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1. INTRODUCAO

Figural. As células-tronco podem ser recrutadas da medula Gssea para o rim
lesado ou serem expandidas ex vivo. Essas células podem contribuir
para a reparagdo renal através da producéo de citocinas especificas ou
quimiocinas e fatores de crescimento, pela transdiferenciacdo em tipos
especifico de  células renais, ou através de  fusdo
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Figura2. Acdo das células-tronco mesenquimais (CTM) no processo de fibrose
renal. a) Fibrose renal: acimulo de fibroblastos (seta azul), fibrose
tabulo intersticial (seta amarela), fibrose intimal dos vasos (seta verde),
b) Rim normal: sem alteracdes, c) apos lesdo renal a medula 6ssea e a
transicdo  epitélio-mesenquimal (TEM), associados ao TGF-f
aumentam o numero de fibroblastos levando a fibrose; d) as CTM,
através da liberacdo de fatores de crescimento e citocinas reduzem a

acdo pro-fibrotica do TGF-B bloqueando a TEM e diminuindo a fibrose

ARTIGO 1
Figure 1. Morphological characteristics of MSCs from rat bone marrow.
Photomicrograph showing MSCs on day 14 of culture, with attached

cells demonstrating typical fibroblast-like
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Figure 2.

Figure 3.
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(A and B) Hematoxylin/eosin staining of unseeded or MSC seeded
collagen scaffolds cultured for 14 days in culture medium. (C)
Photograph of biomaterial adhered to renal parenchyma after renal
mass reduction surgery. (D) Histologic appearance of the
biomaterial attached to renal parenchyma at 90 days post surgery
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Renal function studies at days 0, 45 and 90 in the 2/3 renal mass
reduction model. (A) Percentage increase in sCr, (B) creatinine
clearance, (C) slopes of the reciprocal serum creatinine plot
(1/sCr), (D) 24-hour proteinuria (PT24h). Values are expressed as
means = SD in B, C, and D (p<0.05, °p<0.05, +p<0.01,

TP<0.00) e

Renal function studies at days 0, 45 and 90 in the 5/6 renal mass
reduction model. (A) Percentage increase in sCr, (B) creatinine
clearance, (C) slopes of the reciprocal serum creatinine plot
(1/sCr), (D) 24-hour proteinuria (PT24h). Values are expressed as
means = SD in B, C, and D (p<0.05, °p<0.05, +p<0.01,

TP<0.00) e
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Figure 4. Immunohistochemistry of renal tissue from 2/3 and 5/6
nephrectomized rats. (A) Immunolocalization of ED-1 positive
cells; (B) staining for fibronectin; (C) immunolocalization of
PCNA; (D) immunostaining of interstitial a-SMA and (E) p-JINK
in the renal cortex. Data are expressed as means + SD (p<0.05,

°p<0.05, +p<0.01, TP<O.01)...ueiriniie it e e e e 29

Figure 5. Representative images of immunolocalization of ED-1 cells
(macrophages/monocytes), a-SMA, fibronectin, PCNA and p-JNK
in the renal cortices of the Sham, CRF5/6, BP, BPMSC and
BPMO groups (CRF5/6 model) on postoperative day 90
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ARTIGO 3

Figure 1. Fotomicrografia mostrando células aderentes provenientes do
sangue de corddo umbilical. A. Células fibroblastdides (seta) e
epitelidides (ponta de seta) observadas no inicio de cultivo. B.
Células fibroblastdides confluentes. C. Células arredondadas

SELA). AUMENTO 200X, .. .. eeeeeeteereertreerrerrerrerrerrerserrernernerneas 38
(seta)

Figure 2. Fotomicrografia mostrando células aderentes provenientes do
sangue de corddo umbilical. A. Andlise citoquimica mostrando
células mesenquimais marcadas positivamente pelo reativo &cido

de Schiff (PAS). B. Andlise citoquimica mostrando células
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mesenquimais marcadas negativamente pela fosfatase &cida.
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Introducdo: A insuficiéncia renal cronica (IRC) é caracterizada pela perda progressiva
e irreversivel da funco renal e seu tratamento gera um gasto publico significativo para
manutencdo de pacientes em tratamento dialitico. A terapia com células-tronco (CT),
pelo seu potencial de tratamento das doencas crbnicas, pode ser uma estratégia
promissora para reparar ou retardar a progressdo da IRC. Existem duvidas sobre o tipo
celular, a quantidade de células, o método e local ideal para implantacdo das CT e o
papel por elas desempenhado na reparagdo do parénquima renal. Objetivos: 1) avaliar o
efeito da infusdo de células derivadas da medula 6ssea (CDMO) no tratamento da IRC
experimental; 2) avaliar o efeito combinado das CT e biomaterial (BM) na progressao
da IRC e estudar o efeito dessa terapia em diferentes estagios da IRC; 3) Avaliar o
desenvolvimento de técnicas de isolamento e cultivo de células mesenquimais do
sangue de corddo umbilical humano (SCU). Métodos: artigo 1: usamos o modelo de
reducdo de massa 5/6 para induzir a IRC experimental. Funcdo renal foi medida no
inicio do experimento e 60 e 120 dias depois da cirurgia; artigo 2: animais foram
subdivididos conforme a quantidade de parénquima renal lesado (5/6 ou 2/3), 0 uso de
BM como arcabouco para o implante celular e o tipo de células utilizado (célula
mononuclear ou mesenquimal). A funcdo renal foi avaliada nos dias 0, 45 e 90 apds
cirurgia. Andlise histologica e imunohistoquimica foram realizadas em todos 0s grupos
ao final do estudo; artigo 3: Foram utilizadas dez amostras de SCU e testados dois
diferentes procedimentos para cultivo de células-tronco mesenquimal (CTM): sem
gradiente de densidade Ficoll-Paque, para obtencdo de células nucleadas; por gradiente
de densidade Ficoll-Paque, para obtencdo de células mononucleares. Resultados:
artigo 1: Analises da progressdo da IRC mostraram que o tratamento com CDMO

reduziu significativamente a taxa de declinio do clearance ( Clcr) quando comparados
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com o grupo controle; artigo 2: animais tratados apresentaram aumentos
significativamente menores de creatinina sérica, proteindria e Clcr maiores ap6s 90 dias,
quando comparado aos animais controles em ambos os modelos de IRC; artigo 3: as
CTM em cultura provenientes do método sem gradiente de densidade Ficoll- Paque
mantiveram o crescimento formando focos confluentes de células. Conclusoes: artigo
1: a progresséo da IRC pode ser retardada pela injecdo de CDMO no parénquima renal;
artigo 2: a) utilizacdo da CT combinada com o BM pode ser uma via alternativa para
administrar a CTMO; b) terapia celular parece ser mais eficaz quando administrada em
estagios menos graves da IRC; artigo 3: As células nucleadas sem uso do gradiente de
densidade Ficoll-Paque mostraram mais eficiente para o cultivo de CTM do SCU

quando comparado ao procedimento com gradiente de densidade Ficoll-Paque.

Palavras-chave: 1. Terapia celular. 2. Células-tronco. 3. Engenharia Tecidual. 4.

Insuficiéncia renal cronica. 5. Sangue de corddo umbilical.
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Abstract

Introduction: Chronic renal failure (CRF) is characterized by progressive and
irreversible loss of renal function and its treatment generates significant public spending
for maintenance and care of patients on dialysis. Stem cell (SC) therapy, in its potential
for treatment of chronic diseases, may be a promising strategy for repairing the damage
from or slowing the progression of CRF. There are questions about cell type, quantity of
cells, method and ideal place for deployment of SC and the role it plays in the repair of
renal parenchyma. Objective: 1) To evaluate the effect of infusion of bone marrow
derived cells (BMDC) in the treatment of experimental CRF; 2) Evaluate the combined
effect of SC and biomaterial (BM) in the progression of CRF and study the effect of this
therapy in different stages of CRF; 3) Evaluate the development of techniques for
isolation and cultivation of human umbilical cord blood (HUCB) mesenchymal cells.
Methods: Article 1: We used the 5/6 mass reduction model to induce experimental
CRF. Kidney function was measured at the beginning of the experiment and 60 and 120
days after the surgery; Article 2: Animals were subdivided as to the amount of renal
parenchyma injured (5/6 or 2/3), the use of BM as a scaffold to cell implantation, and
cell type used (mononuclear or mesenchymal cells). Renal function was evaluated on
days 0, 45, and 90 after surgery. Histological and immunohistochemical analyses were
done in all groups at the end of the study; Article 3: Ten samples of HUCB were used
and two different procedures for cultivation of mesenchymal stem cells (MSC) were
tested: without Ficoll-Paque density gradient, to obtain nucleated cells; with Ficoll-
Paque density gradient, for obtaining mononuclear cells. Results: Article 1: CRF
progression analysis showed that treatment with BMDC significantly reduced the rate of

decline of creatinine clearance (Clcr) when compared with the control group; Article 2:
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Treated animals showed significantly lower increases in serum creatinine and 24 hour
proteinuria, and higher increases in Clcr after 90 days when compared to control
animals in both models of CRF; Article 3: The MSC in culture from the method
without Ficoll-Paque density gradient maintained growth forming confluent cell foci.
Conclusions: Article 1: Progression of CRF can be delayed by injection of BMDC in
the renal parenchyma; Article 2: a) Use of SC combined with BM can be an alternative
way to administer BMDC; b) Cell therapy seems to be most effective when
administered in less severe stages of CRF; Article 3: Nucleated cells without using
Ficoll-Paque density gradient showed more efficiency in the cultivation of MSC from

HUCB when compared with the procedure employing Ficoll-Paque density gradient.

Keywords: 1. Cellular Therapy. 2. Stem cells. 3. Tissue engineering. 4. Chronic renal

failure. 5. Umbilical cord blood.
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1. INTRODUCAO

1.1. Insuficiéncia renal cronica

A insuficiéncia renal cronica (IRC) é um importante problema de saide puablica
e por essa razdo a comunidade nefroldgica internacional tem se mobilizado para tentar
prevenir e diagnosticar precocemente a doenca, além de buscar estratégias visando
retardar a progresséo da IRC. @

Apo6s uma leséo renal inicial o processo que leva a IRC se caracteriza pela perda
lenta, progressiva e irreversivel da funcdo dos rins. Na fase final da doenga predominam
0s sintomas e sinais de uremia e torna-se necessaria a dilise ou o transplante renal. @

Embora existam essas duas alternativas terapéuticas, ambas possuem limitagdes
significativas: a dialise é um tratamento temporario, de custo elevado e que ndo restaura
a fungdo enddcrina renal; o transplante € limitado pela escassez de doadores de 6rgéos,
complicagOes da terapia imunossupressora e pela auséncia de um tratamento conhecido
para a disfungéo cronica do transplante. ©

Os mecanismos que levam & IRC sdo multifatoriais e a perda da funcéo renal
pode ser consequéncia de fatores mecanicos, imunoldgicos ou toxicos. Em todos eles o
mecanismo final de leséo tecidual envolve proliferagdo celular, liberagéo de citocinas
inflamatorias, ativagdo de genes fibrogénicos, aumento na formagdo de colageno e
fibrose.

As principais causas da IRC s&o mostradas na (Tabela 1). ©
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Tabelal. Frequéncia das principais causas da IRC.

CAUSA %
Glomerulonefrite 23,5
Hipertensdo 241
Diabetes Tipo 1 2,5
Diabetes Tipo 2 14,1
Nefrite intersticial 2,9
Rins policisticos 2,7
Uropatia obstrutiva 3,0
Outros 11,3
Desconhecida 16,0
TOTAL 100,0

No Brasil, segundo dados da Sociedade Brasileira de Nefrologia, cerca de
87.000 (468 pacientes por milhdo de habitantes) atualmente recebem tratamento
dialitico, mas o nimero de pessoas da popula¢do acometidas por IRC em estagios mais
precoces da doenga é desconhecido. ® Além disso, o crescente niimero de pacientes que
anualmente iniciam esse tratamento constitui um grande 6nus para qualquer orcamento
governamental destinado a saude. Portanto, estratégias para prevenir, retardar ou reparar
a progressdo da lesdo renal cronica sdo fundamentais para tentar reduzir o impacto
econdbmico do tratamento dialitico e de suas comorbidades, além de oferecer uma

alternativa para o transplante renal.

