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PREFACIO

Esse trabalho ¢ fruto de uma colaboragdo entre Portugal, Alemanha e Brasil na area de
eletrofisiologia para diagnostico de fibrose cistica, em busca da cura.

Trabalhar em equipe ¢ desafiador, uma arte que devemos aprender a valorizar e cultivar.
Para mim foi uma dadiva. Transformou minha vida e quem sabe pode vir a transformar muitas
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RESUMO

A Fibrose Cistica (FC) ¢ uma doenca genética autossdmica recessiva, comum em
caucasianos. Tem incidéncia de 1: 2.500 a 1: 6.000 nascidos vivos e 1: 25 em portadores sdos na
Europa e EUA e no Brasil a incidéncia estimada é de 1:10.000 nascidos vivos. E causada pela
presenca de dois genes CFTR (do inglés Cystic Fibrosis Transmembrane Conductance Regulator)
mutados, que codificam uma proteina também denominada CFTR. A CFTR ¢ o principal canal de
Cloro (CI), ¢ expressa na membrana apical das células epiteliais dos tratos respiratorio e
digestorio (pancreas, figado e intestino), nas glandulas sudoriparas e salivares, ¢ no aparelho
reprodutor masculino. Regula o transporte de i6ns e de agua.

O comprometimento ou a auséncia da fun¢do da CFTR promove a desidratacdo das
mucosas com producdo de um muco viscoso com consequente obstrugdo das vias respiratérias e
ductos das glandulas exocrinas determinando o fenotipo da FC. O grau de fungdo da CFTR sera
determinante da gravidade da doenga.

Até a data, ja foram descritas cerca de 2000 mutacdes no gene CFTR. A F508del ¢ a
mutacdo mais prevalente, esta presente em 85% dos pacientes a nivel mundial e em 65% no
Brasil. As mutacdes podem ser classificadas em 6 grupos de acordo com o defeito molecular e
celular e determina o fendtipo da FC. Pode ser classificado em: classico e ndo clédssico. O classico
¢ o mais conhecido e frequente e apresenta sintomas graves. O ndo cldssico ocorre em cerca de
15% dos doentes e apresenta sintomas mais brandos, com diagnostico em geral complexo e tardio.

A FC ¢ assim um “espectro de doengas” e o seu rastreio precoce na triagem neonatal
(TNN), antes mesmo dos primeiros sintomas, abre novas perspectivas de progndstico por isso ¢
emergente a necessidade de métodos acurados que determinem a fun¢do da CFTR, direcionando
uma terapia individualizada, em busca da cura.

A primeira parte deste trabalho procurou consolidar a medi¢ao da fun¢do do canal CFTR
em biopsias retais como um marcador biologico para diagnostico e prognostico da FC; a segunda
descreveu a realizacdo da biopsia retal e suas particularidades sob a otica dos pacientes e da
técnica. A terceira abordou a realizacdo do teste do suor (TS) no estado de Sdo Paulo (SP)
expressando o panorama brasileiro do TS. Desta forma, entre 2007 e 2010 foi realizado estudo
prospectivo de pacientes atendidos no ambulatério de FC do Hospital das Clinicas (HC) da
Universidade Estadual de Campinas (Unicamp) com e sem FC submetidos a bidpsia retal. Em

2013 foi aplicado em 14 servigos (9 publicos, 5 privados) que realizam o TS, um questionario

XXV




qualitativo através de visita as sete cidades que contam com Centros de Referéncia para
atendimento de pacientes com FC em SP.

Nossos resultados demostraram que a determinagdo de Cl” em biopsias retais mediadas
pela CFTR ¢ um biomarcador robusto, sensivel, preditivo e reprodutivel para o diagnostico e
prognodstico da FC e com potencial uso para ensaios pré-clinicos de terapias moduladoras da
CFTR.

A pinga jumbo e a solugdo salina fisiologica determinaram as melhores amostras para os
estudos bioquimicos e de eletrofisiologia, a grande maioria dos individuos entrevistados nao
relataram maiores desconforto (76%), sendo a técnica utilizada segura e reprodutivel.

O estudo do TS em SP demonstrou a necessidade urgente de equipamentos adequados de
estimulacdo ¢ dosagem do Cl no suor, associado a normatizagdo da técnica e treinamento de
pessoal capacitado para a sua realizagao.

Dando seguimento a este trabalho, estamos implementando novas ferramentas diagndsticas
para a FC: a avaliagdo eletrofisiolégica da CFTR em camara de Ussing através da cultura de
células nasais e/ou organoides e da un¢do da CFTR na glandula sudoripara pelo evaporimetro. Por
fim, todos os métodos de avaliagdo diagnostica devem respeitar procedimentos operacionais
padrdao (POP), sendo que alguns nomeadamente os de eletrofisiologia, ainda dispdem de aplicagdo

limitada a poucos centros no mundo.

Palavras-Chave: Eletrofisiologia; Cloro; Bidpsia; Suor; CFTR.
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ABSTRACT

Cystic Fibrosis (CF) is an autosomal recessive genetic disease, common among
Caucasians. In Europe and USA, it has an incidence of 1:2,500-1:6,000 in newborns and 1: 25
for healthy carriers. In Brazil, the estimated incidence is 1:10,000 in newborns. It is caused by
the presence of two mutated CFTR (Cystic Fibrosis Transmembrane Conductance Regulator)
genes encoding for CFTR protein, a Chloride (Cl') channel expressed at the apical membrane of
epithelial cells. CFTR is the main regulator of ion transport and water. Its defect leads to
dehydrated epithelia and to the production of viscous mucus secretions that clogs the airways
and ducts of exocrine glands, leading to the clinical manifestations of CF disease, mostly
affecting the respiratory and digestive tracts (pancreas, liver and intestine). CFTR is also
expressed in the sweat and salivary glands, and in the male reproductive system. The degree of
CFTR function will determine the severity of the disease.

About 2000 mutations have been already described in the CFTR gene. The F508del is the
most prevalent, present in 85% of patients worldwide and 65% in Brazil. Mutations can be
classified into six groups, depending on the molecular and cellular defect, and also determining
the severity of the CF phenotype: Classical and Non-Classical. The Classical phenotype is best-
known and frequent, presenting severe symptoms,; but the Non-Classical phenotype, representing
~15 % of all CF patients, shows atypical symptoms, with variable organ involvement, which
make the diagnosis difficult and often late.

CF thus includes a "spectrum of diseases" and its early detection in newborn screening,
even before the first symptoms, opens up new perspectives for prognosis. Since CF diagnosis
requires proof of CFTR dysfunction, there is an emerging need for accurate methods capable of
detecting CFTR function with high sensitivity and of directing CF therapy, in the quest for the
most appropriate treatment.

The first part of this study sought to consolidate the measurements of CFTR channel
function in rectal biopsies as a biomarker for CF diagnosis and prognosis. The second part
focused on the rectal biopsies procedure and its technical aspects and also on how it is perceived
in the patients’ perspective. The third part, approached how the sweat test (ST) procedure is
carried out in CF centers in the state of Sdo Paulo (SP), so as to assess the Brazilian scenario for
the ST. To this end, between 2007 and 2010, we conducted a prospective study of patients seen at
CF outpatient clinic, of the Clinical Hospital (HC) — State University of Campimas (Unicamp)
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who underwent rectal biopsy and we also included non-CF subjects as controls. In 2013, a
qualitative questionnaire was applied to 14 services (9 public, 5 private) which perform the ST by
visiting the 7 cities of SP which have reference CF care centers.

Data shown that determination of CFTR-mediated Cl secretion in rectal biopsies proved
to be a robust, sensitive, and reproducible predictive biomarker for CF diagnosis and prognosis,
besides being a safe technique with the potential for use in preclinical trials of CFTR modulating
therapies.

The jumbo forceps and saline solution determined the best samples for electrophysiology
and biochemical studies. Moreover, the great majority of the individuals tested by this procedure
did not report major discomfort (76%).

The work assessing the achievement of ST in SP, demonstrated an urgent need for
adequate equipment for the stimulation of sweat and also for the measurement of Cl in sweat,
associated with standardization and training of specialized personnel for its implementation.

As a follow up of this work, we are already implementing new diagnostic tools for CF,
namely: the study of CFTR function in the sweat gland by the evaporimeter and in cultured nasal
cells by Ussing chamber. Finally, all diagnostic methods must comply with strict standardized
operation procedures (SOP) and some, including electrophysiology, still have limited use in few

centers worldwide.

Keywords: Electrophysiology; Chloride; Biopsy, Sweat; CFTR.
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I. Historico

Nas sociedades primitivas da Europa Oriental, antes mesmo da idade média, varios relatos
histéricos (achados em escavagdes) indicavam naquelas populagdes que ja havia associagdao de
alguns sintomas caracteristicos da fibrose cistica (FC) a 6bitos (cfmedicine; Andersen, 1938).

Virias referéncias folcloricas na era medieval previam a morte para criancgas de “gosto
salgado" quando beijadas. Acreditavam estar "enfeiticadas" (cfmedicine).

Pieter Paul (1564-1617), professor de botanica e anatomia da Universidade de Leiden,
Holanda, em 1595, faz a primeira descri¢do do comprometimento do pancreas em uma crianga de
11 anos que certamente morreu com FC: “Ela apresentava sintomas estranhos durante oito anos.
A morte havia sido causada pelo pancreas...” (cfmedicine).

Alonso y de los Ruyzes de Fonteca (1606), professor de medicina na Universidade de
Henares (Espanha), faz o primeiro relato de suor salgado. Ele descreve, de forma pitoresca, que
as criangas identificadas pelo gosto salgado, ao se esfregarem os dedos na testa, estariam
enfeiticadas e morreriam logo (Quinton & Bijman, 1983; Quinton, 2007). Registros anedoticos
de meados de 1600 relatam condi¢des que provavelmente refletiam a esteatorréia decorrente da
insuficiéncia pancreatica. Em 1888, Samuel Gee, Hospital St Bartholomew, descreveu uma

"

sindrome que denominou “afeicdo celiaca” da seguinte forma: "... existe uma espécie de

indigestdo crénica que se encontrou em pessoas de todas as idades, mas ¢ especialmente
susceptivel de afetar criangas entre um e cinco anos. Sinais da doenca sdo gerados pelas fezes
soltas, sem forma, mais volumosas que a quantidade de alimento ingerido parece dar
conta; palida, como se desprovida de bile; fermentada e espumante, provavelmente devido a
fermentacgdo; fedorenta, fedor frequentemente grande, consequéncia da comida ter sofrido
putrefacdo, em vez de mistura”. Registros também do final do século 19 descrevem complicagdes
de meconio associadas a lesdes pancreaticas. Landsteiner, que também definiu os grupos
sanguineos, publicou a primeira descricdo do ileo meconial (IM) associado a enfermidade
pancreatica (Landsteiner, 1905; Quinton, 1999).

| A virada do século 20 trouxe as primeiras observa¢des que comecaram a

associar doenca pulmonar com diarréia e fungdo pancreatica anormal, bem

como relatos de esteatorréia familiar congénita. Em 1938, a “fibrose cistica

do pancreas” (Figuras I e II) foi descrita pela primeira vez de forma

Dorothy Andersen sistematica e detalhada por Dorothy H. Andersen, do Laboratorio
cf.medicine

Patologico do Babies Hospital ¢ do Departamento de Patologia da

31


http://www.cfmedicine.com/
http://www.cfmedicine.com/

Faculdade Real de Médicos e Cirurgides da Universidade de Columbia, Nova York, em um
artigo que leu em uma reunido conjunta da Sociedade Americana de Pediatria com a Sociedade
para a Pesquisa Pediatrica (Andersen, 1938). Acredita-se que mais de 600 criangas com FC foram
encaminhados para ela em Nova York, onde trabalhou com o médico Paul di Sant’Agnese.

Andersen era fumante inveterada e morreu de cancer de pulmao com a idade de 62 anos.

Figura I: Pancreas de recém-nascidos Figura II: Pancreas de recém-nascidos FC,
nao-FC com idade de 3 dias. (Andersen, 1938). com idade de 6 dias. (Andersen, 1938).

Farber introduziu o termo mucoviscidose, do alemao muskoviszidose, que significa "muco
espesso", para desafiar a nomenclatura inicial de Andersen. Ele acreditava que a causa da doenga
era um generalizado "estado de muco espesso" (Farber, 1943).

Os dois nomes adotados refletem de forma parcial o que ocorre com a doenga (Figura
).

Em 1946, Andersen e Hodges apresentaram a primeira evidéncia de se tratar de doenga
genética, resultante de uma mutagdo autossomica recessiva mendeliana (Andersen & Hodges,

1946).

32



Figura III: (A) Paciente com fibrose cistica do pancreas aos dois anos e cinco meses de idade. (B)
Pulmées com um ano e dois meses de idade. (C) Pulmdes com dois anos e cinco meses de idade. (May
& Lowe, 1949).

Dois anos depois, num verdo intenso de Nova York, houve uma alta incidéncia de
desidratagdo em criangas com perda de sais. Di Sant'Agnese, Hospital de
Columbia, procurou a origem da perda de sal que havia precipitado a prostragao
durante a onda de calor. Em 1953, ele apresentou suas conclusdes a Sociedade

Americana de Pediatria. Elas sustentavam os conhecimentos empiricos do

folclore primitivo do século 20 sobre beijos de gosto salgados na literatura

Di Sant'Agnese.
cf.medicine

médica (Di Sant’Agnese et al. 1953). Demorou véarios anos para que aceitassem

essa alteracdo como um componente fundamental da doenca. Contam os relatos,
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que apods a sua apresentagdo em um congresso médico, nao foi feito nenhuma pergunta e que
quando Di Sant’ Agnese procurou um fisiologista, estudioso do suor, ele disse que: “tal perda de
sal no suor seria impossivel!”. Decorridos cinco anos deste relato, foi estabelecido que a
singularidade desta funcdo fisiologica anormal especial permitia um método para o diagndstico
preciso e acessivel: o teste do suor (TS). Inicialmente o TS era realizado sem estimulagdo.
Colocava-se o paciente envolto até o pescogo em um plastico (Figura IV), em local aquecido,
durante 1-2 horas, sob estresse térmico, para promover a transpiracdo e a coleta do suor
(Shwachman et al., 1961; Wallis, 1997). Apds o relato de um obito relacionado ao TS, houve o
aumento da busca de novos métodos de estimulacdo para a sua substituicdo (Misch & Holden,

1958).

Figura 1V: Realizacdo do teste do suor em paciente envolto em plastico. (Copyright 1956
Massachusetts Medical Society.)

Me¢étodos alternativos para a detec¢do de Cloreto (Cl') na pele, por meio de impressdes
digitais em placas impregnadas com nitrato de prata e de cromato de potassio, foram criados por
Gahm e Schwachman (Figuras V e VI) (Gahm & Shwachman, 1956). Outros semelhantes, de
reacdo ao contato com o suor salgado, foram relatados (Wallis, 1997), porém, nunca foram

validados.
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Figura V: Impressao palmar de uma crianca sem FC. Figura VI: Impressdo palmar de uma crianca
FC. (Gahm & Shwachman, 1956).

Foram todos substituidos pela técnica quantitativa da iontoforese de pilocarpina
desenvolvida em 1959 por Gibson e Cooke (Gibson & Cooke, 1959). Este método até hoje ainda
¢ tido como método padrio-ouro para diagnostico da FC (Shah & Moatter, 2006). Nesta época,
iniciaram os relatos de pacientes com manifestagdes mais brandas da doenga, mostrando a
diversidade clinica da FC. Di Sant’Agnese, em 1953, relatou pacientes com FC e suficiéncia
pancreatica (D1 Sant’Agnese et al. 1953). Durante muitos anos, a FC foi confundida com a
doenga celiaca. Em 1950, Willem Dicke descreve em sua tese o papel do glaten, sendo a doenga
celiaca desde entdo reconhecida como uma entidade clinica distinta (Dicke et al. 1953). Um ano
depois, Paulley descreve a atrofia vilositaria como diagnostico diferencial definitivo da doenca
celiaca (Paulley, 1954). Até entdo, mesmo com o TS, nem sempre era simples a distingdo entre
essas duas doencas.

Parkins realizou biopsias retais de sucgao para o diagndstico de FC; descreveu alteragoes
histologicas tipicas de FC que, quando presentes, elucidariam o diagnostico da doenga. Nao ficou
claro no estudo a proporg¢ao de casos diagnosticados (Figura VII). Este método de diagnostico

complementar, apesar de ter sido repetido por outros, nunca ficou popular (Parkins et al. 1963).
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Figura VII: a) A esquerda biépsia retal de paciente FC; b) a direita biopsia retal de individuo nio-
FC. (Parkins et al., 1963).

A bidpsia retal volta ser realizada posteriormente para avaliagdo das anormalidades de
transporte de ions na mucosa colonica (Veeze et al., 1991; Mall et al., 1998), sendo atualmente
utilizada em ensaios de avaliagdo ex vivo da funcdo da CFTR na mucosa retal (Clancy et al.,
2013; Derichs et al. 2010; Hirtz et al., 2004; Sousa et al., 2012).

Do final da década de 50 até o inicio dos anos 80, o TS foi o Unico método para o
diagnostico da FC associado as manifestacdes clinicas da doenca. Mas, cada vez mais pacientes
eram diagnosticados e nesse periodo as associagdes de pais e comités médicos comegaram a se
organizar para o cuidado dos pacientes com FC. A primeira associagdo surge nos EUA a partir do
encontro de pequenos grupos de pais na Filadélfia, sendo criada em 1952 a fundagdo americana,
fundada oficialmente em 1955, e que hoje representa uma das maiores associa¢des de cuidado e
pesquisa para FC no mundo, a Cystic Fibrosis Foundation (CFF). Em 1960 surge a associa¢do
canadense ¢ em 1964 a do Reino Unido, a Cystic Fibrosis Research Foundation Trust
(cfmedicine).

Estas associagdes tém sido fundamentais para melhorar a qualidade de vida das pessoas
com FC e de suas familias; todas com apoio geral e de conselhos. Promovem o financiamento de
servicos clinicos e de investigacao.

Os comités médicos e de pesquisa se organizaram e em 1965 surgiu a primeira
associacdo mundial para o cuidado de pacientes com FC em Paris, sob a presidéncia de Di
Sant'Agnese, com o objetivo de reunir médicos e pesquisadores de todo o mundo para a troca de
experiéncias; hoje denominada Cystic Fibrosis World Wild (CFWW).  Em 1969 aconteceu a
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primeira reunido do grupo de trabalho europeu para a FC (European Working Group on Cystic

Fibrosis - EWGCF), que hoje promove os encontros europeus anuais (cfmedicine).

Nos ultimos 30 anos, nenhuma outra doenga mobilizou os familiares de forma tao

organizada a ponto de constituirem associagdes de pais na Europa, nas Américas e inclusive no

Brasil, desempenhando um importante papel na evolucdo da FC (Ribeiro, Ribeiro & Ribeiro,

2002).
& Jeanette Crossley, em 1979, faz o primeiro relato sobre método de triagem
o neonatal para a FC (Crossley, Elliott & Smith, 1979). Foi ela quem
- e primeiro descreveu o tripsinogénio imunorreativo elevado no sangue de

j 1aes g

Jeanette Crossley
cfmedicine

doenca: o diagnostico precoce.

pacientes com FC, que decorre da insuficiéncia pancreatica exdcrina, pela
obstrucao dos ductos pancreaticos. Surge entdo uma nova perspectiva para

os pacientes com FC, mesmo antes da primeira manifesta¢do clinica da

Decorridos 30 anos da descoberta do teor de sal anormal no suor de pessoas com FC e da

utilizagcdo do TS como método de diagndstico, em 1983, Paul Quinton (professor de Pediatria e

de Ciéncias Biomédicas da Universidade da California), descreve o defeito basico das glandulas

Paul Quinton na NACFC em 2012
(arquivo da autora).

sudoriparas (Quinton & Bijman, 1983; Quinton,
1983).

Usando uma série de experimentos de
microperfusdo nas glandulas sudoriparas em seu
proprio antebraco, demonstrou que as glandulas
sudoriparas dos pacientes com FC sao
impermeaveis ao Cl. Demonstrou também que o
defeito basico estd localizado na membrana apical
das células epiteliais dos portadores de FC.

Estes avancos sdo os mais importantes para a

compreensdo do defeito basico da FC; explicam a

fisiopatologia do suor salgado; abrem portas para os ensaios de terapias reparadoras. Na mesma

, .. . ~ ;4. + ;.
¢época foi identificado o aumento na reabsor¢ao de s6dio (Na ) como uma caracteristica regular

da FC nas vias aeriferas (Knowles et al.,1983; Boucher et al., 1986).
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Em 1984, Sato e Sato descreveram a alteragdo na resposta B-adrenérgica das glandulas
sudoriparas na FC in vivo e in vitro (Davis et al., 1980; Sato & Sato, 1984). Serviu de base para o
estudo atual da funcdo da CFTR como canal de CI" (CFTR-CI) nas glandulas sudoriparas. Hoje,
com um aparelho denominado evaporimetro, pode-se estudar a funcdo da CFTR-CI e, através de
sua correlagao com fendtipo/gendtipo acurar o diagnodstico da FC. Este método tem sido descrito
como uma ferramenta util por identificar respostas B-adrenérgicas tipicas que podem discriminar
os individuos saudaveis, dos com FC, dos portadores de uma mutacdo e das doengas relacionadas
a CFTR (Quinton et al., 2012).

Nas vias aeriferas de pacientes com FC o transporte de Cl estd diminuido e o de Na"
aumentado (Boucher et al. 1986; Frizzell et al. 1986; Knowles et al., 1981) bem como na mucosa
retal, como demonstrado nos estudos de diferenga de potencial retal realizado em pacientes com e
sem FC (Goldstein et al., 1988).

Em 1985 ¢ localizado o defeito no cromossomo 7 (Knowlton et al., 1985; Wainwright et
al., 1985) e finalmente, em 1989, pelos esfor¢os conjuntos de trés laboratorios, o gene foi clonado
e a proteina codificada, ambos denominados de CFTR: Cystic Fibrosis Transmembrane
Conductance Regulator (Kerem et al., 1989; Riordan et al., 1989; Rommens et al., 1989).
Posteriormente foi demonstrado, que a CFTR funciona como um canal de CI" (Bear et al., 1992;
Welsh & Smith, 1993), o que ¢ fundamental para os ensaios atuais.

Nos primeiros anos apos a identificagdo do gene havia grande expectativa de que a
terapia genética iria mudar o padrdao de atendimento clinico dentro de um curto espago de tempo
(Drumm et al., 1990). Compreensivelmente, a identificacdo do gene CFTR como causador da FC
em 1989, criou esperanga para o tratamento curativo visando o defeito basico além do
sintomatico (Clancy & Jain, 2012). A abordagem mais Obvia, a terapia genética (viral ou nao
viral), poderia ser um beneficio para todos os pacientes com FC, independente de seu gendtipo.
Até o momento, no entanto, a modulagdo do gene CFTR ou a substituicdo dele, apesar dos
avangos promissores, nao se traduziu em beneficios clinicos. Embora tenham sidos realizados
mais de 20 ensaios clinicos, a baixa expressdao do transgene CFTR quando administrado por
lipossomas, as respostas inflamatdrias as proteinas virais, o desenvolvimento de resposta imune
humoral, impedindo readministragdo bem sucedida, e os riscos de mutagénese insercional, no
caso de integragao de vetores virais, sao os principais obstaculos da terapia génica para FC (Ikpa,

Bijvelds & de Jonge, 2014).
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Durante os anos 90, houve uma série de beneficios praticos consequentes a identificacao
do gene CFTR para as pessoas com FC e suas familias. O diagnostico pré-natal preciso, o
diagndstico genético pré-implantacdo do feto e da incorporagdo de testes de DNA em muitos
programas de triagem neonatal, a identificacdo de portadores do gene mutante, foram todos
grandes avangos que se seguiram a identificacao do gene da FC.

Desde 1989 cerca de 2000 mutagdes diferentes do gene CFTR foram descritas
(genet.sickkids) e embora a terapia génica tdo sonhada nd3o tenha sido alcangada, o
desenvolvimento de medicamentos para tratar mutagdes especificas esta mais proximo, como o
VX770 para tratamento da mutagdo G551D (Ramsey et al., 2011). Sao as drogas moduladoras da
proteina CFTR, foco atual da terapia para a FC. A mutagdo F508del ¢ a mais frequente em todo o
mundo, inclusive no Brasil, e os estudos sobre as diversas mutagdes no gene CFTR, sua relagdo
com genes modificadores e ambientes, a fun¢do “do canal CFTR” e sua interacdo com outros
canais presentes na célula associada a fendtipos clinicos da FC sdo emergentes trazendo um novo
conceito de “canalopatias® (Bonadia et al., 2014; Marson et al., 2012; Schmunk & Gargus, 2003;
Sosnay & Cutting, 2014).

Em 2004 foi publicado trabalho em humanos que correlacionou a fungdo da CFTR—CI’
com genotipo e fendtipo da FC através de biopsias retais (Hirtz et al., 2004; Mall et al., 2004).

Hoje, com os conhecimentos da eletrofisiologia que possibilitam quantificar a funcao da
CFTR na mucosa nasal por meio da medi¢cdo do potencial nasal (Ooi et al., 2014), nas biopsias
retais com o estudo bioelétrico em camaras de Ussing (Clancy, 2010; Clancy et al., 2013; Derichs
et al., 2010; Hug et al.,2011; Servidoni et al., 2013; Sousa et al., 2012) e na glandula sudoripara
com o evaporimetro (Quinton et al., 2012; Gonska et al., 2009), € possivel também testar drogas
moduladoras da CFTR ex vivo (Roth et al., 2011) sem expor os pacientes aos efeitos colaterais
das mesmas, facilitando o teste preclinico de varios compostos.

Estudos recentes mostraram que o processo de diferenciacdo das células tronco cripticas €
reversivel e que as células epiteliais altamente diferenciadas, como as presentes na traqueia ou
biopsias bronquicas, podem ser reprogramadas para chegar a um estado indefinido proliferativo
de células tronco adultas (Xiao, Li & Liu, 2012). Resultados preliminares mostraram que estas
c¢lulas podem ser analisadas em camara de Ussing a semelhanga das bidpsias retais (Amaral MD
Lab, resultados ainda nao publicados).

Baseados nos conhecimentos de eletrofisiologia ¢ da genética, implantamos em nosso

laboratério novos métodos de diagndstico, utilizando a avaliagdo da fungdo da CFTR em estudos
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de biopsias retais (dois trabalhos aqui incluidos - Servidoni et al., 2013; Sousa et al., 2012) e na
glandula sudoripara com o evaporimetro (estudo realizado em Fevereiro de 2014, quando foram
avaliados 42 sujeitos submetidos a TS, bidpsia retal e evaporimetro, em estado de apreciagdo para
publica¢dao). Caminhando em paralelo a inovagdo, ndo pudemos deixar de avaliar o TS, ainda
hoje método ouro para diagndstico da FC. O TS foi avaliado quanto aos procedimentos para a sua
realizacdo no estado de SP (terceiro trabalho desta tese).

O centro de referéncia especializado em FC da Unicamp conta com a colaboragdo valiosa
de centros de exceléncia em pesquisa desde 2007 com os grupos de Portugal, representado pelas
Prof. Margarida Amaral e Prof. Marisa Sousa, e da Alemanha, com o Prof. Karl Kunzelmann. A
partir de 2014 passou a ter a parceria com o grupo do Canadd, com a colaboragdo da Prof. Tanja

Gonska. Estes estudos sdo frutos decorrentes dessas parcerias.

Breve Historico da FC no Brasil e em Sao Paulo:

Em nosso pais, as médicas Tatiana Rozov, no Instituto de Crianga em Sao Paulo, e Ludma
Trotta Dallalana, no Hospital Fernandes Figueira no Rio de Janeiro, iniciaram o atendimento de
pacientes com FC no inicio da década de 70; seguidas em 1973 por Francisco Caldeira Reis, em
Minas Gerais, com especializagdo no Canadd, e Fernando Antonio de Abreu e Silva, em Porto
Alegre, com especializa¢do na Holanda. Trés anos depois, em 1976 houve um encontro na Santa
Casa de Sao Paulo com o médico e pesquisador Prof. Shwachman, responsavel pela criacdo de
scores clinicos ainda hoje utilizados. Ele trouxe novos desafios a classe pediatrica brasileira no
diagnostico e tratamento da FC. Ja em 1976, a gastroenterologista de adultos, Dra. Adriana Seva,
professora da Faculdade de Ciéncias Médicas (FCM) da Universidade Estadual de Campinas
(UNICAMP), fazia o TS para diagnostico de FC em adultos e criancas no laboratdrio de
gastroenterologia da faculdade. Em 1977, o médico Antdnio Fernando Ribeiro chega do seu
estagio de gastroenterologia pediatrica da Argentina com o Prof. Tocalino, onde acompanhou
pacientes com FC e trouxe para Campinas sua experiéncia, passando a diagnosticar e tratar
pacientes com FC. Publicou o primeiro artigo sobre FC da Unicamp em 1978 (Figura VIII). Em
Campinas, foi criado o primeiro centro para atendimento de FC no interior de SP. Inicialmente os
pacientes eram atendidos no ambulatorio geral de gastropediatria, sendo em 1987criado o
ambulatorio de FC e ha trés anos o de triagem neonatal de FC. A dispensacao de medicamentos

ndo existia. Contava-se com a boa vontade e o trabalho voluntario de uma mae assistente social
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que trabalhava na Varig (empresa de aviacdo nacional) e que trazia as enzimas pancreaticas,
mesmo com toda a burocracia junto ao banco central para a compra da moeda estrangeira
necessaria para a importacdo da medicagdo. Em 1981, a pneumologista Dra. Agnes Guglielmi
passou a integrar o grupo, contribuindo para a organizagdo do atendimento dos pacientes com
FC. Surge nessa época o servigo da Santa Casa de Sao Paulo e o da Universidade Federal de Sao
Paulo.

Em 1983, foi elaborado o primeiro manual de conduta de diagndstico e tratamento de FC,
que foi publicado nos Anais Nestlé¢ e distribuidos de forma gratuita (Figura VIII). Na década de
80, antes mesmo da Associacdo Paulista, foi criada em Campinas a Sociedade de Apoio aos
Pacientes FC (SAFC) e que depois passou a se chamar Fibrocis, como ¢ conhecida hoje. A
Fibrocis ¢ uma entidade sem fins lucrativos, que apoia o trabalho médico, auxiliando-os no
monitoramento dos pacientes € na orientagdo e apoio as familias. Na década de 90, o Dr. José
Dirceu Ribeiro e a fisioterapeuta Maria Angela Ribeiro passaram a integrar a equipe, seguidos de
varios profissionais na area de gastroenterologia, infectologia, nutrologia, hepatologia e
endocrinologia, tornando a equipe multiprofissional, que hoje promove um atendimento
especializado nas diferentes areas em uma Unica consulta a cada visita do paciente ao servigo.
Hoje, o estado de SP conta com sete centros especializados para atendimento dos pacientes com
FC nas cidades de Campinas, Ribeirdo Preto, Sao José do Rio Preto, Botucatu e trésna cidade de

Sao Paulo capital.
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Figura VIII: A Primeira publicacio de FC da Unicamp (1978) e primeiro manual de FC no Brasil
(1983). Arquivo UNICAMP.
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IL. Métodos de Diagnostico da Fibrose Cistica

Tradicionalmente o diagnostico clinico da doenca é definido pela presenca de (Moskowitz et
al., 2008):

-> Uma ou mais caracteristicas fenotipicas da FC

a) doenca sinopulmonar cronica;

b) anormalidades gastrointestinais / nutricionais: ileo meconial (IM), sindrome da obstrugdo
intestinal distal (DIOS), insuficiéncia pancredtica exocrina com esteatorréia;

¢) sindrome de perda de sal;

d) azoospermia obstrutiva (CBAVD — do inglés congenital bilateral absence of de vas deferens)

associada a

-> Evidéncia de uma anormalidade na fun¢io da CFTR com base em um dos seguintes
procedimentos:

a) Presenga de duas nmutacdes causadoras de doenca no gene CFTR;
b) Dois valores anormais de ClI° no suor em duas dosagens em momentos diferentes;
c) Alteracdes na diferenga de potencial nasal (DPN) com medidas caracteristicas de FC e, mais
recentemente, alteracdo do transporte de Cl” na bidpia retal avaliada em camara de Ussing

(Dequeker et al. 2009).

O diagnéstico da FC pode ainda ser feito na auséncia de caracteristicas fenotipicas da FC:
a) pela triagem neonatal alterada (IRT) associada a presenga de mutagdes no gene CFTR e/ ou
dosagens de CI no suor alteradas;

ou

b) pelo diagndstico pré-natal (deteccdo de duas mutagdes CFTR causadoras de doencas), no caso

de familiares com FC.
Resumindo: classicamente o diagnodstico de FC ¢é confirmado pelo TS em duas dosagens (CI'

> 60 mEq/L) e/ou pela deteccao de duas mutagdes para FC, associado ao quadro clinico

compativel com a doencga (Farrell, 2008).
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1. Fenotipo

O fendtipo da FC ¢ determinado pela presenca de mutagdes no gene CFTR, associadas a
acdo de genes modificadores e aos fatores ambientais. Tem quadro clinico polimorfo e
multissistémico e pode ser dividido em: fendtipo classico e nao classico.

1.1.  Classico:

Presenca de suor salgado devido a alteragdo das concentragdes de sais no suor que pode
levar a disturbios metabdlicos graves principalmente em criangas pequenas, durante estagdes
com temperaturas elevadas, secundarias a perda de sal,

Manifestagdes digestorias com insuficiéncia pancreatica (IP) exdcrina, sendo este o
sintoma em geral mais precoce e prevalente, presente em cerca de 75% dos fibrocisticos ao
nascimento, em 80-85% até o final do primeiro ano, e em 90% na idade adulta (Ribeiro et al.
2002), tendo como manifestacdo a esteatorréia e a desnutricdo devido a ma digestdo e absorcao
de gorduras e proteinas. A IP também pode levar no periodo neonatal, em cerca de 5% dos FC, ao
edema hipoproteinémico secundario; o IM (obstrugdo do ileo terminal por um mecdnio espesso)
estd presente em aproximadamente 15% dos recém-nascidos (RN). A maioria dos diagnosticos de
IM (90%) ¢ relativa a FC (Colin et al. 1994; Littlewood et al. 2006; Ribeiro et al. 2002;
Blackman et al. 2006) ou seu equivalente nos mais velhos com a DIOS cuja incidéncia ¢ variavel;
a doenca hepatica cronica esta presente em mais de 50% das necropsias. Em estudos
prospectivos, 25% dos pacientes apresentam alteragdes laboratoriais, cerca de 5% sdo
sintomaticos € podem evoluir para cirrose biliar associada a hipertensdo porta, sendo esta a
segunda causa de obito na FC (Ribeiro et al. 2002; Blackman et al. 2006).

O acometimento do aparelho respiratorio de intensidade varidvel ¢ progressivo devido a
doenca pulmonar obstrutiva supurativa cronica. As alteracdes se iniciam nas pequenas vias
aéreas e evoluem principalmente devido a colonizacao bacteriana cronica, secunddria a retencao
de secrecdo, que favorece a metaplasia do epitélio bronquico, impactagao mucoide periférica e
desorganizacio da estrutura ciliar. Culmina com o cor pulmonale. E o acometimento
respiratorio que determina o prognostico do paciente, sendo a primeira causa de morte na FC.

A azoospermia com consequente infertilidade, presente em mais de 95% dos homens
com FC, ¢ secunddria as alteracdes dos dutos deferentes, que podem estar ausentes, atréficos ou
fibrosados como consequéncia de sua obstru¢dao congénita. Mulheres com FC sao férteis, apesar
de um nimero reduzido poder ter um muco cervical anormal, contribuindo para a diminui¢ao da

fertilidade neste grupo especifico (Moskowitz et al. 2008).
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1.2. Nao classico:

Os sintomas aparecem mais tardiamente, muitas vezes na adolescéncia ou depois, com
doenca mais leve e suficiéncia pancredtica (15% dos pacientes com FC) e que predispde a
pancreatites recorrentes tidas como “idiopaticas” (Bombieri et al. 2011), sintomas respiratorios e
otorrinolaringoldgicos insidiosos e cronicos; obstru¢do dos dutos deferentes com azoospermia. O
TS pode ser borderline, normal ou com valores anormais, porém mais baixos que nos pacientes
com o fenotipo classico (Knowles & Durie, 2002).

A doenga relacionada a FC, do inglés CFTR-RD (Cystic Fibrosis Transmembrane
Conductance Regulator-Related Disorders), pode ser definida como “uma entidade clinica
associada com disfungdo CFTR, que ndo preenche os critérios diagndsticos de FC” (Bombieri et
al. 2011). Inclui pacientes com doengas ligadas a mutagdes no gene CFTR, ou a outros genes
(Knowles & Durie, 2002). Esses pacientes tém clinica que muitas vezes se sobrepde a da FC,
sendo descrito e aceito para esse critério, a auséncia congénita bilateral dos vasos deferentes
(CBAVD), a pancreatite cronica ou recorrente aguda e bronquiectasias disseminadas. Podem
apresentar algum grau de disfuncdo da CFTR identificada nos testes de eletrofisiologia com
potencial nasal, bidpsia retal e/ou com o evaporimetro, porém sem preencher os critérios de

diagnostico descritos para a FC (Bombieri et al., 2011; Quinton et al., 2012).

2. Triagem neonatal

A triagem neonatal (TNN) ¢ realizada a partir da dosagem do tripsinogénio imunoreativo
(IRT) no papel de filtro do teste do pezinho, descrito em 1979 por Jeanette Crossley na Nova
Zelandia (Crossley et al. 1979). Na FC, a liberacdo do tripsinogénio para a circulagdo sanguinea
parece estar prejudicada pelas secre¢cdes anormais dos ductos pancreaticos que, devido as
secrecOes espessas, estdo obstruidos. Assim, os niveis de IRT se elevam na FC, o que constitui
um importante marcador na triagem da FC. Pode ser realizada de diferentes maneiras: IRT/ IRT,
IRT/ DNA, IRT/ IRT e DNA, de acordo com diretriz de cada pais (Audrezet et al., 1993).

Os objetivos da prevengdo com a TNN sdo: prevenir a desnutricdo precoce e deficiéncia
de vitaminas, reduzir complica¢des pulmonares iniciais (atelectasia, pneumonia, infeccoes de
vias aéreas) e melhorar o quadro respiratério a longo prazo, diagnosticando e tratando
precocemente as colonizagdes com bactérias responsaveis pela lesdo supurativa pulmonar.

Melhorar resultados em longo prazo incluindo o crescimento, a fungdo cognitiva e a sobrevida.
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Prevenir uma prolongada "odisséia diagndstica". Promover aconselhamento genético as familias
(Grosse et al., 2004; Sontag et al., 2005; Sontag et al., 2006)

No Brasil, a dosagem de IRT da TNN ¢ realizada de acordo com o protocolo descrito no
kit Delfia® (Wallac-EG &G Co.), com metodologia imunofluorimétrica.

O teste Delfia® de IRT neonatal ¢ um ensaio de dois sitios imunofluorimétricos de fase
solida. A reagdo se baseia na técnica de sanduiche direto, na qual dois anticorpos monoclonais
sdo dirigidos contra dois determinantes antigénicos separados na molécula de IRT. As amostras
de sangue contendo IRT reagem simultaneamente com anticorpos monoclonais imobilizados em
fase solida (dirigidos contra um sitio antigénico especifico na molécula de IRT) e anticorpos
monoclonais marcados com eurdpio contidos na solu¢ao tampao de teste (dirigidos contra outro
sitio especifico diferente). A dosagem do IRT ¢ um indicador indireto da doenga, uma vez que
avalia a integridade da fungdo pancreética. Tem sensibilidade de 95% e especificidade entre 34 a
75% com 15% de falsos negativos. A primeira amostra da IRT (IRT1) deve ser coletada entre o
2° e 0 7° dia de vida. Valores de IRT > 70 ng/dl sdo considerados alterados e devera ser realizada
uma nova coleta (IRT2), apds 16° dia e antes do 30° dia de vida, idealmente (Cabello et al.,
2003). O IRT ¢ um exame que se apresenta elevado em vdrias circunstancias, que nao
propriamente a FC, tais como na prematuridade e na presenca de infecgdes, com alta taxa de
resultados falso-positivos, principalmente no IRTI, por isso se repete a coleta. O tempo
decorrente entre as coletas das duas amostras ¢ de extrema importancia, visto que hd uma queda
crescente dos niveis da enzima com o passar dos dias e, apds 45 dias de vida, o valor do IRT se

normaliza mesmo na crianca afetada, dificultando o diagnostico da FC.

TRIAGEM
NEONATAL
O protocolo do Programa de TTN do estado de SP para a FC preconiza:

Resultado negativo - Todos os servigos de referéncia da TNN sdo responsaveis pela emissao dos
resultados normais. Em 2013 a APAE-SP (Associagdo de Pais ¢ Amigos dos Excepcionais)
iniciou a implantacdo do sistema de resgate desses resultados de exames por via eletronica. Na
hora da alta hospitalar, a familia recebe uma senha e um login e pode resgatar de forma

automatica o resultado final do exame, de TNN on line ( quando o teste ¢ negativo).
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Resultados falso-negativos - O IM pode estar relacionado a testes falso-negativos, pois com a
desobstrugdo intestinal ocorre rapida queda dos niveis de IRT no sangue. A queda progressiva do
IRT, depois de 30 dias de vida ocorre independentemente da FC.

Resultado positivo - Todos os servicos de referéncia da TNN trabalham com “busca ativa” para
a captacdo, confirmagao do diagnostico e acesso aos centros especializados para cada uma das
doencas detectadas pela TNN, com a garantia da confirma¢ao do diagnoéstico e tratamento dos

bebés selecionados como positivos.

