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:Figure 1: TSP-Hepl enhances FGF2-induced angiogenesis fn vivo in a mouse model of Matrigel plug assay.
.(A-D): Representative photos of plugs excised on day 14 containing (A) PBS, (B) TSP-Hepl alone (200ug/ml),
(C) FGF-2 (350ng/ml) alope or (D) FGF-2 (350ng/ml) + TSP-Hepl (200pg/ml). (E) Haemoglobin

,:qwutiﬁcation. Values are means £ SEM of 10 determinations per group. ** p<0.01 and *** p<0.001 versus

£.PBS; # p<0.05, #22 p<0.001 versus TSP-Hepl alone and £ p <0.05 versus FGF-2.
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Figure 2: TSP-Hepl stimulates ECFC chemotaxis. Migration assays were performed with chemotaxis
chambers towards control media (control), FGF-2 (10ng/ml, positive control), TSP-Hepl (20pg/ml) or S/TSP-
'E Hepl peptide (20pg/ml) in the lower chamber. ECFC (7x10%) were seeded in the upper chamber and incubated
g for 6 hours at 37°C. Data are expressed as percentages of the control. Values are means = SEM of six

z
¢ determunations. ** p<0.01 and *** p<0.00]1 versus control, £££ p<0.001 versus FGF-2 and #58 p<0.001
a

: versus TSP-Hepl

10

i: Figure 3: TSP-Hepl-HSPG interaction mediates vascular tube formation by ECFC. ECFC treated with a

ii cocktail of heparinases and chondroitinases (GAG-) or untreated (GAG+) were seeded (1:]05 :ei]sr‘-:m:) mn
15
L€ Matrigel containing 10pg/ml TSP-Hepl. ECFC (lxll}f cel.'ls:'cm!) untreated (GAG+) were seeded in Matrigel
17

;:: mixed with TSP-1 (10pg/ml) or S/TSP-Hepl peptide (10pg/ml). (A) Quantification of mbular structures in
20
21 Matrigel. Data are expressed as a percentage of control. (B) Morphological aspect of Matnigel after 6h

3 Untreated (GAG+) and treated ECFC (GAG-) in presence and absence of TSP-HepL. (C) Flow cytometry of

25

2¢ heparan sulphate surface labelling. Values are means = SEM of three determinations. *** p<0.001 versus
Eg control, 222 p<0.001 versus TSP-Hepl

0

:E Figure 4: TSP-Hepl-pretreated ECFC showed enhanced adhesion to activated endothelium at a shear rate of

23 50s™. Before flow perfusion, ECFC were incubated for 18h with control medinm TSP-Hepl peptide
35
ff (20pg/ml) or TSP-1 (10pg/ml). SDF-1 stimulation (100ag/mi) for 30 min was used as a positive control. (4)

22 Kinetic of ECFC adhesion. (B) Total number of cells adherent to activated HUVEC. (C) Resistance to

40
41 detachment in incremented shear stress conditions from 50 to 5000s-1 (D-G): Fluorescents micrographs of

42

42 endothelium (gray) after ECFC perfusion (white arrows heads) - (D) coatrol, (E) SDF-1, (F) TSP-1 and (G)

45
4¢ TSP-Hepl peptide. The scale bar represents 30um in the photomicrographs. Control (#), SDF-1 (W), TSP-1
47

j: (©) and TSP-Hepl (A). Data are expressed as a percentage of control. Values are means = SEM of four

a0

51 determinations. *** p<0.001 versus control; £££ p0.001 versus SDF-1, #22 p<0.001 versus TSP-1.

83

;4 Figure 5: A moncclonal antibody directed against the ectodomain of syndecan-4 (SDN4) inhibits TSP-Hepl-
55

3¢ pretreated ECFC adhesion to activated endothelinm at 50s”. Before flow perfusion, ECFC were incubated
57

2 with an anti-SDN4 antibody and exposed to TSP-Hepl (20ug/mul) for 18h. (A): Evaluation by flow cytometry
&0
€1 for surface labelling of SDN4 surface labelling by in companson with HUVEC. (B) Kinetics of ECFC

% adhesion in each experimental group: Coatrol (#), TSP-Hepl (A), TSP-Hepl+anti-SDN4 (¥) and TSP-

124



Hepl+anti-IgG2a (7). (C) Total number of cells adherent to activated HUVEC. Data are expressed as a
percentage of control, 100% of CTRL. Values are means = SEM of four deternunations. *** p<0.001 versus

1 CTRL; £2# p<0.001 versus TSP-Hepl
2

3
4 Figure 6: TSP-Hepl pretreatment leads to alpha6 subunit over-expression on ECFC: ECFC were incubated for
5

f 18h with control medium (control) or TSP-Hepl peptide (20pg/ml) and then analyzed by flow cytometry for

]
5 surface expression of the alphat subumt. Data are expressed as a percentage of the mean control flucrescence
10

i: intensity. Values are means = SEM of four determinations. *** p<0.001 versus control; #5% p<0.001 versus
13

14 TSP-Hepl.

15

1&

17 Figare 7: TSP-Hepl pretreatment enhances ECFC migration. Before the migration assay, ECFC were
18

1% incubated for 18h with control medium (coatrol). TSP-Hepl peptide (20ug/ml). S/TSP-Hepl peptide
20

,‘:;_ (20pg/ml) or VEGF (10ng/ml - positive coatrol). Migration was assayed in a chemotaxis chamber towards to
23

24 control medium (control). ECFC (7110") were seeded in the upper chamber and incubated for ¢ hours at 37°C.
25

i_’f Data are expressed as a percentage of VEGF conditions Values are means = SEM of three determinations.

28
25 *** p<0.001 statistically different from control; £££ p<0.001 versus VEGF , #2% p<0.001 versus TSP-Hepl
30
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4 DISCUSSAO GERAL

O avanco da érea de tecnologias celulares tem impulsionado o desenvolvimento de
novas terapias, com o propdsito de restaurar e reparar as funcoes teciduais, através do uso de
populacdes celulares auto-renovaveis e com grande potencial de diferenciagao.

No dominio da terapia de reconstrucdo vascular, as células progenitoras endoteliais
(EPCs) sdo as escolhidas para o desenvolvimento de terapias pré-angiogénicas visando ao
restabelecimento da irrigagdo sanguinea de regides isquémicas atingidas (35). As EPCs foram
inicialmente descritas por Asahara et al, (1997) e Shi et al, (1998), como células isoladas a
partir da fracdo mononuclear da medula 6ssea do sangue periférico capazes de se diferenciar
em células endoteliais maduras (EC) e de iniciar a neovascularizacdo em ensaios in vitro e in
vivo (7,8). Desde entdo, as EPCs tém sido propostas como um interessante alvo terapéutico
para uso em situacdes de isquemia critica como na doenga coronariana € na doenga arterial
periférica (DAP) (36-38). No entanto, alguns obstdculos t€ém sido encontrados para obter o
transplante eficaz com EPCs autélogas. A rara quantidade de células encontradas na medula
Ossea (menos de 0,05%) e na circulagdo periférica (aproximadamente 0,01%), além da baixa
incorporacdo nos tecidos lesionados apds a administragdo intravenosa, gera algumas
limitagdes para a aplicacdo clinica, sendo necessdrias novas abordagens que melhorem a
expansdo ex vivo das EPCs, bem como a capacidade de essas células participarem da
neovascularizagao pds-natal.

Para obter a quantidade suficiente de EPCs circulantes potencialmente funcionais,
muitas estratégias foram estudadas (injecdo de farmacos capazes de mobilizar as células para
o sangue periférico, o pré-tratamento das células por fatores pro-angiogénicos, terapia génica
e outros) com o objetivo de aumentar a concentragdo das células antes da extracdo e/ou para
melhorar a capacidade de adesao, melhorando consequentemente a eficdcia do transplante.
Diversos estudos experimentais e clinicos utilizam moléculas que regulam estritamente os
mecanismos pro € antiangiogénicos, que podem ser administrados na corrente sanguinea ou
diretamente no tecido isquémico, como produto da terapia de neovascularizag¢ao (35,151). No
entanto, o uso de fatores soliveis tais como VEGF, FGF e SDF-1a para mobilizar as EPCs in
vivo tém também apresentado resultados equivocados. A terapia g€nica tem também
produzido resultados inexpressivos (152).

Dadas essas limitagdes, o grupo de Boisson-Vidal (48) tentou uma nova abordagem
para melhorar a funcionalidade das poucas células progenitoras disponiveis, através do pré-

tratamento ex vivo com fatores angiogénicos soliveis com a finalidade de ativd-las a nivel
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proteico (priming). Nesse estudo, o grupo utilizou o SDF-10a, uma quimiocina conhecida,
capaz de mobilizar e recrutar as células da medula dssea para a corrente sanguinea. O SDF-1
foi capaz de estimular/ativar o potencial angiogénico das EPCs isoladas do sangue de corddo
umbilical humano, aumentando a neoangiogénese, a densidade capilar e a perfusdo in vivo no
modelo murino de isquemia critica de membros inferiores. Porque as EPCs podem ser
ativadas por outros fatores, tais como VEGF, angiopoietina e G-CSF, muitas variantes desta
abordagem podem ser utilizadas.

A trombospondina-1 (TSP-1) € uma molécula complexa, agindo, as vezes, como
proteina pro- ou antiangiogénica gracas a sua capacidade de realizar multiplas interagdes que
conduzem a regulacdo do comportamento das células endoteliais, durante o processo de
neovascularizagdo (153). Os diferentes dominios da TSP-1 podem agir como proteinas
bioativas, desempenhando o papel de fatores de crescimento ou citocinas (75). A TSP-1 foi
inicialmente descrita como um inibidor endégeno da angiogénese (154,155), mas atualmente
chama a atencdo da comunidade cientifica pela capacidade de regular uma variedade de
funcdes como a adesdo, migracdo, proliferacdo e diferenciacio das células endoteliais (156).
Devido a esse papel multifuncional na angiogénese, a TSP-1 tem sido proposta como uma
fonte estratégica para o desenvolvimento de terapias que necessitem a amplificacdo de
respostas pro- ou antiangiogénicas, previamente iniciadas no microambiente tecidual.

Por ser uma glicoproteina extremamente complexa ao nivel modular e funcional, os
estudos da TSP-1 sdo frequentemente realizados, utilizando seus fragmentos ou dominios. A
capacidade multifuncional € atribuida aos seus diferentes dominios que podem estar presentes
tanto como fragmentos soliveis no fluido corporal quanto ligados a proteinas da MEC ou a
receptores de superficie celular (153). Uma variedade de enzimas tais como trombina,
plasmina, catepsinas e ADAMTS1 sdo capazes capaz de clivar a TSP-1 (75,109,157),
liberando os dominios N-terminal e C-terminal. A ideia de que dominios/fragmentos possam
ser liberados da TSP-1 por protedlise e, que suas atividades sdo diferentes da molécula nativa,
se tornou um eixo interessante para a discussdo dos efeitos fisioldgicos dessa proteina (75).

Os primeiros fragmentos da TSP-1 identificados, regides TSR e dominio pro-
coldgeno, foram descritos como inibidores da quimiotaxia e indutores de apoptose em células
endoteliais microvasculares através da ligagcdo com o receptor CD36 (113,158)). O dominio
C-terminal desta glicoproteina inibe a adesdo de células endoteliais e de células musculares
lisas, interagindo com o receptor CD47 (159). Tem sido demonstrado que a interagdo de
sequéncias especificas dentro do dominio C-terminal da TSP-1 com CD47/IAP (integrin-

associated protein) reduz a ativagdo de 6xido nitrico (NO), limitando a vasodilatagdao pelas
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células musculares lisas. O papel bioldgico dessa interacdo € relevante para os processos
isquémicos, visto que o NO € um dos maiores reguladores do sistema cardiovascular,
induzindo o relaxamento das células musculares lisas, aumentando assim o didmetro vascular
e o fluxo sanguineo (160). De fato, Isenberg e colegas (2008) demonstraram que
camundongos modificados geneticamente para ndo expressarem TSP-1 e CD47 apresentaram
completa restauracdo da perfusdo vascular apds serem submetidos a oclusdo da artéria
femoral (160). A caracterizacdo de receptores para os diferentes fragmentos da TSP-1 faz
parte do desenvolvimento de novas estratégias terapéuticas como o desenvolvimento de
peptideos miméticos para inibir a angiogénese (156,160).

A porcdo N-terminal (NH;) da TSP-1 € atualmente conhecida como responsavel pelos
efeitos pré-angiogénicos da molécula, porém a importancia biolégica no contexto da
neovascularizagcao ainda resta ser compreendida. Nesse cendrio, o foco do nosso trabalho foi
estudar o papel do dominio NH, da TSP-1 na modulacdo das células progenitoras endoteliais,
como uma molécula potencial para aplicacdo terapéutica. Em nosso estudo inicial
desenvolvemos um protocolo de isolamento de EPCs a partir do sangue periférico de
individuos sauddveis, visando otimizar a expansao e o aperfeicoamento funcional de células
aut6logas para uma futura aplicacdo terapéutica, sem risco de provocar rejeicao.

Para estabelecimento das condi¢Oes iniciais de obtencdo de colonias de EPCs,
decidimos comparar o desenvolvimento das culturas na presenca de meio condicionado de
HUVECs confluentes, em cultura primdria, cultivadas rotineiramente em nosso laboratdrio,
uma vez que o aparecimento de coldnias se mostrou um evento raro, quando as células
mononucleares obtidas pelo fracionamento em Histopaque eram plaqueadas unicamente no
meio-padrdo de base para progenitores (EGM-2 com suplementos comerciais). O meio
desenvolvido para avaliar a otimizacdo foi denominado EGM-2/ENR, uma mistura na
propor¢ao de 1:1 do meio condicionado de HUVECs com o meio classico EGM-2. Nossos
resultados mostraram que o meio EGM-2/ENR contém fatores de crescimento necessirios
para estimular o surgimento de col6nias endoteliais dentro de 20 dias, enquanto com o uso do
meio EGM-2 sozinho ndo observamos a presencga destas coldnias.

Demonstramos ainda que essas células expressam CD34/CD31/CD146/CD177/KDR,
nao expressam CD133 e CD45 e sdo capazes de formar redes vasculares in vitro em Matrigel.
Mais ainda, nossos resultados sugerem que as ECFCs isoladas do sangue periférico possuem
um comportamento menos adesivo, diferente das células maduras (HUVECSs). Essa hipotese é
respaldada pela quantidade de fibronectina (FN) em niveis cerca de 3 vezes menores que 0s

encontrados em endotélio de fendtipo maduro (HUVECS), tanto na matriz extracelular (MEC)
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como no sobrenadante das ECFCs. Este fato parece também se refletir na organizacdo dos
filamentos de actina das células progenitoras, que exibem um grande nimero de estruturas
como lamelipddios e filopédios em abundancia, sugestivos de um comportamento migratério
acentuado. Esse resultado surpreendente, demonstrado pela primeira vez, sugere uma nova
ferramenta para caracterizar as ECFCs isoladas e expandidas ex vivo, visto que nao hd um
conceito na literatura quanto a diferenca desses progenitores endoteliais em relacio as células
maduras. Nossos achados sdo consistentes com outros, relatando a propriedade migratoria e
proliferativa de células circulantes: Hynes & Yamada (1982) relataram que diversas células
proliferativas/migratérias de carater tumoral expressam menos FN (161); Schmidt e
colaboradores (2007) propuseram que angioblastos e ECFCs possuem uma capacidade de
migrar muito maior que células endoteliais mais maduras (22).

