25], spinal cord [26], heart [27] and kidney [28]. These data
suggest MSCs might have a homing capacity in vivo towards the injured site.

The use of cell therapies capable of local immunomodulation could be an alternative to
improve current IBD outcome and different phase I-111 clinical trials regarding IBD-treatments
using Mesechymal Stem Cells (MSC) have resulted in promising and diverse outcomes
[1,3,5,29-33].

MSCs therapeutic approaches still rely on adequate cell homing towards the
inflammation or injured site. Cell migration is a complex process that involves the break of cell
polarity with the formation of a cell front and rear, which is characterized by the polymerization
of actin and formation of nascent adhesions at the cell front, maturation of cell adhesions,
contractility of cell body and detachment of adhesions at the cell rear [34-36]. Actin
polymerization is involved in the formation of cell protrusions and it depends of a fine regulation
among several signaling and effector proteins [37] and the organization of the actin network is
known to reflect different stages of cell migration [38,39]. The speed and the spatial trajectory of
migrating cells are essential for MSCs homing process and it relies on an efficient regulation of
cell polarity and actin dynamics, which might be impaired by different physiological or
pharmacological condition [40,41].

IBD clinical treatments include immunosuppressive drugs, such as Azathioprine (AZA)
and Dexamethasone (DEX). Their immunosuppressive action targets the inhibition of purine

nucleotide synthesis and the synthesis and metabolism of RNA, or acts by controlling the
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transcription of inflammatory genes, respectively [42,43]. Previous studies have analyzed
immunosuppressive drugs interactions with MSCs, regarding cellular proliferation and
functionality, including migratory chemotaxis capacity through transwell assay; however, while
some studies conclude MSCs might be affected by these drugs, there are others who show
otherwise [44-48]. Considering cell therapy as a strong alternative for the treatment of IBD, it is
imperative to study the interaction of MSCs and drugs commonly used as conventional
treatment. To address this matter, we examined human chorion-derived MSCs viability, nuclear
morphometry, cell polarity, F-actin distribution and cell migration in the presence of
Azathioprine or Dexamethasone at concentrations similar to observed in clinical treatments (1
uM and 10 uM, respectively) [1,45,49,50]. We observed early changes in cell polarity and
cytoskeleton distribution (24 h) with both drugs and, after 7 d treatment, DEX impaired cell
migration while AZA was able to increase cellular speed; both results have strong relevance to
MSCs therapy outcome.

Materials and Methods

Ethics Statement
Ethical approval was given by the Research Ethics Committee of Hospital de Clinicas de
Porto Alegre (GPPG12-0082).

Mesenchymal Stem Cells isolation and expansion

MSCs were isolated from human term chorionic membranes after written consent from
women at delivery. The tissue was separated (3 x 2.5 cm) and thoroughly washed with
phosphate-buffered saline (PBS); after, it was minced into small pieces and proteolytically
digested with 1 mg/ml collagenase type | (Sigma, MO, USA) at 37 °C for 1 h 45 min and
centrifuged at 500 x g for 10 min at room temperature. Cells were plated in 6 well plate (TPP,
Trasadingen, CH) using Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco, CA, USA) low
glucose supplemented with 20% fetal bovine serum (FBS; Gibco, CA, USA), 1% 100 units/ml
penicillin and 100 mg/ml streptomycin (PS; Gibco, CA, USA) - standard medium. Media was
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replaced twice a week. For experiments, cells were used at passage 4-8 and results of each

experimental condition were compared among cells at the same passage.

In vitro differentiation

In order to characterize MSCs in accordance with The International Society for Cellular
Therapy Statement [51], two different experimental procedures were employed. Osteogenic
differentiation was carried out using DMEM low glucose supplemented with 10% FBS, 1% PS,
0.1 uM dexamethasone, 10 mM B-glycerolphosphate (Sigma-Aldrich, MO, USA) and 50 uM
ascorbic acid 2-phophaste (Sigma-Aldrich, MO, USA), with 5000 cells/well in 24-well plate for
21 d. Differentiation was further confirmed by Alizarin Red S (Sigma-Aldrich, MO, USA)
staining [12].

Adipogenic differentiation was induced by culturing MSC for 21 d in DMEM low
glucose supplemented with 10% FBS, 1% PS, 1 uM dexamethasone, 0.5 mM isobutyl
methylxantine (Sigma-Aldrich, MO, USA), 10 pg/ml insulin and 200 pM indomethacin (Sigma-
Aldrich, MO, USA). Adipogenic differentiation was confirmed by Oil Red O (Sigma-Aldrich,
MO, USA) staining [12].

Flow cytometry analysis

In order to characterize the cell population according to surface molecular markers,
immunophenotyping was performed. Cells were detached with Trypsin-0.25% EDTA (Gibco,
CA, USA) and washed by centrifugation (300 x g, 5 min) with PBS. Antibodies (CD73, CD90,
CD105, CD45, CD34, CD14, CD19 and HLA-DR) were added to the cells (1x10° cells) and
incubated for 30 min at 4 °C following the manufacturer’s protocol. Cells were then washed with
PBS and analyzed by BD FACS-Calibur flow cytometer (Becton-Dickison, NJ, USA) using
Cellquest and PAINT-A-GAIT software.

Inflammatory Bowel Disease drugs

Azathioprine and Dexamethasone (Sigma-Aldrich, MO, USA) were used in relevant
clinical concentrations of 1 uM and 10 pM, respectively. AZA was dissolved in dimethyl
sulfoxide (DMSO; Sigma-Aldrich, MO, USA) and DEX in DMEM low glucose. The AZA and
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DEX vehicle control groups were treated with complete standard medium supplemented with
DMSO (0.5%) or DMEM low glucose, respectively. The range of concentrations of AZA and
DEX used in the present study is comparable to those found in sera of patients with
inflammatory conditions under these drugs treatments and are also commonly used for in vitro
and in vivo studies [1,45,49,50].