Segue abaixo fluxograma realizado pela Secretaria do Estado de SP.
Com a TNN-FC positiva ( 2 IRT > 70 ng/dl) o RN ¢ encaminhado para o servi¢o de referéncia
para atendimento especializado e realizacdo do TS . Exame que se segue a TNN positiva.
TESTE DO SUOR (Gibson & Cooke) - Valores de CI" no suor:
® Dois TS com dosagens de ClI" menores de 30 mEq/l, normais, nos menores de 6 meses,
descartam a doenca. Essa crianca deve permanecer em seguimento de puericultura com
seu pediatra;
® Dois TS com dosagens de Cl entre 30 e 60 mEq/l, sdo duvidosos ou limitrofes, essas
criancas ndo devem repetir o exame, mas devem permanecer em acompanhamento
conjunto do pediatra com médico especialista nessa doenca;
e Dois TS com dosagens de CI” acima de 60 mEq/l, diagnostico deve ser confirmado, os
pacientes devem receber acompanhamento multiprofissional por especialistas no Centro

de Referéncia para FC.

3. Teste do Suor

A dosagem quantitativa de eletrélitos no suor, Na" e Cl™ é conhecida como TS. O TS
constitui ainda nos dias de hoje, teste de diagnostico incontestavel da FC, denominado de
padrao-ouro (Tabela I). Ainda € realizado da mesma forma de quando foi descrito por Gibson
& Cooke em 1959, e ¢ baseado na técnica de iontoforese por pilocarpina.

Define-se a iontoforese como uma técnica ndo invasiva que usa potencial (< 5V) ou
corrente elétrica (0,1 a 1 mA/cm®) para prover uma maneira controlada de aumentar a
transferéncia transdermal de uma variedade de drogas (Beauchamp & Lands, 2005; Crudy et al.,

2001; Neusser et al., 1993; Rosell et al., 1988).
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Uma vantagem do uso da iontoforese ¢ a perspectiva do aumento de liberagao de drogas
ionizéveis quando comparada & absor¢do percutdnea passiva. Na iontoforese, além da difusdo
passiva, a penetracdo da droga ¢ aumentada pelos mecanismos de eletrorepulsdo, eletrosmose e
aumento da permeabilidade da pele (Beauchamp & Lands, 2005).

Atualmente, os equipamentos indutores de suor que utilizam a iontoforese de pilocarpina
aplicam uma corrente continua e constante, entre 0,1 ¢ 5,0 mA/cm? com o auxilio de eletrodos

(Figura IX).

Figura IX: Estimulacio para a coleta de suor. Arquivo LAFIP-CIPED-UNICAMP.

Este método ¢ dependente do profissional que o realiza. O profissional deve ter um bom
conhecimento sobre a técnica a ser aplicada, pois pode promover desconforto com a presenga de
prurido, ardéncia, formigamento, queimaduras, eritema, vesiculas, choque elétrico e pequenas
lesdes de pele, principalmente se tiver o contato da pele com o metal do eletrodo (erro de
técnica). No Brasil, os equipamentos de estimulagdo sdo de fabricagdo caseira ou nas
universidades, sem certificacdo pelos orgaos reguladores (Ex: Iontokit—Belo Horizonte-MG,
Iontoplus- Presidente Prudente-SP e Iontoforese-RB51-Qualiterm- SP-SP). Ver detalhes da
técnica no Apéndice F — Suplemento 4: Métodos Suplementares - Teste do Suor.

Na glandula sudoripara normal a estimula¢do adrenérgica induz um fluxo isosmolar de
suor com a ativagio da CFTR e da ENaC (canal de Na") responsaveis pela reabsor¢do de Cl e
Na' respectivamente, além de agua. Resulta no fluxo de um pequeno volume de suor contendo,
em média, 16 mmol / L de Cl ~ e 23 mmol / L de Na' (Di Sant’Agnese et al., 1953; di
SAnt’Agnese & Powell, 1962). Em pacientes com FC, ndo ha a reabsorgdo de Cl e Na' e o suor

tem concentragoes aumentadas destes ions. As concentragcoes de ClI” acima de 60 mmol/L s3o
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consideradas anormais (Farrell & Koscik, 1996) e valores entre 40 mmol/L e 60 mmol/L sdo
borderline (Taylor, Hardcastle & Southern, 2009). Para as criangas menores de seis meses 0s
valores considerados negativos sdo < 30 mmol/L, duvidosos entre 30 mmol/L ¢ 60 mmol/L.
Existe uma tendéncia para que essa idade limite de seis meses passe a ser de dois anos de idade.

O TS pode ter falso positivo em algumas das situacdes descritas a seguir :doencgas
enddcrinas ou metabdlicas, que dificilmente se confundem com a FC em seus aspectos clinicos;
insuficiéncia supra renal ndo tratada; displasia ectodérmica; hipoparatireoidismo; diabetes
insipido nefrogénico; deficiéncia de glicose 6-fosfatase; sindrome nefrotica; doenga de von
Gierke; fucosidose; colestase familiar; pseudo hipoaldosteronismo; hipotireoidismo e
mucopolissacaridose.

A dosagem do Na" ¢ um controle de qualidade do teste. A diferenga entre a dosagem de
Na' e Cl ndo deve ultrapassar 20 mEq/ L e a relacio cloro/sédio deve ser sempre maior que um.
Uma concentra¢do de cloro maior que 160 mEq/L ¢ fisiologicamente impossivel sugerindo erro

na coleta ou na dosagem.

Tabela I: IndicagGes para teste do suor (Diretriz NCCLS-2000)

Indicac6es Pulmonares e do Indicacoes Gastrointestinais | Indicacoes Metabolicas e outras

Trato Respiratorio
Superior

indicacoes

e Tosse cronica

e Pneumonia recorrente ou
cronica

e Sibilancia *

e Hiperinsuflagdo*

e Taquipnéia*

e Retracdes *

e Atelectasia (especialmente
no lobulo superior direito)

e Bronquiectasia

e Hemoptise

e Infecgdo por Pseudomonas
mucoide

e Polipos Nasais

e Pansinusite

e Baqueteamento digital

e fleo meconial

e Sindrome do plug meconial

e Ictericia neonatal
prolongada

e Esteatorréia

e Prolapso retal

e Apéndice do muco
impactado

e Obstrucdo intestinal tardia

e Intussuscepg¢do recorrente

e Cirrose

e Hipertensdo portal

e Pancreatite recorrente

Histodrico familiar positiva
Falha de crescimento

Sabor salgado na pele
Cristais salgados na pele
Sindrome de esgotamento de
sal

Alcalose metabolica
Hipoprotrombinemia
Deficiéncia de vitamina A
(abaulamento da fontanela é
um sinal chave)
Azoospermia

Auséncia de vasos deferentes
Calcificacdo escrotal
Hipoproteinemia

Edema

*Se for persistente ou refratario ao tratamento
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Com os conhecimentos atuais sobre a fisiopatologia e genética sabe-se que a FC ¢ um
“espectro de doenga” cujo fenotipo reflete o grau de atividade da CFTR. O TS pode ndo espelhar
esta atividade em alguns casos ¢ mesmo o estudo molecular isolado, muitas vezes ndo ¢
suficiente para o diagnostico da FC, sendo necessarios outros métodos auxiliares para a sua

confirmacao (Moskowitz et al., 2008; Quinton et al., 2012).

4. Diferenca de Potencial Nasal (DPN)

O fluxo liquido de ions ndo pode ser medido in vivo, mas a interpretagdo das alteracdes
bioelétricas pode ser inferida a partir de principios desenvolvidos em estudos de tecidos humanos
ex vivo e in vitro, de principios basicos de transporte de ions e da fisiologia do epitélio. Este
conceito ¢ utilizado em todos os métodos que fazem medicdes bioelétricas para o estudo da
funcdo da CFTR e que serao aqui descritos (DPN, avaliagdo bioelétrica em camara de Ussing em
bidpsias retais e cultura de células ou organdides intestinais, € evaporimetro).

A premissa do teste da DPN se baseia no fato de que as anormalidades bioelétricas na
mucosa da cavidade nasal dos individuos com FC refletem as anormalidades encontradas no trato
respiratorio. Através da DPN podemos medir in vivo a diferenca de potencial existente entre o
lado interno e externo da célula epitelial da mucosa nasal, o qual é comparavel a diferenca de
potencial da mucosa bronquica. Nos individuos sauddveis, o potencial basal ¢ mantido pelo
balanceamento da absor¢io de Na' e o transporte de CI’, resultando num controle rigoroso da
quantidade de liquido na superficie da via aérea e do contetido i6nico, ambos importantes na
manutengdo do clearance (Schiiler et al., 2004; Procianoy, 2011). O valor encontrado relaciona-
se ao transporte de ions através da membrana celular, em especial os ions Na' e CI', sendo o lado
mucoso mais negativo em relagdo ao interior celular. Valores basais normais situam-se em torno
de -20 mV. Na FC o transporte do CI” ¢ afetado pelo defeito na CFTR e a hiperabsor¢io do Na"
pelos canais ENaC que geram uma DPN mais negativa, cerca de duas vezes os valores normais.
Esta caracteristica tornou possivel diferenciar os portadores de FC dos normais, dos heterozigotos
para mutacdes da FC e dos portadores de outras doencas respiratdrias, de forma que a medida da
DPN passou a ser utilizada como um teste complementar no diagnéstico de FC e, mais
recentemente, para avalicao da eficacia de novos tratamentos (Knowles et al., 1995; Hofmann et
al., 1997; Procianoy, 2011).

Os individuos com FC t€ém uma DPN muito maior, ou seja, mais negativa, do que os nao

FC. Eles também tém uma maior reducdo na magnitude da DPN apods a perfusio com
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amilorida. Isto sugere que o aumento da absor¢do de Na' é um defeito primario na via aérea das
pessoas com FC. A anormalidade mais consistente no perfil dos pacientes com FC na DPN ¢ a
resposta baixa ou nula a perfusdo com uma solu¢do de OmM de CI". Em contraste com a grande
resposta sustentada no epitélio ndo FC, existe uma pequena resposta inicial dos epitélios FC o
qual, em seguida, retorna aos niveis anteriores.

Resumidamente, a DPN ¢ baseada na diferenga de potencial elétrico entre uma medida
subcutdnea com eletrodo de referéncia colocado para criar local de potencial zero e um de
eletrodo de cloreto de prata ligado a um cateter nasal. A sonda ¢ colocada sob o corneto inferior
no ponto maximo de tensdo negativa e mantido nesta posi¢do durante todo o periodo de teste. As
gravacdes sdo feitas durante o fluxo continuo de solugdo salina, a uma taxa de 5 ml / min até se
conseguir uma linha de base consistente, entdo um protocolo padrio ¢ aplicado para investigar a
funcao da CFTR (Schiiler et al., 2004).

As técnicas para realizagdo da DPN diferem entre os centros. Entretanto, a maioria dos
centros que realiza esse teste mantém a reprodutibilidade do método (Figura X). Existem dois
métodos: o classico que utiliza o eletrodo de referéncia posicionado no tecido subcutineo e o
método modificado, que utiliza o eletrodo referéncia sobre uma éarea da pele apds remocao da
camada cornea (escarificagdo). O método classico posiciona o paciente sentado para que as
solugdes instiladas na narina escoem para fora em um recipiente posicionado abaixo do seu
queixo. O método modificado posiciona o paciente em posi¢do reclinada para que as solugdes
instiladas na narina em fluxo reduzido possam ser deglutidas pelo paciente. Ambos os métodos
utilizam a perfusdo sequencial de solugdes eletroliticas e com drogas, como ja descrito, para a
avaliagio da resposta dos canais de Na" (ENaC) e do CI" (CFTR) aos diferentes estimulos

(Figura XI).

Figura X: Paciente sendo submetido a
DPN com o método classico, no CIPED-
UNICAMP. Arquivo LAFIP-CIPED-
UNICAMP.
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Figura XI: Curvas de resposta da DPN. A) tracado de individuo normal B) tracado de individuo
com FC onde se observa a DPN basal mais negativa (-10mV vs -50mV); a) a despolarizacdo maior do
potencial em resposta a perfusdo do epitélio com uma solu¢do contendo amilorida (droga bloqueadora do
canal de Na'); b) auséncia ou menor hiperpolarizagio do potencial em resposta ao estimulo da secre¢do do
CI" com o uso de uma solugdo zero mM de CI'; e ¢) activagdo menor do canal alternativo de Cl™ activado

pelo Ca® através da aplicagio com ATP (comparar a resposta com o tragado do individuo normal)
(adaptado do site: cfmedicine.com).

5. Avaliacao eletrofisioléogica da CFTR em bidpsia retal por cAimara de Ussing

A CFTR esta presente em abundancia no epitélio intestinal, onde se localiza na membrana
luminal dos enterocitos (Crawford et al., 1991; Mendes et al., 2004). O trato gastrointestinal ¢
facilmente acessivel para estudo, especialmente o reto, onde a CFTR se expressa em grande
quantidade, trazendo vantagem para essa técnica. A partir da década de 90 ganham forca os
estudos de eletrofisiologia utilizando bidpsias retais, inicialmente de suc¢do e posteriormente
com pingas endoscopicas. Nos ultimos 20 anos, varios grupos de pesquisa t€ém desenvolvido

micro-camaras de Ussing para estudar o defeito de transporte de ions nos tecidos nativos recém-
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retirados de individuos com FC (Hardcastle et al., 1991; Veeze et al., 1991; Mall et al., 1998a;
Taylor et al., 1988).

Medigdes bioelétricas podem ser aplicadas no epitélio intestinal retal como uma
ferramenta de diagnostico funcional para auxiliar no estabelecimento de um diagnéstico de FC,
especialmente nos casos onde os resultados do TS sdo duvidosos e/ou se CFTR-RD, que ndo sio
facilmente identificadas nos testes genéticos.

O mecanismo de secrecdo do ion Cl ¢ eletrogénico, isso permite que a medicdo da
atividade elétrica transintestinal reflita a propria secre¢do idnica no tecido que ¢ controlada
através de estimulos com substincias secretagogas de acdo especifica, ja previamente
conhecidos. Além disso, no intestino de individuos com FC esta atividade ndo estd sujeita ao
efeito de inflamagdo, hemorragia ou infec¢gdo como nas vias aeriferas, fato que poderia interferir
na resposta.

No intestino de individuos com FC, a secrecdo de CI estd prejudicada (Taylor et al.,

1988), enquanto a de Na" e dos nutrientes ligadas ao Na" estdo aumentadas (Mall et al., 1998b).

00;04;37;19

:

Figura XII: Procedimento de coleta da biopsia retal por retossigmoidoscopia no CCA-HC-
Unicamp.Arquivo LAFIC-CIPED-UNICAMP.

Os tecidos da superficie da mucosa retal (2-4 mm) sdo obtidos por dispositivos de suc¢ao

ou pingas de biopsias (Hirtz et al., 2004) através de retossigmoidoscopia flexivel do colon ou
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endoscopia digestiva alta no caso do intestino delgado (Figura XII). Sao colocadas em meio de
cultura refrigeradas e sdo levadas para avaliagdo em laboratdrio nas micro-camaras de Ussing.

O tecido da bidpsia ¢ montado nas micro-camaras de Ussing e a atividade elétrica
transepitelial pode ser monitorizada quer por medidas de corrente de curto-circuito (L)
(protocolo de Roterda, de Jonge et al., 2004) ou medidas de tensdo transepitelial (Vi),
associadas ao célculo das correntes de curto-circuito (protocolos de Freiburg, Mall et al., 2004a)

(Figuras XIII e XIV).

A B C

Figura XIII: A) Fragmentos de bidpsias. Pinga standard (2.7mm ©) a esquerda; Pinga jumbo (3.4mm O)
a direita. B) Inserto com a biopsia. C) micro-camaras de Ussing.Arquivo LAFIC-CIPED-UNICAMP.

No método de Freiburg, adotado por nos, as superficies luminal e basolateral do epitélio
sdo continuamente perfundidas com solugdo basal (Ringer) sob condi¢des de circuito aberto e
sob temperatura controlada, mantendo o tecido viavel o maior tempo possivel. No protocolo
onde se usam as condi¢des de circuito aberto, a voltagem, ou seja, a diferenca de potencial entre
as membranas luminal e basolateral, ¢ medida por eletrodos de leitura e os dados obtidos sdo
digitalizados pelo dispositivo de aquisicdo de dados, que funciona também como um voltimetro.
A resisténcia transepitelial (Rte) ¢ determinada mediante a aplicacdo intermitente (cada 5
segundos) de pulsos (duragdo de 1 segundo) de corrente (laplicada=0,51A). A Icc equivalente (eq-
I.c) € entdo calculada de acordo com a lei de Ohm a partir da Vi e da R (eq-Ic.c=Vie/Rie) apds a
correcdo apropriada tendo em conta a resisténcia do fluido. O protocolo experimental da
sequéncia de perfusdo da bidpsia com diferentes drogas para avaliagdo quantitativa da fun¢do do
canal CFTR ¢ utilizado de acordo com cada servigo (protocolo de Roterddo ou de Freiburg).
Essa técnica permite avaliar de forma indireta, através de medidas bioelétricas, o fluxo de ions e
mensurar de forma indireta a atividade dos canais, em particular o da CFTR-CI’, além de

permitir testar drogas ex-vivo (Figura XV).
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Figura XIV: Gaiola de Faraday com as cimaras de Ussing no interior. Arquivo LAFIC-CIPED-
UNICAMP.
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Figura XV: A) Exame normal. B) Exame compativel com FC. C) Exame compativel com resposta
residual-FC. Dados de pacientes da Unicamp. Arquivo LAFIC-CIPED-UNICAMP.
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E importante a expansdo das técnicas de eletrofisiologia, bem como sua adequagio para a
triagem de drogas moduladoras ou corretoras da CFTR em grande escala. Por isso, tém-se
proposto o uso de organdides intestinais, que utilizam epitélios cultivados ao invés de bidpsias
(Sato et al., 2011). Esta técnica mostrou-se vantajosa para estudos da FC (Dekkers et al.,2013),
pois permite a correlacdo das mutagdes do CFTR com a respectiva fungdo da CFTR-CI', bem
como testar o efeito de novas drogas corretoras e potenciadoras do canal mutadas. Permite
também armazenar quantidade suficiente de células para estudos posteriores em bancos de
células. Pode-se também cultivar células dos bronquios ou, mais recentemente, do corneto nasal,
que para sua expansio utiliza inicialmente um berco de fibroblastos. E seguida da remogio dos
fibroblastos sem alterar as células do epitélio respiratorio, que mantém sua memoria epigenética
e retornam ao seu fenotipo diferenciado original, incluindo células ciliadas e células secretoras
de muco, formando monocamadas de células epiteliais crescidas como culturas de interface ar-
liquido sobre filtros e que formam “tapetes” de células (Liu et al., 2012; Suprynowicz et al.,
2012) (Figura XVI). Resultados preliminares mostraram que estas células podem ser analisadas
em camara de Ussing, a semelhanga das biopsias retais (Amaral-Congresso Brasileiro de
Pneumologia-Maio 2014) (Figura XVII). Este método ¢ promissor, ndo somente para o teste de
drogas de forma geral, mas principalmente porque proporciona a abordagem individualizada,
com a identificagdo da fun¢do da CFTR de cada individuo com FC e uma possivel modulacao
direcionada, permitindo uma medicina personalizada. Esse objetivo é o que norteia a pesquisa de

varios grupos, em particular da Prof. Amaral com quem colaboramos. (Figura XVIII).

_.; . ’ Tramswell* insart

Upper compartment

MTOpONIUS memibrans
Lorwier compartmeent

Figura XVI: Esquema da técnica dos escovados nasais, filtros e cultura de interface ar-liquido,
respectivamente. Cortesia do Prof. Luka A. Clarke.
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Figura XVII: Avaliagdo da CFTR-CI" em cultura de células nasais através de correntes de curto circuito
sensiveis a Forskolina na micro-cdmara de Ussing. Experimentos realizados no laboratério da Prof.
Amaral, por Inna Uliyakina & Nikhil Awatade (resultados ndo publicados; Amaral, Congresso Brasileiro
de Pneumologia-Maio 2014).

Usando as células epiteliais nasais.....

TestesFunctionais
= Diagnostico

= Prognostico

= Resposta a drogds

S Diminui de diagnosti
% Diminui os custo

“ Reduz as visitas médicas “ Avaliagdo da resposta as drogas

Figura XVIII: Esquema de uma consulta futurista. Sonho por mim compartilhado. Cortesia da Prof.
Margarida D. Amaral.
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6. Evaporimetro

Este teste detecta, por um aparelho sensivel denominado evaporimetro, a taxa de suor na
pele. E realizado apds protocolo de estimulagdo p-adrenérgica da glandula sudoripara, que reflete
a funcdo da CFTR-CI'. Est4 baseado nos conhecimentos de que a glandula sudoripara tem dois
estimulos para a secrecdo de suor (Figuras XIX e XX): o colinérgico responsavel pelo controle
da temperatura intrinseca, que apresenta atividade normal nos individuos com e sem FC, e o -
adrenérgico, AMPc mediado, com secre¢do de suor diretamente proporcional a atividade da
proteina CFTR-CI" (Sato & Sato, 1984; Behm et al., 1987), e que esta alterado nos pacientes com
FC, portadores de 1 mutagdo (heterozigotos) e com CFTR-RD (Sato & Sato, 1984; Behm et al.,
1987; Gonska et al., 2009; Quinton et al., 2012).

Secretﬁ:ry coil Reabsorgtive duct

Hypotonic

| /
Cholinergic Adrenergic

Figura XIX: Esquema que demonstra a glindula sudoripara normal. No paciente com FC ndo existe
resposta ao estimulo B-adrenérgico. (Quinton, 2007).

Figura XX: Glindula de suor nfo individuo nido FC e glindula de suor de individuo com FC.
(Quinton, 2007).
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A atividade da proteina CFTR pode ser medida através da deteccdo de quantidades
minimas de suor realizado pelo evaporimetro (Figura XXI). No probe teste ¢ feita a injecdo
intradérmica de carbacol que vai estimular inicialmente a secre¢do de suor por via colinérgica;
depois esta via ¢ inibida com a aplicagdo de atropina; e por fim ¢ feita a aplicacdo de um beta-
coquetel composto por atropina e isoproterenol, associado a aminofilina, que sera responsavel
pela estimulagdo da CFTR como canal de CI". No probe controle ¢ feito a injecdo somente de
atropina no momento 1 do exame. Apds todas as aplicagdes ¢ realizada a medigdo de suor pelo
equipamento durante cerca de 8-10 minutos por fase. Coquetel

Os pacientes portadores de FC ndo apresentam sudorese apos o estimulo com o beta-
coquetel; os pacientes com uma mutagdo apresentam cerca de 50% de sudorese quando
comparada a fase colinérgica; e os pacientes sem nenhuma mutagado possuem a curva de sudorese
semelhante a da fase colinérgica (Gonska et al., 2009; Quinton et al., 2012) (Figuras XXII,
XXIII, XXIV e XXV). E realizado calculo da relagdo sudorese pelo estimulo B-adrenérgico e a

sudorese pelo estimulo colinérgico (vide tabela II).

Protocolo para realizacio do teste do evaporimetro:

4 injegdes intradérmica (ID) (Figuras XXI, XXII, XXIII, XXIV e XXV)

1) No probe controle (tragado azul) - aplicar 0,2ml de atropina ID -> inibe a secrecdo
colinérgica (momento 1)

2) No probe teste (tragado vermelho) - 0,Iml de carbacol ID > estimula a secrecdo
colinérgica (momento 1)

3) No probe teste (tragado vermelho) - 0,2 ml de atropina ID = inibe a secrecdo colinérgica
(momento 2)

4) No probe teste (tragado vermelho) - 0,2ml de B- coquetel * ID —>estimula a secregdo f-
adrenérgica relacionada com a CFTR. (momento 3)

* B- coquetel (atropina+ aminofilina+ isoproterenol)
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Tabela II - Tabela dos valores de normalidade para o calculo dos resultados do teste com evaporimetro
para os individuos saudaveis, sem nenhuma mutaggo (healthy), portadores de 1 mutago do gene CFTR
(hetero) e FC (CF) de acordo com o sexo. (Quinton et al., 2012).

Healthy Hetero CF (PS and PI)
Beta peak | Ratio B/chol | Beta peak | Ratio B/chol| PBeta peak | Ratio B/chol
Men 60(50-65) | 0.8 (0.7;0.9) | 40(25-55) | 0.5(0.4;0.7) <4.5 0
Women 40(30-50) |10.75 (0.6;0.9)] 15(10-30) |0.4(0.3;0.45) <4.5 0

Beta-adrenergic Sweat Secretion as a Diagnostic Test for Cystic Fibrosis Am. J. Respir. Crit. Care Med.
rcem.201205-09220C. First published online August 2, 2012

=
— "

Figura XXI: Paciente de 9 anos sendo submetido ao teste do evaporimetro no CIPED-UNICAMP.
Arquivo LAFIP-CIPED-UNICAMP.

60



[@rG-12.0
File  &hout

Diagriostics  Messurement |

N

AN

02:00. 0400 0600 0B00 1000 1200 1400 1600 1R00 2000 2202 M2 283 256 F35 940 T

Probe A Probe B Measurement Operation

1 min. meaj in. SD 1 e 1 s s Project File Name:
i min. mean min. S tart top
60 3 utes BRZ_J_9

7.92 0.39 6.09 0.36 T Unlimited

Time Elapsed
Current Value Current Value Current Run

7.37 i 00: 1 Save Screenshot

Figura XXII: Tracado de um individuo saudavel, sem nenhuma muta¢iao. No momento 3, ha resposta
a estimulagdo B-adrenérgica com sudorese e curva semelhante a da estimulagdo colinérgica (momento 1),
apos a inibi¢do do estimulo colinérgico com atropina (momento 2). Arquivo LAFIP-CIPED-UNICAMP.
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Figura XXIII: Tracado de um individuo portador de uma mutacio. No momento 3, hé resposta
parcial a estimulagdo B-adrenérgica com sudorese cerca de 50% apds a estimulagdo colinérgica (momento
1), que se segue a inibi¢do do estimulo colinérgico (momento 2). Arquivo LAFIP-CIPED-UNICAMP.
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Figura XXIV: Tracado de um individuo com FC. No momento 3, ndo ha resposta a estimulacdo f-
adrenérgica (apos a injecao do B- coquetel). Nao ha sudorese como na curva da estimulagdo colinérgica
(momento 1), o tragado permanece uma linha reta. Arquivo LAFIP-CIPED-UNICAMP.
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Figura XXV: Tracado de um individuo com CFTR-RD. No momento 3, ha resposta parcial a
estimulagdo B-adrenérgica com sudorese cerca de 20% apo6s a estimulacdo colinérgica (momento 1), que
se segue a inibig¢do do estimulo colinérgico (momento 2). Arquivo LAFIP-CIPED-UNICAMP.
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7. Caracterizacao genética da FC: o gene CFTR

A FC ¢ uma doenga genética com padrdo de heranga autossdmico recessivo, sendo
necessaria a heranga materna e paterna de um alelo mutado para sua ocorréncia na prole. Quando
cada um dos pais tem um gene para a FC, em cada gestacao, o risco de nascer um filho com e
sem a doenca ¢ de 25% e 75%, respectivamente. A probabilidade de nascer um filho saudavel,
portador de um gene para FC, ¢ de 50%. Deve-se ter em mente esses dados para orientar futuras
gestagoes das maes dos pacientes (Ribeiro, Ribeiro & Ribeiro, 2002).

A FC ¢ causada por mutagdes no gene CFTR, localizado na regido 7q3.1, constituido por
27 exons (Riordan et al., 1989) que codificam um RNAmensageiro (RNAm) de 6,5 quilobases, ¢
que transcreve uma proteina transmembranar, reguladora do transporte i6nico (CFTR), composta

por 1.480 aminoécidos e que age como canal de CI (Riordan et al., 1989) (Figura XXVI).

Gene CFTR

A RUIINIERRRE) RINMEIRITIRIN

¥ iy
25 kilobases i

I Exin
[—1 intron

B Proteina CFTR
(estrutura primdria)
N G

Membrana celular

C CFTR posicionada

na membrana celular

Citoplasma

Segmentos Madulo de ligacio de B Dominio R
transmembrana nucleotideos

Figura XXVI: A. Esquema do gene CFTR contendo em (amarelo) os introns e em (marron) os éxons.
B. Esquema do RNAm antes da maturacdo demonstrando a sequéncia que origina os diferentes
constituintes da proteina CFTR madura, os introns estdo demonstrados em (cinza), ¢ as diferentes
subunidades da proteina nas cores segundo o esquema C. C. Proteina CFTR na membrana plasmatica
com seus diferentes constituintes, a saber: (azul) segmentos transmembrana (TMD1 e TMD?2), (verde)
moédulo de regulagdo (RD), e em (roxo) modulo de ligagdo de nucleotideos (NBD1 ¢ NBD2). Cortesia de
Fernando Marson — Dissertagdo de Mestrado. FCM-UNICAMP (2013).
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E sintetizada no nucleo, sofre maturagio em organelas citoplasmaticas (fosforilagdo e
glicosilagdo), localizando-se na membrana apical das células epiteliais. A CFTR ¢ essencial para
o transporte de ions através da membrana celular, estando envolvida na regulacdo do fluxo de CI,
Na', HCO; e 4gua (Ribeiro, Ribeiro & Ribeiro, 2002).

A mutacao mais frequente responsavel pela FC ¢ a delecao de uma fenilalanina no residuo
508 da proteina (F508del), que leva a deficiéncia no dobramento da CFTR e, posteriormente,
degradacdo no reticulo endoplasmatico rugoso (Amaral & Kunzelmann, 2007). Tal alteracdo esta
presente em 70 a 95% dos alelos responsaveis pela FC em paises do leste europeu. No Brasil,
essa alteracdo contribui com aproximadamente de 50% dos alelos responsaveis pela doenca nas
regides sul e sudeste (Raskin et al.1993; Marson et al., 2013). A baixa porcentagem quando
comparada aos paises europeus que colonizaram o Brasil e que contribuiram de forma importante
na composicdo genética dessas regides brasileiras, reflete o alto indice de miscigenacdo racial
caracteristico de nosso pais (Suarez-Kurtz et al., 2005). Além da F508del, aproximadamente
2000 outras mutagdes foram descritas no gene CFTR e mais de 1500 associadas ao fenotipo
(genet.sickkids).

Algumas mutagdes predispdem a maior gravidade clinica, sendo 42% das mutagdes de
sentido trocado; em 16% dos casos, ha erro na matriz de leitura, levando a uma proteina truncada;
12% sdao mutagdes no sitio de emenda do RNA; 10% mutacdes sem sentido, gerando sitio de
parada da transcricdo do DNA; 5% sdo grandes insercdes ou delecdes de material genético e 15%
das alteracdes sdo variagdes da sequéncia do DNA (polimorfismos) e ndo acarretam alteracao
para a FC (Kuhnl & Faucz, 2005).

As mutag¢des da FC foram divididas em seis classes (Figura XXVII) de acordo com o
efeito que causam na expressdao em nivel celular da proteina CFTR. As classes I a Il apresentam
fenotipo mais grave, ja que englobam mutagdes que levam a ndo producao da proteina CFTR ou

a producdo de proteina inativa (Zielenski & Tsui, 1995; Haardt et al., 1999).
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Figura XXVII: As seis classes de mutacdes que causam FC, suas consequéncias e exemplos, onde
MP = membrana plasmatica. Adaptado de Zielenski & Tsui, 1995 e Haardt et al., 1999.

Mutagdes de Classe I causam defeitos na sintese da proteina gerando proteinas truncadas
que sdo degradadas. Isso ocorre devido a alteragdes nos sinais de encadeamento do splicing,
mudancas de fase de leitura ou sem sentido, alelos nonsense, ou devido a formacao de cédon de
parada prematura que levam a degradacdo do RNAm (Amaral & Kunzelmann, 2007).

Mutagdes de Classe II alteram os eventos de processamento e maturagcdo da proteina, com
consequente retengdo no reticulo endoplasmatico e rapido envio para degradagdo. A mutagao
mais comum, F508del, pertence a esta classe (Welsh & Smith, 1993). As mutagdes de classe 111
afetam o dominio regulatorio do canal, incapacitando o processo de abertura (Salvatore et al.,
2002).

As mutagdes agrupadas nas trés ultimas classes (IV, V e VI) estdo associadas com
secrecdo residual de CI, em geral, superior a 10% do normal em valores para biopsia retal
avaliados em camara de Ussing. No entanto, niveis de expressdao de pelo menos 5% de RNAm
normal estdo associados ao melhor prognostico da doenca (Ramalho et al., 2002). As mutagdes
de classe IV produzem uma proteina que chega corretamente na membrana e responde a
estimulagdo por ATP, porém o fluxo de ions CI" ¢ reduzido (Amaral & Kunzelmann, 2007). As
mutacoes de classe V produzem quantidade reduzida da proteina normal de forma que pequenos
niveis funcionais sdo alocados na membrana (Rowntree & Harris, 2003). Mutagdes de splicing

alternativo que produzem pequena porcentagem de RNAm normal estdo dentro desta categoria.
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As mutagdes de classe VI levam a producao de proteinas que possuem tempo de permanéncia
reduzido na membrana apical das células devido a baixa estabilidade (Haardt et al., 1999).

Além das mutagdes, Mekus e colaboradores (2000), estudando polimorfismos em familias
com irmdos gémeos com FC, determinaram que além das mutacoes no gene CFTR,
polimorfismos em outros genes, somados ao meio ambiente, atuam modificando a expressao
clinica da FC. Sao varios os genes que atuam modulando a gravidade clinica da FC acarretando

um amplo espectro fenotipico (Cutting, 2000; Marson et al., 2014).

7.1. Métodos para analise das mutacoes

Os métodos moleculares para a deteccdo de mutagdes no gene CFTR se baseiam no
conhecimento atual que se tem sobre a patologia molecular da CFTR e estdo sempre em
evolugdo, sendo dependente das ferramentas moleculares disponiveis para a deteccao das
mutagoes. Atualmente, se conhece ampla variedade de técnicas que podem ser utilizadas para
identificar as variagdes na sequéncia do gene CFTR e ndo existe um padrio-ouro para testes de
rotina (Dequeker et al., 2009). Os laboratorios devem estar cientes das limitagdes do método
utilizado e conhecer as mutacdes que ndo sdo identificadas. Isso significa que cada laboratorio
deve escolher um método, que seja adequado para a sua experiéncia, carga de trabalho e escopo
dos testes, além de avaliar os custos para a realizagdo dos mesmos. Nesse contexto, deve-se
salientar que no Brasil a cobertura financeira para a genotipagem na TNN ¢ de aproximadamente
R$ 70,00 por paciente (Marson et al., 2014).

Os métodos utilizados na genotipagem de CFTR podem ser divididos em dois grupos: 1)
aqueles dirigidos a mutagdes conhecidas, ou seja, testes de DNA para a presenca ou auséncia de
mutacao(s) especifica(s); e i) métodos de verificacdo para mutacdes desconhecidas (por
exemplo, o sequenciamento dos exons do gene CFTR) e que devem incluir a procura de grandes
rearranjos desconhecidos da CFTR, incluindo grandes delecdes, inser¢des e duplicagdes. Estes
sao realizados por PCR (reagdo em cadeia da polimerase) semi-quantitativos. A amplificacao
deve ser realizada de forma adequada utilizando-se de técnicas com alta sensibilidade para
reduzir o nivel de falso negativo, no caso da amplificagio convencional. E preciso estar atento as
atualizag¢des regulares com o advento de novas tecnologias, como o sequenciamento de nova
geragdo. Deve-se levar em conta também a populagdo estudada e a origem dos kits de analise de
mutacoes especificas utilizados, que diferem de acordo com a procedéncia (Europa e EUA).

Deve-se iniciar estudando as mutagdes mais frequentes em uma determinada populagdo. Isto
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diminui os custos e agiliza o diagnostico. Habitualmente no sequenciamento se estuda os exons e
se necessario os introns na sequéncia (Dequeker et al., 2009).

Algumas técnicas moleculares tém ganhado evidéncia por facilitar e otimizar o
diagndstico genético. Podem ser utilizadas em pacientes mesmo no caso da TNN, com realizacao
dos testes em amostras de papel de filtro do teste do pezinho, o que j& ¢é realidade em muitos
paises. Um exemplo ¢ a andlise de hibridizagdo in sifu por microarranjo de DNA (conhecida
como microarray-on-a-chip), que pesquisa um nimero pré determinado de mutacdes conhecidas,
detectando as mutagdes mais frequentes de uma determinada populacdao, de forma rapida e
pratica (Figura XXVIII). Hoje, contamos com bancos digitais de facil acesso para consulta da

correlacdo das mutagdes conhecidas e sua expressao clinica (Figura XXIX — CFTR2 website).

Figura XXVIII: Técnica de microarranjo de DNA.
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Figura XXIX: CFTR2: Site que correlaciona o fenétipo das mutacdes ja estudadas com outras
menos conhecidas.

I11. A proteina CFTR

O conhecimento da estrutura tridimensional de uma proteina ¢ fundamental para se
compreender a sua importancia e fun¢do. A CFTR ¢ uma proteina que hoje ja foi amplamente
estudada, sua estrutura destrinchada e hoje pode ser facilmente demonstrada por técnica de raios-
X por cristalografia. E composta por 1480 aminoacidos com dois dominios intracelulares de
ligagdo a nucledtidos NBD1 e NBD2 (do inglés, Nucleotide Binding Domain), dois dominios
transmembrana, TMD1 e TMD2 (do inglés, Transmembrane Domain) e um regulador, o RD (do
inglés, Regulatory Domain) (Figura XXX). Embora hoje o conhecimento estrutural da CFTR
esteja bem estabelecido, avaliar sua fun¢do e expressdo nos diferentes 6rgdos ainda é um desafio
(Odolczyk & Kiewcz, 2014).

Além da fun¢do da CFTR como canal de CI', também tem sido demonstrado que esta
proteina regula varios canais e transportadores, comandando assim o transporte de ions em
muitos epitélios. A CFTR ¢ expressa em membranas luminais de ambas as membranas secretoras
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e absortivas, desempenhando um papel importante no fluxo de eletrélitos nos canais via AMPc e

ativados por Calcio (Ca*") (Figura XXXI).

Figura XXX: Estrutura da CFTR esquematica e em tridimensional. (Norbert et al., 2014).

@ Luminal Basolateral (®) Luminal Basolateral
+ +
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) K Cf —a— | __mm 4
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Figura XXXI: CFTR e interacdo com outros canais e receptores em células epiteliais. (Mall &
Kunzelmann, 2000).
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Objetivo geral:
Avaliacdo dos métodos de diagnostico: clinico, teste do suor, genético (mutagdes do
gene CFTR), e o estudo bioelétrico em biopsias retais quanto a funcao da CFTR para o diagnostico

de FC.

Objetivos especificos:

Capitulo 1

Estabelecer a medicdo da secrecdo de Cl° mediada pela CFTR em biodpsias retais

como um biomarcador para diagnostico e prognostico da FC

Avaliar qual a melhor medida discriminatéria entre os testes laboratoriais e clinicos

para a distingdo entre o fendtipo classico, nao classico e nao FC.

Capitulo 2

Avaliar a viabilidade das amostras obtidas por pingcas de biopsia durante a
retossigmoidoscopia flexivel para analises bioquimicas e bioelétricas “ex vivo”’em camara de

Ussing.

Avaliagdo global do procedimento de bidpsia retal a partir de uma perspectiva técnica
(tipo de preparo e sedacdo e presenca de complicagdes) e a partir da perspectiva dos pacientes

com a avaliagdo do grau de desconforto.

Capitulo 3

Avaliar as etapas da realizagdo do TS em servicos capacitados para o diagnodstico de

FC em um estado do Brasil (SP).
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3.1. Capitulo 1: Measurements of CFTR-mediated CI" Secretion in Human
Rectal Biopsies constitute a Robust Biomarker for Cystic Fibrosis Diagnosis

and Prognosis

Manuscript was published in PLoS One (2012) and included here with minor alterations:

Sousa M, Servidoni MF, Vinagre AM, Ramalho AS, Bonadia LC, Felicio V, Ribeiro MA, Uliyakina I, Marson FA,
Kmit A, Cardoso SR, Ribeiro JD, Bertuzzo CS, Sousa L, Kunzelmann K, Ribeiro AF, Amaral MD.

Measurements of CFTR-mediated CI- secretion in human rectal biopsies constitute a robust biomarker for Cystic

Fibrosis diagnosis and prognosis. PLoS One. (2012); 7(10):e47708.

3.1.1 Summary

Background: Cystic Fibrosis (CF) is caused by ~1,900 mutations in the CF transmembrane
conductance regulator (CFTR) gene encoding for a cAMP-regulated chloride (Cl-) channel
expressed in several epithelia. Clinical features are dominated by respiratory symptoms, but there
is variable organ involvement thus causing diagnostic dilemmas, especially for non-classic cases.

Methodology/Principal Findings: To further establish measurement of CFTR function as a
sensitive and robust biomarker for diagnosis and prognosis of CF, we herein assessed cholinergic
and cAMP-CFTR-mediated Cl- secretion in 524 freshly excised rectal biopsies from 118
individuals, including patients with confirmed CF clinical diagnosis (n=51), individuals with
clinical CF suspicion (n=49) and age-matched non-CF controls (n=18). Conclusive
measurements were obtained for 96% of cases.