1.2. Células-tronco
As células-tronco (CT) sdo células indiferenciadas, encontradas em tecidos
embrionarios e também em tecidos adultos, responsaveis pela formacdo do embrido e

pela manutencao dos tecidos na vida adulta, respectivamente. ¢
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As CT embrionérias caracterizam-se pela capacidade ilimitada de auto-
renovacdo e diferenciagho em todos os tipos celulares. Além dos problemas
metodoldgicos e técnicos relacionados ao controle da multiplicacdo e diferenciacéo das
CT embrionérias, um importante obstaculo para a utilizagdo desse tipo celular sdo as
questdes éticas e religiosas. %

A CT adulta é uma célula indiferenciada que é encontrada em tecidos
diferenciados e se caracteriza por apresentarem ciclo celular lento e capacidade de
proliferacdo in vitro. Essas células sdo isoladas em grande parte da medula dssea e
podem se diferenciar na linhagem hematopoética, que originaré as células do sangue ou
na linhagem mesenquimal, derivada do estroma da medula 6ssea, que poderé originar

outros tipos celulares. %

A) Células-tronco mesenquimais
As células-tronco mesenquimais (CTMs) caracterizam-se por ser uma populacéo
de células multipotentes, capazes de se diferenciarem e produzirem tipos celulares

101 | vitro, as CTMs exibem

indispensaveis para a reparacéo e manutencéo tecidual. ¢
morfologia fibroblastéide, aderem ao substrato plastico tém capacidade de auto-
renovacdo e diferenciagdo em ostedcitos, condrdcitos e adipocitos. Essas células
expressam varias moléculas caracteristicas em suas membranas, entre elas CD105,
CD73 e CD90 e ndo possuem os marcadores tipicos das células da linhagem
hematopoética. 2

Recentes estudos demonstraram que as CTMs estéo presentes na parede vascular

de arteriolas pré-capilares e nas pequenas artérias e veias (pericitos) e essa associagdo
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com a vasculatura permite que funcionem como fonte constante de reposigdo celular e

estejam disponiveis para a reparagdo ou regeneracéo de lesdes locais. **

B) Células-tronco de corddo umbilical

Embora a medula 6ssea seja considerada uma das principais fontes disponiveis
de CT hé& muitas restrigBes para seu uso, entre elas a sua capacidade de proliferacéo e
diferenciacdo limitada. M Além disso, as dificuldades de encontrar doadores
compativeis e as complicagdes imunoldgicas relacionadas a rejei¢do tém restringido seu

9 Essas limitagbes motivaram a busca de fontes

uso em transplantes alogénicos.
alternativas de CT, como o sangue do corddo umbilical (SCU).

O SCU ¢é rico em células-tronco com alta capacidade proliferativa. Dentre as
vantagens do transplante a partir do corddo umbilical estéo a auséncia de risco para o
doador, facilidade de coleta e facil obtengdo. Outra vantagem é que o SCU pode ser
classificado de acordo com os antigenos leucocitarios humanos (HLA) e armazenado
sob congelamento, estando sempre disponivel para uso. *®

Vérios estudos confirmaram o potencial de proliferagdo das CTs mesenquimais
do SCU e sua diferenciacdo em diversas linhagens como o0sso, adipocitos, células
neurais e hepatécitos. **#)

Entretanto, ainda é necessario o aprimoramento das técnicas de isolamento e

caracterizacdo dessas células e determinar quais fatores de crescimento, proliferacéo e

diferenciagdo sdo mais adequadas para esses tipos celulares.



Introducdo 6

1.3. Mecanismos de acéo das células-tronco na reparacéo renal

Os mecanismos usados pelas CT para regeneracéo tecidual, tanto renal como dos
outros 6rgdos ainda sdo desconhecidos. Algumas hipoteses formuladas sobre esses
mecanismos incluem: 1) transdiferenciacéo, processo pelo qual uma célula-tronco se
diferencia em uma célula adulta de outro tecido; 2) fusao celular, entre as células-tronco
da medula 6ssea com as células do 6rgdo afetado, gerando uma célula hibrida com o
fenotipo do 6rgéo lesado; 3) acdo paracrina modulatéria das células-tronco sobre tecido
remanescente, onde as CT secretam uma grande variedade de citocinas prd e anti-
inflamatorias, além de fatores de crescimento que modulam a resposta inflamatoria.
Além disso, as CT interagem com as células residentes dos nichos podendo induzi-las,
por mecanismo parécrino, a se diferenciarem em linhagens celulares distintas, conforme
0 tipo de estimulo. Ainda, é possivel que o papel desempenhado pelas CT na
regeneracdo tecidual renal envolva a acdo concomitante de dois ou mais desses e/ou de

outros processos. ¥ (Figura 1).
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Cultive & expansaodas CT

CT derivadas da
medula ossea

Figura 1. As células-tronco podem ser recrutadas da medula éssea para o rim lesado ou
serem expandidas ex vivo. Essas células podem contribuir para a reparagdo renal através
da producdo de citocinas especificas ou quimiocinas e fatores de crescimento pela

transdiferenciacéo em tipos especifico de células renais, ou através da fusao celular. ¥

A fibrose tubulo-intersticial € um evento constante da IRC ndo sendo apenas
uma resposta a lesdo tubular, mas um fator determinante contribuindo para a perda do
néfron. O mecanismo que leva a fibrogénese renal decorre de uma producdo excessiva
de componentes da matriz extracelular (ME) para auxiliar no reparo do tecido renal e a
persisténcia da inflamacdo mantém a sintese de ME elevada agravando a formacéo de
fibrose. 2

A producdo de ME presente no processo fibrotico é produzida por células
denominadas miofibroblastos que podem ser originados da medula dssea (15% -
fibrdcitos) ou pela proliferacdo local de fibroblastos intersticiais (15%), enquanto 70%

origina-se de células epiteliais e endoteliais geradas pela transicao epitélio-mesenquimal
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(TEM) e pelo processo de transicdlo do endotélio-mesenquimal (TEndM)
respectivamente. *?

A TEM renal é um fenbmeno no qual as células do epitélio perdem suas
caracteristicas fenotipicas epiteliais e adquirem as caracteristicas das células
mesenquimais, proporcionando uma fonte renovavel de miofibroblastos. Essa célula de
origem mesenquimal tem caracteristicas de fibroblastos e de células musculares lisas e
sdo regulados positivamente pelas moléculas TGF-B (fator de crescimento
transformador beta), angiotensina Il e PDGF (fator de crescimento derivados de
plaquetas). @

Recentes estudos sugerem que o bloqueio da TEM e consequentemente da
transformagdo em miofibroblastos, pode representar um tratamento promissor para
retardar a progressao da doenca renal. 324

O papel da CTM no processo de fibrogénese renal ainda é controverso. E
possivel que as CTMs possam reverter o processo de fibrose gerando fatores de
crescimento como VEGF (fator de crescimento endotelial vascular), HGF (fator de
crescimento de hepatdcitos) e IGF-1 (Fator de crescimento semelhante & insulina tipol).
Esses fatores inibiriam as acdes pro-fibroticas do TGF-p reduzindo a inflamagao e dessa

forma promoveriam a regeneracéo do tecido renal lesado (Figura 2). @
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Proliferacio

Ehrablastos residontos Fibroblastos residentes

Figura 2. A¢do das células-tronco mesenquimais (CTM) no processo de fibrose renal.
Acao das células-tronco mesenquimais (CTM) no processo de fibrose renal. a) Fibrose
renal: acimulo de fibroblastos (seta azul), fibrose tubulo intersticial (seta amarela),
fibrose intimal dos vasos (seta verde), b) Rim normal: sem alteracdes, c) apds lesdo
renal a medula 6ssea (MO) e a transicdo epitélio-mesenquimal (TEM), associados ao
TGF-B aumentam o nimero de fibroblastos levando a fibrose; d) as CTM, atraves da
liberacdo de fatores de crescimento e citocinas reduzem a agéo pré-fibréticas do TGF-f
blogueando a TEM e diminuindo a fibrose renal. ®*
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1.4. Terapia celular no modelo de IRC experimental

A maioria das doencas renais crénicas se caracteriza por uma lesdo inicial,
seguida da progressdo dessas lesdes para formagdo de fibrose tecidual que
gradativamente substitui o parénquima renal. ¢

Experimentalmente, o modelo classicamente utilizado para estudos da IRC é o
de reducdo de 5/6 da massa renal de ratos. Nesses modelos, a lesdo renal é induzida
pela retirada cirrgica e/ou infarto de partes do parénquima renal e os animais evoluem
com alteragdes bioquimicas e sinais clinicos semelhantes aos da IRC em humanos. ¢"-%

Independente da técnica usada, 0s autores sugerem que 0S mecanismos
compensatorios tornam-se patoldgicos e contribuem para o desenvolvimento da
progressao da lesao renal. %62

Por esse motivo, intervencdes terapéuticas farmacoldgicas tém sido utilizadas
nesses animais e recentemente esses modelos também passaram a servir para os estudos
com terapia celular com o objetivo de tentar reparar ou retardar a IRC. ¢

Trés hipoteses podem explicar a mobilizagdo das CTMs para o local da leséo e
iniciar a reparacdo renal: 1) apdés a lesdo tecidual ou inflamagdo renal as CTM
provenientes da medula 6ssea migram para o local da lesdo; 2) CTM residentes no
tecido renal afluem para o local da lesdo e 3) CTM presentes na regido perivascular
migram para a corrente sanguinea e se dirigem para o local da lesdo onde exerceréo
efeitos paracrinos.®?
O primeiro relato de terapia celular em modelo de IRC experimental, associada &

glomerulonefrite induzida por anti-Thy-1, mostrou que as CTM contribuiram para a

regeneracdo de células endoteliais e mesangiais. Entretanto, Zerbine e cols néo
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obtiveram sucesso em retardar a progressdo da doenga renal utilizando células da
medula éssea. 3

Recentemente demonstramos que o uso de células derivadas da medula 0ssea,
quando implantadas no parénquima renal de ratos com IRC induzida por reducdo de 5/6
da massa renal, reduziu ou estabilizou significativamente a taxa de declinio da
depuracéo da creatinina desses animais, apés 120 dias de tratamento. ¢

Cavaglieri e cols, também estudando o mesmo modelo experimental de IRC,
concluiram que, ap6s a inoculacdo de CTMs na regido subcapsular renal, havia um
efeito renoprotetor com melhora da hipertensdo arterial, proteindria, albuminuria,
diminuic&o da creatinina sérica, além de melhora nos parametros histolégicos. ¥

Semedo e cols demonstraram que funcional e estruturalmente o tratamento com
CTMs, em modelo de nefrectomia 5/6, produzia efeitos benéficos. O tratamento com
CTMs no parénquima renal também resultou em niveis menos elevados de TGF-§ e
diminuicdo da proteindria. %

Choi e cols observaram que inje¢es de CTMs na veia caudal de ratos com IRC,
embora ndo modificasse de forma significativa a funcdo renal, melhorava a esclerose
glomerular e proteintria nos animais tratados com CTMs, ap6s 120 dias.

Também usando a via intravenosa, Alexandre et al infundiram células de
linhagem negativa (Lin-) em animais com doenga renal cronica e observaram melhora
nos niveis de creatinina e de uréia, bem como da proteindria. (36)

Em resumo, esses resultados sugerem que as CTMs podem ajudar a preservar a

estrutura renal ou estabilizar a IRC e reforgam a idéia de que o uso da terapia celular

pode ser uma importante arma da medicina regenerativa para reparar as lesdes da IRC.
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1.5. Medicina regenerativa aplicada a doenca renal cronica

Apb6s Macchiarini e cols terem transplantado, em 2008, uma traquéia humana
acelular revestida por CTMs a comunidade de transplantadores comprovou que a terapia
celular havia definitivamente deixado as bancadas de laboratério para ingressar na
préatica clinica da medicina regenerativa. ¢

Embora varios tipos de tecidos houvessem sido artificialmente construidos ex-
vivo, esse foi o primeiro relato de um 6érgéo revascularizado produzido a partir de CT
implantadas com sucesso.

Esse fato mostrou que a medicina regenerativa pode ser uma alternativa concreta
para reduzir a falta de 6rgédos para transplantes e acelerou as pesquisas direcionadas para
a aplicacdo clinica do uso de CT em transplantes de 6rgdos e tecidos cronicamente
lesados. ¢

O principio geral de reconstrucdo tecidual ou bioengenharia tecidual
corresponde ao transplante de células sobre materiais biocompativeis ou a indugdo do
crescimento celular sobre esses materiais. ¢

O termo biomaterial pode ser aplicado a qualquer substancia ou combinagdo de
substancias, de origem natural ou sintética, que seja biocompativel e possa ser
implantado onde houver perda de tecido biolégico ou de sua fungdo. %%

A infusdo direta de células no 6rgdo lesado, sem contar com uma estrutura de
apoio, dificulta o controle, localizacdo e organizacdo das células injetadas. Por outro
lado, os biomateriais além de fornecerem uma superficie para a orientagdo do
crescimento e organizacdo das celulas implantadas, também promovem sinais

bioldgicos necessarios para a fixagdo do neo-tecido. “*4?
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Os biomateriais utilizados na &rea da bioengenharia tecidual podem ser
confeccionados a partir de materiais naturais ou sintéticos. Dentre 0s naturais, 0
colageno tem sido amplamente empregado na regeneracdo tecidual devido &
mimetizagdo de diferentes funcées da matriz extracelular. ¥

Além de seu papel estrutural nos tecidos o coldgeno apresenta baixa
antigenicidade e tem biocompatibilidade superior a de outros polimeros naturais, fato

que favorece seu uso nos biomateriais. “¥

1.6. Biomaterial como suporte para o cultivo das CTMs

O pericérdio bovino é composto predominantemente por coldgeno do tipo I que
é o principal componente dos tecidos conectivos. O material tem baixo custo, apresenta
baixa antigenicidade e toxicidade, boa elasticidade e é biocompativel. “

Por esses motivos esse material tem sido usado com sucesso para diversos tipos
de cirurgias. “°

O colageno também pode ser usado como suporte (scaffold) para a cultura de
células-tronco na aplicacdo da engenharia de tecidos. Um estudo demonstrou que
quando as células-tronco embrionérias humanas foram cultivadas dentro de biomateriais
de colageno elas se diferenciaram e formaram vasos sanguineos. “® Uma abordagem
similar, utilizando colageno cultivado com CT embrionérias, foi usada para gerar
hepatécitos humanos. “®

Além disso, outros tipos de células-tronco tém sido usados em conjunto com
biomateriais para a producdo de tecidos artificiais, como por exemplo, as células-tronco

(48)

neurais. Nesse estudo, as células se diferenciaram em neur6nios e formaram

circuitos neurais dentro do biomaterial. “® A cultura de CTMs nos biomateriais tem
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servido para uma variedade de aplicagdes, incluindo regeneracéo 6ssea de ligamentos e
de cartilagens. “*5?
A perspectiva de construir “bioenxertos” para a reparagdo de tecidos lesados

permite 0 uso de pequeno nimero de células que podem ser expandidas in vitro e

semeadas sobre biomateriais.