Cell viability by MTT assay

MSCs were seeded in a 24-well plate at 5000 cells/well and cultivated in the presence of
drugs for 24 h or 7 d. After that, MSCs were incubated with standard medium containing 3-(4,5-
dimethyltiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma-Aldrich, MO, USA) (final
concentration of 555,56 ug/ml) for 4 h at 37 °C. At the end of the experiment, medium was
removed and 100 pl of DMSO were added. Absorbance was read at 570 nm in a 96-well plate
using a microplate reader (Biochrom Anthos Zenyth 200rt microplate reader, Cambridge, UK)

Experiments were performed in quadruplicates from four independent assays [45,52].

Nuclear Morphometric Analysis, Actin Cytoskeleton and Immuofluorescence

Cells were plated (5000 cells/well) in a 24-well plate, followed by treatments with drugs
for 24 h and 7 days. In sequence, cells were detached with trypsin-0.25% EDTA, washed and
plated on fibronectin-coated glass coverslips (2 pg/ml, Sigma-Aldrich, MO, USA) and allowed
to attach overnight (ON) in an incubator (37 °C, 5% CO,). MSCs were washed with PBS, fixed
with 4% paraformaldehyde and sacarose 4% for 15 min at room temperature (RT), then washed
(PBS) and the membrane was permeabilized with PBS 0.3% Tween 20 (Sigma-Aldrich, MO,
USA) for 10 min at RT. Cells were washed (PBS), blocked with normal goat serum (1:10, 1 h,
RT), incubated with FAK rabbit (Focal Adhesion Kinase; Cell Signaling) antibody ON at 4 °C,
washed (PBS) and incubated with AlexaFluor 488 goat anti-rabbit IgG (Molecular Probes —
Invitrogen, Oregon, USA) for 2 h, RT. After washing, actin staining was performed with
Rhodamine-Phalloidin (1:100 in PBS, Molecular Probes - Invitrogen, Oregon, USA) for 1 h at
4°C and coverslips were mounted using Prolong (Sigma-Aldrich, MO, USA) containing dye

(DAPI) for nuclear staining and sealed with nail polish.
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Nuclear Morphometric Analysis (NMA) was performed as described by Filippi-Chiela et
al [53] on Axio Observer Z1 microscope (Zeiss, Gottingen, Germany) with a charge coupled
device camera (Axiocam mrn, Zeiss, Gottingen, Germany) using 10x objective (Ecplan-Neofluar
10x/0.3 aperture, Zeiss, Gottingen, Germany) and AxioVision Software (Zeiss, Gottingen,
Germany). Briefly, DAPI stained cells were excited with mercury lamp and an excitation filter
(EX G 365, EM BP445/50). Images were taken from a total of 100-300 nuclei, obtained from
random fields, of 3-4 independent experiments. Images were analyzed using Image J Software,
for the acquisition of nuclear area and the parameters of nuclear irregularity (Roundness, Aspect,
Radius Ratio and Area/Box, which are grouped in an index, named nuclear irregularity index -
NII). The plot of nuclear area per NII permits the separation of different nuclear populations and
the inference of different cell death and growth inhibition mechanisms such as apoptosis (small
and regular nuclei — SR nuclei), senescence (large and regular nuclei — LR nuclei) and irregular
nuclei (I nuclei) [53,54].

Actin staining and FAK images were obtained in a confocal microscope (Leica TCS SP5
I, Wetzlar, Germany) using a 40x objective (HCX PL APO 40x/1.30 oil immersion).
Rhodamine was excited using the 514 nm laser line of an Argon laser DAPI was excited with a
405 nm laser line of a 405 Diode laser and Alexa488 was excited with 488nm laser line of an
Argon laser (Melles Griot, Albuquerque, NM). Fluorescence images were acquired using Leica
LASAF Software (Leica, Wetzlar, Germany). In each experiment (n = 4) 10 images per
condition were collected (total of 40 images) and the most representative samples of each set of

experiments were selected.

Cell Polarity

For assessment of cell polarity, the polarity index was calculated as the length of the
major migration axis (parallel to the direction of movement) divided by the length of the
perpendicular axis that intersects the center of the cell nucleus (Supplementary Figure 1). It was
analyzed a total of 80-100 cells in each condition from 4 independent experiments and the
polarity index values distribution was analyzed through histogram [41].
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Migration Assay

Cells were plated in a 6-well plate (6x10* cells/well), followed by treatments with drugs
or vehicles media for 24 h or 7 d. After treatments, cells were detached with trypsin-0.25%
EDTA, washed and 2x10* cells were plated on fibronectin-coated glass-bottomed dishes (2
pg/ml) in DMEM low glucose 10% FBS with or without drugs for 1 h, and maintained in an
incubator at 37 °C. For analysis of the migration properties, phase microscopy time-lapse images
were captured for a period of 20 h at 10 min intervals (migration speed and spatial trajectory -
ST) or 50 min at 10 s interval (protrusion activity) (Ecplan-Neofluar 10x/0.3 aperture objective)
with a charge coupled device camera (Axiocam mrn, Zeiss, Gottingen, Germany) attached to an
inverted microscope (Axio Observer Z1, Zeiss, Gottingen, Germany) using AxioVision Software
(Zeiss, Gottingen, Germany). The values for assessment of migration speed and ST were carried
out on Image J (National Institute of Health, MA, USA) software, and data was processed as
previously described [41]. For ST analysis, it was performed a polar plot graph, which represents
the spatial trajectory developed by each migratory cell, where the X and Y coordinates of each
cell trajectory was normalized to start at a virtual (X=0 and Y=0) position. It was analyzed a total
of 80-100 cells, from 4 independent experiments for each condition.

