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RESUMO

O transplante de ilhotas, como tratamento do diabetes mellitus tipo 1 (DM1) “labil”,
tem progredido consideravelmente ao longo dos ultimos 12 anos. Nesse periodo,
aproximadamente 750 pacientes foram transplantados em diversos centros, com
resultados promissores. No entanto, ¢ evidenciada uma grande disparidade entre os
centros de transplantes em relacdo ao sucesso do isolamento e aos desfechos pos-
transplante. Alguns fatores podem explicar estas disparidades, como caracteristicas do
doador, qualidade do isolamento e o local da infusdo das ilhotas. O isolamento das
ilhotas ¢ a fase mais complexa de todo o processo, devendo ser totalmente padronizada.
O isolamento ¢ feito com uma enzima de digestdo, com auxilio fisico e mecanico. A
enzima Liberase HI era a enzima de escolha para a digestdo do pancreas, pois
proporcionava uma boa quantidade e qualidade de ilhotas. No entanto, esta foi retirada
do mercado em 2007, pois havia o risco de transmissdo de encefalopatia espongiforme.
Novas enzimas tém sido utilizadas e estdo sendo testadas para a digestdo do pancreas;
entretanto, ndo existe um consenso de qual enzima de digestdo é mais eficiente no
isolamento de ilhotas humanas. Devido a implanta¢do do Laboratério de Biologia das
IlThotas Pancreaticas Humanas no Hospital de Clinicas de Porto Alegre ¢ a necessidade
da definicio da enzima mais eficiente a ser utilizada no isolamento das ilhotas,
consideramos adequada a realizagdo de uma meta-analise sobre o tema. Esta meta-
analise sera util para a tomada de decisdo de outros Centros de isolamento e transplante
de ilhotas pancredticas. Para realizar a meta-analise foi feita a busca dos artigos nos
sites Embase, Cochrane e¢ PubMed. Dos 755 artigos encontrados, 16 artigos
preencheram os critérios de elegibilidade e foram incluidos na meta-analise do tipo

comparagdo de tratamentos multiplos (MTC). Nossos resultados revelaram que as



enzimas Vitacyte e Liberase MTF foram associadas a um pequeno aumento no
rendimento das ilhotas [equivalentes de ilhotas (IEQ) /g pancreas] quando comparadas
com a Sevac [diferenca média padronizada (95% intervalo de credibilidade) = -2.11 (-
4.09 a-0.29) e -2.20 (-4.26 a -0.31), respectivamente]. Contudo, as demais comparagdes
de enzimas nao mostraram nenhuma diferenga significativa em relagdo ao rendimento
de ilhotas. Além disso, nos desfechos pureza e viabilidade nao foi verificado diferencas
significativas entre nenhuma das enzimas de digestdo analisadas. Assim, a nossa meta-
analise MTC sugere que as enzimas de digestao disponiveis para o isolamento de ilhotas

possuem efici€ncia semelhante em relacao a rendimento de ilhotas, pureza e viabilidade.
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ABSTRACT

Islet transplantation, as a treatment for brittle type 1 diabetes mellitus (DM1), has
progressed considerably over the last 12 years. In this period, approximately 750
patients were transplanted in different centers, with promising results. However, a large
disparity is observed among transplantation centers regarding the success of isolation
and post-transplant outcomes. Some factors may explain these disparities, such as
donor‘s characteristics, quality of the isolation and local of islet infusion. Islet isolation
is the most complex phase of all process, and must be completely standardized.
Isolation is performed using a digestion enzyme, with physical and mechanical aid. The
Liberase HI enzyme was the enzyme of choice for pancreas digestion because it
provided a good quantity and quality of islets. Nevertheless, this enzyme was withdrawn
from the market in 2007 because there was a risk of transmission of bovine spongiform
encephalopathy. New enzymes have been used and tested for pancreas digestion;
however, there is no consensus about which is the digestion enzyme more efficient in
human islet isolation. Due to the implementation of the Laboratory of Biology of
Human Pancreatic Islets at Hospital de Clinicas de Porto Alegre and to the necessity to
define the most efficient enzyme for being used in islet isolation, we consider
appropriate to conduct a meta-analysis on the issue. This meta-analysis will be helpful
for decision-making in other Centers of pancreatic islet transplantation. To carry out the
meta-analysis we performed a comprehensive search for all entries in Pubmed, Embase
and Cochrane libraries. Of 755 articles retrieved, 16 articles fulfilled the eligibility
criteria and were included in a mixed-treatment comparison (MTC) meta-analysis. Our
results revealed that Vitacyte and Liberase MTF were associated with a small increase

in islet yield (islet equivalent number/g pancreas) when compared with Sevac enzyme
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[standardized mean difference (95% credible interval) = -2.11 (-4.09 to -0.29) and -2.20
(-4.26 to -0.31), respectively]. However, all other enzyme comparisons did not show
any significant difference regarding islet yield. Moreover, percentages of purity and
viability were not significantly different among any of the analyzed digestion enzymes.
Thus, our MTC meta-analysis suggests that the digestion enzymes currently being used

for islet isolation works with similar efficiency regarding islet yield, purity and viability.
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RESUMO

O diabetes mellitus tipo 1 (DM1) esta associado ao desenvolvimento de complicagdes
cronicas de elevada morbi-mortalidade em individuos jovens em idade produtiva. A
terapia intensiva com insulina comprovadamente diminui o aparecimento das
complica¢des cronicas da doenga. Entretanto, essa terapia ainda estd associada ao
aumento da incidéncia de hipoglicemia. Em pacientes com “DMI1 1abil”, os quais
apresentam hipoglicemias graves sem sintomas de alerta, o transplante de ilhotas
pancredticas humanas ¢ uma das melhores alternativas para restaurar a secre¢do de
insulina e a percepg¢do da hipoglicemia. O grupo de Edmonton verificou que a maioria
dos pacientes que receberam o transplante de ilhotas de mais de um doador ¢ foram
submetidos ao tratamento com imunossupressores obteve declinio consideravel na
independéncia a insulina ap6és 8 anos do transplante, mas apresentou secre¢io
persistente de peptideo C e protecdo completa contra reagdes hipoglicemiantes. Mais
recentemente, dados do CITR (Collaborative Islet Transplant Registry) demonstraram
taxas de independéncia a insulina de quase 50% dos pacientes apds 3 anos do
transplante. Sendo assim, o transplante de ilhotas ¢ capaz de diminuir os niveis de
glicose plasmatica ¢ HbAlc, reduzir a ocorréncia de hipoglicemias graves e melhorar a
qualidade de vida dos pacientes. O objetivo deste artigo foi fazer uma breve revisao da
literatura sobre o isolamento e transplante de ilhotas pancreaticas humanas e relatar a
implantacdo de um laboratorio de isolamento de ilhotas humanas no Servico de

Endocrinologia do Hospital de Clinicas de Porto Alegre.

Palavras-chaves: ilhotas pancreaticas humanas; diabetes mellitus tipo 1; isolamento de

ilhotas; transplante de ilhotas.
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ABSTRACT

Type 1 diabetes mellitus (DM1) is associated with chronic complications of high
morbidity and mortality in young adults in a productive age. Intensive insulin therapy
has proved to reduce the development of chronic complications of diabetes. However,
this therapy is still associated to an increased incidence of hypoglycemia. In patients
with “brittle DM1”, who have severe hypoglycemia without any symptoms
(hypoglycemia unawareness), pancreatic islet transplantation is one of the best
alternatives for restoring insulin secretion and hypoglycemia perception. The Edmonton
group found that the majority of patients who received islet of more than one donor and
were treated with immunosuppressive drugs, obtained a considerable decline in insulin
independence after eight years of transplantation, but showed persistent C-peptide
secretion and complete protection against hypoglycemic reactions. More recently, data
from CITR (Collaborative Islet Transplant Registry) demonstrated insulin
independence rates of almost 50% of the patients after 3 years of transplantation.
Therefore, islet transplantation is able to diminish plasmatic glucose and HbAlc levels,
to reduce the occurrence of severe hypoglycemia, and to improve the quality of life of
the patients. The purpose of this paper was to briefly review human islet isolation and
transplantation process, and to report the establishing of a human islet isolation

laboratory in the Endocrine Service at Hospital de Clinicas de Porto Alegre.

Keywords: human pancreatic islets; type 1 diabetes mellitus; islet isolation; islet

transplantation.
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INTRODUCAO

O diabetes mellitus (DM) ¢ uma doenca complexa caracterizada pelo comprometimento
do metabolismo de carboidratos, lipideos e proteinas, bem como pelo desenvolvimento
tardio de complicacdes micro- € macrovasculares cronicas devido a hiperglicemia (1). O
diabetes mellitus tipo 1 (DM1) ¢ responsavel por 10% dos casos de DM e ¢
caracterizado pela destrui¢do autoimune das células [ pancredticas, o que causa a
deficiéncia total de secre¢do de insulina ¢ a necessidade de administragdo de insulina
exogena para a sobrevivéncia do individuo (1, 2).

