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RESUMO

A coOrnea € um tecido avascular transparente que proporciona protecdo e apresenta
propriedades de refrac8o para a estrutura interna do olho. A pele humana ndo é apenas o
maior 6rgéo do corpo, mas também constitui-se em um dos mais complexos e importantes
para a protecaéo contra agressdes externas. Ambos tecidos atuam como uma barreira contra
agentes externos, podendo ser fisicos, quimicos, patogénicos ou microbianos. Devido a dta
taxa de pacientes com patologias da pele e cornea, como queimaduras, inflamacédo e
cicatrizacéo de feridas, reforca a importancia de terapias aternativas para o tratamento
dessas patologias. Tanto a cornea como a pele apresentam populacdes de células tronco
mesenquimais (MSCs) com capacidade de auto-renovagdo, proliferacdo e potencial de
diferenciacéo multi-linhagem e, por causa deste potencial, tém sido consideradas como uma
fonte de células para 0 seu uso em medicina regenerativa, engenharia de tecidos e outras
aplicacdes em dermatologia e oftalmologia, cujo mecanismo ainda esta sob investigacéo.
Tem-se demonstrado que os nucleotideos extracel ulares tém efeitos biol 6gicos nas M SCs,
alterando a proliferacéo, migracéo, diferenciacdo e apoptose. Portanto, mais informagdes
sobre estes processos sd0 cruciais para compreender a fisiologia destas células para o
estabel ecimento de futuras aplicactes clinicas utilizando o seu potencial de diferenciacéo,
mas sem efeitos secundarios indesgjaveis. Neste trabalho foram isoladas MSCs de tecido
esclerocorneal e de pele humana, ambos considerados materiais de descarte, e foi
demonstrado o seu potencial de diferenciacdo multi-linhagem e a expressdo de marcadores
mesenquimais. Foram avaliadas a expressdo de ectoenzimas, a atividade enzimética de
degradacdo de nucleotideos extracel ulares e o metabolismo de ATP extracelular em células
mesenquimais isoladas da derme (D-MSCs) e do limbo esclerocorneal (L-MSCs). As D-
MSCs e L-MSCs hidrolisaram baixos niveis de ATP extracelular e atos niveis de AMP,
levando ao acumulo de adenosina que pode regular ainflamacdo e o reparo tecidual. Além
disso, demonstraram uma baixa atividade das nucleotideo pirofosfatases/fosfodiesterases.
Estas células expressaram mRNA para ENTPD1, 2, 3, 5 e 6, NPP1 e 2 o0 que corresponde
com a atividade enzimatica observada. Deste modo, considerando a degradacdo de ATP, as
L-M SCs sdo muito semel hantes as D-M SCs. Assim, as célulaslimbais podem ser outrafonte

de M SCs a serem estudadas em model os pré-clinicos e estudos potencial mente clinicos.



Palavras chave: Células mesenquimais, derme, limbo esclerocorneal, ATP, adenosina,

ectoenzimas, regeneracao tecidual.



ABSTRACT

Corneaisatransparent avascul ar tissue that provides protection and refractive properties for
theinternal structure of the eye; in turn, human skinis not only the largest organ in the body,
but also one of the most complex and important for protection against external aggressions.
Both tissues act as a barrier against external agents that can be physical, chemical,
pathogenic or microbial usually. Due to the high rate of patients with skin and corneal
pathol ogies such as burns, inflammation and wound healing, it reinforces the importance of
alternative therapies for the treatment of these pathologies. Cornea and the skin have a
populations of mesenchymal stem cells (MSCs) capable of self-renewal, proliferation and
potential for multiline differentiation. Because of this potential, they have been considered
as a source of cells to be used in regenerative medicine, tissue engineering and other
applications in dermatology and ophthalmology, whose mechanisms are still under
investigation. Extracellular nucleotides have been shown to have biological effects on
MSCs, altering proliferation, migration, differentiation and apoptosis. Therefore, more
information about o these processes would be crucial to understand the physiology of these
cellsfor the establishment of future clinical applicationsusing their differentiation potential,
but without undesirable side effects. In this work, MSCs were isolated from sclerocorneal
tissue and human skin, both considered as discard materias, and their potential for
multilineage differentiation and the expression of mesenchymal markerswere demonstrated.
The expression of ectoenzymes, the enzymatic activity of degradation of extracellular
nucleotides and extracellular ATP metabolism in dermal mesenchymal stem cells (D-M SCs)
and limbal mesenchyma stem cell (L-MSCs) were evaluated. D-MSCs and L-MSCs
hydrolyzed low levels of extracellular ATP and high levels of AMP, leading to accumulation
of adenosine that can regulate inflammation and tissue repair. In addition, they demonstrated
alow activity of the nucleotide pyrophosphatases/phosphodiesterases. These cells expressed
MRNA for ENTPDL, 2, 3, 5 and 6, NPP1 and 2 which corresponds to the enzymatic activity
observed. Thus, considering the degradation of ATP, L-MSCs are very similar to D-M SCs.
Therefore, L-M SCs may be another source of MSCsto be studied in preclinical models and
potentialy clinical studies.



Key words. Mesenchymal cells, dermis, sclerocorneal limbus, ATP, adenosine,

ectoenzymes, tissue regeneration.
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CAPITULO|

INTRODUCAO

1. A cérnea humana

Um dos tecidos do corpo que atua como uma barreira fisica contra agentes externos
fisicos, quimicos, patogénicos ou microbianos é a cornea (Campbell and Gubisch 1966). A
cornea é um tecido avascular transparente que proporciona protecéo e propriedades de
refracdo para a estrutura interna do olho, permitindo a transmisséo de luz para a retina,
essencia paraa acuidade (Meek and Leonard 1993). A transparéncia da cornea é essencial
para avisdo (Albon 2003). A falta de vasos sanguineos e a estrutura regular composta por
fibras de colageno permitem atransparéncia deste tecido (Daniels et al. 2001).

A cOrnea é composta por cinco membranas conhecidas como o epitélio, amembrana
de Bowman, o estroma, a membrana de Descemet e o endotélio, nomeados em ordem
comecando pela mais externa, onde s6 o epitélio, o estroma e o0 endotélio s8o0 membranas
celulares (Derek W. DelMonte 2011) (Figura ).

1.1. Epitdio

A membrana externa da cOrnea € caracterizada por um epitélio escamoso
estratificado ndo queratinizado de 5-6 camadas de células epiteliais. O epitélio representa
aproximadamente 10% da espessura da cérnea e atua como uma barreira de defesa contra
agentes externos (Pfister and Burstein 1977).

Ascéulas epiteliais da corneatem umavidade 7 a 10 dias, apds esse periodo ocorre
apoptose e dimensionamento, e isto permite a regeneracdo do epitélio da cérnea, onde as
células mais profundas substituem as células superficiais (Hanna, Bicknell, and O’Brien
1961).

Entre o epitdlio e 0 estroma da cérnea se encontra a membrana de Bowman, uma
camada acelular de 15 mm de espessura, formada por fibras do colageno do tipo | etipo 111,
0 que guda a manter a forma da cérnea, mas ndo tem capacidade regenerativa (Derek W.
DelMonte 2011).
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1.2. Estroma

O estroma corresponde a 80% da espessura da cérnea. Consiste em uma camada
transparente, composta por colageno tipo | e proteoglicanos produzidos pel os ceratdcitos da
cornea (Freegard 1997). Os ceratécitos sdo 0s principais tipos de células estromais com
capacidade limitada de auto renovagdo e estdo envolvidos na manutencdo da matriz
extracelular, ocupando cerca de 3% do volume do estroma (Byun et al. 2014).

O estroma e 0 endotélio sdo separados pela membrana de Descemet, que representa
uma rede acelular formada por fibras de coldgeno do tipo 1V, laminina e fibronectina,
produzidas por células endoteliais. Sua principal funcéo é formar uma barreira resistente a
perfuracdo da cornea (Araujo Costa et a. 2013).

1.3. Endotdio

O endotélio corneo € uma monocamada de células planas hexagonais unidas a
membrana de Descemet por hemidesmossomas. Estas células expulsam o excesso de agua
paraevitar o edemado tecido estromal e manter atransparénciadacornea. Tanto adensidade
celular e a topografia destas células sdo expostas a continuas ateraces ao longo da vida
(Derek W. DelMonte 2011).
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Figura 1. A cornea humana em corte transversal. Na superficie externa da cérnea, ha
uma camada epitelia estratificada. A camada estromal média € conformada por ceratocitos
rodeados por tecido conjuntivo denso. A camada final consiste em uma Unica camada de
células endoteliais (Secker and Daniels 2009).

2. Limbo esclerocorneal

A cornea é capaz de se regenerar apartir da populacdo de células tronco localizadas
no limbo esclerocorneal, zona estreita entre a cornea e a esclera. Esta area foi descoberta
pelo Dr. Tung-Tien Sun em 1986 (Schermer, Galvin, and Sun 1986). Uma das diferencas
mais notaveis entre a cornea e o limbo é a presenca de vasos sanguineos que formam parte
das palicadas de V ogt, zonas vascul arizadas e inervadas | ocalizadas no limbo onde as células
tronco epiteliais da cornea tém sido encontradas (Tseng 1989).

O limbo esclerocorneal é uma regido onde ha mudancgas na estrutura da cérnea. O
epitélio forma cerca de 10-12 camadas celulares, ao contrario das cinco camadas observadas
na cérnea central, a membrana de Bowman desaparece e o estroma limba perde a
regularidade da estrutura formada pelas fibras de colageno (Li et al. 2007; Takéacs et al.
2009).

Além de permitir aregeneracdo do epitélio da cornea pelas células tronco epiteliais,
o limbo é caracterizado por apresentar respostas de hipersensibilidade, imunovigilancia e

funcdo de barreira, impedindo que as células da conjuntiva ndo migrem até a coérnea
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(Forrester J. V., Dick A. D., McMenamin P. G., Roberts F. 2016). A resposta imunitéria &
produzida por células de Langerhans, envolvidas na ativagéo de linfocitos T supressores (Li
et a. 2007) (Figura 2).