1.7. Vias de inoculacdo das CT no tecido renal lesado

A maioria dos estudos utilizou as vias endovenosa ou intra-arterial por serem
consideradas as mais faceis. Porém, a principal desvantagem, € que somente 8-12% das
células infundidas consegue atingir o local da lesao. Y

As vias subcapsular e intraparenquimatosa sdo também utilizadas para a infuséo
das CT e a grande vantagem que oferecem no tratamento da IRC é a possibilidade de
depositar as células diretamente dentro do tecido renal. Contudo, com esse método, as
células podem formar pequenas ilhas e limitar a interacdo entre as células transplantadas
e as células renais. 33

Roessger e cols foram os pioneiros na utilizagdo de biomaterial associado as
células-tronco visando a criagdo de um suporte para o desenvolvimento dos tubulos
renais. Y
Entretanto nenhum trabalho, até 0 momento, utilizou biomateriais como suporte

(scaffold) para as CT no tratamento da IRC, sendo nosso estudo o primeiro a demonstrar

a possibilidade de uso dessa via alternativa.
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1.8. OBJETIVOS

Os objetivos dos estudos foram:

1. Avaliar o efeito da infusdo de células-tronco derivadas da medula dssea em
ratos com IRC experimental num periodo de 120 dias;

2. Avaliar o efeito combinado das células-tronco e biomaterial na progressdo da
IRC e estudar o efeito dessa terapia em diferentes estagios da doenca;

3. Investigar a implantagdo de técnicas de isolamento e cultivo de células-tronco
mesenquimais do sangue de corddo umbilical humano, com e sem uso de gradiente de
densidade Ficoll-Paque (d=1,077g/ml).

4. Revisar as possibilidades de uso da terapia celular no tratamento da doenga

renal crénica.
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P
ELSEVIER
Effect of Whole Bone Marrow Cell Infusion in the Progression of
Experimental Chronic Renal Failure

H.C. Caldas, |.M.M. Fernandes, F. Gerbi, A.C. Souza, M.A.S.F. Baptista, H.J. Ramalho,
R.S. Kawasaki-Oyama, E.M. Goloni-Bertollo, E.C. Pavarino-Bertelli, D.M. Braile, and M. Abbud-Filho

ABSTRACT

Introduction. The therapeutic potential of adult stem cells for the treatment of chronic
diseases is becoming increasingly evident over the last few years. In the present study, we
sought to assess whether the infusion of bone marrow—derived mononuclear cells
(MoSCs) and mesenchymal cells (MSCs) could reduce/stabilize the rate of progression of
chronic renal failure (CRF) in rats.

Methods. We used the 5/6 renal mass reduction model to induce chronic renal failure in
male Wistar rats. Renal function was assessed by measurements of serum creatinine (sCr),
creatinine clearance (Cler), and 24-hour proteinuria at baseline as well as 60 and 120 days
after surgery. MoSCs and MSCs obtained from bone marrow aspirates were separated by
the Ficoll-Hypaque method. After a 12- to 14-day culture, 1.5 X 10° MSCs and the same
number of MoSCs were injected into the renal parenchyma of the remanant kidney of rats
with CRF on the day of surgery.

Results. Among the control group, at day 120, the results were sCr = 1.31 = 0.5 mg/dL, Cler
= 0.64 = 0.35 mL/min, and proteinuria = 140.0 = 57.7 mg/24 h. Rats treated with MoSCs at
day 120 had sCr = 0.81 = 0.20 mg/dL, Cler = 1.05 = 0.26 mL/min, and proteinuria = 61 =
46.5 mg/24 h, while rats injected with MSCs had sCr = 0.95 *+ 0.1 mg/dL, Clcr = 0.68 = 0.24
mL/min, and proteinuria = 119.2 = 50.0 mg/24 h. Analysis of the progression to CRF showed
that the treatment significantly reduced the rate of decline in Cler after treatment with MoSc:
control: —0.0049 = 0.0024 mL/min/d versus MSC: — 0.0013 = 0.0017 mL/min/d versus MoSC:
+0.0002 = 0.0016 mL/min/d (P = .017). Proteinuria tended to be lower among the treated
groups. Histological scores of chronic damage were not different, but distinct patterns of
chronic lesions were observed among treated rats.

Conclusion. Our results showed that progression of CRF in rats could be slowed/
stabilized by intrarenal parenchymal injection of MoSCs. A trend toward reduction in the
progression rate of CRF was also observed with injection of MSCs.

E USE OF BONE MARROW is a promising ap-
proach to improve the function of damaged kidneys.!
However, data concerning the possibility of restoring the
chronically damaged kidney by using stem cells are still

lacking. Bone marrow—derived stem cells have been shown to
improve the outcomes of acute renal injury models, but the
effects of these cells on the progression of chronic kidney
disease are unknown.” The aim of this study was to examine
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Fig 1. Morphological characteristics of MSCs from rat bone
marrow. Photomicrograph showing MSCs on day 14 of cul-
ture, with attached cells demonstrating typical fibroblast-like
morphology.

whether intraparenchymal injection of bone marrow—derived
mononuclear as well as of mesenchymal cells modified the
progression of chronic renal failure (CRF) in rats.

MATERIALS AND METHODS

Animal procedures were performed in accordance with protocols
approved by our Animal Care and Use Committee. Fifteen adult
male Wistar rats (250 to 300 g) underwent 5/6 renal mass reduction
as previously described.® Renal function was assessed by measure-
ments of serum creatinine (sCr), creatinine clearance (Cler), and
24-hour proteinuria at baseline, as well as 60 and 120 days after
surgery. Bone marrow cells isolated from femoral and tibial bones
of Wistar rats were separated into mononuclear elements cells
(MoSCs) by Ficoll-Hypaque (d = 1.077) density gradient centrif-

CALDAS, FERNANDES, GERBI ET AL

ugation. Cells plated in culture in DMEM medium (Gibco) with
20% fetal bovine serum and penicillin/streptomycin/amphotericin
(Gibco), at a density of 1.5 X 10° mononuclear cells/cm? were
incubated at 37°C with 5% CO,. Mesenchymal cells or mesenchy-
mal-like cells (MSCs) were characterized by morphological and
cytochemical criteria as previously described and according to the
statement of the International Socicty for Cellular Therapy.*~°
Bone marrow MoSC cells plated for 24-hour adherence in plastic
and after 12 to 14 days in culture were evaluated for morphology.
MSCs had a fibroblast-like pattern, with spindle-shaped or polyg-
onal cell bodies, that differentiated to osteclast, adipocyte, and
chondrocytes (Figure 1). The cytochemical markers acid phospha-
tase and periodic acid-Schiff were used to detect MSC positive for
PAS and negative for AP activity. After surgery rats were divided
into the three groups that underwent intrarenal parenchymal
injections of 0.15 mL medium (control group); 1.5 X 10° MoSCs in
0.15 mL of medium; or MSCs at the same cell concentration.
Histological analysis of kidneys was performed using a chronicity
score. Statistical analyses were performed with the software Graph-
pad Instat 3.0; P values < .05 were considered signicant.

RESULTS

sCr at baseline was 0.43 = 0.04 mg/dL in the control group,
0.43 = 0.05 mg/dL in the MoSC group, and 0.5 = 0.1 mg/dL
in the MSC group (Table 1). At 120 days, sCr values were
1.31 = 0.5 mg/dL (control), 0.81 = 0.2 mg/dL (MoSC), and
0.95 = 0.1 mg/dL (MSC) (P = NS). The percentages of
increase in sCr at day 120 versus the baseline levels were:
205% (control), 81% (MoSC), and 97.5% (MSC). Baseline
values of Cler did not vary significantly among the groups
(control = 1.23 = 0.33 mL/min; MoSC = 1.14 = 0.34
mL/min; MSC = 0.85 * 0.11 (mL/min), but after 120 days

Table 1. Serum Creatinine (mg/dL) and Creatinine Clearance (mL/min) at Baseline and After 120 Days

Rat Creatinine baseline Creatinine clearance baseline Creatinine 120 d Clearance 120 d

Control group rats

1 0.46 1.49 0.83 1.04

2 0.44 1.50 0.93 0.32

3 0.38 1.30 1.35 0.81

4 0.41 0.69 2.09 0.22

5 0.48 1.19 1.34 0.80
Mean 0.43 1.23 1.31 0.64
SD 0.04 0.33 0.50 0.35
MSC group rats

6 0.41 0.80 0.83 0.72

7 0.52 0.76 0.90 0.50

8 0.60 0.78 0.94 0.40

9 0.59 0.85 1.00 1.00

10 0.40 1.04 1.10 0.80
Mean 0.50 0.85 0.95 0.68
SD 0.10 0.11 0.10 0.24
MoSC group rats

11 0.50 1.09 0.97 0.90

12 0.41 0.90

13 0.38 1.09 0.59 1.36

14 0.40 1.73

15 0.45 0.90 0.88 0.90
Mean 0.43 1.14 0.81 1.05
SD 0.05 0.34 0.20 0.26




Artigo cientifico 1 22

WHOLE BONE MARROW CELL INFUSION

Clcr was 0.64 = 0.35 mL/min in the control group, 1.05 =
0.26 mL/min in the MoSC group, and 0.68 = 0.24 mL/min
in the MSC group. Analysis of progression to CRF showed
that treatment with MoSCs significantly reduced the rate of
decline in Clcr when compared to the control group:
+0.0002 = 0.0016 mL/min/d versus —0.0049 = 0.0024
mL/min/d, respectively (P = .017). A trend toward slower
progression of CRF was also observed after treatment with
MSC (MSC = —0.0013 = 0.0017 mL/min/d versus —0.0049
+ 0.0024 mL/min/d, respectively; P = NS). Proteinuria at
day 120 was lower among animals injected with MSCs and
MoSCs (MSC = 119 = 50 mg/24 h and 61 = 46.5 mg/24 h,
respectively) than the control group (140 + 58 mg/24 h; P =
.09). Histological evaluation did not show differences in the
chronicity score among the three groups (control: 31%,
MSC: 26%, and MoSC: 24%; P = NS). Interestingly, the
control group rats showed chronic lesions with a scattered
distribution, while treated animals revealed chronic damage
limited only to the region next to the infarction area.

DISCUSSION

Stem cell therapy has been used to repair injuries in liver,
heart, and brain models. Reports have shown that bone
marrow stem cells contribute to the repair of acutely
damaged kidneys.” Our results showed that injection of
MoSCs or MSCs may have an effect on the CRF induced in
rats because after 120 days treated animals showed a
increase in sCr at least two times lower than untreated rats.
In addition, the rate of progression of CRF, measured by
the decline in Clcr, was significantly reduced or stabilized
with MoSC treatment when compared to the control group.
Despite not reaching statistical significance, progression of

855

CRF was also retarded with the injection of MSCs sug-
gested by an almost fourfold slower decline in Clcr among
these animals. The proteinuria results displayed similar
behavior, decreasing in the group receiving cell therapy.
The histological features of chronicity did not differ among
groups, but it seemed that the system score did not reflect
the various patterns of observed lesions.

In conclusion, our preliminary results suggested some
benefits could be achieved in rats with CRF; bone marrow—
derived cells, especially MoScs, reduced/stabilized the rate
of decline in Clcr of these animals.
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Abstract

Different routes for the administration of bone marrow-derived cells (BMDC) have been proposed to treat the progression of
chronic renal failure (CRF). We investigated whether (1) the use of bovine pericardium (BP) as a scaffold for cell therapy would
retard the progression of CRF and (2) the efficacy of cell therapy differently impacts distinct degrees of CRF. We used 2/3 and
5/6 models of renal mass reduction to simulate different stages of chronicity. Treatments consisted of BP seeded with either
mesenchymal or mononuclear cells implanted in the parenchyma of remnant kidney. Renal function and proteinuria were
measured at days 45 and 90 after cell implantation. BMDC treatment reduced glomerulosclerosis, interstitial fibrosis and
lymphocytic infiltration. Immunohistochemistry showed decreased macrophage accumulation, proliferative activity and the
expression of fibronectin and a-smooth muscle-actin. Our results demonstrate: (1) biomaterial combined with BMDC did
retard the progression of experimental CRF; (2) cellular therapy stabilized serum creatinine (sCr), improved creatinine
clearance and 1/sCr slope when administered during the less severe stages of CRF; (3) treatment with combined therapy
decreased glomerulosclerosis, fibrosis and the expression of fibrogenic molecules; and (4) biomaterials seeded with
BMDC can be an alternative route of cellular therapy.

Keywords: collagen, fibrosis, mesenchymal stem cell, scaffold, stem cell

Experimental Biology and Medicine 2011; 00: 1-9. DOI: 10.1258 /ebm.2011.011024

as the use of different models of renal damage, the
amount of administered cells and differences in the routes
of cell administration.”~?

Generally, 5/6 nephrectomized rats are used as a model to

Introduction

The progressive deterioration observed in chronic renal
disease is caused by a series of inflammatory events

leading to glomerulosclerosis, interstitial cell infiltration,
tubular atrophy, activation of fibroblasts, scar formation or
fibrosis.!

Since the process of renal repair depends on the severity
and extent of kidney injury and the number of resident stem
cells, the recent development in cell-based therapies aiming
to restore or replace chronically injured tissues may bring
hope for the treatment of many chronic diseases.?”