Apesar de nas ultimas décadas terem surgido avangos significativos no manejo
dos pacientes com DM1 e existirem inimeras apresentagdes comerciais de insulina (3-
5), ainda hoje esta doenca esta associada ao desenvolvimento de complicagdes cronicas
de elevada morbidade em individuos jovens em idade produtiva (6, 7). Além disso,
existe uma fracdo dos pacientes com DMI1 que apresenta o chamado “DMI1 1abil”, o
qual ¢é caracterizado por incursdes imprevisiveis da glicemia ao longo de poucas horas,
com hiperglicemias seguidas por hipoglicemias graves, podendo evoluir para
convulsdes, coma e, até mesmo, morte (8). Neste grupo, o tratamento adequado ainda
ndo foi estabelecido e terapias de substitui¢do de células B através de transplante de
pancreas inteiro ou ilhotas s3o as Unicas alternativas concretas capazes de restaurar a
secrecdo de insulina endogena e a percepgao dos sintomas hipoglicémicos (9, 10).

O transplante de pancreas como oOrgdo inteiro promove controle glicEémico
adequado ¢ reduz a ocorréncia das complicagdes cronicas, sendo indicado para
pacientes com DM1 com insuficiéncia renal terminal, no momento do transplante renal
(11, 12). Apesar dos pacientes submetidos ao transplante de pancreas apresentarem uma

boa sobrevida a longo prazo, esse tipo de transplante ndo ¢ indicado para pacientes com
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DM1 sem indicagao de transplante renal, uma vez que o procedimento estd associado a
morbi-mortalidade de uma cirurgia de grande porte (9, 11, 12). Nestes casos, o
transplante alogénico de ilhotas pancreaticas €, atualmente, uma opg¢ao. O transplante de
ilhotas ndo requer cirurgia ou anestesia geral. Isto ocorre porque somente as ilhotas sao
purificadas e infundidas no figado pela veia porta (Figura 1), através de técnicas de
radiologia (9).

Sendo assim, nosso objetivo foi realizar uma breve revisao da literatura sobre o
isolamento e o transplante de ilhotas pancreaticas humanas em pacientes com DM1 e
relatar o estabelecimento de um Laboratorio para isolamento de ilhotas pancreaticas
humanas no Servico de Endocrinologia do Hospital de Clinicas de Porto Alegre

(HCPA).

HISTORICO DO TRANSPLANTE DE ILHOTAS PANCREATICAS

Os primeiros relatos de tentativas de “transplante” de ilhotas pancreaticas ocorreram em
1894 (13), mas foi somente em 1972 que Lacy (14) conseguiu reverter a hiperglicemia
de roedores diabéticos apos a infusdo de ilhotas normais. Na década de 1980 foram
relatados transplantes autdlogos de ilhotas pancredticas em pacientes submetidos a
pancreatectomia total por dor intratdvel decorrente de pancreatite cronica (15), com
obtencdo de independéncia de insulina até 13 anos apo6s o transplante (16). A partir
destes resultados, muitos pesquisadores pensaram que a utilizagdo do transplante de
ilhotas para tratamento do DM1 traria uma possivel cura para essa doenca.

No entanto, as primeiras tentativas de transplante alogénico de ilhotas
pancredticas em humanos ndo obtiveram resultados muito animadores, com taxa de

independéncia de insulina de apenas 10% (17-19). Dados obtidos a partir do Islet
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Transplant Registry (ITR), no periodo de 1983 a 2000, documentam um total de 493
transplantes realizados em todo o mundo, com taxas de independéncia de insulina
decrescentes com o passar do tempo ap6s o transplante: 66% apos 1 més, 40% apos 1
ano, 22% apos 2 anos, 11% apods 3 anos, 6% apds 4 anos e apenas 2% apds 5 anos (20).

A criagdo do protocolo de Edmonton, em 2000, possibilitou melhores resultados,
com 100% de independéncia de insulina um ano apds o transplante em sete pacientes
(21). A melhor resposta ao transplante foi atribuida basicamente aos seguintes fatores:
regime de imunossupressdo sem uso de corticdides (indugdo com daclizumab e
manuten¢do com sirolimus e baixa dose de tacrolimus) e multiplas infusdes de ilhotas
de mais de um doador com o objetivo de aumentar a massa de ilhotas transplantada
(21). Em 2005, o mesmo grupo relatou os resultados apos 5 anos de seguimento de 65
pacientes submetidos ao transplante de ilhotas. A duragdo média da independéncia de
insulina foi de 15 meses e apenas 10% dos pacientes permaneceram livres de insulina
apoés 5 anos (22).

O protocolo de Edmonton foi reproduzido posteriormente em um estudo
multicéntrico organizado pelo Immune Tolerance Network e que envolveu 36 pacientes
com DMI1 de nove centros dos EUA e Europa (23). Apenas 13,8% dos pacientes
permaneceram livres de insulina ap6s 2 anos de seguimento, mas aqueles pacientes que
mantiveram pelo menos fun¢do parcial do enxerto tiverem uma melhora substancial do
controle metabodlico (23). As taxas de sucesso foram bastante varidveis entre os centros
envolvidos no estudo, sendo que os centros com maior experiéncia obtiveram os
melhores resultados, com até 80% dos pacientes permanecendo livres de insulina apos 1
ano (23).

Os resultados apresentados levaram a um aumento significativo no niimero de

transplantes de ilhotas nos centros de pesquisa ja existentes na época e incentivou a
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abertura de outros centros de transplante de ilhotas no mundo inteiro
(http://citregistry.org). O CITR — Collaborative Islet Transplant Registry é uma
organizacdo criada para monitorizar 0 progresso € promover a seguranga dos
transplantes de ilhotas, através de registro, analise € comunicacao de dados abrangentes
e atuais sobre o andamento de todos os transplantes de ilhotas realizados na América do
Norte, bem como alguns centros Europeus e Australianos. Setenta e seis centros ao
redor do mundo realizavam transplantes de ilhotas no ano de 2005 (24) e, até maio de
2011, 730 pacientes ja haviam sido transplantados ao redor do mundo (25). Apesar de
alguns paises, como o Canadad e Suica, ja realizarem o transplante de ilhotas como
tratamento clinico para individuos com DMI1 (26, 27), na maioria dos paises esta
terapéutica ndo esta amplamente disponivel para todos os potenciais candidatos, sendo
ainda considerada como procedimento experimental (28).

O transplante de ilhotas tem apresentado, progressivamente, melhores resultados
ao longo dos ultimos anos. Isso pode ser evidenciado por um estudo recente realizado
pelo CITR onde foram analisados resultados de 677 pacientes transplantados nos
periodos de 1999 a 2010, os quais foram subdivididos em 3 grupos de acordo com o
periodo do transplante: “Early Era” (de 1999 a 2002), “Mid Era” (2003 — 2006) e
“Recent Era” (2007 — 2010). Foram avaliados 5 desfechos principais: presenca de
pectideo C, queda da HbAlc, estabilizacdo da glicemia de jejum, independéncia a
insulina e frequéncia de hipoglicemias (29). Na era mais recente foi evidenciada uma
melhora significativa nos desfechos, em geral. Com taxas de independéncia a insulina
nos pacientes com DM1 de quase 50% apds 3 anos do transplante (25, 29). Esse
resultado foi, provavelmente, devido a alguns fatores, como o aperfeicoamento das
técnicas de isolamento e cultura de ilhotas, melhora no esquema imunossupressor de

inducdo e manutencdo, melhora na selecdo de pacientes e melhor conhecimento e
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entendimento das caracteristicas e necessidades das células B (29). Atualmente, o
Centro de Vancouver, no Canada, esta realizando o primeiro estudo que compara os
desfechos do transplante de ilhotas com aqueles do tratamento clinico padrao
(http://chitbr.med.ubc.ca).

No Brasil existem atualmente dois Laboratérios de isolamento de ilhotas
pancredticas que ja realizaram transplantes: em Sao Paulo, vinculado a Universidade de
Sao Paulo (USP), estda o NUCEL (Nucleo de Terapia Celular ¢ Molecular), que ja
realizou 3 transplantes de ilhotas, sendo o primeiro em 2002 (30); e o outro em Curitiba
(Parana), vinculado a PUC-PR e Fundagdo Pro-Renal, que realizou seu primeiro
transplante em novembro de 2006 (31).

O Servico de Endocrinologia - HCPA inaugurou seu Laboratério de isolamento
de ilhotas pancredticas humanas em novembro de 2010 e ja realizou 21 isolamentos de
ilhotas. Desde entdo vem trabalhando no aprimoramento da técnica de isolamento e
cultura das ilhotas e na realizagdo dos testes de controle de qualidade (CQ) das ilhotas
isoladas, para a futura realizagdo de um projeto pré-clinico fase III de transplante de

ilhotas em pacientes com “DM1 1abil”.

ISOLAMENTO DE ILHOTAS PANCREATICAS HUMANAS

O objetivo principal do isolamento das ilhotas ¢ libera-las do tecido conectivo e
exdcrino, preservando a integridade estrutural e funcional das ilhotas pancreaticas (32).
Os métodos de isolamento de ilhotas melhoraram significativamente nas ultimas trés
décadas (9, 18) e o avango fundamental nesta area veio com o uso do método
semiautomatico para digestao controlada do pancreas desenvolvido por Camillo Ricordi

em 1989 (33). Esse método é composto pelas seguintes etapas: limpeza do pancreas,
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canulacdo dos ductos pancredticos, perfusdo, distensdo e digestdo enzimatica do
pancreas, diluigdo, purificacdo e cultura das ilhotas (Figura 2).