Limbus Central cornea

4 E74 A

Epithelium

Bowman’s layer

Stroma

;4 Limbal epithelial stem cell

gl Tansitamplyfing cell
- T Terminally dilferantated ced

N5 Melanocyte

/sy Stramal cell

* Hinod vessel
& Nerve cell

=,  Limbal meseachymal cell

Figura 2. Esquema hipotético do limbo esclerocorneal. Células tronco epiteliais séo
encontradas na membrana basal do epitélio do limbo. Em este nivel estdo outros tipos de
células epiteliais, tais como as células de amplificacdo transitéria, melandcitos e as células
de Langerhans. As células de amplificagdo transitdria sdo diferenciadas em células de
amplificacdo transitéria tardia, localizadas na parte basal da cérnea, em seguida séo
diferenciadas em células terminalmente diferenciadas. A membrana da lémina basal, que
separa 0 epitélio do estroma, tem varios componentes subjacentes como céulas
mesenquimais (Dziasko and Daniels 2016).

3. A Pdehumana

Um dos principais 6rgaos que também atua como barreira contra agressoes externas
fisicas, quimicas, imunol 6gicas ou patogénicas € apele, que, como acornea, também precisa
de uma répida regeneracdo. Trata-se de uma associacdo de tecidos de varias origens
(epitelial, conectivo, vascular, muscular e nervoso) organizados em camadas. a epiderme, a
derme e a hipoderme. Embriol ogicamente, a epiderme é de origem ectodérmica, enquanto a

derme e a hipoderme s&o de origem mesodermal (Kanitakis 2002) (Figura 3).
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3.1. Epiderme

A camada mais superficial da pele, aepiderme, € composta por um epitélio escamoso
estratificado constituido por vérios tipos celulares (Suter et al. 1996). Os queratinécitos
compreendem aproximadamente 90 a 95% das células da epiderme e sdo células epiteliais.
Oriundas da ectoderme, sofrem um processo especifico de diferenciacdo, resultando na
producdo de células anucleadas achatadas (cornedcitos) que acabam por migrar até a
superficie dapele. Ainda, cinco a dez por cento das células epidérmicas sdo compostas por
células apresentadoras de antigenos (células de Langerhans), mecanorreceptores (células de
Merkel) e células produtoras de pigmentos (melandcitos) (Taylor et al. 2000).

Como célula priméria, os queratinécitos definem a estrutura e a organizacdo da
epiderme através da sua diferenciacdo terminal programada. Os queratinécitos estéo
dispostos em camadas sobrepostas, as quais sdo indicativas do estagio de diferenciagdo que
acélula apresenta. A camada basal, adjacente & membrana basal, € acamada proliferativae
menos diferenciada de queratinécitos. Com o aumento da diferenciacdo, as células migram
para a superficie dapele. Ao atingir a area superior da camada granular, sofrem um tipo de
morte celular programada. Finalmente, as células ja em escamas, sdo perdidas a partir da
superficie da pele, completando a auto-renovacdo da epiderme (Ishida-Y amamoto and
lizuka 1998).

3.2. Derme

A derme é composta por diferentes tipos celulares e matriz extracelular , tais como
elasting, glicosaminoglicanos e colageno, principalmente tipo | e 111, sendo esse ultimo
responsavel por 98% da massa total de derme seca (Kanitakis 2002). A derme é atamente
vascularizada, o que inclui a presenca de céulas endoteliais contendo, também, unidades
pilossebéceas e glandulas sudoriparas. Dentre as células estdo presentes os fibroblastos,
mastoécitos, leucdcitos infiltrantes e células mesenquimais (Menon 2002; Vapniarsky et al.
2015).



17

Figura 3. Anatomia da pele
humana. A pele é composta de
trés camadas, comegando com a
camada mas externa a
epiderme, derme e hipoderme.
A epiderme é um epitdlio
escamoso estratificado que se
divide em quatro camadas:
estrato cérneo (SC), estrato
Il granuloso (SG), estrato
. espinhoso (SS) e estrato basal

Epvderms
o

= (SB). A bainha externa da raiz
= do foliculo piloso é contigua a
N - camada epidérmica basal. Os
L N nichos de células tronco
o Flbreblasts . " .
incluem a camada epidérmica
= basal, a base da glandula
i S = sebécea, a_protuberancia do
- foliculo piloso, as papilas
i dérmicas e a derme (Wong and
- - Chang 2009).
:
8
3 L

4. Céulastronco mesenquimais do estroma limbal

As céulas tronco mesenquimais (MSCs) sdo células ndo-hematopoiéticas com
capacidade de auto-renovacdo, proliferacdo e potencial de diferenciagdo multilinhagem
(Friedenstein, Chailakhjan, and Lalykina 1970; Pittenger 1999). Tém sido isoladas de
diferentes tecidos adultos, incluindo medula éssea, tecido adiposo, gelatina de Wharton do
corddo umbilical, placenta e pele e cornea (Dravida et al. 2005; Vapniarsky et a. 2015). As
células mesenquimais do estroma limbal (L-MSCs), precursoras dos ceratocitos tém sido
encontradas no estroma do limbo (Dravida et a. 2005; Yiqgin Du et al. 2005). Estas células
compartilham caracteristicas com as células tronco mesenquimais da medula 6ssea, em
relacdo a sua morfologia, marcadores especificos, ata taxa de proliferacdo e baixa
imunogenicidade. Além disso, as células do estroma limbal fornecem um nicho, permitem
a manutencédo do fendtipo das células tronco limbais epiteliais e participam na angiogénese
e regeneracao do tecido estromal durante a cicatrizacdo de feridas na cornea (Polisetty et al.
2008; Xieet a. 2011).
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Tem sido demonstrado que as células mesenquimais do limbo sdo capazes de
adquirir as funcdes de ceratécitos in vivo quando sdo introduzidas no estroma corneo de
ratos, de modo que certos aspectos do microambiente do limbo favorecem a manutencdo da
potencialidade destas células (Du et a. 2009).

4.1. Célulastronco mesenquimais da derme

As células mesenquimais dérmicas (D-MSCs) foram identificadas em diferentes
nichos da derme (Vapniarsky et al. 2015). Diversos investigadores tem trabalhado no
isolamento, caracterizacdo e propagacdo in vitro destas células, demonstrando o seu
potencial de diferenciacéo ndo s6 em células dalinhagem mesodérmica (Crisan et al. 2008),
mas também em células da linhagem endodérmica (Toma et a. 2005) e ectodérmica
(Rodrigues et al. 2014).

Por causa deste potencial, tém sido consideradas como umafonte de células parauso
em medicina regenerativa, engenharia de tecidos e outras aplicagcdes (Vapniarsky et al.
2015). As M SCs possuem muitas propriedades que aumentam seu potencial terapéutico em
dermatologia, cujo mecanismo ainda esta sob investigacao.

Wu et a. 2007 sugeriram que as células mesenquimais isoladas de medula Gssea
podem promover a cicatrizacdo de feridas através da diferenciacdo e liberacdo de fatores
proangiogénicos em ratos, demostrando o potencia das células mesenquimais na

regeneracdo de feridas na pele.

5. Abordagens alternativas para o tratamento de lesdes na cérnea e na pele

Diversas |esdes ou patol ogias podem promover adeficiénciadas células epiteliaisdo
limbo, fazendo com que a cornea ndo seja adequadamente regenerada (Daniels et al. 2001).

Apbs umalesdo ao nivel do estroma, propde-se que 0s ceratocitos estromais iniciam
um processo de regeneracdo. Estes so ativados, perdem a quiescénciae migram paraaarea
dalesdo, o que aumenta o tamanho e o nimero de organelas, iniciando assim a mudanca de
morfologia (West-Mays and Dwivedi 2006). Estes se diferenciam em fibroblastos, os quais
participam no processo de cicatrizagdo de feridas (Fini 1999). Ao contrério do tecido
estromal saudavel, a matriz extracelular no tecido cicatricial € desorganizada e opaca,

resultando na perdada estruturaregular composta por fibras de colageno e ao mesmo tempo
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na deficiéncia da funcionalidade e da transparéncia da cornea (Ruberti and Zieske 2008)
(Figura4).
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Figura 4. Representacdo esquematica do mecanismo de cicatrizacdo da cornea. Apds
uma lesdo na cérnea, ocorre a ativacdo de queratécitos quiescentes e a trans-diferenciacdo
de fibroblastos para miofibroblastos, o fenétipo de reparacdo; sob condicdes fisiol6gicas
normais, os miofibroblastos sofrem apoptose apods reparacdo da cérnea; em condicOes
patoldgicas, os miofibroblastos secretam matriz irregular resultando na perda da
transparéncia da cornea (Chaurasia et al. 2015).

Em muitos casos, o transplante de cornea pode ser a Unica opg¢do terapéutica para
recuperar a anatomia da cérnea. Isto requer a substituicéo da cornea lesionada por outra
saudavel, procedente de um doador cadaver. Entretanto, uma das principais limitacOes para
este tratamento é que a quantidade de pacientes que necessitam deste tecido excede a
disponibilidade de doadores.

Damesmaforma, acicatrizagdo optima de umaferida cutanearequer umaintegracéo
dos eventos biol6gicos e moleculares complexos de migracdo, proliferacdo celular e da
deposicdo de matriz extracelular, angiogénese e remodelacdo. Nos casos em que séo
necessarias quantidades consideraveis de pele, a abordagem padréo-ouro € a de tomar
enxertos que contém toda a epiderme, mas apenas parte da derme. Estes séo removidos de

areas saudaveis do corpo ou de pacientes cadaver (Martin 1997), mas o déficit de material
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term motivado o desenvolvimento de novas estratégias na area de engenharia de tecidos em
busca de processos que favorecam a regeneracéo da érea lesionada e, portanto, permitam
devolver afuncéo tecidual (Carrier et al. 2009).

Para pacientes com queimaduras extensas, a expansdo das células da pele que
permitam uma funcéo de barreira pode fazer a diferenca entre a vida e a morte, e foi essa
necessidade aguda que levou a iniciacdo da engenharia de tecidos na década de 1980
(MacNeil 2007).

Sabe-se que os compostos de purina e pirimidina desempenham um papel em muitos
aspectos dafisiologia das células tronco mesenquimais, liberam e respondem aos receptores
purinérgicos, aterando a proliferacdo, migracéo, diferenciacdo e apoptose (Glaser et al.
2012). Mais informagdes sobre estes processos seriam cruciais para o estabelecimento de
futuras aplicagdes clinicas utilizando o potencial de diferenciacéo das MSCs sem efeitos
colaterais indesgjaveis, como por exemplo o risco de formacéo de tumores (Herberts et al
2011; Zhang et al. 2015).