However, there is a paucity of reports using bone
marrow-derived cells (BMDC) as a regenerative therapy
for chronic renal failure (CRF). Comparisons among the
results are therefore jeopardized by study differences such

ISSM: 1535-3702
Copyright @ 2011 by the Society for Experimental Biology and Medicine

mimic human CRF in the majority of published papers
because the procedure causes a significant reduction in
nephron number, resulting in severe CRF.'*" We reasoned
that with the reduction of a large amount of renal mass, the
regenerative capacity of the organ could be compromised;
this fact would impact the result of cell therapy.” To
address this issue, we investigated the effect of treatment
with BMDC on a 2/3 nephrectomized rat (CRF2/3) with
less renal damage and a lesser degree of CRF, in addition
to the usual 5/6 model (CRF5/6).

In this study, we also introduced a basic concept of tissue
engineering that includes the use of a scaffold to provide an

Experimental Biology and Medicine 2011; 00: 1-8
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architecture upon which seeded cells can organize and
develop to promote tissue rvepair.13 Using this combination
as opposed to traditional methods of cell administration,
we could evaluate whether a biomaterial seeded with
BMDC could be an alternative route for cell therapy.

Considering that in both models of renal mass reduction,
chronic deterioration of the remnant kidney is due to the
participation of cellular and inflammatory mechanisms
that lead to fibrosis, we hypothesized that BMDC treatment
would reduce the inflammatory activity and expression of
profibrotic molecules and fibrosis.

In the present report, we sought to evaluate whether (1)
biomaterial seeded with mesenchymal stem cells (BPMSC)
or mononuclear cells (BPMO) could retard the progression
of experimental CRF; (2) the amount of remnant renal
mass would impact the efficacy of cell therapy; (3) the
expression of profibrotic molecules would be affected by
BMDC treatment; and (4) biomaterial combined with
BMDC could be an alternative route of cellular therapy.

Materials and methods
Animal models

Animal procedures were performed in accordance with pro-
tocols approved by the Institutional Animal Care and Use
Committee (No. 3310/2008). Female Wistar rats weighing
250-350 g that underwent a reduction of 5/6 or 2/3 renal
mass reduction were used for this study. All animals were
provided standard rat chow and water ad libitum.

CRF models

The 5/6 renal mass reduction procedure was performed as
previously described to experimentally induce severe
CRFE.™ To create a less severe CRF model, we reduced the
renal mass by only 2/3. Briefly, female rats were adminis-
tered anesthesia in the form of ketamine hydrochloride
(50 mg/kg) and xylazine (10 mg/kg). Infarction of approxi-
mately one-third of the left kidney was performed by micro-
surgical ligation of one branch of the left renal artery,
followed by right nephrectomy.

Experimental groups

Animals (n=45) were divided into groups according to
the amount of renal mass reduction and the severity of
CRF (2/3 and 5/6 models). They were further subdivided
according to treatment received: (1) sham (S, n=5); (2)
animals with 2/3 or 5/6 mass reduction alone (CRF2/3,
n=>5 or CRF5/6, n=>5); (3) animals implanted with
bovine pericardium (BP) alone (CRF2/3 +BP, n=5 or
CRF5/6 + BP, n=15); (4) animals treated with BP seeded
with mesenchymal stem cells (BPMSC2/3, n=5 or
BPMSC5/6, n= 5); and (5) animals treated with BP seeded
with mononuclear cells (BPMO2/3, n =5 or BPMO5/6,
n =>5). Renal function was assessed by measurements of
serum creatinine (sCr), creatinine clearance (Clcr), and
24-h proteinuria (PT-24 h) at the baseline, at 45 and 90 d
after surgery. Progression of CRF was measured by the 1/

sCr slopes and decline in the Cler rate (mL/min/d). At the
end of 90 d, the animals were weighed and sacrificed.

Isolation and characterization of BMDC

BMDC were isolated from the femur and tibia of male
Wistar rats. Mononuclear cells (MO) were separated by
Ficoll-Hypaque (d = 1.077) density gradient centrifugation
and cultured in Dulbecco’s modified Eagle's medium
(Gibeo, Invitrogen Co, New York, NY, USA), 20% fetal
bovine serum (Cultilab, Campinas, Brazil) and penicillin/
streptomycin (Invitrogen, Carlsbad, CA, USA) for 14 d.
Mesenchymal stem cells (MSC) were recovered using their
tendency to adhere to plastic; non-adherent cells were
removed by washing. Flow cytometry analyses
(FACSCanto, Becton Dickinson, San Jose, CA, USA) were
performed with antibodies for the cell-surface markers
CD31, CD44, CD90, CD45 and CD34 (Caltag Laboratories,
Carlsbad, CA, USA) kindly provided by Dr Irene
Noronha. Cell differentiation potential was tested by adipo-
genic and osteogenic differentiation as previously
described."

Preparation of acellular BP

BP was prepared by the Biomaterials Group of the Chemical
Institute of Sao Carlos - University of Sao Paulo. Briefly,
fresh BP to be used as a collagen source was treated at
20°C for periods of 0-48 h with an alkaline solution
(3 mL/g of tissue) containing 6 vol% of dimethyl sulfoxide,
salts (chlorides and sulfate) and bases of alkaline (K%,
1.19mol/L, and Na*, 174 mol/L), and alkaline earth
metals (Ca?*, 0.86 mol/L). The resulting materials were
equilibrated with a solution containing Na>SOy, NaCl, KCl
and CaSO, (6 mL of solution/g of tissue) for a period of
12 h, and the excess salts were removed by washes with the
following solutions: 3% w/w of boric acid solution (3 x 2 h,
250 mL), deionized water (3 x 6h, 250 mL), 0.3% w/w
ethylenediamine tetraacetic acid (EDTA) solution (3 x 2h,
150 mL), pH 110 and (6 x2h, 250 mL) washes with
deionized water.

The resulting material is basically acellular polyanionic
collagen matrices associated with an elastin content and
triple helical structure. Previous studies showed that the
biomaterial used is biocompatible, causing only mild and
progressive chronic inflammation.

MSC and MO seeding in BP

After rehydration in phosphate-buffered saline (PBS), 0.5 x
0.5 cm segments of BP were placed in six-well Petri dishes
and MSC resuspended at a concentration of 25 x
10° cells/mL were seeded onto the BP. The plates were
kept in a humidified 5% CO, incubator at 37°C during
14 d of culture. After this period, the segments of BPMSC
were fixed in 10% phosphate-buffered formalin and
samples were subjected to histological evaluation after
embedding in paraffin and stained with hematoxylin and
eosin (H&E) and Giemsa (Gibco, Invitrogen Co.,
New York, NY, USA) (Figures 1a and b). BP was seeded
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with MO at a concentration of 5 x 10° cells/mL 3 h before
implantation.

Implantation of BP in renal tissue

Immediately after renal mass reduction surgery, the renal
capsule was removed from the interface region of renal
infarction /healthy and segments of biomaterial alone (BP)
or seeded with BPMSC or BPMO were sutured with 8.0
mononylon adjacent to the renal surface (Figures 1c and d).

Histological and immunohistochemical analysis

Sections (3-um) of renal tissue were stained with H&E and
methenamine silver (PAMS) for histological analysis. A
semi-quantitative evaluation based on percentages was per-
formed by two blinded renal pathologists (+1=<25%
damage, +2=25-50% damage, +3=51-75% damage,
+4=>75%).

The criteria for the semi-quantitative analysis were used
for the following histopathological indicators: glomerulo-
sclerosis (GS), tubular atrophy (TA), interstitial fibrosis (IF)
and interstitial lymphocytic infiltration (IL)."®

Immunohistochemical analysis was performed as pre-
viously described." Briefly, the sections were incubated
with the anti-a-smooth muscle (SM)-actin (Dako, Glostrup,
Denmark), antifibronectin  (Chemicon Intermational,
Temecula, CA, USA) or anti-Jun-N-terminal kinase
(pJNK; Santa Cruz Biotechnology, Santa Cruz, CA, USA)
antibody at 4°C, or the anti-proliferating cell nuclear
antigen (PCNA) (Sigma, St Louis, MO, USA) or anti-ED1

antibody at room temperature for 30 min. The reaction
product was detected with an avidin-biotin- peroxidase
complex (Vector Laboratories, Burlingame, CA, USA). The
material was counterstained with methyl green, dehydrated
and mounted. Counterstaining of the p-JNK slides was per-
formed with Harris hematoxylin. Non-specific protein
binding was blocked by incubation with 20% goat serum
in PBS for 20 min. Negative controls consisted of replace-
ment of the primary antibody with normal rabbit IgG and
mouse IgG for the polyclonal and monoclonal antibodies,
respectively, at equivalent concentrations.

Each grid field was semi-quantitatively graded, and the
mean score per kidney was calculated to evaluate the immu-
noperoxidase staining of fibronectin and a-SM-actin. Each
score mainly reflected changes in the extent rather than
the intensity of staining and depended on the percentage
of the grid field showing positive staining: 0= absent
or less than 5%; I=>5-25%; I1=25-50%; II=50-75%;
IV > 75%.

The number of EDI-positive (macrophage cells) and
PCNA-positive cells in each section was calculated by
counting the number of positive cells in 30 sequential
(0245 mm?) grid fields from the renal cortex."

Statistical analysis

Data were expressed as mean + standard deviation.
Analyses were performed using GraphPad Prism software
(San Diego, CA, USA), with the critical level set at P <
0.05. Comparisons among multiple groups were made
using analyses of variance (ANOVA). When F values were
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significant, differences between the groups were specified
with Tukey’s multiple comparison post-tests. When com-
paring data, a two-sided Student’s f-test and Mann-
Whitney U test were performed.

Results
Functional studies

Comparing severity of the CRF2/3 and 5/6 models

As expected, the 2/3 nephrectomized rats presented a
pattem of less severe CRF when compared with the 5/6
mass reduction model. This result was demonstrated by
the significantly lower increase in sCr level observed at
day 90 in CRF2/3 animals compared with CRF5/6 rats
(CRF2/3=482% versus CRF5/6=128%; P =0.006).
Interestingly, the 5/6 but not 2/3 nephrectomized rats
treated with unseeded BP showed the greatest increases
in sCr after 90d, suggesting a worsening of chronic
inflammation. In addition, progression of disease as
measured by the slope of 1/sCr was significantly slower
in the CRF2/3 model (CRF2/3= —024 + 0.03 versus
CRF5/6 = —049 + 0.04; P = 0.008), demonstrating a lesser
degree of chronic deterioration in these animals.

Effects of treatment in the CRF2/3 model

After 90 d, the increase in sCr level in CRF2/3 rats treated
with BPMSC was blocked in a way similar to that of rats
in the Sham group (S=5.2% versus BPMSC =7.6%; P=
NS), while sCr in untreated CRF2/3 animals continued to
rise (CRF2/3=48.2% versus BPMSC=7.6%; P< 0.05)
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(Figure 2a). In this model, the greatest effect of treatment
was evident after day 45, when the use of BPMSC and
BPMO stabilized the increase in sCr (CRF2/3 versus
BPMSC and BPMO, P<0.05; BP versus BPMSC and
BPMO, P << 0.001) (Figure 2a).

Treatment with BPMSC and BPMO also resulted
in improved Cler (§ =105 + 0.2 mL/min versus CRF2/
3=04 + 0.12 versus BP =034 + 0.09 versus BPMSC =
0.65 + 022 versus BPMO=05 + 0.07; P <0.0001)
(Figure 2b). Chronic deterioration of renal function in the
CRF2/3 model as measured by 1/sCr slope significantly
slowed with BPMSC treatment (S=0.88 + 0.91 versus
CRF2/3= —0.24 + 0.03 versus BP = —0.20 + 0.09 versus
BPMSC =078 + 0.81 versus BPMO=0.09 + 0.71; P=
0.034 (Figure 2c). The excretion of PT-24h was very
similar to that of sham animals when the rats were treated
with BPMSC or BPMO (S=54 + 11 mg/24h versus
BPMSC =49 + 24 versus BPMO=7.6 + 1.6; P=NS),
while the untreated groups retained elevated rates of
PT-24 h excretion (CRF2/3 =27 + 168 mg/24 h and BP =
202 + 4.7; P< 0.01) (Figure 2d).

Effects of treatment in the CRF5/6 model

In contrast to the CRF2/3 model, 5/6 nephrectomized rats
demonstrated a better response to treatment during the
initial 45-day period. During this period of time, both
types of cells significantly reduced sCr (Figure 3a). At the
end of the 90-day period, the treatment effectively pre-
vented increases in sCr in the CRF5/6 model (S=5.2%
versus CRF5/6 = 128% versus BP = 168% versus BPMSC =

Cregtinine clearance (mlimin)
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Figure 2 Renal function studies at days 0, 45 and 90 in the 2/3 renal mass reduction model. (a) Percentage increase in sCr, (b) creatinine clearance, (c) slopes of
the reciprocal serum creatinine plot (1/sCr), (d) 24-h proteinuria (PT-24 h). Values are expressed as means + SDinb, ¢ and d ("P < 0.05, P < 0.05, *P < 0.01,
P < 0.01). sCr, serum creatinine; S, sham; CRF, chronic renalfailure; BP, bovine pericardium; BPMSC, BP seeded with mesenchymal stem cells; BPMO, BP seeded

with mononudear cells
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Figure 3 Renal function studies at days 0, 45 and 90 in the 5/6 renal mass reduction model. (a) Percentage increase in sCr, (b) creatinine clearance, (c) slopes of
the reciprocal serum creatinine plot (1/sCn), (d) 24-hour proteinuria (PT-24 h). Values are expressed as means + SDinb, cand d ("P < 0.05, "P < 0.05, P < 0.01,
P < 0.01). sCr, serum creatinine; S, sham; CRF, chronic renal failure; BP, bovine pericardium; BPMSC, BP seeded with mesenchymal stem cells; BPMO, BP seeded

with mononuclear cells

78.6% versus BPMO = 72.4%; P < 0.01) (Figure 3a). Profound
decreases in Clcr were observed in the untreated groups,
while groups treated with BPMSC and BPMO demonstrated
a lower reduction after 90 days (S=1.05 + 0.18 mL/min
versus CRF5/6 =025 + 017 versus BP=0.22 + 009
versus BPMSC =046 + 0.10 versus BPMO=0.53 + 0.15;
P<0.01) (Figure 3b). The progression of disease in the
CRF5/6 model was significantly retarded using both treat-
ments (=088 + 09 versus CRF5/6 =
—0.49 + 0.4 versus BP = —053 + 0.10 versus BPMSC =
—0.35 + 0.12 versus BPMO=-032 + 0.13; P< 0.01)
(Figure 3c), although to a lesser degree than observed for
the CRF2/3 model.