O processo laboratorial inicia-se com o recebimento e verificacdo das condig¢des
do péancreas pela equipe de isolamento e termina com a liberagdo das ilhotas isoladas
para o transplante ou pesquisa pela equipe de CQ. A primeira etapa do processamento
do pancreas ¢ a limpeza do orgdo, isto €, a retirada de gordura e a lavagem com
solugdes antibioticas e antifingicas. A fase seguinte ¢ a separacdo das ilhotas do
pancreas exocrino e tecido ductal por digestdo, realizada através da perfusdo de uma
colagenase purificada no ducto pancreatico. Neste processo ocorre aumento do volume
do pancreas (distensdo). O pancreas ¢ entdo cortado e transferido para a Camara de
Ricordi (33), que contém 7-9 esferas de silicone e ¢ preenchida com solucdo de
colagenase, para a realizagdo da fase de digestdo, a qual ¢ auxiliada pela agitacao
mecanica da camara (digestdo quimica e mecanica). O tecido pancreatico digerido ¢
coletado em um grande volume de solugdo de diluigdo, a qual interrompe a digestdo. No
passo de purificacdo, as ilhotas sdo separadas do tecido exocrino usando-se gradientes
de densidade continuos ou descontinuos na centrifuga COBE 2991. A purificacdo tem
por objetivo garantir a infusdo de uma maior quantidade de ilhotas em um volume
menor de tecido, a fim de se reduzir o risco de desenvolvimento de hipertensdo portal
(19). Apds o isolamento € realizada a cultura das ilhotas por até 3 dias (34, 35).

Segundo a Food and Drug Administration (FDA), para que as ilhotas alogénicas
possam ser disponibilizadas como uma terapia viavel, alguns problemas devem ser
abordados, tais como: seguranga, pureza, poténcia e eficacia das ilhotas. Para que o lote
de ilhotas seja aprovado, o produto final do isolamento e o processo usado para isolar e
purificar as ilhotas terdo que ser definidos e validados, demonstrando a consisténcia da

qualidade do produto (36). Sendo assim, a ultima etapa do processo de isolamento das
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ilhotas ¢ constituida pelos testes de CQ, os quais sdo: avaliagdo da pureza, nimero de
equivalentes de ilhotas (IEQ — um IEQ corresponde a uma ilhota com 150 um ou mais
de diametro), viabilidade e fungdo das células e esterilidade (37).

A avaliagdo da pureza (isto ¢, a quantidade de ilhotas em comparagdo a outros
tecidos) ¢ realizada nas diversas etapas do isolamento e apods a cultura das ilhotas. A
pureza deve ser >30% para que as ilhotas sejam liberadas para o transplante. O nimero
de IEQ ¢ determinado pelo diametro estimado das ilhotas e o lote somente ¢ liberado
para transplante caso o IEQ seja >5000 IEQ/kg do recipiente em um volume de no
maximo 5-10 ml (37). A viabilidade das ilhotas (nimero de células vivas/numero de
células mortas) ¢ determinada pela integridade da membrana celular apés coloragdo
com dois corantes (diacetato de fluoresceina, que cora em verde as células viaveis, e
iodeto de propideo, que cora em vermelho as células com membrana celular danificada)
e visualizacdo em um microscépio de fluorescéncia (38). O lote de ilhotas ¢ liberado se
apresentar viabilidade acima de 70%. A funcao das ilhotas é avaliada pela determinagao
dos niveis secretados de insulina apos incubagdo estatica com glicose em baixas e altas
concentragdes (21). A esterilidade do material ¢ comprovada através de cultura para
bactérias aerdbicas e anaerdbicas, cultura para fungos e micoplasma e teste para

presencga de endotoxinas (19, 37).

PRINCIPAIS DESAFIOS

Os desafios para implantacdo de um laboratorio de isolamento de ilhotas humanas sao

inimeros e podem ser divididos em: financeiros, administrativos, técnico-laboratoriais e

médicos (10, 18, 32, 39).
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Desafios financeiros e administrativos

O alto investimento inicial, referente a compra de equipamentos e gastos relacionados a
realizag¢ao de obras para adequagao do espacgo fisico, ¢ expressivo. Além disso, os custos
relacionados a manutencdo do laboratério, pagamento de profissionais treinados e
compra de reagentes e outros materiais necessarios para cada isolamento necessitam ser
cuidadosamente planejados (39, 40). Em 2004, um estudo francés avaliou o custo do
transplante de ilhotas desde a retirada do 6rgdo do doador, ao transplante e posterior
acompanhamento dos pacientes transplantados, e mostrou que o processo de isolamento
das ilhotas realizado no laboratério é a fase mais dispendiosa, correspondendo a 30%
dos gastos totais (41). Como, em muitos paises, o transplante de ilhotas ¢ ainda
considerado um procedimento experimental, as fontes requeridas para o
desenvolvimento e manutencdo do laboratorio geralmente dependem de fundos de
pesquisas governamentais € ndo governamentais.

Uma equipe administrativa bem estruturada também ¢é essencial para garantir o
bom funcionamento das atividades laboratoriais ¢ médicas relacionadas ao transplante
(10). Além disso, o desenvolvimento de um laboratdrio de isolamento de ilhotas para
transplante deve seguir aspectos regulatorios especificos. Nos EUA, o processamento de
ilhotas para transplante deve seguir normas para uso de “medicamentos” e “produtos
biologicos”, estabelecidas pela FDA e pelo Public Health Service Act (42). No Brasil
ainda ndo ha uma legislagdo que regule especificamente o transplante de ilhotas. No
entanto, a constru¢do do laboratério e todas as etapas do isolamento das ilhotas devem
estar de acordo com as normas das Resolu¢des - RDC N° 210 (“Boas Praticas de
Fabricagao de Medicamentos”, de 04 de agosto de 2003) e RDC N° 9 (“Disposi¢ao

sobre o funcionamento dos Centros de Tecnologia Celular para fins de pesquisa clinica
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e terapia”, de 14 de margo de 2011) - da Agéncia Nacional de Vigilancia Sanitaria
(ANVISA) (43, 44), ja que as ilhotas também sao consideradas como um medicamento
constituido por produto bioldgico e como terapia celular (39).

Devido a complexidade do procedimento utilizado, o isolamento bem sucedido
das ilhotas s6 ¢ possivel com o envolvimento de uma equipe multidisciplinar
comprometida e devidamente treinada, que atuem respeitando os padrdes internacionais
de isolamento e CQ das ilhotas (39). A equipe deverd ser formada por técnicos,
bidlogos, biomédicos, bioquimicos, médicos endocrinologistas e nefrologistas,

cirurgiodes, radiologistas e enfermeiras.

Desafios médicos relacionados ao doador

A escassez de doadores de 6rgaos em morte encefalica (ME) deve ser sempre levada em
conta como uma das principais limitacdes para a maioria dos centros que fazem
transplante de ilhotas (10). No Brasil, conforme dados da Associagdo Brasileira de
Transplante de Orgdos, somente 6,3% (n = 80) dos pancreas disponiveis de doadores de
orgdos (n = 1273) foram utilizados no 1° semestre de 2013 (45). O restante poderia ter
sido disponibilizado para a realizacdo do isolamento das ilhotas, o que demonstra oferta
adequada de 6rgdos para a instalacdo de um programa de transplante de ilhotas.

As ilhotas comegam a ser danificadas mesmo antes da retirada do pancreas,
uma vez que a ME estd relacionada a producdo de citocinas proinflamatérias como
TNF-a, IL-1p e IL-6, as quais induzem apoptose das células e diminuem a qualidade do
enxerto (46). Além disso, os centros de isolamento de ilhotas geralmente recebem
pancreas nao utilizados para o transplante de 6rgdo inteiro, o que faz com que o tempo

de isquemia fria do 6rgdo seja acima do ideal (>12h) (10). Como a isquemia causa
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grandes danos ao tecido pancreatico, o tipo de solu¢do usada para preservacao do
pancreas e diminui¢do dos efeitos deletérios da hipoxia tem um papel importante no
resultado do transplante (32). A principal solugdo de preservagao utilizada atualmente ¢
a solugdo de UW (University of Wisconsin), a qual contém glicose, alguns eletrolitos,
glutationa e outras substdncias que preservam a integridade celular (32). Mais
recentemente, o uso combinado da solucdo UW e compostos com alta afinidade por
oxigénio (método de duas camadas com perfluorocarbono) melhorou a preservaciao do
orgdo em alguns estudos (47, 48), mas seu papel parece ser mais relevante nos casos de
isquemia fria prolongada (49).

Caracteristicas do doador, tais como idade, sexo, historia médica prévia, IMC
(indice de massa corporal), causa de morte, uso de agentes vasopressores € o tamanho e
o conteudo de gordura do pancreas sdo fatores que influenciam a qualidade das ilhotas
isoladas (32, 50). Pancreas de doadores com um IMC >25 kg/m® e/ou com mais de 50
anos de idade estdo associados a um numero maior de ilhotas isoladas; porém estas

ilhotas podem ter sua fung¢ao prejudicada (50, 51).

Desafios técnico-laboratoriais

Um dos estagios primordiais para o sucesso do transplante de ilhotas ¢ o laboratorial.
Neste processo, caso a quantidade de ilhotas isoladas seja insuficiente poderd ndo ser
realizado o transplante (10). O trauma mecanico causado as ilhotas durante o isolamento
e a propria acdo da enzima colagenase usada durante a fase de digestio podem
fragmentar as ilhotas, danificando principalmente as células a, & e PP, localizadas na
periferia das ilhotas (Figura 3) (52). Adicionalmente, as complexas redes vasculares e

neuronais do pancreas sdo destruidas durante o isolamento, o que modifica a
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comunicac¢do bioquimica entre as células. Dessa forma, o isolamento das ilhotas resulta
em estresse oxidativo e inflamatorio, ocasionando perda da viabilidade celular (52).