Apoés ter estabelecido um protocolo eficaz de isolamento de ECFCs do sangue
periférico e ter caracterizado essas células quanto a morfologia, o fenétipo e a funcionalidade,
nds nos interessamos em determinar se a TSP-1 e os peptideos pré-angiogénicos derivados da
regido NH;, poderiam modular as atividades angiogénicas das ECFCs. O dominio NH;-
terminal (ou HBD, de heparin-binding domain) da TSP-1 foi descrito inicialmente como um
fragmento de ligacdo a heparina, capaz de modular a adesdo e a migracdo das células
endoteliais. No entanto, na dltima década, a estrutura e funcdes do HBD tém sido estudadas
por alguns grupos, que demonstraram o papel desse dominio na indug@o da angiogénese.

Lawler, em 1981, identificou um fragmento de 25 kDa retido na coluna de heparina-
sepharose que se liga com alta afinidade a heparina(81). As sequéncias de aminodcidos deste
fragmento foram isoladas e caracterizadas pelo grupo de Frazier em (162). Os primeiros
indicios do papel biologico do HBD, relevantes para a angiogénese, foram demonstrados por
Taraboletti et al (1990) (89). Nesse trabalho o grupo mostrou que um anticorpo monoclonal
soluvel, dirigido contra 0 HBD (A2. 5) reduziu a adesao e a quimiotaxia de células endoteliais
da aorta bovina (BAEC). Além disso, o acréscimo de heparina ou fucoidan causou o mesmo
efeito inibitdrio, confirmando a intera¢do deste dominio a heparina e seus derivados. Outros
demonstraram o papel do HBD na quimiotaxia e adesdo (94,163). O HBD foi capaz de
desestabilizar adesdes focais em células firmemente aderidas, resultando em uma transicao
para um estado intermedidrio de adesdo. Em 1993, o grupo de Murphy-Ullrich rebuscou ainda
mais o estudo do dominio NH,-terminal da TSP-1, identificando um peptideo de 19
aminoécidos, denominado hepl, capaz de interferir nas adesdes focais de células endoteliais
(163). Outros demonstraram que o peptideo hepl induziu a migragao de células endoteliais e

fibroblastos (88,164). O isolamento de sequéncias especificas permitiu confirmar que os
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fragmentos ligantes de heparina suportavam a adesdo de células tumorais através da ligagcdao
aos glicosaminoglicanos (GAG) (165). De fato, a ligacdo da TSP-1 intacta aos proteoglicanos
¢ descrita ser mediada pela interacdo de sequéncias especificas do HBD. A interagdo com
sindecan-1, -3, e -4, dermatan sulfato e perlecan tem sido relatada (166). O HBD ainda induz
proliferacdo e migracdo de neutréfilos, mondcitos, fibroblastos e células de musculo liso (88).

Durante o desenvolvimento dos estudos aqui apresentados (Capitulos 1, 2 e 3),
demonstramos o efeito positivo de peptideos derivados do HBD da TSP-1 nas etapas-chave
do processo angiogénico, em por ECFCs humanas isoladas do sangue periférico e do sangue
de cordao umbilical. Os peptideos sintéticos, TSP-Hepl (aa 17-35) e TSP-Hepll (aa 78-94),
representativos dos dominios ligantes de heparina da TSP-1: (i) atraem fortemente as ECFCs
em niveis comparaveis aos obtidos com o FGF-2, no ensaio de quimiotaxia; (ii) induzem a
adesdo das ECFCs em condig¢des estdticas quando na forma imobilizada nos suportes de
adesdo; esses efeitos sdo equivalentes aqueles observados com a TSP-1 integra; (iii)
estimulam fortemente a diferenciacdo das ECFCs em redes vasculares in vitro quando s@o
misturados ao Matrigel, sendo que o efeito oposto € observado com a TSP-1; e por fim (iv)
ndo afetam a proliferacdo celular, sendo que a TSP-1 inibe a proliferacdo das mesmas células.

Estes resultados corroboram os trabalhos precedentes do nosso grupo que
demonstraram o efeito positivo na adesdo em condi¢des estdticas e na tubulogé€nese em
Matrigel de células endoteliais maduras isoladas da veia umbilical humana (HUVEC) e
atribuido ao fragmento de 18 kDa do HBD da TSP-1 (TSP18, uma sequéncia que compreende
os aminodcidos 1-174), quanto aos peptideos derivados desta regido da proteina (TSP
Hepl/A1 ou TSP Hepll/A2), que possuem motivos estruturais de carater basico de ligacdo de
alta afinidade a glicosaminoglicanos.

Somente trés grupos de pesquisa observaram e descreveram os efeitos pro-
angiogénicos do dominio HBD in vivo, no modelo da membrana corioalantéide de frango
(CAM) e de implante de Matrigel (116,118,167). Para avaliar o papel in vivo do peptideo
mais ativo durante os experimentos TSP-Hepl, nosso grupo escolheu o ensaio de implante de
Matrigel, descrito como o modelo capaz de mimetizar as condi¢des presentes na maioria das
doencas vasculares (168). Observamos que o peptideo TSP-Hepl induziu angiogénese quando
ele estava associado ao fator de crescimento angiogénico FGF-2, sugerindo a existéncia de
um efeito sinérgico entre este fator de crescimento e o dominio NH,-terminal da TSP-1. No
entanto, TSP-Hepl, sozinho, ndo teve nenhum efeito sobre a vascularizacdo da matriz
extracelular. Estes dados estdo em contradicio com os resultados de outros grupos que

demonstraram o efeito pré-angiogénico do dominio NH2 sozinho in vivo:
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eTaraboletti et al (1997) relatou que a TSP-1 se liga ao FGF-2, através da seu dominio
quimiotaxia induzida pelo FGF-2 em células endoteliais maduras (78). Outro trabalho do
mesmo autor demonstrou que o efeito inibitorio da TSP-1 in vivo no modelo de cérnea de
coelho — no qual implantes contendo fatores sdo implantados nas cérneas - ndo parece ser
associado a capacidade de a TSP-1 sequestrar o FGF-2 na matriz, visto que a quantidade deste
fator foi liberado/difundido no meio sem alteracdo da quantidade (116). Em contrapartida, o
fragmento de 25kDa presente no dominio HBD foi mais eficaz que a TSP-1 em promover a
angiogénese tanto quando administrado sozinho no implante ou em combina¢cdo com o FGF-
2.

eStaniszewska e colaboradores (2007) demonstraram as propriedades pro-
angiogénicas in vivo no modelo de implante de Matrigel, do peptideo recombinante NoCl,
representando a sequéncia 1-356 do dominio NH2 da TSP-1 (118).

As propriedades angiogénicas observadas nestes estudos poderiam ser relacionadas a
presenca de diversos motivos no dominio HBD que interagem com diferentes receptores,
como as integrinas a3B1, a4PB1 e a6p. Estas interacdes estdo implicadas na modulacdo da
adesdo e da quimiotaxia das células endoteliais micro e macrovasculares pela TSP-1 (85-87).
Nosso peptideo TSP-Hepl contém a sequéncia 17-35 que ndo se liga as integrinas, mas
apresentam forte afinidade pelo HSPG. O sitio de interacdo do TSP-Hepl com as células ndo
esta totalmente elucidado, mas envolve o sindecan-4, de acordo com nossos estudos.

Estudos experimentais e clinicos tém demonstrado que a administracdo combinada de
moléculas pré-angiogénicas parece ser a estratégia mais recomendada para a terapia vascular,
visto que a estimula¢do com um unico fator angiogénico pode ser insuficiente para a indugao
de vasos sanguineos funcionais (169). A utilizacio do VEGF-2 sozinho através da terapia
génica ou via injecdo intramiocdrdica demonstrou modestos beneficios em pacientes com
doenca cardiovascular (170). Em concordancia, nenhum efeito significativo foi observado na
densidade vascular em diversos modelos animais e em protocolos clinicos, apds a
administracdo coronariana do FGF-2 (171). Em contrapartida, a inje¢do intramuscular de
VEGEF-2 e FGF-2 na pata de coelhos submetidos a excis@o da artéria femoral aumentou a
quantidade de vasos recém-formados e da densidade vascular, efeito que foi superior ao
observado com a injecdo das citocinas sozinhas (172,173). Este efeito sinérgico entre duas
citocinas ja foi demonstrado por outros grupos (169). Estes resultados estdo em concordancia
com nossos achados, que sugerem que uma sinergia entre o fator pro-angiogénico FGF-2 e

nosso peptideo TSP-Hepl leva a uma melhor vascularizagdo dos implantes experimentais.
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A TSP-1 € encontrada em concentragdes relativamente baixas no plasma em condi¢des
basais (180- 250ng/ml), podendo ter a sua expressdo aumentada em sitios de lesdo vascular
(174). A principal fonte de TSP-1 no reparo vascular e isquemia sdo os granulos-o de
plaquetas ativadas, porém as células (93,175,176) e macréfagos (177) ja foram relatados
secretarem TSP-1 in vitro. Altos niveis da expressao do RNAm da TSP-1 e da proteina sao
encontrados em células endoteliais semiconfluentes, enquanto a expressdao ¢ diminuida na
confluéncia e na angiogé€nese (93).

A superexpressdo de TSP-1 in vivo foi encontrada em sec¢des histoldgicas de tecidos
isquémicos de humanos e murinos, em estudos de isquemia de membros inferiores. Esse
resultado foi associado com a diminui¢do da densidade de capilares nos musculos afetados
(98). Camundongos transgénicos superexpressando  TSP-1  apresentam  pouca
neovascularizacdo apds a lesdo tecidual (178). O papel da TSP-1 na isquemia critica de
membros inferiores camundongos knockout para TSP-1 apresentaram aumentada regeneracao
tecidual e diminuicdo da necrose (179).

Em nossos achados (Capitulo 2), observamos elevados niveis de TSP-1 no plasma de
pacientes com doenca arterial periférica e que provavelmente a TSP-1 estaria associada com a
perda do potencial angiogénico das EPC. Mais ainda, apesar das propriedades
antiangiogénicas da TSP-1, nosso estudo mostrou que ela foi fortemente aumentada em vasos
recém-formados de regides que receberam a inje¢do local de BM-MNCs. Neste trabalho, nés
confirmamos o duplo papel da TSP-1 no processo angiogénico. Como relatado anteriormente,
o dominio HBD, através do nosso peptideo TSP-Hepl (denominado Al neste artigo), foi
responsavel pelas propriedades pré-angiogénicas (proliferagdo e tubulogénese), enquanto a
proteina integra foi inibidora do efeito. Estes resultados nos permitiram compreender melhor
o mecanismo de acdo da TSP-1 na angiogénese e a importancia fisiologica do dominio HBD
N-terminal. Além disso, com nossos indicios comprovando que a TSP-1 € expressa em
microambientes isquémicos, é razodvel imaginar que os fragmentos clivados dessa proteina
poderiam modular a angiogénese local, contribuindo dessa forma para a resolucao do quadro
isquémico tecidual.

Como relatado anteriormente, a TSP-1 € rapidamente clivada por proteases locais
(trombina, plasmina, catepsinas e metaloprotease ADAMTs1), que sdo capazes de liberar
fragmentos N-terminais de tamanhos diversos. Fisiologicamente, € concebivel que tais
fragmentos possam ficar em solu¢do, em fluidos fisiolégicos, ou se associar a matriz
extracelular, realizando interacdes com proteinas locais (109,157,180,181). Esse dominio

pode ser também clivado/liberado da matriz extracelular durante o seu remodelamento apds a
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injuria e durante o desenvolvimento, podendo atuar independentemente do restante da
molécula (88). Desse modo, em situacdes como reparo de lesdo e neovascularizagdo em
situagdes isquémicas é plausivel que a concentracdo local de HBD sofra um aumento
significativo, suficiente para promover efeitos nao exibidos pela TSP-1 integra. A sequéncia
entre 0 HBD globular e a regido de trimerizacdo da TSP-1 foi denominada linker, e parece ser
uma sequéncia flexivel de aminodcidos, que permite o dominio HBD adotarem diferentes
orientagdes: por exemplo, interagdes com proteoglicanos podem ser facilitadas com este
dominio, através de uma parte do HBD, deixando o resto da molécula livre para se ligar a
outros receptores (104). O dominio linker possui sitios especificos de clivagem que levam a
liberacio do HBD por diversas proteases relevantes no microambiente vascular (182),
sugerindo que os fragmentos gerados dessa regidao podem diferir funcionalmente uns dos
outros e também da proteina integra, como na a¢ao dupla na angiogénese.

Mais recentemente, o grupo do Dr. Jack Lawler (104) estudou a estrutura cristalizada
do dominio HBD, demonstrando que o residuo R29 do peptideo TSP-Hepl (aa 17-35) se
encontra exposto e disponivel para interacdes. Nesse sentido, este peptideo poderia
efetivamente mimetizar a interagdo sem nenhuma mudanca conformacional do HBD com
receptores como o sindecan-4 (106,107) e calreticulina (163).

Nesse contexto, nossa hipétese de estudo € que os peptideos derivados do dominio
HBD sejam partes acessiveis no HBD nativo. Visando a aplicagcdo do peptideo em abordagens
terapéuticas, dispomo-nos a avaliar o papel dos peptideos na forma solivel nas propriedades
funcionais das ECFCs. Com esse objetivo, nés pré-incubamos as ECFCs isoladas do sangue
de cordao umbilical com nosso peptideo TSP-Hepl, a fim de simular o efeito do pré-
tratamento na mobilizacao das células-tronco adultas e sua interacdo com o endotélio vascular
ativado em condigdes fisioldgicas similares aquelas encontradas in vivo. Demonstramos que a
estratégia do pré-tratamento (ou pré-condicionamento) aumentou a adesdo das ECFCs
isoladas do sangue de corddo umbilical ao endotélio ativo em condi¢des dinamicas, além da
motilidade.

A atividade pré-angiogénica do dominio NH, € exercida pela ligacdo a diversos
receptores na superficie celular, exercendo uma vasta gama de efeitos biologicos e
dificultando as tentativas de determinar o preciso papel da TSP-1 na doenca vascular (85—
87,153,163). No presente estudo, identificamos o sindecan-4 (SDN4) como o receptor
envolvido no efeito pré-angiogénicos. O uso de um anticorpo dirigido contra o SDN4 ou o
estudo de uma versao modificada do peptideo TSP-Hepl (peptideo S/TSP-Hepl, que nao

possui o sitio de ligagdo a GAGs), antes do pré-tratamento, mostrou a reducdo das
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propriedades pré-angiogénicas observadas. Além disso, a delecio de GAGs na superficie das
ECFCs reduziu a tubulogénese. O SDN4 ¢ fortemente expresso em tecidos isquémicos € nos
sitios de lesdo vascular (145). E provdvel que estes efeitos sejam ligados principalmente as
suas propriedades estabilizadoras na formac¢ao dos contatos focais. Além disso, recentemente,
foi demonstrado que o SDN4 € essencial para a regeneracdo da neointima em um processo
que envolve o recrutamento de células progenitoras vasculares (148). A potencial utilizagdao
destes HSPG e de seus ligantes para gerar novas estratégias de revasculariza¢do de sitios
isquémicos resta ainda um dominio largamente inexplorado.