PT-24 h decreased significantly in treated groups after the
45-day period (S=28 + 1.64mg/24 h versus CRF5/6 =
124 + 112 versus BP =51.6 + 32 versus BPMSC = 20.8 +

264 versus BPMO =96 + 6.6; P=0.012); this effect
persisted until day 90 (Figure 3d).

Renal histology

GS, TA, TF and IL were significantly less severe in CRF2/3
rats. In spite of the significantly less severe morphological
chronic injury observed in the CRF2/3 model, treatment
with BPMSC and BPMO effectively reduced the amount
of GS and IF. A trend toward less injury was noted for all
other evaluated histological parameters (Table 1).

The effect of treatment with BPMSC or BPMO in the
CRF2/3 animals was more striking and significantly
reduced GS, TA, IF and IL (P < 0.05) by at least two-fold.
At the end of the study, the treated CRF5/6 animals pre-
sented significantly less renal damage when compared
with untreated rats.

Table 1 Histological changes and the effect of treatment with BMDC on the remnant kidneys of 2/3 and 5/6 nephrectomized animals

CRF2/3 CRF5/6

CRF2/3 BP BPMSC BPMO CRF5/6 BP BPMSC BPMO
GS 194 + 6 133+83 64+1.8 14+6.8 28.5 +17°* 152 +9.1 147 +134 995+ 5.2
TA 86+8 9+96 38+27 32+389 31 +16* 157+ 1 79+43" 94 +81°
IF 8+62 136 +95° 22422 St2.1° 25 £ 15° 183 +137 72+46° 75+7.4
IL 7+66 6+6.5 114 14+09 20+ 11° 16.7 + 13 6.4 +4.5° 51+4.4°

CRF, untreated chronic renal failure; BP, chronic renal failure with unseeded biomaterial alone; BPMSC, CRF rats treated with BP seeded with mesenchymal stem
cells; BPMO, CRF rats treated with BP seeded with mononuclear cells; GS, glomerular sclerosis; TA, tubular atrophy; IF, interstitial fibrosis; IL, interstitial

lymphocytic infittration
Data are expressed as means + SD ("P<0.05
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Monocytes /macrophages and PCNA

The accumulation of macrophages (ED-1-positive cells) was
significantly reduced in rats with less severe chronic kidney
disease (CRF2/3=91 + 3 versus CRF5/6 =37 + 10.5
ED-1-positive cells; P=0.0012); the same as observed with
the proliferative activity as expressed by the number of
PCNA-positive cells (CRF2/3 =236 + 1 versus CRF5/6 =
8.33 + 1.1PCNA-positive cells; P = 0.0002) (Figures 4a and c).

Treatment with BPMSC or BPMO decreased the number
of ED-1-positive cells in the CRF2/3 model (S=228 +
0.78 versus CRF2/3=91 + 3 versus BP=96 + 238
versus BPMSC =6.09 + 1.5 versus BPMO=5.06 + 2.4;
P=0.0024) but had no effect on PCNA expression
(Figure 4c¢).

In contrast, a significant decrease in the number of
ED-1-positive cells and in the expression of PCNA were
observed following BPMSC or BPMO treatment in
5/6 nephrectomized rats (P < 0.001) (Figures 4a, ¢ and 5).

Fibronectin and a-SM-actin

Staining for both markers matched the degree of severity of
CRF. Much lower expression of both molecules occurred in
the CRF2/3 model compared with the 5/6 model

Treatments with BPMSC and BPMO were equally effective
at reducing fibronectin and a-SM-actin expression in both
CRF2/3 and CRF5/6 animals (P < 0.05).

Efficacy of treatment was observed in CRF2/3 rats in spite
of the low expression of these proteins in this model
(Figures 4b, d and 5).

Jun-N-terminal kinase

In contrast to the results with CRF2/3 rats, ]NK activity
markedly increased after 5/6 nephrectomy (Figure 4e; P <
0.01). As observed with the increase in sCr, unseeded BP
groups showed the highest expression of JNK activity.
Comparisons between the two models showed differences
according to the degree of tissue injury. Only BPMSC
reduced the expression of JNK in the 2/3 model, while the
same effect was observed with both treatments in the 5/6
nephrectomized rats (Figures 4e and 5).

Discussion

We and other groups have previously shown that the
administration of BMDC into a chronically damaged
kidney improves renal function and retards the progression
of chronic kidney disease in 5/6 nephrectomized rats.”~°
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of ED-1 cells (macrophages /monocytes), a~SM-actin, fibronectin, PCNA and p-JNK in the renal cortices

of the sham, CRF5/6, BP, BPM&: and BPMO groups (CRF5/6 model) on postoperative day 90 ( x 40). CRF, chronic renal failure; BP, bovine pericardium; BPMSC,

BP seeded with
Jun-N-terminal kinase

In the present study, our main goals were to elucidate
whether scaffolds seeded with BMDC could be an effective
alternative to deliver BMDC in rats with CRF and whether
the amount of remnant renal mass would impact the effi-
cacy of cellular therapy.

Major considerations that led us to use this approach were
the ability of decellularized scaffolds made from biological
tissues to retain the properties necessary to interact with
the host and the capacity of the scaffolds to favor the
process of proliferation and differentiation of precursor
cells.® Moreover, the inflammatory reaction elicited after
scaffold implantation and associated with the plasticity of
BMDC would generate a local microenvironment that
favors tissue remodeling and repair.”!

As we hypothesized that cell therapy could be more effec-
tive if administered during less severe stages of the disease,
we evaluated the effectiveness of treatment in rats sustained
by a remnant renal mass two-fold greater than that of the
traditional 5/6 model using the 2/3 reduction of renal
mass model.

Our study revealed two main findings. First, the approach
of using seeded scaffolds was effective in retarding the pro-
gression of disease in both models of CRF. Significantly
lower increases in sCr and PT-24h improved CLecr and
reduced slopes of the progression of CRF were seen only

| stem cells; BPMO, BP seeded with mononuclear cells; PCNA, proliferating cell & tigen; SM, th de; JNK,

in animals treated with BPMSC and BPMO (Figures 2a
and b). Second, we provide evidence that the amount of
remnant renal mass positively did impact the efficacy of
cell therapy. After 90d, renal functional studies showed
that in the 2/3 model, treatment with BPMSC and BPMO
fully reversed the decline in the 1/sCr slopes and kept the
rate of PT-24 h excretion similar to that of the sham
animals. Despite the statistically significant results, the pro-
gression of CRF was only attenuated in rats with a 5/6
nephrectomy (Figures 3 and 4).

The kinetics of sCr elevation after surgery also differed
between the two models. Treatment of CRF2/3 rats with
BPMSC or BPMO did not significantly alter the progressive
increase in sCr during the initial 45 d after surgery, but the
increase in sCr leveled off thereafter. In contrast, both treat-
ments prevented the increase in sCr during the same period
in the 5/6-nephrectomized animals, but after 45 d, neither
treatment could effectively avoid the increase in sCr
(Figures 2a and 3a). These results could be due to differ-
ences in the amount of damaged tissue, the capacity of
BMDC to promote repair in response to inflammatory
cues within the local microenvironment or to the reduced
number of host stem cell niches consequent to renal mass
reduction 2" Interestingly, the implantation of unseeded
BP seems to accelerate the progression of CRF in animals
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with the 5/6 reduction in renal mass, suggesting additional
inflammatory stimuli elicited by the biomaterial in the
already severely injured kidney tissue.?®

It has been suggested that BMDC can reduce renal injury
and facilitate tissue repair by upregulating the expression of
anti-inflammatory cytokines and chemokines by the host
infiltrating macrophages, which results in reduced glomeru-
losclerosis and fibrosis.2'?4~% In fact, comparisons of the
morphological findings between the two models of CRF
showed more glomerulosclerosis, tubular atrophy and fibro-
sis in the CRF5 /6 group than in the CRF2/3 group (Table 1).
The amelioration of renal function following treatment with
BMDC was also associated with a significant improvement
in the histological features of both groups of CRF animals.
Taking into account the extent of renal damage, the greatest
‘renoprotective’ effect occurred in the 5/6 nephrectomized
animals, with much less GS, IF and LI observed in these
remnant kidneys after treatment with BPMSC and BPMO
when compared with untreated animals (Table 1). Even
more interesting is the observation that even in the presence
of smaller amounts of histological lesions, a significant
reduction in IF could still be detected in the treated CRF2/3
groups (Table T).

The accumulation of macrophages in the renal intersti-
tium plays an important role in the process of renal inflam-
mation that occurs during the initiation and progression of
chronic kidney injury. This proinflammatory response is
mediated in part by activation of the JNK signaling
pathway and has been associated with chronic inflammation
and tubular apoptosis®” Ma et al.”®® demonstrated that the
inhibition of JNK signaling prevents the development of a
proinflammatory response and provides protection against
the progression of crescentic glomerulonephritis. Therefore,
we assessed the effect of treatment with BMDC on the
accumulation of macrophages and the expression of fibro-
genic molecules and JNK signaling components in the
remnant renal tissue of 2/3 and 5/6 nephrectomized
animals. As expected, the number of macrophages/mono-
cytes and the proliferative activity was three- to four-fold
higher in CRF5/6 animals than in CRF2/3. Accordingly,
the extent of the fibrogenic response was also greater in
CRF5/6 animals, which expressed significantly more fibro-
nectin and a-SM-actin. In the same way, ]NK staining
increased after renal mass reduction and was slightly
greater in CRF5/6 rats, suggesting a direct correlation
between the activation of this pathway and the amount of
tissue damage.

Treatment with BPMSC and BPMO significantly reduced
the number of macrophages and the expression of fibronec-
tin, aSM-actin and JNK in both models. Treatments
reduced the proliferative activity only in animals with
severe CRF5/6, which was probably a consequence of
more inflammation and tissue damage in this model.
Interestingly, the reduction of JNK expression in the
CRF2/3 model after BPMSC treatment was observed only
in rats with unseeded BP. This result corroborates the idea
that the biomaterial alone could elicit additional inflamma-
tory stimuli throughout the signaling pathway.

Subcapsular, intraparenchymal or intravenous injection of
BMDC and lineage-negative cells reduces renal injury and

the infiltration of macrophages and lymphocytes in the 5/6
nephrectomy model, but the mechanisms by which the
stem cells induce kidney repair remain controversial.>~®
Differentiation into different types of renal cells, direct
replacement of damaged structures and the release of
growth factors and cytokines are some of the mechanisms
proposed to promote functional and structural repair.”

Despite limited information on the relationship of hyper-
filtration and inflammation in this model, it is likely that
lymphocyte and macrophage infiltration play a significant
role in the development of fibrosis>"

Biomaterials could exert their effects in two ways, by
serving to deliver cells to the remnant renal parenchyma
and by acting as a template for tissue regenerate. In
addition, scaffolds could favor cell adhesion and differen-
tiation and enhance stimulatory growth factors; in this
way, they could contribute to amplify the regenerative
capacity of BMDC. Moreover, it is important to consider
the capacity of biomaterials to promote regeneration
throughout a series of mechanisms that, when combined
with seeded and resident stem cells, provide stimuli favor-
ing regeneration instead of fibrosis!

For the first time, our experiments have shown that bio-
material seeded with BMDC was effective at preventing
the progressive deterioration of chronic kidney disease.
This effect was associated with a significant reduction in
glomerulosclerosis and interstitial fibrosis, probably due to
attenuation of macrophage accumulation and reduction of
the proliferative activity and expression of myofibroblasts
and fibronectin. Moreover, we demonstrated that the
amount of remnant renal mass does impact on the efficacy
of treatment, which suggests that cellular therapy should
be started in less advanced stages of CRF.

Using the approach of combining the biomaterial and
BMDC, we have provided a novel and efficient route for cel-
lular therapy of CRF. We speculate that seeded scaffolds
could have the same beneficial effect when implanted in
other sites beyond renal tissue.
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Abstract

Objectives: Implantation of cell separation and
mesenchymal stem cell culture techniques from human
umbilical cord blood with and without using the Ficoll-Paque
gradient density method (d=1.077g/ml).