Patients with "Classic CF", presenting earlier onset of symptoms, pancreatic insufficiency,
severe lung disease and low Shwachman-Kulczycki scores were found to lack CFTR-mediated
CI secretion (<5%). Individuals with milder CF disease presented residual CFTR-mediated CI’
secretion (10-57%), non-CF controls show CFTR-mediated CI" secretion >30-35% and data
evidenced good correlations with various clinical parameters. Finally, comparison of these values
with those in "CF suspicion" individuals allowed to confirm CF in 16/49 individuals (33%) and
exclude it in 28/49 (57%). Statistical discriminant analyses showed that colonic measurements of
CFTR-mediated CI” secretion are the best discriminator among Classic/Non-Classic CF and non-
CF groups.

Conclusions/Significance: Determination of CFTR-mediated Cl° secretion in rectal

biopsies is demonstrated here to be a sensitive, reproducible and robust predictive biomarker for
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the diagnosis and prognosis of CF. The method also has very high potential for (pre-) clinical
trials of CFTR-modulator therapies.
Keywords: CFTR function; CF biomarkers; outcome measures innovative therapeutics;

diagnosis-algorithm prediction.

3.1.2 Introduction

Cystic Fibrosis (CF), the most common severe autosomal recessive disease in Caucasians,
is caused by mutations in the CF transmembrane conductance regulator (CFTR) gene (Rommens
et al., 1989; Kerem et al., 1989; Riordan et al., 1989) which encodes a cAMP-regulated chloride
(CI) channel expressed at the apical membrane of epithelial cells to control salt and water
transport (Rich et al., 1990). Clinically, CF is characterized by multiple manifestations in
different organs, but is dominated by the respiratory disease, the main cause of morbidity and
mortality. Airway obstruction by thick mucus and chronic infections, especially by Pseudomonas
aeruginosa (Pa), eventually lead to impairment of respiratory function (Rowe et al., 2005). Other
CF symptoms include pancreatic insufficiency, intestinal obstruction, elevated sweat electrolytes
and male infertility (Collins, 1992). About 1,900 CFTR mutations were reported, but one
(F508del) found in association with severe CF, accounts for ~70% of CF chromosomes
worldwide (Collins, 1992). Despite impressive advances in our understanding of the molecular
basis of CF, life expectancy and quality of life for CF patients are still limited (Rowe et al. 2005).

For the vast majority of patients, the diagnosis of classic forms of CF is established early
in life and suggested by one or more characteristic clinical features, a history of CF in a sibling
or, more recently, by a positive newborn screening result (Rosenstein & Cutting 1998; Farrell et
al. 2008). Such diagnosis is usually supported by evidence of CFTR dysfunction through
identification of two CF-disease causing mutations, two abnormal sweat-ClI tests (=60 mEq/L),
and/or distinctive transepithelial nasal potential difference (NPD) measurements (Rosenstein &
Cutting, 1998; Farrell et al., 2008).

However, depending on the ethnic background of the populations tested (Bobadilla,
Macek Jr., Fine & Farrell, 2002) there is a fraction of patients escaping such diagnosis criteria by
presenting "non-classic" symptoms, i.e., milder disease and often inconclusive evidence of CFTR
dysfunction from the available diagnostic tools (De Boeck et al., 2006; Boyle, 2003). For such
individuals with clinical phenotypes not fully meeting the CF diagnostic criteria it is also difficult

to exclude CF. These been have described as having "CFTR-opathies" (Noone & Knowles, 2001)
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or CFTR-related disorders (CFTR-RD) (Bombieri et al., 2011; Paranjape & Zeitlin, 2008).
Moreover, the recently implemented extensive newborn screening programs identify increasing
numbers of asymptomatic CF patients merely identified by elevated serum concentrations of
immunoreactive trypsinogen (IRT), posing new challenges to the CF diagnosis paradigm (Farrell
et al., 2008; Parad & Comeau, 2005; Taylor et al., 2009), especially when associated with
borderline sweat [CI] and/or inconclusive CFTR genotypes (Boyle, 2003; Parad & Comeau,
2005; Taylor et al., 2009; De Boeck et al. 2006). To confirm/exclude a CF diagnosis in such
increasing numbers of individuals, besides close clinical follow-up, further laboratory support is
required (Taylor et al., 2009), in particular, there is a need for robust methods relying on the
functional assessment of CFTR.

Assessment of CFTR (dys)function in native colonic epithelia ex vivo, as we previously
reported, constitutes a good approach to this end (Mall et al., 2004a; Hirtz et al., 2004). However,
since those data were reported, other groups have investigated the abnormalities in electrogenic
CI secretion in the intestinal epithelium of CF patients using Ussing chamber measurements by
different protocols (van Barneveld et al., 2006; Derichs et al., 2010; van Barneveld et al., 2010).
Unfortunately, the final composite parameter used by some, results from a combination of
experimental readouts not all relying on direct measurement of CFTR-mediated CI” secretion,
thus leading to conflicting results and precluding good correlations with clinical symptoms (van
Barneveld et al., 2006; Derichs et al., 2010; van Barneveld et al., 2010).

Since our previous results have established that quantification of rectal CFTR-mediated
CI secretion is a sensitive test for the diagnosis and prognosis of CF disease (Hirtz et al., 2004),
hereunder we applied it to the largest cohort of CF patients and highest number of rectal biopsies
ever assessed in a single study analyzing CFTR-mediated CI” secretion in native tissue ex vivo to
evaluate its robustness as a diagnosis/prognosis biomarker. Our current data demonstrate
significant correlations with CF clinical symptoms, evidencing the value of this method as a
superior laboratory tool to aid the clinical practice. Furthermore, here we also applied this
technique to individuals with clinical suspicion of CF to confirm/exclude a CF diagnosis.
Through comparison of the values for CFTR-mediated CI” secretion in these individuals to those
both of the CF reference group and of a non-CF control group, we could confirm CF in 16/49
individuals (33%) and exclude it in 28/49 (57%), remaining 5 inconclusive. Finally, using the
Ussing chamber data in statistical discriminant analyses, together with the clinical outcomes and

other laboratory measurements, has shown that colonic measurements of CFTR-mediated CI’
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secretion, alone or in combination with sweat-Cl” and fecal elastase E1 (FEE), provides the best

discriminator factor among patients with Classic CF, Non-Classic CF and non-CF individuals.

3.1.3 Methods

Ethics Statement and Subjects

Access to human tissues used in this study received approval from the Research Ethics
Committee of the Faculty of Medical Sciences, State University of Campinas (Unicamp, ref.
503/2007 — Annex A). Signed informed consent was obtained from all patients (or parents/tutors,
for those <18 yrs — Annex B). Altogether 524 freshly excised rectal biopsies were analysed from
118 Brazilian individuals, including CF patients with confirmed diagnosis (n=51), individuals
with CF clinical suspicion (n=49) and age-matched non-CF controls (n=18) undergoing biopsing
with no CF-related disorders and agreeing to participate in the study. Conclusive results were

obtained for 113/118 subjects, i.e., 96% of the cases.

Clinical Assessment

Patient data collected included (Appendix A: Table 1-A and 1-B): age at diagnosis,
sweat Cl” values (> 2), body mass index (BMI), Shwachman-Kulczycki (SK) scores, pancreatic
status and pulmonary function. Additional clinical features included presence of meconium ileus
(MI), nasal polyposis, glucose intolerance, diabetes, osteopenia, osteoporosis, hepatic
involvement and lung pathogens. Criteria for glucose intolerance and diabetes were as defined by
the American Diabetes Association (2003) by performing the 2h-oral 75g-glucose tolerance test:
when glucose levels were 140-199 mg/dL, glucose intolerance was assigned and when above 200
mg/dL diabetes was considered. Criteria for osteopenia and osteoporosis were as defined by the
T-score for bone mineral density as recommended by the World Health Organization (Kanis &
Gliier, 2000): osteopenia was assigned for values between -1.0 and -2.5 and below -2.5 it was
considered osteoporosis. Regarding the "hepatic involvement" we used previously defined
criteria (Debray et al., 2011) i.e., patients presenting either hepatic steatosis, biliary lithiasis and
also chronic liver disease. In most cases, liver disease was initially characterized by hepatic
steatosis, and ultimately there was biliary cirrhosis and portal hypertension (Debray et al., 2011).
Ultrasound exams were used to confirm these clinical findings, analyzing liver parenchyma

echogenicity and evidence for portal hypertension (Debray et al., 2011). Blood analysis also
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showed increased values for liver transaminases and y-glutamil transferase (>1.5 fold at least for

6 months).

Measurements of sweat Cl

For sweat collection, we used the quantitative pilocarpine iontophoresis method, which
remains the gold standard for this approach, and sweat was obtained from the flexor surface of
either forearm of the individual. Sweat was collected on to pre-weighed Cl'-free filter paper for
20-30 min. A minimum sweat rate of 1 g/m” body surface area/min was required; thus a
minimum of 150 mg of sweat was considered adequate (Taylor et al., 2009).Values for C1 or Na"
concentrations above 160 mmol/l were discarded as not physiological and sweat test repeated.
Internal quality control procedures were based on the usage of standard solutions (BioClinTM,
Pretoria, South Africa) and also samples from individuals with negative and positive sweat tests.
The coefficient of variation (CV) was of 15mmol/l. Thereafter, colorimetric technique was used
to determine the concentration (in mmol/L) of both Na" and CI in sweat (Taylor et al., 2009).
Sweat [Cl] above 60mmol/L is classified as abnormal and values of [Cl] between 40 and

60mmol/L are considered borderline.

Fecal Elastase Test

Stool samples were analyzed for FEE with the use of a human monoclonal ELISA test
(Pancreatic Stool Elastase Kit, ScheBo Biotech AG, Giessen, Germany). Pancreatic sufficiency
(PS) was established by FEE values (= 2) of above 200 pg/g stool, while FEE concentrations
ranging between 100 and 200 pg/g were considered moderate PI. A history of malabsorption
together with FEE values <100 pg/g determined PI (Borowitz et al., 2004).

Shwachman-Kulczycki scores

SK scores were performed as before (Shwachman & Kulczycki, 1958) in order to evaluate
the severity of CF disease, and to provide a perception of the overall clinical status of the patient.
The SK score is divided into four domains namely, general activity; physical examination;
nutrition; and radiological findings; each having five possible subscores, according to the degree
of impairment (Annex C). The scores of the four domains are summed to obtain the final score,
from which the condition of the patient is categorized as: excellent (86-100), good (71-85),
average (56-70), poor (41-55) or severe (<40) (Shwachman & Kulczycki, 1958). The SK score
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was calculated by two pediatric clinicians, pulmonologist and gastroenterologist, with expertise

in CF.

Pulmonary Function

Different time point measurements (2-4 per individual) of the best annual forced vital
capacity (FVC) and best annual forced expiratory volume in 1 second (FEV;) were evaluated
from individuals >5-6 years of age, and expressed as a percentage of predicted normal values for
sex, age, and height.

Presence of lung pathogens was defined by the presence in bronchoalveolar lavage (BAL)
/ sputum of: Staphylococcus aureus (Sa), Pseudomonas aeruginosa (Pa), Stenotrophomonas
maltophilia (Sm), Burkholderia cepacia (Bc); Achromobacter xylosoxidans (Ax) or Aspergillus

Sfumigatus (Af) (see Appendix A - Table 1, under column "Pathogens detected").

CFTR Genotyping

To detect CFTR mutations that were not identified by screening the 6 most common
CFTR mutations (F508del, G551D, G542X, R1162X, N1303K, R553X) in the region of
Campinas (Brazil) (Correia, 2005), an extended CFTR mutation search was done consisting in
two-step automatic DNA sequencing of all 27 exons and the respective flanking intronic regions
of the CFTR gene. The first step in genotyping included detection of mutations for 15 exons
(exons 3, 6a, 7, 9, 10, 11, 12, 13, 16, 17b, 18, 19, 20, 21 and 24), which show a detection
frequency of 95.14% (Bonadia, 2011; Felicio, 2011). Such test method with a mutation detection
rate of 95%, gives us a 90% probability of finding two abnormal alleles, 10% probability of
finding one abnormal allele and 0% probability of finding no abnormal alleles (Moskowitz et al.,
2001; Strom et al., 2003). To detect CFTR mutations that were not identified by the above
described screening method, we performed DNA sequencing of the remaining 12 exons of the
CFTR gene for CF patients. The mutations were classified according to the European Consensus
(Castellani et al., 2008) as: a) mutations that cause CF disease; b) mutations that result in a
CFTR-related disorder; ¢) mutations with no known clinical consequence; and d) mutations of

unproven or uncertain clinical relevance (Table 3).
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Rectal biopsies procedure

Colon preparation (cleaning) was done by applying an enema of saline solution (0.9%
NaCl) or 12% glycerine solution or by oral mannitol. Superficial 5-6 rectal mucosa specimens (3-
4 mm in diameter) were obtained with or without sedation (depending on individuals’ will or
collaboration) by colon forceps (Endoflex® 3.4mm, Voerde, Germany) with visual examination,
avoiding the risk of bleeding or of collecting damaged tissue, and immediately stored in ice-cold
RPMI1640 with 5% (v/v) Fetal Bovine Serum (FBS), as described before (Hirtz et al., 2004; Mall
et al., 1998; Mall et al., 2000).

Ussing chamber measurements

Rectal biopsy specimens were mounted and analysed in modified micro-Ussing chambers
as previously described under open-circuit conditions (Hirtz et al., 2004; Mall et al., 1998; Mall
et al., 2000). To minimize sample variability, measurements were performed on 2-5 biopsies
(Figure 6) and data averaged to obtain a single value per individual. Values for the transepithelial
voltage (Vi) were referred to the serosal surface of the epithelium. Transepithelial resistance (R¢)
was determined by applying intermittent (1s) current pulses (0.5 pA). The equivalent short-circuit
current (Is.) was calculated according to Ohm’s law (I. = Vi / Ree), after appropriate correction
for fluid resistance. Briefly, the luminal and basolateral surfaces of the epithelium were
continuously perfused (5 ml/min) with Ringer solution of the following composition (mmol/l):
NaCl 145, KH,PO4 0.4, K;HPO4 1.6, D-glucose 5, MgCl, 1, Ca-gluconate 1.3, pH 7.40, at 37° C.
HCO3" free buffer solutions were used to exclude a possible contribution of CFTR-independent
electrogenic HCO3" secretion, which would be indistinguishable from electrogenic CI” secretion
and thus may mimic residual CI" channel function in CF colonic epithelia ( Mall et al., 2004).
Tissues were equilibrated in the micro-Ussing chambers for 30 min in perfused Ringer solution
before the below experimental protocol (Mall et al., 2004). Values for basal transepithelial
resistance (R¢) were similar for all groups of patients: Ry (controny = 18.63 £ 0.85 Q.cm? (n = 18);
Ree (non-cpy = 19.12 £ 0.12 Q.cm® (n = 28); Ry (Classic cpy = 19.60 = 1.16 Q.cm? (n = 55); and Ryc (Non-
Classic cF) = 21.68 = 2.80 Q.cm’ (n=12). Amiloride (Amil, 20 uM, luminal) was added to block
electrogenic sodium (Na') absorption through the epithelial Na® channel (ENaC) and
Indomethacin (Indo, 10 uM, basolateral) was applied for 40-60 min to inhibit endogenous cAMP
formation through prostaglandins (Hirtz et al., 2004; Mall et al., 1998; Mall et al., 2000, 2004;

Mall et al., 2004). As before (Hirtz et al., 2004; Mall et al., 1999, 2004), Na" absorption was
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significantly augmented in CF rectal tissues in comparison to control (p=0.041) or non-CF
(p=0.014) rectal tissues: Isc-Amil (Classic cr) = 86.75 = 17.03 pA/cmz; Lsc-Amil (Non-Classic cr) = 64 . 39 £
17.79 uA/em?; Ieamil (Controh = 38.56 £ 5.90 pA/em?; and Iyeamil (Non-cFy = 37.63 £ 6.34 pA/cm?,
As reported (Mall et al., 1998; Mall et al., 2000) cAMP-dependent and cholinergic CI secretion
in human rectal tissues relies on functional CFTR. Thus, we used 3-isobutyl-1-methylxantine
(IBMX, 100 uM, basolateral) and forskolin (2 uM, basolateral) to activate cAMP-dependent CI
secretion and carbachol (CCH, 100 uM, basolateral) for cholinergic co-activation (Hirtz et al.,
2004; Mall et al., 1998; Mall et al., 2000). Thus, percentage of CFTR function was calculated for
maximal CFTR activation (Alsc.ismx/rsk + Alse-ccnasmx/rsk)) and normalized to the correspondent

mean value (-217.45 pA/em?) for the reference non-CF control group.

Histology Preparations

One out of the 4-6 rectal specimens collected per individual was fixed in 4%
formaldehyde, embedded in paraffin and cut in thin sections (2-3 uM) for histological
observation to exclude inflammation, haemorrhage, infection or other tissue damage (Figure 1),

and data were obtained for 78 individuals.
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Figure 1: Histological evaluation of rectal biopsies by Hematoxilin-Eosin (HE) and Masson’s
Tricome stainings. Control (transversal cut), Non-CF (longitudinal cut), Classical CF (transversal cut)
and Non-Classical CF (longitudinal cut) biopsies showing a healthy epithelia, namely no fibrotic
processes were observed and some biopsies presented inflammatory processes, independent of being CF
or not. In HE stained sections we observe nuclei in blue and cytoplasm in pink to red. For Tricome’s
Masson we observe collagen in blue, nuclei black, and muscle and cytoplasm in red. Black scale bar
represents 250 pM.
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Sections were then deparaffinized anddehydrated in xylene (twice, 10 min), re-hydrated
with absolute ethanol (twice, 5 min), 95% ethanol (2 min), 70% ethanol (2) min and briefly
rinsed with distilled water and stained with hematoxylin-eosin (HE) and Tricome’s Masson as

previously (Mall et al. 2004a). Slides were mounted with xylene-based mounting medium.

Statistical analyses

Statistical analyses were performed with SPSS software (v. 19; SPSS Inc, Chicago, IL,
USA) and a p-value < 0.05 was accepted to indicate statistical difference. Unless otherwise
stated, data are shown as mean + SEM (n = number of individuals/specimens studied).

Pearson coefficients (r) were used to find correlations and partial correlations between
clinical outcomes and CFTR function. As previously described (Cleveland, Zurakowski, Slattery,
& Colin, 2009; Schaedel et al., 2002), a mixed model regression analysis was chosen to
determine the rate of decline in FEV, vs. Age among the established groups; and Kruskal-Wallis
test for independent samples was used to find differences between the distribution of FEV; vs.
Age across those groups. For Crosstabs, Pearson Chi-Square Tests were used to determinate
independence between the variables analysed. Monte Carlo estimates of the exact p-value are
provided whenever the data are too sparse or unbalanced for the asymptotic results to be reliable.

A stepwise Discriminant Analysis with Wilks’ A method was used to identify which
variable or variables in study are able to discriminate with highest accuracy the established
groups in this study (Tables 1 and 2). The assumptions of normality and homogeneity of
variance-covariance matrices of each group were tested with Shapiro-Wilk (since one of the
groups was small) and Box M tests, respectively. A Classification Analysis was also performed
to obtain Fisher’s linear classification functions that could predict in which group new cases

would be classified.
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Table 1: Discriminant Functions: Eigenvalues and Wilk’s Lambda statistics.

Eigenvalues

Wilks' Lambda

Canonical
Function Bgenwalue % of “arance Cumulative % Cormrelation Test of Functionis)  UNIks [ambda  Chi-square dr Sid.
1 72387 an.4 an.4 837 1 through 2 JE3 137,928 E Jaan
: TEH 36 oo g 538 2 SET 33,513 2 g

a. First 2 canonical discriminant functions were used in the analysis.

NOTE: Eigenvalues show that the biggest proportion (90.4%) of variances (in terms of differences
between groups) can be explained by first discriminant function (in this case CCH-induced I, (following
IBMX/Fsk application). Wilks’ Lambda (A) test of functions shows that both discriminant functions are
significant in determining these differences between groups.

Table 2: Canonical Discriminant Functions used in the Analysis.

Standardized Canonical
Discriminant Function

Structure Matrix Coefficients Functions at Group Centroids
Function Function . . . Function
CF Clinical Diagnosis -
1 z 1 z Consensus Guidelines 1 z
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NOTE: Structural coefficients matrix, showed on the left, explains that CCH-induced I, (following
IBMX/Fsk application) is related to the first discriminant function, while Fecal Elastase E1 and Sweat
Chloride values are correlated with the second discriminant function. Standardized coefficients, in the
middle panel, also show the same: CCH-induced I, (following IBMX/Fsk application) is saturated for the
first function, whereas both Fecal Elastase E1 and Sweat Chloride concentrations saturated in the second

one. Panel on the right shows discriminant functions at group centroids.
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Chemicals and Compounds

All chemicals (highest available purity) were from Sigma-Aldrich® (St Louis, MI, USA) or
Merck® (Darmstadt, Germany) except for culture media (GIBCO®/Invitrogen, Carlsbad, CA,
USA). Fecal Elastase E1 test was from Schebo ® Biotech AG (Giessen, Germany).

3.1.4 Results

Subjects under study and overview of clinical data

The clinical diagnosis of CF was established based on consensus clinical criteria
(Rosenstein & Cutting, 1998; Farrell et al., 2008), namely: 1) presence of one or more
characteristic phenotypic features (chronic sinopulmonary disease; gastrointestinal/ nutritional
abnormalities; obstructive azoospermia or salt-loss syndrome) and 2) evidence of a CFTR
abnormality (increased sweat [Cl] (>60 mEq/L) and/or detection of two CF-disease causing
mutations). Using these criteria and the current CF classification terminology (De Boeck et al.,
20006), two different sub-groups of CF patients (n = 51) were established (detailed clinical data in
section Appendix A: Table I-A): (a) Classic CF patients (n = 46) presenting a severe phenotype
and classic disease manifestations (high sweat-Cl; PI; nutrition deficiencies; chronic
sinopulmonary disease); and (b) Non-Classic CF patients (n = 5) with an atypical phenotype or
milder disease (pancreatic sufficiency-PS; adulthood diagnosis; less serious lung involvement;
and at least one organ with CF phenotype).

A third group included individuals with a clinical suspicion of CF (n = 49) of which 27%
had only one abnormal sweat-Cl" value; others presented borderline (22%) or normal (20%)
sweat-Cl values; and 31% had not been tested for sweat-Cl™ at the time. Most of these individuals
(69%) had inconclusive genetic testing (20% had only one CF-disease causing mutation
identified) and the remainder had not been CFTR-genotyped at the time (Appendix A: Table I-
B). Most of them (68%) showed mono-symptomatic features, including: respiratory symptoms in
29% (nasal polyps, chronic cough/bronchitis, pneumonia, bronchiectasis or pansinusopathy);
35% had abnormal gastrointestinal signs (nutrients malabsorption; failure to thrive; hepatobiliary
disease; chronic diarrhoea; recurrent pancreatitis; diabetes and glucose intolerance); others
presented osteopenia/osteoporosis, liver disease or male infertility. Fourteen percent of these "CF
suspicion" individuals presented relatively mild lung disease and nutrition abnormalities, one
presenting glucose intolerance and another azoospermia. A group of 9 patients with severe

phenotype (both respiratory and gastrointestinal) were initially included in this CF suspicion
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group (18%) due to their recent identification and while waiting for confirmation of a CF

diagnosis (Appendix A: Table I-B).

Assessment of CFTR-mediated CI secretion in rectal biopsies

CFTR-mediated Cl" secretion was assessed in rectal biopsies from the above two sub-
groups of CF patients (Classic and Non-Classic CF) as CF reference. As non-CF control group,
we also analysed CFTR function in age-matched individuals undergoing routine colonoscopy for
non-CF related reasons. Finally, measurements were carried out in the CF suspicion individuals
to establish/exclude a CF diagnosis, following comparison with values from the CF patients and
control groups.

As shown previously (Mall et al., 2004a; Hirtz et al., 2004; Mall et al., 1998b; Mall et al.,
2000), application of CCH under basal conditions elicited lumen-positive responses in CF and
lumen-negative in non-CF tissues (Figure 2-A, B and C). Nevertheless, due to variable levels of
endogenous prostaglandins, lumen-positive responses can also be observed in non-CF control
tissues (Mall et al., 2004a; Mall et al., 2000). Thus, when CCH was applied for a second time,
now under indomethacin to completely inhibit endogenous cAMP (and thus CFTR-mediated Cl°
secretion), all tissues presented lumen-positive responses correspondent to potassium (K ) exiting
the cell (Figure 2-A, B and C) (Mall et al., 2004a; Mall et al., 2000). Next, when we used IBMX
and forskolin (Fsk) to activate cAMP-dependent CFTR-mediated CI” secretion (Mall et al. 2004a;
Hirtz et al. 2004) (Isc.Mmx/rsk), We observed lumen-negative responses in tissues from individuals
in both the "non-CF control" group (Figure 2-A) and "Non-Classic CF" sub-group (Figure 2-B)
but lumen-positive responses for those in the "Classic CF" sub-group (Figure 2-C).

Finally, and as previously described (Mall et al., 2004a; Hirtz et al., 2004; Mall et al.,
1998b; Mall et al., 2000; Mall et al., 1998a), following stimulation with CCH in the presence of
IBMX/Fsk (Isc.ccuasmxrsk)), three different response patterns were observed: (1) monophasic
lumen-negative (Cl-secretory) in tissues from "non-CF controls", and we quantified such
negative peak (Figure 2-A); (ii) monophasic lumen-positive (K -secretory) in tissues from the
"Classic CF" subgroup, and we determined both peak and plateau (Figure 2-C); and finally (iii)
biphasic responses, in the "Non-Classic CF" sub-group, and we determined both positive and

negative peaks (Figure 2-B).
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Figure 2 - Results from Ussing chamber measurements in rectal biopsies from 113
individuals. Original recordings of the effects of cholinergic (CCH, 100uM) and cAMP-dependent
(IBMX, 100uM and Fsk, 2uM, basolateral) activation on transepithelial voltage in rectal tissues from (A)
a healthy control presenting CCH lumen-negative responses; (B) a Non-Classic CF patient showing
biphasic responses, thus presenting residual CFTR function; and (C) a Classic CF patient with no
detectable Cl- secretion, presenting only lumen-positive responses. All the experiments were performed in
the presence of Amiloride (Amil, 20uM, luminal) and Indomethacin (Indo, 10uM, basolateral). (D)
Summary of activated short-circuit currents (Alg.) for basal CCH (Is.ccn), IBMX/Fsk (Isc.smxrsk) and
CCH following IBMX/Fsk application (Is..ccnasmx/rsk)) in rectal biopsies from controls (lumen-negative,
filled circles, n=18), Non-Classic CF (biphasic, filled diamonds, n=5), Classic CF (lumen positive, filled
triangles, n=46) and CF suspicious patients (open squares, n=44) showing lumen-negative, biphasic and
lumen-positive responses. Data represent the mean of the mean measurements on 2-5 rectal biopsies per
individual. Black solid line shows mean Al values for each group represented in pA/cm* Controls (I
cen = -109.28+14.47; Lic.ipvxrsk = -55.38+11.12; Lic.conapmxrsk) = -162.07+19.64); Non-Classic CF (Iy.ccn
= 47.20+17.86; Licvmxsrsk = -16.27+2.83; L conapvxrsk) = -21.64+8.01); Classic CF (Is.ccn = 30.13+2.66;
Licaimmxsrsk = 11.30+0.78; Lie.conapmxrsky = 27.17+2.22); and CF suspicious with similar Al distribution.
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Confirmation / Exclusion of a CF diagnosis and correlation with genotypes

The equivalent evoked-short-circuit currents (Alg.) calculated for individuals in the "CF
suspicion" group (Figure 2-D, open squares, Aly. values in Appendix — Table I-B) were
compared with the reference values for the CF ("Classic CF" and "non-Classic CF" sub-groups,
Figure 2-D, black triangles and diamonds, respectively) and control groups (Figure 2-D, black
circles). Accordingly, each individual with a clinical suspicion of CF could be associated with
one of these two groups (n = 44): for those with a lumen-negative response (Figure 2-A and D) a
CF diagnosis was excluded and those presenting only lumen-positive or biphasic responses
(Figure 2-B, C and D) were considered as CF. For the remainder five, data were inconclusive
due to inviability of biopsies. Extended genotyping was performed for all CF-suspicious
individuals and two CF-disease causing mutations were eventually detected in individuals with
absence or residual CFTR-mediated CI” secretion.

One "CF suspicion" patient with severe CF symptoms and the F508del/S549R genotype,
evidenced very low levels of CFTR function (~5% normalized to controls) thus setting the
threshold for severe disease at this value. In contrast, among the individuals in the "CF
suspicion" group who showed lumen-negative responses, i.e., CFTR function (Non-CF(Ig.-
CCH(UBMX/Fsk)) = -153.38+15.33 uA/cmz) in the same range as the non-CF control group
(Controls(Isc-ccraBmx/Fsk)) = -162.07+19.64 uA/cmz) we could only detect one CF-disease causing
mutation in one individual (F508del) and two other mutations (4428insGA and D1152H) in two
other individuals heterozygous for W1282X and F508del, respectively (see Table 3 and
Appendix A: Table I-B). These individuals were later classified as CFTR-RD and 4428insGA
and D1152H as CFTR-RD mutations.

Overall, based on the combined data, i.e., CFTR-mediated CI secretion in the colon and
CFTR genotypes, we could classify the individuals in the "CF suspicion" group (n = 49) as:
Classic CF (n =9), Non-Classic CF (n = 7), CFTR-RD (n = 2) and Non-CF (n = 26). As to the 5
individuals showing inconclusive Ussing chamber measurements, one individual had one CF-
disease causing mutation (G542X) and two individuals had RD-related mutations (V5621 and
G576A). As we could not confirm/exclude CF in these 5 individuals, they were not included in
the hereunder correlations.

Functional classification of rarer mutations also results from these analyses, namely
(Table 3 and Appendix A: Table I): 3120+1G>A as class I (2 siblings with
3120+1G>A/R1066C, absence of CFTR-function and severe phenotypes); 1716+18672A>G as
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class V (2 other siblings with F508del/1716+18672A>@, residual CFTR function -28-34%- and
mild CF); 1618T as class IV (in a patient with G542X/1618T, 37% CFTR function and mild
disease); and L206W as class IV or CFTR-RD mutation (in a patient with F508del/L206W and
the highest CFTR function -57%- and very mild disease).
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Table 3: CFTR mutations found in individuals under study. Gene and protein localization. mutation classification and frequency from the

present study are designated. Traditional and HGVS standard nomenclature® for CFTR mutations are also indicated.

HGYVS Nomenclature® Predicted
Traditional Localization Mutation Functional
Nomenclature c¢DNA name Frotein name (CFTR gene)* Consequence Protein localiz. Classific. Class
F508del c.1521 1523delCTT p-Phe508del Exon 10 Point deletion NBD1 63.89 A II
G542X c.1624G>T p.Gly542X Exon 11 Nonsense NBD1 7.64 A I
R1162X c.3484C>T p-Argl162X Exon 19 Nonsense ICL4 2.08 A I
R334W ¢.1000C>T p.Arg334Trp Exon 7 Missense TM6 2.08 A v
3120+1G>A c.2988+1G>A - IVS16 Splicing - 2.08 A I
W1282X c.3846G>A p-Trp1282X Exon 20 Nonsense NBD2 1.39 A I
P20sS c.613C>T p.Pro205Ser Exon 6a Missense ™3 1.39 A v
1716+18672A>G .1584+18672A>G® - IVS 10 Splicing* - 1.39 A v
1717-1G>A c.1585-1G>A - IVS11 Splicing - 1.39 A I
1812-1G>A c.1680-1G>A - IVS12 Splicing - 1.39 A I
2183AA>G ¢.2031_2052delAA P Lys684Ser Exon 13 Frameshift RD 1.39 A I
insG fsX38
A561E c.1682C>A p.Ala561Glu Exon 12 Missense NBDI 1.39 A 11
3272-26A>G ¢.3140-26A>G - IVS17b Splicing - 0.69 A v
GS85E c.254G>A p.Gly85Glu Exon 3 Missense TM1 0.69 A I
1618T ¢.1853T>C ple618Thr Exon 13 Missense NBD1/RD 0.69 A v
N1303K ¢.3909C>G p-Asn1303Lys Exon 21 Missense NBD2 0.69 A 1T
R1066C ¢.3196C>T p.Argl1066Cys Exon 17b Missense ICL4 2.08 A 11
R553X c.1657C>T p.-Arg553X Exon 11 Nonsense NBD1 0.69 A I
S549R(T>G) c.1647T>G p.Ser549Arg Exon 11 Missense NBDI 0.69 A i
S4X c.11C>A p-SerdX Exon 1 Nonsense N-terminus 0.69 A I
V5621 c.1684G>A p-Val562lle Exon 12 Missense NBDI 0.69 B
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L206W c. 617T>G p.Leu206Trp Exon 6a Missense T™M3 0.69 A/B v
4428insGA c.4296 4297insGA p-Ser1435GlyfsX14 Exon 24 Frameshift C-terminus 0.69 B VI
D1152H .3454G>C p.Aspl152His Exon 18 Missense TM12/NBD2 0.69 B/A v
G576A c.1727G>C p.Gly576Ala Exon 12 Missense/Splic NBD1 0.69 B/A v
IVS8-5T - - Exon 9 Exon 9 skiping - 2.78 B/C

NOTE: A - CF-causing mutation; B - CFTR-RD mutation; C - Mutation with no clinical consequence.

* Reference CFTR sequence accession number: NM_000492.3, nucleotide number 1 corresponds to the A of the ATG translation initiation codon, in the
reference sequence is numbered as 133.

® According to the HVGS guidelines this mutation should be named: 1585-9412bp A>G.
¢ Inclusion of 104bp criptic exon between exon 10 and exon 11 in the CFTR transcripts.
¢ Traditional Nomenclature
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Correlation between CFTR-mediated CIl secretion and clinical outcomes

In order to assess the value of CFTR-mediated Cl” secretion in rectal biopsies as a
predictive tool for CF, we attempted to statistically correlate these values with the accepted CF-
characteristic parameters (Table 4), namely: sweat [C]] (Figures 3-A and 4-A); FEE (Figures
3-B and 4-B); BMI (Figure 4-C); and age at diagnosis (Figures 3-D and 4-D). For the
correlations involving SK scores (Figures 3-C and 4-E) and FEV, (Figures 3-E and 4-F), we
subdivided patients into 4 age-groups (in years): 0-9; 10-19; 20-29; and >30, since these

parameters have been shown to decline with age (Schaedel et al., 2002).

Table 4: Correlations between clinical outcomes and CFTR-mediated I, in rectal biopsies.

Assessment of CFTR Function in Rectal Biopsies
Isc-lBMX/F sk Isc-CCH (IBMX/Fsk)
Pearson (r) p-value Pearson (r) p-value
Sweat Chloride +0.495 3.41x107 +0.677 473x10™
Fecal Elastase E1 -0.721 6.83x10™ -0.770 1.10x 107
Age at Diagnosis -0.728 1.34 x 10" -0.713 6.18x10™"
BMI -0.169 0.101 -0.226 0.028
BMI
Age at study -0.104 0.319 -0.121 0.244
SK Score -0.274 0.009 -0.362 459 x 10
SK Score
Age at study -0.302 0.004 -0.411 6.44x10°
FEV, -0.205 0.071 -0.240 0.035
FEV,
Age at study -0.251 0.028 -0.301 0.008

NOTE: Pearson coefficients (r) and p-values showing statistical correlations (p < 0.05) are highlighted
(n=95).
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Figure 3: Correlations between CF clinical features and CCH-induced short circuit currents
following IBMX/Fsk application (Li.ccrnapmxrsi). Scatter-plot summarizing the distribution of I
ccnapMxFsk) against (A) sweat [Cl'] (mmol/l); (B) FEE concentrations (pg/g of stools); (C) SK clinical
scores distributed by groups of ages; (D) age at diagnosis (in years); and (E) FEV distributed by groups
of ages, for the individuals included in the study showing conclusive results (n=113) and classified
according to CF Clinical Diagnosis Consensus Guidelines as: Classic CF (filled triangles, n=55); Non-
Classic CF (filled diamonds, n=12); CFTR-RD (star, n=2); and non-CF (open circles, n=26). Vertical
dashed black line represents subtraction of one STD of the mean value calculated for Is.conm aamxrsk)
(Al=-78.77 pA/em®) in non-CF controls (“grey zone™). Vertical dotted grey line represents addition of
one STD of the mean value calculated for Is..ccnapvxrsk) (Ale=-39.55 uA/cmz) in reference sub-group of
Non-Classic CF patients. (F) Mixed regression model for decline rates in FEV; vs. Age (n=232
measurements) for Classic CF (y=93.15-0.73x), Non-Classic CF (y=92.23-0.52x), and Non-CF
(y=96.86—0.34x) groups.
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Figure 4: Correlations between CF clinical features and IBMX/Fsk-induced short circuit currents
(Lseasmxorsk)- Scatter-plot summarizing the distribution I pvxrsc against (A) sweat [CI] (mmol/l); (B)
FEE concentrations (pg/g of stools); (C) BMI distributed by groups of ages; (D) age at diagnosis (in
years); (E) SK clinical scores distributed by groups of ages; and (F) FEV, distributed by groups of ages,
for the individuals included in the study showing conclusive results (n=113) and classified according to
CF Clinical Diagnosis Consensus Guidelines as: Classic CF (filled triangles, n=55); Non-Classic CF
(filled diamonds, n=12); CFTR-RD (star, n=2); and non-CF (open circles, n=26). Vertical dashed black
line represents subtraction of one standard deviation (STD) of the mean value calculated for I pyvx/rs in
non-CF controls (Al = -8.18 pA/em®). Vertical dashed grey line represents addition of one STD of the
mean value calculated for I pymxrg in reference sub-group of Non-Classic CF patients (Al = -22.60
nA/em?).

Our data (Figures 3 and 4 and Table 4) show high correlations between CFTR-mediated
CI" secretion values and these parameters describing CF phenotypes. Indeed, patients with

absence/very low CFTR-mediated Cl" secretion (<5%) had higher sweat-Cl" values (114.23+2.33
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mmol/l), lower FEE concentrations (9.08+2.04 ng/g), earlier age at diagnosis (2.7+0.6 yrs), lower
SK scores (by aged-grouped: mean; = 71£3, mean; = 69+3; means = 56£2; meany = 58+8), and
lower FEV| (by aged-grouped: mean; = 77+6; mean, = 72+5; mean; = 55£5; meany = 49+13) than
individuals with normal values of CFTR-mediated CI” secretion (Table 5). Moreover, CF patients
with residual values of CFTR-mediated Cl secretion had intermediate values in those parameters,
namely: sweat-Cl values (109.80+£8.34 mmol/l); FEE concentrations (444.57+78.05 ng/g), age at
diagnosis (19.6+3.4 yrs), SK scores (by aged-grouped: mean; = 90; mean, = 77+14; mean; =
63+12; meany = 55+7); and FEV| (by aged-grouped: mean; = n.a.; mean, = 82+26; mean; = 61+9;
meany = 60+£3) (Table 5). Moreover, patients with classic CF and <5% CFTR-mediated CI’
secretion consistently presented faster decline rates of pulmonary function (Cleveland et al.,
2009; Schaedel et al., 2002) (Fig. 3-F, dashed line), than Non-Classic CF patients retaining
residual (Fig. 3-F, dotted line) or normal CFTR functions (Fig. 3-F, solid line, p=0.001 by
Kruskal-Wallis test). Regarding BMI, only a modest trend was observed for lower BMI values in
CF patients with absence of CI secretion, not related to age differences (Figure 4-C and Table

4).

Next, we analysed the distribution of other clinical features (MI, nasal polyposis,
diabetes/glucose intolerance, osteopenia/osteoporosis) and also presence of lung pathogens in the
three groups under study. Significant differences (Table 6) were found between the groups under
study for the distribution of lung pathogens (p = 1.75 x 10, 88% of CF patients with pathogens),
with predominance of Pa, and MI (p = 0.0015, 24% of CF patients with MI). Altogether, these
data indicate that our approach to measure the level of CFTR (dys)function in rectal biopsies

provides data evidencing good correlation with the CF severity.
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Table 5: Mean and standard error of the mean values for clinical parameters among the 3 groups of individuals analyzed in this study: Classic
CF; Non-Classic CF and Non-CF.

Classic CF
(Isc»CCH(IBMX/Fsk) =28.68+2.22 }LA/CH]Z; n=55)

CF Clinical Diagnosis

Non-Classic CF

(Le-ccrapmx/psky = -30.06+6.15 pA/ cm2; n=12)

(ISC-CCH(IBMX/Fsk) =-153.38+15.33 MA/CITIZ; n=28)

Non-CF

Sweat CI' (mmol/l) 114.23 £2.33 109.80 + 8.34 58.84 +5.38
FE E1 (ng/g) 9.08 +2.04 444.57 +£78.05 585.44 +44.99
BMI 17.37 £0.52 21.15+£0.92 19.76 +£0.92
Age at diagnosis (yrs) 2.7+£0.6 19.6+£3.4
Aged-grouped 0-9 yrs 10-19 yrs | 20-29 yrs | =230 yrs 0-9 yrs 10-19 yrs 20-29 yrs >30yrs 0-9 yrs 10-19 yrs [20-29 yrs| =>30yrs
FEV1 (% predicted) 77+6 72+5 55«5 49+13 - 82 +26 61+9 60 +3 93+9 81+4 79+ 4 80+ 6
FVC (% predicted) 85+6 79+5 71+8 69 +22 - 83+17 69 + 15 74+4 108 + 11 88+4 83+7 84 £8
SK score 71+3 69+3 56+2 58+38 90 77+ 14 63+12 55+£7 85+8 88+4 90+38 80+38
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Table 6: Distribution of clinical features among the 3 groups of individuals analysed here: Classic
CF; Non-Classic CF and Non-CF.