Statistics

Experimental data are presented as mean + SEM. Statistical analysis were performed
using GEE (Generalized Estimated Equations) for viability and ANOVA post-hoc Tukey HSD
for migration speed in PASW Statistics (SPSS — version 18.0); ANOVA post-hoc Student-
Newman-Keuls (SNK) for multiple comparisons was used for nuclear morphometric analysis in
GraphPad INSTAT (GraphPad Software, San Diego, California, USA). Analyses were carried
out and P-values less than 0.05 were considered significantly different.

Results

Isolation and characterization of chorion-derived MSCs
MSCs from human chorion membrane were isolated and characterized. To investigate the

differential potential of MSCs, adipogenic and osteogenic differentiation was induced in vitro. A
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clear potential for adipogenic differentiation was detected by oil red staining of lipid vacuoles
(Fig. 1A), and osteogenic differentiation was confirmed as detected by alizarin red staining of
calcium deposits (Fig. 1B). Cells expressed mesenchymal markers CD73 (99.5%), CD90
(99.8%) and CD105 (100%), but lacked CD45 (0.1%), CD34 (0.1%), CD14 (0.2%), CD19
(0.1%) and HLA-DR (0.1%) (Fig. 1C-J).

Cell viability and nuclear morphometry are not affected by IBD drugs

Alterations on cell viability could result in a diminished number of cells and a low
effectiveness of cell therapy. In order to verify the effects of drugs on MSC viability, cells were
incubated with immunosuppressive drugs for 24 h and 7 d and mitochondrial dehydrogenase
activity was measured in the living cells by MTT assay [52]. Results showed no difference at the
enzyme level under DEX and AZA treatments (Fig. 2A, P > 0.05, n = 4). Therefore, nuclear
morphometry can indicate several cell fates such as early apoptosis and senescence, which may
compromise MSCs quality for therapy purpose. In order to analyze nuclear morphometry, NMA
was carried out and it was observed no difference in nuclear morphometry at all different drug
treatments and time points (Fig. 2B, P > 0.05, n = 4). Altogether, our results from viability and
NMA showed that DEX and AZA treatments are not toxic for MSCs.

IBD drugs change polarity profile of the cells

Cell polarity results from the internal organization of the cell and is a key step for
induction of cell motility, where a more elongated morphology is usually associated to a better
mesenchymal cell migratory performance [55,56]. The effects of the drugs on cell polarity at
each time point (24 h and 7 d) were assessed through a polarity index (Fig. 3 and Supplementary
Figure 1). AZA induced a slight increase of elongated shaped cells (11.7% and 12.2% with
polarity index > 3; 24 h and 7 d, respectively) when compared with control group, while DEX
treatment presented a higher presence of rounded shape cells (-42.8% and -22.4% with polarity
index > 3; 24 h and 7 d, respectively). AZA and DEX vehicles had no effect on polarity index.
This data suggest that dexamethasone could impair the migratory activity of MSCs.
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IBD drugs alters MSCs actin organization

Actin filaments are responsible for changes of cell shape in response to stimuli,
coordinating cellular protrusions and locomotion [35]. We observed morphological changes
when drugs were added to culture; DEX induced a higher presence of stress fibers while AZA
preserved some of the lamellipodia (Supplementary Figure 2). In mesenchymal cells,
filamentous actin is observed as dorsal, transverse arcs or ventral stress fibers [39] that might
reflect changes on cell adhesion as well as changes on migratory abilities of the cell. Control and
vehicle-treated cells showed stable protrusions (Supplementary Movie 1) and most of migratory
cells showed the presence of all stress fibers subtypes which was accompanied by the
distribution of the cell adhesion marker Focal Adhesion Kinase (FAK) as small adhesions at cell
cortex (Fig. 4A-L). After incubation with AZA for 24 h or 7 days it was still observed the
presence of stable protrusions (Fig. 4M-R; Supplementary movie 2) but with a predominance of
ventral fibers and large adhesions at the cell body. After 24h of DEX treatment, MSCs presented
increased membrane activity that was followed by the presence of unstable protrusions after 7
days of treatment (Fig. 4S-X; Supplementary Movie 3). This phenotype was accompanied by a
more intense presence of ventral actin stress fibers at the cell body after 7 days of DEX
treatment, accompanied by adhesions mainly at the cell rear. This data suggest that
immunosuppressive drugs may affect differently the actin dynamics of MSCs, with possible

effects on its migratory activity.

Dexamethasone impairs MSCs migration

MSCs homing capacity towards inflammation and injured site is an essential process to a
successful cell therapy. MSCs migration speed and spatial trajectory under 24 h or 7 d of
immunosuppressants treatment was assessed through time-lapse analysis. The vehicle treatment
had no influence on migration speed when compared to control group (Fig. 5A). The 24 h AZA
treatment had small effects on cell migration, however it was observed a 24.35% increase after 7
d treatment (P < 0.05, n = 4). DEX treatment impaired cell speed after 24 h and after 7 d by -
28.69% and -25.37%, respectively (P < 0.05, n = 4). The analysis of ST showed that the control
group (Supplementary movie 4) presented a high number of migratory cells that were able to

reach long distances from the starting migratory point and a few cells that did not explore the
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field (Fig. 5B). The 7 d vehicles-treatment showed no changes on MSCs migration when
compared to control group (Fig. 5E, H, Supplementary movie 5 and 6). AZA 24 h treatment
induced no change of cells with a high ST (Fig. 5C, Supplementary movie 7), while the 7 d AZA
treatment improved the number of cell that migrated long distances (Fig. 5D, Supplementary
movie 8). DEX 24 h treatment showed cells with low ST (Figure 5F, Supplementary movie 9),
and this effect was more pronounced after 7 d of treatment (Fig. 5G, Supplementary movie 10).
Taken together, these results suggest that, after 7 d treatment, AZA might improve MSC
migration, while DEX would impair MSCs migratory capacity.