Methods: Ten samples of the umbilical cord blood obtained
from full-term deliveries were submitted to two different
procedures of mesenchymal stem cell culture: a) Method
without the Ficoll-Paque density gradient, which
concentrates all nucleated cells; b) Method with the Ficoll-
Paque density gradient, which selects only low-density
mononuclear cells. Cells were initially plated into 25 cm?
cultures flasks at a density of 1x107 nucleated cells/cm’ and
1x10° mononuclear cells/cm?.
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Resulrs: It was obtained 2-13x107 (median = 2.35x107)
nucleated cells/cm* by the method without the Ficoll-
Paque gradient density, and 3.7-15.7x10¢ (median =
7.2x10% mononuclear cells/cm? by the method with the
Ficoll-Paque gradient density. In all cultures adherent
cells were observed 24 hours after being cultured. Cells
presented fibroblastoid and epithelioid morphology. In
most of the cultures, cell proliferation occurred in the
first week, but after the second week only some cultures
- derived from the method without the Ficoll-Paque
gradient density - maintained the growth rate reaching
confluence. Those cultures were submitted to
trypsinization with 0.25% trypsin/EDTA solution and
cultured for two to three months.
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Conclusion: In the samples analyzed, cell separation and
mesenchymal stem cell culture techniques from human
umbilical cord blood by the method without the Ficoll-Paque
density gradient was more efficient than the method with
the Ficoll-Paque density gradient.

Descriptors: Umbilical cord blood. Mesenchymal stem
cells/cytology. Cells, cultured. Cell culture techniques.

Resumo

Objetivos: Implantacio de técnicas de isolamento e cultivo
de células-tronco mesenquimais do sangue de cordio
umbilical humano, com e sem uso de gradiente de densidade
Ficoll-Paque (d=1,077g/ml).

Métodos: Dez amostras de sangue de cordao umbilical
humano de gestacio a termo foram submetidas a dois
procedimentos de cultivo de células-tronco mesenquimais:
sem gradiente de densidade Ficoll-Paque e com gradiente
de densidade. As células foram semeadas em frascos de 25cm’
a uma densidade de 1x107células nucleadas/cm?® (sem Ficoll)
e 1,0x10° células mononucleares/cm’ (com Ficoll). As células
aderentes foram submetidas a marcacao citoquimica com
fosfatase acida e reativo de Schiff.

Resultados: No procedimento sem gradiente de densidade

INTRODUCTION

In the last decade, a considerable number of studies
have proven that human umbilical cord blood (UCB) has
hematopotetic stem cells (SCH) and a pool of mesenchymal
stem cells (MSC). MSCs are capable of multilineage
proliferation and differentiation, similarly to those observed
in bone marrow cells.

These characteristics create expectations of using cellular
therapies to regenerate tissues and organs affected by the
so called incurable diseases, such as neurologic, cardiac,
and kidney diseases, etc. Nevertheless, as these cells
correspond to only a small portion of mononuclear cells
present i each sample, it 1s necessary to isolate and multiply
them in vitro.

Mesenchymal stem cells different 1solation and culture
protocols of umbilical cord blood have already been
employed successfully, all involving one early stage of
mononuclear cell separation using Ficoll-Paque density
gradient [1-4]. Despite the positive outcomes observed in
these groups, many studies have reported great difficulty
to culture and maintain these cells in vifro. and others
report a total failure in 1solating and culture of these same
cells [5-8].

All mesenchymal stem cell protocols of umbilical cord
blood start with an 1solation phase of mononuclear cells
with Ficoll-Paque density gradient, which requires several

30

Ficoll, foram obtidas 2,0-13,0x107 células nucleadas
(mediana=2,35x10") e, no procedimento com gradiente de
densidade Ficoll, foram obtidas 3.7-15.7x10°% células
mononucleares (mediana=7,2x10f). Em todas as culturas
foram observadas células aderentes 24 horas apés o inicio
de cultivo. As células apresentaram morfologias
fibroblastoides ou epitelidides. Na maioria das culturas
houve proliferacio celular nas primeiras semanas de cultivo,
mas ap6s a segunda semana, somente trés culturas
provenientes do método sem gradiente de densidade Ficoll-
Paque mantiveram crescimento celular, formando focos
confluentes de células. Essas culturas foram submetidas a
varias etapas de tripsinizacio para espalhamento ou
subdivisio e permaneceram em cultivo por periodos que
variaram de dois a trés meses.

Conclusio: Nas amostras estudadas, o isolamento e cultivo
de células-tronco mesenquimais do sangue de cordao
umbilical humano pelo método sem gradiente de densidade
Ficoll-Paque foi mais eficiente do que o método com
gradiente de densidade Ficoll-Paque.

Descritores: Sangue de cordao umbilical. Células-tronco
mesenquimais/citologia. Células cultivadas. Técnicas de
cultura de células.

manipulation and centrifugation phases of umbilical cord
blood. This procedure increases the risk of contamination
of UCB. In attempting to speed up the process making the
mononuclear cell isolation processes faster. several methods
have already been tested such as the use of poligeline,
hydroxyethyl starch gel (HES) and gelatin to deplete red
blood cells (RBC). Despite the efficacy of these procedures,
the release of these products for clinical practice depends
on the approval of the centers for disease control in several
countries [9].

Moreover, these procedures also involve several
phases of the manipulation process that increase the risk
of contamination. Also, easy to handle and closely sealed
filtration systems to concentrate mononuclear cells, the
so-called SCF SYSTEM (the stem cell collection filter
system), have already been tested. This system has proven
to be more efficient and faster in separating mononuclear
cells when in comparison to the conventional technique
which uses Ficoll-Paque density gradient; however, the
release of this system for clinical practice yet requires further
studies [10].

In face of these difficulties, our group has developed a
mesenchymal stem cell culture of UCB from the 1solation of
nucleated cells present in the buffy coat collected through
centrifugation without Ficoll-Paque density gradient. These
cells correspond to all nucleated cells present on UCB and
not only to the low-density mononuclear cells 1solated by
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the Ficoll-Paque density gradient. This protocol was
compared to the conventional procedure using Ficoll-Paque
density gradient centrifugation in order to isolate
mononuclear cells.

METHODS

Collection of umbilical cord blood

Ten samples of UCB were collected from full-term
placenta of healthy women, nonsmokers, nondrinkers. age
ranging from 20 to 40 years, regardless ethnic group at the
Obstetric Service of Hospital de Base Regional Medical
School Foundation (FUNFARME) from the Medical School
of Sio José do Rio Preto. Free written informed consent
was obtained from the mothers or the next of kin following
the guidelines of the local Institutional Review Board and
Ethics Committee, according to certificate N° 168/2005.
Blood was collected in sterile syringes containing heparin
sodium (1000 IU).

Processing of umbilical cord blood

UCB samples were diluted in a proportion of 1:1 in a
phosphate-buffered saline solution (PBS) and submitted to
two different mesenchymal culture cell procedures: a)
Method without Ficoll-Paque density gradient (d=1.077 g/
mL) (Amershan Pharmacia); b) Method with Ficoll-Paque
density gradient. These procedures are described as follows:

a) Method without Ficoll-Paque density gradient: UCB
samples were transferred to centrifuge tubes (15 mL) and
submuitted to centrifugation at 1000 rpm for 10 minutes to
obtain buffy coat. The buffy coat containing all nucleated
cells present in UCB was transferred to a new centrifuge
tube, which was washed out twice with culture medium
through centrifugation at 1000 rpm for 8 mmutes. The number
of nucleated cells was estimated after counting into
Neubauer chamber and cellular viability was determined by
the Tripan Blue exclusion method.

b) Method with Ficoll-Paque density gradient: UCB
samples were transferred to centrifuge tubes (15 mL)
containing Ficoll-Paque solution and submitted to
centrifugation at 2000 rpm for 30 minutes in order to isolate
low-density mononuclear cells. Mononuclear cells were
transferred to a new tube and washed twice with culture
medium through centrifugation at 2000 rpm for 10 minutes,
according the protocol described by Erices et al. [2]. Cell
number estimate and viability followed the same procedure
described for the nucleated cells.

Culture of mesenchymal cells
Cultures of mesenchymal stem cells were mnitiated from
nucleated and mononuclear cells. Mesenchymal stem cells

isolation was possible due to its capacity of adhesion to the
flasks, differently from the nonadherent hematopoietic
mesenchymal stem cells. which are eliminated from the
culture duning the procedures of medium change. The culture
procedures are described below:

a) Culture of Mesenchymal Stem Cell from nucleated
cells: cultures were initiated in cell culture flasks of 25 cm?
ata density of 1x10” nucleated cells/cm’. Cells were nurtured
with culture medium 4&-MEM supplemented with 20% fetal
bovine serum, 1% antibiotic/antimycotic, and 1% glutamine.
Cultures were incubated at 37°C, humidified atmosphere
contamning 5% CO2. The first change of culture medium was
performed 24-48 hours after initial plating to eliminate
nonadherent cells. Posteriorly, the culture medium was
changed at every four days and cellular growth assessed
daily under an inverted microscope. When the cells reached
50-60% confluence, they were subdivided after trypsin/
EDTA (0.025%) (Gibco-BRL).

b) Culture of mesenchymal stem cell from mononuclear
cells: cultures were initiated in culture flasks of 25 cm* at a
density of 1.0x10° mononuclear cells/cm?, following the same
procedures described for nucleated cells

Cytochemistry characterization of mesenchymal cells
Adherent cells were submitted to cytochemistry labeling
with acid phosphatase (AP) and periodic acid-Schiff reactive
(PAS). according to the protocol (with modifications)
described by Erices etal. [3].

RESULTS

Ten samples were submitted to isolation protocols of
nucleated and mononuclear cells. In 1solation procedures
of nucleated cells (without Ficoll) were obtained 2.0-13.0x10’
(median of 2.35x107) cells/cm?. In isolation procedures of
mononuclear cells (with Ficoll) were obtained 3.7-15.7x10°
(median of 7.2x107) cells/cm’®. In all cultured samples were
observed adherent cells 24 hours after initial plating. After
the second week of plating, the growth rate of the cultures
from 1solation with Ficoll decreased until complete
stagnation. In the cultures from 1solation without Ficoll only
three samples kept their growth, forming confluent focuses
of cells. These cultures were submitted to several phases of
trypsinization for dissemination or subdivision and were
kept in culture for period varying from two to three months.

Cells from the beginning of culture presented epithelioid
and fibroblastoid morphologies (Figure 1A). After the
subdivisions, there has been predominance of fibroblastoid
cells (Figure 1B) and, in some cases. the presence of a large
rounded multinucleated cell (Figure 1C). During
trypsinization, fibroblastoid cells detached rapidly from the
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flask, whereas the rounded cells needed a longer period of
exposition to trypsin to be detached from the flask. The
cytochemistry characterization highlighted fibroblastoid
cells PAS positive and AP negative and rounded cells AP
positive and PAS negative (Figure 2).

Fig. 1—Microphotograph showing adherent cells from wumbilical.
A. Fibroblastoid (arrow) and epithelioid cells (arrow head)
observed in iitial plating. B. Confluent fibroblastoid cells. C.
Rounded cells (arrow). Magnification x200.
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Fig. 2= Micmphotograph showmg adherent ceIIs ﬁvm umbllical
Cord blood. A. Cytochemistry analysis showing mesenchymal cells
labeled positively by periodic acid-Schiff reactive (PAS). B.
Cytochemistry analysis showing mesenchymal cells labeled
negatively by acid phosphatase. Magnification x200.

DISCUSSION

Our study examined comparatively the isolation and
culture procedure of mesenchymnal cells of umbilical cord
blood without Ficoll-Paque density gradient. This procedure,
which enables to separate all nucleated cells present in the
umbilical cord blood. was compared to the standard
technique using Ficoll-Paque density gradient, which allows
the selective isolation of mononuclear cells. The results
show that both mononuclear cells and nucleated cells
1solated from UCB, when cultured in vitro, were able to
produce adherent cells with different morphologies. Among
the cell types observed. we could see fibroblastoid-shaped
elongated cells (spindle-shaped cells), egg-shaped cells
similar to epithelioid cells, and rounded cells similar to
osteoclasts (osteoclast-like cells).

Different studies with umbilical cord blood have
identified similar cells, whose nature was determined by
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means of immunocytochemistry and cytochemistry labeling.
Fibroblastoid cells (elongated) proved to be positive for
mesenchymal cell markers and the rounded cells were
positive for osteoclast markers. The confirmation that
fibroblastoid cells corresponded to mesenchymal stem cells
was established by their cellular differentiation capacity
induced by growth factors [2.4,11-14].

In the present study, adherent cells were characterized
cytochemistrically with PAS and acid phosphatase. PAS
labels mesenchymal cells (fibroblastoids) positively and the
osteoclasts (rounded cells) negatively. whereas acid
phosphatase labels the osteoclasts (rounded cells)
positively and the mesenchymal cells (fibroblastoids)
negatively. The results obtained associated to
morphological analysis indicate that the fibroblastoid cells
correspond to the mesenchymal cells, thus demonstrating
that 1t 1s possible 1solate and culture these cells from UCB
without using Ficoll-Paque density gradient.

Although in the present study specific mesenchymal
stem cell markers have not been used and the induction of
cellular differentiation to confirm the presence of stem cells,
the intense cellular proliferation observed in the three
samples 1is a predictor of the presence of stem cells. That’s
because, the differentiated cells or senescent cells have a
limited life span, characterized by loss of proliferation
capacity and morphology alteration, leading to culture
stagnation [15].

The success rate in isolating and plating mesenchymal
stem cells from UCB observed in our study was of 30%
(n=3/10). These data are in accordance with the literature
findings [2.4.11-14]. The major difficulty in plating
mesenchymal stem cells from UCB results from the small
number of mesenchymal stem cells present i each sample.
According to Goodwin et al. [1] only about 0.05-2.8x10°
mononuclear cells planted correspond to a mesenchymal
stem cell. Moreover, survival or death of these cells can be
strongly affected by changes in sample storage time until
the beginning of the plating, quantity of mononuclear cells
obtained, the presence of clot, hemolysis. as well as by the
own conditions of plating of each laboratory [11.15].