CF Clinical Diagnosis
Classic CF Non Classic CF Non-CF
(Isc-CCH(IBMX/Fsk) = (Isc-CCH(IBMX/Fsk) = (Isc-CCH(IBMX/Fsk) = Total
28.68+2.22 nA/em’; -30.06+6.15 -153.38+15.33
n=55) pA/em’; n=12) nA/cm’; n=28)
Pa 7 3 1 11
Pa + oth
ath omet 21 5 0 26
Lung Pathogens pathogens
Other
- 20 3 2 2
(»=175x10°) pathogens >
Negative 2 0 7 9
n.a. 5 1 18 24
. Positive 16 0 0 16
Meconium Ileus
Negative 39 12 26 77
=0.001
(p = 0.0015) n.a. 0 0 2 2
Positive 10 4 6 20
Nasal Polyposis
Negative 44 8 20 72
(p=0.591)
n.a. 1 0 2 3
Gluc. Intol. 5 1 0 6
Glucose Diabetes 5 2 2 9
Intolerance Glue. Intol
uc. Intol.
Diabetes
/Diabetes > 0 0 S
(p=0.303) Negative 39 9 23 71
n.a. 1 0 3 4
Osteopenia 2 0 2 4
Osteopenia
Osteoporosis Osteoporosis 6 3 2 11
Negative 46 9 22 77
(p=0.511)
n.a. 1 0 2 3

NOTE: n.a., Not analysed. p-values showing statistical differences among groups under study (p < 0.05)
are highlighted (n = 95).
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Evaluation of the best tool for discriminating CF patients from Non-CF individuals
Following the above findings, we attempted to establish a CF diagnosis tool which could
also serve for disease prognosis. We thus used a stepwise discriminant analysis to evaluate which
one(s) among the clinical and laboratory measurements available (sweat-C1; FEE; BMI; SK
score; FEV1; Lemmxrsk; and Ise.ccnasmxirsk)), constitutes the best discriminator factor between
patients with Classic and Non-Classic CF and also between these groups and non-CF individuals

(see Methods- Statistical analyses).
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Figure 5: Distribution showing the relative position of each individual in the study according to the
scores obtained by discriminant analysis (territorial map). Analysis performed for individuals having
complete information about Iy.ccnasmx/rsk, FEE concentration in stools and sweat-Cl™ (n=75): Classic CF
(filled triangles, n=47); Non-Classic CF (filled diamonds, n=11); and non-CF (open circles, n=17).
Misclassified cases are marked with dotted circles. Grey squares represent the group centroids and grey
lines the barriers between each group. * according to consensus criteria (see text).

As shown in Figure 5, discriminant function 1 (x-axis), corresponding to CFTR-
mediated CI” secretion measurements in rectal biopsies under CCH (Is-ccrasmxrsk)), 1S the best
option to explain the differences between the three groups in 90.4% of cases (Methods - Tables
1 and 2). Additionally, FEE concentration and sweat-Cl" correspond to discriminant function 2
(y-axis) enabling separation of an additional ~6% of the remainder individuals (see Methods -
Tables 1 and 2). Notwithstanding, four Non-Classic CF patients were still misclassified as
Classic CF (Figure S, black diamonds with dotted circles). Furthermore, to translate this
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discriminant analyses into a diagnosis algorithm, we have obtained its respective Fisher’s linear

classification functions as (see Methods- Statistical analyses and Table 2):

Classic CF = 0.317(Sweat Chloride) + 0.005(Fecal Elastase) + 0.012(Ls..ccnasmxrsky) —18.909

Non-Classic CF = 0.338(Sweat Chloride) + 0.028(Fecal Elastase) - 0.015(Isc.ccnasmx/rsk)) —28.485

Non-CF = 0.202(Sweat Chloride) + 0.026(Fecal Elastase) - 0.102(Is..ccnasmxrsk) —23.414

These allow classification of a new CF suspicion case by replacing in these 3 equations
the values from laboratory measurements obtained for a given individual. The function giving the

highest value will correspond to the CF classification group best describing the individual.

3.1.5 Discussion
The wide spectrum of CF phenotypes, high variability of CF lung disease, the uncertain
(dys)function of many rare CFTR mutations together with increasing numbers of asymptomatic
patients identified in recent newborn CF screens, have posed major challenges to clinicians for
the establishment of CF diagnosis and prognosis (Farrell et al., 2008; Boyle, 2003; De Boeck et
al., 2006). Such hurdles make it difficult for caregivers to provide adequate genetic counseling

and medical care, risking worsening of symptoms and organ damage.

Good correlations between CFTR-mediated CI secretion and CF parameters

To evaluate the robustness of colonic CFTR-mediated Cl° secretion as a
diagnosis/prognosis biomarker and thus help overcoming such difficulties, we assessed CFTR
(dys)function ex vivo in 524 rectal biopsies from 118 individuals, including the largest cohort of
CF patients ever analysed by this approach (n=51), a non-CF (control) group (n=18) and
individuals with clinical CF suspicion to confirm/ exclude a CF diagnosis (n=49). The functional
data, demonstrating good correlations with most CF-defining parameters, have also provided key
information to adjust the clinical judgment of a CF diagnosis and prognosis.

Our approach consists in direct measurements of colonic CFTR function assessed through
both cAMP-dependent and cholinergic CI secretion which, as previously shown (Mall et al.,
1998a; Mall et al., 1998b; Mall et al., 2000), are strictly dependent on the presence of functional

101



CFTR. Our data here show that CFTR-mediated CI” secretion is absent or present at almost
undetectable levels (<5%) in 244 biopsies from patients with classic forms of CF (Figure 2 and
Appendix — Table I), as defined by consensus criteria (Rosenstein & Cutting, 1998; Farrell et
al., 2008; De Boeck et al., 2006) including: early age at diagnosis (2.7+0.6 yrs), very high sweat-
CI (114.234£2.33 mmol/l) and PI (9.08+2.04 ng/g) (Figures 3 and 4 and Table 5). This group of
Classic CF patients also presented other severe CF symptoms, like MI (29%)), associated diabetes
and/or glucose intolerance (27%), lung pathogens (87%) and also hepatic involvement (29%)
(Table 6 and Appendix — Table I). In contrast, a group of patients with milder symptoms,
classified as Non-Classic CF by established guidelines (Rosenstein & Cutting, 1998; Farrell et
al., 2008; De Boeck et al., 2006), evidenced residual CFTR-mediated CI” secretion (10 to 57%),
consistently with our previous data (Hirtz et al., 2004). Indeed, most of patients in this group
were diagnosed at an older age (19.6+3.4 yrs) and were PS (444.57+78.05 pg/g) (Figures 3 and
4 and Table 5). Additionally, by stratifying patients into four different age groups, our functional
data also showed good correlations with lung function (FEV,) and SK scores (Table 4, » =-0.301
and -0.411, respectively), where patients with highest values evidenced residual colonic CFTR-

mediated CI secretion.

Comparison with other bioelectric methods

By applying a different Ussing chamber protocol for bioelectric measurements in rectal
biopsies, other authors used an overall parameter resulting from a combination of different
readouts, some relying on indirect activation of CFTR and thereof proposed a cut-off value
(Derichs et al., 2010). Yet, application of such protocol in another study reported a classic CF
patient evidencing readout values higher than the cut-off (van Barneveld et al., 2010). So, it is our
conviction that such cut-off value cannot be clearly established for usage among different
laboratories (Derichs et al., 2010; van Barneveld et al., 2010). Moreover, several technical
aspects differed between the current and such protocol. Firstly, here we use bicarbonate (HCO3)-
free buffer solutions to exclude a possible contribution of electrogenic HCO3™ secretion to lumen-
negative Vi /Iy (Hirtz et al., 2004; Pratha et al., 2000; Mall et al., 2004b). Secondly, our
measurements evidence stable baselines in contrast to the drifting baselines reported in those
studies where agonist responses have to be determined from estimated baselines (van Barneveld
et al., 2010). Thirdly, our readout is based on direct CFTR-mediated CI” secretion under complete
inhibition of endogenous cAMP (Mall et al., 2004a; Hirtz et al., 2004; Mall et al., 1998b; Mall et
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al., 2000; Mall et al., 1998a; Mall et al., 2004b), instead of complex bioelectric responses
involving two different Ca*"-dependent agonists and an anion-transporter inhibitor following
incomplete prostaglandin inhibition (Derichs et al., 2010; van Barneveld et al., 2006; van
Barneveld et al., 2010). Our protocol has the major advantage of using continuous perfusion
which allows for pairwise examination of agonists. Altogether, these characteristics, together
with the demonstration of its extreme sensitiveness (accurate calculation of CFTR activity down
to <5%, see Appendix — Table I), and high reproducibility (very stable baseline currents during
the >2h course of the experiments and similar recordings in different biopsies from the same
individual, Figure 6) make the current approach a superior contribution for CF diagnosis and
prognosis (Figure 5).

Another technique to support a CF diagnosis is NPD measurements. The outcome of this
approach, however, relies on a composite score including both ENaC- and CFTR-mediated
responses (Knowles et al., 1981; Ho et al., 1997; Walker et al., 1997; Wallace et al., 2003;
Standaert et al., 2004; Sermet-Gaudelus et al., 2010), where two abnormal NPD recordings on
separate days evidence CFTR dysfunction (Rosenstein & Cutting, 1998; Farrell et al., 2008). The
technique, however, has variable applicability for adults and children (Sermet-Gaudelus et al.
2010). Moreover, this in vivo procedure requires patient immobilization and sedation (for
children <6yrs) for at least 2h (Sermet-Gaudelus et al., 2010), while the rectal biopsing only
takes ~10 min allowing for multiple ex vivo measurements of different samples from the same
individual and lead to conclusive results (96% here) for a highest percentage of individuals than
NPD (91% (Sermet-Gaudelus et al., 2010)). Moreover, NPD values considerably overlap among
CF patients, carriers and non-CF controls (Sermet-Gaudelus et al., 2010; Ho et al., 1997; Walker
et al., 1997; Wallace et al., 2003). This may be due to the fact that NPD is not a truly quantitative

measurement but relies on the pure measurement of voltages.
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Figure 6: Original recordings of transepithelial voltage (V) measurements in Ussing chambers
obtained in 3-4 rectal biopsies from the same individual evidencing the high reproducibility of the
method. Rectal biopsies from (A) Non-CF individual showing large cholinergic (carbachol, CCH, 100
uM, basolateral) and cAMP-dependent (3-isobutyl-1-methylxantine, IBMX, 100 pM, and forskolin, Fsk,
2uM, basolateral) Chloride (CI') secretion (lumen-negative responses); (B) CF patient homozygous for
F508del-CFTR mutation with absence of Cl secretion (only lumen-positive responses, reflecting
potassium (K") secretion, were observed); (C) CF patient (genotype: F508del/G85E-CFTR) showing very
little (~12%) cAMP-dependent Cl secretion (biphasic responses observed upon co-cholinergic stimulation
with CCH); and (D) CF patient (genotype: 3120+1G>A/L.206 W-CFTR) presenting larger CFTR residual
function (~57%) and milder phenotype than in (C). All the experiments were performed in the presence of
Amiloride (Amil, 20 pM, luminal) and Indomethacin (Indo, 10 pM, basolateral). Transepithelial
resistance (R,.) was determined from V., deflections obtained by pulse current injection (0.5 pA).

Validation as a biomarker for CF diagnosis / prognosis

Importantly, we show here how assessment of colonic CFTR function was a key tool to
exclude CF in 28 individuals (2 of classified as CFTR-RD patients). In fact, despite that the
clinical features of these individuals suggested CF, both genotyping and sweat test were
inconclusive (Appendix — Table I-B). This leads us to conclude of the importance of this
approach for patients in the "grey" zone (Figures 3 and 4) for the establishment/ exclusion of a

final diagnosis of CF or CFTR-RD.
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Interestingly, our data are also highly informative to correlate CFTR function with CFTR
genotypes (Figure 7). For instance, we were able to detect very low function (~5% CFTR
function vs non-CF controls) in a patient bearing S549R, recently described as Class III (Yu et
al., 2012), whereas significant CFTR-mediated CI secretion was found in two patients bearing
4428insGA and D1152H (84 and 64%, respectively). Thus, we classify the former here as CF-
disease causing and the two latter as CF-RD mutations.

In the present study, we have also used a statistical discriminant analysis to identify which
clinical and functional parameter(s) better reflects the differences between Classic CF, Non-
Classic CF and Non-CF groups for prognosis. Results show that Iy..ccrismx/rsk) measurements are
more discriminative than Is..smx/rsk, €videncing the highest discriminant power (90.4%) among
the three groups studied. The second and third parameters with higher discriminant power are
FEE and sweat-Cl" concentration, respectively. Using such analysis (Figure 5), one can for
example predict that individuals in the "Non-Classic CF" group with values lying closer to the
"Non-CF" cluster, have better prognosis than those with values closer to the "Classic CF" cluster.
In fact, the only four cases with "Non-Classic CF" which were misclassified as "Classic CF" by
this analysis, correspond to individuals with moderate PI and/or low levels of CFTR function. It
may thus be expected that these four patients develop severe CF earlier than most Non-Classic
ones. Interestingly, and corroborating such prediction among these four, there is a 19-year old
patient with the F508del/G85E genotype, moderate PI (FEE=103.89 ng/g) and ~12% of CFTR
function (Figure 6-C and Appendix — Table I) who recently (last 1'% yr) started to progress
from a relatively mild to moderate-severe lung disease, with five pulmonary exacerbations plus
surgery to remove nasal polyps associated with a strong sinusitis.

Recently, we demonstrated that the current approach may be used in pre-clinical
assessment of therapeutic compounds efficacy directly on native tissues (Roth et al., 2011) and
similarly it may be used to identify CF patients (and CFTR mutations) who will respond to
innovative therapeutic strategies, namely those aimed at increasing the residual CFTR activity
and already approved for clinical use for other mutations towards a predictive personalized-
medicine approach (Accurso et al., 2010; Hirtz et al., 2004; Ramsey et al., 2011; Roth et al.,
2011; Shah, 2011; Van Goor et al., 2009). For example, the patient with S549R could be tested ex
vivo for the correction with the FDA-approved potentiator Ivacaftor, as suggested by the in vitro

data (Yu et al., 2012). Moreover, our data also indicate that this approach, together with sweat-CIl°
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is probably the best biomarker in clinical trials aimed at modulating CFTR (Accurso et al., 2010;
Clancy et al., 2011).
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Figure 7: Association of CF clinical phenotypes with the levels of normal CFTR mRNA transcripts,
CFTR function (as percentage of maximal CFTR activation normalized to control group) and
CFTR mutations (grouped by functional classes of mutations) with examples found in this study.
Indicated values are speculative. *D1152H may belong either to CFTR-RD or CFTR-disease causing
mutations. CBAVD, Congenital Bilateral Absence of the Vas Deferens; ABPA, Allergic
Bronchopulmonary Aspergillosis; PS, Pancreatic Sufficiency; PI, Pancreatic Insufficiency; MI, Meconium
Ileus; DIOS, Distal Intestinal Obstruction Syndrome.

What is the functional CFTR threshold to avoid CF?

Finally, in an attempt to further answer the old question "how much functional CFTR
would be enough to avoid CF?" (Amaral, 2005) we have put together the current and previous
findings including those concerning mRNA levels to identify the threshold for CF (Amaral et al.,
2001; Beck et al., 1999; Hirtz et al., 2004; Ramalho et al., 2002) (Figure 7). Indeed, we
previously showed that ~5% of normal CFTR transcripts (relative to non-CF individuals) is
sufficient to attenuate CF severity (Amaral et al., 2001; Beck et al., 1999; Ramalho et al., 2002).
From our current and previous data, we propose that CFTR values above ~10% of normal CFTR
function are required for a better CF prognosis. Indeed, CF patients with CFTR function below

10% evidence more severe CF (see Appendix — Table I). Moreover, non-CF controls and
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individuals for whom a CF diagnosis was discarded show CFTR-mediated CI" secretion >30-
35%, as before (Hirtz et al., 2004).

Altogether, our current approach to measure CFTR-mediated Cl° secretion in rectal
biopsies is demonstrated here to be a sensitive, reproducible and robust predictive biomarker for
the diagnosis/prognosis of CF. Moreover this method has very high potential for (pre-)clinical

trials of innovative therapeutic approaches involving CFTR-modulators.
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3.2. Capitulo 2: Rectal Forceps Biopsy Procedure in Cystic Fibrosis: Technical

Aspects and Patients Perspective for Clinical Trials Feasibility

Manuscript was published in BMC Gastroenterology (2013), and included here with minor alterations:

Servidoni MF, Sousa M, Vinagre AM, Cardoso SR, Ribeiro MA, Meirelles LR, de Carvalho RB, Kunzelmann K,
Ribeiro AF, Ribeiro JD, Amaral MD.

Rectal forceps biopsy procedure in Cystic Fibrosis: technical aspects and patients perspective for clinical trials

feasibility. BMC Gastroenterol. (2013) 13(1):91.

3.2.1 Summary

Background: Measurements of CFTR function in rectal biopsies ex vivo have been used
for diagnosis and prognosis of Cystic Fibrosis (CF) disease. Here, we aimed to evaluate this
procedure regarding: i) viability of the rectal specimens obtained by biopsy forceps for ex vivo
bioelectrical and biochemical laboratory analyses; and 1ii) overall assessment (comfort,
invasiveness, pain, sedation requirement, etc.) of the rectal forceps biopsy procedure from the
patients perspective to assess its feasibility as an outcome measure in clinical trials.

Methods: We compared three bowel preparation solutions (NaCl 0.9%, glycerol 12%,
mannitol), and two biopsy forceps (standard and jumbo) in 580 rectal specimens from 132
individuals (CF and non-CF). Assessment of the overall rectal biopsy procedure (obtained by
biopsy forceps) by patients was carried out by telephone surveys to 75 individuals who
underwent the sigmoidoscopy procedure.

Results: Integrity and friability of the tissue specimens correlate with their transepithelial
resistance (r=—0.438 and —0.305, respectively) and are influenced by the bowel preparation
solution and biopsy forceps used, being NaCl and jumbo forceps the most compatible methods
with the electrophysiological analysis. The great majority of the individuals (76%) did not report
major discomfort due to the short procedure time (max 15 min) and considered it relatively
painless (79%). Importantly, most (88%) accept repeating it at least for one more time and 53%
for more than 4 times.

Conclusions: Obtaining rectal biopsies with a flexible endoscope and jumbo forceps after
bowel preparation with NaCl solution is a safe procedure that can be adopted for both adults and
children of any age, yielding viable specimens for CFTR bioelectrical/ biochemical analyses. The
procedure is well tolerated by patients, demonstrating its feasibility as an outcome measure in

clinical trials.
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3.2.2 Introduction

Cystic Fibrosis (CF), the most common severe autosomal recessive disease of Caucasian
populations, is caused by mutations in the CF transmembrane conductance regulator (CFTR)
gene encoding a chloride (CI") channel expressed at the apical membrane of epithelial cells, a
major regulator of salt and water transport in epithelia (Rich et al., 1990). CF is dominated by
respiratory disease but other organs are also affected including the pancreas, intestine and sweat
gland as well as male reproductive tract (Collins, 1992).

Although the clinical diagnosis of classic (severe) forms of CF is straightforward, for
other patients there is wide variability in the clinical presentation and organ involvement, thus
making the CF diagnosis more challenging (Rosenstein & Cutting, 1998; Farrell et al., 2008;
Wallis, 2003; Paranjape & Zeitlin, 2008; Boyle, 2003). Moreover, increasing numbers of
asymptomatic patients are currently identified through extended programs of CF newborn
screening (Farrell et al., 2008; De Boeck et al., 2006; Taylor et al., 2009; Com et al., 2010;
Sermet-Gaudelus et al., 2010).

One of the most useful laboratory parameters used for the diagnosis and prognosis of CF,
is ex vivo assessment of CFTR-mediated CI secretion channel in freshly collected rectal biopsies
(De Boeck et al., 2006; Taylor et al., 2009; Hirtz et al., 2004; Mall et al., 2004a; Sousa et al.,
2012; de Jonge et al., 2004; Derichs et al., 2010), which we have shown to constitute a sensitive,
reproducible and robust predictive biomarker for the diagnosis and prognosis of CF disease
(Hirtz et al., 2004; ,Sousa et al., 2012).

Moreover, ongoing clinical trials of novel therapeutic CFTR-modulators require improved
and robust biomarkers to adequately assess their in vivo efficacy on CFTR. Indeed, there is also
great potential to exploit this method to pre-clinically assess compound efficacy directly on
human tissues ex vivo, as we previously showed (Roth et al., 2011) or as a biomarker in clinical
trials of novel CFTR-modulators (Accurso et al., 2010; Clancy et al., 2011; Shah, 2011).
Moreover, it may even be used to evaluate patient/CFTR genotype responsiveness to a drug
through a personalized-medicine approach.

For such disseminated usage of this method, standardized operational procedures (SOP)
for bowel preparation and biopsing are essential to ensure good tissue viability for the
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quantitative assessment of the bioelectric parameters (Mall et al., 2004a). Moreover, since the
procedure involves biopsing, a somewhat invasive procedure possibly triggering psychological
rejection, there should be clear information on how it is perceived from the patients’ perspective
(comfort, invasiveness, pain, sedation requirement, etc) to obtain an overall assessment of the
method.

Our aim here was to evaluate (a) the technical procedure regarding the quality for
bioelectrical/ biochemical laboratory analyses of 580 rectal specimens from 132 individuals (CF
and non-CF), namely by comparing different bowel preparations and different biopsy forceps;
and (b) to determine individuals’ assessment regarding the rectal biopsy procedure feasibility to
be possibly used as an outcome measure in (pre-)clinical trials, as described in other studies

(Anton et al., 2011; McGowan et al., 2007).

Our results demonstrate that best tissue viability for Ussing chamber measurements
results after bowel preparation with isotonic solution (NaCl 0.9%) and usage of jumbo (vs
standard size) biopsy forceps allowing collection of larger specimens without disrupting tissue
integrity. Data collected on patient’s comfort show that the great majority of individuals (76%)
did not report major discomfort due to the short procedure time (max 15 min) and considered it
relatively painless (79%), regardless of sedation. Moreover, most individuals accept repeating the
procedure another four times (53%), supporting the feasibility of the current approach as an

outcome measure in (pre-)clinical trials.

3.2.3 Methods

Subjects

Access to human tissues used in this study received approval from the Research Ethics
Committee of the Faculty of Medical Sciences, State University of Campinas (Unicamp, ref.
503/2007 — Annex A), in accordance with the Helsinki Declaration of the World Medical
Association. Signed informed consent was obtained from all individuals (or parents/tutors, for
those <18 yrs — Annex B). Altogether, 580 freshly excised rectal biopsies were analysed at
Unicamp from 132 individuals, including CF patients (n=67) with previously established
diagnosis (Sousa et al., 2012) (genotypes in Appendix B — Table II and in Appendix A — Table
I, reproduced from Sousa et al., 2012) and age-matched non-CF individuals (n=65) undergoing

biopsing for other clinical reasons and agreeing to participate in the study (Figure 9). The
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number of biopsies found suitable for quantitative bioelectrical measurements was 404 (i.e.,
~70%). Assessment of the overall rectal biopsy procedure by patients was carried out by
telephone surveys to individuals (n=75) who underwent the sigmoidoscopy/rectal forceps biopsy

procedure (Figures 8 and 9).

Bowel Preparation

Bowel preparation was done on-site (~30 min prior to sigmoidoscopy) by applying an
enema of 1) saline solution (0.9% NaCl, total volume: 0.25-1L); or ii) glycerinated solution (12%
glycerol in distilled water, total volume: 0.25-1L), for individuals undergoing sigmoidoscopy; or
iii) oral mannitol solution (20%, total volume: 0.5L on the previous day) for individuals
undergoing colonoscopy (Figure 9). Satisfactory bowel cleaning was achieved in 99.24%
(131/132) of cases. At our endoscopy unit, oral mannitol is used only when a complete cleaning
of the bowel is required; while the routine solutions used for sigmoidoscopy are usually
glycerinated solution or saline solution. These solutions are cheap and offer low risk of
dehydration for the patient (especially for people that live in very hot climates, like Brazil). Also
in the case of rectal biopsies, only the rectum needs to be cleaned, so performing a quick enema

on-site prior to the procedure is adequate and also more comfortable for the patient.

Rectal Biopsies Procedure

When using jumbo forceps (Endoflex® 3.4mm; Voerde, Germany) a colonoscope with a
working channel of 3.8mm @ and an external diameter of 12.8mm (Fujifilm® EC-590ZWL;
Tokyo, Japan) was used. For the standard forceps (Olympus® 2.5mm; Shinjuku, Tokyo, Japan)
we used either a Olympus® (CV-VL model; Shinjuku, Tokyo, Japan) or a Pentax Ricoh® (FG-
27X model, Tokyo, Japan) scope with a working channel of 2.8mm @ and an external diameter of
9mm.

Individuals were examined in the left lateral decubitus position. The distal 10 cm of the
scope was lubricated with a water-soluble jelly and it was then inserted into the rectum by
exerting gentle pressure by the scope tip on the anal sphincter until it relaxed. Insertion of the
scope was done as quickly as possible, thereby limiting patient discomfort. Once the scope is in
the rectum (10 to 20 cm inserted), fluid that may be present was suctioned and the lumen was

located and inspected by moving the tip of the scope. The normal rectal mucosa demonstrates a
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non-friable vascular system. Little or no air insufflation was used to avoid abdominal pain and
bowel distension and because it is easier to obtain superficial rectal biopsies. These were
collected laterally at 15 to 20 cm from the anal verge in a low vascularized mucosa.

Superficial 4-6 rectal mucosa specimens (2-4 mm in diameter) were obtained by either
jumbo or standard forceps with visual examination, avoiding the risk of bleeding, perforation or
of collecting damaged tissue, and immediately stored in ice-cold RPMI1640 with 5% (v/v) Fetal
Bovine Serum (FBS).

We aimed to compare different biopsy forceps, as suction biopsies are not in current use at
our endoscopy unit. In a first stage, we used the Olympus® 2.5mm forceps (standard-oval
without needle; required work channel size: 2.8mm ©; Shinjuku, Tokyo, Japan) and in a second
stage the Endoflex® 3.4mm (jumbo-oval without needle; required work channel size: 3.7mm ©;
Voerde, Germany) in order to obtain larger specimens, optimizing the adequacy of the specimens

for functional and biochemical studies.

Sedation

From the 132 individuals enrolled in this study, 63 performed endoscopic procedures
under sedation and 69 without. Intravenous sedation with midazolam (associated or not with
meperidine) was performed for all individuals undergoing colonoscopy (n=28) for other reasons

than the rectal biopsy procedure (these were all non-CF individuals).

Sigmoidoscopy was done with or without sedation depending if the individual was
already performing other procedures (like gastrostomy or upper endoscopy, n=10) or depending
on individuals’ will, collaboration or anxiety (n=25, i.e., only 24% of the patients undergoing
sigmoidoscopy preferred to be sedated). For children under 9 years old, the parents together with
the paediatric gastro-endoscopists decided whether it was preferable to have sedation; while the
individuals above 10 years old could choose to have sedation or not by themselves, because they
had already a better understanding of the overall procedure. For those 35 individuals, sedation
was performed as follows: a) intravenous sedation with midazolam (n=9); b) intravenous
anaesthesia with propofol (n=2); c¢) intravenous anaesthesia with propofol + alfentanil (n=5); d)
sevoflurane (with nitrous oxide 1:1) inhalation (n=8); and e) intravenous anaesthesia with
propofol + sevoflurane inhalation (n=11). In general, individuals were monitored for blood
pressure, pulse, oxygen saturation and ECG tracing by an anaesthologist. Children could also

choose if they wanted their parents with them during the procedure or not.
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Macroscopic Evaluation and Preparation

Prior to mounting in Ussing chamber, tissues were macroscopically evaluated regarding
bleeding, mucus, biopsy thickness (presence of submucosa or not), and also for friability (tissue
breakdown from manipulation), in a scale from 0 to 3 (from absence to clear presence of the
descriptor), by two different technicians who were blinded for the individual condition (CF/non-
CF), bowel preparation method and biopsy forceps used (Figure 9). Regarding tissue integrity
resulting from the biopsing procedure, the scale was inverted to facilitate the technicians’
evaluation, i.e., 0 means full integrity of the specimen while 3 means that the tissue is fully
disrupted (i.e. integrity is not present). Data on specimens’ macroscopic evaluation were obtained
for 107 individuals and was averaged for 2-5 biopsies/ individual to obtain a single value per

individual.

To minimize edge damage, we mount tissues under a stereomicroscope allowing for
optimal orientation of the small tissue specimen over insert opening (circular aperture of 0.95
mm?), appropriate for Ussing chamber measurements, and preventing tissue damage during
manipulation with instruments, as before (Mall et al., 2004a; Hirtz et al., 2004; Sousa et al.,

2012).

Ussing chamber measurements

Tissues were equilibrated in the micro-Ussing chambers for 30 min in perfused Ringer
solution (in mmol/L: NaCl 145, KH,PO4 0.4, K;HPO,4 1.6, D-glucose 5, MgCl, 1, Caz+-gluc0nate
1.3, pH 7.40, at 37° C) as previously described (Hirtz et al., 2004; Mall et al., 2004; Sousa et al.,
2012). Luminal and basolateral surfaces of the epithelium were perfused continuously (5
mL/min). Typically, we perform experiments under open-circuit conditions, which resemble the
in vivo situation more closely than short-circuit conditions. This approach may contribute to
longer viability and a larger magnitude of drug responses (Hirtz et al., 2004; Mall et al., 2004;
Sousa et al., 2012). Transepithelial resistance (Ry) was determined by applying short (1 s) current
pulses (0.5 pA) and the corresponding changes in transepithelial voltage (V) were recorded
continuously. Values for the transepithelial voltage (Vi) were referred to the serosal side of the
epithelium. The equivalent short-circuit current (Is) was calculated according to Ohm’s law (Is. =
Vi/Ri). Measurements of basal R, were used to assess tissue viability, after appropriate
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correction for fluid resistance. To control for sample-to sample variability of ex vivo tissue
specimens, we generally perform diagnostic bioelectric measurements on 2-5 biopsies per

individual and data were averaged to obtain a single value for each individual.

Histology preparations

One out of the 4-6 rectal specimens collected per individual was fixed in 4%
formaldehyde, embedded in paraffin and cut in thin sections (2-3 uM) for histological
observation. Sections were then deparaffinized in xylene (twice, 10 min), re-hydrated with
absolute ethanol (twice, 5 min), 95% ethanol (2 min), 70% ethanol (2) min and briefly rinsed
with distilled water and stained with hematoxylin-eosin (HE) and Tricome’s Masson as
previously (Mall et al., 2004a). Slides were mounted with xylene-based mounting medium.
Again, pathologists assessed specimens blindly as above and data was obtained for 78

individuals.

Western blot

Rectal biopsy specimens from normal individuals and patients with established CF
genotypes (kept at -80°C after bioelectrical measurements) were homogenized in ice-cold 50
mmol/L Tris-HCI pH 7.4, 150 mmol/L NaCl, 1mmol/L EDTA containing a protease inhibitor
cocktail (Roche®, Basel, Switzerland). This material was then incubated 40 minutes with 1%
(w/v) Nonidet P-40, 1% (w/v) sodium deoxycholate and 0.1% (w/v) sodium dodecyl sulfate.
Insoluble material was removed by centrifugation and Laemmli buffer was added to supernatants.

All protein extracts were quantified by modified micro-Lowry method and subjected to
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (7% acrylamide) separation
(Farinha et al., 2004).

Western blots were probed with a cocktail (1:2000 dilution) of the monoclonal antibodies
M3A7 and MM13-4 (Chemicon®, Millipore, Billerica, MA, USA) or anti-CFTR antibodies 570
and 596 (Cystic Fibrosis Foundation, Bethesda, MA, USA) which recognize separate CFTR
epitopes to increase sensitivity to detect native CFTR protein (Mendes et al., 2004a; Mall et al.,
2004b)(70 pg of total protein extract was applied in the gel). Chemiluminescent detection was
performed using Super Signal® West Pico Chemiluminescent Substrate (Pierce Rockford, IL,
USA) or ChemiDoc™ XRS+ System with Image Lab™ Software system (Bio-rad, Hercules,
CA, USA).
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Immunohistofluorescence

Thin sections (3-4 um) of frozen rectal tissues were mounted on glass slides and stored at -
80°C until immunofluorescence analyses. Briefly, sections were hydrated in phosphate-buffered
saline for 5 minutes and fixed in methanol at -20°C for 10 minutes. After a blocking step (30
minutes in 1% (w/v) bovine serum albumin), sections were incubated with monoclonal anti-
CFTR antibody 570 (Cystic Fibrosis Foundation, Bethesda, MA, USA) diluted 1:150 for 2h at
room temperature (Mendes et al., 2004b) and after with Alexa 488-fluorescein labelled
(Invitrogen, Carlsbad, CA, USA) diluted 1:300 for 1h, and mounted in Vectashield containing
4,6-diamidino-2-phenylindole (DAPI) to label nuclei (Vector Laboratories, Burlingame, CA,
USA). Immunofluorescence staining was observed and recorded on a confocal microscope Leica

TCS SPE (Leica, Jehna, Germany).

Questionnaire used for patients’ assessment of the rectal biopsy procedure

Individuals were approached by telephone telephone by two researchers that did not have
contact with the rectal biopsy procedure to evaluate the overall procedure from bowel preparation
to collection of the biopsy (full questionnaire in Figure 8). Data were obtained for 75 individuals,
divided into four age groups, namely (yrs): 0-9 (n=21); 10-19 (n=33); 20-29 (n=7); >30 (n=14).
Most patients were children (median age=13 yrs). For children under 9 years old, the parents
were asked to answer the questions as these children are very young to fully understand the
procedure; while the individuals above 10 years old gave the responses themselves.

Although several attempts have been made to define patient satisfaction, an acceptable
definition is that it represents a patient’s cognitive or emotional evaluation of a health—care
provider’s performance and is based on relevant aspects of a patient’s experiences and
perceptions (Maciejewski et al., 1997). Thus, different domains of assessment with
gastrointestinal endoscopy procedures were described (Yacavone et al., 2001) and may include
(1) the quality of care (endoscopy staff and environment); (ii) the comfort and tolerability of the
procedure; (iii) the provision of an adequate explanation of the procedure; (iv) communication
with the physicians before and after the procedure; and (v) waiting time or delays.

Here, we focus on the comfort and tolerability of rectal biopsy procedure using a
questionnaire covering: 1) the choice of being or not sedated; ii) the evaluation of the discomfort
of the overall procedure, including the monitoring, bowel preparation, rectoscopy, biopsing and

sedation procedure; iii) comparison of the rectal biopsy procedure with other clinical and/or
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research exams such as nasal potential difference, nasal brushing, spirometry, sweat test,
bronchoscopy and blood collection; iv) classification of the pain deriving from the procedure; v)
the concerns with this type of exam; and vi) the will to repeat the procedure if used as a research
procedure (Figure 8). All subjects enquired had undergone at least blood draws and sweat-CIl°
testing for comparison with rectal biopsy (answers reported as "not applicable" were referred to
individuals that were not able to establish a clear comparison, because they did not remind very
clearly these procedures).

This survey was applied to a total of 75 individuals: 60 CF patients and also 15 non-CF
individuals. At the time of the survey, these 15 individuals were reported as CF-suspicious
patients that had also undergone other common CF medical examinations, like sweat-test or

spirometry, and thus included in this study. Only later, they were reported as non-CF individuals.

Statistical analyses

Statistical analyses were performed with SPSS software (v. 19; SPSS Inc, Chicago, IL,
USA) and a p-value < 0.05 was accepted to indicate statistical difference. Unless otherwise
stated, data are shown as mean + SEM (n = number of individuals/specimens studied).

Pearson coefficients (r) were used to find correlations and partial correlations between
descriptors for macroscopic evaluation and Ry of biopsies. ANOVA, with a Bonferroni post hoc
correction when appropriated, was used to find differences between groups’ means with a 90%
confidence interval. For Crosstabs regarding patients questionnaires, Pearson Chi-Square Tests
were used to determinate independence between the variables analysed. Monte Carlo estimates of
the exact p-value are provided whenever the data are too sparse or unbalanced for the asymptotic

results to be reliable.

Chemicals and Compounds

All chemicals (highest available purity) were from Sigma-Aldrich® (St Louis, MI, USA) or
Merck® (Darmstadt, Germany) except for culture media (GIBCO®/Invitrogen, Carlsbad, CA,
USA).
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Figure 8: Rectal Biopsy Procedure Patient Assessment Questionnaire.

Rectal Biopsy Procedure Patient Assessment Questionnaire

Subject Name Procedure Date:
Gender: Birth Date:

1. Was it required to use sedation? Yes / No

2. Please classify the overall rectal biopsy procedure as:
A) Very uncomfortable B) Somewhat uncomfortable C) Not uncomfortable

3. Regarding the overall procedure, that includes:
i) the monitoring ii) the bowel preparation iii) the sigmoidoscopy iv) the biopsy v) the sedation (if used)

which one(s) did you consider to be:
A) Not uncomfortable B) The least uncomfortable C) The most uncomfortable

4. Regarding other clinical and/or research procedures that you have experienced, please classify the rectal biopsy
procedure as being:
A) Less unpleasant or B) More unpleasant

than:

i) Nasal potential difference measurement
ii) Nasal brushing

iii) Spirometry

iv) Sweat test

v) Bronchoscopy

vi) Blood collection

5. Have you felt some pain during the biopsing procedure? Yes / No

In case of a positive response, please classify your pain as:
A) Very painful B) Acceptable Pain C) Almost unpainful

6. What bothered you more in this procedure: the a priori presumption that this would be an uncomfortable and
painful procedure or the preconception and taboo of a rectal exam?

7. If the rectal biopsy was to be used as a future outcome measure in clinical trials, how many times do you think you
would be willing to have it performed?

_ None

___ Onetime

____Twotimes

__ Threetimes

___ Fourtimes

8. Please express any additional comment you would like to provide us relative to this procedure.
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3.2.4 Results
A flow-chart summarizing the technical biopsing aspects assessed in the present study is

shown in Figure 9.

132 Individuals
(67 M; 65 F)

CF patients non-CF individuals
’ (n=67) (n=65)
NaCl Glycerol Mannitol NaCl Glycerol Mannitol
(n = 58) (n=8) (n=1) (n=33) (n=5) (n=27)

Macroscopic (n = 58) Macroscopic (n = 49)
Histological (n = 49) Histological (n = 29)

Figure 9: Flow-chart of the technical biopsing aspects assessed in the present study. Bioelectrical
measurements were performed for rectal biopsies (n = 580) from all the individuals enrolled in the study
(n = 132) to assess tissue viability (Sousa et al., 2012). Bowel preparation included enemas of either NaCl
0.9%, glycerol 12% (v/v) or oral mannitol 20% (w/v) solutions. Two different biopsy forceps were tested,
namely jumbo (3.4mm @) and standard (2.5mm @), independently of bowel preparation. Macroscopic and
histologic evaluation of rectal biopsies was achieved for 107 and 78 individuals, respectively. Patient
assessment surveys were carried out for 75 individuals undergoing sigmoidoscopy with rectal biopsy
collection, divided into 4 age groups, namely (yrs): 0-9; 10-9; 20-29; >30.

Bowel preparation and biopsy forceps

The bowel cleaning procedures, consisting in administration of an oral laxative (for
colonoscopy) or by enema (for sigmoidoscopy) allowed equally good visualization of the rectal
mucosa and forceps during the sigmoidoscopy/ colonoscopy procedure. Expectedly, jumbo
biopsy forceps (3.4mm ) generated larger specimens than standard forceps (2.5mm ), thus
facilitating the mounting of the tissue in Ussing chamber inserts.

Data referring to bowel preparation (Tables 7 and 8) show that there are statistically
significant differences (p=0.054, 90% confidence interval) for tissue integrity between the
preparations using NaCl 0.9% (1.19+£0.12) and glycerol 12% (1.82+0.21). Oral mannitol was not
statistically different from isotonic saline, independently of the biopsy forceps used (Table 7).
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Table 7: Summary of macroscopic evaluation data and bioelectrical measurements (R,.) of rectal

biopsies vs. bowel preparation and biopsy forceps.

Bowel Preparation NaCl 0.9% Glycerol 12% Mannitol 20%
Biopsy Forceps Jumbo Standard Jumbo Standard Jumbo Standard
Tissue integrity 1.00+0.11 2.00+0.35 1.48+0.31 2.21+0.23 1.02+0.02 1.97+0.30

Friability 1.23+0.12 1.36+0.24 1.50+0.31 1.81£0.22 1.13+£0.33 1.33+0.25
Bleeding 1.01+0.08 1.21£0.18 1.274£0.21 1.16+0.29 1.05+0.22 0.83+0.32
Mucus 1.1240.11 1.18+0.17 0.91+0.24 0.88+0.13 0.74+0.13 1.06+0.13
Sub-mucosa Yes 16 3 3 1 2 1
(n) No 42 9 4 4 12 10
R (Q.cm?) 21.82+1.03 14.37+1.21 18.75+2.66 13.57+£2.70 18.69+0.98 13.32+1.11

NOTE: Results are mean = SEM; n = 107.

Table 8: Summary of macroscopic evaluation data and bioelectrical measurements (R.) of rectal

biopsies vs. bowel preparation.

NaCl 0.9% Glycerol 12% Mannitol 20%
Tissue integrity 1.19+0.12 1.82+0.21 1.55+0.21
Friability 1.26 £ 0.10 1.65+0.19 1.24+0.19
Bleeding 1.04 +0.07 1.22+0.17 0.99+£0.18
Mucus 1.13+0.09 0.89+0.14 0.88+0.10
R (Q.cm?) 19.12 £ 0.87 16.36 £ 1.96 16.20 + 0.89

NOTE: Results are mean = SEM; n = 107. ANOVA analyses indicates statistical differences between
distribution of among the three groups for bowel preparation (p=0.039). Bonferroni post hoc test shows
that difference is between NaCl 0.9% and Glycerol 12% (p=0.054; 90% confidence interval).