Discussion

Current IBD available treatments rely on immunosuppressive drugs and glucocorticoids,
but are not entirely effective and remission often remains difficult to maintain [1,2]. As a novel
IBD therapeutic approach, MSCs have emerged as potent regulators of the immune response [5-
7], but little is known about their interaction to immunosuppressive drugs. Besides controversies
surrounding MSCs homing, it has been previously shown that these cells do interact with
endothelial cells through coordinated rolling and adhesion [57]. Furthermore, our group has
recently published a study about different routes of MSCs administration in experimental UC,
and showed the intravenous via to ameliorate clinical and histological status of the animals [58].
There are evidences of the benefits from local delivery of MSCs in therapy [26,59], however,
intravenously administration of MSCs is a convenient minimally invasive way that opens options
for cell therapy as repeated doses and the reaching of sites not surgically available. Considering
that confluence of cells in culture, MSCs passage and number of cells administered already
modify MSCs homing capacity [22,60], it is imperative to better understand MSCs interactions
with immunosuppressive drugs conventionally used for IBD.

We observed herein that the clinical concentrations of the IBD drugs Azathioprine and
Dexamethasone did not substantially affect the viability of human-derived MSCs. Previous
studies have tested different concentrations of DEX and AZA in order to register any changes in
cell viability [45,48]. Corroborating with our data, it was postulated that both drugs have no

influence on human MSC viability at a variable range of times. However, the glucocorticoid
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DEX was shown to affect cell viability at high concentrations (up to 1 mg/ml) [45,48]. We used
lower drugs concentrations in accordance to drug levels that would be found in the serum of IBD
patient under conventional treatment, and to which MSCs would be exposed to. It is possible
that the non-toxic effect of DEX observed in our study could be explained for its action reducing
the cell density-related apoptosis on MSCs [61].

Besides no changes on cell viability, we found that DEX and AZA were able to alter cell
shape and cell migratory behavior. Cell migration depends on the activation of several signaling
pathways that result in the break of cell asymmetry, where a more elongated cell correlates to a
more effective migration process [56,62]. Using a polarity index distribution, we demonstrated
that 7 days of AZA treatment induced a more elongated cell shape, while DEX resulted in a more
rounded morphology. The analysis of cytoskeleton organization, the distribution of FAK and the
analysis of membrane dynamics using time-lapse corroborated with the polarity index, since
control and AZA treated cells showed the presence of stable protrusions, while DEX-rounded
shape cells showed a higher presence of ventral stress fibers and unstable protrusions. In this
way, Chen et al. (2013) [63] demonstrated that DEX induced the presence of stress fibers on
epithelial cells involving stomatin expression and F-actin rearrangements. It was also shown that
endothelial cells treated with DEX presented higher levels of caveolin-1 protein, a regulatory
protein of cell surface receptor also involved on the recycling of cell adhesions, as well as
alteration on the activity of the GTPase Rac-1, that is involved in controlling protrusion
dynamics [64]. All these mechanisms could be involved in the results herein observed.

The differences on cell polarity and actin organization induced by AZA and DEX might
reflect in a differential effect of immunosuppressant drugs in the MSCs migratory ability.
Changes on cell polarity and actin organization might reflect alterations on cell migratory
properties [56,62], which is essential for MSC homing process. We observed that 7 days of AZA
treatment resulted in significant increase of cell speed and spatial trajectory when compared to
control group. Poppe et al. (2006) [65] showed that AZA suppressed T cells ability to create
flexible regions in the plasma membrane and lamellipodia, concluding that AZA could block
Ezrin-Radixin-Moesin (ERM) proteins dephosphorylation. Interestingly, in our work AZA
treatment partially preserved these structures on MSCs. It is possible that these changes might be

associated to adhesion signaling, since leukocytes might be considered as non-adherent cells.
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However, it is still unknown how AZA acts on MSCs, once studies mainly focus on explaining
the mechanisms affected on immune cells. Additionally, AZA could be positive to stem cell
therapy since Manchefio-Corvo et al. (2013) [66] demonstrated an important role of this
immunosuppressant as a protective drug towards MSCs due to a reduction in the activation and
degranulation of Natural Killer cells, reducing cell mediated lysis of allogeneic MSCs. This
study speculates that patients could benefit from concomitant treatment with AZA since the
clearance of allogeneic MSCs might be delayed, creating an extended time window for these
cells to perform their therapeutic effect. Along with our results of increased migratory speed, this
immunosuppressant could be able to induce a faster and safer homing of MSCs towards the
injury site, enabling a better cell therapy outcome.

Regarding DEX treatment we found that after 24 h there was a decrease on cell speed and
spatial trajectory which was more evident after 7 d of treatment. These results might be
associated to the higher presence of stress fibers observed on DEX treatment. Similar MSCs
shape alterations were described by Geipler et al. (2012) [40] who observed that chronological
and in vitro aging promoted round shaped MSCs and diminished its migration potential, along
with a decrease on the expression of genes associated to cytoskeleton organization. Another
study demonstrated that DEX treatment induced a more rigid cell structure an impairment of T
cells migration in a mechanism that involves the activation of the ERM complex, which is
related to cytoskeleton rearrangements [67]. In addition to its effects on in vitro cell migration, a
recently published paper demonstrated that DEX can abolish MSCs therapeutic effects in vivo in
an animal model of liver inflammation by inhibition of MSCs nitric oxide synthase,
recommending that concomitant treatment with steroids and MSCs should be avoided [68].