Estes resultados corroboram fortemente os do nosso grupo que previamente
demonstrou que a inibi¢do da porcdo extracelular do sindecan-4 inibiu em cerca de 70% a
ligacdo do fragmento TSP18 aos extratos celulares, indicando que o efeito pré-angiogénico do
TSP18 foi provavelmente devido a interacdo com o sindecan-4 (106). Em outro trabalho,
caracterizamos duas sequéncias dentro do dominio HBD da TSP-1 capazes de interagir com
HUVECs (TSP Hepl, aa 17-35 and TSP Hepll, aa 78-94) e induzir a formag¢do de tubos no
ensaio de Matrigel. Ambos os fragmentos demonstrados possuir a maior atividade pro-
angiogénica da TSP-1, contém afinidade por glicasaminoglicanos (GAG) e interagem com
sindecan-4 (107).

Durante este trabalho de pesquisa fundamental, relatamos um novo papel dos
peptideos do dominio NH2 da TSP-1 na estimulacio in vitro das etapas-chave da
angiogénese, revelando uma ferramenta na aplicacdo farmacoldégica. No entanto, trabalhos
que explorem o potencial pré-angiogé€nico de tais peptideos para a terapia de revascularizacao
ainda ndo estdo bem estabelecidos. Trabalhos in vitro demonstraram que o dominio NH2 pode
ser detectado no sobrenadante de agregados plaquetdrios assim como no meio condicionado
de células endoteliais (180,183). Nesse contexto, seria razodvel imaginar que a TSP-1, clivada
por proteases secretadas por plaquetas e células endoteliais durante o processo de
angiogénese, poderia liberar seus diversos fragmentos. Portanto, propomos que as células
recrutadas durante o processo angiogénico, como as células progenitoras da medula dssea e os
progenitores endoteliais, poderiam ser estimuladas neste microambiente, ligando-se a
fragmentos soltiveis do dominio NH2, estimulando assim o processo de neovascularizacao.

O uso de peptideos angiog€nicos sintéticos para a revascularizacdo in vivo de
processos isquémicos tem sido relatado. Uma tnica injecdo intramuscular do peptideo Roy
(sequéncia de 12 aa, presente no banco de dados das proteinas localizadas em células
endoteliais) melhora a perfusdo e alivia a isquemia da pata de camundongos submetidos a

oclusdo da artéria femoral (184). Além disso, tanto Roy quanto AdoPepl (sequenciado pela
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mesma técnica) aumentam o fluxo sanguineo e estimulam o crescimento de capilares em
modelo murino de diabetes (185).

As terapias celulares utilizando células-tronco da medula 6ssea, tais como células
mesenquimatosas ou a fracdo mononuclear foram bem documentadas em diversas doengas,
tais como infarto do miocédrdio e isquemia (186,187). Para a otimizacdo do processo
angiogénico, € necessdrio obter uma janela terapéutica em funcdo da dose e da periodicidade
de administracdo das células (188). Devido a limitada capacidade que os grupos tém
encontrado para estabelecer o nimero de células a serem injetadas ou, no caso das EPCs,
obtemos poucas células ativas, a possibilidade da utilizacdo de peptideos e fatores de
crescimento, representaria certas vantagens: (i) a possibilidade de regular a dose da proteina
determinando uma janela terapéutica entre a eficdcia e a toxicidade e (ii) a capacidade de
definir claramente um perfil de toxicidade que permitird a suspensdo do tratamento quando
necessario.

Como relatado nos artigos 4 e 5 alguns ensaios clinicos de fase 1 foram realizados na
Universidades Federal do Rio de Janeiro, que confirmaram a simplicidade e a
reprodutibilidade da técnica utilizada para injetar células mononucleares autélogas, extraidas
da medula 6ssea, de pacientes com cirrose hepitica e AVC. Com o conhecimento dessas
técnicas e a disponibilidade destas linhas de pesquisa, seria interessante poder avaliar o efeito
de nossos peptideos sobre as células—tronco adultas. No presente estudo ndés demonstramos
que TSP-Hepl estimulou a revascularizag¢do in vivo induzida pelo fator pro-angiogénico FGF-
2, sugerindo a existéncia de um efeito sinérgico no processo angiogénico. Nesse contexto, a
administracdo de TSP-Hepl associado a outra molécula pro-angiogénica, tal como VEGF ou
FGF-2, diretamente no sitio da lesdo poderia estimular a revascularizagdo local. Ou ainda a
ativacdo das células mononucleares aut6logas através do pré-tratamento ex vivo com TSP-
Hepl poderia ser uma estratégia interessante para melhorar a eficiéncia do transplante, visto

que observamos esse efeito quando as ECFCs foram pré-condicionadas.
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5 CONCLUSOES E PERSPECTIVAS

Nosso estudo revelou, pela primeira vez, que o dominio N-terminal da TSP-1
estimulou o fenétipo angiogénico das ECFCs humanas derivadas da cultura do sangue
periférico e do sangue de cordao umbilical. Mais especificamente nés identificamos que:

(1) os dois peptideos miméticos TSP-Hepl (aa 17-35) TSP-Hepll (aa 78-94), estimularam
fortemente a adesdo estdtica de ambas as fontes de ECFCs, efeito equivalente ao
observado com a TSP-1, quando utilizados como proteinas imobilizadas;

(2) quando imobilizados no Matrigel, os peptideos induziram a diferenciacdo angiogénica
in vitro de ambas as fontes de ECFCs, efeito que foi inibido quando utilizando a TSP-
L

(3) a proliferacio de ECFCs derivadas do sangue de corddao umbilical foi inibida pela
TSP-1, enquanto os peptideos ndo demonstraram efeito, quando utilizados como
suporte;

(4) os dois peptideos foram capazes de induzir a quimiotaxia de ambas as fontes de
ECFCs, em niveis comparéveis aos obtidos com o FGF-2;

(5) a exposicao das ECFCs derivadas do sangue de corddo umbilical ao peptideo TSP-
Hepl favoreceu a interacdo dessas células imaturas com o endotélio ativado
(HUVECsS) no ensaio de adesdo em condi¢des dinamicas e aumentou a motilidade;

(6) apesar de a exposicdo das ECFCs derivadas do sangue de cordao umbilical ao
peptideo TSP-Hepll ter sido capaz de estimular a migracdo celular, esse efeito foi
considerando menos significativo em relacao ao peptideo TSP-Hepl. Além disso, nao
observamos efeito na adesao ao endotélio ativado em condi¢des dindmicas utilizando
TSP-Hepll. Esse ultimo dado nos permitiu concluir que TSP-Hepl é mais relevante
para as aplicacdes previstas neste estudo;

(7) o peptideo TSP-Hepl foi capaz de estimular a neovasculariza¢cao induzida pelo FGF-2,
no ensaio de Matrigel plug in vivo;

(8) por fim, esses dados (1-7) confirmam que o efeito promotor da angiogénese da TSP-1,

presente no dominio N-terminal, também € reprodutivel com células progenitoras.

Nossos resultados abrem novas perspectivas para o entendimento do significado

clinico da TSP-1 em sitios de angiogénese. No entanto, existem inimeras questdes em nosso
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estudo que merecem uma investigacdo mais profunda. Para completar o nosso trabalho, seria
interessante estudar esses peptideos em estratégias experimentais complementares, descritas a

seguir:

1-Utilizar os peptideos nos modelos murino de IMI e de infarto do miocardio, a fim de
validar as possiveis aplicacdes terapéuticas destes motivos estruturais derivados da
TSP-1;

2-Utilizar células progenitoras silenciadas para o sindecan-4, para confirmar a importancia
da interacdo dos HPSG e as propriedades angiogénicas dos peptideos TSP Hepl e TSP
Hepll.

Este trabalho sugere ainda novos mecanismos para manter, expandir e diferenciar as células
progenitoras in vitro, ideias que resultardo em novas ferramentas para manipular células-
tronco e precursores in vivo € prover novas propostas para melhorar a terapia baseada em

células.
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APENDICE A - Caracterizacdo do estado de ativacdo endotelial em condi¢des dindmicas

Este modelo utiliza camaras de perfusdo e permite mimetizar as forcas de
cisalhamento sofridas in vivo pelas células progenitoras recrutadas quando estas aderem a
parede dos vasos. As ECFCs marcadas com calceina e pré-tratadas ou nao com os peptideos
TSP Hepl ou TSP Hepll foram perfundidas em tampdo de aderéncia, sobre o endotélio
(HUVECsSs) a uma for¢a de cisalhamento de 50s-1 (0,1ml/min), durante 30 min sob a a¢do do
fluxo. Nessas condicdes, as HUVECs passam a expressar ICAM-1, VCAM-1 e P-selectina
(Figura A).

Figura A. 1: Expressao membranar de ICAM-1, VCAM-1 e de P-selectina por HUVECs (A)
isotipo controle (B) HUVECs controle (C) HUVEC submetidas a um fluxo de 0,Iml/min
correspondendo a SOSeC'l, durante 30 min.
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APENDICE B - Comparacdo entre os peptideos TSP-Hepl e TSP-Hepll no efeito de pré-

condicionamento de ECFCs, em condi¢des dinamicas.

As células aderentes foram visualizadas com a ajuda de um microscépio de contraste
de fase e quantificadas em uma média de 40 campos (correspondente a uma superficie total de
Icm?2). As células aderentes foram, em seguida, submetidas a um fluxo crescente (50sec-1 a
2500sec-1) para avaliar sua resisténcia ao descolamento. Todos os experimentos foram
registrados em tempo real e reavaliados para as andlises suplementares. Inicialmente,
avaliamos o efeito do pré-tratamento por ambos os peptideos, TSP-Hepl e TSP-Hepll, sobre a
adesdo das ECFCs ao endotélio. Os melhores resultados foram obtidos com o peptideo TSP-
Hepl, que resultou em aumento da adesdo de ECFCs a HUVECs em niveis comparaveis aos
obtidos com o pré-tratamento com SDEF-1, levando-nos a focar nosso estudo sobre este

peptideo (Figura B).

Total number of cells acumulated at
50 sec ' (% control)
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Figura B1: Efeito do pré-tratamento da ECFCs com os peptideos TSP-Hepl (Al) et TSP-
Hepll (A2) a 20 pg/ml sobre adesdao ao endotélio ativado em condi¢Oes dinamicas. As
ECFCs do sangue de cordao foram pré-tratadas durante 18h com TSP-Hepl ou TSP-Hepll,
depois foram perfundidas sobre o endotélio (HUVECs) a um fluxo de 50 sec” durante 10
minutos. Os resultados foram comparados aqueles obtidos nas mesmas condi¢gdes apds o pré-
tratamento com o SDF-1 (100 ng/ml). Os resultados sd@o expressos como a porcentagem do
numero total de células aderidas ao endotélio em relacdo ao controle (sem tratamento, CTRL)
ap6s 10 minutos de perfusdo. *** p< 0.001 em comparacdo a condicdo controle (sem
tratamento, CTRL), ### p< 0.001 em comparacdo ao pré-tratamento com SDF-1 (SDF-1
controle positivo); £££ p< 0.001 em comparacdo ao TSP-Hepl (Al).
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Em seguida, testamos o peptideo TSP-Hepl em diferentes concentragdes (10, 20 e 40

pg/ml). Os melhores resultados foram obtidos a uma concentragcdo de 20 pg/ml (Figura B2).

Portanto, esta concentragdo foi escolhida para os testes realizados em seguida.
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Figura B2: Efeito do pré-tratamento das ECFCs com diferentes concentragdes do peptideo
TSP-Hepl sobre adesdo ao endotélio ativado, em condicdes dinamicas. As ECFCs do sangue
de cordao foram pré-tratadas, durante 18h, com TSP-Hepl (10, 20 ou 40ug/ml), depois foram
perfundidas sobre o endotélio (HUVECs) a um fluxo de 50 sec’! durante 10 minutos. (A)
Numero total de células aderidas ao endotélio expressa em porcentagem em relacdo ao
controle (ECFCs ndo tratadas) apés 10 minutos de perfusdao (B) Cinética de adesdo das

ECFCs quantificadas a cada minuto durante 10 minutos de perfusio.

Os resultados sdo

expressos como. * p< (0.05 em comparacdo a condi¢do controle (sem tratamento, CTRL).
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APENDICE C — Artigo 4: Bone marrow mononuclear cell therapy for patients with cirrhosis:a

Phase 1 study
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Keywords Abstract
cirrhosis — clinical trials — hepatocellular Background: Bone marrow-derived cell therapy has been investigated in
carcinoma -radionuclide studies - stem cells patients with severe liver disease. Aims: To assess the feasibility, safety and cell
kinetics of autologous bone marrow-derived mononuclear cells (BMMCs)
infusion in cirrhotic patients. Methods: BMMCs were isolated from auto-
logous bone marrow and 10% of the cells were labelled with *"Tc-SnCl,.
Whole body scintigraphy (WBS) was performed 3 and 24 h after infusion via
were followed during 1 year.
® cells. Three and 24-h WBS
| 41 and 32% respectively. One
aﬁﬁgf dlssgzcuon of ¢ b atic artergﬁand case of Tako-tsubo syndrome
gg&f&ﬁ mﬁﬁ En gﬁsﬁfﬁg ent eloped a cutaneous immuno-
ped hepatocellular carcinoma
(HCC) 12 months after infusion. A reduction in bilirubin was shown at 1 week
while serum albumin increased above baseline up to 1 month after infusion
(P < 0.05). Conclusions: BMMCs infusion is feasible and practical in a clinical
setting. In vivo tracking of labelled cells demonstrated that the hepatic artery
route successfully delivered BMMCs to the liver. The early improvement of
laboratory indices of liver function should be interpreted with caution,
because this study was not designed to evaluate efficacy. The median Model
for End-Stage Liver Disease score had not deteriorated 1 year later.
The occurrence of a graft-versus-host disease-like phenomenon highlights
the importance of sustained vigilance even when giving autologous cells.
Controlled studies are needed to determine whether BMMCs infusion affects
HCC development in cirrthosis.
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Liver transplantation is the only definitive therapy for
end-stage liver disease. Although survival after transplan-
tation can reach 90%, organ shortage has limited its
impact, leading to transplant rates among patients listed
and awaiting liver transplant of < 50% (1). In develop-
ing countries, the picture is alarming, and yearly mortal-
ity rates have recently reached 49% (2).

Experimental studies of stem cell therapy in rodent
models of cirrhosis have shown encouraging results
(3-6). Phase 1 clinical trials have been conducted in

Liver Intemational (201 1)
@ 2011 John Wiley & Sons A/S

order to evaluate the safety and feasibility of autologous
bone marrow stem cells (BMSCs) infusion in patients
with cirrhosis (7-9). Despite suggestion that the proce-
dures were safe and may improve liver function, mean
follow-up periods were relatively short, ranging from 60
days to 52 weeks.