Regarding biopsy forceps, mean values for tissue integrity (Jumbo=1.07+0.09 vs
Standard=2.04+0.18) and also for R (Jumbo=20.97+0.81 Q.cm” vs Standard=14.01+0.86 Q.cmz)
are also statistically different for the isotonic saline and glycerol procedures (p=5.51x10" and
p=8.42x107%, respectively, Tables 7 and 9). Friability (i.e. tissue susceptibility to breakdown with
manipulation) is the only parameter significantly affected by the presence of sub-mucosa (Table

10, p=0.008), but this may result from more tissue manipulation being required to remove the

123



sub-mucosa. Regarding bleeding and mucus, their presence/abundance are not influenced by

neither bowel preparation nor biopsy forceps (Table 7).

Table 9: Summary of macroscopic evaluation data and bioelectrical measurements (R;.) of rectal
biopsies vs. biopsy forceps.

Jumbo Standard

Tissue integrity 1.07 £0.09 2.04 +£0.18
Friability 1.26+0.10 1.47+0.15
Bleeding 1.04 +0.07 1.08 £0.14
Mucus 1.02+0.08 1.09 +0.09
R (Q.cm?) 20.97 +0.81 14.01 + 0.86

NOTE: Results are mean + SEM; n=107. There are significant differences in tissue integrity (p=5.51x107)
and also between means of R (p=8.42x10") for biopsy forceps.

Table 10: Summary of macroscopic evaluation data and bioelectrical measurements (R.) of rectal
biopsies vs. presence of sub-mucosa.

Sub-mucosa presence
Yes No
Tissue integrity 1.49+0.16 1.32+£0.12
Friability 1.65+0.18 1.18+0.09
Bleeding 1.15+£0.14 1.01 £0.07
Mucus 1.20£0.16 0.97 £0.06
R (Q.cm’) 20.11+1.45 18.95+0.91

NOTE: Results are mean + SEM; n = 107. Statistically significant differences were found between mean
of friability regarding the presence of sub-mucosa (p=0.008).

In addition, we also found statistically significant correlations (Figure 10 and Table 11)
between Ry and tissue integrity (r=-0.438, p=8.51x107) and between R, and friability (r=-0.305,
p=6.65x107), which is supported by partial correlations with bowel preparation and biopsy
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forceps. Data concerning presence/abundance of blood and mucus do not correlate with tissue

viability-R¢. (Figure 10 and Table 11).
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Figure 10: Correlations between tissue transepithelial resistance (R) and macroscopic descriptors.
(tissue integrity, friability, bleeding and mucus) according to (A) biopsy forceps and (B) bowel

preparation (n = 107 individuals).
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Mucus

o NaCl 0.9%
® Glycerol 12%
4 Mannitol 20%

0 NaCl 0.9%
® Glycerol 12%
A Mannitol 20%

0 NaCl 0.9%
® Glycerol 12%
4 Mannitol 20%

o NaCl 0.9%
® Glycerol 12%
A Mannitol 20%



Table 11: Summary of the correlations and partial correlations (by bowel preparation and biopsy
forceps) between tissue transepithelial resistance (R,) and macroscopic evaluation of biopsies.

Transepithelial resistance (R;.)
Pearson (r) p-value
Tissue integrity -0.438 851x10°
Bowel preparation -0.403 3.74x 10"
Biopsy forceps -0.244 0.036
Friability -0.305 6.65x 107
Bowel preparation -0.301 7.88x10°
Biopsy forceps -0.277 0.015
Bleeding -0.176 0.110
Bowel preparation -0.185 0.093
Biopsy forceps -0.182 0.100
Mucus +0.078 0.507
Bowel preparation +0.032 0.787
Biopsy forceps +0.115 0.330

NOTE: Pearson (r) and p-values indicating significant correlations are highlighted

(n=107).

Histological and macroscopic evaluation of rectal tissues and biochemical analysis

Histological examination of rectal specimens revealed no obvious abnormalities and only
some inflammatory cells were found, independently of both tissue origin (CF or non-CF) or
bowel preparation (Figure 11-A).

Tissues were evaluated for integrity, friability, bleeding, mucus, and thickness of biopsy
(presence of sub-mucosa or not) under a dissecting microscope by two different technicians in
blinded way (Table 7). As shown above, the scores obtained from this evaluation were correlated
with bowel preparation, biopsy forceps and measurements of transepithelial resistance (Ry) to
assess tissue viability (Figure 10 and Table 11).

We have also used these native colonic tissues to further look at maturation pattern and
localization of wt- and mutant-CFTR protein, which can serve as a valuable tool to evaluate the

effects of CFTR-modulators together with Ussing chamber measurements of CFTR-mediated CI’
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secretion. As shown in Figure 11-B, we were able to detect CFTR protein at the plasma

membrane for both wt-CFTR and F508del/P205S-CFTR (P205S is a class IV mutation), but
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F508del/F508del-CFTR was retained into cytoplasm, close to the basolateral membrane.

Figure 11: (A) Rectal biopsies (longitudinal cuts) were histologically evaluated by Hematoxilin-
Eosin (HE) and Masson’s Tricome stainings in non-CF and CF tissues. Images show healthy epithelia,
with no fibrotic processes and only some inflammatory cells were detected. Images shown are
representative of the total and correspond to biopsies from a non-CF individual (left) and a CF patient
(right) performed with standard (3.4mm ) forceps after bowel preparation with glycerol (non-CF) or
isotonic saline (CF). In HE-stained sections (top), nuclei are stained in blue and cytoplasm in red. In
Tricome’s Masson-stained sections (bottom) collagen (fibrotic biomarker) is stained in blue, nuclei in
black, and muscle and cytoplasm in red. Black scale bar represents 250 uM. (B)
Immunohistofluorescence of rectal biopsies showing nuclei in blue (DAPI staining) and CFTR in
green. Images evidence CFTR at the membrane in a non-CF tissue (top panels) and also, albeit weaker, in
a biopsy from a CF patient with the F508del/P205S-CFTR genotype (bottom panels). In contrast, a biopsy
from a F508del-homozygous CF patient evidences intracellular CFTR staining (middle panels). A
negative control (no primary antibody n.c.) was also performed. Scale bar represents 25 um. (C) Western
blot of a single rectal biopsy from non-CF individuals (wt-CFTR, lanes 1-2) and from a CF patient with
F508del/R334W-CFTR genotype (lane 3) evidence the presence of both immature and mature forms of
CFTR (bands B and C, respectively; and from a CF patient with the F508del/F508del-CFTR genotype
(lane 4) evidencing only immature form (band B) which is characteristic of the endoplasmic reticulum
(ER) and thus corroborating the traffic defect associated with this mutation.
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These findings were in accordance with the maturation pattern of CFTR protein (Figure
11-C), which was found to be fully-glycosylated (presence of band C) for wt-CFTR and another
class IV CFTR-mutant (R334W), but failed to mature in the biopsy from a F508del/F508del

patient.

Patient safety and comfort with overall procedure

No major complications (perforation, haemorrhage) were reported following NaCl 0.9%
bowel preparation or jumbo biopsy forceps (allowing larger and more viable rectal specimens),
thus making this a safe procedure.

There was only one CF patient complaining about abdominal pain who was observed for
4h after the procedure, but had no other complications and recovered by then from such pain.
This was the only patient with inappropriate bowel cleaning, where more insufflation had to be
used in order to perform the procedure. We believe this was the reason for the abdominal pain.
This patient also had a clinical history of surgical interventions for meconium ileus and colonic
adhesions. We found no influence by usage of sedation in the procedure regarding tissue viability
(data not shown).

Patients were asked by telephone to assess the rectal biopsy procedure by posing several
questions targeting several aspects of patient assessment (see Methods — Figure 8). The
questions were divided into 3 broad categories: i) procedural pain/discomfort and sedation
requirement (questions 1, 2, 3 and 5); ii) comparison with other clinical/diagnosis procedures
(question 4); and iii) acceptance towards the possible introduction of this method as an outcome
measure in clinical trials (question 7). In addition, there was also a question regarding
preconceptual concerns or discomfort and pain associated a priori with this procedure (question
6).

Data collected on patients’ (dis)comfort show that 57/75 (76%) of the interviewed
individuals did not report high levels of discomfort, independently of sedation or age, but shows
statistically significant differences (p = 0.032) regarding gender (Table 12): as there were more
female patients saying that the overall rectal biopsy procedure is "somewhat uncomfortable".
Nevertheless, the majority of both female (32/41) and male (25/34) reported low levels of
discomfort. Also, the great majority of the individuals inquired (78.7%) reported that this is a
painless procedure, regardless of sedation, age or gender (Table 12). Only 2 individuals assessed

the procedure as "Very painful”" (data not shown). Moreover most of the individuals (53%) accept
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repeating this procedure for four more times, while only a minority (12%) do not wish to repeat it

(Table 12), also independently of sedation, age and gender.

Table 12: Evaluation of comfort, pain and future repetition of the rectal biopsy procedure assessed
by patients by gender, age group and sedation (n=75).

Comfort Pain Future Procedure
Very Somewhat Not
Uncomfortable | Uncomfortable | Uncomfortable | No | Yes | 0 1 2 3 4
18 27 (30) 9| A6 1O |14 | 9| 3 | (40
Female 9 20 12 34 7 3 8 6 0 24
Gender Male 9 7 18 25 9 6 6 3 3 16
0-9 7 3 11 15 6 3 2 2 2 12
10-19 6 16 11 27 6 5 7 5 1 15
Age 2029 2 3 2 6 | 1ol 2|1]0] 4
Groups
(years) >30 3 5 6 11 3 1 3 1 0 9
No 10 15 12 28 9 6 7 3 1 20
Sedation Yes 8 12 18 31 7 3 7 6 2 20

NOTE: Results are n = number of individuals. Statistically significant differences were found between
classification of procedure overall comfort regarding gender (p = 0.032).

When asked to indicate which steps of the procedure they considered as the least/ most
uncomfortable (Table 13), data shows that "the monitoring” was considered by the highest
percentage (89.3%) as "Not uncomfortable" (76%) or "Least uncomfortable" (13.3%), followed
by "the biopsing" (70.7%) and "the bowel preparation" (70.7%), and finally "the sigmoidoscopy"
(66.7%). For the individuals being sedated, "the sedation" step was also well-tolerated, as much
as "the monitoring step" (Table 13). Furthermore, as somewhat expected, sedation significantly
enhances the rate of "Not uncomfortable" responses regarding "the sigmoidoscopy" (p = 0.016)
and "the biopsing" (p = 0.003) procedures. No differences were found regarding gender or age

(Table 13).
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Table 13

: Evaluation of the overall rectal biopsy procedure (n=75).

Not Least
uncomfortable Uncomfortable Most uncomfortable n.a
Monitoring 57 10 6 2
Bowel preparation 27 26 20 2
Sigmoidoscopy 36 14 23 2
Biopsy 42 11 20 2
Sedation 28 4 5 38

NOTE: Results are n = number of individuals. Statistically significant differences were found between
classification of comfort for sigmoidoscopy (p = 0.016) and biopsy (p = 0.003) regarding sedation. n.a.
means not applicable.

Concerning the comparative assesment of the rectal biopsy procedure with other clinical /
diagnosis examinations (Table 14), most of the individuals classified the overall rectal biopsy
procedure as being "more unpleasant" than sweat test (76%), followed by spirometry (64%) and
blood collection (53.3%), regardless of gender, age or sedation. No conclusions could be drawn
concerning NPD, nasal brushing or bronchoscopy, because more than 65% of the individuals had

not experienced those procedures or were unable to establish a comparison.

Table 14: Comparison of the rectal biopsy procedure with other clinical / diagnosis procedures

(n=75).

Less unpleasant More unpleasant n.a.

Nasal Potential Difference 9 11 55
Nasal Brushing 12 14 49
Spirometry 12 48 15

Sweat test 10 57 8
Bronchoscopy 3 7 65
Blood collection 25 40 10

NOTE: Results are n = number of individuals. n.a. means not applicable.
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Finally, when patients where asked about their preconceptual concerns regarding the
procedure (question 6), the reported answers were similar: 46.7% for preconception /taboo and

41.3% for discomfort /pain. The remaining 12% did not answer (data not shown).

3.2.5 Discussion

Measurements of CFTR function in rectal biopsy specimens have proven its value in the
fine-diagnosis of patients with milder or "non-classical" forms of CF, in particular when sweat
test results are equivocal or borderline and/or if CFTR-disease causing mutations are not readily
identified by DNA mutation analysis (Hirtz et al., 2004; Sousa et al., 2012; Mall et al., 2004a).
This approach also serves as a sensitive test to predict the prognosis when rare CFTR mutations
are not identified by standard screening tests (Hirtz et al., 2004; Sousa et al., 2012). Compared to
the airways, the rectal epithelium is easily accessible at any age, expresses higher levels of
CFTR, thus increasing robustness of the measurements and, as shown here (Figure 11-A), does
not undergo major secondary tissue destruction/remodelling as those occurring in CF airways
(Mall et al., 2004a).

Because functional and biochemical data are not available for most rare mutations, these
specimens can also be used to establish functional and biochemical correlations with rare CFTR
genotypes (Figure 11-B and C). Furthermore, this approach may be used as well to validate
efficacy of novel CFTR-modulator compound/drugs directly on human native tissues for such
rare mutations (Accurso et al., 2010; Clancy et al., 2011; Shah, 2011). Indeed, rectal biopsies are
already in use as outcome measures in clinical trials for other diseases (Anton et al., 2011;
McGowan et al., 2007) and for some a high number of biopsies (n = 28) per patient has been
reported without complications. The same can thus be translated into the CF field.

Since good tissue viability is critical for quantitative assessment of bioelectric responses our
recommendation is that specimens are maintained in appropriate medium on ice until used in
functional measurements, which should be performed immediately (Mall et al., 2004a). To
minimize edge damage (and consequent liquid/ electric leakage), tissues should be mounted
under a dissecting microscope for optimal orientation of biopsy on the insert opening and to
prevent tissue damage with excessive instrument manipulation.

The present study, aimed to determine whether and how bowel preparation for
sigmoidoscopy and choice of biopsy forceps influence tissue viability for subsequent laboratory
analyses, in particular, bioelectric measurements. We compared two commonly used solutions for
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bowel preparation, namely glycerol and isotonic saline enema (for sigmoidoscopy) as well as as
oral mannitol (for colonoscopy). Our data show that isotonic saline solution, which we speculate
is less harmful for the mucosa, is superior to glycerol-based preparation, but there are no
significant differences between NaCl-enema and oral mannitol. Indeed, there is a major
difference between mean values for the tissue integrity parameter between biopsies obtained after
NaCl- and glycerol-based bowel preparations, the latter severely compromising tissue viability
(Tables 7 and 8).

Regarding the biopsing procedure, we choose to perform it with forceps instead of a suction
device, as the forceps utilize endoscope which allows direct visualization of both the mucosa and
the forceps during the procedure and identification of any abnormal vascular structures thus
potentially increasing its safety profile. It also allows avoiding biopsing the same site twice.
Excessive bleeding, although proven in this study as not being a problem, would be rapidly
identified and could be immediately managed. Moreover, our goal was also to compare the
forceps size (standard vs jumbo forceps) in terms of how sample size might affect its viability and
also regarding safety of the procedure. Overall, mean values for tissue integrity
(jumbo=1.07+0.09 vs standard=2.04+0.18) and also for R (jumbo=20.97+0.81 Q.cm® vs
standard=14.01+0.86 Q.cm®) were shown to be statistically different (p=5.51x10" and
p=8.42x10"®, respectively, Tables 7 and 9), with jumbo forceps providing the best results.

Importantly, data for both tissue integrity and friability show good correlations (positive and
negative, respectively) with tissue viability (assessed by R measurements) and are influenced by
bowel preparation and biopsy forceps (Figure 10 and Table 11). Our data also show that
collection of superficial rectal biopsies with (jumbo/standard) forceps constitutes a safe
procedure, as we observed no complications, similarly to what others previously reported for
studies on Hirschsprung (Hirsch et al., 2011) or inflammatory bowel disease (Elmunzer et al.,
2008).

Data concerning presence/abundance of bleeding and mucus do not correlate with tissue
viability (Ry), but interestingly there is a trend positive correlation between mucus and Ry
(r=10.078), indicating that presence of mucus (i.e. probably resulting from a less "aggressive"
bowel cleaning) could somehow serve to preserve tissue viability (Figure 10 and Table 11).

Therefore, performing bowel preparation with isotonic saline and obtaining the rectal
biopsies with jumbo forceps are demonstrated to constitute the best combination for the

procedure (Table 7) with the highest mean values for Ry (21.82+1.03 Q.cm?) and the best for
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tissue integrity (1.00£0.11). On the other hand, usage of glycerol-based enema and smaller
(standard) forceps produce the less viable tissues, namely (Table 7): worst tissue integrity
(2.21£0.23) and R (13.57+2.70 Q.cm?), and highest friability (1.81£0.22), thus rendering
quantitative determination of CFTR-mediated CI secretion less reliable. An alternative for bowel
preparation in children could be sodium citrate + sodium lauryl sulfoacetate, together with
glycerol + sorbitol ("Microlax™") or dioctyl sulfosuccinic acid sodium salt + sorbitol ("Clyss-
20®™"), which we had previously experienced to be less harmful for the mucosa if done the day
before sigmoidoscopy (data not shown), probably allowing rectal mucosa to recover from this
enema procedure. However, as these procedures were not rigorously assessed, they cannot be
fully recommended.

The easy access to the patients rectum and the low innervation of this area minimizing pain,
makes this approach to be expectedly well tolerated (Hirtz et al., 2004; Sousa et al., 2012).
Moreover, modern gastroenterology techniques and instruments currently applied in outcome
measures for clinical trials have made this approach increasingly simpler and easier (Anton et al.,
2011). Indeed, in the present study, sedation was used primarily to reduce anxiety and ensure
cooperation. In cooperative, non-anxious patients, our experience recommends that the procedure
is performed with no anaesthesia. The present study also shows that this procedure is safe to be
applied from young children to adults (age range was 6 mo to 52 yrs). Although we have no
experience, it also expected that it can be safely applied to newborns, namely those identified in
increasing numbers as asymptomatic CF patients by the recently implemented extensive newborn
screening programs, merely based on elevated serum concentrations of immunoreactive
trypsinogen (IRT). Indeed, these patients, posing new challenges to the CF diagnosis and
prognosis are likely candidates to undergo this procedure to find evidence of CFTR
(dys)function.

Patient enquiries demonstrate that for the majority of the individuals (76%) the rectal biopsy
procedure is not associated with high levels of discomfort due to the short procedure time (max
15 min), regardless of sedation (Table 12). Moreover, this shows to be also a relatively painless
procedure, as 79% of the individuals did not report pain, Table 12). Nevertheless, "the
sigmoidoscopy step” was associated with the highest level of discomfort (Table 13). Also, the
individuals interviewed classified the rectal biopsy procedure as more unpleasant than sweat test,

spirometry or blood collection (Table 14). But if these individuals are required to repeat the
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biopsy procedure, despite some preconception concerns comprising prejudice and discomfort,
they accept doing it up to four more times (53%).

In conclusion, results from the present study recommend that rectal biopsies for bioelectric
measurements for CF studies should be obtained with a flexible endoscope and jumbo biopsy
forceps after bowel preparation with NaCl isotonic solution to obtain viable specimens. The
procedure is well tolerated from the patients’ perspective, demonstrating its feasibility as an

outcome measure in (pre-)clinical trials.
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3.3. Capitulo 3: Estimulacio, Coleta e Dosagem de Eletrolitos no Teste do

Suor: Caracteristicas de Diferentes Centros

Manuscrito em preparagédo (2014):

Servidoni MF, Gomez CS, Marson FAL, Ribeiro MA, Vieira Jr FU, Toro ADC, Ribeiro JD, Ribeiro AF, GETESP
(Grupo De Estudo do Teste do Suor de Sdo Paulo): Damaceno N; Rodriguez JC; Ferrari G; Stepanian V; Salomao
JB; Chiba S; Lorena S; Fernandes MI.

3.3.1 Sumario

Objetivo: Avaliar as etapas da realizagao do teste do suor (TS) em servigos capacitados
para o diagnostico de fibrose cistica (FC) em um estado do Brasil.

Métodos: Foram visitados, 14 Servicos (9 publicos), onde ¢ realizado o TS para
diagnéstico de FC. Baseado em estudos internacionais, foi elaborado e aplicado um questionario
qualitativo abrangendo as fases de estimulacao, coleta e analise laboratorial do suor.

Resultados: Em 12/14 locais quem realizava o TS teve treinamento interno, em dois
locais utilizavam normatizagdo escrita e em um local os profissionais tinham conhecimento de
“guideline” internacional do TS. Os centros pesquisados sdo responsaveis por aproximadamente
4.500 exames/ano sendo necessario repeticao entre 10 a 50% dos testes, na maior parte das vezes,
por sudorese insuficiente. Dois servicos privados (40% dos servigos privados) ndo utilizam
nenhum equipamento para a estimula¢do. Todos os servigos possuem equipamento de estimulacao
sem certificacdo da agéncia reguladora ANVISA (Agéncia Nacional de Vigilancia Sanitaria) e nao
tém registro no pais, com tempo de uso que varia de 3 a 23 anos. 2/14 centros nido estavam,
realizando o TS por falta de insumos para estimula¢do e/ou dosagem do ion Cloro (CI'). Em 13/14
centros visitados foram constatados problemas relacionados a técnica de estimulagdo da sudorese,
coleta do suor e/ou da dosagem do CI".

Conclusdo: Nao existe uniformidade nas etapas para a realizagdo do TS nos diferentes
centros avaliados. Com o aumento da demanda do TS apds a implantagdo da Triagem Neonatal
(TNN) para FC, ¢ premente a necessidade de equipamento adequado de estimulacdo e dosagem do
suor associado a normatizagao deste teste e treinamento de pessoal capacitado para a realizacao do
mesmo.

Palavras-chave: Fibrose Cistica, Teste do Suor, Centros de Referéncia, Pilocarpina.
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3.3.2 Introducio

O Brasil tem dimensdes continentais, populagdo de 202 milhdes de habitantes, trés
milhdes de nascimentos/ano e almeja, até o final de 2014, implantar em todo o pais a fase [V da
triagem neonatal (TNN), que inclui a fibrose cistica (FC), pela dosagem do tripsinogénio
imunorreativo (IRT) realizada por duas dosagens no primeiro més de vida.

A primeira IRT ¢€ realizada ao nascimento e € repetida se o resultado for alterado (cut off >
70 ng/dL) dentro do primeiro més de vida. Com dois valores de IRT alterados, o recém-nascido
(RN) ¢ encaminhado para a realizacdo do teste do suor (TS) (Manual de normas técnicas do
Ministério da Saude-MS, 2004). O diagnostico de FC ¢ confirmado apds dois TS alterados com
CI' > 60 mEq/L (Portaria 288, MS). Valores duvidosos entre 30-60 mEq/L.

A partir da implementagdo da TNN em todo o pais, a demanda pelo TS vai aumentar;
soma-se a este fato o conhecimento atual e a identifica¢do de formas ndo classicas de FC e das
doengas relacionadas a CFTR (CFTR-RD), onde o TS ainda € uma ferramenta valiosa (Cirili et al.,
2008; Bombieri et al., 2011; Collie, 2014).

No contexto de populagdo e area demografica, Sdo Paulo (SP), estado com 44 milhdes de
habitantes e miscigenagdo étnica; i.e. podendo representar todo territério nacional; com
aproximadamente 600.000 nascidos vivos/ano e populag¢do equiparavel a Espanha e maior que o
Canada, Argentina e Australia (Tabela 15), foi selecionado no presente estudo, para representar, o
panorama de diagndstico da FC pelo TS, no Brasil.

A TNN no Brasil apresenta um histérico com implantagdo em fases, sendo descrita

brevemente no suplemento 1 (Apéndice C).

Tabela 15. Populacdo de paises com tamanho préoximo a populacdo do estado de Séo Paulo,

E;?ssclels com populaciio e equiparavel ao estado de Sdo Paulo - Brasil Populaciio
BBE Australia e Nova Zelandia® 22.918.688
I¥0 Canada® 34.674.708

Argentina® 41.118.986

= Sio Paulo® 43.663.669

= Espanha® 46.771.596
B B ltlia® 60.964.14

“Fontes internacionais; " IBGE: Instituto Brasileiro de Geografia e Estatistica

138



A FC apresenta incidéncia de 1:2.500 a 1:6.000 nascidos vivos na Europa e Estados
Unidos da América (EUA) e no Brasil os dados estimados sdo de 1:10.000 nascidos vivos
(Ribeiro, Ribeiro & Ribeiro, 2002; Marson et al., 2013). Com base nesses dados, estima-se que
no estado de SP ocorram 60 novos diagnésticos de FC por ano. Apesar do reconhecimento do
defeito molecular no gene CFTR (Cystic Fibrosis Transmembrane Conductance Regulator) e dos
estudos de eletrofisiologia, o TS ¢ ainda fundamental para o diagndstico da FC, sendo por muitos
considerado o padrao-ouro (LeGrys,1996; Mishra et al., 2005; Mishra et al., 2007; AACB, 2006;
Green & Kirk, 2007). O TS esta indicado mesmo com o screening positivo para duas mutagdes
no gene CFTR (LeGrys et al., 2007).

A concentragdo elevada de Cl” e de Sodio (Na") no suor se deve a um transporte anormal
de ions que ocorre nas glandulas sudoriparas dos individuos com FC (Quinton, 2007).

O TS ¢ baseado na técnica de iontoforese por pilocarpina (Gibson & Cooke, 1959) e deve
ser realizado segundo normas rigidas de padronizagdo, como publicado recentemente por Collie
et al. (2014) o que ¢é consenso em varios paises: Itdlia, Reino Unido, EUA, Canada, Australia e
Nova Zelandia (AACB, 2006; Cirili et al., 2008) e resumido em 23 diretrizes pela CFF ( Cystic
Fibrosis Foundation) (LeGrys et al., 2007). Em contrapartida, no Brasil, até o presente momento,
nao sabemos como o TS vem sendo realizado.

Considerando a situacdo econdmica e miscigenagao da populacdo brasileira (Suplemento
2 — Apéndice D) com grande variabilidade genética, a importancia do TS para o diagndstico da
FC fica mais relevante (Mishra et al., 2005;Suarez-Kurtz et al., 2005), por ter menor custo
comparado aos testes moleculares e por ser mais simples que os estudos de eletrofisiologia da
CFTR, estes ultimos ainda em implantagao e desenvolvimento (Quinton et al., 2012; Sousa et al.,
2012; Clancy et al., 2013).

Embora a realizacdo do TS possa parecer simples, ¢ artesanal e complexa (Gibson &
Cooke, 1959; Collie et al., 2014).

O método tradicional, de iontoforese pela pilocarpina, descrito por Gibson e Cooke em
1959, com dosagem quantitativa de Cl por titulagdo manual (Schales & Schales, 1941) ou
coulométrica utilizando-se cloridrometro (LeGrys et al., 2007; Collie et al., 2014) ¢é o praticado
até os dias de hoje e a sua acurécia esta diretamente relacionada ao empenho do profissional que
o realiza (LeGrys et al., 2007; Cirili et al., 2008).

O sistema Macroduct® de estimulacao e coleta desenvolvido em 1983 (Webster, 1983;

Hammond et al., 1994), que padroniza de forma comercial as fases de estimulagdo (pilogel) e

139



coleta (espiral Macroduct®) diminuiu a variabilidade da técnica nestas duas fases do teste;
porém, utiliza a condutividade para a dosagem de CI (sweat check analyzer) (Mastella et al.,
2000). A condutividade ¢ um método qualitativo ndo aceito como método de diagnodstico para a
FC, mas sim de triagem (Lezana et al., 2003; AACB, 2006; LeGrys et al., 2007; Collie et al.,
2014). Mesmo em paises onde a normatizacao do TS € bem estabelecida, existem diferengas de
desempenho na realizacdo e interpretacdo do TS entre diferentes centros (Baumer et al., 2003;
Cirili et al., 2008). O presente estudo teve como objetivo conhecer como ¢ realizado o TS no

estado de SP, podendo refletir a realidade no Brasil.

3.3.3 Métodos

Em Setembro de 2012, foi realizado o I Encontro dos Centros de Referéncia do Estado de
Sao Paulo na Universidade Estadual de Campinas (Unicamp), com participa¢do da coordenadora
estadual programa de TNN e de representantes dos sete centros de referéncia para tratamento de
FC. O encontro teve como objetivo verificar se as dificuldades detectadas para a realizagdo do TS
que estavam sendo observadas em nosso centro de referéncia, também eram compartilhadas por
outros servicos. Foi consenso que as dificuldades eram comuns e que, a realizacdo do estudo, era
pertinente.

Realizamos em 2013 um estudo analitico, observacional, de corte transversal em 14 locais
que realizam o TS, nas cidades que contam com centros publicos de referéncia para atendimento

de pacientes com FC no estado de SP. A distribui¢do dos centros esta apresentada na Figura 12.
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Figura 12: Mapa do Brasil e de Sao Paulo e localizacdo das cidades do estado de Sao Paulo que
contam com centros de referéncia para tratamento de pacientes com fibrose cistica (FC) e
quantidades de centros/ cidade: Cidade de Sdo Paulo capital (n=3), Campinas (n=1), Ribeirdo Preto
(n=1), Sao José do Rio Preto (n=1), Botucatu (n=1).

Foram convidados 18 servigos nas cidades do estado de SP que contavam com centros de
referéncia para tratamento de FC, sendo que 14 aceitaram participar e foram visitados (Figura 13).
Todos os servicos publicos aceitaram participar do estudo (n=9); em dois deles havia dois
laboratorios que realizavam o TS. Exceto em uma cidade (Botucatu), existiam servi¢os privados
que realizavam o TS (n=9); e em outra (Ribeirdo Preto) somente um servigo privado aceitou

participar do estudo. Na capital nenhum aceitou e somente um servigo publico estava em operagao.
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Figura 13: Relacio dos centros participantes do estudo no estado de Sao Paulo.

O estudo foi aprovado pelo Comité de Etica em Pesquisa da instituicdo (Parecer #86624 —
Anexo D). Foi aplicado e assinado termo de consentimento livre e esclarecido (TCLE) para todos
os centros. Foi realizada uma visita a cada centro, com entrevista pessoal com os responsaveis pela
realizacdo do TS e aplicagdo de um questionério qualitativo, baseado em estudos e guidelines
internacionais, composto por 54 perguntas abrangendo as fases de: (1) pré-estimulagdo; (2)
estimulagdo e pesagem; (3) coleta do suor e (4) dosagem do CI'. O questionario completo esta no
suplemento 3 (Apéndice E) (LeGrys et al., 2007; Cirili et al., 2008).

Os dados foram tabelados considerando as perguntas do questionario e apresentados em tabelas

€ ﬁguras, COmo S€ segue.

3.3.4 Resultados
Dos 14 servigos visitados, 10 estavam operantes. Dos nove equipamentos Macroduct®
disponiveis, sete ndo estavam em operacao devido a falta de insumos ou quebra. A descri¢do dos

locais incluidos no estudo esta na Tabela 16.
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Tabela 16: Descriciao dos centros incluidos no estudo considerando a populacio

Municipios Servico convidado Servico visitado
Populagao*

visitados Publico (n) Privado (n)  Publico (n) Privado (n)

Sao Paulo capital 11.253.503 4 3 4 0

Campinas** 1.080.113 2 3 2 3

Ribeirao Preto** 604.682 1 2 1 1

Sdo Jos¢ do Rio 408.258 1 1 1 1

Preto

Botucatu 127.328 1 Nao tem 1 0

Total (n) 9 9 9 5

*Fonte: IBGE, Instituto Brasileiro de Geografia e Estatistica, em parceria com os Orgaos
Estaduais de Estatistica, Secretarias Estaduais de Governo e Superintendéncia da Zona Franca de
Manaus (SUFRAMA).** Os centros de Campinas e Ribeirdo Preto atendem uma populacao
maior que a da cidade porque incluem o atendimento de outras cidades proximas.

Os centros visitados realizam cerca de 4.500 exames por ano (Figura 14), sendo que os
servigos publicos sdo responsaveis por aproximadamente 4000 exames/ ano. A Tabela 17
descreve o tempo de atividade dos locais que realizam o TS e o tempo de uso dos equipamentos

utilizados para a estimulagdo do suor.

Tatal: 4,500

.
-
401 - 600
I
-
101 - 200
I
51 - 100
-
50
I

1,000 - 1,500

201 - 400

-

Figura 14: Quantidade de exames por ano por servico. De 0 a 50 exames: dois servigos
privados e 1 publico; de 51 a 100: um privado; de 101 a 200: trés ptblicos e um privado; de 200 a 400: um
privado; e acima de 400 até 1500: todos publicos. Total = 4500 exames/ ano.
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Tabela 17: Descricao do tempo de atividade dos locais que realizam o teste do suor e tempo de
uso dos equipamentos.

Centros

(niimero)’ Tempo de atividade do centro Nimero de equipamentos Tempo de uso

2 0 a5 anos 11 (sendo 9 Macroduct™) 0 a5 anos

0 5a 10 anos 2 5a 10 anos

2 10 a 15 anos 3 10 al5 anos

6 15 a 20 anos 3 15 a 20 anos

2 Acima de 20 anos 2 Acima de 20
anos

12 - 21 -

* Foram incluidos apenas centros que realizam a estimulacdo com equipamento para a coleta do suor.

Quanto as fases do TS:

1) Fase de estimulacdo: em dois locais ndo havia estimulacdo; em trés utilizavam
equipamento e kit Macroduct® (EUA); em um CF-indicator® (EUA); em cinco lontokit® (Brasil);
¢ em um Qualiterm® (Brasil). Estes equipamentos utilizavam bateria como fonte de energia. Os
cinco equipamentos ligados a rede elétrica eram: trés Tontokit™; um Ionto plus® (Brasil); e um de
fabricagdo artesanal local. Estes equipamentos eram mais antigos, com tempo de uso médio de
15 anos (Figuras 15 e 16-A).

Todos os 12 servigos que faziam a estimulacdo, utilizavam o antebrago/ brago para a
colocacdo do eletrodo, sendo que em um, os eletrodos eram colocados no pulso (nas faces ventral
e dorsal) (Figura 16). Os outros locais eventuais de estimulagdo descritos em dois servigos
diferentes foram coxa e térax. Dois locais coletavam o suor sem fazer a estimulacdo. Em um,
faziam a coleta no abddomen, com gaze recoberta por plastico e fixada com fita adesiva ou
atadura, e recoberta por filme plastico envolto em todo o abddmen em um ambiente quente (carro
no sol); em geral, o paciente também era envolvido em um cobertor (Tabela 18). No outro local,
a coleta era realizada no patio externo, com orientacdo de uso de roupa confortavel, tipo agasalho
com calga, casaco e ténis, sendo o abdomen envolto com filme pléstico. Apds correr no sol, era
retirado o filme plastico do abddmen e com auxilio de uma colher descartavel, coletado as gotas

de suor que eram colocadas em tubo estéril, para posterior dosagem do CI" (Figuras 17 e Figura

18-A).
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Figura 15: Equipamentos de Estimulacdo — aspectos praticos do teste do suor. Equipamentos de
estimulagdo do suor (A) Ionto Plus® - Brasil. (B) Ionto-kit" - Brasil. (C) Macrodut® - USA.
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Tabela 18. Métodos auxiliares utilizados na indu¢ao do suor e
complica¢ao por queimadura associada ao teste de suor.

Métodos auxiliares Nuamero de centros (n)
Casaco 6
Cobertor 6
Correr no sol 2
Caminhar 2

Filme plastico 2
Atadura 1
Parafilm 1
Queimadura* Numero de centros (%)
Sim 4 (28,57%)
Nao 5(35,71%)
Nao sabe 3 (21,43%)
Nao estimula 2 (14,29%)
Total 14

* a unica complicagdo relatada para a realizacdo do teste do suor foi o processo de queimadura.
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Figura 16. A. Equipamentos de estimulacio quanto a fonte de energia. Presenca de 21 equipamentos
de estimulacdo em 12/14 locais visitados. Todos sem ANVISA e registro no pais. Dois locais privados
sem técnica e sem equipamento de estimulagdo da sudorese. B. Quantidade de pessoas que realizam o
TS quanto a coleta e dosagem do CI” nos servigos visitados. Em seis servigos a equipe que coleta é
responsavel pela dosagem de CI'. Em oito servigos a equipe que coleta ndo ¢ a mesma que faz a dosagem
do CI'. Nestes locais, a equipe do laboratorio € responsavel pela dosagem do CI'.

O tempo de estimulacao variou de trés a dez minutos (Figura 18-B). O tipo de corrente
utilizada era conhecido em trés locais (corrente continua) ¢ desconhecida em nove locais, dos
quais cinco desconheciam a intensidade de corrente utilizada. Um local utilizava intensidade de
corrente ¢ 1,5 mA, dois de 3,0 mA e um de 4 a 6 mA. Os métodos auxiliares descritos para a

estimulagdo da sudorese foram: casaco, cobertor, correr € caminhar no sol, filme plastico e
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parafilme (Tabela 18). A queimadura foi a complicagao observada em quatro servi¢os, nunca
observada em cinco e desconhecida em dois (neste caso, as pessoas entrevistadas estavam

trabalhando ha pouco tempo no local) (Tabela 18).

D. E. F.

Figura 17. Técnica de estimulacio e técnica exética. (A) e (B) durante a estimulagdo. (C) CF indicator”
(USA). (D) vidro de relégio. (E) kit de estimulagao. (F) técnica adaptada.
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Figura 18: A. Localizacdo da estimulacio e coleta em 12 locais visitados que fazem a estimulacio.
Sdo aceitos somente antebraco, brago e coxa para a estimulagdo e coleta pelas diretrizes da CFF (CFF
guidelines-2007). B. Tempo de estimulacao da sudorese. Em um local a estimulacdo elétrica é feita
durante trés min; em cinco locais durante 5 min; em trés locais de cinco a 10 min; e em dois locais durante
10 min (CFF guidelines-2007 determinam cinco min). C. Conhecimento dos profissionais sobre o tipo e
intensidade da corrente aplicadas. Em nove locais onde o TS ¢é realizado o tipo de corrente é
desconhecida, em trés € continua e constante, em cinco a intensidade de corrente é desconhecida. As
correntes conhecidas sdo (em mA/cmz): emum até 1,5; em trés até 3; em um até 3,5; e emumde 4 a 6. D.
Tempo de coleta do suor em cada local avaliado. Em trés locais de 10 a 20 min de coleta; em seis, de 21
a 30 min; em cinco, de 31 a 60 min (CFF guidelines-2007 determinam até 30 min). E. Material de coleta.
Em quatro locais a coleta é com gaze, em seis papéis de filtro, em dois espirais Macrodut”; ¢ em dois
exoticos (1-vidro de relogio e 2-colher descartavel e tubo plastico).
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2) Coleta e Pesagem: O tempo de coleta variou de dez minutos & uma hora (Figura 18-
D). O material de coleta utilizado foi adequado: gaze pré-pesada em trés locais, papel de filtro
pré-pesado em seis e espiral do Macroduct”® em trés (AACB, 2006; Mishra et al., 2005; LeGrys et
al., 2007) (Figura 18-E). Em dois locais se utilizava técnica exotica: com um vidro de reldgio
que era colocado sobre o local da estimulagdo pela pilocarpina, fixado com fita adesiva e apos a
sudorese as goticulas de suor eram coletadas com pipeta estéril. (Figuras 17 e 18-E). Outro local
utilizava tubo estéril e colher descartavel (técnica ja descrita). Um local ndo tinha balanga
adequada de precisdo composta por 4 digitos para a pesagem e nos dois que nem faziam a
estimulacdo, esse item nao foi considerado (NCCLS guidelines; C34-A3. Vol. 29 No.27).

3) Dosagem do Cloro (CIl): seis servigos utilizavam a técnica de titulometria manual e
estavam operantes e seis utilizavam a técnica de coulometria (cloridrometro), sendo que destes
um estava inoperante. Dos nove servicos que tinham equipamento Macroduct®, somente dois
estavam em operacao, sete sem funcionar porque um estava quebrado e seis sem insumos.

Quanto a formagao dos integrantes da equipe, eles eram: médico (n=1), biomédico (n=4),
bidlogo (n=2), enfermeiro (n=4), técnico de enfermagem (n=5) e auxiliar de enfermagem (n=2).
Em 11 centros visitados os profissionais tiveram treinamento interno com colegas do proprio
servico, em dois treinamentos externo ao seu servico € em um treinamento externo e interno.
Somente em um local havia conhecimento de guidelines internacionais € em um havia manual de
procedimento operacional padrdo (POP) impresso. Somente em quatro servigos havia
conhecimento adequado pelo profissional que realiza o TS do nimero de testes necessarios com
resultados positivos (CI"> 60 mEq/L) para a confirmacdo da FC, e em sete sobre a quantidade
minima de suor aceitavel para a realizacdo de um TS confiavel (Figuras 19-A e B) (NCCLS
guidelines; LeGrys et al., 2007). Em seis servicos, a equipe que coleta ¢ a mesma responsavel
pela dosagem de CI'; nos oito restantes a equipe responsavel pela dosagem de CI era outra (era a
equipe do laboratério); e em dois locais havia grande variedade da equipe de coleta do suor e
dosagem do CI', com mais de cinco integrantes em cada uma (Figura 16-B).

A Tabela 19 mostrou um resumo dos itens avaliados quando comparados as 23 diretrizes

da Cystic Fibrosis Foundation (CFF guidelines-2007; LeGrys et al., 2007).