As dificuldades relacionadas ao isolamento das ilhotas aumentaram nos tltimos
4 anos porque a enzima colagenase anteriormente utilizada (Liberase HI, Roche
Pharmaceutics) foi retirada do mercado, pois havia o risco de transmissao de
encefalopatia espongiforme, uma vez que durante a sua producdo se utilizava um meio
de cultura que continha extrato de cérebro bovino (53). Novas colagenases estdo sendo
testadas para a digestao do pancreas, obtendo resultados encorajadores (54). No entanto,
ainda hoje, ndo existe um consenso de qual enzima de digestdo seria mais eficiente para
o isolamento de ilhotas humanas (55). Baseando-se no que foi discutido acima, varios
centros de transplante de ilhotas t€ém focado suas pesquisas nestas novas enzimas de
digestdo, em meios de cultura mais apropriados para manter a viabilidade e a fungao das
ilhotas e em mudangas no protocolo de isolamento, para que no futuro seja necessario o
enxerto de ilhotas isoladas de apenas um unico doador em cada paciente transplantado

(55).

Desafios relacionados ao receptor

O acompanhamento dos pacientes apos o transplante deve ser realizado por uma equipe
médica treinada em endocrinologia, terapia imunossupressora e prevengao de infecgdes.
O tratamento adequado das complicagdes pds-transplante minimiza drasticamente a
morbidade relacionada ao procedimento (10).

No transplante de ilhotas, assim como no transplante de pancreas, a persisténcia
ou reaparecimento de autoanticorpos para componentes das ilhotas estdo

correlacionados a uma piora na evolugdo e podem ser fatores chaves na faléncia do
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enxerto (56). Caracteristicas dos pacientes também influenciam o resultado do
transplante. Os pacientes mais jovens, com maior HbAlc, com perfil clinico sugestivo
de resisténcia a acao da insulina e valores de lipidios séricos mais elevados na avalia¢ao
pré-transplante apresentam maior risco de perda precoce do enxerto (57).

A avaliagdo da funcdo do enxerto e os efeitos colaterais das drogas
imunossupressoras necessitam aten¢do especial por parte da equipe médica. Estima-se
que 50-70% das ilhotas sdo destruidas no periodo imediato ap6s o transplante, devido as
caracteristicas unicas do figado, o qual estd exposto a elevados niveis de glicose,
lipideos e toxinas, e também pelo efeito danoso das drogas imunossupressoras sobre a
secrecao de insulina e viabilidade das ilhotas (58). Entretanto, apos 3 meses, as ilhotas
sobreviventes ja estdo envolvidas em tecido endotelial ¢ uma rede de capilares, como
demonstrado em um modelo de primata ndo-humano. A avaliacdo da funcdo das ilhotas
remanescentes apds esse periodo ¢ uma tarefa dificil e, atualmente, ndo existe uma
forma direta de determina-la (10). As formas indiretas mais utilizadas para avaliacdo da
fung@o das células B sdo: a medida do peptideo-C durante alimentagdo (mixed meal test)
(59); a taxa de glicose/ peptideo-C e o escore beta (determinado a partir dos valores de
glicose plasmatica, HbAlc, dose diaria de insulina e secre¢do de peptideo-C apos
estimulacdo) (60). Mais recentemente, Caumo et al. (61) descreveram o escore de
“Fungdo Estimada do Transplante”, o qual se baseia apenas na dose didria de insulina e
niveis de HbAlc e pode ser normalizado pelo numero de ilhotas infundidas. Entretanto,
estas medidas indiretas ndo sdo ideais para se avaliar a rejeicdo do enxerto, uma vez que
monitoram a homeostase de glicose, a qual pode ainda estar intacta durante os estagios
iniciais de rejeicao (32). O desenvolvimento de métodos clinicos ndo invasivos para
deteccdo da rejeicdo do enxerto em uma fase inicial serd um passo muito importante

para aumentar o sucesso dos transplantes, ja que poderd permitir a realizagdo de
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intervengdes mais especificas com o objetivo de prevenir a rejeicdo do enxerto (32).
M¢étodos radiologicos para se detectar danos as ilhotas antes do surgimento do defeito
metabolico t€ém também sido investigados. Monitoramento por ressonancia magnética
das ilhotas marcadas com ferro ¢ um método seguro e viavel, mas necessita ser
otimizado (62).

Os niveis plasmaticos dos imunossupressores usados no protocolo de
Edmonton devem ser monitorados com cuidado, objetivando-se um balango entre a
prevencao da rejei¢do do enxerto e a minimizagdo dos efeitos colaterais ja mencionados
(10). Como tanto o tracolimus quanto o sirolimus interferem negativamente na fungdo e
proliferacdo das células B (63, 64), a modificacdo do regime de imunossupressdo do
protocolo de Edmonton devera trazer efeitos positivos na fungdo e sobrevivéncia do

enxerto.

IMPLANTACAO DE UM LABORATORIO DE ISOLAMENTO DAS ILHOTAS

PANCREATICAS HUMANAS NO HCPA

O Laboratorio de Biologia das Ilhotas Pancreaticas Humanas (BIPH) foi construido no
Servigo de Endocrinologia do HCPA com o objetivo de realizar o isolamento das ilhotas
humanas para: 1) desenvolvimento de estudos experimentais visando o aumento da
quantidade e qualidade das ilhotas isoladas; 2) realizacdo de estudos relacionados a
alteracdes funcionais das células B em diferentes situagdes fisiologicas e patologicas; e
3) futura infusdo em pacientes com “DM1 14bil”. O laboratorio de BIPH foi construido
em uma éarea de 63,6 m? localizada dentro do Servico de Endocrinologia. A construcao
do laboratorio foi iniciada em 2008 e concluida em 2010 e seguiu as normas

estabelecidas pelas RDCs 134 e 210 da ANVISA (43) e as recomendagdes da equipe de
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transplante de ilhotas do Diabetes Research Institute, University of Miami (EUA). A
maior parte das obras de construg¢ao do laboratorio foi custeada pelo HCPA (Tabela 1).

O laboratdrio de BIPH esta de acordo com os padrdes estabelecidos para salas
ciriirgicas com respeito a pressao positiva interna, uso de ar-condicionado com sistema
de filtragao HEPA (high efficiency particulated air) ¢ acesso restrito. O controle
ambiental mantém o vestidrio em Classe 100.000 (até 100.000 particulas de 0,5 micron
ou maiores por m’ de ar) e todo o restante da 4rea interna em Classe 10.000. Além do
vestidrio para vestimenta das vestimentas estéreis, o laboratério inclui a area de
escovagao das maos, a area interna para isolamento e cultura das ilhotas, um deposito
para reagentes, uma camara-fria e uma antecimara de saida do laboratorio. Todo o
mobiliario do laboratorio é feito de inox para facilitar a limpeza e impedir a
contaminagdo por microorganismos. A area externa do laboratério, no Servigo de
Endocrinologia, apresenta um Laboratdrio de Biologia Molecular e Celular, uma sala de
lavagem de vidrarias com autoclave e uma sala de CQ das ilhotas isoladas, a qual
contém um microscopio de fluorescéncia e uma leitora de microplacas de ELISA
(enzyme-linked immunosorbent assay).

Os seguintes equipamentos foram adquiridos para o inicio das atividades do
Laboratorio de BIPH: 3 capelas de fluxo laminar classe I1A, 2 incubadoras para cultura
de células, 2 centrifugas refrigeradas, 1 lavadora automatica de células (COBE 2991), 2
balangas analiticas, 1 bomba a vacuo, 2 bombas peristalticas, 1 freezer -80°C, 1 freezer
-20°C, 1 refrigerador tipo banco de sangue, 1 microscopio de fluorescéncia invertido
para CQ, 1 microscopio de contraste de fase, 2 microscéopio tipo lupa com sistema de
fotodocumentacdo, 1 sonda de temperatura para monitoramento da temperatura de
digestdo, 2 Camaras de Ricordi (Biorep Technologies, Florida, EUA), 1 gradient maker

(Biorep Technologies, Florida, EUA), 1 leitora de microplacas de ELISA, 1 lavadora de
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microplacas e 1 contéiner de nitrogénio liquido para congelamento de células. Uma
descricdo detalhada de todos os equipamentos, reagentes e materiais de consumo
necessarios para o isolamento das ilhotas ja foi relatada por outros autores (21, 39). O
gasto inicial com a compra de equipamentos e reagentes esta descrito na Tabela 1.

O nucleo da equipe de isolamento de ilhotas ¢ formado por uma médica
nefrologista ¢ por uma bidloga, ambas contratadas pelo HCPA e que realizaram
treinamento por um a dois anos em centros de referéncia no exterior. A médica recebeu
treinamento no Diabetes Institute for Immunnology and Transplantation (Universidade
de Minnesota, Minneapolis, EUA). A bidloga recebeu treinamento no Laboratory of
Experimental Medicine da Free University of Brussels (Bruxelas, Bélgica) sobre
isolamento de ilhotas de ratos e estudos da funcdo das células B. Além disso, a equipe
conta com o auxilio de uma médica endocrinologista que recebeu treinamento no
Diabetes Research Institute da University of Miami (Florida, EUA) sobre isolamento de
ilhotas humanas ¢ monitoramento e tratamento dos pacientes transplantados. A equipe
de isolamento ¢ auxiliada por alunos de iniciacdo cientifica, alunos de mestrado e
doutorado, por um bolsista de apoio técnico e um aluno de pds-doutorado, os quais
recebem bolsas disponibilizadas por agéncias nacionais de fomento a pesquisa (Tabela
1). A equipe cirurgica responsavel pela retirada dos 6rgdos ¢ formada por 2 médicos
contratados da Equipe de Transplante de Figado do HCPA (6rgdos de doadores em

ME).
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CONCLUSOES

O transplante de ilhotas pancreaticas deve ser considerado como um tratamento capaz
de diminuir a ocorréncia de hipoglicemias graves e melhorar o controle glicémico em
alguns pacientes diabéticos selecionados. Entretanto, no Brasil e em diversos outros
paises, o procedimento ¢ considerado ainda pesquisa experimental. Dessa forma,
esforgos tém sido feitos para melhorar as diversas etapas do isolamento, do transplante
de ilhotas e do seguimento dos pacientes apds o transplante para que esse procedimento
possa ser incorporado na pratica clinica.