Furthermore, a study evaluating BMSCs therapy for
cardiovascular diseases revealed that the improvement in
myocardial function after a single injection may not be
sustained, lasting just months (10). Short-term follow-up
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after stem cell therapy may not detect whether a benefit is
sustained or transient. In addition, the site of injection,
amount and specific subpopulation of cells injected have
varied widely among studies, making interpretation diffi-
cult. Another relevant aspect, the cell kinetics after infu-
sion, has not been adequately evaluated previously as most
of the clinical trials have not used imaging techniques to
track bone marrow cells to establish their in vivo distribu-
tion. Given that the improvement in organ function is
likely to be induced by paracrine mechanisms, rather than
differentiation into liver parenchyma (11), the cellular
distribution and homing are key to understanding and
predicting the magnitude of therapeutic effect.

Overall, recent preclinical and clinical research suggest
the potential benefit of stem cell therapy in liver disease,
but major aspects guiding future randomized studies
require clarification. In order to evaluate the feasibility,
safety and cell kinetics of autologous bone marrow-
derived mononuclear cells (BMMCs) infusion via the
hepatic artery in patients with cirrhosis, we conducted a
1-year follow-up clinical study.

Patients and methods

This is a Phase 1 single-arm open interventional study
designed to evaluate the safety of a smgle m;ectlon of
autologous BMMC via the h
patients with cirrhosis as well a evaluate the pharma—
cokinetics of the injected cells. Thi 1 a rla

gov NCT00382278) was approved

writing was obtained from each pa

Because of invasive aspects of the protocol, such as
bone marrow aspiration and hepatic artery catheteriza-
tion, the inclusion ofa blinded control group in this early
study was considered ethically unjustifiable. Patients
were eligible for inclusion if they were between 18 and
75 years of age, and presented with cirrhosis with mode-
rate liver dysfunction, defined as a Child-Pugh score (12)
of B7 to C10 and a Model for End-Stage Liver Disease
(MELD) score (13) below 20. The main goal of this pro-
tocol was to evaluate its safety and feasibility in cirrhotic
patients, regardless of disease aetiology; therefore, differ-
ent causes of cirrhosis were accepted. Although this
strategy reduces group homogeneity, it provides broader
information to allow the subsequent development of
efficacy trials for cirrhosis because of distinct aetiologies.
In order to reduce the effect of spontaneous liver
function recovery, a patient with cirrhosis of alcoholic
aetiology could be included in this study only after a year
of abstinence, when liver function is usually stable.

Exclusion criteria were hepatocellular carcinoma
(HCC) or history of other cancer; hepatic artery, portal
vein or hepatic vein thrombosis; high risk for bleeding with
international normalized ratio (INR) >2.0 or platelet count
<40 x 10%/L; serum creatinine >2.0mg/dl; decompen-
sated ascites; decompensated hepatic encephalopathy; and
significant comorbidities.
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Prospective patients were evaluated clinically and with
three-phase computerized tomography (CT), Doppler
ultrasonography (DUS), liver and renal function tests,
full blood count, coagulation profile, u-fetoprotein levels
and 12-lead electrocardiography.

Study design
Bone marrow aspiration and cell isolation

Included patients were admitted to hospital the night
preceding the procedure, for an up-to-date clinical and
biochemical assessment to be made. The day of cell
infusion was termed ‘day 1. Under general anaesthesia,
100 ml of bone marrow was aspirated from the posterior
iliac crest. BMMCs were isolated by density gradient
centrifugation on Ficoll-Paque Plus (Amersham Bios-
ciences, 5ao Paulo, Brazil) and manipulated under
GMP-certified aseptic conditions. Mononuclear cells
were thoroughly washed with saline containing 5% hu-
man serum albumin. The cells were finally resuspended
in 40ml of saline with 5% human serum albumin
and filtered through 100 pm nylon mesh to remove cell
aggregates. A small fraction of the cell suspension
was used for cell counting and viability tested by
trypan blue exclusion. Post hoc characterization of leuco-
cyte dlfferentlatlon markers by flow cytometry and

0 SaV: as performed. When possible,
{' ming assay (CFU-F) was per-
determine the presence of putative
f mesenchymal lineages, as described

Antibodies and staining procedure for flow cytometry
analysis

The following antibodies conjugated with either fluor-
escein isothiocyanate, phycoerythrin, peridinin chloro-
phyll protein, allophycocyanin or phycoerythrin-Cy7
were used: anti-CD45 (clone 2D1), anti-CD34 (clone
8Y12), anti-CD3 (clone SK7), anti-CD4 (clone SK3),
anti-CD8 (clone SK1), anti-CD14 (clone M®P9) and
anti-CD64 (clone 10.1), anti-CD19 (clone 4G7), anti-
HLA-DR (MHC-II, clone TU36), anti-CD56 (clone
MY31), anti-CD73 (clone AD2) and anti-CD90 (clone
5E10) were obtained from BD Biosciences (San Jose, CA,
USA) and anti-CD105 (clone 166707), from Immuno-
step (Salamanca, Spain). After staining, erythrocytes
were lysed with the BD Bioscience cell lysis buffer
solution, and CD45 antibody was used to assess the
percentages of leucocytes. Data acquisitions were per-
formed on a BD FACSCanto™™ Flow Cytometer and the
indicated percentages of immune cell subtypes have been
calculated with the BD Paint-a-Gate rrorm software,
which displays a combination of the morphological
characteristics (side scatter and forward scatter) and
specific CD marker expression, thus allowing multipara-
metric analysis and identification of the cell subtype
percentages.

Liver Intemnational (2011)
©2011 John Wiley & Sons A/S

162



Couto et al.

Cell labelling

Cell suspension was radiolabelled with **™Tc (radioactiv-
ity 111 MBgq, physical half-life 6 h), as described previously
(15, 16). Briefly, a saline solution of 500 ul of SnCl, was
added to the cell suspension in 0.9% NaCl and the mixture
was incubated at room temperature for 10 min. Then,
45 mCi*"™Tc was added and the incubation continued for
another 10 min. After centrifugation (500g for 5 min), the
supernatant was removed and the cells were washed again
in saline solution. The pellet was suspended in saline
solution and then added back to the unlabelled cell
suspension. Viability of the labelled cells was assessed by
the trypan blue exclusion test. Labelling efficiency (%) was
calculated by dividing the activity in the pellet by the sum
ofradioactivity in the pellet plus supernatant and found to
be 83%. Labelled cell viability was >93% in all cases.

Delivery of autologous bone marrow mononuclear cells

About 4h after bone marrow aspiration, celiac trunk
catheterization was performed by femoral artery punc-
ture under local anaesthesia and the cell suspension was
delivered via the common hepatic artery. A sample of the
final BMMC suspension was cultured to exclude fungal
and bacterial contamination.

Follow-up

Bone marrow cells in cirrhosis

Autologous BMMCs kinetics were assessed in terms of
the percentile distribution to the liver and other organs
both at the first hours and 24 h after infusion.

In addition to determining the safety profile of auto-
logous cell therapy over the course of a year, we sought to
investigate whether there were improvements in blood
test results at the early timepoints indicated by preclinical
investigations (3-6). Differences were analysed using
repeated measures ANOVA.

Results
Patients

All the eight patients recruited in this study underwent
bone marrow aspiration and injection of the autologous
BMMCs but patient 7 did not complete the follow-up
period. A liver nodule suggestive of HCC was detected in
her DUS of day 14. Subsequent review of the screening
three-phase-CT confirmed that the nodule was present
before cell infusion. The patient underwent liver trans-
plantation by month 2 but died shortly afterwards
because of surgical complications. This patient’s data
were used only for in hospital follow-up and cell kinetics
evaluation, while liver function and late follow-up were
evaluated in the remaining seven patients.
Characterlstlcs of the eight patients enrolled are pre-
e g.age ranged from 49 to 68 years, and

Whole body scintigraphy (WBS) was p ed 3 er
infusion, to determine qualitative @ ?'El is-
tribution of the labelled cells. A

scheduled for the 24th hours after
estimate time-related reduction of d.cells retai
in the liver. Blood samples were collected dal.ly untll day
2, when a DUS was performed and patients were
discharged from hospital.

Patients returned to the outpatient clinic ondays 5, 14,
30, 45, 60, 90, 120, 180, 270 and 360 for clinical and
laboratory evaluation, including full blood count, liver
function tests, coagulation profile, a-fetoprotein assay,
Child—Pugh and MELD scores. In addition, DUS was
performed on days 14, 90, 180 and 360 to detect the
appearance of nodules that could suggest HCC, or
thrombus formation in portal vein or hepatic artery.
A three-phase-CT scan was performed at the end of the
follow-up, on day 360.

_.-._

Endpoints

The following serious adverse events were considered
primary safety endpoints: hepatic artery or portal vein
thrombosis with permanent vascular damage secondary
to catheter manipulation; acute renal failure; shock;
acute liver failure demanding urgent transplantation;
evidence of new HCC by a-fetoprotein elevation or by
imaging methods; or death. Albumin and total bilirubin
serum levels, INR, Child—Pugh and MELD scores were
periodically evaluated as liver function parameters to
exclude deterioration by the procedure itself.

Liver Intemational (2011}
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he atitis athe most frequent aetiology of
V k patients had cirrhosis because of
ges of liver dysfunction was quite

v the band of Child-Pugh and
LD scores classifyingithem as of intermediate severity.
ELD score was relatively low because
creatinine elevation excluded patients from this study.
A history of ascites or hepatic encephalopathy did not
exclude patients from this study, as long as they were free
from these complications at baseline.

Bone marrow aspirate and autologous bone marrow-
derived mononudear cell infusion

Patients received a total of 2.0-15.0 x 10® BMMCs. Cell
viability was over 94% and CFU-F showed 35.00 +7.37
colonies x 10° BMMCs seeded. Cell phenotypes and final

Table 1. Individual patient characteristics at baseline

Patient Sex Age Etiology CP  MELD  Ascites HE
1 F 67 NAFLD 8 1" b § N
2 M 55 OH 8 13 N N
3 F 51 HCV 8 12 X Y
4 M 55 HCV/OH 10 16 Y N
5 M 68 HCV 9 14 ¥ ¥
6 M 51 HCV 7 12 N N
7 F 49 HCW/OH 7 13 Y Y
8 M 65 OH 8 1" N N

CP, Child-Pugh; HCV, hepatitis C virus; HE, hepatic encephalopathy;
MELD, model for end-stage | iver disease; NAFLD, non-alcoholic fatty liver
disease; OH, alcohol.
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Table 2. Cells immunophenotype and composition of the injected cell suspension

Phenotype CD markers % Number of cells ( x 1 DS)
Haematopoietic stem cells CD45°"C D34 1.257 £0.202 5.804 1.831
Mesenchymal stem cells CDA45 CD34 CD1057CDI0M"CD73 HLA-DR — 0.0138+£00042 0.07 £0.0267
Endothelial progenitor cells CD45CD347CD1057CD9OMICD73* 0.0086+0.0040 0.05+0.0265
Promonocytes CD45"CD34'CDBATCD14~ 1.288 £0.4027 4.1041.345
Monogytes CD45"CD347CD64 CD14 HLA-DR+ 5.191+1.194 34.72 £18.281

T Lymphocytes CD45"CD347CD3" 5.434+1.809 46.98 + 30.666

Helper Tcells CD457CD34CD3TCD4™ 3.119+1.312 30.15+21.23
Cytotoxic Tcells CD45'CD34CD3"Ch8" 2.123+0.5998 15.78 + 9.645

B cells CD45'CD347CD3CD19" 1.918+ 09433 10.33+2.574

Natural killer cells CD45"CD347CD56" 5.734+ 1856 21.77+9.656

€D, cluster of designation for cell surface molecules. Percentages and absolute numbers of cell subpopulations within the cell suspensions are presented

as mean = standard deviation

composition of the cell suspension obtained from bone
marrow aspirates are shown in Table 2.

Follow-up
From November 2005 to January 2008, patients were

regularly evaluated according to the study protocol.

In hospital follow-up

Six patients were successfully s

Table 3. Proportion of liver radioactivity in relation to whole body
radioactivity, 3 and 24 h after infusion of bone marrow-derived
mononucdlear cell radiolabelled with **™Tc

procedure without complicati
from the hospital on day 3. P;
extubation laryngospasm and
invasive ventilation and corti
same day, because of asympto otension, he was
diagnosed with a transient cardiomyopathy compatible
with a mild presentation of Tako-tsubo syndrome. He
was discharged from hospital on day 6 after complete
recovery.

During arteriography, patient 3 suffered a hepatic
artery dissection before cell infusion. There was not
complete occlusion of the vessel and normal blood flow
was promptly restored. The catheter was repositioned in
the celiac trunk artery and cells were delivered towards
both liver and spleen.

Bone marrow-derived mononuclear cell distribution by
scintigraphy

Three- and 24-h WBS were performed in eight and seven
patients respectively (Table 3); the absent examination
was not conducted because of logistical problems. Six
patients received BMMCs in the common hepatic artery
but in two patients the infusion site differed because of
anatomic variations. Patient 2 received the cells in a left
segmental hepatic artery and patient 3 in the celiac trunk.
WBS performed 3h after infusion showed a strong
correlation between the site of injection and radioactivity
distribution (Fig. 1a—c), with a mean hepatic retention of
41% of the radiotracer. Cell retention in the liver was
inversely related to the time from infusion; 24-h WBS

394

s and were discharged
FREALVE
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Patient 3-h WBS (%) 24-h WBS (%)
1 50.6 38.8

2 453 32.2

3 329 =

4 46.7 344

5 35.9 32.8

] 39.2 32

7 435 2107

8 33.2 20.6

I40.9j:6.6 319153

!!Siﬁ !T’ EVI!I e

S, whole body scintigraphy.

performed in seven patients showed a mean hepatic
retention of 32% (Fig. 1d).

Liver function

We sought to determine the safety of BMMCs therapy in
cirrhotic patients over 12 months of follow-up. The
biochemical measures of liver function did not deterio-
rate during this period (Fig. 2). Paired analysis of all
consecutive biochemical tests during the first month
after treatment revealed improvements in serum biliru-
bin (P=0.02) and albumin (P=0.03) from baseline. By
day 30, bilirubin levels had decreased in six out of the
seven patients that completed follow-up. These six pa-
tients also experienced a rise in albumin levels that was
maintained for 2 months, the exception being patient 6.
There were corresponding trends towards improvement
in INR and Child—Pugh and MELD scores during the
first month. The early improvements in markers of liver
function were not sustained over 12 months. By the end
of follow-up, the mean albumin and bilirubin levels were
superior to baseline but no longer statistically significant.
The median Child-Pugh and MELD scores were un-
changed from baseline by the end of the 12-month
period. Of note, the measured biochemical parameters
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skin changes regressed during inpatient care and DM
treatment. After 2 months, the cutaneous lesions recu-
rred in the same sites, in a milder form. Biopsies revealed
inflammatory lymphocytic and eosinophilic infiltration
with fibrosis of subcutaneous septa and fascia, compati-
ble with EF (Fig. 3).

The following antibodies were negative: anti-Scl 70,
anti-centromere, anti-Ro (SS-A), anti-La (SS-B), anti-U1
ribonucleoprotein, antinuclear antibody, anti-single
strand DNA, anti-islet and anti-GAD. Complement levels
(C3, C4 and CH100) were decreased. Peripheral lympho-
cytes and eosinophil counts were normal. By month 15,
the cutaneous inflammation worsened with development
of underlying fibrotic plaques. Prednisone was initiated
in the lowest effective dose (40 mg daily). Shortly after,
the addition of azathioprine (100 mg daily) allowed
weaning of prednisone, inducing complete remission of
inflammatory and fibrotic changes. After 6 months of
treatment, azathioprine withdrawal was attempted with
success, and the patient has remained asymptomatic and
free of immunosuppression for 2 years.