Despite the controversies involving migration of MSCs to damaged tissues, the homing
process continues to be a key step for MSCs to participate in tissue repair and
immunomodulation. Several factors are being identified as regulators of this process and studied
in order to enhance cellular migration and improve cell therapy [69-71]. Also, studies have
explored the interaction between MSCs migration and drugs, aiming to better understand this
process and improve cell therapy. A recent study when testing the multi-tyrosine kinase inhibitor
sorafenib on endometrial derived-MSC, demonstrated the increased migratory capacity of these

cells could be reverted by this drug through inhibition of ezrin (an ERM component), an
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important finding targeting eradication of endometriotic implants [72]. Xinaris et al. (2013) [73]
demonstrated that MSC preconditioning with insulin-like growth factor-1 (IGF-1) resulted in the
improvement of cell migration and the restoration of normal renal function in animal model,
supporting the idea that improvement of MSC migration could increase therapeutically relevant
effects.

Our study aimed to better understand the influence of conventional treatment of IBD in
MSCs, focusing in the main key of a successful therapy. DEX decreased cell motility while AZA
ameliorated cellular migration after a prolonged treatment, both results influenced by cellular
morphology and cytoskeleton organization. Further studies are needed to better understanding of
these processes; however, these findings provide substantial data to look more carefully into
patients under DEX treatment ongoing MSCs therapy. In addition, AZA possibly opens new
perspectives in the use of immunosuppressants concomitantly with MSC, enhancing the result of

cell therapy in IBD.
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Figure and Video Legends

Figure 1. MSCs characterization. Human-chorionic derived stem cells showed successful (A)
adipogenic and (B) osteogenic differentiation potential, and presented positive signal for (C-E)
CD73, CD90 and CD105, but lacked (F-J) CD45, CD34, CD14, CD19 and HLA- DR markers
(n=4).

Figure 2. MSCs viability and nuclear morphometry. MSCs were cultured for 24 h or 7 d
under AZA 1 uM or DEX 10 uM treatments and accessed for cell viability through MTT (A) and
nuclei irregularity index (B). All groups and experiments were compared resulting in no
difference between control and treatments.(n = 4, P > 0.05) Time point in 2B is 7 days of
treatment and 24 h time point is not shown. MTT assay was analyzed through GEE test and
nuclear morphometry through ANOVA post-hoc SNK. Bar = 200 um.

Figure 3. Cell Polarity Index. MSCs were cultured for 24 h or 7 d with or without AZA 1 uM
or DEX 10 uM, and polarity index was measured according to Supplementary Figure 1. Images
show the histogram of PI values obtained from all analyzed cells (80-100 cells, n = 4). DEX
treatment resulted in a more rounded cell shape (Pl < 3), while AZA showed a tendency to

produce more elongated cells (PI > 3) when compared to control group.

Figure 4. Actin cytoskeleton and FAK distribution. MSCs were cultured for 24 h or 7 d with
or without drugs, plated on fibronectin-coated dish overnight, fixed and stained for focal
adhesion kinase (FAK) and actin analysis. FAK (green) and actin (magenta) co-localization
(white) is demonstrated on merged images. Control cells showed small adhesions at the cell
border (A and D) and actin stress fibers (B and E) that showed no variation in the presence of
DMSO for 24 h (G-I) or 7 days (J-L). Cells treated with Azathioprine (1 uM) for 24 h showed
small adhesions at the cell border (M) and the presence of ventral stress fibers (N), while 7 days
of treatment did not change adhesions size (P) but actin distribution (Q) was similar to control.

After 24 h or 7 days of Dexamethasone treatment there was an increase on adhesion size (S and
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V) and ventral stress fibers (T, X), that was followed by an increase on membrane projections at

7 days (X). Bar = 40um; representative images of n = 40 cells per condition.

Figure 5. MSC migration speed and spatial trajectory. MSCs were cultured for 24 h or 7 d
with or without AZA 1 uM or DEX 10 pM, plated on fibronectin 2 pg/mL and imaged using
time-lapse analysis. (A) DEX treatment induced a decrease on migration speed, while AZA was
associated to a faster motility property. The Spatial Trajectory (ST) of each migratory cell was
accessed through the use of X and Y values, which were normalized to start at a virtual
migratory starting point (X=0 and Y=0) (B-H). Individual lines on polar plots represent the ST of
each cell, while red lines represent cells that stayed close to starting point and blue lines
represents more exploratory cells. DEX treated cells were associated to a lower ST, while AZA
showed a tendency to induce a more exploratory phenotype. *P < 0.05, n = 4. MSCs migration
speed was analyzed through ANOVA post-hoc Tukey HSD test and comparisons were made

between all groups; the differences among the main groups are represented in the graphic.