150



B Gibzon & Cook u I\-’Igm‘oduct Vidro de relogio A
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S0 mg 70 mg 80 mg 100 mg 15 plL. 20uL desconhecida

Quantidade minima de suor aceitivel para a dosagem do cloro

4
2
l l l |
1 2 3

mais que 3 Sem uma ndio sabe
quantidade
definida

Numero de TS necessarios alterados para confirmar a FC

Figura 19. A. Conhecimento dos profissionais sobre a quantidade minima aceitivel de suor para a
dosagem de CI'. Em trés locais = 50 mg; em um local = 70mg; em um local = 80mg; em cinco locais =
100mg; em um local = 15pL; em um local = 20uL; ¢ em dois locais ndo sabiam qual era a quantidade
minima aceitavel (CFF guidelines-2007 determinam: 75 mg - técnica classica e 15 pL - Macrodut®). B.
Conhecimento dos profissionais sobre a quantidade de exames alterados para a confirmacio do
diagnéstico de FC. Em um local = um exame; em quatro locais = dois exames; em dois locais = trés
exames; em um local = mais que trés exames; em um = quantos precisar; ¢ em cinco ndo sabiam (CFF
guidelines-2007 determinam: minimo de dois exames realizados em momentos diferentes).
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Tabela 19. Resumo dos itens avaliados neste estudo em comparacio as 23 diretrizes da Cystic
Fibrosis Foudation (CFF guidelines-2007).

Servigo publico

Técnico gabaritado
Orientacdo prévia
TCLE

Critério de exclusdo
Operacional

Equipe de coleta pouco
variada

Treinamento externo
Conhecimento guideline

Adesdo guideline
Macroduct®

outro equipamento
bateria (ndo Macroduct®)
Equipamento com rede
elétrica

Higienizagdo da pele
antes do teste

Seca a pele

Teste bilateral

Material do eletrodo
adequado (ndo chumbo)
Conhecimento tipo de
corrente

Estimulagéo pilocarpina
Conhecimento da sol. de
pilocarpina /concentragdo
Quantidade utilizada de
pilocarpina padrio

Sem estimulacio

Local de estimulagdo
correto

Ambiente climatizado
Tempo estimulagédo 5 a

Queimadura durante a
estimulagdo

Coleta com Macroduct®
Coleta filtro de papel
Coleta gaze

Coleta alternativa
Coleta com peso/volume
do suor adequados
Conhecimento
quantidade de testes
para o diagnostico

| Servigo publico |
| Orientagiio prévia |
TCLE |
| Critério de exclusdo |
| Operacional |
| Conhecimento guideline |
| Sem estimulagio |
| Coleta com Macroduct® |
| Coleta filtro de papel |
| Coletagaze |




Precisédo da balanga igual
ou maior de trés digitos

Combinagao de amostras
ou Ttempo coleta para
completar volume suor

Meétodo auxiliar para
aumentar o volume suor

Analise apenas de Cl ~

Analise de Na "e Cl~

Dosagem por titulometria

Dosagem por caulimetria

Dosagem condutividade

Equipe diferentes de
coleta e dosagem

Armazenamento OK

Tempo de
armazenamento

Programa de qualidade
dosagem

Manutengao do
equipamento periodica

Uso de controle de
qualidade da amostra

Utiliza dois ou mais
controles de qualidade
amostra

Falha de coleta < 5% >
3m

Analise apenas de
amostras com pso
adequados

Conhecimento n° de
testes necessarios para
diagnostico

Documentacio de
desempenho e envio de
amostras a outros centros

Revisdo dos resultados
pelo diretor do Centro

Agendamento 2 X/ sem
ou mais. Tempo inferior a
15 dias

Centros

- Atende

- N3ao atende

- N3ao Procede
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3.3.5 Discussao

No Brasil, o atendimento dos pacientes com FC ¢ em sua grande maioria de
responsabilidade do SUS (Sistema Unico de Satde) e esta localizado em servigos publicos -
estaduais, federais ou ligados a hospitais universitarios (Apéndice C: Suplemento 1 — Tabela
I1I - Centros de referéncia de FC no Brasil).

O estado de SP, com a maior renda per capita do pais, conta com o maior numero de
centros de referéncia para tratamento de pacientes com FC no Brasil (n= 7). Todos sao publicos e
ligados a hospitais de ensino (Apéndice C: Suplemento 1 — Tabela III - Centros de referéncia
de FC no Brasil). Alguns estados contam com dois centros; a maioria somente com um; € em
alguns estados ndo existe nenhum centro de referéncia estruturado.

Neste estudo, verificamos que ndo existe uniformidade nas etapas para a realiza¢do do TS
nos diferentes centros do estado de SP avaliados quando comparadas as 23 diretrizes descritas
pela CFF (CFF guidelines-2007; LeGrys et al., 2007), e somente em dois hd normatizacdo
escrita, ¢ em um conhecimento de guidelines internacionais para a realizacdo do TS. Em nenhum
local ¢ realizado controle de qualidade externa do teste como orientado pela CFF (CFF
guidelines-2007; LeGrys et al., 2007). O tnico controle feito ¢ dos equipamentos e reagentes
utilizados para a dosagem do CI". Todos os servicos publicos utilizam o método de estimulagao
pela pilocarpina e, na sua grande maioria, fazem a dosagem de CI pelo método quantitativo de
acordo com a literatura e com todas as diretrizes (CFF guidelines-2007; LeGrys et al., 2007;
NCCLS guidelines; Collie et al., 2014). Por ndo dispor de equipamento adequado para
estimulagdo para a realizagdo da técnica de Gibson e Cooke e cloridrometro para minimos
volumes, trés servigos (dois publicos e um privado) utilizam a condutividade como método de
diagnostico. Dois servicos privados (2 de 5 locais privados visitados) ndo utilizavam método de
estimulacdo, o que invalida o teste (NCCLS guidelines; C34-A3 2009); mesmo assim realizam
cerca de 150 testes/ano. Um outro servigo privado utiliza técnica adaptada, exotica, sem nenhuma
normatizagao para a realiza¢ao do teste e equipamento de estimulagdo inadequado, nao aprovado
nos EUA pela FDA (teste CF indicator), sendo responsavel por cerca de 200 exames/ano. Nao
existe no Brasil equipamento nacional ou importado com registro na ANVISA para estimulagdo
do suor. Todos os equipamentos utilizados, incluindo os dos servigos em funcionamento hd mais
de 20 anos, utilizam equipamentos sem nenhuma regulamentacdo no pais. O equipamento
Macrodut®, embora descrito na portaria #288 do MS como adequado para a estimulagdo e coleta,

ndo esta licenciado e carece de registro no Brasil. Isto impossibilita a sua manutengdo. Nao ha
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quem faga de forma periddica a manutencdo adequada dos equipamentos Macroduct® no pais.
Sete deles estdo sem utilizagdo devido a falta de insumos e/ ou quebra. Os kits comerciais sao
caros e de aquisi¢do complexa, porque ndo ha fornecimento de rotina pela empresa responsavel
pela importagao do equipamento. A mesma portaria reconhece que o método de dosagem do CI°
deve ser o quantitativo por coulometria ou titulometria manual, conforme descrito nas diretrizes
da CFF (LeGrys et al., 2007). Os servigos privados apresentaram as maiores inconsisténcias para

o TS (NCCLS guidelines; C34-A3 2009).

Por se tratar de uma doenca cronica, de carater progressivo, sem a possibilidade de uma
terapéutica que promova a cura (Collie et al., 2014), com a necessidade de encaminhamento dos
pacientes diagnosticados para tratamento para centros de referéncia e para a dispensacdo de
medicamentos de alto custo (Ribeiro, Ribeiro & Ribeiro, 2002), o diagndstico seguro se torna
fundamental para a orientagdo ¢ encaminhamentos adequados dos pacientes e seus familiares pela
equipe médica.

Mesmo sabendo que o Brasil ¢ um pais de contrastes, e que nem sempre os resultados de
uma regido podem ser comparados aos de outras, pela diversidade étnica e social, este estudo
mostrou parte da realidade que temos no Brasil.

E urgente a necessidade de equipamento de estimulagio e dosagem de CI” no suor
nacional ou importado, legalizado, que disponha de manutencao adequada e insumos com valores
pertinentes e de dispensacdo ininterrupta (Apéndice F — Suplemento 4 — Métodos
Suplementares: Teste do Suor).

Estamos em um momento impar onde celebramos a regulamentacao da TNN para FC em
todo o Brasil; porém, devemos estar dispostos a vencer os desafios que s6 podem ser suplantados
quando sdo identificados e, em equipe, enfrentados. Acreditamos que podemos construir uma
nova realidade, entendendo as limitacoes e dificuldades inerentes a cada servigo. Partindo deste
estudo, pretendemos mostrar e discutir com os centros de referéncia no atendimento de FC do

estado SP, normas e diretrizes para a realizacdo do TS neste estado e a seguir em todo o Brasil.

Conclusao
No presente estudo ndo encontramos uniformidade nas etapas para a realizagdo do TS nos
diferentes centros avaliados do estado de SP. Foram encontradas limitacdes que podem

inviabilizar o correto diagnostico da FC. Deve-se buscar com urgéncia uma maneira de
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padronizar o TS no Brasil, permitindo o diagnéstico seguro, que refletira no melhor

encaminhamento e cuidado dos pacientes com FC.
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O acometimento pulmonar devido a atividade da CFTR deficiente ou ausente ¢ o que
determina a piora clinica do paciente e a sua sobrevida. O fenétipo classico da FC ¢ mais
facilmente reconhecido do que o ndo classico, sendo em sua grande maioria diagnosticado ainda
nos primeiros anos de vida, sugerido por um ou mais sintomas clinicos caracteristicos ¢/ ou pelo
antecedente familiar de um irmao ou parente proximo ou, mais recentemente, em nosso meio,
pela TNN positiva para a FC. Tal diagnostico deve ser confirmado pela presenga de evidéncia da
disfuncdo da CFTR por meio da identificagdo de duas mutagdes que sabidamente causam FC,
dois testes de suor alterados e / ou medidas bioelétricas anormais da atividade da CFTR. No
entanto, existe uma parcela de pacientes sendo diagnosticados desde a infancia até a idade adulta
que apresentam as formas nao cldssicas ou mais leves da doencga, e que, dependendo da origem
étnica das populagdes avaliadas, podem representar até 15% de todos os diagnosticos de FC. Para
confirmar ou excluir o diagnostico de FC em individuos com critérios de diagndstico
questionavel ou TNN alterada para FC, sem evidéncia de manifestacao clinica da doenca, ¢
necessario a aplicagdo de métodos de avaliagdo da fungdo da CFTR confidveis e validados.

O objetivo do primeiro trabalho aqui apresentado foi o de estabelecer um biomarcador
sensivel e robusto para o diagndstico e prognostico FC através da avaliacdo eletrofisioldgica de
fragmentos de bidpsia retal em micro-camaras de Ussing. Foram avaliadas as medidas da
secrecdo de ClI' mediada pela via AMPc (representando a fungdo da CFTR) em 524 biopsias
retais recém retiradas de 118 individuos, sendo eles 51 individuos com FC (pacientes com
diagnostico clinico confirmado); 49 com suspeita clinica de FC; e 18 individuos controle
saudaveis pareados por idade. Nossos resultados mostraram que os individuos com a FC cléssica
apresentaram o inicio dos sintomas mais precoce, com a presenca de insuficiéncia pancredatica,
doenca pulmonar grave e falta da secrecdo de Cl" mediada pela CFTR com valores < 5% da
fun¢do quando comparada aos individuos saudaveis. Os individuos com formas nao clédssicas da
FC apresentaram funcao residual de Cl" mediada pela CFTR entre 10-57%, e os controles ndo FC
apresentaram valores mais elevados > 30-35%. A comparagao destes valores permitiu confirmar
FC em 16/49 individuos (33%) e exclui-la em 28/49 (57%). Além disso, estes dados
evidenciaram boas correlagdes com diversos parametros clinicos, tais como: a idade ao
diagnéstico, concentragdes de Cl™ no suor, fungdo pancredtica (valores de elastase fecal), escores
de SK e fun¢do pulmonar (FEV)). Portanto, a determinacdo da secrecdo de CI" mediada pela
CFTR em bidpsias retais mostrou aqui ser um biomarcador preditivo sensivel, reprodutivel e

robusto para o diagndstico e prognostico da FC.
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A partir deste dados atuais, podemos propor que os niveis de CFTR acima ~ 10% da
funcdo CFTR normal, sdo necessarios para um melhor prognéstico FC. Os pacientes com FC
com fun¢do da CFTR abaixo de 10% apresentaram quadro clinico mais grave. Além disso, os
controles nao FC e individuos cujo diagndstico de FC foi afastado tiveram niveis de secrecdo de
CI' mediado pela CFTR > 30-35%, como também demonstrado em estudos anteriores (Hirtz et
al., 2004). Os resultados da avaliagdo genética trouxeram uma nova proposta de pesquisa de
mutagdes na regido de Campinas, que provavelmente se reflectem para o estado de SP, iniciando
com a pesquisa em 15 exoes (exoes 3, 6a, 7,9, 10, 11, 12, 13, 16, 17b, 18, 19, 20, 21 and 24), a
qual mostrou uma frequéncia de detec¢dao de mutacdes de 95,14%; e quando necessario alargando
depois a pesquisa de mutagdes para os restantes 12 exoes.

No segundo trabalho foram avaliados (i) a técnica utilizada para a realizagdo das
bidpsias quanto a viabilidade das amostras obtidas para andlise em micro-cAmara de Ussing e
analise bioquimica; (ii) avaliacdo global do procedimento da bidpsia retal quanto ao tipo de
preparo e sedacdo e presenca de complicagdes; e também quanto ao grau de desconforto a partir
da perspectiva dos pacientes.

Em relagdo a viabilidade das biopsias, foram comparadas as medidas de resisténcia
transepitelial utilizando-se trés solugdes diferentes para a preparacdo do intestino (solucao
fisiologica de NaCl a 0,9%, solugdo de glicerina 12%, ambas por via retal, e manitol a 10% por
via oral), e duas pingas de bidpsia (padrao e jumbo). Correlagdes semelhantes foram realizadas
para os descritores macroscopicos das bidpsias, nomeadamente: nivel de integridade dos tecidos,
friabilidade, presenca de muco e sangue nas amostras. Os nossos resultados indicam que o
aumento da integridade dos tecidos e a menor friabilidade dos espécimes obtidos se
correlacionam com uma maior resisténcia transepitelial (isto €, viabilidade), e que dependem da
solugdo utilizada para a preparagdo do intestino e da pinga de bidpsia. A solu¢do salina
fisiologica (NaCl 0,9%) e a pinga jumbo foram as que demonstraram melhores resultados no
estudo.

Em relacdo ao conforto do procedimento da bidpsia retal, a grande maioria dos individuos
(76%) nao relataram altos niveis de desconforto, devido a curta dura¢do do procedimento
(méximo de 15 min.) e por este ser relativamente indolor (79%).

Durante a realizacdo do projeto do estudo com as bidpsias retais encontramos alguns
pacientes com valores questionaveis do TS, outros com a necessidade de realizar um segundo TS,

porque tinham somente um e, durante esse periodo, ocorreu a implantagdo da TNN para FC no
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estado de SP. Houve um aumento na demanda local e uma necessidade de observar a dindmica de
realizacdo do TS em nosso centro. Por isso, iniciamos um processo de revisdo da técnica de
realizacdo do TS que culminou com o terceiro trabalho desta tese, que tem como objetivo a
avaliacdo das etapas da realizagdo do teste do suor em servigos capacitados para o diagnostico de
FC no estado de SP.

As dificuldades quanto a realiza¢do do TS eram compartilhadas e, apds um encontro dos
centros de referéncia que atendem os pacientes com FC no estado de SP, foi realizado o convite
de participagao aos centros deste estado. Nossos resultados mostram ndo haver uniformidade nas
etapas para a realizacdo do TS nos diferentes centros do estado de SP avaliados no estudo. Foram
encontradas inconsisténcias quanto a padronizagdo da técnica e disponibilidade de equipamentos,
situacdo que pode inviabilizar o correto diagnostico da FC em todo o pais, ja que acreditamos que
este estudo possa ser o reflexo do que ocorre no Brasil. E urgente a padronizagio da técnica do
TS a partir de uma revisdo conjunta com todos os centros capacitados que realizam o TS no

Brasil.
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A partir da concordancia dos outros centros de referéncia de FC em SP e em outros
estados do Brasil, associado a colaboracdo do Prof. Vieira Jr. do IFSP e financiamento CNPq,
teremos a participagdo de varios centros no Brasil em um projeto para a validagdo de um novo
dispositivo nacional para a estimulagdo do suor e padronizagao da técnica de realizacao do TS no
Brasil, com treinamento e capacitagdo do pessoal envolvido com a realizagdo dos testes.

Com a vinda da Prof. Gonska do Canada (Sick Kids - Toronto) em Fevereiro de 2014,
hoje j& estudamos a fun¢do da CFTR na glandula sudoripara com o evaporimetro - método mais
acessivel e mais barato que a realizagdo de bidpsias retais, cujos resultados estdo sendo avaliados.
Como todos os métodos que estudam a eletrofisiologia da CFTR, deve respeitar padronizacao
rigida e ainda dispde de aplicagdo limitada a poucos centros no mundo, € o nosso € um deles.

Com a vinda da Prof. Sousa (Universidade Nova de Lisboa - Portugal), estamos
comparando os métodos de avaliagdo bioeléctrica da funcdo da CFTR na biopsia retal e na
glandula sudoripara, de forma a acurar os diferentes niveis de actividade da CFTR nos diferentes
tecidos e pelas diferentes técnicas. Esperamos indicar a melhor combinagdo de ferramentas
diagnosticas para a FC.

Através do Projeto Ciéncias sem Fronteiras (CAPES- Brasil) com a Universidade de
Lisboa (Portugal), na pessoa da Prof. Amaral, realizamos visita aos centros de referéncia de
outros estados, com o objetivo de colaborar e disponibilizar a todos os outros centros as técnicas
diagnosticas aqui ja disponiveis, compartilhando conhecimento e acrescentando experiéncia.
Com esta colaboragdo, pretendemos implantar num futuro proximo a técnica dos organdides nas
biopsias retais e da cultura do escovado da mucosa nasal, o que ira otimizar e simplificar para o
paciente com FC, a pesquisa da funcdo da CFTR nas cdmaras de Ussing. Permitira, de certa
forma, imortalizar as células de cada paciente com FC, proporcionando um conhecimento
individual do grau de atividade de cada um deles e também o estudo da agdo de novos compostos

para a modulagdo da proteina CFTR ex vivo, de forma individualizada.
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Apéndice A: Table I-A - Overview of data for all CF patients in the reference group:

Group Age Age at Sweat Sodium | Sweat Chloride Fecal Last FEV1 Last FVC
CFTR Genotype Diagnosis Mean Elastase SK score|
{years) {years) {mmol/L] Mean {mmol/L) | (pg/e) {% predicted) | (% predicted)

106/2010 F 0-9 F508del G542X% 2 22.62 L. 10]
84/2010 F 0-9 F508del R1066C* 3 76 99.45 741 15.64 80 96 105
127/2007° r 0-9 r508del F508del 8 108.8 116.5] 217 15 65 84 a3
126/2007° F 0-9 F503del 2183AA>G* 3 1117 118.5] 857 14.59 70 68 75
54/2010 F 10-19 F508del F508del 4 79 105.9) n.a. 16.06 55 38 52
107/2010 F 10-19 F508del' 54X* G 89 109.3 10 20.54 70 62 75
35/2010 ] 20 - 29 Fa08del F508de! 21 89.75 119.56 244 21.58 53 323 89
19-101/2010 (M 10 -19 F508del F508del 0.5 117 140 681 14.65 &0 101 78
73/2010 F 0-9 F508del 5424 0.5 77.3 89 1 14.55 85 84 a5
45/2010 F 0-9 F508del FS08de! 0.4 110 13003 783 15.59 70 n.a. na.
109/2007 M 0-9 F508del R1162X 2 109.5 120 1 12.81 40 31 27
25/2010 F 0-9 F508de| FS08de| 0.5 61.9 90.1 156 11.29 55 40 54
49/2010 M 10-19 r508del FS08del 1 716 106.4] 267 26.56 70 86 97
92/2010 r 0-9 r508del F508de! 0.5 - 108.5] 1697 20.57 95 n.a. n.a.
8872010 M 0-9 r508del F508del 1 109 131.6] 283 17.22 &0 75 72
51/2010 M 0-9 F503del F508del 0.2 96 103 385 16.9 G0 92 29
103/2010 F 0-9 F508del F508de! 5 70.6 100.8| 665 17.71 75 103 104
53/2010 F 0-9 F503del F508del 1 76,82 121.5] 538 14.61 85 n.a. n.a.
456/2010 M 0-9 F508del F508del 0.3 82 96.5 53 15.92 95 104 97
91/2010 M 0-9 F508del 1717-1G>AY 2 7.7 116 1.98 15.8 K5 102 97
105/2010 F 0-9 F508del 1812-1G>AY 0.5 83.2 100.2 10 19.9 &85 95 92
44/2010 M 10-19 F508del F508de! 2 92.6 106.5] 1 17.94 60 80 88
21/2010 r 20 - 29 r508del R553X 1.5 74 135 671 21 60 45 61
30/2010 F 10-19 F508del F508del 3| 98.2 118, 5] 3076 15.04 70 40 35
31/2010 r 10-19 r508del G542X 3] 81 121 16.56 20.21 85 54 59
06/2010 M 0-9 r508del r508del 0.5 68.3 927 n.a. 13.59 45 64 92
48/2010 M 10-19 F508del F50&del 7 99.5 106 12.19 21.16 65 77 74
139/2007 F 10-19 F508del F508del 0.3 89.2 107.5 1 13.27| 35 39 46
52/2010 M -9 Fs08del Fs08del 5i 825 93.2] 7.19 27.32 65 2 92
78/2010 F 0-9 F508del F508del 3| 94,73 127,22 10 15.5 85 76 117
85/2010 F 10-19 F508del G542X 8| 118 140 na, 14.27 65 103 108
a0/2010° M 0-9 r508del r508del 0.3 89,07 108.4] 10 13.44 60 44 48
41/2010" M 0-9 F508del F50&del 0.3 87.6 12828 528 13.86 85 48 59
83/2010 F 10-19 F508del F50&del 0.3 92.8 125.6] 10 14.31 65 94 116
108/2007 M -9 F508del GR4ZX 0.3 6Y.8 110.3 1 13.99) a0 n.a. na.
87/2010 M 10-19 F508clel F508del 0.5 86.2 97,5 n.a, 16.64 90 86 83
65/2010 M 20-29 F508clel N1303K 0.3 136 147 517 23.98 55 41 48
37-81/2010 |M =30 F508del F508del 7] 104.9 135.6] 4,43 21.02 65 62 90
34/2010 r 10-19 r508del r508del 0.4 84.6 106.7] 7.19 13.29 80 55 65
71/2010 F 10-19 F508del 542X 1] 54.3 8727 783 2233 75 59 &7
133/2007 M 10-19 F508del F508del 0.5 114.3 154.4] 687 15.91 90 89 97
82/2010 M 20 -29 F508del F508del 10 6R.9 106.9 9.83 22.49 50 72 87
55/2010 F 10-19 Fs08del Fs08del 3 92.2 100.4 10 22.99 60 74 77
110/2007 M > 30 G542X 2183AA>0* 2 91.7 101.86 na. 23.84 50 36 a7
75/2010 r 10-19 r508del 1812-1G>A* 0.1 114.6 115.8] n.a. 18.77 80 gl &9
50/2010 M 10-19 r508del r508del 3] 107.6 123.8] 10 14.94 60 79 &9
53/2010° F > 30 F508del R334W 38 94 145.4] 229,16 25.44 80 65 79
64/2010° M = 30 Fs08del R334W 22 111.8 137.4 578,82 17.99) 55 56 65
96/2010 F 10-19 Fs08del GRSE* 1 83.8 151 103,89 23.62) 50 31 49
66/2010 F > 30 F508del 3272-26A>G* 31 89.9 97 544,53 20.45 40 52 85
111/2007 r 20 - 29 G542% 1618T* 20 83.5 86,5 693,11 18 70 78 95

* - Data not kn‘uwn at the time ef the study

$ -Sa, hylococeus aoreus; Pa, e Sm, k ftophilia; Bc, khoideria cepacia; Ax, Achramaobacter xyiosoxidans; Af, Aspergilius fumigatus; Mt, Mycobacteriom tubercufasis

4 - il 11 positive or | gative peak (and I gative plateau) CCH-induced L in the presence of IBMX/Fsk are shown

§ - Percentage {%) of CFTR function was calculated for maximal CFTR activation {8 L.owgrs + Aly.comamyra) and lized to the carrespondent mean value for the referance nan-CF control group

a - First cousins
b - Monozygetic twins
¢ - Siblings

1-TG10TY/TG1LT?
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genotypes, clinical phenotypes and Ussing chamber measurements, leading to confirmation /

exclusion of a CF Diagnosis

Pathogens detected Nasal Meconium Glucose Osteapenia / basal Isc-IBMX/Fsk Isc-CCH % CFTR
Intolerance {Gl) Other Clinical Features Isc-CCH {IBMX/Fsk) Cinical Diagnosis
{Lungs)$ Polyposis lleus / Diabetes Osteoporosis {uafem®) | (uAjom?) {pajem?)’ Function®
Sa, Pa, Af Negative Negative Diabetes Negative Hepatic Stealosis; Verminasis 29.42 20.37 22.77 (-5.29} 2 [Classic CF
Sa, Pa Negative Negative Negative Negative Hepatic Steatosis 12.65 3.59 10.73 (-2.48} 1 [Classic CF
Sa Negative Negative Diabetes / Gl Negative - 18.93 4.55 13.61 (0} 0 [Classic CF
Sa Negative Negative Diabetes / Gl Negative Hepatic Steatosis 25.4 7.95 3542 (0) 0 [Classic CF
Sa Positive Negative Gl Osteopeoresis - 17.39 6.02 15.1 [0} 0 [Classic CF
Pa, Sa Paositive Negative Gl Osteoperesis |- 45.43 12.91 21.42 (-5.25} 2 [Classic CF
Sa, Pa Negative Negative Gl Osteopenia 15.96 12.82 18.56 (-3.94) 2 [Classic CF
Pa, Sa Negalive Negative Negative Negalive Chrenic liver discase 43.69 9.61 29.22 (-9.19) 4 [Classic CF
Sa Positive Positive Negative Negative 20,62 503 20.3 (-3.55) 2 [Classic CF
Sa, Pa Negative Negative  |Negative Negative - 43.41 6.75 35.59 [0} Q[Classic CF
n.a Negative Positive Negative Negative Chronic liver disease 35.1 14,57 84,89 [0} 0 [Classic CF
Sa, Be, Pa Negative Positive Negative Negative Digita cluab™g: lung hyperinf aton; 34.77 10.35 27.37 (-2.54) 1|Classic CF
Pa Negative Negative Negative Osteoporesis  |Chronic liver discase 20 10.21 14.84 (-1.12) 1 [Classic CF
Normal Flora Negalive Nepative Negative Negalive 19.15 7.2 18.66(-9.32) 4 [Classic CF
Normal Flora Negative Negative Negative n.a. 55.52 28.22 34.79 (-4.83} 2|[Classic CF
Sa Negative Positive Negative Negative - 15.32 5.94 17.74 [0} 0 [Classic CF
Sa Negative Negative  [Negative Negative Digita cluob ng; steatorrea 45,07 17.43 50.2 [0} 0 [Classic CF
Pa Negative Positive Negative Negative Bilia*y ‘thiasis 25.18 5.7 29.76 [0} g |Classic CF
Pa Negative Negative  [Negative Negative Failure Lo Lrive; malabsorptio 19 15.15 7.07 (-2.39) 1|Classic CF
Pa, Sa Negalive Pusilive Negative Negalive 97.63 18.41 58.68 (-2.66) 1 [Classic CF
Sa Negative Negative  |Diabetes Negative 32.12 2116 53.9 (-4.96) 2 [Classic CF
Sa, Pa Negative Negative  |Negative Negative - 21.36 12.5 15.39 (-1.5) 1|[Classic CF
Pa Positive Negative  |Diabetes/ Gl Osteoporosis  |Digita cluob g, coli ‘thiasis 9.4 10.55 19.91 [0} 0 [Classic CF
Sa, Be Nep alive Negative Negative Negalive Renal thiasis; I'ver disease 24.88 18.58 22.78 (0) 0|Classic CF
Sa, Ax, Al Negalive Negative Negative Negalive Esophagitis 10.72 12.26 18.78 (-0.31) Olclassic CF
Pa Neg alive Posilive Negative Negalive Bigila clusk ag: gastrostamy 81.67 6.66 35.47 (-2.34) 1|Classic CF
Sa Pusilive Negative Negative Negalive Failure to tarive! hesatic steatos’s 41.34 827 40.1(-1.34) 1|Classic CF
na Negative Negative  |Negative Osteoporosis | Oxveen dependent; lobectomy; liver 21.54 10.33 21.84 (0 olclassic CF
Sa Pusilive Posilive n.a. Negalive Bilutera nasd polypeclomy 18.69 10.52 20.43 (0} 0|Classic CF
Pa, Sa, Sm Negalive Posilive Diabeles Negalive Hepatic steatos's 28.27 18.4% 28.52 (0} OCassic CF
Sa Nepalive Negative  |Negative Negalive: 34.09 12.55 24.63 (0} 0|Classic CF
Sa Negalive Posilive Negative Negalive 24.01 12.34 20.8% (0) Olclassic CF
Sa Negative Positive Negative Negative Hepatic steatos™s 25.85 13 16.52 [0} 0|cassic CF
Sa, Pa Pasilive Negative Negative Negalive Hepatic steatos’s; 1gA delcency 31.7 4.72 17.36 (0} OClassic CF
na. Negative Negative Negative Failure Le Lrive; melabalic sl<los's 50 12.2 56.87 (0} OfClassic CF
Pa Positive Negative Diabetes Negative Failure Lo Lrive 50.55 15.6 33.91(-4.42) 2|Classic CF
Pa, Sa, B Negative Negative Diabetes Ostecpenia Two s'sters wth CF 31.83 5.8 30.37 (0) Oassic CF
Sa, Pa Negative Negative  |Diabetes / Gl Negative Hepatic steatoss; Bar-etl's esoahagus 49.22 9.02 14.22 (0} 0|Classic CF
Pa, Sa Negative Negative Negative Negative - 57.6 9.74 31.18 {-5.34) 2|Classic CF
Pa Positive Negative Gl Negative - 10.43 7.35 14.84 (-2.80) 1|Classic CF
Pa, Sa Negative Negative Negative Negative - 14,46 10.32 25,36 (0) QfClassic CF
Bc, Sa, Af Negative Negative |Gl Osteoporosis  |Digita cluobng; azoospermia 18,12 6.74 12,27 (0} 0|Classic CF
Sa, Fa, Af Negative Positive Negative Negative - 24.17 16.08 39.93 (0} Q|Classic CF
Sm, Af Negative Negative Negative Negative - 21.65 15.17 23.47 (0) OfClassic CF
Sa, Pa Positive Negative Negative Negative - 30 12.95 34.87 (0} OClassic CF
Sa, Pa, Af Negative Negative Negative Negative - 25.85 3.32 9.4 {-3.39) 2|Classic CF
Pa Negative Negative Negative Negative - 7.49 -12.94 5.31(-9.59) 10[{Non-Classic CF
Sa, Pa Negative Negative Negative Negative - 17.33 -15.54 8.7 (-14.24) 14|Non-Classic CT
Pa, Bc Positive Negative Diabetes Negative - 96.36 -13.8] 67.47 (-12.14) 12|{Non-Classic CF
Pa, Sa Negative Negative Negative Negative - 23.87 -11.74 2312 (-19.13} 14|Non-Classic CT
Sa, Af Negative Negative  |Negative Negative Allerg ° E'D_"Chnﬂulmmu'v 46.89 -27.31]  36.17 (-53.07) 37|Non-Classic €T
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Apéndice A: Table I-B - Overview of data for all individuals in the CF-suspicious group:

Group Age Age at Sweat Sodium | Sweat Chloride Fecal Last FEV1 Last FVC

CFTR Genotype Diagnosis Mean Elastase 5K score|

{years) {years) {mmol/L] Mean {mmol/L) | E1 {pg/g) {% predicted) | (% predicted)

95/2010 F FS08del* F508del* 126* 1 13 35
38/2010 F 20 -29 ASH1EY ASG1E* 20 54.4% 58.3*% 11.02 17.83 60| 57 70
119/2007 F 0-9 R1162X* R1162X* 1] 70.34* 115° 1 13.61 55 n.a. n.a
0972010 M 0-9 F508del* F508del* 0.2] - 120% 1.37* 2293 75* na. n.a
43/2010° M 0-9 FSURdel* F508de|* 1 104" 1474 8.1 15.77 70 na. n.a.
118/2007 F 0-9 F508del 1717-1G>A* 0.2] ap* 110° n.a. 16.26 90 131 142
33/2010" M 0-9 3120+1G0A* R1066C"" 2 959 1297 10 13.99 55 73 75
32/2010" M 0-9 3120+1G-A* R1066C* 0.5 115.5 129.2Y 4.18 14.34 40 na n.a.
86/2010 F 0-9 F508del SSAGR(T>G)* 0.5 71.76 109.8 97.51 16.19 80 n.a. n.a.
27/2010° F 0-9 Ww1282x° - 1 - ag7* 37.74 16.5 90* n.a. n.a.
60-98/2010  |F > 30 3120+1G5A* L206W** 30 86.3" 122.8% &06.13* 24.77 55 70 76
136/2007"  |m 10-19 F508del 1716+18672 A>G* 12| 659" 95"  ©68.89* 2172 95 111 102
135/2007"  |F 10-19 F508del 1716+18672 A>G* 10 B3.6% s7*  e08.36* 2112 85| 104 99
123/2007 F > 30 F508del p2055* 30 78 107.6'| 668.19* 19.61 45* 58 67
137/2007 M 20-29 G542X P2055* 21 97.6 124.3] 816.07* 18.68 a0* 60 43
1242007 F 20-29 G542X* R334W* 20 99.8 113.9] 379.96* 25.89 80| 46 69
15/2010 F 0-9 Negative for: F508del and R1162X - 64,75 66,39 747.57* 151 20 106* 128*
131/2007 F > 30 ni* R 54.2 58,65  875.4* 14.87 55 n.a. n.a.
90/2010 F 0-9 Negative for: FR08del - - a45* n.a. 14.48 n.a. n.a n.a.
72/2010 F 10-19 Negative for: '508del, G5510, G342X, R 55.3 545  635.8* 17.62 90* 73 92
12872007 r 10-19 Negative for: F508del and N1303K B 18.8 26.9 m.a. 16.01 95* 54 72
121/2007 M > 30 ni* E 26.3* 22.6* 6.66 20.11 95 93 94
13/2010 M 10-19 Negative for: F508del* g 65.3° 62.8 629.43* 2834 95* 84 90
89/2010 M 0-9 Negative for: F508del* R 51 40 n.a. 14.44 70* 76% 104*
102/2010 M > 30 Negative for: F508del*™ E - 23 n.a. 2491 n.a. na. n.a.
68/2010 M 20-29 ni.* - 45.3* 47.3%|  524.25 28.15 95* 82 92
130/2007 M 20 - 29 i - 53.5 63.89| 524.25 17.92 75 84 70
132/2007 F 10-18 ni* - 77.4 82.2|  774.4% 15.82 55 74 71
11472007 F 20-29 Negative for: '508del® L - 253 na. 17.99 n.a. na. n.a.
122/2007 M 20-29 ni* E 7.7 76.3| 68B3.15* 24.22 100* 72 88
14072007 M 10-19 ni.* R 66.6 80.4| 524.25 24,42 80* 83* 101*
18/2010 F 10-18 Nepalive for: FR08del* - 75.1 77.2] 407.4% 19.81 100* g2¥ 78*
08/2010 M 10-18 Negalive for: FR08Bdel - 73.3 G9.2] n.a. 28.26 95% 94 86
117/2007 ¥ 10 - 19 Negative for: FR08del, G542X, R1162X and _ 18.7% 14* ®85.07* 21 gRt 106+ 94
115/2007 (Y] 0-9 Negative for: F508del* - - 38 n.a. 15.03 n.a. na. n.a.
116/2007 M > 30 ni.*! . - 19.7|  524.25 15.85 80 na. n.a.
42/2010° M 0-9 F508del* - E g3* 108" n.a. 16.06 95 96 91
74/2010 M 10-13 Negative fur: F508del, R1162X and N1303K R 84 85 3407 18.72 85 90 94
61/2010 M >30 ni.*' ] a4 857'| 524.25 24.86 95 82 92
7(),’2[):]_0F F 10-19 Negative for: FR0Bdel and R1162X - 65.8 70.5 612.3* 12.43 100* 68 74
10072010 F 10-18 Negative fur: F508del* . - az| es82.83* 15.67 80 85 106
138/2007 ] 10-18 Negative for: F508del* - 41 51.5] n.a. 25 n.a. n.a. n.a.
99/2010 F > 30 F508del D1152H* 35 71.1* 72254 611.55* 19.96 60* 63 60
76/2010° M >30 W1282X 4428insGA* 49 105.5* 136.2% 540.57* 26.22 95* 82* 91*
13472007 r 0-9 G576A* - 311 31.8| 773.57* 15.41 95*
07/2010 M 20-28 V5621* ni* 53.3 52.6] 592.72* 2191 75 40 21
125/2007 M 0-9 GRAZX Negative fo-: F508del, - 14.6 20 na. 16.84 na. na. n.a.
2642010 M 0-9 Negative for: F308del and R1162X - 49.6 k0.5 n.a. 14 .87 an* na. n.a.
69/2010° M 10-18 Negative for: I'508del - 84 85 n.a. 16.55 100* 97* 98*
2 - Siblings 1-TGLIT7/TGLLT7

2 -TGLOTY/TGLLT?
b - Siblings 3-TGLOT7/TG12TS
¢ - Patient 76/2010is father (by in vitro fertilization) of patient 27/2010 2-TGITH/TE10T7
d - siblings 5 -TG12T7/1G12T?
e - Siblings

6 -TG10T7/TG12T7
7 -TGLOTZ/TG10T7
8 - TG10T?/TG11TS
9 -TGLIT5/TGLLTF
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genotypes, clinical phenotypes and Ussing chamber measurements, leading to confirmation / exclusion of a CF

Diagnosis
Pathogens detected Nasal Meconium Glucose Osteopenia / Isc-1BMX/Fsk Isc-CCH % CFTR
Intolerance (GI) Other Clinical Features {IBMX/Fsk) Clinical Diagnosis
{Lungs)$ Polyposis llews / Diabetes Osteoporosis {(ajem?) {uasem?)® Function®
na n.a Posilive* Negative® Negalive* 47.3 20.4 90.19 (0) 0|Classic CF*
Sa, Pa, Sm Negalive* Nepative*  [Dizbeles / Gl Negalive Digita clustg 231 12.23 28.31 (0) 0|Classic CF*
Sa Negalive* Negative*  |Negative* Negalive* Failure to tarive 22.42 34,22 28.66 (0} O|Classic CF*
na Nepalive* Posilive* Nepative* Negalive* 92.5 3.95 17.08 (-8.51} 4|Classic CF*
Sa, Pa, Bc Negalive* Nepative Negative Negalive 15.9 5.04 38.99 (0} U|Classic CF*
Sa Negative*  |Positive Negative Negative Chronic liver disease; steatorea; 11.46 38.26 33.89 [0) 0[Classic CF*
Sa, Pa Negalive* Negative*  |[Negative Negalive® 46.2 10.08 28.85 (0} 0|Classic CF*
Candida Negative*  |Positive Negative Negative® 55.09 11.74 £6.05 (0} OfClassic CF*
Sa Negative*  |Negative  [Negative Negative* Melabolic al<alos's 13.17 -7.08 14.72 (-4.51) 5[Classic CF*
na Negative* Negative* |Negative* Negative* Congenital ca-dicpathy 55.5 -42.1 6.73 (-36.36) 36|Non-Classic CF¥
Pa, Sa, AT Negative*  |Negative® [Negative* Osteoporosis | Brenchiectas’s; lung exace-bat'ons 30.84 -47.31 5.47 (-76.34) 57|Non-Classic CF*
Sa Positive Negative  |Negative QOsteoporosis |- 22,57 -21.12 8.47 (-40.7) 28|Non-Classic CF*
Sa Positive Negative Gl Negative - 34.16 -22.36]  27.81(-50.71) 34|Non-Classic CF*
Pa Negative*  [Negative* [Negative* Negative Hysothyroidism 28.13 -12.03 7.68 (-10.37) 10|Non-Classic CF*
Pa Negative Negative  |Diabetes Osteoporosis AZODSF”“"ai hepat': steatosis; 25.67 -7.42]  14.72 (-19.91) 13|Non-Classic CF*
Sa, Pa Positive Negative Negative Negative - 26.3 -17.5 14.52 (-18.1} 16|Non-Classic CF*
Sa, Mt* Negative®*  |Negative* [Negative* Negative® - -149.68 -178.11 -254,89 199|Non-CF*
na. Positive Negative* |Negative* Osteoporosis |- -86.6 -30,58 -138.61 78|Non-CF*
na. Negative Negative®  |Negative Negative™® Pneumonia; d'arrhea -211.11 -53.66 -249.34 139|Non-CF*
na. Negative*  |Negative® [Negative* Negative® - -124.27 -20.29 -117.3 63|Non-CF*
na n.a. n.a. n.a. Negative - -96.25 -12,22 -53.59 30|Non-Cr*
Nermal Flora Negative Negative Diabetes Negative Seve-e steator-hea -83.01 -24,14 -155.09 82|Non-CF*
n.a. Negative Negative n.a. Negative Coesity; dyspnea; thalassemia trait -176.86 -45.9 -104.02 69|Non-CF*
n.a Negative Negative Negative Negative - -100.02 -193.88 -379.46 263|Non-CF*
Normal Flora Paositive Negative Negative n.a. Narmal sper mogram; repellive -232.43 -13.68 -213.78 104|Non-CF*
n.a. Negalive* Nepative Negative* Negalive -66.11 -14.33 -145.85 73|Non-CF*
Normal Flora Negative* Negative Negative* Negative Q igozauspeimia -39.67 -46.536 -102.25 a8[Non-CF*
Normal Flora Negative*  |Negative* |Negative* Osteopenia Cigita cluolig; live- disease; -30.34 3371 -190.95 103|Non-CF*
n.a. Positive Negative  |Negative Negative Bronchiectas's; pansinuseaathy; -61.24 -37.2 -101.98 64|Non-CF*
na. Negative®*  |Negative* |Negative* Negative™® Gooed pondera status -80.79 -29.24 -149.01 82|Non-CF*
n.a Negative Negative*  |Negative® Osteopenia Chrenic diarrea; dermatomyositis; -44,96 -110.05 -347.21 210|Non-CF*
n.a Negative Negative* [Negative* Negative* Repeated pancreat’tis -136.1 -42.95 -129.51 75|Non-CF*
n.a Positive Negative* [Negative* Negative* Normal sper mogram; nasal -45.67 -73.39 -176.82 115|Non-CF*
n.a. Negalive Negative Negative Negalive Failure to tnrive; steator-hea; asthma; -65.35 -57.23 -137.08 89|Non-CF*
Normal Flora Negative Negative  |Negative Negative Duodenal ulcer; pancreat’c calculus; 91,11 -17.49 -57.36 34|Non-CF*
Fa Negative Negative  |Negative Negative Normal sper mogram; Broncaiectasis -61.72 -22.04 -83.59 53|Non-CF*
Normal Flora Negative™* Negative Negative Negative - -24.07 -15.78 -50.16 30|Non-CF*
sa Negative Negative Diabetes Negative IgA deficiency =70 -34.72 -88 57|Non-CF*
n.a. Negative Negative Negative Negative Repetit've pneumonias; obesity -67.09 -24.91 -117.72 65[Non-CF*
n.a. Pusilive Negative Negative Negalive -128.84 -27.83 -141.64 78[Non-CF*
Normal Flora Negative Negative Negative Negative Pans nusopalhy -4006.51 -46.11 -247.23 135|Non-CF*
n.a. n.a n.a. n.a. n.a. CT scan: bronchia wa thickening -93.91 -23.87 -154.23 84[Non-CF*
n.a. Negative Negative Negative Osteoporosis |- 51.47 -42.69 -97.69 64|CFTR-RD*
n.a. Positive Negative Negative Negative* Cost-uctive Azoosae-mia {CBAVD) 54.77 -83.85 -99.19 B4|CFTR-RD*
n.a. Negative Negative Negative Negative Neuroblastona™ Inconclusive
Sa, Pa Pusilive Negative Negative Oslevporosis Bronchiectss’s and ousl- ucling Inconclusive
n.a. Negative Negative Negative Negative Inconclusive
na Negative*  |Negative® |Negative* Negative* - Inconclusive
n.a. Positive Negative Negative Negative Repetit ve pneumacnias Inconclusive
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Apéndice B

Table II — CF patients and CFTR genotypes (n=67).