A implantagdo de um laboratério de isolamento de ilhotas € um processo
complexo e demorado e que necessita de investimento alto. O Laboratério de BIPH do
Servico de Endocrinologia do HCPA espera fornecer ilhotas humanas para pesquisa e,

futuramente, se tornar um centro de referéncia de transplantes de ilhotas e pesquisa da

funcao das células B no Brasil.
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diabetes mellitus tipo 1.

41



Frasco com solugdo de
preservacao e pancreas

Ilhotas
digeridas

Digestéo

Recirculagio Diluigao
A Ilhotas
(3 < ” purificadas
|
Bolsa de infusdo | t . .
i' Cultura das ilhotas . Temdg
purificadas exdcrino

Figura 2: Isolamento das ilhotas pancreaticas e transplante: do doador ao receptor.
Adaptado a partir da referéncia (1). 1 = porta de amostragem para coleta e
monitoramento das ilhotas digeridas; 2 = sonda de temperatura para monitoramento da
temperatura da cdmara (37°C); 3 = Camara de Ricordi com esferas de silicone, pancreas
e solugdo de colagenase; 4 = bomba peristéltica para circulagdo das solugdes no sistema;

5 = serpentina de aquecimento localizada dentro de banho-maria a 50°C.
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Figura 3: Figura esquematica representando os principais componentes do pancreas:
acinos, vasos sanguineos e ilhotas de Langerhans e sua estrutura celular. Adaptado de

www.betacell.org.
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Tabela 1 - Investimento inicial necessario para a implantacdo do Laboratério de

Biologia das Ilhotas Pancreaticas Humanas no Servico de Endocrinologia — HCPA e

realizagdo de 10 isolamentos.

Valor (R$)
Instalacdes’ 181.410,50
Equipamentos® 490.000,00
Reagentes e materiais de consumo descartaveis

305.000,00
necessarios para 10 isolamentos de ilhotas pancreaticas’
Materiais de consumos nio descartaveis® 16.500,00
Treinamento dos funcionarios no exterior® 110.000,00
Bolsas de pesquisa (iniciagdo cientifica, apoio técnico e

215.904,00
pos-doutorado)’
Total 1.318.814,50

1 — Custeado pelo HCPA; 2 — Custeado com verbas de agéncias nacionais de fomentos

a pesquisa (CNPq, CAPES e FAPERGS); 3 — Custeados com verbas do FIPE-HCPA e

de agéncias nacionais de fomento a pesquisa (CNPq, CAPES ¢ FAPERGS).
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ABSTRACT

Background and Aims: Collagenases are critical reagents determining yield and
quality of isolated human pancreatic islets and may affect islet transplantation outcome.
Some islet transplantation centers have compared two or more collagenase blends;
however, the results regarding differences in quantity and quality of islets are
conflicting. Thus, for the first time, a mixed treatment comparison (MTC) meta-analysis
was carried out to compile data about the effect of different collagenases used for
human pancreas digestion on islet yield, purity and viability. Methods: Pubmed,
Embase and Cochrane libraries were searched. Of 755 articles retrieved, a total of 16
articles fulfilled the eligibility criteria and were included in the MTC meta-analysis.
Results: Our results revealed that Vitacyte and Liberase MTF were associated with a
small increase in islet yield (islet equivalent number/g pancreas) when compared with
Sevac enzyme [standardized mean difference (95% credible interval) = -2.11 (-4.09 to -
0.29) and -2.20 (-4.26 to -0.31), respectively]. However, all other enzyme comparisons
did not show any significant difference regarding islet yield. Moreover, percentages of
purity and viability were not significantly different among any of the analyzed digestion
enzymes. Conclusions: Our MTC meta-analysis suggests that the digestion enzymes
currently being used for islet isolation works with similar efficiency regarding islet

yield, purity and viability.

Keywords: mixed treatment comparison (MTC), meta-analysis, digestion enzymes,

transplantation islet
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INTRODUCTION

Human islet transplantation has become a promising treatment for type 1 diabetes
mellitus (TIDM) since several centers worldwide have replicated the isolation and
transplantation procedures defined by the Edmonton Protocol (1, 2). The Collaborative
Islet Transplant Registry (CITR) has recently published data from last decade, showing
improvement in efficacy and safety outcomes of islet transplantation (3). Both number
of islet infusions and adverse events per recipient dropped significantly in 2007-2010 as
compared to 1999-2006 (3). However, some centers were consistently more successful
than others (4), suggesting that post isolation islet quality and, consequently,
transplantation success are highly sensitive to the expertise and experience of the
centers performing the procedure.

Tissue dissociation enzymes are critical reagents determining yield and quality
of isolated human pancreatic islets and may significantly affect clinical outcomes (5).
The enzyme Liberase HI (Roche Applied Science, Indianapolis, USA) has been widely
used in human islet isolation procedures for clinical transplantation, and was considered
the enzyme of choice (5, 6). However, in 2007, serious concerns regarding the
utilization of this particular enzyme were raised up after the discovery that its
manufacturing process involved bovine brain-derived raw material, which have the
potential to transmit prion-associated diseases (7). Since then, efforts have been made to
replace the Liberase HI enzyme, such as purification of collagenase and protease
enzyme blend components as well as characterization of composition and digestion
efficacy of new enzymes (8, 9).

Current state-of-the-art digestion enzyme blends includes collagenase NB1

(Serva NBI1, Serva, Heidelberg, Germany), a mammalian tissue-free version of Liberase
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(Liberase MTF, Roche, Indianapolis, USA) and a new blend that enhances the
proportion of intact C1 collagenase (Clzyme HA, Vitacyte, Indianapolis, USA) (4, 10-
12). Some centers have compared two or more enzymes, and results regarding
differences in islet yield and viability are conflicting (5, 6, 8, 12-14).

Liberase HI and Serva NB1 have been the most widely investigated enzymes
for human islet isolation (4, 15). Nevertheless, even today, there is no standardization of
collagenase digestion in human islet isolation between centers, and this might account,
in part, for the high variability in islet isolation results (11). Moreover, all digestion
enzymes have never been directly compared with respect to islet isolation outcomes in
the same study. Given that evidence-based decision-making requires comparison of all
relevant competing interventions, network meta-analysis might provide useful evidence
for judiciously selecting the best enzyme for islet isolation. In this context, mixed
treatment comparison (MTC) meta-analysis, a special case of network meta-analysis,
compares all digestion enzymes using a single model. As a result, pairwise comparisons
are made by combining direct and indirect evidence or by using direct or indirect
evidence when only one of them is available, thereby synthesizing a greater share of the
available evidence than a traditional meta-analysis (16, 17). Therefore, in order to
define the most appropriate enzyme to be used in human pancreatic islet isolation, we
performed a MTC meta-analysis of studies that reported human islet isolation and
evaluated the effect of different pancreas digestion enzymes regarding to islet
equivalent number (IEQ)/g pancreas, islet viability and purity of the islet product.
Analyzed enzymes were as follows: Liberase HI, Serva NB1, Vitacyte, Liberase MTF,

Collagenase P, Sevac, Sigma V, Recombinant and Collagenase Custom.
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RESULTS

Literature search results and characteristics of the eligible studies

Figure 1 is a flow diagram illustrating the strategy used to identify and select studies for
inclusion in this systematic review and MTC meta-analysis. A total of 755 potentially
relevant citations were retrieved by searching the electronic databases, and 699 of them
were excluded during the review of titles and abstracts. Fifty-six articles, therefore,
appeared to be eligible at this point and had their full texts evaluated. However, after
critical reading of full texts, another 40 studies were excluded because of ineligible
study designs, duplicated results, absence of comparison of at least two types of
collagenases, no outcome of interest analyzed, and islet isolation from non-human
pancreas. A total of 16 articles fulfilled the eligibility criteria and were included in the
MTC meta-analysis.