Supplementary material legends

Supplementary Figure 1. Polarity index analysis. Polarity index was calculated as the length
of the major migration axis parallel to the direction of movement (a) divided by the length of the

perpendicular axis that intersects the center of the cell nucleus (b). (Bar = 100pm)

Supplementary Figure 2. Cytoskeleton morphology. MSCs were cultured for 24 h, 48 hor 7 d
with or without drugs, plated on fibronectin-coated dish overnight, fixed and stained for actin
analysis. Results showed control (A-C) and vehicle-treated (J-O) cells present lamellipodia
(arrowheads) and a small amount of stress fibers in the cell body. After incubation with AZA for
24 hand 7 d (D-F) it was observed the presence of lamellipodia in some cells (arrowheads) and a
few membrane projections (arrows). DEX treated cells showed a decrease on lamellipodia after
24 h (G) which was accompanied by an increase in the presence of thin membrane projections (H
and I, arrows) and a more intense presence of actin stress fibers. (Bar = 100um); nuclei staining

= DAPI.
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Supplementary Movie 1. Control. Movie shows the migratory activity of mesenchymal stem
cells cultured with standard media in the presence (right cell) or absence (left cell) of DMSO
(0.5%) for 7 days and plated under migration promotion conditions. Total time = 50 min, time

interval = 10 s.

Supplementary Movie 2. Azathioprine. Movie shows the migratory activity of mesenchymal
stem cells cultured with standard media in the presence of AZA (1 uM) for 24 h (left cell) or 7
days (right cell) and plated under migration promotion conditions. Total time = 50 min, time

interval = 10 s.

Supplementary Movie 3. Dexamethasone. Movie shows the migratory activity of
mesenchymal stem cells cultured with standard media in the presence of DEX (10 uM) for 24 h
(left cell) or 7 days (right cell) and plated under migration promotion conditions. Total time = 50

min, time interval = 10 s.

Supplementary Movie 4. Control. Movie shows the migratory activity of mesenchymal stem
cells cultured with standard media and plated under migration promotion conditions. This movie

corresponds to Figure 5B. Total time = 20 h, time interval = 10 min.

Supplementary Movie 5. AZA Vehicle 7 d. Movie shows the migratory activity of
mesenchymal stem cells cultured with AZA vehicle for 7 d and plated under migration
promotion conditions. This movie corresponds to Figure 5E. Total time = 20 h, time interval =

10 min.

Supplementary Movie 6. DEX Vehicle 7 d. Movie shows the migratory activity of
mesenchymal stem cells cultured with DEX vehicle for 7 d and plated under migration
promotion conditions. This movie corresponds to Figure 5H. Total time = 20 h, time interval =

10 min.
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Supplementary Movie 7. Azathioprine 24 h. Movie shows the migratory activity of
mesenchymal stem cells cultured with AZA for 24 h and plated under migration promotion

conditions. This movie corresponds to Figure 5C. Total time = 20 h, time interval = 10 min.

Supplementary Movie 8. Azathioprine 7 d. Movie shows the migratory activity of
mesenchymal stem cells cultured with AZA for 7 d and plated under migration promotion

conditions. This movie corresponds to Figure 5D. Total time = 20 h, time interval = 10 min.

Supplementary Movie 9. Dexamethasone 24 h. Movie shows the migratory activity of
mesenchymal stem cells cultured with DEX for 24 h and plated under migration promotion

conditions. This movie corresponds to Figure 5F. Total time = 20 h, time interval = 10 min.
Supplementary Movie 10. Dexamethasone 7 d. Movie shows the migratory activity of

mesenchymal stem cells cultured with DEX for 7 d and plated under migration promotion

conditions. This movie corresponds to Figure 5G. Total time = 20 h, time interval = 10 min.
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FIGURE 1. MSCs characterization.
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FIGURE 2. MSCs viability and nuclear morphometry.
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FIGURE 3. Cell Polarity Index.
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FIGURE 4. Actin cytoskeleton and FAK distribution.
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FIGURE 5. MSC migration speed and spatial trajectory.
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Supplementary Figure 1. Polarity index analysis.
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Supplementary Figure 2. Cytoskeleton morphology.
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DISCUSSAO

Os tratamentos para os dois principais representantes clinicos das Dlls incluem
imunossupressores e glicocorticoides, e apesar dos avangos alcancados nesta area, a remissdo da
doenca ainda é dificil de ser mantida (Bouma e Strober, 2003; Duijvestein et al., 2010). Como
uma alternativa para o tratamento, as MSCs tém sido estudadas por suas propriedades
imunomoduladoras e de reparacdo tecidual (Forbes et al., 2014; Gonzales-Rey et al., 2009; Le
Blanc et al.,, 2003). Entretanto, pouco é conhecido sobre a sua interacdo com as drogas
convencionais, incluindo os efeitos sobre o citoesqueleto e a migracdo celular. Além disso, a
utilizacdo da terapia combinada poderia potencializar o efeito terapéutico das MSCs, sendo que
eventualmente, doses mais baixas dos medicamentos poderiam ser utilizadas.

Os resultados obtidos neste estudo demonstraram que as concentragcfes terapéuticas de
AZA e DEXA ndo sdo capazes de afetar a viabilidade das MSCs. Esses dados estdo de acordo
com outros estudos que observaram que ambas as drogas ndo tiveram influéncia na viabilidade
celular em diferentes tempos de tratamento (Duijvestein et al., 2011; Nuzzi et al., 2012).
Entretanto, foi demonstrado que a DEXA pode afetar a viabilidade das MSCs e a AZA pode
promover aumento da apoptose quando utilizadas em altas concentracdes (1 mg/ml e 0,20-0,30
mg/ml, respectivamente) (Nuzzi et al., 2012; Huang et al., 2014). Nds utilizamos concentragdes
menores, procurando mimetizar aquelas encontradas no soro de pacientes em condicoes
inflamatorias.