Liver function was temporarily impaired in patient 6
because of severe lower limb cellulitis by day 60. He
was admitted for intravenous antibiotic therapy and
recovered gradually from the cutaneous infection. This
patlent did not present with improvement of either
els. Furthermore, a 3cm HCC

was . ia .‘ ay 360 CT scan and DUS. Ten
TRIAl vggﬁt M} of follow-up another patient
C.

h"p //www_‘hgnzmt‘bmhe st episode of gastric variceal

Fig. 1. Anterior view of whole body scintigraphy (W v
29T Sn Cl, biodistribution after infusion of Iabe\led bnne marrow-
derived mononuclear cell. Three-hour WBS of patient 4 (a, left),
showing 47% of the total radioactivity uniformly distributed in the
liver. The remaining uptake was distributed predominantly in spleen,
bone marrow and kidneys. The high bladder uptake is attributed to
renal excretion of the radiotracer. The 3-h WBS in patient 3 (b, top
right) showed high spleen uptake because of cell infusion in the
celiac trunk. Patient 2 received the BMMC in a left segmental hepatic
artery. Radiotracer uptake was restricted to the site of injection in
both 3-h (¢, middle right) and 24-h WBS (d, bottom right).

worsened in patient 8 during two episodes of gastric
variceal bleeding.

Adverse events

During long-term follow-up, Patient 2 developed type 2
diabetes mellitus (DM), episodes of erysipelas and an
immune-mediated condition, eosinophilic fasciitis (EF).
By month 6, patient 2 developed bullous erysipelas,
which responded promptly to antibiotics. However,
by month 10, he noticed subcutaneous nodules with
inflammation in both forearms and at venepuncture
sites, associated with swelling of the back of hands,
fatigue and weight loss. He was diagnosed with new-
onset diabetes in a non-ketotic hyperosmolar state. The

Liver Intemational (2011}
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as complicated with spontanecus
acterla perltonms A recurrenceofhaemorrhageon day
100 contributed to the transient worsening of liver
function. Nevertheless, laboratory parameters by the
end of followup were superior to baseline.

Self-limited ascites occurred in association with clin-
ical events such as Tako-tsubo syndrome (patient 4),
cutaneous infection (patient 6) and gastrointestinal
bleeding, that also resulted in acute encephalopathy
(patient 8). Two out of five patients that had compen-
sated ascites at baseline developed clinically detectable
ascites towards the end of follow-up (patients 4 and 5).
Table 4 summarizes the adverse events and complications
diagnosed during follow-up.

Discussion

‘We demonstrated that the infusion of BMMCs through
the hepatic artery in patients with cirrhosis was feasible
but needs close and long-term follow-up. A transient
improvement of laboratory tests of liver function oc-
curred after the intervention in some patients, but it
needs to be interpreted critically, because this is a single-
arm study not designed to evaluate efficacy. These data
will inform the design of Phase 2 clinical trials regarding
the timing of such endpoints and the potential require-
ment for repeated cell infusion.
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Fig. 2. Liver function after BMMC infusion. Serum albumin (a}, total bilirubin (b), INR (c), Child-Pugh score (d), MELD score (e). D, day; INR,
international normalized ratio; MELD, model for end-stage liver disease; Pt, patient.

Adult stem cells are responsible for maintaining the
integrity within an organ by replacing aged or damaged
cells (17). There are two major types of adult stem cells in
the bone marrow: haematopoietic stem cells (HSCs) and
mesenchymal stem cells (MSCs). The mechanisms in-
volved in stem cell-mediated regeneration in the liver are

396

not yet clear, although differentiation or fusion with local
cells and immunomodulatory, antifibrotic and regenera-
tive stimuli have been demonstrated (18). There is some
evidence to support the use of either HSCs (19-22) or
MSCs (3, 4, 6, 23, 24) in liver disease. The potential
differentiation into hepatocyte-like cells and the
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Fig. 3. Skin biopsy, patient 2. Severe thickeningsefsin

septa is present, extending deep into the hypodermus There is scarce
inflammatory infiltrate and adipose lobules are spared, apart from
small foci of steatonecrosis adjacent to affected septa. Epidermis
and dermis present usual aspect. Haematoxylin—eosin, original
magnification x 20 (a, top)and x 100 (b, bottom).

Table 4. Adverse events and complications

Patient Event (moment of presentation)

1 Portal vein thrombosis, variceal bleeding and ascites (sixth
month)

2 Bullous erysipela (fifth and sixth months)
Eosinophilic fasciitis and type 2 DM (10th month)

3 Hepatic artery dissection (day 1)

Type 2 DM (sixth month)
HCC (22nd month)

4 Post-extubation laryngospasm, Tako-tsubo syndrome (day 1)
Mild ascites (11th month)

5 Mild ascites (12th month)

6 Lower limb cellulitis, mild ascites (second month)
HCC (12th month)

7 Post-liver transplant death (third month)

8 Variceal bleeding, moderate ascites, SBP, encephalopathy

(second month)
Variceal rebleeding (fourth month)

DM, diabetes mellitus; HC C, hepatocellular carcinoma; SBP, spontaneous
bacterial peritonitis.
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immunomodulatory properties of MSCs make them
attractive for clinical use, although caution is advised
because of a possible fibrogenic effect of purified cell
fractions (25).

Because the only means to directly obtain MSCs in
relevant numbers is by aspiration of bone marrow, this
was our method of choice. Compared with the peripheral
harvest of BMSCs, it requires general anaesthesia and
patients may experience local complications. Although
there is evidence that patients with compensated cirrho-
sis can undergo elective surgery with an acceptable rate of
morbidity and mortality (26), we observed an episode of
laryngospasm that resulted in a transient cardiomyopa-
thy. Tako-tsubo syndrome is a unique reversible cardio-
myopathy that is frequently precipitated by a stressful
event and has a clinical presentation that is indistinguish-
able from a myocardial infarction. The pathophysiology
remains unknown, but catecholamine-mediated myocar-
dial stunning is the most favoured explanation. Recovery
from general anaesthesia has been described as a cause
(27). The peripheral acquisition of significant amounts
of MSCs would be preferable. High doses of granulocyte-
colony-stimulating factor (G-CSF) may be required for
this. The associated hypothetical risk of splenic rupture
in cirrhotic patients (28) has not been observed in
clmlca] trials usmg thls drug (8, 22, 29, 30, 31).

ation of MSCs m cell therapy, we

, this study was not designed to
involved in cell therapy and it is
the positive or negative role

was one.

Our choice of using a simple, non-automated method
for cell separation without the need for cell culture
enhanced feasibility and has been used in other dinical
trials (7, 9). The ex vivo expansion of bone marrow
subpopulations increases the cost and risk of contamina-
tion. However, the BMMCs fraction includes diverse cell
populations, making it difficult to identify which sub-
population or cell interactions may be responsible for the
changes in liver function.

This study found some complications of the procedure
that were not shown in similar cell-based protocols (8, 9,
22-24,29-31), and the safety of the procedure remains to
be proved. Studies evaluating the effects of BMMCs
infusion in cirrhosis reported that the patients exhibited
fever at one day after infusion (9) and an episode of
hepatic encephalopathy in a patient with a history of
previous episodes (7). Others have studied the injection
of CD34™ cells into the hepatic artery, collecting the cells
directly from bone marrow (30, 32) or by leukapheresis
procedure (8, 22, 29), most of the protocols using prior
mobilization with G-CSF (8, 22, 29, 30). Transient
thrombocytopenia consequent to leukapheresis was re-
ported (8, 22) and a trial was prematurely stopped
because of the development of progressive renal failure
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in two out of four patients, although the complication
was not assigned to a direct effect of CD34" cells but to
radio-contrast nephropathy (32). The injection of cul-
tured autologous MSCs into peripheral or the portal vein
has also been evaluated in Phase 1 clinical trials (23, 24).
Although the reasons for patients loss during follow-up
in one of these studies are not evident (24), they agree on
the safety of the procedure. A randomized controlled trial
was conducted to investigate the therapeutic effect of
peripheral blood monocyte cell transplantation in de-
compensated cirrhosis (31), both groups of treatment
receiving G-CSF. No major adverse effects were noted
over the 6-month follow-up. Except for mild pain at the
bone marrow needle puncture site — when cells were
harvested from bone marrow — and some discomfort at
the site of cell infusion, no other complication, specific
side effects related to the infusion procedure or develop-
ment of focal liver lesion were reported in all these
studies (8, 9, 22-24, 29-31).

We chose to follow patients for a longer period than
most stem cell trials in liver disease in order to detect
late complications. Moreover, if any adverse events
were noticed, the patient was followed indefinitely.
This proved useful in patients 2 and 6, who developed
complications towards the end of the follow-up.

Patient 6 had an HCC nodule dlagnosecl by day 360. To
the best of our knowledge, the
malignancy induced by adult ste
major complication of cirrhosis
reach 7.1% a year (33). With re
and the follow-up period, the p
patients developing HCC was 30% O,
had a multifocal presentation unresponswe to three
sessions of chemoembolization and died 18 months after
diagnosis. Patient 3 also developed a multifocal HCC, but
just 10 months after the end of follow-up, dying 8
months later. Although the development of HCC cannot
be directly attributed to the BMMCs infusion, the disease
behaviour in these two patients was similar. Even in a
small fraction, MSCs were part of the cells infused in this
protocol and their immunomodulatory effects have
already been demonstrated, which may contribute to
neoplastic transformation (18, 25). The investigation of
the cellular mechanisms involved in cell-based research
protocols is out of the scope of this study and a possible
relationship with the cell infusion remains to be clarified.

Ten months after receiving BMMCs, patient 2 devel-
oped EF, a rare disorder characterized by chronic inflam-
mation and fibrosis of the subcutaneous septa and
muscular fascia. It has been considered a variant of
scleroderma but has also been described as a manifesta-
tion of graft-versus-host disease (GVHD) following
allogeneic HSCs transplantation (34). Currently, the
aetiology of EF is still uncertain with a number of
suggested associated conditions (35-37). None of these
conditions were present in this patient.

A theoretical risk of GVHD-like manifestations should
be considered in autologous stem cell therapy for chronic
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or degenerative diseases, even though this complication
has been reported only in the context of bone marrow
transplantation. Nakamura et al. (38) described cuta-
neous GVHD after autologous peripheral blood stem cell
transplantation that was clinically and histologically
similar to EF. The development of GVHD following
autologous transplantation depends upon the derange-
ment of self-tolerance, typically following preparative
chemoradiotherapy or cyclosporine A administration
(39), both absent from our protocol. However, advanced
cirrhosis may account for a degree of immunodepression
and thymic dysfunction, creating a favourable environ-
ment for immune system derangements. Autoreactive
T cells that escape negative selection because of dysfunc-
tion of the thymus take part in this process (34).
Furthermore, it has been postulated that HSC transplan-
tation may generate a distorted immune response with
secondary autoimmune-like phenomena (40). Introduc-
tion of immature T cells from bone marrow in peripheral
blood, even at small amounts, might deflagrate an
autoimmune-like event or GVHD.

As far as we are aware, this is the first clinical trial to
investigate the cell kinetics of stem or progenitor cell
therapy in liver disease. In vivo cell tracking techniques
have been researched in cardiac stem cell-based therapy,
merovmg kncwledge of biodistribution and guiding the
g lwery (41). We developed a novel
Tc-SnCl, specific for mononuclear
Both labelling efficiency and cell
Z- were adequate and allowed us to
imately 41% and then 32% of the
y 2tained in the liver 3 and 24 h after
mject fon respecnve y. Our preclinical studies have shown
that liver and spleen retain a large proportion of cells
injected peripherally (15, 16). Considering this experi-
mental evidence and encouraging clinical results showing
improvement of the liver function of cirrhotic patients
after injection of BMMCs in a peripheral vein (9), the
adoption of the peripheral route for stem cell injection in
future protocols seems attractive.

Liver function evaluation suggested a transient effect
of the cell infusion. Other studies using BMMCs injec-
tion have observed a continuous improvement of mean
albumin levels (7, 9), but the maximum follow-up was 6
months. Although most of the clinical trials evaluating
stem cells in liver diseases have restricted follow-up to
< 6 months (7, 9, 29, 31, 32, 42), others groups extended
this period (22, 23). Levicar et al. (22) harvested cD34"
cells from peripheral blood in five patients with drrhosis
and injected into portal vein or hepatic artery, following
one of them for 6 months and the others for 12-18
months. Similar to our results, they found an improve-
ment in albumin and total bilirubin levels that was more
pronounced between 2 and 6 months after cell infusion.
Mohamadnejad et al. (23) were the first to infuse
cultured autologous mesenchymal bone marrow cells in
patients with cirrhosis. Four patients received cells
through a peripheral vein and were followed for 12
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months. Three of them had an improvement in liver
function tests and MELD score, most significant in
month 6. Yannaki et al. (42) reported two patients with
alcoholic cirrhosis who were submitted to courses of
peripheral harvest and injection of CD34" cells and
followed for 30 and 34 months. MELD and Child—Pugh
scores improved in both patients, showing a nadir at
month 12. The authors also observed that both patients
had repeated hospitalizations for major complications
before the enrollment and none during follow-up.

In accordance with our observation, longer follow-up
studies tend to indicate that, if a single injection of
BMMCs is beneficial, its effect seems to be transitory.

In conclusion, although clinical trials have pointed
towards the safety of stem cell-based protocols in cirrho-
sis, the complications shown in this study reinforce the
need for close and long-term follow-up of the patients.
Randomized studies with larger number of patients are
essential to distinguish between natural complications of
the disease, such as HCC, and adverse events of the
therapy. Such controlled trials are now required to
determine whether BMMCs therapy causes a definitive
positive effect on liver function. Novel studies may also
elucidate if stem or progenitor cells induce a sufficient
derangement of the immune system capable of resulting
in clinical manifestations. Cell tracking techmques may
prove helpful in deﬁnmg the optimal I

While studies comparing the me amsms s of action of
bone marrow subpopulations in the

marr wccll mfustcm
g REAL VE R‘ﬁ@ﬂ
available, the use of BMMCs in steni|ce

seems reasonable, considering its low cost hﬁpnz{)}’iww.

Although designed to evaluate safety, this and other
studies have shown a transient effect of bone marrow ce
infusions. This raises the possibility that repeated doses
may be required to result in longer term clinical benefit.

Acknowledgements

The authors thank Prof. Stuart Forbes for revising this
manuscript critically, Mr Marcelo Coelho for executive
secretary assistance and Mr Paulo Henrique Rosado de
Castro for recovering and reviewing the nuclear medicine
tests results.

This study was supported by grants from Fundagao
Carlos Chagas Filho de Amparo a Pesquisa do Estado do
Rio de Janeiro (FAPER]), Conselho Nacional de Desen-
volvimento Cientifico e Tecnologico (CNPq), Coordena-
¢do de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES-MEC) and Financiadora de Estudos e Projetos
(FINEP-MCT).