Supplementary Table 1 summarizes the characteristics of the 16 selected
studies. Among these 16 studies, two of them compared more than two enzymes (8, 13):
one compared Liberase HI, Serva NB1, and Collagenase P (8), and the other compared
Liberase HI, Serva NBI1, Vitacyte and Liberase MTF (13). Six studies compared
Liberase HI vs. Serva NB1 (5, 10, 11, 14, 18, 19), two compared Serva NB1 vs.
Vitacyte (20, 21), one compared Serva NB1 vs. Sigma V (15), and one compared Serva
NBI1 vs. Liberase MTF (12). Four were conducted comparing Liberase HI with other
different enzymes (Collagenase P, Sevac, Recombinant and Collagenase Custom) (6,
22-24). Supplementary Table 2 depicts age, gender proportions, weight and body mass
index (BMI) of pancreatic donors included in the 16 selected studies, as well as the cold

ischemia time (CIT) of their pancreases.
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Evidence network

Figure 2 shows the evidence network of enzyme comparisons. From the evidence
network is possible to observe that some pairwise comparisons have only direct
evidence that comes from head-to-head studies (Custom vs. Liberase HI, for example),
some have only indirect evidence (for example, Custom VvS. Sevac evidence comes
indirectly from the trials comparing Custom Vvs. Liberase HI and Sevac vs. Liberase HI)
and other pairs have both direct and indirect evidence (Figure 2A). Eight enzymes were
compared for the outcome IEQ/g pancreas (Figure 2A), including 15 studies, totalizing
1221 analyzed pancreases. Seven enzymes were compared for viability (Figure 2B) and
derived from 9 studies including 537 pancreases. Seven enzymes were also compared

for purity (Figure 2C), derived from 10 studies including 880 pancreases.

Islet equivalent number (IEQ)/g pancreas
Figure 3A summarizes the results of the MTC meta-analysis of the effect of different
digestion enzymes on the standardized mean difference (SMD) of the IEQ/g pancreas.
Vitacyte and Liberase MTF enzymes were associated with significantly better results on
outcome IEQ/g pancreas as compared with the Sevac enzyme [-2.11 (-4.09 to -0.29) and
-2.20 (-4.26 to -0.31), respectively]. However, Vitacyte and Liberase MTF enzymes
showed no significant difference on this outcome when compared with the other
analyzed enzymes (Liberase HI, Serva NB1, Collagenase P, Sigma V, and Collagenase
Custom). Moreover, these other enzymes also did not show any significant differences
when compared with each other (Figure 3A).

Figure 4 shows the estimated probability that each enzyme is ranked first,
second, third and so on as being the most effective enzyme in generating better results

on the analyzed outcomes. For the outcome IEQ/g pancreas, Liberase MTF was the
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enzyme that had the greatest probability of being the best enzyme (46%), followed by
Vitacyte (34%) (Figure 4C). The other enzymes showed similar probabilities of being

ranked the first best enzyme.

Viability and purity

Figure 3B summarizes the results of the MTC meta-analysis of the effect of different
enzymes on the unstandardized weighted mean difference (WMD) of both islet viability
and purity of the islet product. Our results revealed that percentages of purity and
viability were not significantly different when using any of the analyzed digestion
enzymes. Nevertheless, when evaluating the estimated probability of each enzyme being
the best effective enzyme in generating better purity and viability of the islets (Figure
4A and 4B, respectively), the Vitacyte enzyme showed a 35% probability of being the
most effective enzyme in generating higher islet viability, followed by Collagenase
Custom (23%) and Serva NB1 (22%) enzymes. For purity outcome, the Recombinant
enzyme showed the greatest probability of being the best enzyme (29%), followed by
Collagenase P (21%), Vitacyte and Sevac (15%), Liberase MTF (8%), and Serva NBI

and Liberase HI (6%) (Figure 4A).

Data quality and inconsistence checking

We assessed the quality of each individual study included in the meta-analyses using
GRADE (The Grading of Recommendation Assessment, Development and Evaluation)
recommendations (25). For each outcome (IEQ/g pancreas, islet viability and purity),
studies were evaluated for risk of bias, imprecision, inconsistency, indirectness,
magnitude of the treatment effect and presence of a dose-response gradient. The quality
of the evidence was then classified as high, moderate, low or very low. Studies included

in our MTC meta-analyses are not-blinded observational studies with non-direct
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outcomes and are associated with conflicting results mainly due to inter-study
heterogeneity. Therefore, using the GRADE recommendations, the evidence was
classified as low to very low quality for the three outcomes.

One key assumption of MTC meta-analysis models is the consistency between
direct and indirect evidence, that is, if the information of both sources of evidence are
similar enough in order to be combined. Therefore, the interpretation of the MTC meta-
analysis results should rely on this assumption (17, 26). Thus, it is important to stress
out that our results showed that there is no significant inconsistency between direct and
indirect evidences for the outcomes IEQ/g pancreas, islet viability and purity

(Supplementary Table 3).

DISCUSSION

In the present MTC meta-analysis, the majority of collagenases used for pancreas
digestion were similar for islet yield, islet purity and islet viability outcomes. The only
exception was a small and not clinically relevant increment in the islet yield when
Vitacyte and Liberase MTF enzymes were used as compared with Sevac. Islet yield
(IEQ/g pancreas), purity and viability were chosen as outcomes for our meta-analysis
since they are validated islet batch product release criteria for human islet
transplantation (27).

The original islet isolation protocol currently being used at most islet processing
centers was first described by Ricordi et al. (28) in 1988 and, since then, each islet
isolation center has refined the isolation protocol. Centers have improved their own
isolation protocols by developing new digestion enzyme combinations, by modifying

the media and procedures, and by adding various reagents to the culture media (29).
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However, even though a human pancreas contains an estimated one to two million islets
(30), it is still difficult for islet processing laboratories to consistently obtain sufficient
quantities of intact islets from different donors (30, 31). Scientists performing human
islet isolation face several challenges to get a sufficient yield of islet for clinical
transplantation, which is typically achieved only in fewer than 45% of human donor
pancreas isolations (32). Assuming that the team is experienced in human islet isolation,
the two primary factors that influence the islet yield and quality are donor variables and
the tissue digestion enzyme quality (33). In this scenario, the standardization of all
procedures used during human islet isolation is an essential requisite for the
reproducible production of sufficient numbers of good-quality islets and, consequently,
for the establishment of a successful clinical transplant program (29, 34).

The critical procedure of islet isolation is a mechanically enhanced enzymatic
digestion of the pancreas, which allows dissociation and freeing of the islets from the
surrounding acinar tissue (35, 36). Collagenase plays a crucial role in dissociating the
pancreas during enzymatic digestion phase (8), but the heterogeneity of enzyme
preparations has hindered the standardization of the collagenase digestion protocol in
human islet isolation, and continue to hamper a process that is inherently difficult to
control (15, 30). Some studies have attempted to identify the most suitable digestion
enzyme to be used in islet isolation (5, 8, 13, 14, 20, 21). However, taking into account
that these studies analyzed different enzymes, and used different enzyme lots or
different isolation protocols, presently, it is difficult to conclude which, among the
available digestion enzymes, best suits the islet isolation procedure. Thus, making many
laboratories base the selection on personal experience.

Since Clostridium histolyticum collagenase became commercially available in

the early 1960s, it has been widely used as a tissue-dispersing enzyme (37-39). The
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Liberase HI was introduced in 1994 as the first dissociation enzyme blend specially
developed to isolate human islets. This low-endotoxin product contains purified
collagenase from C. histolyticum, class I and class II isoforms, and a thermostable
purified bacterial neutral protease (Dispase® or Thermolysin) active at neutral pH (6,
21). Class I and II isoforms are identified by differences in their substrate specificity
and work synergistically to degrade collagen (33). Neutral protease is thought to further
enhance the degradation of all major components of the extracellular matrix, also
playing an important role in enzymatic digestion (40-42).

The development of Liberase HI blend dramatically improved human islet
isolation, consistently yielding large number of islets without compromising their
functional viability, and has become the preferred blend for clinical islet isolation by
many islet transplant programs (6, 30). Unfortunately, in 2007, following
recommendations from the Food and Drug Administration (FDA), this enzyme blend
was withdrawn from the market due to the potential, although low, risk of prion disease
transmission (7, 10). After the Liberase HI became unavailable for clinical use, clinical
islet transplant centers were forced to identify a substitute enzyme blend that
consistently produced sufficient number of good-quality islets for transplantation.

The enzyme blend that then became available and is now used by many centers,
including those in the Clinical Islet Transplantation Consortium (CITR), is a
combination of a current Good Manufacturing Practice (cGMP) grade collagenase
(collagenase NB1) and a cGMP neutral protease (NB) that is manufactured by Serva
Electrophoresis (10, 43). Collagenase NB1 and neutral protease NB are reconstituted
separately and mixed immediately before use to minimize degradation of the

collagenase by neutral protease. Consequently, a theoretical advantage of the Serva
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NBI1 blend is that the amounts of collagenase and neutral protease can be adjusted
independently to match the size of pancreas being processed (10, 43).

According to the certificate of analysis, the biochemical activity of Serva NB1 is
similar to Liberase HI, but its parameters for optimal use are different and many
experienced centers have had inconsistent results using this product for clinical islet
isolation (10, 43). Interestingly, recent data from CITR show improvement in primary
efficacy and safety outcomes of islet transplantation in recipients who received
transplants in 2007-2010 compared with those in 1999-2006, with fewer islet infusions
and adverse events per recipient (3). Although these dates coincide with the switch in
the use of Liberase HI enzyme to Serva NB1 enzyme, it is not possible to conclude that
the improvement of the islet transplantation results in more recent years is only due to
the utilization of Serva NB1 blend, since no randomized clinical trials were performed
specifically to compare these two enzymes.