Apesar de ndo haver mudancas na viabilidade das MSCs, observamos que a AZA e a
DEXA foram capazes de alterar a morfologia celular e o comportamento migratério. Utilizando a
distribuicdo do indice de polaridade, demonstramos que o tratamento com a AZA induziu o
alongamento da célula, indicando uma possivel melhora no desempenho migratério; enquanto
que a DEXA promoveu uma morfologia celular arredondada, indicando um perfil de diminuida
migracéo celular. A analise do citoesqueleto de actina, da distribuicdo da FAK e da dindmica da
membrana das MSCs por microscopia de série temporal corroborou com o indice de polaridade.
Células dos grupos controle e AZA apresentaram protrusdes de membrana estaveis, enquanto
que as ceélulas tratadas com DEXA demonstraram uma maior presenca de fibras de estresse

ventrais e protrusdes instaveis. Tal efeito da DEXA também foi observado no trabalho de Chen
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et al., 2013, onde a presenca da droga induziu um aumento das fibras de estresse em células
epiteliais, envolvendo a expressdo da proteina estomatina e o rearranjo dos filamentos de actina.
Além disso, outro estudo demonstrou que o tratamento com DEXA em células endoteliais
provocou a diminuicdo da migracdo celular e da ativacdo da proteina Rac-1, envolvida no
controle da dinamica de protrusdo de membrana. Este efeito foi observado pelo aumento dos
niveis de caveolina-1, uma proteina regulatdria de receptores de membrana envolvida na
reciclagem de adesbes celulares (lgarashi, 2013; Boscher e Nabi 2012). Esses estudos
demonstram o potencial efeito de DEXA em alteragOes do citoesqueleto e da migracdo celular,
que vao de encontro aos resultados observados em nosso trabalho.

Sabendo que modificacGes na polaridade celular e na organizacdo do citoesqueleto de
actina podem alterar a migragdo celular (Friedl e Alexander, 2011; Ridley et al., 2003), as
mudangas provocadas por AZA e DEXA podem refletir em diferentes comportamentos
migratorios. Neste trabalho, foi padronizada a técnica de microscopia de série temporal para
avaliacdo da capacidade migratdria das MSCs. A técnica de microscopia de série temporal ja foi
descrita por outros autores para a migracdo randémica, partindo de uma técnica semelhante a de
Wound Healing (Jain et al., 2012). Entretanto, em nosso protocolo, propomos a analise dos
movimentos desde a adesdo celular, além de apresentarmos uma alternativa para a auséncia da
camara de CO,, passivel para até 20 h de filmagem, e para a construcao de material pelo proprio
pesquisador, como uma op¢do mais acessivel.

Utilizando o protocolo desenvolvido, observamos que o tratamento prolongado com a
AZA resultou no aumento da velocidade de migracdo e no aumento da capacidade das MSCs em
alcancarem longas distancias, comparando-se ao grupo controle. Poppe et al., 2006 demonstrou
que a AZA suprimiu a habilidade das células T de criar regides flexiveis na membrana
plasmatica e de formar lamelipddios, concluindo que a AZA poderia bloguear a defosforilacao
das proteinas ERM (Ezrin-Radixin-Moesin) e suprimir a conjugacdo com células apresentadoras
de antigenos. Interessantemente, em nosso trabalho, o tratamento com a AZA resultou na
preservacdo parcial dos lamelipodios e da presenca da FAK nessas estruturas. E possivel que
estas mudancas estejam associadas as vias de sinalizacdo de adesdo celular, j& que leucocitos
podem ser considerados como células ndo aderentes. Além disso, a presenca da FAK aumentada

em ambas as extremidades das fibras ventrais das MSCs pode indicar uma maior contratilidade
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celular e consequente potencializacdo dos movimentos migratéorios. Os estudos disponiveis com
a AZA focam principalmente nos mecanismos das células do sistema imune, e nesse sentido,
ainda ndo esta claro qual o mecanismo de atuacdo da droga em outros tipos celulares como as
MSCs. Entretanto, o trabalho de Manchefio-Corvo et al., 2013 demonstrou o importante papel
deste imunossupressor como uma droga protetora das MSCs, devido a reducdo da ativacao e
degranulacdo das células NK, resultando na reducdo da lise das MSCs alogénicas. Este estudo
ainda especula que os pacientes poderiam ser beneficiados pelo uso concomitante de AZA e
terapia celular com MSCs, partindo do principio de que a reacdo as MSCs alogénicas seria
retardada e as celulas teriam mais tempo para agir terapeuticamente. Juntamente com nossos
resultados do aumento da velocidade celular, a AZA poderia auxiliar no efeito terapéutico das
MSCs.

Em relacdo a DEXA, nossos resultados mostraram que ap6s 24h de tratamento houve
uma diminuicdo da velocidade de migracdo e as células alcancaram distancias menores em sua
maioria, efeitos ainda mais evidentes apds 7 dias de tratamento. Estes resultados podem estar
associados ao aumento da presenca de fibras de estresse ventrais, a reducdo da presenca de
lamelipddios e a disposicdo da FAK, a qual se mostrou distribuida em todo o corpo celular e
ausente nas projec6es de membrana, levando a instabilidade das mesmas e a baixa motilidade
celular. Resultados similares foram descritos por Geifler et al., 2012, que observou que o
envelhecimento in vitro e cronoldgico das MSCs promove o arredondamento celular e um menor
potencial migratério, além da diminui¢do da expressao de genes relacionados a organizacdo do
citoesqueleto. Outro artigo demonstrou que o tratamento com DEXA foi capaz de induzir maior
rigidez celular e a inibicdo da capacidade de migracao de células T, mecanismo que envolve a
ativacdo do complexo ERM, relacionado ao rearranjo do citoesqueleto (Mdller et al., 2013). Por
outro lado, Yun et al., 2011 observou que a DEXA poderia aumentar o potencial migratério das
MSCs quando em concentragdes menores (entre 10 e 10° M) do que a por nés utilizada. Seus
dados demonstraram que este efeito foi associado ao aumento da expressao de FAK e B1-
integrina. Porém, quando a concentracdo correspondente a utilizada em nosso trabalho (10uM)
foi aplicada, ndo houve diferenca no comportamento migratério. Apesar de mais estudos serem
necessarios para o esclarecimento destas diferengas, nossos resultados vdo ao encontro do estudo