CF Patients (n)

CFTR genotype

33

F508del/F508del

F508del/G542X

F508del/1716+18672 A>G

F508del/1717-1G>A

F508del/1812-1G>A

F508del/R334W

N[ DN N N N

3120+1G>A/R1066C

F508del/2183AA>G

G542X/2183AA>G

F508del/3272-26 A>G

AS61E/A561E

F508del/G85E

G542X/1618T

W1282X/L.206W

3120+1G>A/L206W

F508del/N1303K

F508del/P205S

G542X/P2058S

F508del/R1066C

F508del/-

F508del/R1162X

R1162X/R1162X

G542X/R334W

F508del/R553X

F508del/S549R(T>G)
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Apéndice C — Suplemento 1
Historico da TNN no Brasil

A TNN no Brasil foi implantada por fases, tendo iniciado em Sao Paulo em 1974, pelo
Professor Benjamin Schmidt, da Universidade Federal de Sao Paulo na APAE (Associacao de Pais
e Amigos dos Excepcionais)/SP, tendo inicio com a triagem de fenilcetontria. Em 1978 houve a
implantacdo da triagem do hipotireoidismo congénito, que foi obrigatéria no estado de SP por lei
estadual a partir de 1983 (Medeiros Neto G, 2004). Em 1992, na Unicamp se iniciou a triagem das
hemoglobinopatias no CIPOI (Centro Integrado de Pesquisas Oncohematoldgicas na Infancia), em
1997, por lei municipal, na cidade de Campinas/SP, a triagem passou a ser obrigatdria para as
hemoglobinopatias. Em 2001 (portaria GM/MS n° 822-06/06/2001), foram criados os Servicos de
Referéncia em Triagem Neonatal (SRTN) para diagnoéstico e acompanhamento dos pacientes
triados no Programa Nacional de Triagem Neonatal (PNTN), nesse momento instituido de forma
oficial, que desenvolveu protocolos clinicos e diretrizes, promoveu capacitagdo profissional e a
busca ativa dos pacientes triados.

O programa de TNN no Brasil foi dividido em fases de implantagcdo devido a diversidade
de recursos dos diferentes estados do pais. A fase I inclui a triagem da fenilcetontria e
hipotireoismo congénito, a fase II inclui as hemoglobinopatias, a IIl a FC e a IV a deficiéncia de
biotinidase e hiperplasia de adrenal congénita.

A TNN da FC prevista desde 2001 (GM/MS n° 822), foi instituida em SP inicialmente por
mandato judicial e oficializada em 2010 (Resolugdo SS23 e Portaria 224). Em 21 de margo de
2013, a portaria 288 do Diario Oficial da Unido oficializa a investiga¢do da FC em todo o Brasil,
com inten¢ao de implantagdo de todas as fases da TNN em todo o pais até o final de 2014 por lei
federal.

Ap6s a confirmagdo de FC no Brasil, o acompanhaento do pacientes ¢ realizada em centros
de referencia conforme a tabela a seguir. Sendo a sua grange maioria ligada ao SUS ( Sistema

Unico de Saude).
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Tabela III: Distribuicio dos centros de referéncia considerando os estados do Brasil, cidade de

localizacio e o nome do centro de referéncia.

Estado Cidade Centro
AL Maceio Hospital Universitario Prof. Alberto Antunes — UFAL
BA Salvador Hospital Especializado Otdvio Mangabeira
Hospital Universitario Prof. Edgar Santos
CE Fortaleza Hospital Infantil Albert Sabin
DF Brasilia Hospital da Crianga de Brasilia— Hospital de Base Brasilia
ES Vitoéria Hospital Infantil Nossa Senhora da Gléria
Hospital Dr. Doério Silva (adultos)
GO Goiania Hospital das Clinicas da UFGO — (adultos)
Hospital das Clinicas da UFGO
MG Belo Horizonte Centro Médico Pediatrico
Hospital Infantil Jodo Paulo II
Juiz de Fora Hospital Universitario da UFJF
Uberlandia Hospital das Clinicas da UFU
MS Campo Grande Hospital Universitario Maria Aparecida Pedrossian
MT Cuiaba Hospital Universitario Julio Muller
PA Belém Hospital Universitario Jodo de Barros Barre
PB Jodo Pessoa Hospital da Universidade Federal da Paraiba
Campina Grande Universidade Federal de Campina Grande
PE Recife Instituto de Medicina Integrada Prof. Fernando Figueira
PI Teresina Hospital Infantil Lucidio Portela
PR Curitiba Hospital Universitario Prof. Alberto Antunes — UFAL
Hospital das Clinicas da UFPR (pediatria)
Hospital das Clinicas da UFPR (adultos)
Cascavel Hospital Universitario do Oeste do Parana
RJ Rio de Janeiro Instituto Fernandes Figueira
Hospital Universitario Pedro Ernesto — UERJ
Hospital dos Servidores Publicos do Estado do Rio de Janeiro
RN Natal Hospital de Pediatria da Universidade do Rio Grande do Norte
RS Porto Alegre Hospital da Crianga Santo Ant6nio
Hospital de Clinicas da UFRGS (pediatria)
Hospital de Clinicas da UFRGS (adultos)
Hospital Sao Lucas da PUC
SC Floriandpolis Hospital Infantil Joana de Gusmao
Hospital Nereu Ramos (adultos)
Blumenau Hospital Santa Isabel
Joinville Hospital Infantil Jeser Amarante Faria
SP Sdo Paulo Irmandade da Santa Casa de Misericordia de Sdo Paulo Sao

Instituto da Crianga do Hospital das Clinicas da USP

Hospital das Clinicas da USP (adultos)

Centro de Puericultura —-CPAP

Hospital da UNIFESP
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Consultorio Fabiola Adde

Ribeirao Preto Faculdade de Medicina da USP de Ribeirdo Preto
Campinas Hospital das Clinicas da UNICAMP (pediatria)
Hospital das Clinicas da UNICAMP (adultos)
Botucatu Hospital das Clinicas da UNESP
Sa0 José do Rio Preto Hospital de Base da Fac. de Medicina de Sao José do Rio Preto
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Apéndice D — Suplemento 2

54,0

1999 (1)
m 2004
H 2009
0,6 0,6 0,7
Branca Preta Parda Amarela ou
indigena

Distribui¢do percentual da populagdo, por cor ou raga, Brasil 1999 a 2009. Fonte IBGE- Pesquisa
Nacional por amostras de domicilio 1999/2009.
(1) Exclusive a populagdo rural de Rondonia, Acre, Amazonas, Roraima, Para e Amapa.
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Apéndice E — Suplemento 3

Teste do Suor
Questionario

Nome do local avaliado:
DATA: Cidade:

1.0-Pré- estimulacao
1.01- Vocé fornece qualquer informagao para os pais dos pacientes relacionado ao teste do suor?

a) Nao

b) Sim

Se sim, de que forma?
C1) verbal

C2)escrito e verbal
C3)escrito

1.02- Vocé faz alguma orientacao para o paciente antes de realizar o teste?

a) Nao
b) Sim
Se sim indique a sua orientacdo
C1) Tomar 4gua
C2) Fazer jejum
C3) Outros, especifique:

1.03- Vocé tem critério que exclui um paciente de submeter a um teste do suor? (selecione todos que se
aplicam)

a) Menos do que 1 ano de idade

b) Menos de que 2 anos de idade

¢) Menos do que 4 anos de idade

d) Menos do que 3,5kg de peso

e) Desidratacdo

f) Desnutrigdo

g) Doenca aguda

h) Utilizagdo continua de corticoides

i) Eczema no local da estimulagdo

j)  Sobre oxigénio por um sistema de entrega aberto
k) Outros (especifique):

1.04- Vocé tem um termo de consentimento livre € esclarecido?
a)sim
b) ndo

Obs: Se sim anexar o termo de consentimento

1.05- Onde ¢ realizado o teste de suor (coleta e dosagem)?

a) Ambos no laboratorio
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b) Ambos na clinica

¢) Coleta na clinica e a amostra de suor analisada no laboratorio

d) Outros (especifique):
1.06- Em seu servico quantos pacientes sdo anualmente testados o suor?

a) 25-49
b) 50-99
¢) 100-300
d) 300-500
e) >500

1.07- Quantos testes do suor sdo realizados por vocé durante um ano?
a) <10%
b) >30%
c) >50%
d) 100%

a) 1.08- Onde e com quem vocé fez o treinamento para realizar o teste de suor?

a) Curso (especifique qual):

b) No proprio local de trabalho e com um colega que também realiza o teste
¢) Outros (especifique):

1.11- Conhece ou segue algum consenso internacional?

a) Sim
b) Nao
¢) Se sim especifique qual

2.0- Estimulacao
2.01-Técnica:

a)pilocarpina
b)sem técnica
c)outra técnica

2.02-Qual equipamento que vocé utiliza para a estimulagéo?

a)caseiro: especifique

b) sem aparelho

b) Iontoquite (BH)

¢) Macrodut Wescor Sweat Check

d) Wescor Nanoduct

e) Outros:
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2.03- Antes de comegar a estimulagdo vocé realiza a limpeza da pele?

a) Sim
b) Nio

Se sim identifique qual a solugdo utilizada para a limpeza da pele:
C1) 4gua da torneira
C2) 4gua destilada

C3) agua bidestilada
C4) alcool

C5) outros (especifique):

2.04- Antes de comegar a estimulag@o vocé também seca a pele do paciente?

a) Sim
b) Nio
Se sim, especifique como vocé realiza a secagem da pele
C1) Algodao

C2) Gaze compressa

C3) Gaze tipo queijo

C4) Toalha
C5) Outros:

2.05- O ambiente do local onde é realizado o teste de suor € climatizado?

a) Nao
b) Sim, temperatura de:

2.06- Os testes do suor, coletados e analisados, sdo rotineiramente realizados em 2 lugares do corpo (por
ex. teste bilateral)

a) Nunca

b) Sempre fago a estimulagdo bilateral para comparar os diagnosticos

¢) As vezes quando a primeira amostra no atinge a quantidade de suor suficiente eu utilizo o teste
bilateral, mas nunca faco a unido das amostras para realizar a analise laboratorial

d) Quando ndo consigo uma amostra suficiente para fazer a analise do suor eu utilizo o teste bilateral
para unir as duas amostras e realizar a analise laboratorial

2.07- Qual é a quantidade, marca e como ¢ preparada a pilocarpina utilizada?

» Concentragdo: (ml)
» Marca:
» Como ¢ preparada:
» Nao sei

2.08- Qual ¢ a quantidade, marca e como ¢ preparado o acido sulftrico utilizado?

Concentragdo: (ml)
Marca:
Como ¢ preparado:
Nao sei

VVYVYY
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2.09- Qual ¢ o tamanho e o material do eletrodo utilizado para a estimula¢ao?

» Tamanho:
» Material:
> Nao sei

2.10- Vocé tem uma distancia padrdo entre os eletrodos?

a) Nao

b) Sim

Se sim especifique de acordo com a faixa etaria
C1) recém nascidos e lactentes: centimetros
C2) criangas: centimetros

C3) adolescentes e adultos: centimetros

2.11- Qual € o tipo de corrente utilizada para a estimulagdo?

a) Corrente continua constante

b) Corrente continua pulsada

¢) Naio sei

d) Outras (especifique):
2.12- A corrente utilizada para estimulagdo do suor varia de acordo com a idade?

a) Nao
b) Sim
Se sim, descreva a variacdo por idade
a)0al ano:
b)2a3:
cda7:
d)8al2:
e)l12al8:
f)> 18:

2.13- A estimulacgdo elétrica com os eletrodos ¢ realizada durante quanto tempo?

a) < 5 minutos

b) 5 minutos

¢) 10 minutos

d) > 10 minutos (especifique):

2.14- E realizada a manutencio do aparelho utilizado para estimular o suor utilizado no seu servi¢o?

a) Nao

b) Nao sei

¢) Sim

Se sim, assinale a alternativa com o tempo que vocé realiza a manutengéo
C1) a cada 6 meses

C2) 1 vez por ano

C3) a cada 2 anos

C4) mais de 2 anos
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2.15. Quem realiza a manutengdo do seu aparelho de estimular o suor? E onde ¢ realizada essa
manutencao?

a) Engenheiro, local:
b) Técnico, local:
¢) Nao sei

2.16- Ao termino da estimulagdo, antes de iniciar a coleta do suor vocé realiza a limpeza da pele?

a) Sim
b) Nio
Se sim identifique qual a solucdo utilizada para a limpeza da pele:
C1) agua da torneira

C2) agua destilada

C3) 4gua bidestilada (deionizada)

C4) alcool

C5) outros (especifique):

2.17- Ao término da estimulag@o vocé também seca a pele do paciente?

d) Sim
e) Nao
Se sim, especifique como vocé realiza a secagem da pele
C1) Algodao

C2) Gaze compressa

C3) Gaze tipo queijo

C4) Toalha
C5) Outros:

3.0- COLETA

3.01- Quando vocé coleta o suor, no momento da retirada da amostra do suor até o momento de leva-lo
para pesar, vocé faz esse procedimento com algum auxilio?

a) Sim

b) Nio

Se sim, indique qual auxilio vocé utiliza:
C1) Luvas de procedimento com talco
C2) Luvas de procedimento sem talco
C3) Pingas

3.02- O que vocg¢ utiliza para realizar a coleta do suor?

a) espiral de Macroduct

b) gaze pré pesada ( quantas gazes, gaze em compressa ou tipo queijo e qual a
marca)

¢) papel filtro pré pesado ( quantos, tamanho, numero do papel e a
marca

d) tubo coletor

e) eletrodo orion de mensuragdo de cloro

f) fita indicadora de fibrose cistica

g) nanoduct
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h) Naio sei

3.03- De acordo com o procedimento utilizado para coletar o suor, marque um X no tempo necessario que
vocé considera o ideal para realizar a coleta o suor?

a) Espiral de Macroduct: ( )< 20min, ( )20- 30 min, ( ) 30 min, ( ) 40-50 min ( ) 60 min ou +

b) Gase pré-pesada: ()< 20min, ( )20- 30 min, ( ) 30 min, ( ) 40-50 min, ( ) 60 min ou +

¢) Papel filtro pré pesado:( )< 20min, ( )20- 30 min, ( ) 30 min, ( ) 40-50 min, ( ) 60 min ou +

d) Tubo coletor: ( )< 20min, ( )20- 30 min, ( ) 30 min, ( ) 40-50 min, ( ) 60 min ou +

e) eletrodo orion de mensuragao de cloro:( )< 20min,( )20-30 min,( )30 min,( ) 40-50 min ( ) 60 min
ou+

f) fita indicadora de fibrose cistica:( )< 20min,( )20-30 min,( )30 min,( ) 40-50 min,,( ) 60 min ou +

g) nanoduct: ()< 20min, ( )20- 30 min, ( ) 30 min, ( ) 40-50 min,, ( ) 60 min ou +

3.04- De acordo com o procedimento utilizado para coletar o suor, especifique o minimo de suor aceito (
peso)?

a) Espiral de Macroduct:
b) Gase:
c) Papel filtro:

d) tubo coletor:

e) eletrodo orion de mensuragao de cloro:
f) fita indicadora de fibrose cistica:

g) nanoduct:

h) Sem exigéncia minima

1) Nao sei

3.05- De acordo com o procedimento utilizado para coletar o suor, especifique o limite maximo de massa
de suor que vocé considera aceitavel para realizar a analise dos eletrélitos?

a) Espiral de Macroduct:
b) Gase:
c) Papel filtro:

d) tubo coletor:

e) eletrodo orion de mensuragao de cloro:
f) fita indicadora de fibrose cistica:

g) nanoduct:

h) Sem exigéncia maxima

1) Nao sei

3.06- Numero de coletas de suor realizadas para fazer um diagnodstico de FC

a) 1
b) 2
c) 3
d) >3

3.07- Qual o tipo e qual é a marca da balanga que vocé utiliza para pesar o suor coletado?

a) Balanca Eletronica Analitica e de Precisdo (digital), marca:
b) Balanga Analitica ¢ de Precisdo, marca:
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3.08- Quantas casas decimais tem a balanca que voc€ utiliza para pesar o suor coletado?

a)
b)
¢)
d)

3
4
5
>5

3.09- O que vocé faz quando a quantidade da amostra de suor € insuficiente para a analise? Assinale todas
que vocé considera.

a)
b)
c)
d)
e)

Repete o procedimento da coleta de suor em outro momento

Continua a coleta de suor até uma quantidade adequada de suor ¢ produzida

Combina uma fragdo da amostra com outra fragdo para fornecer a quantidade suficiente
Usa qualquer quantidade de suor que foi coletado e continua com a analise

Outros( especifique)

3.10- Em relagdo a pergunta anterior, caso voc€ opte em repetir o teste do suor em outro momento, qual é
o tempo minimo entre coletas aceito por vocé?

a)
b)
¢)
d)

Logo apds o término do primeiro teste

4 horas ap6s o término do primeiro teste
12 horas depois do primeiro teste

> 12 horas depois do primeiro teste

3.11- Caso seja necessario em realizar o teste novamente em outro momento, assinale a alternativa que
vocé considere correta.

a)
b)

c)

Sempre no mesmo local que estimulou anteriormente

Nunca no mesmo local que estimulou anteriormente (especifique o novo local eleito para fazer a
segunda estimulagdo):
Nao me preocupo com o local utilizado anteriormente

3.12- Vocé utiliza algum método além da estimulagdo cléssica para auxiliar o rendimento do suor?

a)
b)
¢)
d)
e)

Envolve o braco do paciente com um cobertor

Pede para o paciente caminhar um pouco

Pede para o paciente ficar exposto ao sol

Envolve o braco do paciente com um cobertor ¢ pede para ele também se expor ao sol
Outros (especifique):

4.0- Analise Laboratorial ( Dosagem Na/Cl)

4.01- Como ¢ analisado o suor em seu servico? Indique todos que se aplica

a)
b)
¢)
d)
e)
f)

2
h)

Condutividade usando Wescor Sweat Check

Condutividade usando Wescor Nanoduct

Analise do cloro usando uma analise de multiteste automatizada
Analise do cloro usando um espectrofotometro

Analise do cloro usando um eletrodo de Orion para mensurar a pele
Analise do cloro usando um adesivo indicador de FC

Andlise do cloro usando um instrumento de titulacdo

Analise do cloro usando outros
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1) Analise do sddio usando fotometro de chama

j) Analise do sddio usando uma analise de multiteste automatizado
k) Osmolaridade usando
1) Cloridrémetro digital

4.02- Quem ¢ responsavel para analise?

a) A equipe do laboratorio
b) A equipe médica
¢) Outros (especifique)

4.03- Como vocé€ armazena a amostra de suor e qual a temperatura ideal antes da analise?

a) temperatura ambiente

b) Geladeira, temperatura de:
¢) Congelador, temperatura de:
d) N&o armazeno

4.04- Por quanto tempo vocé armazena a amostra de suor antes de realizar a dosagem?

a) Analise imediata
b) Até 2 dias

c) Até 3 dias

d) Até 7 dias

e) >7dias

4.05- Vocé utiliza controle em toda rotina de analise?

a) Sim
b) Nao, por qué?:

4.06- Quantos controles vocé utiliza na rotina de analise do s6dio?

a) 1
b) 2
c) 3
d) Outros:

4.07- Quantos controles vocé utiliza na rotina do cloro?
a) 1
b) 2

c) 3
d) Outros:

4.08- Qual controle vocé utiliza para dosar o sodio?

a) Comercial, qual?
b) Interno, qual?

198



4.09- Qual controle vocé utiliza para dosar o cloro?

a) Comercial, qual?
b) Interno, qual?

4.10- Qual o padrio e a marca utilizado para validar a dosagem de sodio e cloro?

e Sdbdio- padrao: marca:
e Cloro- padrao: marca:

4.11- Qual o intervalo de referencia para o suor?

a) Cloro
Negativo:
Limitrofe:
Positivo:

b) Sodio
Negativo:
Limitrofe:
Positivo:

¢) Condutividade
Negativo:
Limitrofe:
Positivo:

d) Naio sei
4.12- Em que ocasido vocé considera necessario repetir o teste?

a) Nunca
b) Teste limitrofe
¢) Quantidade de suor insuficiente para realizar a dosagem
d) Dosagem com diferenca muito grande entre o cloro e sodio
e) Outros, especifique:
f) Dosagem de sodio maior do que a dosagem do cloro

4.13- Vocé participa de um programa que avalia a qualidade do seu teste?

a) Nao
b) Sim
Como: Quem realiza essa
avaliagdo?

4.14- Quem ¢ responsavel pelo laudo?

a) auséncia de um relatorio escrito
b) equipe do laboratério

¢) equipe médica

d) outros (especifique):
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Apéndice F — Suplemento 4

Métodos Suplementares - Teste do Suor

O teste ¢ realizado com duragdo total de cerca de 40 minutos. Inicia-se com a limpeza da
pele com gaze embebida com 4gua bidestilada seguindo-se a secagem da pele com gaze; ¢é
colocada uma gaze umedecida com solugdo de pilocarpina no antebrago do paciente e sobre ela &
fixado um eletrodo. Distando cerca de 3-4 cm do primeiro eletrodo, ¢ colocado outra gaze
umedecida com acido sulfurico e sobre ela um segundo eletrodo. Os eletrodos sdo ligados no
aparelho gerador da corrente, sendo que o fio vermelho deve ser acoplado no eletrodo que foi
colocado a pilocarpina (polo positivo). A corrente deve ser controlada para ndo ultrapassar 4 mA
e a estimulacdo deve ser feita durante 5 minutos. A gaze estéril cortada em 3x3cm, ou papel de
filtro com a mesma medida, devem ser previamente pesados em balanca semi-analitica dentro de
um frasco estéril, seguida de anotagdo do peso seco. Deve-se utilizar pinga para a manipulagdo do
papel ou da gaze evitando aderéncia do proprio suor no material da coleta. Apds o tempo correto
de estimulagdo o equipamento deve ser desligado, os eletrodos desconectados e as gazes
retiradas. Limpar novamente o local da estimulacdo com agua deionizada e secar com outra gaze
seca; colocar o material de coleta sobre a pele, sobre o local que foi estimulado com pilocarpina
(polo positivo) e cobrir com plastico transparente. Fixar com fita adesiva. Aguardar a producao
do suor durante no maximo 30 minutos; retirar a gaze ou papel embebido de suor com uma pinga
e colocar no mesmo frasco previamente identificado e pesado (o frasco deve ser bem vedado para
evitar evaporagdo do suor para ndo alterar a sua concentragdo); pesar novamente o frasco com a
gaze embebida de suor em balanga semi-analitica, que deve ter precisdo de quatro casas decimais,
e anotar o peso total; a diferenca entre a pesagem antes e depois da coleta fornece o peso da
amostra de suor; pipetar 5 ml de d4gua deonizada e adicionar dentro do frasco com a gaze com o
suor. Tampar e manter o frasco em geladeira por no maximo 3 dias. Fazer a dosagem do Cl” por
titulometria manual ou coulometria (cloridrometro). Este procedimento deve ser realizado em
duplicata (ndo obrigatério). No caso de duplicata, as amostras sdo consideradas uma tnica coleta.
Para um segundo teste deve ser marcado um outro momento. Nao deve ser realizado em RN,
nascidos a menos de 48 horas, em pacientes com febre e com lesdes de pele.

Na glandula sudoripara normal a estimulacdo adrenérgica induz um fluxo isosmolar de
suor com a ativagio da CFTR e da ENaC (canal de Na") responsaveis pela reabsorcdo de Cl e

+ . r r
Na' respectivamente, além de agua. Resulta no fluxo de um pequeno volume de suor contendo,
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em média, 16 mmol / L de Cl ~ e 23 mmol / L de Na' (Di Sant’Agnese et al., 1953; di
SAnt’Agnese & Powell, 1962). Em pacientes com FC, ndo ha a reabsor¢do de Cl e Na' e o suor
tem concentracdes aumentadas destes ions. Em individuos acima de dois anos as concentracdes
de CI" acima de 60 mmol/L sao consideradas anormais (Farrell & Koscik, 1996) e valores entre
40 mmol/L e 60 mmol/L sdo borderline (Taylor, Hardcastle, & Southern, 2009). Para as criangas
menores de dois anos os valores considerados negativos sao < 30 mmol/L, duvidosos entre 30
mmol/L e 60 mmol/L.

A dosagem do Na' é um controle de qualidade do teste. A diferenga entre a dosagem de
Na" e CI ndo deve ultrapassar 20 mEq/ L e a relagio cloro/sédio deve ser sempre maior que um.
Uma concentragdo de cloro maior que 160 mEq/L ¢ fisiologicamente impossivel sugerindo erro
na coleta ou na dosagem.

Com os conhecimentos atuais sobre a fisiopatologia e genética sabe-se que a FC ¢ um
“espectro de doenga” cujo fenotipo reflete o grau de atividade da CFTR. O TS pode ndo espelhar
esta atividade em alguns casos ¢ mesmo o estudo molecular isolado, muitas vezes ndo ¢
suficiente para o diagnostico da FC, sendo necessarios outros métodos auxiliares para a sua

confirmacao (Moskowitz et al., 2008; Quinton et al., 2012).
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ANEXO A
PARECER COMITE DE ETICA — BIOPSIA RETAL

«Uba. FACULDADE DE CIENCIAS MEDICAS
N COMITE DE ETICA EM PESQUISA

% www.fem.unicamp.br/pesquisa/etica/index.html

CEP, 23/03/11 2" VIA
(Grupo III)

PARECER CEP: N° 503/2007 (Este n° deve ser citado nas correspondéncias referente a este projeto)
CAAE: 0386.0.146.000-07

I - IDENTIFICACAO:

PROJETO: “AVALIACAO DA ATIVIDADE DA PROTEINA CYSTIC FIBROSIS
TRANSMEBRANE REGULADOR (CFTR- CANAL DE CLORO) EM BIOPSIAS
RETAIS DE PACIENTES COM FIBROSE CISTICA™.

PESQUISADOR RESPONSAVEL: Antonio Fernando Ribeiro

INSTITUICAO: Departamento de Pediatria e Genética Médica / FCM / UNICAMP.
APRESENTACAO AO CEP: 19/07/2007

APRESENTAR RELATORIO EM: 24/07/08 (O formulério encontra-se no site acima)

11 - OBJETIVOS

Promover o envolvimento multidisciplinar a fim de se entender os mecanismos da
Fibrose Cistica para que se possa desenvolver e testar novas terapias direcionadas para
mutagdes especificas da doenga.

III - SUMARIO

Trata-se de um projeto de pesquisa em genética humana, com cooperagio estrangeira e
com menores de 18 anos. Através de uma parceria entre a Unicamp e a Universidade de Lisboa
pretende-se implantar na Unicamp a utilizagdo da micro-cdmara de Ussing para estudos de
eletrofisiologia em pacientes brasileiros com Fibrose Cistica. O treinamento de recursos
humanos seré feito em Lisboa e o grupo portugués viria ao Brasil para trazer o equipamento para
a realizagio dos testes. Estes serdio detecgdo molecular em amostra de sangue periférico, de
andlise de expressdo de RNAm de células epiteliais nasais e por biopsia de mucosa retal para
estudos eletrofisiolégicos. Todos os resultados serdo entregues aos pacientes que receberdo
também aconselhamento genético. Serfio 30 sujeitos de pesquisa com HD de Fibrose Cistica que
ainda nfio tenham o diagndstico de confirmagéo. Os critérios de inclusdo estdo definidos e se
autorizado material biolégico sera armazenado no Banco do Laboratério de Genética Molecular.
Nio havera nenhum ressarcimento aos pacientes.

IV - COMENTARIOS DOS RELATORES
O pesquisador se compromete a seguir os regulamentos para utilizagdo desses dados. O

projeto tem método, objetivos coerentes e adequado Termo de Consentimento Livre e
Esclarecido.

Comité de Etica em P~ quisa - UNICAMP

Rua; Tessdlia Vieira de Camargo, 126 FONE (019) 3521-8936
Caixa Postal 6111 FAX  (019) 3521-7187
13084-971 Campinas —SP cep@fem.unicamp.br
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FACULDADE DE CIENCIAS MEDICAS
COMITE DE ETICA EM PESQUISA

® www.fcm.unicamD.br/nesguisa/etica/index.htmI

V - PARECER DO CEP

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP, apos
acatar os pareceres dos membros-relatores previamente designados para o presente caso €
atendendo todos os dispositivos das Resolugdes 196/96 e complementares, resolve aprovar sem
restri¢des o Protocolo de Pesquisa, bem como ter aprovado o Termo do Consentimento Livre e
Esclarecido, assim como todos 0s anexos incluidos na Pesquisa supracitada.

O contetido e as conclusdes aqui apresentados sdo de responsabilidade exclusiva do
CEP/FCM/UNICAMP e ndo representam a opinido da Universidade Estadual de Campinas nem
a comprometem.

VI - INFORMACOES COMPLEMENTARES

O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu
consentimento em qualque: fase da pesquisa, sem penalizagdo alguma e sem prejuizo ao seu
cuidado (Res. CNS 196/96 — Item IV.1.f) e deve receber uma copia do Termo de Consentimento
Livre e Esclarecido, na integra, por ele assinado (Item IV.2.d).

Pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado e
descontinuar o estudo somente ap6s andlise das razoes da descontinuidade pelo CEP que o
aprovou (Res. CNS Item I11.1.z), exceto quando perceber risco ou dano nfo previsto ao sujeito
participante ou quando constatar a superioridade do regime oferecido a um dos grupos de
pesquisa (Item V.3.).

O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o
curso normal do estudo (Res. CNS Item V.4). E papel do pesquisador assegurar medidas
imediatas adequadas frente a evento adverso grave ocorrido (mesmo que tenha sido em outro
centro) e enviar notificagéio ao CEP e a Agéncia Nacional de Vigilancia Sanitaria — ANVISA —
junto com seu posicionamento.

Eventuais modificagdes ou emendas ao protocolo devem ser apresentadas ao CEP de
forma clara e sucinta, identificando a parte do protocolo a ser modificada e suas justificativas.
Em caso de projeto do Grupo [ ou II apresentados anteriormente a ANVISA, o pesquisador ou
patrocinador deve envid-las também 4 mesma junto com O parecer aprovatério do CEP, para
serem juntadas ao protocolo inicial (Res. 251/97, Item II1.2.e)

Relatérios parciais e final devem ser apresentados ao CEP, de acordo com 0§ prazos
estabelecidos na Resolugiio CNS-MS 196/96.

VII - DATA DA REUNIAO

Homologado na VII Reunido Ordinaria do CEP/FCM, em 24 de julho de 2007.

I
Profa. Dgﬁ!’ﬁ‘%{ Sil,via Bertuzzo
PRESIDENTE DO COMITE DE ETICA EM PESQUISA

FCM / UNICAMP
Comité de Etica em Pesquisa - UNICAMP
Rua: Tessdlia Vicira de Camargo, 126 FONE (019) 3521-8936
Caixa Postal 6111 FAX (019) 3521-7187
13084-971 Campinas — SP cep@fem.unicamp.br
-2
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ANEXO B

TERMO DE CONSENTIMENTO
FACULDADE DE CIENCIAS MEDICAS DA UNICAMP
DEPARTAMENTO DE PEDIATRIA — POS - GRADUACAO

Esclarecimento e consentimento do(a) doente:

Ex™@ Senhor(a),

A Equipe Multidisciplinar do Ambulatério de Fibrose Cistica do Hospital de Clinicas da Faculdade
de Ciéncias Médicas da Universidade Estadual de Campinas (UNICAMP), (Dr® Antdnio Fernando Ribeiro
— chefe de Ambulatério de FC; Dr2. Maria de Fatima Servidoni — Gastropediatra; Dr? Carmen Silvia
Bertuzzo — Geneticista; Adriana Mendes Vinagre — pds-graduanda) em colaboragdo com o Grupo de
Investigacdo em Fibrose Cistica do Instituto Nacional de Salde Dr. Ricardo Jorge de Lisboa (Portugal)
(Prof? Margarida Amaral — Investigadora Principal; Marisa Sousa — po6s-graduanda) e médicos e
investigadores da Universidade de Regensburg (Prof. Karl Kunzelmann — Médico Fisiologista) pretende
realizar um estudo sobre a doencga Fibrose Cistica (FC), para esclarecer alguns aspectos ainda pouco
entendidos desta doenca.

Para tal, pedimos a sua colaboracéo. Pretendemos assim, efetuar uma analise utilizando sangue,
algumas células do seu epitélio intestinal (obtidas por biopsia retal) e também algumas células do epitélio
nasal (obtidas por escovado nasal). Estas analises, que sdo pouco invasivas e praticamente indolores,
destinam-se a obtengéo/confirmagao do diagnéstico FC, e também para um possivel prognéstico da
doencga (podera obter mais informagdes na folha em anexo).

Responsabilizamo-nos em cumprir as normas da confidencialidade como é usual, isto €, ndo
iremos transmitir estes dados a terceiros, mas comprometemo-nos a transmitir-lhe os resultados que
sejam do seu interesse. A sua decisdo em participar ou ndo neste estudo ndo tera qualquer influéncia no
tratamento.

Declaracao

Concordo em participar no ‘Estudo de Fibrose Cistica por medi¢cdo da diferenca de potencial (ddp) no
epitélio intestinal e nasal’, com a coleta das amostras acima referidas (bidpsias retais e escovado nasal) e
com coleta de sangue (para pesquisa genética de mutagdes) e com o seu uso em investigacao. Também
autorizo os investigadores acima mencionados a terem acesso aos meus dados clinicos. Tomo
conhecimento que é pouco provavel os resultados desta investigagdo virem a ter qualquer efeito clinico
directamente aplicavel na minha pessoa. Fico com uma cépia desta declaragdo. Fui informado, que
poderei em qualquer altura vir a revogar este consentimento.

Data e assinatura (doente) e RG.

207



ANEXO C

Escore Clinico de Shwachman & Kulczycki

Pontuacio | Atividade Geral Pontuacio | Achados Radioldgicos
25 Atividade normal plena: joga bola; 25 Campos Pulmonares limpos.
vai & escola normalmente.
20 Falta Resisténcia e cansa ao final do 20 Minimas Marcas de acentuagio
dia; boa frequéncia escolar broncovascular; enfisema primario.
Descansa voluntariamente durante o Enfisema leve; sinais de
15 dia; cansa facilmente ap6s o 15 atelectasias; marcas de aumento
exercicio. broncovascular.
Repousa muito; dispnéia depois de Enfisema moderado; areas de
10 caminhada curta. 10 atelectasias difusas com areas de
infecc¢do sobrepostas.
Ortopnéia; confinado a cama ou Extensivas alteracdes com
5 cadeira. 5 fendmeno pulmonar obstrutivo e
infeccdo; atelectasias lombares e
bronquiectasias.
Mantém peso ¢ altura proximos do Normal: sem tosse; FC ¢ FR
25 percentil 25; bom tonus e massa 25 normais; pulmoes limpos; boa
muscular; fezes bem formadas (quase postura.
normais).
Peso e altura aproximadamente no Tosse rara ou "pigarro"; FC e FR
20 percentil de 15 a 20; fezes levemente 20 normais no repouso; minimo
anormais; tonus e massa muscular enfisema; pulmoes limpos; sem
satisfatorios. baqueteamento.
peso e altura acima do percentil 3; Tosse ocasional (ao levantar pela
fezes usualmente anormais, manhi); FR levemente elevada;
15 volumosas e pobremente formadas; 15 enfisema suave; MV rude; roncos
tonus pobre e massa muscular localizados raramente;
reduzida; pouca distensdo abdominal baqueteamento precoce.
(se tiver).
Peso e Altura abaixo do percentil 3; Tosse frequente, usualmente
fezes pouco formadas, volumosas, produtiva; retragdo toracica;
10 ofensivamente gordurosas, musculo 10 enfisema moderado; deformidade
fraco e massa reduzida, distensao toracica; roncos usualmente
abdominal suave ou moderada. presentes; baqueteamento 2/3.
Marcada mé-nutri¢do, protuberancia Tosse grave paroxistica; taquipnéia
5 abdominal abundante, fezes 5 e taquicardia; alteragdo pulmonar
frequentes, volumosas, mau cheiro e extensa; sinais de faléncia cardiaca
gordurosas; prolapso retal frequente. direita; 3/4 baqueteamento.
Classificacio Pontos
Grave <40
Moderado 55-41
Leve 70 — 56
Bom 85-71
Excelente 100 — 86

Schwachman & Kulczycki, 1958.
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ANEXO D

PARECER COMITE DE ETICA — TESTE DO SUOR

FACULDADE DE CIENCIAS
MEDICAS - UNICAMP (CAMPUS @W"’-‘
CAMPINAS)
PROJETO DE PESGUISA
Thulo:  Teste oo suor O panorama aual dos servicos Brasieims de dagnosiico de Fiomse Cisica

Ares Tematica:
Voarsao. 1

CaaF (65234127 .0000.5402
Pesquisador:  CARLA CRISTIMA Z0UZA GOMEE

Inatthugao:  Facudsde de Clénclas Mediozs - UMICAMP
{Campus Campinas]

PARECER CONSUBSTANCIADD DO CEP

[ROrmens oo Paracsar 5824
Ceats dia Rsbstoriac er e el

Apresantacie do Projeto:
O 592 0 SUDT & COonsinerao por e CONSENS0 COMD O "padrdo oD’ para o diagnasic de Florose
Cistica (FC) O estdo sevd , o tipe obsenacional. Sardo avallatos por meln 02 um questiondno

£0bre 05 procedimenine do teste do 5D via teEfons em 25 ssvipos oe diagnasticn de FC do Brasil

Oibjathvo @3 Paegqulza:
Cinj=tiv: PesmHAsa s00N2 05 procedimenios o0 isse do suor eaizados atualments no Srasil

AvallagEo oos fecos & Benefclos:
& NA0 SpPEsEmta nanhium fEch Dar3 0e part e beneficios oferscidos por 2513 pesquisa 530

IGAVEIS. 3 1003 COMUNELA0S GEMiMoa, Por Mao a3 | 2 IWLIgaca0 05 , TN poss e
2onhecer coma £6HA0 S2n00 MealZacie 0o 125125 00 SUOT M 0303 SEnAg0 ESlRroNaaD Para dagnosticar a FC,

Comentarios & Conalderaghes sobre a Peaquisa:
Projeio Smpdes mas bem esinuiurado.

Conaldersgfes sobre os Termos os apressntagso obrigatona:
AdETaE.