An analysis of more than 400 human islet isolations demonstrated that the
efficacy of an enzyme blend is extremely important for a successful isolation process
and posttransplant function after human islet allotransplantation (44). Consequently, the
selection of an appropriate enzyme blend is a critical step in the process of islet
isolation. Thus, aiming at improvement of islet isolation and clinical transplantation,
other state-of-the-art enzyme blends were recently developed: Liberase MTF, which is a
tissue-free version of Liberase HI manufactured in a manner similar to the previous
Liberase; and Vitacyte enzyme blend, which has an enhanced proportion of intact Class
1 isoform collagenase (4, 10-12). At the present time, Serva NB1, Liberase MTF, and
Vitacyte products seem to perform with similar success, but head-to-head comparisons
are pending to determine the optimal enzyme blend that maximizes human islet yield

and quality (4). As already commented, some centers have compared two or more
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enzymes and were included in our meta-analysis, but individual results regarding
differences in islet yield and viability are conflicting (5, 8, 13, 14, 20, 21).

In this scenario, our MTC meta-analysis combined direct and indirect evidence;
allowing comparisons among enzymes even when head-to-head studies were not
available. Combining results from direct and indirect evidences in a MTC model might
yield a more refined and precise estimate of the interventions directly compared and a
broader inference to the population sampled because it links and maximizes existing
information within the network of treatment comparisons. Moreover, a major advantage
of the MTC-Bayesian approach is that the method naturally leads to a decision
framework that supports decision making (16, 17). Such a fact might help researches in
selecting the most appropriate enzyme for islet isolation. In this context, our results
from the MTC meta-analysis did not indicate any significant difference between the
enzymes most commonly used regarding the analyzed outcomes. Nonetheless, it is
worth noting that when we evaluated the ranking of the best enzyme for IEQ/g
pancreas, Liberase MTF and Vitacity enzymes demonstrated a slightly superiority when
compared to the other enzymes. Furthermore, regarding the most used enzymes
nowadays, Vitacity and Serva NBI also seems to have a slightly superiority when
analyzing the viability outcome.

Recently, Balamurugan et al. (45) evaluated ecight different enzyme
combinations in an attempt to improve islet yield. The enzyme combinations consisted
of purified, intact or truncated Class 1 and Class 2 collagenases from C. histolyticum
(Ch), and neutral protease (NP) from Bacillus thermoproteolyticus rokko (thermolysin)
or from C. histolyticum. A new enzyme mixture composed of the Vitacyte blend and a

neutral protease from C. histolyticum was able to recover the highest islet yield while
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retaining islet quality and function (45). Probably, future comparisons will be made
analyzing this new enzyme mixture.

The present study has some limitations. First, most of the articles included are
observational retrospective studies rather than randomized clinical trials. Second, the
general quality of these studies was considered low according to GRADE guidelines
(25), raising the possibility of bias. Third, for some enzyme comparisons, only a few
studies were available to be included in the MTC meta-analysis. Fourth, heterogeneity is
potentially a significant problem when interpreting the results of any meta-analysis, and
our meta-analysis showed significant inter-study heterogeneity in almost all analyses.
The heterogeneity that we observed could originate from the improvement of islet
isolation over the years, as well as differences in donor selection, enzyme lots, isolation
procedures, culture medium and other reagents used for promoting islet survival.
Besides that, it could also raise from differences in expertise of the isolation teams (29,
34, 46-49). Without detailed information on these variables we cannot exclude the
possibility that the heterogeneity observed might reduce our power to detect true
differences between enzymes. However, we believe that our results are still robust since
we applied a Bayesian model to explore the effects of indirect evidence between studies,
which is thought to be the most appropriate method for MTC meta-analysis (16, 50).

In summary, improvement of islet isolations and standardization of these
procedures are important prerequisites for the success of clinical islet transplantation.
Thus, although this MTC meta-analysis has some limitations, this is the first study that
provides a useful and complete picture of the comparison between the enzymes used in
islet isolation. Our MTC meta-analysis suggests that the enzymes most widely used

nowadays works with similar efficiency regarding to islet yield, purity and viability.
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Only a few studies compared Vitacyte and Liberase MTF blends; therefore, further

studies are necessary to compare these new enzymes.

METHODS

Search strategy and study selection

This study was designed and described in accordance with current guidelines (51, 52).
To identify studies that reported human islet isolation and compared different enzymes
for pancreas digestion, we performed an electronic literature search in Medline, Embase
and Cochrane libraries, without date restriction, using the following medical subject
readings (MeSH): “pancreas islet transplantation” OR “pancreas islet and collagenase”
OR “islet isolation” AND “clostridiopeptidase” OR “collagenase” OR “Serva” OR
“Liberase” OR “Sigma V” OR “Vitacyte” OR “Liberase MTF” OR “NB1 Premium
Grade” OR “Clzyme collagenase HA” OR “Liberase HI” OR “Clostridium
histolyticum”. The search was limited to human and English or Spanish language papers
and was completed on August 22, 2013. All included articles were also hand-searched
to identify any other relevant citations. An effort was made to contact authors for
missing information.

Two investigators (J.R. and R.C.) independently reviewed the titles and
abstracts of all retrieved articles in order to evaluate whether the studies were eligible
for inclusion in the systematic review. Disagreements were resolved by discussion
between them and when necessary a third reviewer (D.C.) was consulted. When
abstracts did not provide enough information regarding the inclusion and exclusion
criteria, the full text of the article was retrieved for evaluation. Studies were considered

eligible for inclusion if they fulfilled the following criteria: 1) the study should have
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been performed in human pancreatic islet isolation; 2) it should have tested at least two
types of collagenases; and 3) it should have analyzed one or more of the outcomes of
interest: IEQ/g pancreas, islet viability and purity of the islet product. If data were
duplicated and had been published more than once, the most complete study was

chosen.

Data extraction and quality analysis

Data were independently extracted by two investigators (J.R. and R.C) using a
standardized abstraction form and a consensus was sought in all extracted items. When
consensus could not be reached, differences in data extraction were resolved by a third
reviewer (D.C or C.B.L.) and by referencing the original publication. The information
extracted from each individual study was as follows: author’s first name, publication
year, name of collagenases used, number of subjects in each group, donor’s
characteristics (age, gender, weight, BMI, and cause of death), characteristics of the
pancreas (weight, CIT, and digestion time), and data about the outcomes of interest
previously described.

Two investigators (J.R. and R.C) independently assessed the quality of each
eligible study using GRADE recommendations (25). GRADE classifies quality of
evidence into four categories: high, moderate, low or very low. The quality assessment
includes factors such as the study design (risk of bias), imprecision, inconsistency,
indirectness, and publication bias. Some factors, particularly relevant to observational
studies, which may lead to rating up quality, were including - magnitude of treatment

effect and the presence of a dose—response gradient (25).
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Statistical analyses

Outcomes of interest were IEQ/g pancreas, islet viability and purity. The effects of each
digestion enzyme on the outcome were analyzed using a Mixed Treatment Comparison
(MTC) meta-analysis, conducted by using Markov-Chain Monte Carlo simulations and
fitted in the software WinBUGS version 1.4.3 (Medical Research Council Biostatistics
Unit, Cambridge, United Kingdom). The MTC meta-analysis is a generalization of
traditional pairwise meta-analysis that allows all evidence from multiple treatments to
be taken into account simultaneously in a single model, combining direct and indirect
evidence. It can be applied whenever a connected network of evidence is available, and
is highly flexible, allowing the inclusion of data from multiple-arm studies (16, 17).

For this MTC meta-analysis, the Liberase HI enzyme was considered the
baseline enzyme and both fixed effect (FE) and random effect (RE) models were fitted
for each outcome. The choice between FE or RE models was made comparing the
competing models using the deviance information criteria (DIC). For each model,
goodness-of-fit to the data was evaluated using residual deviance (53).

Therefore, the results are shown for RE models conducted using Markov chains.
Each chain used 300,000 iterations with a burn-in of 50,000 and a tinning interval of 40.
Vague prior distributions were used for all models. Due to the high variability found for
the variable IEQ/g pancreas, the results for this outcome are summarized as median of
the SMD calculated by the Hedges method (49, 52). For viability and purity, the results
are shown as median of the unstandardized WMD. For all outcomes, 95% credible
intervals (Crls, the Bayesian equivalents of CI) are also shown (16).

One particularly useful characteristic of MTC models is the possibility to
calculate the expected ranking of efficacy for all treatments based on the posterior

probabilities of all treatment rankings (i.e., probability of being the best, probability of
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second best, and so on) (16, 17, 54). Thus, we calculated the probability of each
digestion enzyme to be the most effective (first-best) enzyme, the second-best, the third-
best, and so on, for our outcomes, and presented the results graphically in Figure 4.
When direct and indirect evidences are combined for a particular pairwise
comparison, it is important to check if there is no discrepancy between direct and
indirect evidences. Therefore, this consistency assumption should be accounted for (17).
In this study, the consistency assumption was checked using posterior plots and the
Bayesian P-values produced by the node-splitting method proposed by Dias et al. (26).
In this approach, each pairwise comparison in a closed loop of the evidence network has
its direct and indirect components compared. The evidence of a pair was considered
inconsistent if the resulting P value was smaller than the significance level (o = 0.05)

adjusted for multiple comparisons (26).
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755 studies 1dentified through electronic
database search

1699 studies excluded baged on title and abstract review

56 articles detailed assessed for eligibility

40 studies excluded due to:
- Inappropriate study design (n=2)
- Duplicated results (n=3
- No testing of at least two types of colagenase (n=25
- No outcome of inferest analyzed (n=9)
- Non — himan islet 1solation (n=1)

16 studies included
i MTC meta-analysis

Figure 1: Flowchart illustrating the search strategy used in the systematic review and

mixed treatment comparison meta-analysis.
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Figure 3: Mixed-treatment comparison (MTC) meta-analysis of the effect of different
digestion enzymes on changes of islet equivalent number (IEQ)/g pancreas, islet purity and
viability. 3A: MTC of the effect of different enzymes on the median of the standardized
mean difference (SMD) of the IEQ/g pancreas. Results are SMD [(95% credible interval

(CrD] in the column-defining enzyme compared with the row-defining enzyme. A negative
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value favors the column-defining enzyme. 3B: MTC of the effects of different enzymes on
the median of the unstandardized weighted mean difference (WMD) of islet purity and
viability. Results are WMD (95% Crl) in the column-defining enzyme compared with the
row-defining enzyme. For viability, a negative value favors the column-defining enzyme,
and for purity, a negative value favors the row-defining enzyme. Significant results are in

bold and underlined.
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islet product; B: Rank for islet viability; and C: rank for islet equivalent number (IEQ)/g pancreas.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1: Summary of studies comparing at least two types of digestion enzymes and outcomes assessed.