Another factor that hampers the detection of
mesenchymal stem cells in vitro is that these cells are
normally detected after 2-4 weeks of plating, differently of
what 1s observed in the mesenchymal stem cell cultures
from bone marrow or from fatty tissue, in which these cells
are identified after 4-5 days of plating [16]. However, once
established, the mesenchymal stem cell cultures from UCB
are capable of generating much more mother cells than those
from bone marrow [15]. This is resultant from the immatunity
of the newbom cells when compared to the adult cells. Aging
is associated to the reduction of mesenchymal stem cell life
span and to its differentiation capacity [17].

These difficulties are responsible for the scepticism of

some researchers as to the presence of mesenchymal stem
cells in the UCB [5-8]. However. a number of studies have
proved the presence of mesenchymal stem cells in the UCB,
their potential of cellular differentiation and proliferation,
showing that the umbilical cord blood can be an important
source of cells for cellular therapeutics for treatment of
diseases the so called incurable diseases [1-4.11-20].

CONCLUSION

The procedure to obtain nucleated cells without using
Ficoll-Plaque density gradient has shown to be more efficient
for the culture of mesenchymal stem cell from UCB when
compared to the procedure using Ficoll-Paque density
gradient. The possibility of isolating and plating
mesenchymal cells without using Ficoll, which is clearly
known to be toxic, has become the safest and fastest
procedure. These results are preliminary and need further
studies to be validated.
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PERSPECTIVAS DO USO DA TERAPIA
CELULAR NO TRATAMENTO DA
DOENCA RENAL CRONICA

Heloisa Cristina Caldas
Mario Abbud Filho

INTRODUCAO

Embora a nefrologia seja uma especialidade que oferece
duas alternativas terapéuticas para a manutencio e tra-
tamento da fase terminal da doenga renal crénica, essas
terapias tém limitagoes significativas: a didlise é um cra-
tamento tempordrio, de elevado custo e que permite a
reposigio parcial, mas nio restaura a fungio renal, en-
quanto o transplante ¢ limitado pela escassez de doado-
res de Grgios, complicagaes da terapia imunossupressora
e pela auséncia de tratamento da disfuncio cronica do
transplante.

Nos tiltimos anos, o uso de células derivadas da
medula dssea (células-tronco, células estromais) abriu
perspectivas para a possibilidade da urtilizagio da medi-
cina regenerativa no tratamento de vdrias doengas réni-
cas, substituindo células mortas ou nio funcionais por
células sauddveis.

O rim € um 6rgao complexo e ainda pouco estudado
com relagao aos efeitos da terapia celular para a reparagio
do tecido renal lesado e, embora recentemente, virios
estudos tenham mostrado os efeitos positivos dessa terapia
no modelo de insuficiéncia renal aguda, pouco ainda se
conhece ou foi publicado em modelos de lesdo crénica.

Este capitulo tem como objetivo revisar esses traba-
lhos e apresentar alternativas da medicina regenerativa
com probabilidade de serem aplicadas no cratamento da
doenga renal crénica.

CELULAS-TRONCO ADULTAS
As células-tronco sao células com capacidade de auror-
replicagio e diferenciacio em outras linhagens celulares
especializadas. Podem ser divididas em dois grupos:
embriondrias e adulras'.
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As células-tronco adultas caracterizam-se por apre-
sentarem ciclo celular lenro, capacidade de proliferagio
in witya ¢ localizagio em tecidos especificos. Essas células
sio isoladas em grande parte da medula dssea e podem
diferenciar-se distintamente: a linhagem hemaropoiética
originard as células do sangue, enquanto a linhagem
mesengquimal, derivada do estroma da medula éssea,
poderd originar outros tipos celulares’,

As células-tronco mesenquimais caracterizam-se por
serem uma populagio celular multipotente capaz de se
diferenciar e produzir tipos celulares indispensiveis para
a reparagio e manutengao tecidual®™. /i witra, as células-
-tronco mesenquimais exibem morfologia ibroblastoide,
ades@o em substrato pldstico, autorrenovagio e diferen-
ciagio em ostedcitos, condrécitos e adipdcitos’.

Recentes estudos demonstraram que as células-
-tronco mesenquimais estio presentes na parede vascular
de arterfolas pré-capilares ¢ nas pequenas artérias ¢ veias
(pericitos) e a associacio dessas células com a vascularu-
ra permite que funcionem como fonte de reposigio ce-
lular e estejam disponiveis para a reparagio ou regenera-
¢io de lesbes locais”,

Os mecanismos de regeneragio empregados pelas
células-tronco, nio sé do tecido renal, mas também dos
diferentes drgios sio desconhecidos. Algumas hipdreses
tém sido formuladas sobre esses mecanismos: a fransdi-
ferenciagio, o processo pelo qual uma célula-tronceo se
diferencia em uma célula adulta de outro tecidos # fusio
celular entre as células-tronco da medula dssea com as
células do érgio afetado, gerando uma célula hibrida que
assumiria o fenétipo do érgio lesado, com consequente
regenceragio tecidual ¢ agdo pardering modulatéria das
células-tronco sobre o tecido remanescente, no qual

as células-tronco secretam uma grande variedade de
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Figura 7.1 — Representagio esquemdtica de diferentes abordagens terapéuticas para o tratamento dos mecanismos miiltiplos que repre-
sentam o potencial regenerativo dos diferentes tipos de células-tronco em lesées do tecido renal (adaprado de Sagrinati®). CT = células-

tronco; CTDMO = células-tronco derivadas da medula dssea.

quimiocinas, além de expressarem receptores para cito-
cinas ¢ fatores de crescimento. Dessa forma, as células-
-tronco interagem com as células residentes (nicho) e
podem induzi-las a se diferenciar em linhagens celulares
distintas, de acordo com esta sinaliza¢io, promovendo a
restauragio do tecido renal.

Na verdade, n3o h4 uma explicagio definitiva sobre
o processo de atuagdo das células-tronco na regeneragio
tecidual renal e certamente deve ocorrer ainda agao
concomitante de dois ou mais desses e/ou de outros
processos? (Fig. 7.1).

TERAPIA CELULAR NO
MODELO EXPERIMENTAL
DE DOENCA RENAL CRONICA

A maioria das doengas renais cronicas caracteriza-se pela
lesdo inicial seguida da progressao dessas lesGes para a
destruigao complera do parénquima renal e formagao de
fibrose tecidual.

Os mecanismos envolvidos nesse processo sio pou-
co conhecidos, € modelos experimentais mostram que a
reducio da quantidade de néfrons serve como estimulo
inicial para promover vdrios eventos moleculares e celu-
lares para compensar a redugio de massa renal remanes-
cente. Esse processo compensatério leva a esclerose
glomerular, atrofia tubular e fibrose intersticial’.

Insuficiéncia renal crénica terminal pode ser indu-
zida pelo modelo de redugio de 5/6 da massa renal.
Nesse modelo, autores sugerem que os mecanismos
compensatdrios se tornam patolégicos e contribuem para
o desenvolvimento da progressao da lesio renal, resul-
tando na sindrome urémica caracterfstica observada em

pacientes”"’.

Devido as observacoes da melhoria da fungio renal
apds o transplante de medula éssea, Drewa et al investi-
garam o efeito de células derivadas da medula éssea reti-
radas de ratos com insuficiéncia renal crénica e conclui-
ram que a populagio da medula éssea com marcador
CD34— mostrou uma capacidade reduzida para a proli-
feragio in vitre. Esse estudo sugeriu que células da me-
dula éssea obtidas de pacientes com insuficiéncia renal
crbnica poderiam ndo ser tteis para o transplante autd-
logo de células-tronco'".

Kim et a/ investigaram se o transplante de células
precursoras de rim fetal de rato, isoladas por meio da
desagregacio de metanéfrons de fetos e injetadas sob a
cdpsula renal dos animais com redugio da massa renal
de 5/6, poderia reconstituir o tecido renal. Apés cinco
semanas, o transplante de células de rim fetal mostrou o
potencial para o aumento parcial da estrutura e da fungio
renal no tratamento da insuficiéncia renal, reduzindo os
sintomas urémicos e promovendo a reconstituigio do
tecido renal"’.

Yokoo et al transplantaram células-tronco mesenqui-
mais na regiao onde se forma o rim do embriio de rato
em desenvolvimento e os rins embriondrios resultantes
foram entio recolhidos apds vdrios dias em cultura e
injetados em ratos uninefrectomizados. O neo-6rgio
quimérico resultante apresentava parénquima renal,
vascularizagio e produgio de urina"’,

O primeiro relato da terapia celular em modelo de
insuficiéncia renal crénica experimental demonstrou o
efeito terapéutico das células-tronco mesenquimais da
medula dssea fetal humana, com melhora e normalizagio
da fungdo renal em ratos', enquanto Zerbine et al nao
obtiveram sucesso em retardar a progressio da doenca
renal utilizando células da medula éssea'.
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Em trabalho recentemente publicado demonstramos
que o uso de células derivadas da medula éssea, quando
implantadas no parénguima renal de ratos com insufici-
éncia renal crénica, reduziu ou estabilizou significativa-
mente a taxa de declinio do clearance de creatinina desses
animais apés 120 dias de tratamento'®.

Cavaglieri et al, também estudando o modelo expe-
rimental de insuficiéncia renal crénica, concluiram que
apés a inoculagio de células-tronco mesenquimais fntra-
capsular havia um efeito renoprotetor com migragio e
distribuigio das células-tronco na regido cortical e me-
dular, bloqueando a evolugio da doenga renal"”’.

Choi et al observaram que injegées de células-tronco
mesenquimais na veta caudal de ratos com insuficiéneia
renal crénica, embora nao modificasse de forma signifi-
cativa a fungio renal, melhoravam a esclerose glomerular
e proteintdria nos animais tratados com células-tronco
mesenquimais, apés 120 dias. Esses resultados sugerem
que as células-tronco mesenquimais podem ajudar a
preservar a estrutura renal ¢ a estabilizar a insuficiéncia
renal cronica'®.

Em modelo semelhante, Alexandre et a/ infundiram
células derivadas da medula éssea na veia caudal de ratos
no 154, 30" ¢ 45° dias de pds-operatério ¢ observaram que
apés 60 dias houve redugio da proteintria, de diferentes
pariamerros histoldgicos, da infiltragio do tecido renal por
células imunes e da expressdo tecidual de MCP-1 (pro-
tefna quimiotdtica de monécitos-1), P21 (proteina on-
cogénica — P21) e fator de crescimento do endotélio
vascular. Esses dados corroboraram com os trabalhos
anteriores e reforca a ideia de que o uso dessas células
pode retardar a progressio da insuficiéncia renal crénica'.

Semedo et al demonstraram melhora funcional e
estrutural no tratamento com células-tronco mesenqui-
mais ¢ células de linhagem negativa (Lin-) terapeutica-
mente em modelo de nefrectomia 5/6. O tratamento

com células-tronco mesenquimais no parénquima renal
resultou em niveis maiores de taxa de filtragio glomeru-
lar e diminuigio da proteintiria® (Quadro 7.1).

BIOMATERIAL E ENGENHARIA TECIDUAL

A bioengenharia tecidual busca métodos alternativos para
o tratamento ¢ reconstrugio de tecidos danificados e o
termo biomaterial pode ser aplicado a qualquer substin-
cia ou combinagio de substincias, de origem natural ou
sintérica, que seja farmacologicamente inerte e tenha
aplicagoes orginicas, desenvolvidas para ser implantada
onde houve perda de tecido biolégico ou de sua fungio™*,

O principio geral de reconstrugio tecidual, na en-
genharia de tecidos, carresponde ao transplante de célu-
las sabre mareriais biocompativeis ou i indugio do
crescimento celular sobre esses materiais™.

Os biomateriais, além de fornecerem uma superficie
para a orientagio do crescimento e organizagio das cé-
lulas implantadas, também podem promover sinais
biolégicos necessdrios para o estabelecimento e a retengio
daquele tecido em formagao. A infusio dircta de suspen-
sdo celular no érgio lesado, sem contar com uma estru-
tura de apoio, ¢ de diffcil controle para a localizagio e
organizagio das células transplantadas™*.

Roessger et al foram os pioneiros na utilizagao de
biomaterial associado is ¢élulas-tronco visando 4 criagao
de um intersticio artificial de apoio ao desenvolvimento
dos tibulos renais™. Recentemente, em nosso laboraté-
rio, avaliamos o efeito das células-tronco derivadas da
medula dssea semeadas sobre um biomaterial (pericirdio
bovino) na progressio da insuficiéncia renal crénica em
ratos. Apés um perfodo de observacio de 90 dias, obser-
vamos que os animais com insuficiéncia renal crénica
que receberam o biomaterial semeado com células da
medula éssea apresentaram menores aumentos da creati-

Quadro 7.1 — Resumo dos estudos com rerapia celular em doenga renal cronica.