6. Sistema purinérgico

A adenosina trifosfato (ATP) emergiu como uma das moléculas mais versateis
implicada em uma variedade de processos celulares, desde o fornecimento de energia até a
sinalizacdo célula-célula (Coppi et al. 2007). Danos celulares, morte celular aguda ou
estimul os ambientais (estresse mecanico, osmolaridade e estresse oxidativo) desencadeiam
a liberacdo de nucleotideos das células. A lesdo celular inicia a liberacdo de fatores de
crescimento naferida, bem como causa a saida de nucleotideos os quai s ativam os receptores
purinérgicos (Gendaszewska-Darmach and Kucharskan.d.).

O papel dos nucl eotideos e nucleosideos de purina como mensageiros extracel ulares
foi proposto pela primeiravez nadécada de 1970. Desde entdo, o progresso acelerado neste
campo tem gjudado a determinar a participacdo desses compostos em processos bioquimicos
e fisiologicos fundamentais em diferentes tecidos. O seu potencial terapéutico em uma
ampla gama de enfermidades também esta atraindo um interesse crescente (Burnstock,
Knight, and Greig 2012).

Essa sinalizac8o est4 envolvida no processo de regeneracdo e em demais processos
terapéuticos de injurias, logo, tem sido um importante objeto de estudo na comunidade
cientifica. O ATP extracelular resulta na ativacéo de diferentes subtipos de receptores
purinérgicosdo tipo ionotrépicos, P2X (P2X1-7) e metabotrépicos, P2Y (P2Y 1, P2Y 2, P2Y 4,



21

P2Ys, P2Y 11, P2Y 12, P2Y 13 € P2Y 14). Ja a adenosina, produto de degradagdo do ATP ativa
os receptores P1 para adenosina (A1, Aza, Azs, € Asz) (Burnstock and Verkhratsky 2010).

A concentragdo de nucleotideos e nucl eosideos é controlada com precisdo pelafamilia
das NTPDases (nucleosideo trifosfato difosfohidrolases), pela familia de
nucleotideo pirofosfatases/fosfodiesterases (NPP) e pela ecto-5'-nucleotidase (CD73). Essas
ectonucleotidases coordenam uma cascata de sinalizacdo celular, essencial para o
desenvolvimento e manutencdo celular (Zimmermann 2001). O ATP, liberado por células
danificadas e fisiologicamente em resposta a distlrbios mecanicos suaves, parece estar
envolvido nacicatrizacdo deferidas, reparacéo de tecidos e regeneracéo (Burnstock, Knight,
and Greig 2012). Além do ATP, varios estudos tém proposto que o ADP também pode
desempenhar um papel nacicatrizagdo de feridas (Wang, Huang, and Heppel 1990).

A utilizacdo dos agonistas dos receptores A2a da adenosina demonstraram, em alguns
estudos, um aumento nataxa de fechamento de feridas (Victor-Vegaet al. 2002). Entretanto,
em outros o tratamento tOpico com adenosina promoveu a cicatrizagdo de feridas via
receptor Azg, sugerindo que ambos os receptores Axa e Azg estdo envolvidos na regulagéo
da cicatrizacdo de feridas. Outros grupos descobriram que o receptor A2a da adenosina
promove a producdo de colégeno pel os fibroblastos dérmicos (Burnstock, Knight, and Greig
2012).

Do mesmo modo, as purinas desempenham um papel regulador importante na
comunicacdo celular e no reparo de feridas na cornea (Sanderson et a. 2014). Durante a
Ultima década, o papel de varios nucleotideos e seus receptores em processos oculares,
incluindo a cicatrizagdo da cornea (através do receptor P2Y), migracdo epitelial e
organizacdo do estroma (mediada pelo receptor P2X7) tém sido descrito em ratos (Mankus
et a. 2012; Mayo et al. 2008) (Figura5).
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Extracellular

o

Figura 5. Representacdo esquematica da sinalizacdo purinérgica. Os nucleotideos séo
libertados das células por estimulacdo mecanica, liberacdo exocitética ou lesdo. O ATP
extracelular pode ser o substrato para as enzimas que metabolizam nucleotideos
(ectonucleotidases). O ATP extracelular tem uma meia vida curta antes de ser degradado a
adenosina. A adenosina pode ser convertida ainosina pela acéo da adenosina deaminase ou
por captacdo em células através de transportadores nucleosidicos. Quando séo
externalizados, a adenosina e seus derivados podem participar em processos fisioldgicos e
morte celular, portanto as purinas podem atuar como importantes mensageiros locais nos
tecidos. Abreviaturas. ADO: Adenosing; 5-NT: 5-Nucleotidase; NPP: Nucleotide
pirofosfatase/fosfodiesterase; NTPDases: Nucleosideo trifosfato  difosfohidrolase
(Morandini, Savio, and Coutinho-Silva 2014).

6.1. Ectoenzimas

Véarias familias de enzimas estdo envolvidas na sinalizagéo purinergicac NTPDases,
NPPs, fosfatase al calina e ecto-5'-nucleotidase (Burnstock 2006).

A familia das NTPDases é constituida por oito membros (NTPDasel-8) clonados e
caracterizados, que diferem funcionalmente por hidrolisarem as purinas e pirimidinas com
diferentes afinidades (Zimmermann 2001). As NTPDasel, 2, 3 e 8 sdo ligadas a membrana
plasmética e hidrolisam os nucleosideos trifosfatados (NTPs) e difosfatados (NDPs). As
NTPDase5 e 6 apresentam uma locaizacdo intracelular e as NTPDase 4 e 7 s&0
completamente intracelulares (Robson, Sévigny, and Zimmermann 2006; Zimmermann
2001). A NTPDasel hidrolisaATP e ADP, formando AMP e UTP para UDP, enquanto que
a NTPDase2 hidrolisa ATP para ADP e a ecto-5’-nucleotidase hidrolisa o AMP para
adenosina (Burnstock 2006). As NTPDasel, 2, 3 e 8 foram denominadas ecto-ATPDases
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porque hidrolisam ATP e ADP. Durante a hidrélise de ATP para AMP pela NTPDasel o
ADP n&o ¢ liberado como um intermediario, enquanto o aparecimento de ADP livre pode
ser demonstrado pela hidrélise de ATP pelas NTPDase2,3 e 8 (Knowles 2011).

As ecto-fosfodiesterases hidrolisam ligagdes fosfodiester de nucl eotideos, resultando
na producdo de nucleosideos monofosfato (Cristiana Stefan, Jansen, and Bollen 2005). As
NPP1, NPP2 e NPP3 sdo capazes de hidrolisar varios nucleotideos e sdo consideradas as
enzimas importantes na via da sinalizacéo purinérgica (C Stefan, Jansen, and Bollen 2006;
Y egutkin 2008).

A ecto-5'-nucleotidase (CD73) considerada um importante marcador de superficie
das M SCs é altamente expressa na membrana destas células. E uma glicoproteina ligada a
membrana plasmética, sendo encontrada na maioria dos tecidos. Esta enzima é responsavel
por transformar o AMP em adenosina (Baldwin et a. 1999).

As ectoenzimas como elementos do sistema purinérgico sdo diversamente expressas
em diferentes tipos de células e desempenham papéis diferentes nas células tronco. Existem
varios estudos sobre 0s receptores purinérgicos em varios tipos de células tronco, mas ha
pouca informacao sobre a expressdo de membros da familia das ecto-nucleotidases. Tem
sido identificadas as NTPDases e a CD73 em M SCs isoladas de diferentes tecidos murinos
(medula 6ssea, pulméo, veia cava, rim, pancreas, baco, pele e tecido adiposo) (Iser et a.
2014). Recentemente, Rozsek et al. (2015) caracterizou o perfil de hidrélise de nucleotideos
extracelulares e a expressdo das ectoenzimas em MSCs derivadas de corddo umbilical
humano, demonstrando a importéncia do conhecimento sobre sinalizagdo purinérgica na
fisiologia das células tronco para aplicacOes terapéuticas (Roszek et a. 2015).
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JUSTIFICATIVA

Tanto a cérnea como a pele apresentam popul acdes de células tronco mesenquimais
com capacidade de auto-renovagéo, proliferacdo e potencial de diferenciagdo multi-
linhagem e por causa deste potencial, tém sido consideradas como umafonte de células para
uso em medicina regenerativa e engenharia de tecidos. Considerando-se 0 numero
insuficiente de doadores e possibilidade de insucesso cirdrgico, sG0 necessarias terapias
aternativas para o tratamento de lesdes nacornea e napele. As purinas extracelulares (ATP,
ADP, Adenosina) sdo moléculas extracelulares que regulam uma variedade de funcdes
fisiolégicas como proliferacdo, diferenciacdo e morte celular, tendo sido recentemente
apontadas como importantes na fisiologia das células tronco mesenquimais. Assim, mais
informagdes sobre estes processos sao importantes para que se possa conhecer 0s aspectos
da biologia celular destas células e entdo utiliz&las em modelos pré-clinicos e estudos
potencialmente clinicos.
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OBJETIVOS

Objetivo Geral

Padronizar o isolamento e o cultivo de células mesenquimais de pel e e tecido esclerocorneal

einvestigar a sinalizacdo purinérgica nestas células.

Obj etivos Especificos

1. Padronizar oisolamento e o cultivo de células mesenquimais de materiais biol 6gicos
de descarte, como pele e tecido esclerocorneal humano.

2. Caracterizar fenotipicamente as culturas.

3. Avadiar o potencial de diferenciacdo das células mesenquimais isoladas.

4. ldentificar o melhor gene normalizador e avaliar a expressdo génica dos
componentes do sistema purinérgico.

5. Caracterizar a hidrélise dos nucleotideos extracelulares ATP, ADP e AMP e p-
nitrofenil timidina 5 'monofosfato (p-Nph-5-TMP).