Enzymes n Outcomes
Bucher (2005) Liberase 9 IEQ/g , Purity, Viability, SI, In vivo function (human and non-
Serva 9 human)
Sabek (2008) Liberase 123
Serva 113 IEQ/g , Purity, In vivo function (non-human)
Collagenase P 53
Anazawa (2009) Liberase 40
IEQ/g , Purity, Viability, In vivo function ( human)
Serva 46
Szot (2009) Liberase 49
IEQ/g
Serva 14
Brandhorst (2010) Liberase 101
IEQ/g, Purity, SI
Serva 96
Shimoda (2010) Liberase 9
IEQ/g , Purity, Viability, SI
Serva 7
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Iglesias (2012)

Mizawa (2012)

Linetzky (1997)

O’ Gorman (2005)

Olack (1999)

Brandhorst (2003)

Caballero (2009)

Balamurugan (2010)

Vitacyte
Liberase MTF
Liberase
Serva
Liberase
Serva
Liberase
Collagenase P
Liberase
Custom
Liberase
Sevac
Liberase
Recombinant
Serva
Vitacyte

Serva

46

20

50

40

50

36

43

25

13

10

51

25

18

18

26

IEQ/g, SI

IEQ/g , Purity, Viability, SI, In vivo function ( non-human)

IEQ/g

IEQ/g , Viability, SI

IEQ/g , Purity

Purity, Viability, SI, In vivo function (non-human)

IEQ/g, Purity, SI

IEQ/g, Viability, SI
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Vitacyte
O’ Gorman (2010) Serva

Liberase MTF
Wang (2011) Serva

Sigma V

14

24

42

52

IEQ/g , Purity, Viability, SI

IEQ/g , Viability, SI

IEQ/g = islet equivalent number /g pancreas. SI = Stimulation Index.
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Supplementary Table 2: Summary of the main characteristics of the donors included in the study as well as the cold ischemia time of

their pancreases
Age (years) Gender (% male)  Donor weight (Kg) CIT BMI
Enzymes
Mean SD Mean SD Mean SD Mean SD Mean SD
Bucher (2005) Liberase 46 11 81 7 5.6 2 26 4
NI NI
Serva 48 11 77 8 54 2 25 2
Sabek (2008) Liberase 41 15 61 11.6 4 25 7
Serva 41 14 50 NI NI NI 13.3* 4 25 7
Collagenase P 41 16 53 11.9 3 28 7
Anazawa (2009) Liberase 39.6* 11.8 35 NI 69.8 18.2 <1h NI 24.7 6.2
Serva 335 14.4 21.7 66.4 23 <1h 24.5 5.7
Szot (2009) Liberase 45% 10 122% 27 NI NI 37.7% 8.6
NI NI
Serva 37 12 105 15 59 1.5 32 5.7
Brandhorst (2010) .
Liberase 52.9 10 57.4 NI NI NI 8.7 3 26 4
Serva 54.1 10.8 54.2 93 39 25.7 3.9
Shimoda (2010) .
Liberase 42 9 NI NI NI NI 4.1 1.9 32 6
Serva 39 13.2 33 0.6 29 53
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Iglesias (2012)

Mizawa (2012)

Linetzky (1997)

O’ Gorman (2005)

Olack (1999)

Brandhorst (2003)

Caballero (2009)

Vitacyte
Liberase MTF

Liberase

Serva

Liberase

Serva

Liberase

Collagenase P

Liberase

Custom

Liberase

Sevac

Liberase

Recombinant

Serva

40
36

47.8
45.2

43.8
40

36
30.3

45
44.8

47
52

44.8
45.7

534

14
12

10.9
9.8

9.9
10.8

13.6
12.6

13.8
15.5

10
13

12.1
11.5

9.8

NI

70
65

NI

NI

54
50

529
64

61.1

NI

NI

NI

NI

NI

NI

NI

94.6*
83.5

89.1
84.9

78.3
86.9

NI

NI

NI

NI

21.2
19.7

18.4
17.1

25
29

NI

NI

NI

NI

3.0
1,9

8.6

10.3
10.6

8.8
11.2%*

9.1
8.2

8.8

7.7
8.5

9.8

1.4
1,2

3.1
4.1

4.2
0.9

39
5.1

35

23
32

2.1
2.5

34

25
25

324
28.5

29.9
28.5

NI

27.1
26.3

29%
23.6

26.2
26.9

25.6

6.6
6.7

4.9
44

NI

4.9
55

39
39

43

2.5
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Vitacyte 53.5 8.9 61.1 9.7 34 259 3

Balamurugan (2010)

Serva 42,3+ 129 482 88 37 30 63
NI NI NI

Vitacyte 345 88 49 73 29 33.5 72

O’ Gorman (2010) (- 53.5 7.8 102 29 298 5.9
NI NI NI NI

Liberase MTF 53.2 1.5 81 29 28.9 8.2

Wang (2011) Serva 48.5 26 48 888 199 93 29 28.9 6.6

Sigma V 474 129 538 823 195  106* 24 273 5.8

Data are expressed as mean + SD (standard deviation). BMI = body mass index. CIT = cold ischemia time. NI = not informed. * P <

0.05.
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Supplementary Table 3: Evaluation of the consistency assumption between direct and indirect evidence used in the mixed treatment

comparison (MTC) meta-analysis.

Enzymes - IEQ/g pancreas

Direct

Indirect

MTC

p-value

Liberase HI vs Serva NB1

vs Vitacyte

vs Liberase MTF
Vitacyte vs Liberase MTF
Viability
Liberase HI vs Serva NB1

vs Collagenase P

Vs Vitacyte
Collagenase P vs Vitacyte
Purity
Liberase HI vs Serva NB1

vs Vitacyte

vs Liberase MTF

Vitacyte vs Liberase MTF

0.22 (-0.31; 0.83)
0.85 (-0.80; 2.86)
1.48 (-0.16; 3.40)

0.17 (-1.58;2.01)

2.17 (-2.56; 6.32)
422 (-3.28; 13.39)
0.79 (-5.79; 8.95)

-3.27 (-11.35; 4.51)

1.97 (-5.40; 8.35)
-16.03 (-42.21; 8.22)
-18.94 (-38.65; -1.45)

-7.62 (-26.74; 14.13)

0.68 (-1.07; 2.76)
0.82 (-0.39; 2.13)
0.40 (-1.25;2.12)

-0.24 (-2.28; 1.85)

4.19 (-5.42; 14.39)
1.07 (-8.49; 9.83)
1.21 (-8.49; 10.25)

-1.26 (-12.81; 9.33)

-25.89 (-47.40; -5.94)
7.51 (-16.69; 30.96)
10.51 (-10.86; 31.22)

12.24 (-12.47; 38.64)

0.17 (-0.31; 0.74)
0.66 (-0.25; 1.71)
0.75 (-0.31; 1.98)

0.09 (-1.14; 1.36)

2.32 (-1.29; 5.43)
2.50 (-2.37; 7.55)
0.21 (-4.93; 5.67)

-2.29 (-7.80; 3.36)

-0.33 (-11.70; 10.26)
-1.73 (-23.10; 18.10)
-4.09 (-24.30; 15.55)

2.41 (-25.52; 21.68)

0.6040

0.9760

0.3322

0.7260

0.5352

0.3746

0.9264

0.6672

0.0140

0.1570

0.0328

0.1862
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CONCLUSAO

O transplante de ilhotas pancreaticas ¢ considerado tratamento clinico para “DM1 14bil” em
alguns paises. Com a infusao de ilhotas € possivel verificar uma diminui¢ao na ocorréncia
de hipoglicemias graves, melhora no controle glicémico e independéncia a insulina pelo
menos por alguns anos. No entanto, no Brasil e em varios outros paises, o procedimento ¢é
considerado ainda pesquisa experimental. Dessa forma, esfor¢os tém sido feitos para
melhorar as etapas do isolamento, padronizar essas etapas e treinar equipes para que esse
procedimento possa ser incorporado futuramente na pratica clinica. Para tal, a equipe do
Laboratério de Biologia das Ilhotas Pancreaticas Humanas do HCPA estd em constante
treinamento e realizando pesquisas relacionadas. Neste contexto, nossa meta-andlise MTC
foi desenvolvida visando fornecer uma avaliacdo util e completa da comparagdo entre as
diferentes enzimas de digestdo utilizadas no isolamento de ilhotas pancreaticas humanas.
Nosso estudo sugere que as enzimas mais utilizadas apresentam uma eficiéncia similar em
relacdo a qualidade e quantidade das ilhotas isoladas. Entretanto, verificou-se a necessidade

de estudos que proporcionem um grau de recomendacao mais alto.
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