Referéncia . Tipo celular Efeitos terapéuticos Via de administragio Efeitos histolégicos
Cavaglieri er al” CT™M 4 Albumindria Subcapsular renal | Glomerulosclerose
1 Creatinina
Alexandre et al™” Lin- -4 Proteiniria Veia caudal | Glomerulosclerose
L Fibrose intersticial
4 Infiltragio
Choi er al" CTM L Proteiniiria Veia caudal L Glomerulosclerose
Kirpatovskii ef o/ CT fetal L Crearinina Intraparénquima renal Nio reportado
L Clearance
Semedo er al™ CT™M 1 Creatinina Veia caudal 1 Regeneragio whular
1 Urcia
Zerbine et al” CTM T Creatinina Veia cava T Regeneragio wbular
Caldas et al'® CTM e CMO | | Creatinina Intraparénquima renal 1 Glomerulosclerose
1 Proteiniiria
Caldas ez al™ CTM e CMO | L Creatinina Células-tronco + biomaterial | 1 Glomerulosclerose
| Proteiniria no parénquima renal

CTM = célula-tronco mesenquimal; CMO = célula mononuclear; CT = célula-tronco,
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nina sérica, proteintria e tiveram a velocidade de progres-
530 da doenga, medida pelo declinio do clearance de crea-
tinina ¢ pelo inverso da creatinina sérica significativamen-
te retardada pelo tratamento®. Esse trabalho abre a
possibilidade do uso dos biomareriais associado com a
terapia celular para o tratamento de doengas crénicas, além
de permitir especular o uso dessa combinagio com a forma
alternativa para a administragio das células-tronco.

CONCLUSOES

Apesar das variagbes quanto ao niimero de células infun-
didas, a via de administragio e o perfodo pés-insuficiéncia
renal crbnica em que as células foram injetadas, resulta-
dos sugerem que células derivadas da medula éssea podem
retardar ou estabilizar a progressio da insuficiéncia renal
cronica experimental'*%,

Os mecanismos que direcionam as células-tronco
para determinada linhagem ainda sio desconhecidos e
esse fato rorna as aplicagdes clinicas e terapéuticas para
tratamento da insuficiéncia renal cronica ainda incertas.
As pesquisas com células-tronco abrem novas perspecti-
vas e estimulam a continuidade dos estudos para o en-
tendimento correto de como essas células agem e dife-
renciam, podendo, no futuro, tratar doengas hoje incu-
rdveis por meio dessa terapia. O uso de biomateriais como
suporte (scaffolds) para a terapia celular permite expandir
as aplicagbes da medicina regenerativa,

REFERENCIAS BIBLIOGRAFICAS

. Odorico JS, Kaufman DS, Thomson JA. Multilineage differentia-
tion from human embryonic stem cell lines. Stem Cells 2001; 19:
193-204.

2. Wagers A. Weissman 1. Plasticity of adult stem cells, Cell 2004;

116: 639-648.

Fodor WL. Tissue engineering and cell based therapies, from the

bench to the clinic: the potential to replace, repair and regenerate.

Reprod Biol Endacrinal 2003; 1: 102,

Caplan AL Why are MSCs therapeutic? New data: new insight. /

Pathel 2009; 217: 318-324.

Pirtenger ME Mackay AM, Beck SC et a/. Multilineage potential

of adult human mesenchymal stem cells. Science 1999; 284: 143-

147.

. da Silva Meirelles L, Caplan Al Nardi NB. In search of the in vivo
identity of mesenchymal stem cells. Stem Cells 2008; 26: 2287-
2299,

e

o

wn

(=23

20.

2

22,

23.

25:

26.

- Mollura D], Hare JM, Rabb H. Stem-cell therapy for renal dis-

cases. Am [ Kidney Dis 2003; 42: 891-905.

. Sagrinati C, Ronconi E, Lazzeri E e al, Stem-cell approaches for

kidney repair: choosing the right cells. Trends Mol Med 2008; 14:
277-285.

. Hostetter TH. Pragression of renal disease and renal hypertrophy.

Annu Rev Physiol 1995; 57: 263-278.

. Nangaku M, Fujita T. Activation of the renin-angiotensin system

and chronic hypoxia of the kidney. Hypertens Res 2008; 31: 175-184.

- Drewa'T, Joachimiak R, Kaznica A et al. Bone marrow progenitors

from animals with chronic renal failure lack capacity of in vitro
proliferation. Transplant Proc 2008; 40: 1668-1673.

- Kim SS, Gwak SJ, Han ] ez al. Regeneration of kidney tissue using

in vitro cultured fetal kidney cells. £xp Mol Med 2008; 31: 361-369.

- Yokoo T, Kawamura T, Kobayashi E. Kidney arganogenesis and

regeneration: a new era in the treatment of chronic renal failure?
Clin Exp Nephrol 2008; 12: 326-331.

- Kirpatovskii V1, Kazachenko AV, Plotnikov EY et al. Experimen-

tal intravenous cell therapy of acute and chronic renal failure. Bull
Exp Biol Med 2007; 43: 160-165.

. Zerbini G, Piemonti L, Maestroni A e al. Stem cells and the

kidney: a new therapeutic tool. J Am Soc Nephrol 2006; 17: 123-
126.

. Caldas HC, Fernandes IMM, Gerbi F ¢t al. Effect of whole bone

marrow cell infusion in the progression of experimental chronic
renal failure. Transplant Proc 2008; 40: 853-855.

. Cavaglieri RC, Martini D, Sogayar MC et al, Mesenchymal stem

cells delivered at the subcapsule of the kidney ameliorates renal
disease in the rat remnant kidney model. Transplant Proc 2009
41: 947-951.

. Choi §, Park M, Kim ] et al The role of mesenchymal stem cells

in the functional improvement of chronic renal failure. Stem Cells
Dev 2009; 18: 521-529.

. Alexandre CS, Volpini RA, Shimiza MH et . Lineage-negative

bone marrow cells protect against chronic renal failure. Stem Cells
2009: 27: 682-692.

Semedo B, Correa-Costa M, Cenedeze MA er al. Mesenchymal
stem cells artenuate renal fibrosis through immune modulation
and remodeling properties in a rat remnant kidney model. Stem
Cells 2009; 27: 3063-3073.

. Alsberg E, Anderson KW, Albeirut A et al. Engincering growing

tissues. Proc Nat Acad Sci 2002; 99: 12025-12030.

Tessmar JK, Gopferich AM. Matrices and scaffolds for protein
delivery in tissuc engineering, Adv Drug Deliv 2007; 59: 274-291.
Kim BS, Bacz CE, Awla A. Biomarerials for tissue engineering.
World | Urol 2000; 18: 2-9.

- Pachence JM. Collagen-based devices for soft tissue repair. / Biomed

Mater Res 1996; 33: 35-40.

Roessger A, Denk L, Minuch WW. Potential of stem/progeniror
cell cultures within polyester fleeces to regenerate renal rubules.
Biomaterials 2009; 30: 3723-3732.

Caldas HC, 1da MMF, Abbud-Filho M er al. Biomarerial seeded
with bone marrow derived cells did retard progression and impace
differencly distinct stages of chronic kidney disease 2009 (submittzd).

45




3. CONCLUSOES




Conclusdes 47

3. CONCLUSOES
1- A progressdo da IRC pode ser retardada pela injecdo de células derivadas da

medula 6ssea.

2- A) biomaterial semeado com células derivadas da medula ¢ssea pode ser uma
rota alternativa para a terapia celular. B) a associacdo de células—tronco
mesenquimais com o BM retarda a progresséo da IRC experimental. C) ainda a
terapia celular parece ser mais eficaz quando administrada em estgios menos

graves da IRC.

3- A etapa inicial de isolamento de células nucleadas sem uso do gradiente de
densidade Ficoll-Paque mostrou-se mais eficiente para o cultivo de CTM do
SCU quando comparado ao procedimento de centrifugagdo com gradiente de

densidade Ficoll-Paque.
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Anexo 1. Aprovagio da Comissio de Etica na Experimentacdo Animal (CEEA).

Comiss3o de Etica em
Experimentacéo Animal

Faculdade de Medicina de S&o José do Rio Pretg
| cEEA Comissdo de Etica na Experimentagdo Animal CEEA

FAMERP FAMERP Autarquia Estadusl, Av. Brig. Faria Lima 5416 CEP 15090.000 Tel. 3201-5700 .J Rio Preto 5P

COMISSAO DE ETICA NA EXPERIMENTACAQ ANIMAL

O projeto de pesquisa intitulado “Efeitos de ceélulas mesenquimais da
medula Gssea cultivadas sobre matriz de colagenc na insuficiéncia renal cronica
experimental” (Protocolo FAMERP n° 3310/2008) sob responsabilidade da Prof.
Dr. Mario Abbud Filho, por cumprir com os principios éticos exigidos em
experimentagéo animal, foi aprovado pela CEEA-FAMERP.

Lembramos ao senhor pesquisador a necessidade de relatério completo ao
final do estudo.

' S50 José do Rio Preto, 25 de Julho de 2008.

Gmﬁ&,% /'\@j;mm On Cv

Profa. Dra. Cristiane Damas‘Gil
Presidente CEEA - FAMERP
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Anexo 2. Aprovacio da Comissio de Etica na Experimentaco Animal (CEEA).

Comissao de_Etica_na T
B s sl Faculdade de Medicina de Sédo José do Rio Preto
eEEn Comissédo de Etica na Experimentag&o Animal - CEEA
FAMERP FAMERP Autarquia Estadual, Av. Brig. Faria Lima 5416 CEP 15090.000 Tel. 3201-5700 S.J.Rio Preto/ SP
CERTIFICADO

Certificamos que o projeto de pesquisa intitulado “Efeitc de células tronco
derivada da medula éssea na insuficiéncia renal crénica experimental moderada”
(Protocolo FAMERP n°3476/2009), sob responsabilidade da Profa. Dra. Maria Alice
Sperto Ferreira Baptista, esta de acordo com os principios éticos estabelecidos na Lei n°®
11.794/2008 e na Resolucdo n° 714/2002 e foi aprovado pela Comissdo de Etica na
Experimentacdo Animal da Faculdade de Medicina de S&o José do Rio Preto (CEEA-
FAMERP).

Lembramos ao senhor pesquisador a necessidade de relatorio completo ao final

do estudo.

We certify that Project entitled “Effect of the stem cells in moderate chronic renal failure
experimental” (Protocol n° 3476/2009), agrees with the Ethical Principles for Animal Research
established by Brazilian law n°11.794/2008 and Resolution n° 714/2002 and was approved by the
Institutional Committee for Ethics in Animal Research of Faculty of Medicine from S&o José do Rio
Preto (CEEA — FAMERP) on June 04, 2009.

Séo José do Rio Preto, 22 de julho de 2009.

G@ 1Ot }@vmcw (“*‘zt.(

Profa. Dra. Cristiane Damas Gi
Presidente Da CEEA — FAMERP
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Anexo 3. Aprovacio da Comissio de Etica na Experimentacdo Animal (CEEA).

Comi_sséo de_Etica_na - - V - o
Experimentacio Anima Facuidade de Medicina de Sdo José do Rio Preto
cEEA Comiss&o de Etica na Experimentacdo Animal - CEEA
FAMERP FAMERP Autarquia Estadual, Av. Brig. Faria Lima 5416 CEP 15000.000 Tel. 3201-5700 8.J.Rio Preto/ SP
CERTIFICADO

Certificamos que o projeto de pesquisa intitulado “Efeito de células tronco
derivada da medula éssea na insuficiéncia renal crénica experimental” (Protocolo
FAMERP n°3475/2009), sob responsabilidade do Prof. Dr. Mario Abbud Filho, esta de
acordo com os principios éticos estabelecidos na Lei n° 11.794/2008 e na Resolugéo n°
714/2002 e foi aprovado pela Comissdo de Etica na Experimentagdo Animal da
Faculdade de Medicina de Sao José do Rio Preto (CEEA-FAMERP).

Lembramos ac senhor pesquisador a necessidade de relatério completo ao final

do estudo.

We certify that Project entitled “Effect of the stem cells in chronic renal failure experimental”
(Protocol n° 3475/2009), agrees with the Ethical Principles for Animal Research established by
Brazilian law n°11.794/2008 and Resolution n° 714/2002 and was approved by the Institutional
Committee for Ethics in Animal Research of Faculty of Medicine from S&o José do Rio Preto (CEEA
— FAMERP) on June 04, 20089.

Sao Jose do Rio Preto, 06 de agosto de 2009.

Clta#% @fm&A vs’l L

Profa. Dra. Cristiane Damas
Presidente Da CEEA — FAMERP
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Anexo 4. Distingdo em congressos.

Fundacio Fuculdade Regional de Medicina de Sdo José do Rio Prefo

Av. Brigadeiro Faria Lima, 5544 - Bairro S3o Pedro - CEP 15090-000 - Fone {17) 3201-5000 - Fax 3201-5186 - S0 José do Rio Preto - Sao Paulo - Brasil
CNPJ 60.003.761/0001-29

Prezado Prof. Dr. Mario Abbud Filho
Professor Adjunto de Medicina
Disciplina de Nefrologia da FAMERP

Vimos  parabenizar-vos  pela publicagdo, no  periodico
Transplantation Proceedings, do artigo intitulado “Effect of whole bone
marrow cell infusion in the progression of experimental chronic renal
failure”, de autoria de Caldas HC et al. Também vos congratulamos pela
obtengdo do prémio Poster Distinction 1o Congresso Americano de
Transplantes, no més corrente. Tais conquistas cientifico-académicas vém a
ressaltar a importancia (com proje¢do mundial) do Hospital de Base em
propiciar execugdo e seguimento adequados para ensaios clinicos ou
experimentais de ponta.

Atenciosamente,

KR
Dra. Ana Luiza A. A. Silva Rodriguez
Diretora Executiva da FUNFARME

P e NS~ B

“Prof, Dr. MoaciIFemandes\de odoy

S#o José do Rio Preto, 16 de junho de 2003