References

1. Scientific Registry of Transplant Recipients/UNOS. Liver
transplantation ata glance: number of transplants and size
of active waiting list. Available at http://www.ustransplant.
org (accessed 11 January 2010).

Liver Intemational (201 1)
@ 2011 John Wiley & Sons A/S

2

4,

5.

6.

7.

8.

9.

o

16.

17.

2.

4.

5.

8.

Bone marrow cells in cirrhosis

Basto ST, Ribeiro ], Perez RM, et al. Liver transplantation
waiting list mortality and its characteristics in a Brazilian
center (abstr). Liver Transpl 2007; 13(Suppl. 1): 177.
Abdel Aziz MT, Atta HM, Mahfouz S, et al. Therapeutic
potential of bone marrow-derived mesenchymal stem cells
on experimental liver fibrosis. Clin Biochem 2007; 40:
893-9.
Fang B, Shi M, Liao L, ef al. Systemic infusion of FLK1(+)
mesenchymal stem cells ameliorate carbon tetrachloride-
induced liver fibrosis in mice. Transplantation 2004; 78:
83-8.
Sakaida I, Terai S, Yamamoto N, et al. Transplantation of
bone marrow cells reduces CCl4-induced liver fibrosis in
mice. Hepatology 2004; 40: 1304-11.
Zhao DC, Lei JX, Chen R, et al. Bone marrow-derived
mesenchymal stem cells protect against experimental liver
fibrosis in rats. World | Gastroenterol 2005; 11: 3431-40.
Lyra AC, Soares MB, da Silva LF, et al. Feasibility and safety
of autologous bone marrow mononuclear cell transplanta-
tion in patients with advanced chronic liver disease. World |
Gastroenterol 2007; 13: 1067-73.
Gordon MY, Levicar N, Pai M, ef al. Characterization and
clinical application of human CD34 + stem/progenitor cell
populations mobilized into the blood by granulocyte
colony-stimulating factor. Stem Cells 2006; 24: 1822-30.
Terai G Ishlkawa T, OmoriK, et al. Improved liver function
i liver cirrhosis after autologous bone
herapy. Stem Cells 2006; 24: 2292-8.
R, Tleyjeh IM, et al. Adult bone
0 cardiac repair: a systematic review

d|g1‘imms Arch Intern Med 2007; 167: 989-97.

dang OD, et al. Paracrine action
accounts for marked protection of ischemic heart by Akt-
modified mesenchymal stem cells. Nat Med 2005; 11:
367-8.

Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC,
Williams R. Transection of the oesophagus for bleeding
oesophageal varices. Br | Surg 1973; 60: 646-9.

. Malinchoc M, Kamath PS, Gordon FD, ef al. A model to

predict poor survival in patients undergoing transjugular
intrahepatic portosystemic shunts. Hepatology 2000; 31:
864-71.

Castro-Malaspina H, Gay RE, Resnick G, et al. Character-
ization of human bone marrow fibroblast colony-forming
cells (CFU-F) and their progeny. Blood 1980; 56: 289-301.
Carvalho AB, Quintanilha LF, Dias JV, ef al. Bone marrow
multipotent mesenchymal stromal cells do not reduce
fibrosis or improve function in a rat model of severe
chronic liver injury. Stem Cells 2008; 26: 1307-14.
Quintanilha LF, Mannheimer EG, Carvalho AB, et al. Bone
marrow cell transplant does not prevent or reverse murine
liver cirrhosis. Cell Transpl 2008; 17: 943-53.

Weissman IL. Stem cells: units of development, units of
regeneration, and units in evolution. Cell 2000; 100:
157-68.

Houlihan DD, Newsome PN. Critical review of clinical
trials of bone marrow stem cells in liver disease. Gastro-
enterology 2008; 135: 438-50.

399

169



Bone marrow cells in cirrhosis Couto et al.

19. Yannaki E, Athanasiou E, Xagorari A, et al. G-CSF-primed liver failure: a preliminary study. Transpl Proc 2008; 40:
hematopoietic stem cells or G-CSF per se accelerate recov- 1140-4.
ery and improve survival after liver injury, predominantly 31. Han Y, Yan L, Han G, et al. Controlled trials in hepatitis B
by promoting endogenous repair programs. Exp Hematol virus-related decompensate liver cirrhosis: peripheral
2005; 33: 108-19. blood monocyte transplant versus granulocyte-colony-

20. Lagasse E, Connors H, Al-Dhalimy M, et al Purified stimulating factor mobilization therapy. Cytotherapy 2008;
hematopoietic stem cells can differentiate into hepatocytes 10: 390-6.
in vivo. Nat Med 2000; 6: 1229-34. 32. Mohamadnejad M, Namiri M, Bagheri M, et al. Phase 1

21. Piscaglia AC, Shupe TD, Oh SH, Gasbarrini A, Petersen BE. human trial of autologous bone marrow-hematopoietic
Granulocyte-colony stimulating factor promotes liver re- stem cell transplantation in patients with decompensated
pair and induces oval cell migration and proliferation in cirrhosis. World | Gastroenterol 2007; 13: 3359-63.
rats. Gastroenterology 2007; 133: 619-31. 33. Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellu-

22. Levicar N, Pai M, Habib NA, et al. Long-term clinical lar carcinoma in cirrhosis: incidence and risk factors.
results of autologous infusion of mobilized adult bone Gastroenterology 2004; 127: §35-50.
marrow derived CD34+ cells in patients with chronic liver 34. Schaffer JV. The changing face of graft-versus-host disease.
disease. Cell Prolif 2008; 41(Suppl. 1): 115-25. Sem Cutan Med Surg 2006; 25: 190-200.

23. Mohamadnejad M, Alimoghaddam K, Mohyeddin-Bonab 35. Doyle JA. Eosinophilic fasciitis: extracutaneous manifesta-
M, et al. Phase 1 trial of autologous bone marrow tions and associations. Cutis; Cutan Med Pract 1984; 34:
mesenchymal stem cell transplantation in patients with 259-61.
decompensated liver cirrhosis. Arch Iran Med 2007; 10: 36. Boin F, Hummers LK. Scleroderma-like fibrosing disorders.
459-66. Rheum Dis Clin N Am 2008; 34: 199-220, ix.

24. Kharaziha P, Hellstrom PM, Noorinayer B, ¢t al. Improve- 37. Lakhanpal S, Ginsburg WW, Michet CJ, Doyle JA, Moore
ment of liver function in liver cirrhosis patients after auto- SB. Eosinophilic fasciitis: clinical spectrum and therapeutic
logous mesenchymal stem cell injection: a phase I-II clinical response in 52 cases. Sem Arthritis Rheum 1988; 17: 221-31.
trial. Eur | Gastroenterol Hepatol 2009; 21: 1199-205. 38. Nakamura K, Kawakami Y, Oyama N, er al. A case of

25. Forbes S]. Stem cell therapy for chromc liver dlsease - sdsmdsrmamus graft-versus-host disease following auto-

26.

27.

28.

29.

30.

choosing the right tools for the job_¢

blood stem cell transplantation. | Der-

Ziser A, Plevak DJ. Morbidityt and morrallty in clrrhcmc ar012 06; 33: 13 8.

patients undergoing anesthesia TR,' Atl ME R ‘éN Lazarus HM, van Besien K. Autologous
Anaesthesiol 2001; 14: 707-11. st disease: hamessing anti-tumor immunity
Prasad A, Lerman A, Rihal CS. Apical hhﬂpu}fgfmed|gnlmgbmalm

(Tako-tsubo or stress cardiomyopathy): a mimic of acute 8; 41: 505-13.
myocardial infarction. Am Heart rendelenburg M, Gregor M, Passweg ], et al. ‘Altered

self-tolerance. Bone Marrow Transpl

Urbano-Ispizua A. Risk assessment in hacmatopmetlc stem immunity syndrome’, a distinct entity in long-term bone
cell transplantation: stem cell source. Best Pract Res 2007; marrow transplantation survivors? Bone Marrow Transpl
20: 265-80. 2001; 28: 1175-6.
Pai M, Zacharoulis D, Milicevic MN, et al. Autologous 41. Hoshino K, Ly HQ, Frangioni JV, Hajjar R]. In vivo
infusion of expanded mobilized adult bone marrow-de- tracking in cardiac stem cell-based therapy. Prog Cardiovasc
rived CD34+ cells into patients with alcoholic liver cirrho- Dis 2007; 49: 414-20.
sis. Am ] Gastroenterol 2008; 103: 1952-8. 42. Yannaki E, Anagnostopoulos A, Kapetanos D, et al. Lasting
Khan AA, Parveen N, Mahaboob VS, e al. Safety and amelioration in the clinical course of decompensated alco-
efficacy of autologous bone marrow stem cell transplanta- holic cirrhosis with boost infusions of mobilized peripheral
tion through hepatic artery for the treatment of chronic blood stem cells. Exp Hematol 2006; 34: 1583-7.
Liver Intemational (2011)
@ 2011 John Wiley & Sons A/S

170



171

APENDICE D - Artigo 5 — Safety of autologous bone marrow mononuclear cell

transplantation in patients with nonacute ischemic stroke

oAl R N

ischemic stroke

For reprint orders, please contact: reprints@futuremedicine.com

RESEARCH ARTICLE

Safety of autologous bone marrow mononuclear cell

transplantation in patients with nonacute

Aims: To assess the safety and feasibility of intra-arterial transplantation of autologous bone marrow
mononuclear cells in patients with middle cerebral artery ischemic stroke within 90 days of symptom onset.
Patients & methods: Six patients were included in the study, and they received 1-5 x 10% bone marrow
mononuclear cell and were evaluated using blood tests, neurological and imaging examination before
treatment, and 1, 3, 7, 30, 60, 90, 120 and 180 days after transplantation. Scintigraphies were carried out
2 and 24 h after the procedure to analyze the biodistribution of labeled cells. Electroencephalogram was
conducted within 7 days aftertransplantation. Results: No patients exhibited any complication or adverse
events during the procedure. There was no worsening in the neurological scales until the end of the
follow-up. Conclusion: Intra-arterial bone marrow mononuclear cell transplantation is feasible and safe
in patients with nonacute ischemic strokes of the middle cerebral artery. Further studies are required to

evaluate the efficacy of this therapy.

KEYWORDS: bone marrow stem cells cell therapy

artery stem cells

Stroke is the third leading cause of death in

developed countries [1] and the leadi

dce <
death in some developing countries 8 ITRIAt 4“ Rls:-:
ing Brazil 3). Furthermore, stroke remai stroke ). ect

s ac 1P syl GUEE B (BMMCs

leading cause of disability in the wor
30% of stroke survivors do not make 1@
recovery, and a further 20% require assistance
for activiries of daily living (4. Although acure-
stroke care facilities such as stroke units and the
use of thrombolytics may improve prognosis,
there are few dinical trials evaluating effective
ways to enhance recovery in patients with resid-
ual disability [5]. In recent years, several studies
have investigated the potential neuroprotective
and restorative role of stem cells from different
sources in animal models of brain ischemia [¢].
Although the mechanisms of action are still
unclear, these studies demonstrated that stem
cell administration ameliorates the funcrional
loss observed after ischemia, makirlg stem cell
transplantation an ateractive approach to restore
brain function after stroke in humans.

To date, only a few clinical studies evaluated
stem cell transplantation in scroke patients f6].
Some of these studies employed cells derived
from a human teratocarcinoma [7.8], in one
study porcine cells were used (9] and in all of
the studies the patients included were in the
chronic phase of the stroke. Cell therapies using
bone marrow-derived stem cells have also been
rcported in stroke patients. For Exampleg Bang
and colleagues examined the safery and efficacy

ischemic stroke middle cerebral

of cultured expanded autologous mesenchymal

mptom onset
tly, bone
harvested
mplanted
into the perilesional area in five patients bear-
ing chronic sequels of stroke [11]. Both studies
concluded that bone marrow-derived stem cells
are safe in patients with stroke in the subacute
or chronic phase.

In our study we have used autologous
BMMCs, as rhey are easily obtained and can
be isolated in a short period of time just prior
to transplantation, minimizing the chances of
contamination and allowing treatment of the
patients in the acute or subacure phase of stroke.
Furthermore, the mononuclear fraction contains
several types of bone marrow cells including
stem cells and precursors, which can produce
large amounts of cytokines and trophic factors
that promote angiogenesis, neuroprotection and
neuroregeneration after CNS injury in animal
models ofneurologica] diseases [12-18].

An important question to be addressed in
stroke studies is related to the time window for
treatment. Transplantation of stem cells during
the first few days of ischemia presents several
obstacles since the patients are very unstable
in the acute phase. On the other hand, in the
nonacute phase‘ the formation of scar tissue and
the resroration of the blood—brain barrier might
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adversely affect the migration and homing of
the transplanted cells. In order to address these
issues, in our study a small percentage of the
cransplanted cells were labeled with ***Techne-
tium (" Tc)., We were able to demonsrrare that
the intra-arterially injected BMMCs were able
to migrate and locate to the lesion at least in the
first 2 h after transplantation [19.20). However,
it remained to be determined whether this
method of transplantation of BMMCs was
safe and whether these cells were also well tol-
erated for longer periods of time. The results
reported here showed no adverse effects related
to the transplanted cells during the procedure
and during the follow-up period of 180 days in
these patients. We conclude that intra-arterial
transplantartion of autologous BMMCs seems o
be feasible and safe in nonacute stroke patients.

Patients & methods

= Subjects

This is an unblinded, uncontrolled Phase [
study. The protocol and the consent form were
approved by the Institutional Research Ethics
Commirtee and the Narional Commirtee of

Ethic and®§cicntihc Re

informedfeo

scarch orf brazil. Written . o
IRIALVERSION-
jects. This| scudy at'Cl 15!

ho473esmody . www.digitzone.congone

were eligible for the study if they had the
following characteristics:

= Ischemic stroke in the middle cerebral artery
(MCA) territory evidenced by computed
tomography or MRI occurring within 90 days;

* Recanalization of the involved MCA as
assessed by transcranial Doppler studies or by
magnetic resonance angiography;

* A score berween four and 17 according ro
the National Institutes of Health Stroke
Scale (NIHSS).