6. Avaliar o metabolismo do ATP extracelular e aformagdo de adenosina por HPLC.

7. Analisar a presenca das ectoenzimas nas células mesenquimais extraidas do tecido
esclerocorneal e da pele.
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Extracellular Nucleotide Hydrolysis in Dermal and Limbal
Mesenchymal Stem Cells: A Source of Adenosine Production

Liliana I. Sous?? Naasani, Cristiano Rodrigues, Rafael Paschoal de Campos,
Liziane Raquel Beckenkamp, Isabele C. Iser, Ana Paula Santin Bertoni,
and Marcia R. Wink*

Departamento de Ciencias Basicas da Satude e Laboratorio de Biologia Celular, Universidade Federal de Ciencias da
Satide de Porto Alegre—UFCSPA, Porto Alegre, RS, Brasil

ABSTRACT

Human Limbal (L-MSCs) and Dermal Mesenchymal Stem Cell (D-MSCs) possess many properties that increase their therapeutic potential in
ophthalmology and dermatology. It is known that purinergic signaling plays a role in many aspects of mesenchymal stem cells physiology.
They release and respond to purinergic ligands, altering proliferation, migration, differentiation, and apoptosis. Therefore, more information
on these processes would be crucial for establishing future clinical applications using their differentiation potential, but without undesirable
side effects. This study evaluated and compared the expression of ecto-nucleotidases, the enzymatic activity of degradation of extracellular
nucleotides and the metaholism of extracellular ATP in D-MSCs and L-MSCs, isolated from discard tissues of human skin and sclerocorneal
rims. The D-MS5Cs and L-MS5Cs showed a differentiation potential into osteogenic, adipogenic, and chondrogenic lineages and the expression
ol markers CD1057,CD447, CD 147, CD34 7, CD457, as expecied. Both cells hydrolyzed low levels ol exiracellular ATP and high levels o AMP,
leading to adenosine accumulation that can regulate inflammation and tissue repair. These cells expressed mRNA for ENTPD1, 2, 3, 5 and 6,
and CD73 that corresponded to the observed enzymatic activities. Thus, considering the degradation of ATP and adenosine production, limbal
MSCs are very similar to dermal MSCs, indicating that from the aspect of extracellular nucleotide metabolism L-MSCs are very similar to the
characterized D-MSCs. J. Cell. Biochem. 9999: 1-13, 2017. © 2017 Wiley Perindicals, Inc.

KEY WORDS: LmMBAL MESENCIYMAL STEM CELLS; DERMAL MESENCIIYMAL STEM CELLS: MSCs: PURINERGIC SIGNALING; NTPDascs; CD73

Traditionally, MSCs were isolated from bone marrow [Frieden-

Mesenchymal Stromal Cells (MSCs) are a populalion ol non-
stein et al.,, 1970; Nemeth and Mezey, 2015], umbilical cord

hematopoietic strumal cells with a high proliferative, self-

renewal and a multilineage differentiation potential [Friedenstein
ci al., 1970; Piltenger ¢t al., 1999]. This ccll population resides in
various sites of adult, perinatal and fetal tissues where these cells
have been isolated and characterized [Campagnoli et al., 2001].
According to the International Society for Cellular Therapy, to
promote a uniform characterization of MSCs, they must have plastic-
adherence when maintained in standard culture conditions, absence
ol expression ol the surlace molecules CD45, CD34, CD14 or CD11b,
CD79« or CD19, and HLA-DR and potential to differentiation in vitro
into osteoblast, adipocytes, and chondroblast [Dominici et al., 2006].
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Wharton's jelly [Wang et al.,, 2004] and adipose tissue [Zuk et al.,
2002]. but other tissucs such as the human skin and sclcrocorncal
limbus, were recently shown to be potential sources of these cells
[Sellheyer and Krahl, 2010; Funderburgh et al., 2016]. Dermal stem
cells were isolated and characterized from human dermal tissue,
demonstrating multilineage differentiation potential [Toma et al.,
2005]. These cells identified thus far, reside in a number of distinet
niches. Among the [irst niches described are the hair [lollicle
dermal papilla and the connective tissue dermal sheuth [Jahoda
er al,, 2003]. In addition, cells residing in stroma of sweat gland
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joined the list of multipotent stem cells of the dermis [Nagel et al.,
2013].

In ocular surface, siromal siem cells were originally observed in
the transitional zone between cornea and sclera, known as the
sclerocorneal limbus. These cells localized to anterior stroma
immediately subjacent to the epithelial basement membrane [Du
ct al., 2005]. Poliscily ct al. [2008] showed that the siromal cells
cultured from limbal explants share characteristics with mesenchy-
mal stem cells of the bone marrow (BM-MSCs), in reclation Lo its
morphology, specific markers, high proliferation rate and low
immunogenicity. In addition, the limbal stroma cells provide a niche
allowing the maintenance of the phenotype of limbal epithelial cells.
It has been recently shown thart cells of the limbal stroma, in addition
to establishing the niche for limbal epithelial stem cells (LESCs),
participate in angiogenesis and regeneration of stromal tissue during
corneal wounds healing [Xie et al., 2012].

MSCs possess many properties that increase their therapeutic
potential in dermatology and ophthalmology. Recently, the
purinergic signaling has emerged as a player in many aspects of
mesenchymal stem cells physiology. MSCs release and respond to
purinergic ligands, altering proliferation, migration, dittferentiation
and apoptosis [Glaser ¢l al., 2012]. More informalion on these
processes would be crucial for establishing future clinical applica-
tions using their differentiation potential without undesirable side
effects.

Nuclecotides arc among some of the oldest molecules used hy
living organisms for energy metabolism, storage of genetic
informalion, transduclion, and exwuacellular communication
[Scarfi. 2014]. In fact, adenosine has been proposed to contribute
to purinergic regulation in MSCs, through the activation of
adenosine P1 receptors [Gharibi et al,, 2011]. The extracellular
hydrolysis cascade of nucleotides initiated by ATP hydrolysis
produces ADP, AMP, and adenosine, resulting in the activation of
different purinergic receptors (ionotropic P2X or metabotropic
P2Y receplors for ATPfADP and P1 scleclive for adcnosine)
[Burnstock, 1978]. The concentration of nucleotides and nucleo-
sides is precisely controlled by the [amily of E-NTPDascs
(ectonucleoside triphosphate diphosphohydrolase), the nucleotide
pyrophosphatase/phosphodiesterase (NPP) family and ecto-5'-
nucleotidase (CD73). These ectonucleotidases coordinate a cellular
signaling cascade esscntial for development and maintenance ol
MSCs [Robson et al., 2006].

So far, eight members of the NTPDase family (NTPDase1-8) that
hydrolyze extracellular nucleotides with different affinities have
been characterized. NTPDasel, 2, 3, and 8 are typical cell-surface
located enzymes with two transmembrane regions and a large
extracellular domain, which contains the catalytic site. NTPDases 4-
7 have an intracellular localization, anchored to the membranes of
organelles. NTPDase5 and 6 lack the C-terminal transmembrane
domain and are also expressed in the plasma membrane or as
secreted enzymes [Robson et al., 2006]. The ecro-5"-nucleotidase
(CD73) is linked to the plasma membrane with its catalytic site
exposed to the extracellular space and catalyzes a dephosphoryla-
fion of AMP to generale adenosine, being the major contributor (o
the pathway that completely hydrolyses from extracellular ATP to
adenosine [Bavaresco et al., 2008].
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Since MSCs are attractive cell populations for cell-based
therapies, their potential for nucleotides hydrolysis is important to
undersiand their physiology and lor clTeclive therapeutic applica-
tions. There are several studies on purinergic receprors in various
types of stem cells, but there is little information about expression of
members of ecto-nucleotidases families. Iser et al. [2014] identified
the NTPDases and ¢NT/CD73 in MSCs isolated rom dilTerent murine
tissues (bone marrow, lung, vena cava, kidney, pancreas, spleen,
skin, and adiposc lissuc). Recenily, Roszcek et al. [2015] characlerized
the ecto-nucleotides hydrolysis profile and ecto-enzymes expression
in human umbilical cord-derived MSCs and chondrogenically
induced MSCs, demonstrating the importance of knowledge about
purinergic signaling in stem cells physiology for therapeutic
applications.

Therefore, in order to contribute with the understanding of the
importance of the purinergic signaling in mesenchymal cells from
promising sources for therapy, this study evaluated and compared
the expression of ecto-nucleotidades, the enzymatic activity of
degradation of extracellular nucleotides and the metabolism of
extracellular ATP in human dermal and limhal mesenchymal stem
cells, isolated from discard tissues.

ISOLATION AND CULTURE OF HUMAN LIMBAL AND DERMAL
STROMAL CELLS

Discarded tissues of human skin (from abdominoplasty) and
sclerocomeul rims (from cadaveric donors) were donated by the
Skin Bank and Cornea Bank of Santa Casa de Misericérdia de Porto
Alegre with the acceptance of Rescarch Eihics commitice ¢ on
Human Beings (CEP) 2%(N~. 54473316.5.0000.5345).

In both tissue types, we made a standardization of protocol
published by Li et al. [1998]. Briefly, fragments of 4mm? were
washed, first with isopropyl alcoholfiodine (1:1), and then with
phosphate butfer saline (PBS) and 2% penicillin/streptomycin
(Sigma, Chemical Co. SL Louis, MO). Tissuc [ragmcnils were
incubated with 2mg/ml dispase II (Sigma) with 1% penicillin/
streptomycin overnight at 37°C to separate the epithelial membrane
of the stroma. After removing the epithelial layer, the fragment ofthe
stroma was seeded into 6-well microplates (Nest Biotech) to isolate
the cells by migration. The growth medium used was a Dulbecco’s
Modified Eagle’s Medium with low glucose (DMEM Low) (Sigma—
Aldrich), supplemented by 10% fetal bovine serum (FBS) (Gibco) and
1% penicillin/streptomycin, which was changed every 3 days. The
cullures were maintained at 37°C, 5% C02, 95% humidiiy Lo rcach
confluence. For each tissue, we work with three primary cultures
obtained from different donors. When the primary cultures rcached
confluence, cells were trypsinized and expanded in 75 cm? culture
Masks (Kasvi).

PHALLOIDIN STAINING

For F-actin staining, cells were seeded on coverslip and 24 h after
culture were lixed with 4% paralormaldchyde soluiion in PBS lor 30
min at 4°C. After each step, cells were washed with PBS. Then, they
were incubaled with permeabilization solution (0,1% Triton X-100
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in PBS) fur 1 h. F-actin was stained with FITC-Phalloidin (Sigma) and
cells were also stained with 4',6-diamidino-2-phenylindole (DAPI)
(Molecular Probes) for the identification of nuclei. The incubalion
with Phalloidin and DAPI was for 40 min at 4°C in a dark room.
Tmages were obtained with a fluorescence microscope (Olympus
1X51/0lympus U-RFL-T).