recentemente publicado por Chen et al., 2014. Neste trabalho, os autores demonstraram que o
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tratamento com DEXA pode anular o efeito terapéutico das MSCs, em modelo animal de
inflamacdo hepatica, através da inibicdo da iINOS em MSCs, recomendando que 0 uso
concomitante de MSCs e esteroides seja evitado.

Apesar das controvérsias envolvendo a migragdo das MSCs, o homing para sitios de
injaria continua a ser muito importante para a atuacdo destas células no reparo tecidual e na
imunomodulacdo. Varios fatores reguladores deste processo estdo sendo identificados e
estudados para a melhora da migracdo e da terapia celular (Li e Jiang, 2011; Qiu et al., 2012;
Sohni e Verfaillie, 2013). Grupos de pesquisa tém explorado a interacdo entre a migracdo das
MSCs e drogas utilizadas nos tratamentos convencionais de diversas doencas. Moggio et al.,
2012 testaram o efeito do inibidor multi-tirosina quinase Sorafenib em MSCs derivadas do
endométrio e demonstrou que a capacidade migratéria aumentada destas células pbde ser
revertida pela droga através da inibicdo da Ezrina (componente do grupo ERM), um importante
achado para a erradicacdo dos implantes endometridticos. Somado a isso, Xinaris et al., 2013
demonstrou que o pré-condicionamento das MSCs com IGF-1 (insulin-like growth factor-1)
resultou na melhora da migragéo celular e na restauracdo da funcdo renal em modelo animal,
apoiando a ideia de que a potencializacdo da capacidade migratéria das MSCs pode auxiliar no
seu efeito terapéutico.

Nosso estudo teve como objetivo o melhor entendimento da influéncia do tratamento
convencional das DIlIs sobre as MSCs, focando no principal aspecto para uma terapia bem
sucedida. A DEXA provocou uma diminuicdo na motilidade celular, enquanto a AZA
potencializou a migracdo celular ap6s o tratamento prolongado. Ambos os resultados foram
influenciados pela morfologia celular e pela organizacdo do citoesqueleto. Acreditamos que mais
estudos sdo necessarios para 0 melhor entendimento destes processos, entretanto, nossos achados
fornecem dados importantes para o uso concomitante de DEXA e MSCs. Ao passo que AZA
abre novas possibilidades para a terapia combinada, podendo melhorar o resultado da terapia

celular nas Dlls.
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CONCLUSOES

Os resultados obtidos nesse trabalho nos permitem concluir que:

1. Foi possivel isolar, expandir e caracterizar células-tronco mesenquimais de membrana
coriénica humana de acordo com as normas da Sociedade Internacional de Terapia
Celular;

2. O protocolo de migracdo celular por microscopia de série temporal foi desenvolvido e
padronizado para avaliacdo das MSCs, e foi descrito em um artigo cientifico a ser
submetido em uma revista de protocolos;

3. Aviabilidade das MSCs ndo foi afetada pelas drogas Azatioprina e Dexametasona em
concentracgdes terapéuticas de 1uM e 10uM, respectivamente;

4. O indice de polaridade indicou um perfil mais alongado das MSCs quando na
presenca de Azatioprina, principalmente em 7 dias, ao passo que indicou um perfil
mais arredondado nas MSCs quando na presenca de Dexametasona;

5. A avaliacdo do citoesqueleto de actina por microscopia confocal revelou um aumento
da presenca de fibras de estresse ventrais no tratamento com AZA e a preservagédo
parcial de lamelipédios. Entretanto, a DEXA resultou em aumento ainda maior de
fibras de estresse ventrais e perda de lamelipodios;

6. O tratamento com AZA preservou a distribuicdo da FAK nas projeces de membrana,
bem como apresentou um aumento da mesma em ambas as extremidades das fibras
de estresse ventrais, indicando aumento da contratilidade celular. A DEXA resultou
na distribuicdo da FAK por todo o corpo celular e auséncia da mesma nas projegdes
de membrana, indicando uma reducdo da motilidade celular;

7. A velocidade de migragdo das MSCs foi aumentada na presenca de AZA ap6s o
tratamento prolongado, o que permitiu as células alcancarem maiores distancias pela
melhora da trajetoria espacial. Entretanto, a DEXA promoveu uma diminui¢do na
velocidade de migracdo em 24h e 7d e provocou uma piora na trajetdria espacial das

células, resultando em uma atividade migratdria de curtas distancias.
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PERSPECTIVAS

Como continuacdo desse trabalho, pretende-se seguir com 0s seguintes objetivos:

- Avaliar a atividade migratéria em direcdo ao quimioatrator SDF-1 por ensaio de
transwell sob a influéncia de Dexametasona e Azatiopring;

- Avaliar o secretoma das MSCs na presenca de Dexametasone e Azatioprina,;

- Avaliar o ciclo celular das MSCs sob o efeitos destas drogas imunossupressoras;

- Avaliar a viabilidade, a morfologia e 0 comportamento migratério das MSCs sob a
influéncia de outras drogas utilizadas para o tratamento das DIls, como Ciclosporina e

Infliximab.
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