WC EXC]UdEd patients WhO met any Of IhC

following criteria:

* Difficulty in obraining vascular access for

PCICUI&HCOUS proccdure;

* Ipsilateral carotid stenosis (>50%, by Doppler
studies);

* Neurological worsening (>four points in the
NIHSS) before injection due to either edema
or intracerebral hemorrhage;

* Thrombophilias or primary hemarological
diseases;

* Neurodegenerative disorders;

* Previous stroke with modified Rankin Scale
(mRS) of more than 2;

= Intracardiac thrombus;

* Aurtoimmune disorders;

Sepsis (according to the Society of Critical
Care Medicine and the American College of
Chest Physicians 1992 criteria);

History of neoplasia or other comorbidity that
could impact a patient’s short-term survival;

Any condition that in the judgment of the
investigator would place the patient under

undue risk;

Bone disorders that could increase the risk of
the bone-marrow harvesting procedure;

Liver failure renal failure (serum creatinine
>2 mg/ml);

Hemodynamic or respiratory instability;

Lacunar stroke;

cy;

participation in other clinical trials.

marrow aspiration,
ellseparation, injection & labeling

Cells were obtained by marrow aspiration of the
iliac crest (~80 ml) and processed by Ficoll den-
sity centrifugation. After washing, countingand
viability resting, cells were resuspended in 10 ml
of saline solution with 5% autologous serum.
Cell isolation and manipulation was performed
inalaminar flow cabinet with sterile equipment.
Bacteriology and culture were also performed to
rule out contamination of the material. Viabiliry
of the labeled cells was evaluated by the trypan
blue exclusion test, and was estimated to be
greater than 93% in all cases. Labeling efficiency
(%) was calculated by the activity in the pellet
divided by the sum of the radioactivity in the
peller plus supernatant, and was estimated to be
greater than 90% in all cases. Approximately
1 ml of this solution was labeled with **Tc
[19.20]. Labeled cells were added back to the
total mononuclear cell suspension (final volume
10 ml) and slowly injected into the territory of
the MCA, via the femoral artery, after navigation
(Seldinger technique) and under local anaesthesia
and conscious sedation. A routine coaxial tech-
nique with femoral arterial puncrure was used.
AG6Fr guiding catheter (Envoy—Condis, Miami,
FL, USA or Guider Soft tip, Boston Scienrific,
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Target Therapeutics, Fremont, CA, USA) was
positioned at the cervical level with continuous
flushing with normal saline. Intravenous heparin
was used (bolus of 80 units/kg of body weight)
asneeded to maintain the activated clotting time
between two- and three-times the baseline values.
A large-inner-diameter microcatheter (SL 1018
Boston Scientific, Target Therapeutics) was navi-
gated to the M1 portion of the MCA and the

infusion was performed in approximately 10 min.

= Imaging

Whole-body, planar scintigraphies and single-
photon-emission computed tomography were
performed using a Millennium GE camera
(General Electric Medical Syﬁtﬁms, Milwaukee,
WI, USA), as previously described [20].
Acquisition protocols were performed 2 and 24 h
after cell transplantation. Computed tomography
images were acquired before cell therapy with a
40-detector row scanner (Brilliance-40, Philips
Medical Systems, Surrey, UK). Computed tomo-
graphy or MRI were performed before and after

the procedure during the follow-up.

" Neurologic evaluation

All individuals were evaluated at ad
the day of transplantation, and 1, 3,
90, 120 and 180 days after cell infu
the NTHSS, the Barthel Index (BI) ang
by a single board-certified neurologist (VB).
Routine laboratory tests (complete blood count
and biochemical examinarions: urea, crearinine
and clectrolytes) were carried out at these points.
An electroencephalogram was obrained wichin

7 days after transplantation.

Results

The main goal of this study was to examine the
safery and feasibility of BMMC rransplantation
in patients with MCA ischemic stroke between
2 and 3 months after stroke onset. The patients
included in the study were evaluated using blood
tests, NIHSS, mRS and BI before treatment, and
1, 3, 7, 30, 60, 90, 120 and 180 days after the
infusion of the BMMCs. A minimum of 1 x 10%
and maximum of 5 x 10 BMMCs were injected
2-4 h after bone marrow aspiration. The phar-
macological rreatment and rehabilitation therapy
of each patient was maintained unaltered during

the follow-up period.

" Baseline characteristics

The main characteristics of the patients included
are shown in Tame 1. In summary, six male
patients (aged 24—65 years) received intra-arterial

TRIA
7, 300 605 pi

n uslbifp 24d bladde digiTho AN labe

BMMCs 59-82 days after mild-to-moderate
MCA infarcts (NIHSS berween four and 13).
Three of the patients had received thrombolytic
therapy and one of them was submitted to a
craniectomy during the acute stage of stroke. Two
patients were taking an oral anticoagulant drug
to prevent recurrent strokes, and were switched
to low-molecular-weight heparin (enoxaparine

1 mg/kg twice daily) 1 week before the procedure.

= Imaging

The patients included in this study were in the
nonacute phase of stroke and the blood—brain
barrier was likely closed by chis time. To assess
whether the injected cells were still able to reach
the lesioned region we investigated the distri-
bution of BMMCs labeled with ***Tc 2 and
24 h after transplantation. W hole-body scans
obtained 2 h after cell transplantation showed
the presence of "™ Tc-labeled cells in the brains of
all patients. The activity of the radioisotope in the
brain was 0.6-5.1% of the activity in the whole
body asdescribed previously [20]. A representative
image illustraring the whaole-body biodistriburion
of BMMC:s is shown in Figuse 1.

om

, CE
brv Et i
was'seeff i

Yy

in fall patients
r,lings splegn, kidneys
ed cells in
after the
transplant could be due to the decay of the radio-
activity compound below the levels of detection
and/or to the decrease in the number of cells at
the lesion site.

u Safety of the procedure

Serial clinical, laboratory and radiographic
evaluarions showed no deaths, stroke recurrence
or cell-related adverse events during the proce-
dure or during the follow-up period of 180 days.
These results confirm the excellent tolerance to
the procedure.

The electroencephalogram performed after the
transplantarion showed polymorphic slow activity
in the ischemicareaand only one patient exhibited
spike-wave acrivity withour clinical manifestarion.
Two patients suffered generalized seizures after
the end of follow-up (around 200 days after the
BMMC infusion); one was successfully treared
with phenytoin and the other was treated with a
combination of oxcarbazepine and lamotrigine.

" Neurological evaluation

Taeeel showsa summary of the values of the NITHSS,
BI and mRS before and after transplantation of
BMMCs.
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Table 1. Baseline characteristics and clinical follow-up.

Characteristics

Sex/age
Risk factor

Symptoms

Infarct side
Stroke mechanism

Acute treatment

Hemorrhagic
transformation
Infusion day:
NIHSS/BI/mRS
(days since stroke}
NIHSS/BI/mRS at
day 3
NIHSS/BI/mRS at
day 7
NIHSS/BI/mRS at
day 30
NIHSS/BI/mRS at
day 60
NIHSS/BI/mRS at
day 90
NIHSS/BI/mRS at
day 120
NIHSS/BI/mRS at
day 180

n of injected cells

174

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
M/24 M/65 M/47 M/65 M/57 M/47
PFO Hypertension, Hypertension AF, DM Hypertension DM,
DM, dislipidemia hypertension
Aphasia, Dysarthria, Aphasia, Aphasia, Dysarthria, Dysarthria,
dysarthria hemiplegia hemiparesis dysarthria hemiplegia hemiplegia
hemiplegia hemiplegia
Left Right Left Left Right Right
Cardioembolic Atherosclerotic During aneurism  Cardioembolic Atherosclerotic Atherosclerotic
clipping
Conservative Conservative Conservative iv. thrombolysis  iv. thrombolysis  iv. plusia.
thrombolysis plus
craniectomy
No Yes No Yes No Yes
7/100/2 9/35/4 4/95/1 13/25/5 9/30/4 13/10/5
(67) (82) (62) (72) (59) (73)
6/100/2 9/35/4 3/95/1 12/25/5 6/30/4 13/10/5
5/100/2 8/35/4 3/95/1 12/25/5 5/30/4 12/15/5
5/100/1 6/50/4 3/100M1 11/25/4 3/50/3 12/25/5
4/100/1 5 00 & 4/9011 12/30/5
4/100/1 BT RI Alioov E R SEIQ N 4/90/1 12/30/5
http:/ /www.digitzone.com
4/100/1 3/100/1 10/35/4 1/100/0 11/50/3
4/100/1 6/80/3 3/100/1 10/35/4 1/100/0 11/50/3
5 x 10% 1.25 x 10¢ 3.9x 10® 4 x 10® 3.2 x 10° 1x10°

AF: Atrial fibrillation; Bi: Barthel index; DM: Diabetes mellitus; ia.: Intra-arterial; iv.- Intravenous; M: Male; mRS: Modified Rankin scale; n: Number;
NIHSS: National Institutes of Health Stroke Scale; PFO: Patent foramen ovale.

Only one patient (patient three} was independ-
entin daily activities at BMMC infusion day (BI:
95, mRS: 1). No signs of worsening in the neuro-
logical condition were observed immediarely after
the procedure or during the follow-up period.
In facr, at the 180-day follow-up evaluation, all
patients had improved their scores in compari-
son with the values before transplantation. For
example, the NIHSS scores improved (range
-1 to -8 points) during follow-up in all patients
(TasLE 1 & FIGURE2).

Discussion

In the present series of patients, BMMC transplan-
ration proved to be safe and feasible in six parients
with ischemic stroke in the MCA territory within
90 days after onset. There were no complications
or unexpected outcomes related to the procedure.
All patients improved their neurological scores

(NIHSS, Bl and mRS) at the end of follow-up.

A small percentage of the injected cells were
labeled with **™Tc, which allowed us ro dem-
onstrate that BMMCs were capable of migra-
tion and homing to the lesion site. *Tc has a
half-life of 6 h, which is a significant advantage
over "*F-fluorodeoxyglycose, which has a halflife
of 110 min, ""Indium-oxine ('""In-oxine) has a
half-life of 2.81 days and allows monitoring for
approxim atcly 96 h, whilst ™ Tc permits track-
ing for 24—48 h; however, '"In-oxine has short-
cumings induding subuptimal phmun cnergics,
low-resolution images and the 18-24-h period
berween injection and imaging thar is gener-
ally necessary [21,22]. Moreover, studies have
suggested that "'In-oxine may have deleterious
effects on different cells, including hematopoi-
etic progenitor cells (23] and mesenchymal stem
cells [24]. ™ Tc allows imaging for 24-48 h and
results in higher image resolution and a lower
radiation burden to the patient [21.22).
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Because of this window for cell tracking, it was
not possible to assess exactly how long the cells
remained in the brain. This has been an unsolved
issue in the few clinical trials performed so far
and even in animal models, and new methods
of cell labeling have ro be developed in order to
demonstrate the presence of transplanted cells for
longer periods of time and/or cell fate. In spite of
that, we were able to demonstrate that BMMCs
could be used as therapy in the nonacute phase
of the stroke since they were able to migrate o
the ischemic region even after restoration of the
blood—brain barrier.

The injection of large amounts (up to 5 x 10%)
of bone marrow-derived cells intra-arterially and
the observation that some of these cells may be
able to cross the blood—brain barrier could raise
many safety concerns that have to be addressed in
clinical trials. We have used the maximal amount
of cells that could be obrained with local anesthe-
sia and mild sedation. The use of general anesthe-
sia, which could allow us to increase the volume of
bone marrow aspirate, may also potentially cause
several adverse events. Moreover, the amounrt of
cells used was comparable to other clinical trials

using BMMCs for myocardial disease

The results of our study showed that oaTﬂRI Al v
events were observed up to 180 days a

edhﬂ

plancation that could be related to the proc

orto the presence of the transplanted B
the brain. Similar results have also been reported
by our group in patients transplanted in the acute
phase of the stroke (up to 10 days after ictus)
[FRIEDRICHM £7 4L, UNPUBLISHED DATA].

In our series, two patients suffered seizures
approximately 200 days after the cell infusion
that were controlled pharmacologically. These
patients are under extended follow-up. Lare sei-
zures (at least 2 weeks after the stroke) [32.33] occur
in 3—-67% of the patients, varying considerably
among series [32-35], and although several risk fac-
tors for early or late seizures have been identified,
there is no clear predictor of poststroke epilepsy
136]. Based on these observarions and on the small
sample of our study we cannot at present either
rule out or conclude thar the incidence (rwo our of
six) of seizures is explained by chance or attributed
to the cell therapy.

In animal models of ischemia, stem cells from
different sources have been used with promis-
ing results, and different mechanisms of action
have been suggested to explain these functional
benefits (37-39]. For example, it was argued that
the introduction of neural stem cells into areas
of cell loss may result in repair and restoracion

of circuitry [40] through neuroprotective [41,42]

..

and immunomodulatory effects [43.44], as well
as potentially leading to some cell replacement
[45.46]. Alternatively, when bone marrow-derived
stem cells (mesenchymal or mononucdear cells)
arc employed, the functional benefits observed are
probably due to the release of cytokines and/or
trophic factors, which may have an immunomod-
ulatory effect and/or contribute to a reduction in
apoprosis in the penumbra area in earier periods

0 6}

|/ www.dig

i®

Figure 1. Whole-body scintigraphies. Anterior view of patient 3 at (A) 2 h and
(B) 24 h after cell transplantation shows the distribution of bone marrow
mononuclear cells labeled with **"Tc.
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Figure 2. Evolution of the National Institutes of Health Stroke Scale score
after the procedure.
D: Days; NIHSS: National Institutes of Health Stroke Scale.

after ischemia 13,14] . In addition, it has been
suggested that cell-based therapies amplify the

endogenous processes of brain repair and plas-

ticity, in 1
synaptogegesi
observed

cells (mesenchymal cells or the mononuclear cell
fraction) have been well documented in several
diseases, including myncardial infarction and
limb ischemia [25-30,50-52], and may also represent
new and important strategies for the treatment
of stroke.

At present, unly a few clinical studies involv-
ing cellular therapies in patients with acute and
chronic stroke have been published and some
of them involved therapy with autologous bone
marrow-derived stem cells [7-1053-55]. Bang and
coworkers investigated intravenous infusion of
autologous mesenchymal bone marrow cells,
Expam:led in witro, in patients with acute cere-
bral infarcts [10]. The procedure was safe and
feasible; the group receiving mesenchymal cells
(n=5) had improved Bl and mRS scores after the
infusion 3 and 6 months after the onsetof symp-
toms. However, a shortcoming of the study is cell
preparation; although feasible, itis time consum-
ing, potentially dangerous and expensive. Two
other studies carried out during the acute phase
of stroke (3-10 days postictus) evaluated the
safety of intra-arterial BMMC transplantation in
patients with MCA territory infarcts in two dif
ferent Brazilian institutions [s4 55]. Preliminary

n ﬂEungEﬂfSlS, aﬂng CICSLS A
RIAEVERSION
expe; els'of , lBve

m_adrhupggégwmdigimxunn.cMclu ion

reports showed thar the procedure is safe and
feasible [54,55].

Although the rransplantation of bone marrow-
derived stem cells in swoke patients secems o be
safe and feasible, many questons remain unan-
swered, inclu.ding the dose of cells, administration
route, timing of the infusion (acute vs nonacute
vs chronic stage of stroke), the territory of stroke
(cortical vs subcortical territories, anterior vs pos-
terior circularion) and the mechanisms of action
of bone marrow-derived stem cells in the setting
of stroke. In our study, the rationale for selecring
the cell dose was based on the resulis of the pre-
liminary safety studies described previously [s3-ss]
and the reason for selecting nonacute patients was
based on results of some experimental models of
cell therapy in stroke (s6-s8). However, a thera-
peutic window should be determined asa func-
don of therapeutic dose, and the repeated-dose
regimen could optimize recovery benefit [59).
An additional shortcoming of our study is the
absence of a control group and thisis particularly
relevant in studies involving diseases with sponra-
neous recovery. For this reason, any conclusions
regarding the efficacy of the therapy should be
postponad until a Phase 11 clinical trial with a

up included has been conducted.

tation of BMMCs is feasible and
appears to be safe in patients with nonacute
ischemic stroke. Further randomized clinical
trials are necessary to establish the efficacy and
long-term safery of rhis procedure.
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Executive summary

including Brazil.