ADIPOGENIC, OSTEOGENIC, AND CHONDROGENIC
DIFFERENTIATION OF MSCS

For MSCs differentiation, the skin and limbal cells at 5 passage were
seeded at a density of 1 x 107 cellsfem® into a 12-well plate (Nest
Biotech). After 3 days in culture, the growth medium was changed by
the StemPro® Adipocyte Differentiation Basal Medium, StemPro™
Osteogenesis Differentiation Basal Medium and StemPro* Chon-
drocyte Differentiation, Basal Medium (Gibco) for adipogenic,
osteogenic, and chondrogenic differentiation, respectively. The
control cells were maintained with standard growth medium, that
was changed every three days, until the specific periods of
cultivation. After 14 days of adipogenic differentiation conditions,
the culture was fixed with 4% formaldehyde solution for 30 min and
staining with (1:3) 0il Red O on deionized water and the pre- and
post-treaimen! was made with 60% (vol/vol) isopropanol. Otherwise,
after 17 days in culture with chondrogenic medium, the synthesis of
proteoglycans by chondrocytes was seen with 10 Alcian Blue
staining, prepared in 0.1N HCL. Finally, after 25 days under
oslcogenic differeniiating conditions, the calcium deposiied by
osteocytes was staining with 2% Alizarin Red S solution (pH 4.2).

IMMUNOPHENOTYPING

The expression of cell surface markers was measured by a direct
immunofluorescence staining. The cells were trypsinized and
counted to incubate 1x 10° cells for each antibody: FITC-anti-
CD44, PE-anti-CD 105, PE-anti-CD45, PE-anti-CD 14, and FITC-anti-
CD34 (lnvitrogenTM, Waltham, MA). To analyze the presence of the
CD73 cnzyme in the cells surface, 2 x 10° D-MSC and L-MSC were
incubated in the presence of PE-anti-CD73 (BD Pharmingen'™, San
Diego, CA).

Analysis of cells was performed on a FACSCalibur™ flow
cytometerequipped with 488 nimm argon laser (Becton-Dickinson, San
Diego, CA) with CellQuest software. At least 10,000 events were
collected and dala were evalualed using the Flowing Soltware 2.

NUCLEOTIDE HYDROLYSIS ON CELLS SURFACE

To evaluate the nucleotide hydrolysis on the MSCs surface, we made
the enzymatic assay as already described [Wink et al., 2003]. Briefly,
the 24-well microplates (Nest Biotech) containing confluents L-
MSCs and D-MSCs, respectively, were washed three times with a
phosphate-free incubation medium in the ahsence of nucleotides.
For ATP and ADP hydrolysis, the reaction was started by the addition
of 200 w! of the incubation medium containing 2 mM CaCl,, 120 mM
NaCl, 5mM KCl, 10mM glucose, 20mM Hepes, pH 7.4 and
nucleorides, 1mM ATP and ADP, respectively. ar 37°C. For AMP
hydrolysis, the incubation medium was the same, except that the
2 mM MgCl; was uscd insicad o[ CaCl,, and the nucleolide was 1 mM
AMP. The incubation time was chosen to assure the linearity of the
reaction, 1h for ATP and ATP and 30 min for AMP hydrolysis. To
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stup the reaction, un aliquot of the cell incubation medium was
transferred to a tube containing trichloroacetic acid (TCA) to a final
concentratlion of 5% (w/v). The inorganic phosphalc (Pi) relcased was
measured by the malachite green method [Chan et al., 1986], using
KH2P04 as a Pi standard. To determinate the spontaneous hydrolysis
of nucleotides during the incubation, the medium was incubated
with its respective nucleotide but without cells, to have nel values of
enzymatic activity. All samples were run in triplicate for each
dillerent sample. Specilic activity was then expressed as nmol Pi
released/min/mg of protein. To correct the released Pi by the cells,
was determinate the mg of protein in each well. To this, after
incubation, were added 100 .1 of 1N NaOH and frozen at —20 °C. The
protein was measured by the Comassie blue method, using bovine
albumin as standard.

ASSAY OF ECTO-NUCLEQTIDE PYROPHOSPHATASE/
PHOSPHODIESTERASE (E-NPP) ACTIVITY

Phosphodiesterase activity was assessed using p —nitrophenyl
thymidine 5 monophosphate (p —Nph-5" —TMP), an artificial
substrate for E-NPPs [Buffon et al., 2010]. The cells were incubated
with reaction medium containing 50 mM Tris—=HCl butter, 5 mM KCl,
120 mM NaCl, 0.5 mM CaCl2, 60 mM glucose, pH 7.4 and 8.9. The
enzyme reaction was started by the addition of p-Nph-5-TMP 10 a
final concentration of 0.5mM. After 90 min of incubation, the
reaction was stopped by the addition of 200 ul 0.2 N NaOH and the
samples were chilled on ice. Incubalion time was chosen (o ensure
the linearity of the reaction. The amount of p-nitrophenol released
from the substrate was measured al 400 nm. Enzyme activities were
expressed as nmol p-nitrophenol release per minute per milligram of
protein.

ANALYSIS OF EXTRACELLULAR ATP METABOLISM BY HPLC
Confluent cells seeded on 24-well microplates were incubated with
300 pl of incubation medium containing 100 .M of ATP at 37°C.
Aliquots of the samples were collecied at different limes of
incubation: 0, 10, 30, 60, 90, and 120 min and the reaction was
stopped on ice, All samples were centrifuged at400g in a refrigerated
centrifuge at 4°C for 15 min and frozen at —80°C. The separation by
HPLC was performed on a LC-20 system (Shimadzu, Kyoto, Japan),
using a C18 column (5 wm, 150 % 4.6 mm) Shimadzu Shim-pack CLC
(M) at a temperature of 32°C. Aliquots of 20 pl ol cach sample was
injected in a flow of 1,2 ml/min during a 45 min run. The gradient
was composed of a mobile phase consisting of a buffer A (60 mM
KH,PO,;, 5.0mMC, H,,CIN at pH 5.9) and a buffer B (60 mM
KH-5PO,4, 5.0 mM C;cH;5CIN and 30% methanol, pH 5.9). Detection
was analyzed at 254 nm and compared with the standards at their
characteristic retention times.

RNA EXTRACTION, cDNA SYNTHESIS

Total RNA from MSCs cultures was isolated with TRI Reagent LS
(Sigma)in accordance with the manufacturer's instructions. The
c¢DNA species were synthesized with reverse rranscriprase (Super-
Script® III First-Strand Synthesis System Invitrogen, Carlsbad, CA)
[romupio5 pgoliolal RNA, in a linal volume ol 25 pl, with random
hexamers primers in  accordance with the manufacturer's
instructions.
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TABLE L Primer Sequences, Annealing Temperatures, and Fragment Size of Cundidate Normalization Genes

Gene Primer sequence T Q) Fragmenl size (bp)
ACTB F 5-AAGACAGTGTTGTGGGTGTAGG-3' 60 126

ACIE R 5-TGGGATGGGGAGICIGITCA-3

B2M T 5'-AGATGAGTATGCCTGCCGTG-3" GO 120

B2M R 5'-TCATCCAATCCAAATGCGGC-3"

GAPDH F 5 -GICAAGGCIGAGAACGGGAA-Y 60 158

GAPDH R 5 -AAATGAGCCCCAGCCTTCTC-3

TBP F 5'-GCATCACTGTTTCTTGGCGT-3' 60 112

TR R 5'-CGCTGGAACTCGTCTCACTA-3

Primer design based on this sequence. The database is the Ensembile database (hrrpe/fwww.ensemblorg). by, base pairs; ACTR, Beta-Acting B2M; Bera-2-Microglolhulin;

GAPDH, Glyceraldehyrde-3-phosphate Dehydrogenase; TBP, TATA hox binding protein.

REVERSE-TRANSCRIPTION QUANTITATIVE PCR ANALYSIS

For the evaluation of RT-qPCR data four candidate normalization
genes were ested: Bela-Actin (ACTR), Beta-2-Microglobulin (B2M),
Glyceraldehvde-3-phosphate Dehydrogenase (GAPDH), and TATA
box binding protein (TBFP) (Table I). It was evaluated the expression of
the genes ENTPD1, ENTPD2, ENTPD3, ENTPD5, ENTPD6, ENTPDS,
Ecto-5'NT/CD73, ENPP1, ENPP2, ENPP3, and Alkaline phosphatase
(ALPL) (Table T1) for three n of each tissue type. Primers were designed
using the Primer-BLAST program (hitmp://www.ncbi.nlm.nih.govf
tools/primer-blast/) and analyzed using Integrated DNA Technologies
Oligo Analyzer 3.1 software (http:f/www.idtdna.com/calcfanalyzer/).
RT-qPCR samples were prepared in a 12.5 ml inal volume composcd
of 6.25 pl of SYBR™ Select Master Mix (Applied Biosystems, Foster
City, CAJ. 0.2 pl of primer pair solution (0.2 p.M final concentration of
each primer) 5.05 pl of water and 1 pl of diluted cDNA. qPCR was
carricd oul in an Applicd-BiosysiemSiepOnePlus™ Real-Time PCR
cycler. Reaction settings were composed of an initial enzyme
aclivalion slcp of 20s al 95°C, followed by 45 cycles of 3s al
95°C and 30 s at 60°C for data acquisition. The melting curve analysis
was performed in single cycle by heating samples from 65°C1095°C at
a ramp rate of 0.5C/s with continuous fluorescent acquisition. To
quantily mRNA cxpression levels, the relalive standard curve method
was used. cDNA standard curves were constructed using four serial
twofold dilution points of a pool of cDNA samples. Relative gene
cxpression was calculated from the quantity mean of target gencs for

each sample divided by the respective quantity mean of the reference
gene.

STATISTICAL ANALYSIS

To evaluate the stability of the candidate reference genes in
L-MSCs and D-MSCs, the NormFinder algorithm was used
[Andersen et al, 2004]. In addition, the analysis of raw
quantification cycle (Cq) values of each gene was used to
evaluate their stability. The Mean Cq values, standard deviation
(SD), coefficient of variation (CV), and maximum folds change
(MFEC, the ratio of the maximum and minimum values observed
within the datascl) were calculated. Data were cxpressed as
mean + standard error of mean (SEM). Data were analyzed
statistically by one-way ANOVA [ollowed by Tukcy post-hoc
test for ATP, ADP and AMP hydrolysis and by Independent-
samples i-iest [or relative mRNA cxpression using the slalisiical
program IBM SPSS Statistics 24. Differences between mean values
were considered significant when P < 0.05.