Stroke is the leading cause of disability in the world.
Stem cell-based therapies can have a potential role in neuroprotection and neuroregeneration after ischemia.

In animal models, bone marrow-derived stem cells ameliorate the functional loss observed after ischemia.
Autologous bone marrow mononuclear cells intra-arterially transplanted are safe in patients with nonacute stroke.

Stroke is the third leading cause of death in developed countries and the leading cause of death in some developing countries

Bibliography

Papers of special note have been highlighted as:
= of interest

== of considerable interest

1 Murray CJ, Lopez AD: Mortality by cause for
cight regions of the world: global burden of
disease study. Lancet 349(9061), 1269-1276
(1997). 11
2 WuZ, Yao C, Zhao D et #f.: Sino-mon ica
project: a collaborative study on trends and
determinants in cardiovascular diseases in
China, Part I: morbidity and mortality
monitoring. Circulation 103(3), 462468 12
(2001).
3 Aadre C, Curioni CC, Braga da Cunha C,
Veras R: Progressive decline in stroke
mortality in brazil from 1980 to 1982, 1990 13
to 1992, and 2000 to 2002. Stroke 37(11
2784-2789 (2006).
4 Bonita R, Solomon N, Broad JB:
Prevalence of stroke and stroke-related

disability. Estimates from the auckland
stroke studies. Stroke 28(10), 18981902
(1997).

5 Cramer 8C: Repairing the human brain after
stroke: I Mechanisms of spontancous
recovery. Ann. Neurol. 63(3), 272-287
(2008).

6 Mendez-Otero R, De Freitas GR, Andre C, 15
De Mendonca ML, Friedrich M,
Oliveira-Filho ]: Potential roles of bone
matrow stem cells in stroke therapy.

Regen. Med. 2(4), 417-423 (2007).

7 Kondziolka D, Wechsler L, Goldstein S e al.:
Transplantation of cultured human neuronal
cells for patients with stroke. Newrology 55(4),

565-569 (2000). 15

== First clinical trial of cell therapy for patients
with stroke.

g Kondziolka D, Steinberg GK, Wechsler L
et al.: Neurotransplantation for patients with
subcortical motor stroke: a Phase 2
randomized trial. J. Newrosurg. 103(1), 38-45 17
(2005).

9 Savitz SI, Dinsmore ], Wu ], Henderson GV,
Stieg P, Caplan LR: Neurotransplantation of
fetal porcine cells in patients with basal
ganglia infarcs: a preliminary safety and 18
feasibility study. Cerebrovase. Dis. 20(2),
101-107 (2005).

TREEEVERSTON:

hitps Ldwww.digitzone.com

Bang OY, Lee ]S, Lee PH, Lee G: Autologous
mesenchymal stem cell transplantation in
stroke patients. Ann. Newrol. 57(6), 874-882
(2005).

First reported clinical trial using autologous
bone marrow mesenchymal cells in
ischemic stroke.

Suarez-Monteagudo C, Hernandez-Ramirez P,
Alvarez-Gonzalez L et al: Aurologous bone
marrow stem cell neurotransplantation in
stroke patients. An open study. Restor. Newrol.
Neurosci. 27(3), 151-161 (2009).
Pimentel-Coelho PM, Mendez-Otero R:

Cell therapy for neonatal hy poxic-ischemic
encephalopathy. Stem Cells Dev. 19(3),
299-310 (2010).

de Vasconcelos dos Santos A, da Costa Reis ],

bone marrow mononuclear cells induces

functional recovery and decreases
neurodegeneration after sensorimotor cortical
ischemia in rats. Brain Res. 1266, 108-120
(2009).

Pimentel-Coelho PM, Magalhaes ES,
Lopes LM, Deazevedo LC, Santiago MF,
Mendez-Otero R: Human cord blood
cransplantation in a neonatal rat model of
hypoxic—ischemic brain damage: functional
outcome related to neuroprotection in the
striatum. Stem Cells Dev. 19(3), 351-358
(2010).

Ribeiro-Resende VT, Pimentel-Coelho PM,
Mesentier-Louro LA et al.: Trophic activity
derived from bone marrow mononuclear cells
increases peripheral nerve regeneracion by
acting on both neuronal and glial cell
populations. Newroscience 159(2), 540-549
(2009).

Zaverucha-Do-Valle C, Gubert F,
Bargas-Rega M et al.: Bone-marrow
mononuclear cells increase retinal ganglion-
cell survival and axon regeneration in the

adult rat. Cell Transplant. (2010) (In Press).

Nakano-Doi A, Nakagomi T, Fupkawa M
etal.: Bone marrow mononuclear cells
promote proliferation of endogenous neural

20

21

22

23

24

25

26

27

stem cells through vascular niches after
cerebral infarction. Stem Cells 28(7),
1292-1302 (2010).

Barbosa da Fonseca LM, Bartistella V,

de Freitas GR etal.: Early tissue distribution
of bone marrow mononuclear cells after
intra-arterial delivery in a patient with chronic
stroke. Circalation 120(6), 539-541 (2009).

Barbosa da Fonseca LM, Gutfilen B,

Rosado de Castro PH e# 2/ Migration and
homing of bone-marrow mononuclear cells in
chronic ischemic stroke after intra-arterial
injection. Exp. Neurol. 221(1), 122128
2010).

Palestro CJ, Love C, Bhargava KK: Labeled
leukocyte imaging: current status and future
directions. Q J Nucl. Med. Mol. Imaging
53(1), 105-123 (2009).

Banerjee SR, Maresca KP, Francesconi L,
Valliant ], Babich JW, Zubiera J: New
directions in the coordination chemistry of
*“'mTe: a reflection on technetium core
structures and a strategy for new chelate
design, Nucl. Med. Biol, 32(1), 1-20 (2005).
Nowak B, Weber C, Schober A ¢ al.:
Indium-111 oxine labelling affects the cellular
integrity of haematopoietic progenitor cells.
Eur. | Nucl. Med. Mol. Imaging 34(5),
715-721 (2007).

Gholamrezanezhad A, Mirpour §,

Ardekani [M et al.: Cyrotoxicity of "'In-oxine
on mesenchymal stem cells: a time-dependent
adverse effect. Nucl. Med. Commun. 30(3),
210-216 (2009).

Lunde K, Solheim S, Aakhus S er al.:
Intracoronary injection of mononuclear bone
marrow cells in acute myocardial infarction.
N. Engl. J. Med. 355(12), 1199-1209 (2006).

Penicka M, Lang O, Widimsky P es al.:
One-day kinetics of myocardial engrafiment
after intracoronary injection of bone marrow
mononuclear cells in patients with acute and
chronic myocardial infarction. Heart 93(7),

837-841 (2007).

Meyer GP, Wollert KC, Lotz ] eral.:
Intracoronary bone marrow cell eransfer after
myocardial infarction: cighteen months’
follow-up data from the randomized,
controlled BOOST (bone marrow transfer to
enhance ST-elevation infarct regeneration)
wial. Circudarion 113(10), 1287-1294 (2006).

E future science group

www.futuremedicine.com



R INO WSO Bactiscclla, de Freitas, Barbosa da Fonseca et 4l.

178

28  Huikuri HVY, Kervinen K, Niemela M et al.: 39 Shyu WC, Lin 82, Yang HI et al.: Functional 51 Lasala GP, Silva JA, Gardner PA, Minguell J]:
Effects of intraceronary injection of recovery of stroke rats induced by granulocyte Combination stem cell therapy for the
mononuclear bone marrow cells on left colony-stimulating factor-stimulated stem treatment of severe limb ischemia: safety and
ventricular function, arrhythmia risk profile, cells. Circulation 110(13), 1847-1854 (2004). efficacy analysis. Angiology 61(6), 551-556
and restenosis after l-hrﬂmlmly[ic therapy of 40 Englund U, Bjorklund A, Wictorin K, (2010).
acute myocardial infarction. Eur. Heart | Lindvall O, Kokaia M: Grafted neural stem 52 Jiang M, He B, Zhang Q et af.: Randomized
29(22), 27232752 (2008). cells develop into funcional pyramidal controlled trials on the therapeutic effects of

29 Tendera M, Wojakowski W, Ruzyllo W e al.: neurons and integrate into host corrical adult progenitor cells for myocardial
Intracoronary infusion of bone marrow-derived circuitry. Proc. Natl Acad. Sci. USA 99(26), infarction: meta-analysis. Expert Opin. Biol.
selected CD34°CXCR4" cells and nonselected 17089-17094 (2002). Ther. 10(5), 667-680(2010).
mononuclear cells in p_atkms_“'it!‘ e sltcmi 41 Ourednik ], Ourednik V, Lynch WP, 53 de Freitas GR, Mendonca ML, Bezerra DC
and reduced lefeventricular ejection fraction: Schachner M, Snyder EY: Neural stem cells et al.: Safety and feasibility of intra-arrerial
results of randomized, nmltlccntmlMyccmdlal display an inherent mechanism for rescuing autologous bone marrow mononuclear cell
Regeneration by Intracoronary Infusion of dysfunctional neurons. Nat. Biotechnol. transplantation in acute ischemicstroke.
Seleced Population of Stem Cells in Acute 20(11), 1103-1110 (2002). Strake 37(2), 624-G25 (2006).

Myocardial Infarction (REGENT) trial. Eur & Ted P Jek . RS si  Triedrich MA, Machads DC, R E
s Jeys : » Lionzale: tak.: - ,
Heart ] 30(11, 1313-1321 (2009). ee eyalumar : onzalez -e al.: Stem riedric ac: ado aupp
cellsact through multiple mechanisms to et al.: Transplantation of autologous bone

30 Strauer BE,Brehm M, Zeus T et ad.: benefit mice with neurodegenerative metabolic marrow mononuclear cells in acure Iarge middle
Regeneration of haman infarcred heary discase. Nat, Med. 13(4), 439-447 (2007). cerchral artery swrake. fnt. [, Stroke 1, 35
muscle by intracoronary autologous bone (2006)

L . 43 Fujiwara ¥, Tanaka N, Ishida O et al.: b
marrow cell transplantation in chronic e g : ’
2 5 Intravenously injected neural progenitor cells 55 Mendonca ML, Freitas GR, Silva SA et al.:
coronary artery disease: the iact study. /. Am. ¢ 3 : he infured Sak: £i fal 1 b
Coll. Cardiol. 46(9), 16511658 (2005). a -transgemc rats.c-an ml-gmtf to the injure [Safery of intra-arterial aurologous m?c
X spinal cord and differentiate into neurons, marrow mononuclear cell transplantation for

31 Barbosa da Fonseca LM, Xavier S5, R astrocytes and oligodendrocytes. Newrosci, acute ischemicstroke]. Arg. Bras Cardiol.
Rosado de Castro PH et al.: Biodistribution of Lete. 366(3), 287-291 (2004). 86(1), 52-55 (2006).
bone marrow mononuclear cells in chronic . . X .

3 , & 44 Pluchino S, Zanotti L, Rossi B et al.: 56 Shen LH, LiY, Chen | et af.: One-year
C]Iﬂgﬂsll‘ nnrdmmynpalhy af:r:r 1nlrnc0ronary N h d . ﬁ ] i f " f b I
injectio. Jk /. Cardiol, (2010) (T Press), eurosphere-derived mul upntem-: ollow-up a tcx: onlc marrow stromal

ell treatment in middle-aged female

32 Bladin CF, Alexandrov AV, Bellavance A ; ats with stroke. Stroke 38(7), 2150-2156
et al.: Seizures after stroke: a prospective I 2007).
multicenter study. Arch Newrol. 57(11), . .
1617-1622 (2000). Chu K, K1 s Park Kl gr al: Human neura 57 @Shen LH, Li Y, Chen | e al.: Therapeutic

ot tp;:f pummdl.gumm.-mm benchit of bone matrow stromal cells

33 Cup‘(a SR, Nahe?d): MH‘ El‘f‘s D. 1w T administered 1 month after stroke.
Rubino FA: Postinfarction seizures. ischemia. Brain Res. 1016(2), 145-153 ]. Cereb. Blood Flow Metab. 27(1), 613
A clinical study. Stroke 19(12), 14771481 (2004) (2007).

(1988).
| . . 46 Pollock K, Stroemer P, Patel S et al.: 58 Yasuhara T, Matsukawa N, Hara K ez al.:

24 Cz-lmdn o Gc-\ldstem- LB: S¢izuresand A conditionally immortal elonal stem cell line Notch-induced rat and human bone marrow
epilepsy after ischemic stroke. Stroke 35(7), from human cortical neuroepithelium for the stromal cell grafts reduce ischemic cell loss
1769-1775 (2004). treatment of ischemic stroke. Exp. Newrol. and ameliorate behavioral deficits in chronic

35 Lossius MI, Ronning OM, Slapo GD, 199(1), 143-155 (2006). stroke animals. Stem Cells Dev. 18(10),
Mowinckel P, Gjerstad L: Poststroke epilepsy: 47 g4z SI Dinsmore JH, Wechsler LR, 1501-1514 (2009).
occurren‘c: and predictors —along-term Rosenbaum DM, Caplan LR: Cell thempy for 59 Stem Cell Participants: Stem Cell
prospective controlled study (Akershus stroke. Newro, Rx 1(4), 406-414 (2004). Therapies as an Emerging Paradigm in
Stroke Study). Epilepsia 46(8), 1246-1251 . Chedal e .
(2005) 1Rl ® > 48  Caplan ALl: Adult mesenchymal stem cells for S:‘roke (STEPS): bridging basic “"d clinical

? tissue engineering versus regencmtive science for cellular and neurogenic factor
36 Ryvlin P, Montavont A, Nighoghossian N: medicine. J. Cell Physiol. 213(2), 341-347 therapy in treating stroke. Stroke 40(2),
Optimizing therapy of seizures in stroke (2007). 510-515 (2009).
atients. Newrology 67(12 Suppl. 4), $3-89 i 5 o
1(’2906) ﬂgy pp . Emportﬂﬂl I'eview on (he Pﬂ[eﬂtial L An lmpnrtant dlSCIlSSlﬂﬂ on the current
of mesenchymal stem cells for stem status of cell therapy for stroke with

37 Botlongan CV, Hadman M, Sanberg CD, cell therapies. recommendations for future laboratory and
Sanberg PR: Central nervous system entry of dlinical investigations.
peripherally injected umbilical cord blood 49 VendrameAl\lfl, Gemma C, De Mesquita D
cells is not required for neuroprotection in et al.: Ann-mﬂar.nmamry effects of human )
stroke. Stroke 35(10), 2385-2389 (2004). cord blood cells in a rat model of stroke. Stem = Website

{ls Dev. 14(5), —604 (2005). =

38 LiY, Chopp M, Chen ] et al.: Intrastriatal Ge ev. 14(5), 595 ( 5) 101 Safery Study of Autologous Stem Cell
transplantation of bone marrow 50 Prochazka V, Gumulec], Jaluvka F et al.: Transplantation for Patients With Ischemic
nonhematopoietic cells improves functional Cell therapy, a new standard in management Suoke
recovery after stroke in adult mice. J. Cereb. of chronic critical limb ischemiaand foor hetps/iclinicaltrials.gov/ct2/show/

Blood Flow Metab. 20(9), 1311-1319 (2000). ulcer. Cell Transplant (2010) (In Press). NCT00473057
52 Regen. Med. (2011) 6(1} future science group