ISOLATION AND CULTURE OF HUMAN LIMBAL AND SKIN STROMAL
CELLS

Cells with fusiform morphology were isolated from human skin and
sclerocorneal samples from three donors of each tissue. Cells

TABLE II. Primer Sequences, Annealing Temperatures, and Fragment Size of Ectonucleotidases Genes

Gene Primer sequence T (°C) Fragment size (bp)
LENTPDase3 5 -CCTCTCTCACGGAGACGGA-3'

ENTPDused R 5 -TCTTGGAGCAAAATGTCTTCACG-3' 60 131
ENTPDasc2 F 5-CICCITACIGCIGIGCGLCC-3'

ENTPDase2 R 5 -TGTCGTTCTCCTTGTCTGLEC-3' 60 133
ENTPDuse3 F 5 -GCTAGTCGCCTTCTCCGAAT-3'

ENTI'Dasc3 R 5 -GCAAGACCACCAAGGCAATG-3' 60 136
CNTPDases [ 5 GGAGTUTCTTUGCTGAATCCT-3"

ENTPDases R 5 -CACACCTGCAGAGGCAATTT-3 60 150
ENTPDase6 F 5’ -TCGCCTTTCCTTGTAGGGGA-3"

LENTPDasch R 5 -GCICCCICCIGGAGTTIICA-3' 60 117
ENTPDuseB F 5'-GCGGACACAGAAGCGTCTAA-3

ENTPDuse8 R 5 -CCAAGAAGACCTGCTCCTTCC-3' 60 120
Ecto-5'NT/CD73 F 5 -GAAGGUCTTTGAGUATAGUG-3'

Ecto-5'NT/CD73 R 5'-CGACACTTGGTGCAAAGAACA-3' 60 144
ENPP1 F 5 -CCAAGGACCCCAACACCTATAAA-3

ENPI'L R 5 -AACITCITIGGCACAGCIIGG-3' 60 110
ENPP2 T 5 -GCTCGTTCCAGTCGTGTCA 3°

ENPPZ R 5'-GGTCCAGGGGGAGTCTGATA-3' 60 146
ENPP2 F 5 - 1GIGGATCAACAGLGGCIGG-3'

ENPP2 R 5-GUGTCCATGTGCCAGAAAGA-3' G0 118
Alkaline phospharase F 5'-CGCTATCCTGGCTCCGTG-3

Alkaline phosphatasc R 5 -AGAGATGCAATCGACGTGGG-3' 60 135

w

2 4 EXIRACELLULAR ~ NUCLEOTIDE HYDROLYSIS IN STEM CELLS

JOURNAL OF CELLULAR BIOCHEMISIRY



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
a3
14
a5
46
47
48
49
50
51
52
53
54
55
56

migrated aL approximalely 15 days ol culwre in both tissue Lypes.
After that, tissue fragments were removed to allow cells reached the
conllucnce, which was about 25 days ol cultivation (Fig. 1A-F). To
obtain a purified culture, cells were extended to passage 4.

F-ACTIN STAINING IN L-MSCS AND D-MSCS

To observe the distribution of actin filaments in cells obtained from
both tissue types, cells were stained with FITC-Phalloidin. Cells
showed the [ilamentous actin stress [ibers, characteristic of
mesenchymal-migrating cells [Vallenius, 2013]. No morphological
differences were observed between cells derived from skin and
sclerocorneal limbus (Fig. 2A-H).

CHARACTERIZATION OF L-MSCS AND D-MSCS

To demonstrate the polential for multilineage dillferentiation of
isolated cells from human skin and sclerocorneal tissue, cell cultures
were induced with osteogenic, adipogenic, and chondrogenic media.
After 14 days in adipogenic differentiation medium, cells showed the
formation of intracellular lipid vacuoles, which were confirmed with
0il Red staining (Fig. 3A and B). The lipid vacuoles were not observed
in the controls (dara not shown). After 25 days under osreogenic
differentiating conditions, it was observed a calcium-rich mincralized
matrix as evidenced by Alizarin Red S staining (Fig. 3C and D).
Similarly, both cells types demonstrate positive glycosaminoglycan
production after 17 days in culture, as confirmed by Alcian blue
staining (Fig. 3E and F). The analysis ol'surlace markers indicated that
the cell population isolared from skin and sclerocormeal limbus, have a
very similar immunophenotype. The great part of the populaton of L-
MSCs and D-MSCs was positive for mesenchymal markers (CD105 and
CD44) and negative for hematopoietic markers (CD14, CD34, and
CD45) [Onzi et al., 2016)2° (Fig. 3G and H). These results demonstrate

e
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that was possible (o isolate a population of cells with potential for
multilineage differentiation from both human tissues.

ECTO-NUCLEOTIDASES CHARACTERIZATION IN L-MSCS AND
D-MSCS

After the evaluation of the time necessary to achieve the optimal
conditions for kinetic assays with each cells and nucleotides (data
not shown), the L-MSCs and D-MSCs were incubated with ATP and
ADP [or 1 h and with AMP [or 30 min. The enzymatic assay showed a
high hydrolysis rate for AMP and a low rate for ATP and ADP,
without differences in the hydrolysis pattern between both cell types
(Fig. 4A, Table TT1).

To investigate whether members of E-NPP family could contribute
to nucleotide degradation in L-MSCs and D-MSCs, we investigated
the hydrolysis of p —Nph-5'-TMP, the arlilicial subslraie ol NPPs,
resulting in p-nitrophenol. The results showed that the higher p
—Nph-50 —TMP hydrolysis occurs at alkaline pH (8.9), while the
lower activity was observed at the physiological pH (7.4) (Fig. 4B),
which is in accordance with previous data for E-NPPs [Riicker et al.,
2007; Andradc ct al., 2009]. At physiologic pH (7.4), wc¢ observed
that the ATP, ADP, and AMP hydrolysis was approximately 200, 100,
and 600 timcs higher, respectively, when comparced to p-Nph-5'-
TMP. These results evidenced that the participation of NPPs in the
nucleotide degradation cascade on the surface of D-MSC and L-MSC
is probably negligible in compassion to NTPDases and mainly, CD73.

Additionally, these cclls werc incubated with ATP avdillerent lime
points, up to 120 min, and supernatants were analyzed by HPLC,
confirming the low degradation of ATP and the gencradon of
adenosine at the end of reaction. Additionally. we observed a slight
increase in ATP concentration in the 90 or 120 min time points of the
reaction (Fig. 4C and D).

Fig. 1. Micrograph of MSCs isolated by migration. Cell migration from human skin tissue (A) and human sclerocorneal limbus (B) in 15 days of culture. Subconfluent culture of
D-MSCs (C) and L-MSCs (D). Confluente primary culture of D=MSCs (E) and L-MSCs (F) in 25 days of culture. Higher magnification of images show the fusiform morphology of
the cells. Fragment of human dermis (S), fragment of human sclerocorneal limbus (SCL). Phase contrast micrograph. Scale bars (A—F) 400 m: (A1-F1) 100 pm.
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Fig.2. Phalloidin staining of MSCs cultures. Fusiform morphology of L-MSCs (A) and D-MSCs (B). Actin filaments (Green) of L-MSCs (C) and D-MSCs (D). Nuclear staining with
DAPI of L-MSCs (E) and D-MSCs (F). Overlapping micrographs of phalioidin and DAPI staining of L-MSCs (G) and D-MSCs (H). Phase contrast micrograph (A and B); fluorescence

microscopy micrograph (C—H). Scale bars: (A-B) 200 pzm; (C-H) 100 pam.

In view ol the higher hydrolysis o[ AMP when compared to ADP
and ATP, we decided investigatle the expression ol the CD73, one of
the most important enzyme that catalyze AMP hydrolysis in cell
membrane [Bavaresco et al., 2008]. The presence of CD73 marker on
surface of cells was conlirmed by Mow cytlometry. The positive cells
percentage average was 51.05% | 5.07 and 82.22 | 0.54 for L-MSCs
and D-MSCs, rcspectively (Fig. 4E and F).

ECTONUCLEOTIDASES GENE EXPRESSION IN L-MSCS AND D-MSCS
Four candidate genes were tested 1o find the best normalizing gene
for analyzc the rclative amount of NI'PDascs mRNA. The 1BP, B2M,

and ACTR show the elficiency, and a slope within the paramelersola
good reaction (efficiency: 90-1100; slope: —3.10 o ¥/ —3.58) and
the R” was greater than 0.99, except for the gene ACTB (R =0.979).
Genes that exhibit the lowest CV and SD. as well as, MFC lower than
2 are considered (he most stable genes (Table V) [Zhu ev al., 2013].

In our case, these parameters were not enough to choose the best
normalizing gene, so we usc the NormFinder to sclect the most stable
candidate gene. NormFinder sofrware ranks all refercnce gene
candidates based on intra- and inter-group variations and combines
both results into a stability value for each candidate gene [Zhong
ct al., 2011).9% The most stablc genes were
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Fig. 3. D-MSCs and L-MSCs characterization. L-MSCs (A) and D-MSCs (B) differentiated into adipocytes showing the lipid vacuoles stained with Oil Red. L-MSCs (C) and D-

MSCs (D) differentiated into osteoblasts showing the bone matrix stained by Alizarin Red. Alcian blue staining d

rates positive gly inogly

production in L-MSCs

(E) and D-MSCs (F) cultures. Flow cytometry histograms show the expression (gray curves) of selected molecules (CD105™, CD44™", CD147, CD34~, and CD457) by L-MSCs (G)
and D-MCSc (H) populations compared with controls (white curves). Phase contrast micrograph. Scale bars: (A-B) 200 jum: (C-H) 100 pm.

TBP>ACTR>>B2M>GAPDH (Table V). All RT-qPCR assays produced
a single peak of [luorescence in the melting curve (Figs. 5 and 6A).
The quantification of mRNA cxpression levels showed that the L-
MSCs and D-MSCs expressed the ENTPD1, ENTPD2, ENTPD3,
ENTPD5, ENTPD6, CD73, ENPP1, and ENPP2 in dillerent levels.
Whilc the D-MSCs cxpressed higher mRNA levels of ENTPDI L-
MSCs express higher levels of ENTPD3 (Fig. 6B). In addition, the
expression ot ENTPD8, ENPP3, and ALPL was not observed in in L-
MSCs and D-MSCs (Fig. 7B).%”

Several clinical irials evaluate the use o MSCs in fissue engineering
and cell-based therapies of various pathological conditions due (o
their potential for differentiation and tissuc regencration [Salem and
Thiemermann, 20101.°'2 Numerous studies have demonstrated the
role ol exiracellular nucleoiides in cellular biological processes.
Recently, extracellular nucleotides have been included among the

molecular signals produced by MSCs, demonstrating their impor-
tance in the maintenance, prolileration. and diflerentiation of these
cells [Glascer ct al.. 2012; Scarfi, 2014].

The MSCs present purinergic receptors and ecto-enzymes that
allow the control of nucleotide concentration [Iser et al., 2014]. The
cnzymatic hydrolysis of cxtraccllular nuclcotides allows the
adjustment of signals, modulation of physiology, or specification
of differentiation lineages [Roszek et al, 2015]. To evaluate the
cxpression of ecto-nucleotidases and the degradation of extracellu-
lar nucleotides in human dermal and limbal mesenchymal stem cclls,
first, we isolate and characterize these cells from each discard tissues,
showing their potential for multilineage differentiation. Branch et al.
[2012] demonstrated that mesenchymal stem cclls in the human
commeal limbal stroma have the trilineage ditfferentiation porential.
Similarly, it has been demonsirated that Dermal MSCs have potential
to differentiate on mesenchymal lineages [Toma et al., 2005; Nagel
et al., 2013], which are in accordance wirh our results (Fig. 3A-F).
Moreover, adherent skin-origin MSCs express markers specific for
mescnchymal siem cell lincages CD73, CD90, and €CD105, and arc
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Fig. 4, Ectonuc|eotidase activities, metabolism of extracellular ATP and CD73 expression in D-MSCs and L-MSCs cultures, D-MSCs and L-MSCs cultures hydrolyzed AMP at
significantly higher rates than ATP and ADP P - 0.05 (A). The results are expressed as specific activity (nmol Pi/min/mg of protein). The rate of P-Nph-5'-TIMP hydrolysis by E-
NPPs was very low in D-MSCs and L-MSCs (B).The metabolism of ATP and generation of adenosine (ADO) was determined after separation by HPLC (C and D). The low metabolism
of ATP by both cell typeswas confirmed. However, all ATP degraded was converted in adenosine, which confirms the results of the enzymatic activity. The presence of CD73 enzyme
on surface of cells was confirmed by flow eytometry (E and F). The positivc cells percentage average was 51.05% + 5.07 and 82.22 + 0.54 for L-MSCs and D-MSCs, respectively.
Bars represcnt means + SEM of three independents experiments performed in triplicate of cach tissuc, Data werce analyzed statistically by onc-way ANOVA followed by Tukey

post-hoc test. “Different from AMP hydrolysis.

TABLE III. Specific Activities for the Hydrolysis of the ATP, ADP, AMP, and P-Nph-5'-TMP in D-MSCs and L-MSCs

Specific activities (nmol Pi/min/mg of protein)

Specific activities (pnitrophenol/min/mg of protein)

Cell Lype ATD ADP AMP p-Nph-5'-TMP

D-MSCs 0.7388+£0.281 0.2818 =0.1278 21.01 =4.77 pH 7.4 =0.003 £ 0.0005
pH 8.9 = 0.046 = 0.0066

1-MSCs 0.8672+0.201 0.6457 = 0.00676 22.27 =2.84 pH 7.4 =0.005+0.0014

pH 8.9 =0.063 +0.0230

Resulls ure expressed as mean = slandard deviation.
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TABLE IV. ¢PCR Paramelers Providing the Standard Curve and Dispersion Data o Raw Cy Values [or Each Primer Pair on Relerence Genes [or

Each Cells

Symbol gene Cells Elliciency R* Slope Average SD CVu MEFC

TBr D-MsCs 101.99 .99 3.275 34.27 3.53 0. 10 1.23
L-MSCs 101.99 U.99 —3.27h 21.26 .62 0.02 1.04

GAPDH D-MSCs 118.78 0.997 —2.941 21,99 2.52 0.10 1.20
L-MSCs 118.78 €.997 —2.941 21.33 n.e3 0.04 1.08

B2M D-MSCs 104.87 0.991 —3.21 22.30 2.02 0.09 1.19
L-MSCs 104,87 0.991 3.21 20,71 1.58 0.08 1.16

ACIB D-MSCs 102.59 0.9749 3.261 28.8b 1.45 0.05 1.11
T-MSCs 102,59 0.979 —3.261 28.01 1.13 0.04 1.08

R’. Corrclation cocfficient: $D. standard deviation: CV, cocfficient of variation: and MFC, maximum fold change (the ratio of the maximum and minimum values).

TABLE V. Candidatc Reference Genes for Normalization of RT-qPCR
in L-MCSs and D-M5Cs, According lo Their Stabilivy, as Calculaled
by NormFinder

Symbol gene Stability value Best gene
1BL 0.190 0.190
ACIB 0.192

B2M 0.408

GAPDH 0.635

negative tor hematopoictic markers, including CD34, CD45, CD14,
CD31, and HLA-DR [Klimeczak and Kozlowska, 2016]. Markers
assuciated with the phenotyvpe of tissue-specific stromal cells have
been identified. They are localized in the basal layer of epidermis and

e TBP e
_ D-MSCs ~| L-MSCs |

T

in the epithelium of adnexal structure of the skin [Klimcezak and
Kozlowska, 2016]. Shaharuddin et al. [2016] showed thar limbal
mesenchymal siromal cells expressed cell surface anligens associ-
ated with human MSC, while having noflow expression ol negalive
hematopoietic lineage markers. Likewise, our result show that
L-MSCs and D-MSCs express matrix receptors (CD44, CD105), but
not/low hematopoictic lincage markers (CD34, CD45, CD14)
(Fig. 3G and H).

The ACTR and GAPDH gences have been widely used [Iscr ct al.,
2015]. But Huggett ct al. [2005] published that these genes arc
inappropriale due to their high variabiliiy in biological samples.
Therefore, to evaluate the mRNA expression of ectonucleotidases in
L-MSCs and D-MSCs, we first tested four candidate genes to find the

e GAPDH ...
| D-MSCs | . L-MSCs
- 's
: } = -
ACTB
o SN L= Bt o8
-~ D-MSCs L-MSCs

Fig. 5. Melting curves of the four reference genes for L-MSCs and D-MSCs. Melt curve peak chart collected using the StepOnePlusTM (Applied Biosystems).
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Fig. 6. Melting curves of the NTPDases genes (A) and guantification of ENTPD mRNA (B) expressed in L-MSCs and D-MSCs. The L-MSCs and D-MSCs expressed the enzymes
ENTPD1, ENTPD2, ENTPD3, ENTPDS, ENTPDS, ENPP1, ENFP2, and CD73. The expression of ENTPDS, ENPF3, and ALPL was not observed. Bars represent mean & SEM (n=3). "P-

value < 0.05 (t-test).

best normalizing gene. After analyzing the intra- and inter-group
variations into a stability valuc for cach candidate gene, we observed
that TBP gene showed the best stability value (Table V).

Real-time PCR analysis showed that these cells, obtained from
different donors, express mRNA of ENTPD I, 2, 3. 5, and 6, plus
CD73, whar give them the capacity to promote the complere
degradation ol ATP unlil Lhe adenosine. The D-M5SUs expressed
higher levels of ENTPD1, while the L-MSCs expressed ENTPD3, both
NTPDasc members that arc capable to hydrolyze ATP and ADP 1o
AMP (in ratios of 1:1 and 1:3, respectively). This can explain why
both cell types showed a similarly ATPase acLivity. Nevertheless, the
relation between the levels of expression of these enzymes does not
imply their activity to degrade nucleotides, considering that they can
be modulated by translation or post-translational regulation [Wink
et ul, 2000].

There is a growing interest in characterize the funcdon of
cctonucleotidases expressed on the surface of mesenchymal cells
in recenl years [Scarfi, 2014]. In the majorily ol cells, ATP acts as
an antproliferative and pro-inflammalory agenl, so il should be
efficiently hydrolyzed [Coppi et al.. 2007]. However, in this study.
when we incubated the L-MSCs and D-MSCs with ATP in various
times and analyzed by HLPC. we observed a low degradation of
ATP and the appearance adenosine at the end of reaction, but we
observe a slight incrcasc in ATP concentration in the last time

points of the reaction (Fig. 4B and C). Interestingly. Roszek et al.
[2015]. when incubated the umbilical cord-derived human MSCs
with ATP, also observed an increase in ATP concentralion, alier 3
h of imcubation. These researchers argue that this effect might be
duc the release of intracellular ATP. In addition, that the low
ATPase activiry would be due the importance of ATP signaling in
MSCs, an imporlant signaling [lor (heir mobilizalion. anti-
inflammatory action, differentiation, and cell regeneration. This
explanation is in accordance with the work of Ferrari et al. [2011],
which showed that MSCs are resistant to the cytotoxic effects of
ATP and that cells stimulaied with ATP has an increased in
homing capacity and upregulation of genes involved in cell
migration.

The results presented in this article indicate that the rate of AMP
hydrolysis is higher in L-MSCs and D-MSCs, when compared with
the hydrolysis of ATP and ADP, leading to adenosine formation. In
addition, the presence of the enzyme CD73 was confirmed through
the expression ol the CD73 marker, by llow cytomelry, in both cell
Lypes. Adenosine through the ligation ol adenosine receplors has an
essential role in regulating inflammation and tissue repair. Evans
el al. [2006], evidenced [or the first time, the presence of the
adenosine receptor and its function on the surface of MSCs,
demonstrating the formation of extracellular adenosine. Katebi et al.
[2009]. showed that adcnosine signaling affects prolifcration and
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Fig.7. Schematic representation of nucleotide hydrolysis profile in human limbal (L-MSCs) and dermal mesenchymal stem cell (D-MSCs). In our molecular analysis, L-MSCs and
D-MSCs express CD73 and NTPDases (NT) 1,2,3,5, and 6. Interestingly. comparing both cell types, L-MSC expresses higher levels of NT3 mRNA, while D-MSCs expresses higher
levels of NT1. However, in our enzymatic activity analysis, we demonstrated that in the cells analyzed, the ATP and ADP degradation is low when compared to AMP hydrolysis.
Here, we hypothesized that although there are differences in mRNA expression of NTPDases between these MSCs, probably their ability of nucleotide degradation is of less
important in these cells in relation to AMP hydrolysis. Moreover, it is important to consider that mRNAs could undergo post-transcriptional modifications or other mechanisms
that could alter the production of proteins within cells. At the end, as result of the high hydrolytic activity of the CD73 enzyme, there will be an abundant production of adenosine,
which in turn, can exert many roles in the extracellular space interacting with other cells.

development of BMMSCs, and by targeting the A2AR recepror, could
increase the proliferation of MSCs. Additionally, studies in vitro and
in vivo evaluated the contribution ol adenosine signaling in MSC
differentiation [Gharibi et al., 2011].

Furthermore, MSCs possess immunoregulatory functions and can
attenuare various types of immune responses [Parekkadan et al.,
2008]. The regencerative cffects depend of their ability to regulate
inflammation and tissue homeostasis, by secreting a number of
immunosuppressive factors, such as cytokines and growth factors.
Thus, inhibiting inflammatory responses and facilitating the
proliferation and differentiation of cells in tissues [Cavaliere er al.,
2015]. The immunomodulalory aclivity has also been related Lo the
CD39/CD73 cascade that actively produces extracellular adenosine,
which has paracrine and immunosuppressive effects in these cells
[Chen et al., 2013]. The anti-inflammatory eftects are produced by
blocking the proliferation of T-lymphocytes through the A2A
subtype and the addition of A2A antagonists or CD39 inhibitors
significantly counteracts this cffect [Lee ¢t al., 2014). The importance
of these findings is shown by the result obtained with the A2A-
receptor agonist, polydcoxyribonuclcotide (PDRN) that ncarly
doubled the rate of healing of diabetic foot ulcers. when compared
with placebo [Squadrito et al., 2014]. Chen et al. [2016] investigated
the role of the CD73/adenosine pathway in immune modulation by

MSCs using a mouse model of experimental autoimmune uveitis.
They demonstrate that this pathway is involved in the immunomod-
ulatory function ol MSCs in autoimmune responses. This conlirms
the essential role of extracellular adenosine in the physiology of
MSCs, stimulating its properties to immunomodulatory and pro-
hcaling, suggesting a possiblc usc of this nuclcosidc or its agonists in
ccllular therapices.

In conclusion, we showed that considering the degradation of ATP
and adenosine production, limbal MSCs are very similar to dermal
MSCs, indicating that from the aspect of extracelular nucleotide
metabolism, L-MSCs are very similar to the characterized D-MSCs.
Thus, limbal cells can be another source o[ MSCs (o be studied in pre-
clinical models and potentially clinical studies.
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CAPITULO 11

DISCUSSAO

Devido ao potencia de diferenciacdo e capacidade imunomoduladora, as M SCs tém
sido consideradas como uma fonte potencial de células para seu uso em bioengenharia de
tecidos e terapias celulares (Salem and Thiemermann 2010). Neste trabalho foi possivel
isolar células mesenquimais de materiais que geralmente sdo descartados nos centros
hospitalares. Estima-se que a necessidade anual de transplantes de cdrnea no Brasil seja de
17.168 transplantes (Bonfadini et a. 2014). Apds o transplante de cornea, o tecido
circundante (limbo esclerocorneal) € descartado, a partir do qual € possivel isolar, com
técnicas de cultivo celular, as células tronco que participam na regeneracdo da cornea
(Dravidaet a. 2005). Do mesmo modo, apds uma cirurgia de abdominoplastia, o excesso de
pel e retirada também é considerada material de descarte, e damesma formaé possivel isolar
células tronco ndo sd6 mesenquimais dérmicas, mas também queratindcitos, melandcitos e
células mesenquimais adiposas.

Neste trabalho as células mesenquimais foram isoladas por migracdo, apds uma
digestdo enzimética que permitiu retirar o epitélio dasamostras. Em aproximadamente duas
semanas em cultura, foi possivel observar as células migrando a partir dos fragmentos de
tecido, as quais alcancaram confluéncia em 25 dias de cultura. As células isoladas de cada
tecido mostraram seu potencial de diferenciacéo em linhagens osteogénicas, adipogénicas e
condrogénicas. Além disso, apresentaram a expressdo de marcadores de superficie
mesenquimais (CD105 e CD44), mas ndo hematopoiéticos (CD14, CD34, CD45),
confirmando a sua identidade tronco, conforme descrito na literatura (Branch et al. 2012;
Tomaet al. 2005).

Nos udltimos anos tém aumentado o interesse em desvendar as funcbes das
ectonucleotidases expressas na superficie das células mesenquimais. Isso porque 0s
nucleotideos e seus produtos de hidrélise podem exercer uma diversidade de efeitos nessas
células (Roszek et al. 2015; Scarfi 2014). Neste estudo foi caraterizada a expressao genica
das ectoenzimas, demostrando-se que as L-MSCs e D-MSCs expressam mRNA das
ENTPDases 1, 2, 3, 5, 6, CD73, ENPP1 e 2, o que lhes da a capacidade de promover a
degradacdo de ATP até aadenosina. No entanto, foi observado que estas células degradaram
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baixos niveisde ATP e ADP em comparacédo com o AMP. Também foi avaliada a atividade
fosfodiesterase das NPP usando-se como substrato artificial o p-nitrofenil timidina 5
'monofosfato (p-Nph-5'-TMP). Nossos resultados evidenciaram uma baixa atividade
enzimatica das NPPs em L-MSCs e D-MSCs, o que indica que estas enzimas apresentam
pouca participacdo na degradacdo de ATP nessas células.

A baixa atividade ATPasica poderia ser pela importancia que o ATP tem na
sinalizacéo das M SCs, modulando a sua mobilizacéo, diferenciacéo e regeneracéo celular.
Esta explicagdo esté de acordo com o trabalho de Ferrari Davide et al. 2011 que mostrou que
M SCs s&o resistentes aos efeitos citotoxicos do ATP. No entanto, a ata hidrolise de AMP,
possivel mente pela atividade da ecto-5’-nuclectidase (CD73), expressa ha superficie das L-
MSCs e D-MSCs, poderia estar relacionada com o papel que tem a adenosina na atenuagao
da inflamago e cicatrizacdo de tecidos (Scarfi 2014). Também tem se demostrado que a
adenosinatem efeitos na proliferacéo e diferenciacdo das M SCs (Gharibi et a. 2011; Katebi,
Soleimani, and Cronstein 2009).

As MSCs tém propriedades imunomodul adoras (Parekkadan, Tilles, and Yarmush
2008) efoi investigado o efeito daviade sinalizagdo de CD73/adenosina em model o animal
de uveite autoimune experimental, demostrando que esta via estd envolvida na funcéo
imunomoduladora das M SCs em respostas autoimunes. Isto confirma o papel essencial da
adenosina extracelular na fisiologia das MSCs, estimulando as suas propriedades
imunomodul adoras e pro-cicatrizantes, sugerindo um possivel uso deste nucleosideo ou dos
seus agonistas em terapias celulares(Chen X, Shao H, Zhi Y, Xiao Q, Su C, Dong L, Liu X,
Li X 2016).

Tanto o ATP como a adenosina tém demostrado papéis pleiotropicos que afetam
tanto as propriedades imunomoduladoras as MSCs como seu comprometimento com a
diferenciacéo nas linhagens. O ATP tem sido mais associado a inibi¢do da proliferacéo,
propriedades proinflamatoérias e de migracdo celular. Por outro lado, a adenosina tem sido
associada a uma atividade autdcrina, protetora bem como a uma atividade imunossupressora
paracrina, contrariando a estimulacéo de ATP.

Portanto, o conhecimento do papel dos nucleotideos e nucleosideos é essencia para
a compreensdo da fisiologia das MSCs que, num futuro proximo, permitira definir o

envolvimento destas células na reparacdo de tecidos.
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CONCLUSAO GERAL

Nesse estudo padronizamos o isolamento de células mesenquimais do limbo

esclerocorneal (L-MSCs) e daderme (D-M SCs), ambos considerados tecidos de descarte, as

quais demonstraram o potencia de diferenciagdo multilinhagem. Ambos os tipos celulares,
L-MSCs e D-MSCs, expressaram mRNA paraas E-NTPD1, 2, 3, 5, 6, CD73, E-NPP1 e 2,
e hidrolisam baixos niveis de p-Nph-5-TMP, ATP e ADP em comparacéo com AMP.

CONCLUSOESESPECIFICAS

1

Foi padronizado o isolamento e cultivo de células tronco mesenquimais a partir de
materiais de descarte humano, como pele e tecido esclerocorneal. As células
iniciaram a migracdo desde os tecidos em aproximadamente 15 dias de cultivo e
alcancaram a confluéncia aos 25 dias de cultivo.

As células isoladas mostraram a morfologia fusiforme em cultura e as popul agdes de
L-MSCs e D-MSCs foram positivas para marcadores de células mesenquimais
(CD105 e CD44) e negativas para marcadores hematopoiéticos (CD14, CD34,
CD45).

AsL-MSCs e D-MSCs mostraram o potencia de diferenciagdo multilinhagem ao se
diferenciar nas linhagens osteogéni ca, adipogénica e condrogénica.

O melhor gene normalizador paraavaliar a expressao génicanas L-MSCs e D-MSCs
foi 0 TBP. Estas cdlulas expressam mRNA para as E-NTPD1, 2, 3, 5, 6, CD73, E-
NPP1 e 2 e ndo foi observada a expressdo da E-NTPD8, E-NPP3 efosfatase alcalina
em ambos tipos celulares.

A baixa hidrdlise do substrato artificial das NPPs, p-Nph-5-TMP, mostra que essas
enzimas nao possuem uma participacdo na hidrolise do ATP.

As L-MSCs e D-MSCs hidrolisam niveis baixos de ATP e ADP extracelular e atos
niveis de AMP, que levam aformacdo de adenosina.

As L-MSCs e D-MSCs expressam a enzima CD73 na superficie celular.
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PERSPECTIVAS

Este trabalho proporciona vérias perspectivas de investigagdo para um maior conhecimento
destas MSCs, de forma que possam ser consideradas em estudos potencia mente clinicos,

como:

1. Investigar a expressdo dos receptores purinérgicos nas células para complementar
sua caracterizagao.

2. Avdliar o papel do ATP e da adenosina na biologia das M SCs.

3. Isolar demaistipos celulares (quetarindcitos, melandcitos) e desenvolver um modelo
tridimensional em conjunto com as céulas mesenquimais para estudar o
funcionamento in vivo das células e o papel dos componentes da sinalizacdo

purinérgica nas lesdes.
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