Recomendacies:
ADTTNAZ0.

Conciustes ou Pendénckss & Lists de Inadequagies:
Miona

SIfuaEio 0o Parecer:
Agrovade

Endanegn:  Foe Temeiile Viers ce Semergn, 135

Babiro  Hardu Gersisd CEF. 73 Deasy
aF: 5P mlclpa.  CAMPMAY
Telefoni: [TEASI-SusE Fai! JIVEE-FLEY E-mall: crptom unicams by
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FACULDADE DE CIENCIAS
MEDICAS - UNICAMP (CAMPUS
CAMPINAS)
Macesslts Apreciao da CONEP:
a0

CAMPINAS, 31 ge Agosin de 2012

Emmn sl gt
Carce Eduardo Sieinar
Endaiegn!  Ros Tomdis Vs 20 Carergo, 1353
Bailito: Bardo Candda CEF. q3 peggsr
[ 5 Monicipo: CAAMAS
Telefore: [HTE521-80 Fan:  {10p3S20-T0EF E-mal:  copfrom usiowms: br
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ANEXO E - FICHA CLINICA

EVAPORIMETER & RECTAL BIOPSY

CIPED — LAFIP/LARC .
UNICAMP EsTUDOS COMPLEMFNTARES DE FIBROSE CisTICA - FOLHA DE INQUERITO
Mome: |
Data de qop Gépero: Femining [ Idade no
nascimento: — — Masculine [ diagnostico FC:
- ileo meconial ou Desidratagio
Genatipo DIOS
Historia sim O
Familiar: Mia O
Familiares Pai [ |dade: Genotipos: Desenvolvimenio:
afetadas: Mie O Peso
Ima [ Altura
Irmao 1
Funcicnamente P O sPp O Teste elastase fecak Iesie de suor
pancreatico: leitura‘resultado (uglg fezes) I (mEg):  (CrfNa')
Idade em que comegou a IP: !
Doenga !
Hepatica: !
Diabetes: Ealipose Nazal Sim O
Escore de Shwachman-Kulczyeki: Mo O
= VEF, % Radiologia Sim O Evolucdo da
Pulmonar, ~ CWF % Nio O fungao pulmonar:
VEF s7g,
Bronguiectasia,
cistos, obstrugso, ete
Caolonizagio pulmonar por bactérias: |:I |dade |:|
Outras caracteristicas clinicas:
(desnutrigio, disfungio
hepatica ou cardiaca,
diabetes, inferliidade, etc.)
IP - InsuNCincia pancreatica Pa - PSEUCOMANAS SEMANN0Sa HI - Haamophilus uerza
£P - suficiéncla pancredtic B - Burkholderis cepack S - StaphlioCoCols JUreus
i Besyltado Quantificagdo
Biopsia etal (FC: FC-res; N3o- Fungio CFTR
i FC: Imconc.)
Evaporimetro:
I
) Pagina 1
Medico: Data:
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ANEXO F — CARTA CONVITE CENTROS - TESTE DO SUOR

n,
= 4
UNICAMP CARTA CONVITE

Prezado Colega

Estamos interessados em realizar uma pesquisa sobre os procedimentos que
envolvem a coleta de sédio e cloro no suor nos servicos de diagnostico e de
atendimentos em Fibrose Cistica no Brasil. Para isso estamos encaminhando em
anexo um questionario que gostariamos de aplica-lo ao profissional técnico
responsavel pelo servigo de coleta de suor em seu servigo.

O questionario € composto de 49 perguntas. Ndo existe resposta certa ou errada e o
que o servico realiza € o que deve ser respondido.

Ressaltamos que cada servigo sera identificado com um numero e 0s servigos nao
receberdo as respostas dos outros servigos, que serdo mantidos em sigilo.

Caso haja publicagdo decorrente desta pesquisa, cada centro ter4 um co-autor no
trabalho cientifico e todos os servigos serao citados no texto cientifico resultante da
pesquisa.

O trabalho j4 foi aprovado pelo Comité de Etica em Pesquisa da Universidade
Estadual de Campinas (Unicamp) e o Termo de Consentimento Livre e Esclarecido
para a participacao de seu servigo encontra-se anexo.

Sendo o que se apresenta para 0 momento
Agradecemos atencédo dispensada
Atenciosamente

Maria de Fatima Correa Pimenta Servidoni
Carla Cristina Souza Gomez

Adriana Mendes Vinagre

Francisco Ubaldo Vieira Junior

José Dirceu Ribeiro
Antbnio Fernando Ribeiro
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ANEXO G
aw,

¥
UNICAMP TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Projeto de Pesquisa:

Teste de suor para fibrose cistica: O panorama atual dos servicos de diagndstico de
Fibrose Cistica do Estado de Sao Paulo

Instituicao: Universidade Estadual de Campinas — UNICAMP.

Eu ,(chefe
do servico), portador do RG telefone residente na
rua bairrro
cidade por livre espontdnea vontade permito a
participagao do servico de diagnéstico em FC

(nome do local).

Este projeto investiga por meio de um questionario como os procedimentos do teste do
suor para o diagnéstico de Fibrose Cistica sao realizados neste servigo.

Os pacientes fibrocistico apresentam um transporte anormal de ions 0 que promove uma
concentracao elevada de cloreto e de sédio no suor, o teste do suor € considerado por grupos
de consenso como o “padréo ouro” para o diagnéstico de FC.

Os resultados ficaram em absoluto sigilo, estando somente disponivel para pesquisa,
vale esclarecer que a pessoa participante podera abandonar a pesquisa a qualquer momento,
mesmo apos a assinatura deste termo.

Sei que com este estudo ndo receberei nenhum beneficio financeiro para que esses
procedimentos sejam realizados.

Autorizo a aplicagao deste questionario e depois, poderei ser comunicado sobre os
resultados, como retribuicdo por esta prestagdo de servico e caso este trabalho venha ser
publicado terei meu nome publicado como co-orientagdo e colaboragéo no trabalho. Sei que em
qualquer parte deste estudo poderei ter acesso aos pesquisadores desta pesquisa para
resolver qualquer duvida. Além disso, sei que receberei uma cépia desse Termo de

Consentimento Livre e Esclarecido por mim assinado.
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Declaro que li esse documento e sempre que tiver alguma duvida sobre esse estudo,
serei prontamente esclarecido sobre 0 mesmo pelos pesquisadores.

Nome do responsavel pelo servico:

e-mail: telefone:

Assinatura do responsavel pelo servico

Nome do responséavel pelo laboratério:

e-mail; telefone:

Assinatura do responsavel pelo laboratorio

Nome do responsavel em realizar o TS:

e-mail: telefone:

Assinatura do responsavel em realizar o teste do suor

Pesquisadores Responsaveis:

Carla Cristina Souza Gomez Telefone: 19- 3521 8983
Dra. Maria de Fatima Servidoni Telefone: 19- 3521 8983
Prof.Dr. Anténio Fernando Ribeiro Telefone: 19-3521 8983
Prof.Dr.José Dirceu Ribeiro Telefone: 19-3521 8983
Prof.Dr.francisco Ulbado Telefone: 19-3521 8983
Dra.Biol. Adriana Vinagre Mendes Telefone: 19- 35218983

Em caso de duvida sobre essa pesquisa oriento que entre em contato com o Comité de Etica
pelo telefone 35217187.
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ANEXO H

CERTFICADOS DE PARTICIPACAO DE TRABALHOS EM CONFERENCIAS
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Apresentagdo Oral

XII Cystic Fibrosis Latin-American Conference - Agosto 2010

EVALUACION DE LA SECRECION DE CLORURO DE LA CFTR EN BIOPSIAS
RECTALES HUMANAS

**Marisa Sousa, '"Maria F Servidoni, 'Luciana C Bonadia, 'Adriana M Vinagre, 'Carmen Bertuzzo, ‘Karl
Kunzelmann, 2’3Margarida D Amaral, ' Antonio F Ribeiro

'FCM-Unicamp, Campinas, Brazil.

’DG-INSA, Lisboa, Portugal.

*DQB-FCUL, Lisboa, Portugal.

*IP-UR, Regensburg, Germany.

Los mecanismos moleculares que regulan el canal CFTR, generador de la secrecion de cloruro (CI-), han
sido estudiados por mediciones en camaras de Ussing en biopsias rectales de pacientes con fibrosis
quistica (FQ) [1-5]. La accesibilidad a las muestras del recto y las correlaciones observadas entre la
secrecion transepitelial de Cl- y el fenotipo clinico de la FQ son muy prometedores para el diagndstico, el
prondstico de la FQ y, mas recientemente, también para validacion de nuevas terapias destinadas a
corregir el defecto basico de la FQ.

El objetivo del presente estudio es cuantificar la secrecion de Cl- del canal CFTR en biopsias rectales
obtenidas de pacientes FQ con diferentes genotipos y fenotipos clinicos.

La secrecion de Cl- del CFTR, dependiente del cAMP, se determind en biopsias rectales de 68 individuos
con sospecha de FQ, como se describi6 previamente [4-5], y se clasificaron los individuos en tres grupos.
En el primero grupo (I) de individuos, se observo la secrecion de Cl- dependiente de cAMP (_Isc = -92,7
+ 26,7uA/cm?2) después de la estimulacion con IBMX/forskolina (I/F) y la activacion co-colinérgica con
carbacol (CCH). En estos individuos se excluy6 la FQ (n = 31). Por otra parte, en el segundo grupo (II),
no se encontro secrecion de Cl- inducida por el cAMP y se observaron respuestas lumen positivas (_Isc =
32,3 £ 5,3uA/cm2), lo que refleja la secrecion de potasio (K+). Estos individuos (n = 29) se consideraran
con diagnostico de FQ. En el tercero grupo (III) se detectaron respuestas de secrecion residual de Cl-
después de la estimulacion con I/F/CCH (_Isc = -19,1 + 4,2uA/cm2). Estos individuos, que tenian
fenotipos clinicos mas leves (n = 8) se consideraran con diagnostico de FQ mas suave.

Estos resultados ayudan a establecer el método de medicion de la secrecion de Cl- mediada por el CFTR
como un método sensible para el diagnostico y el prondstico de la FQ. Por otra parte, este enfoque nos
permite identificar los pacientes de FQ con la actividad residual del CFTR que pueden beneficiarse de
nuevas terapias, incluyendo el uso de potenciadores.

Trabajo apoyado por la beca TargetScreen2 (EU-FP6-LSH-2.005-037.365) PIC/IC/83103/2007, financiacion de
BioFig (FCT, Portugal), FAPESP y FAEPEX (Unicamp, Brasil). MS tiene la beca de doctorado SFRH / BD /
35936/2007 (FCT, Portugal).

[1]Veeze HJ et al (1991) Gastroenterology 101: 398-403.
[2]Veeze HJ et al (1994) JCI 93:461-466.
[3]Berschneider HM et al (1988) FASEB J 2:2625-2629
[4]Mall M et al (2004) JCF 3:165-169.

[5]Hirtz S et al (2004) Gastroenterology 127:1085-95.
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Trabajo de investigacion - presentacion oral

Estimado doctor:

Su trabajo EVALUACION DE LA SECRECION DE CLORURO DE LA CFTR EN BIOPSIAS
RECTALES HUMANAS ha sido aceptado para ser presentado de forma oral. El horario
estipulado es de 15:40 a 15:50, el dia viernes 20, en el salon Bolivar A. Usted contara con 7
minutos para exponer su trabajo y 3 minutos para preguntas del publico.

Si tiene alguna duda comuniquese con nosotros.

Cordialmente,

Comité de investigacion
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Evaluacion de la Secrecion de
Cloruro de la CFTR en Biopsias
Rectales Humanas

Marisa Sousa, Maria F Servidoni, Luciana C Bonadia, Adriana M
Vinagre, Carmen Bertuzzo, Karl Kunzelmann, Margarida D Amaral,
Antdnio F Ribeiro

UNICAMP, Campinas (Brazil)
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Apresentacdo Oral

IIT Congresso Brasileiro de Fibrose Cistica — Belo Horizonte (MG), Brasil — Setembro 2010

AVALIACAO DA SECRECAO DE CLORETO PELO CFTR EM BIOPSIAS RETAIS DE
PACIENTES COM FIBROSE CiSTICA

"““Marisa Sousa, *Maria F Servidoni, *Luciana C Bonadia, *Adriana M Vinagre, *Silvia R Cardoso, *Arthur
Kmit, "*Anabela S Ramalho, *José D Ribeiro, 3Carmen S Bertuzzo, 34 Antonio Fernando Ribeiro, *Karl
Kunzelmann, *Margarida D Amaral

1. Departamento de Genética, Instituto Nacional de Satide Dr. Ricardo Jorge, Lisboa, Portugal.

2. Departamento de Quimica e Bioquimica, Faculdade de Ciéncias da Universidade de Lisboa, Lisboa,
Portugal.

3. Faculdade de Ciéncias Médicas, Universidade Estadual de Campinas, Campinas, Brazil.

4. Hospital das Clinicas, Servigo de Endoscopia Pediatrica, Universidade Estadual de Campinas,
Campinas, Brazil.

5. Institut fiir Physiologie, Universitit Regensburg, Regensburg, Germany.

Os mecanismos moleculares da regulacdo do canal CFTR na secrecdo electrogénica de cloreto tém sido
estudados por medi¢cdes em camaras de Ussing, utilizando biopsias retais de individuos com Fibrose
Cistica (FC) [1-3].

O objetivo do presente estudo foi quantificar e correlacionar a secrecdo de cloreto mediada pela CFTR em
bidpsias retais de doentes suspeitos de FC, com diferentes gendtipos e fenotipos clinicos.

A secrecdo de cloreto mediada pela CFTR foi medida em 68 individuos, como anteriormente [3-4],
permitindo classificé-los em trés grupos. No primeiro grupo de individuos (n=31) foi excluida a FC, pois
observamos secregdo de cloreto dependente do cAMP via CFTR (Alsc=-92.7+26.7uA/cm’®) apos
estimulacdo com IBMX/Forskolina e co-activagdo colinérgica com carbachol. O segundo grupo foi
diagnosticado como FC (n=29), pois se observaram respostas limen-positivas (Alsc=32.3+5.3uA/cm’),
refletindo secrecdo de potassio ¢ ndo cloreto. O terceiro grupo foi diagnosticado como FC mais suave
(n=8), pois além de fenodtipos clinicos mais leves, foi detectada secrecdo de cloreto residual (Alsc=-
19.1+4.2uA/cm?).

Estes resultados contribuem para estabelecer a medi¢do de secrecdo de cloreto pelo CFTR em biopsias
retais como um método sensivel para o diagnostico e prognostico da doenga FC. Mais ainda, esta
abordagem permite identificar pacientes FC com atividade residual de CFTR que podem beneficiar de
novas terapias.

Trabalho suportado por: TargetScreen2 (EU-FP6-LSH-2005-037365), PIC/IC/83103/2007 (FCT, Portugal) e
BioFIG (FCT, Portugal), FAEPEX e FAPESP (Unicamp, Brasil). MS tem bolsa de Doutorado
SFRH/BD/35936/2007 (FCT, Portugal).

[1]Veeze HJ et al (1991) Gastroenterology 101:398-403.
[2]Mall M et al (2004) JCF 3:165-169.
[3]Hirtz S et al (2004) Gastroenterology 127:1085-95.
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Apresentacdo Oral & Poster & Publicacdo no Suplemento Pediatric Pulmonology (Abstract 230)
2010 North American Cystic Fibrosis Conference (NACFC) — Baltimore (MA), EUA - Outubro 2010

ASSESSMENT OF CFTR CL° SECRETION IN HUMAN COLON AND EFFICACY OF
F508DEL-CFTR CORRECTORS IN HUMAN NATIVE TISSUES

L2Marisa Sousa, *Maria de Fatima Servidoni, *Adriana Mendes Vinagre, 3Luciana C Bonadia, *Silvia Regina Cardoso, 3 Arthur
Kmit, *Anabela Santo Ramalho, >Carmen Bertuzzo, >Antdnio Fernando Ribeiro, *Karl Kunzelmann, 1’zMargarida D Amaral
'DG-INSA, Lisboa, Portugal.

’DQB-FCUL, Lisboa, Portugal.

3FCM-Unicamp, Campinas, Brazil.

“IP-UR, Regensburg, Germany.

Keywords: CFTR-mediated CL transport, CF diagnosis, small molecule, CFTR function, membrane trafficking.
CATEGORY: NEW THERAPIES

Recent high-throughput screens identified several novel small molecules with potential to treat the basic defect in
CF. These include correctors (like VRT-325 and C4) that partially rescue the trafficking defect of F508del-CFTR
and potentiators (like VRT-532 and VX-770) that correct the gating defect of G551D-CFTR [1-3]. However, the
action and efficacy of these compounds on native human tissues remains to be determined. We recently screened a
250 small-molecule library by quantitative Western blot in CFBE cells and F508del-NBD1 folding by differential
scanning fluorimetry [4]. Among the 4 primary lead "hit" corrector compounds is TS-01-02-A3.

Here, we performed ion transport studies on native colonic biopsies from CF patients mounted on Ussing chambers.
Our aim is two-fold: to quantify CFTR-mediated Cl" secretion in rectal biopsies from CF patients with different
CFTR genotypes for clinical diagnosis and prognosis; and to assess the efficacy of the above correctors directly in
human native tissues ex vivo.

CFTR cAMP-mediated CI" secretion was measured in freshly excised rectal biopsies from 68 individuals, as
previously [5-6] and allowed their classification into 3 groups. In the non-CF individuals group (n=31), we observed
cAMP-dependent CI” secretion (Alsc=-92.7 + 26.7uA/cm”) upon stimulation with IBMX/Forskolin (I/F) and co-
colinergic activation with carbachol (CCH). In contrast, in one group (I) of CF patients (n=29), the cAMP -induced
CI' secretion was absent and lumen-positive responses (Alsc=32.3 + 5.3pA/cm?), reflecting K secretion, were
detected. In another group (II) of CF patients with milder clinical phenotypes (n==8), residual CI” secretory responses
were detected upon I/F/CCH stimulation (AIsc=-19.1 + 4.2uA/cm?).

The same biopsies used to confirm/exclude a CF diagnosis, were used to test the effects of 6.7uM VRT-325, 10uM
C4 and 10puM TS-01-02-A3 after 8h incubation. Preliminary results in biopsies from F508del/F508del patients did
not evidence a clear effect for VRT-325 and C4 correctors, but showed a modest effect for TS-01-02-A3. Ongoing
work involves testing of efficacy of the above primary lead correctors on native tissues with longer incubation times
(up to 16h) in parallel with primary cultures of human airway cells.

These results help to further establish rectal biopsy measurements (namely CFTR-mediated CI” secretion) as a
sensitive method for the diagnosis and prognosis of CF disease. Moreover, this approach can also identify CF
patients with residual CFTR activity who can thus benefit from potentiators therapy.

Work supported by TargetScreen2 (EU-FP6-LSH-2005-037365), PIC/IC/83103/2007 grants, BioFig(FCT, Portugal, FAEPEX
and FAPESP funding (Unicamp, Brazil). MS is recipient of SFRH/BD/35936/2007 PhD fellowship (FCT, Portugal). Authors are
grateful to CFFT (USA) for making small molecules available.

[1]Pedemonte N et al (2005) JCI 115:2564-2571.

[2]Van Goor F et al (2009) PNAS 106:18825-30.

[3]Van Goor F et al (2006) AJPLCMP 290:L.1117-30.

[4]Palma M et al (2010) ECFS-BSC, Carcavelos (Portugal), Abs 43.

[S]Hirtz S et al (2004) Gastroenterology 127:1085-95.

[6]Mall M et al (2004) JCF 3:165-169.
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Assessment of CFTR CI- Secretion in Human Colon and Efficacy
of F508del-CFTR Correctors in Human Native Tissues

@ 1.2, Maria F Servidoni?, Adriana M Vinagre?3, Luciana Bonadia3, Silvia R
Cardoso?, Arthur Kmit?, Anabela S Ramalho!2, Carmen Bertuzzo?, Anténio F Ribeiro3,
Karl Kunzelmann* and Margarida D Amaral

t Dapu‘tme\l ‘Genetics — National Institute of Health, Lisboa, Portugal; * University of Lisboa - Faculty of Sciences, BioFiG CAnHe, Pnrhlgal
. Regensburg, Germar

NI University of Campinas - Faculty of Medical Sdlmi.s' Brazll; * Department of Physiology, University of
E=mall; misousa@fe.ul.pt
Background CFTR Genotypes and CFTR Function in Rectal Epithelia

Several studies have investigated the potential abnormalities in electrogenic CI secretion in the intestinal
epithelium of CF patients by Ussing chamber measurements using cell cultures, jejunal or rectal tissue
biopsies [1-4]. Here, we performed lon transport studies in 452 native colonic biopsies from 125
Brazilian individuals. From the recordings already analyzed (114/125 subjects), B86,6% of biopsies
provided quantifiable and interpretable data (395/456 blopsies).

High-throughput screens identified several novel small molecules with potential to treat the basic defect
in CF. These include correctors (like VRT-325 and C4) that partially rescue the trafficking defect of
p.F508del-CFTR and potentiators (like VRT-532 and VX-770) that correct the gating defect of p.G551D-
CFTR [5-7]. However, the action and efficacy of these compounds In native human tissues affected by
the CF disease remains to be determined.

We recently screened a 250 small-molecule library by quantitative Western blot in CFBE cells and
FS08del-NBD1 folding by differential scanning fluorimetry [8], Among the 4 primary lead "hit* corrector
compounds is T5-01-02-D8.

Goals

+ To assess CFTR-mediated CI- secretion in rectal biopsies from individuals:
- with two CFTR mutations and atypical CF;
= with clinical i of CF for / of a CF di;

* To assess the efficacy of VRT-325, C4 and TS-01-02-D8 small molecule compounds directly
in human native tissue ex vivo.

Standardized Protocol to Assess CFTR Function in
Human Rectal Biopsies

1 Amiloride! Inhibition of elatrogenic Na* absorptionby Inhibition of the amiloride-sensitive
(20 pM, lu) epithelial Na* channel (ENaC). Amiloride-sensitive Na* transport is increased in CF

’ rectal biopsies.
1I CCH? Activation of cholinerglc (Ca®* - activated) secretion under basal conditions, CCH
{100 M, bl) lvplcellv induces CI' secretory responses (lumen-negative) in normal tissues, and

* secretory responses (lumen-positive) in CF tissues. However, likely due to
iow (PG) levels, responses are observed
in ~20-30% of narmal tissues.

Inhibition of basal cAMP-dependent CI- secretion by inhibition of PG formation
basal CI secretion is largely inhibited w

III Indomethacin®

(10 M, bl native tissues. In normal tissues,
indomethacin treatment (45-60 min). CF tissues lack basal CI- secretio

IV CCH? Actiation of cholergic (Ca?* - activated) secreton I the presence of Indomethaci.

(100 oM, bl) After indomethacin pre-treatment (i.e., CFTR inhibition), CCH induces K+ secretion

’ (lumen-positive) in normal and CF tissues. Due to the overlap of bioelectric

responses in normal and CF, assessment of cholinergic responses is not reliable to

discriminate between normal and CF under these experimental conditians.

V IBMX/Forskolin®  Activation of cA» (CFTR ) secretion. activation
(100/2 uM, bl) induces sustained CI- secretory respanses in normal, but not in CF issues.

VI CCH? Activation of cholinergic (Ca** - activated) secretion in the presence of

(100M, Iu) 1BMxX/Forskolin. Cholinergic co-activation further increases Cf secretion In normal

tissues, and induces an inverse K- secretory response in CF tissues.

Tain 1 - Saquance of appllcrtion of pharmacels posl compounds In Ussing chamber ¥, mansrmmants (1-VTj ‘Ambords,
indomethacin and TBMX/Yorskolin are added as mdicated, and continously present i the bath soiution therealter, *0CH is added under
basal conditions (11), and after wit {V1). The CCH induced ruw-(u-k and
plateau responses) are recorded under these different experimental conditions (i.e. ence an:

fapandant stimulation). Each appiication of CCH is Tollowed by 3 10-15-min washout paried. NGOy fre

wed o unclude & possible af

Indistinguish:

Hco,
rogenic CI secretion and thus may mimic residual CI- channel function in CF tissues [4].
basolateral application, Table adapted from reference [3]

luminal, o

Ussing Chamber Transepithelial Voltage Measurements
for a CF Diagnosis
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Fig. 1 - Classification of CF-suspicious patients by cholinergic and cAMP-dependent activation of ion transport in native
rectal blopsies. Original transepithelial vokage (V,,) recordings of cholinergic (CCH) and cAMP-dependent (IBMX/Fsk) activation of lon
transport snowing (A) absenca af CI secration (CF patient with sevére phanctype and p.FS08delp, FS08del CFTR genatype), (B) residual
€ secretion ( et it ider il ghenctype ard . FOOBGHPSE CRTR petype) i (C) kel O sazrelon (CF ity
indivicual). Time Gaps between recardings were 1 hour and 15 minutes, respectively. (D) Summary of the shoet-circult currents (L)
ucd upon cAMP and chilnergic. CFTA co-activalion, o Means charde 1 equwm\ ShortciruN. curment, Oata represant the mesn
of the mean measurements in 3-5 rectal biopsies per individual + SEM. N means number of axper
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Table 2 - Relationship batwesn CFTR
genotypes and CFTR function in
human rectal biopsies. CFTR function
es detarmined i cokeric apihala from
the CFTR CI- responses induced
by CAMP and chalinergic agonists. Severe
mutations  were

absence of CI

Group 1
CF-unlikely individuals
(normal CI- secretion, n = 20)

P.FS0BGe1/ NE' (2) p.F508del / p.FSO0Bdel  (24)

PGSA2/ NI (1) pFSOSdel | p.GEAZK  (3)

pFSDSdel / pRIIEDE (1)
pRIIG2C/ pRILEZX (1)
P F508del / p.1717-1G>A (1)
pFS0Sdel / p.21BIAASG (1)
pGSAZX { p2IIAASG (1)
pFSD8del / pRSSIX (1)
pFSOSdel | NI (3) p.GSAZX/pRIMW (1)

CF-residual patients  p.GS42X/NI' (1) pFS08del/pP20SS (1)

{residual CI secretion, n = 7) n1/nr I

Group 11
patients
(CI" secretion absent, n = 40)

residusl cAMP-medisted CI' secration (=3
NIj D )

(p.FsO8Cel,  p.GSSID,
pR1162%, p.NI30IK, p.RSSIX)
INI mesns that none of these € mutations
was identitied In the screening.

CF Clinical Phenotypes and Colonic CFTR CI- secretion

1,.-cAMP (uA/cm?) [% of control] {n) +B.552 1.24 [0 %] (46) 13,87 £ 4.97 [31.37 %1 (12)
1,.-CCH (uAlem?) [% of contrel] (n) 430.06 4 2.72 [0 %] (45 -21.98 5 6.54 (2080 %] {12)
Age at study (years) (n) 11.06.+ 7.4 (46) 2331+ 1685 (12)
Shwachman-Kulczycki Score (n) 6641491 (46) 7541516 (6)
Sweat CI (mmoliL) (n) 108.46 2 20,63 (43) 91.86 2 26.17 (6)
Body Mass Index (BMI) (n) 17.14.£3.27 (42) 18804 341 (9)
Pancreatic Insufficiency (PI) % (n) 100% (46) 33.3% (12)
Pulmonary Function (n) 35 ]

Age (years) 1357471 22255891

FVC % predicted 80.14 £ 20.40 71374 1831
FEV, % predicted 17422019 64502 3149

Table 3 - Comparison of clinical phenotypes between CF patients with no detectable CI secretion (CF) and CF patients
Sxpressing residual CPTR-mediated CI secration (CF-residusl). CFTR Cr channel functin was determined in native rectal epithelia
from Cr socreoey rspaness Induced by JOHXrskallh (lw-cANP) and Star chonaralc actiation whh carbachl (le-CEH). Puncreatic
Insuffeciency (PL) was defoed by 8 history labsorpticn me E1 levels of <200ua/g stool. The mest recent
measurements af farced vital capacity (FVC) and forced expiratory ot 5 setond (FEV,) were evaluated ety fo paterts 3 6 years
and expressed as a percentage of predicted normal values for sex, age and heigth, Shwachman-Kulczycki dinical scores were determined
25 described before (9], Data are shawn as mean = STD (ar SEM for Lo). N means the tatal of patients evalusted in each ftem

Efficacy of CFTR Modulators on Human Native Tissues

6.7 uM VRT-325 10 uM Ca

A u 8 Ll

Tmn Zmm Tmn
Fig. 3 - Effect of CFTR modulators on Non-CF human native tissues ex vivo, Original Ussing chamber recordings obtained for
measurements on rectal biopsies from the same non-CF individual analyzed {with grotacal indicated abave traces): immediately after
biopsy excision (A, B and €) or after incubation with modukators (indicated abave traces) or the vehicle, DMSO, for 16-16h at 37°C (A",
B’ and C'). Analysis of data (see Methods) shows that VRT-325 and C4 Increase CFTR-mediated CI currents by ~25% and
~33% (n=3), respectively, in comparison to incubation with the vehicle alane.

OMS0 0.01% 6.7 M VRT-325 10 M €4 10 4M T5-01-02-08

' =

o o

e
1

halT)

o Ton L
- Effect of CFTR modulstors on CF human native tissues ex vivo. Orginal Ussing chamber recardings obtained for
measurements on rectal biopsies from the same CF pabent analyzed in A, B and € (p.FS08de|/GSA2X) and for other CF patient in D
(P.F508d01/p. FS08Ged) with peoko<ol indiated above Traces: immadiatay aftar bicpsy excison (A, B, C and D) or after ncLBatian with
moculatars (indicated above traces) or the vehicle, DMS0, far 16-16h st 375C (A", B, €' and D'). Prefiminary resuits shawed no clear
effect in the activation of CFTR-mediated CI- secreticn after 16-18n incubstion with VRT-325 or C4, because V,, Ceflection stll reflects
K* 5ocretion (n=3), ON tha othar hand, we were able to Kaniify @ modest effect of T5-01-02-DF (16-18h incubation) in activating
CFTR-mediated CI* currents by ~5% (n=2) in comparison to normal values for CFTR Cf secretion. Analysis of deta also shows that
part (18-64%) of the [BMX/Fsk/CCH-sensaive K* secretion was reduced after Incubation with the ail the compoUnNcs abave or vehide.

A : B =, .

A 3 4 ) 3 . c <

Fig. 4

Fig. 5 - Effect of the potentiator VRT-532 on human native tissues
x vivo. (A) Original Uesing chamber trecing obkained for messurements
{with pratacol ndicated abave traces) af a_caloric epithellal tssue from a
on-CF individunl analysed immadiataly anar excision. (8) Summary of
the dets obtained for simukaneous experiments with either 4 M VRT-532
or vehicle {DMS0) In noa-CF colonk: tissues {n=6). These data indicate
that potentiator VRT-532 applied acutely stimulates CFTR
medisted Cl- currents by ~28%. In CF tissues this effect may be

ected to be higher, due to grester scope for CFTR functicn
ernancement

[Ip———

VRT-532 (4 M)

Summary
* CFTR cAMP-mediated CI" secretion was measured in 492 freshly excised rectal biopsies from
125 individuals and allowed their classification into 3 groups:
- Group (I) CF-unlikely individuals (n=34): a large cAMP-dependent CI* secretion (Alsc = -
134.23 + 19,98 pA/em?), similar to that of non-CF individuals (Alsc = -144.17 + 19,01 pAfem?),
was observed upon stimulation with IBMX/Fsk and co-colinergic activation with CCH.
- Group (II) CF patients (nw46): the cAMP-induced CI- secretion was absent and lumen-
positive responses (Alsc = +30.06 £ 2.72 pA/em?), reflecting K* secretion, were detected.
- Group (III) CF-residual patients (n=12): residual CI- secretory responses were detected
upon IBMX/Fsk/CCH stimulation (Alsc = -21.98 £ 6.54 pAfcm?).
* The correlation between CF genotype-phenotype and CFTR function

under of CF ay.

facilitates  the

* Preliminary results in biopsies from CF patients did not evidence a clear effect for VRT-325
and C4, but showed a modest effect for TS-01-02-D8,

These results help to further establish rectal biopsy measurements (namely CFTR-mediated CI-
secretion) as a sensitive method for the diagnosis and prognosis of CF disease.

Moreover, this approach can also identify CF patients with residual CFTR activity who can thus
benefit from potentiators therapy.

We also demonstrate the potential of the micro-Ussing chamber technique to assess the
efficacy of compounds directly in native human tissues ex vivo.

221




NACFC 2010 - supplement to Pediatric Pulmonology - Cystic Fibrosis Conference

effects. with the 280 mg dose appearing to be the minimum effective dose;
and the 560 mg dose showing statistically significant improvements in clin-
ical symptoms. microbiologic activity, and sustained improvement in lung
function for up to 28 days post-study drug. These data warrant confirmation
of safety and efficacy of Arikace™ in Phase 3 trials of CF patients chroni-
cally infected with Pa.

228%
STANDARDIZATION OF METHODS FOR MEASURING
MUCOCILIARY AND COUGH CLEARANCE
Bennett. W.D."; Laube, B.L.% Corcoran, TE.; Zeman, K.';
Sharpless, G.%; Thomas, K.*; Wu, 1.'; Mogayzel, P Pilewski, J
Donaldson, S.H.! 1. University of Nerth Carolina, Chapel Hill,
NC, USA; 2. Johns Hopkins Medical Institutions, Baltimore, MD,
USA; 3. University of Pittsburgh, Pittsburgh, PA, USA
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Background: The methodology for measuring mucociliary (MCC) and
cough clearance (CC) needs to be standardized between CF centers to allow
for its future use as an effective non-invasive. outcome measure of CF ther-
apeulics. A standardization protocol has been developed at the University of
North Carolina at Chapel Hill, NC (UNC), Johns Hopkins University (THU),
and the University of Pittsburgh (UP).

Methods: Healthy adult subjects inhaled an aerosol (mass median aero-
dynamic diameter = 5.0 pm) generated by a Devilbiss #646 nebulizer from
a solution containing the radioisotope 99mtechnetium sulfur colloid in 0.9%
saline. Subjects inhaled the radiolabeled aerosol at 500 ml/sec by following
a metronome and flow signal from a commercial dosimeter. Following
inhalation, subjects sat in front of a gamma camera, as sequential lung
images were acquired for 60 min. Subjects then coughed 60 times and
images were acquired after each set of 20 coughs, i.e. al 70, 80 and 90 min.
Subjects returned to the laboratory 24 hours later for a final image of resid-
ual lung activity. Initial aerosol distribution was measured as a
central/peripheral (C/P) ratio of activity. MCC for the right lung was
expressed as the average of % clearance over the 60 min (Ave60ClIr).
MCC/CC was expressed as the average of % clearance over the 90 min
(Ave90CIr).

Results: A multivariate analysis of clearance vs. time with site and C/P
as covariates showed no significant site-specific differences. Ave60ClIr (=
standard deviation) was similar at the three siles with 8=8%. 11=6% and
10£9% at UNC (n=30). JHU (n=10) and UP (n=10). respectively. Ave90Clr
was also similar with 11£9%, 16:8% and 14£10% at UNC, JHU and UP,
respectively. Mean clearance at 24 hours was 39£14%, 36:£18% and
45£25% at UNC. JHU and UP. respectively. The initial aerosol distribution
‘was similar at all three sites with C/P ratios averaging 1.63=0.43, 1.81=0.62
and 2.04+0.55 at UNC. JHU and UP. respectively. Interestingly. MCC and
MCC/CC was greater in females (n=19) vs. males (n=31), with Ave60Clr
=13=10% and 7+5%. respectively (p=0.01) and Ave90CIr 16+11% and
10£7%., respectively (p=0.03). There were no gender differences for either
C/P ratio or 24-hour clearance.

Conclusions: Using these standardized methods, we found that MCC
and MCC/CC were similar in healthy adult subjects studied at the three
sites. In addition, clearance was significantly faster in females over the 60
and 90 min periods suggesting a gender difference in large airway clearance.
Though the reason for this gender difference is not clear, it has implications
for the design of future studies, e.g. the number of female and male subjects
should be matched in all study cohorts. This standardization protocol may
prove beneficial in multi-center trials for testing new therapies that are
designed to improve MCC and MCC/CC. allowing more subjects Lo be stud-
ied in a shorter period of time and thus bringing new therapies to patients
more rapidly.

This study was funded by the Cystic Fibrosis Foundation.

2010 Cystic Fibrosis Conference
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Harris. JK.': Wolfson, A.%; Walker, J.% Wagner, B. Deterding.

R Sagel. SD.": Accurso, FJ.' 1. Pediatrics, University of
Colorade Denver, Aurora, CO, USA: 2. Somalogic, Inc., Boulder,
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Background: Validated biomarkers are urgently needed to advance care
and research in cystic fibrosis (CF) lung disease. Most validated biomarkers
in use are circulating proteins. However, due o the technological challenges
of profiling the circulating proteome. particularly inaccessibility of low
abundance proteins. the discovery of new protein biomarkers has been lim-
ited. Proteomic analysis from the airways should reflect pathways important
to lung disease. SOMAmers are specific high affinity nucleic acids-based
reagents selected to recognize human protein targets that provide access to
the low abundance proteome developed to study the circulating proteome.
Here we show this analytical platform is capable of measuring protein lev-
els in bronchoalveolar lavage fluid (BALF).

Methods: BALF was collected for clinical indications in patients with
CF (n=5). Surfactant dysfunction mutations (SDM; n=5), Neuroendocrine
Cell Hyperplasia of Infancy (NEHI: n=5). and disease controls (DC: n=8).
A pilot project was performed to determine if a high-throughput multiplexed
SOMAmer-based proteomics platform. measuring 811 proteins. could be
applied to BALF. An analysis of variance model was fit to each of the 811
proteins individually to test the association across disease groups. The
molecular function ontology for the significant proteins was investigated for
over-represented groups. Principal component analysis was used to reduce
the dimensionality of the protein profile for the 5 CF patients.

Results: There were 393 proteins significantly increased in the CF
group compared o DC (p< 0.01). The 457 proteins that were significantly
different in CF from the other disease groups were over-representative for
signaling molecule and growth factor molecular functions. Proteins com-
monly studied in CF (including IL-6. IL-8, TIMP-1 and elastase) are distin-
guishable across disease groups, however, they are ranked below other pro-
teins that better distinguish CF. The 811 proteins were reduced to the first
two principal components. which captured 80% of the variability in the pro-
tein profiles across the CF patient samples. Based on this information. 2 of
the 5 CF patients had a distinctive protein profile from the other 3. Interest-
ingly, the two divergent samples, with lower protein levels, did not grow
bacterial pathogens. Determining whether this difference in protein profiles
is clinically meaningful. such as predicting future FEV decline would be
very valuable.

Conclusion: The pathogenesis of CF is dramatically different from
other pediatric lung diseases and even within CF, as determined by profiles
of 811 proteins. This technology expands the pool of candidate biomarkers
which may prove to be more useful than commonly measured proteins.
These data may provide insight into the variations of disease prognosis and
suggest novel therapeutic targets.
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ASSESSMENT OF CFTR CL’ SECRETION IN HUMAN
COLON & EFFICACY OF F508DEL-CFTR
CORRECTORS IN HUMAN NATIVE TISSUES
Sousa. M."; Servidoni, M.D.%; Vinagre. A.M.*; Bonadia, L.%;
Cardoso, S.R & Kmit.A."; Ramalho, A.S.I :‘. Berluzzo, C,S.J;
Ribeiro, A.F."; Kunzelmann, K.*; Amaral. M.D."? 1. DG, INSA,
Lisboa, Portugal; 2. DQB, FCUL, Lisboa, Portugal; 3. FCM,
Unicamp, Campinas, Brazil: 4. IF, UR, Regensburg, Germany

Recent high-throughput screens identified several novel small mole-
cules with potential to treat the basic defect in CE. These include correctors
(like VRT-325 & C4) that partially rescue the trafficking defect of F508del-
CFTR and potentiators (like VRT-532 & VX-770) that correct the gating
defect of G551D-CFTR [1-3]. However. the action and efficacy of these
compounds on native human tissues remains to be determined.

We recently screened a 250 small-molecule library by quantitative West-
ern blot in CFBE cells and F508del-NBD1 folding by differential scanning
fluorimetry [4]. Among the 4 primary lead “hit" corrector compounds is TS-
01-02-A3.
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Here we performed ion transport studies on native colonic biopsies col-
lected from CF patients and mounted on Ussing chambers. Our aim is two-
fold: 1o quantify CFTR-mediated CI secretion in rectal biopsies from CF
patients with different CFTR genotypes for clinical diagnosis and prognosis;
and to assess the efficacy of the above correctors directly in human native
tissues ex vivo.

CFTR cAMP-mediated CI” secretion was measured in freshly excised
rectal biopsies from 68 individuals. as previously [5-6]. allowing their clas-
sification into 3 groups. In the non-CF individuals group (n=31). we
observed cAMP-dependent CI secretion (Alsc=-92.7 = 26.7 pA.l'cmll upon
stimulation with IBMX/Forskolin (I/F) and co-colinergic activation with
carbachol (CCH). In contrast, in one group (I) of CF patients (n=29), the
cAMP-induced CI secretion was absent and lumen-positive responses
(Alsc=32.3 = 5.3 pAlem’), reflecting K secretion, were detected. In anoth-
er group (II) of CF patients with milder clinical phenotypes (n=8), residual
CI" secretory responses were detected upon /F/CCH stimulation (Alsc=-
10.1 £ 42 pAfem’).

The same biopsies used to confirm/exclude a CF diagnosis, were used to
test the effects of 6.7 uM VRT-325, 10 pM C4 and 10 pM TS-01-02-A3
after 8 h incubation. Preliminary results in biopsies from F508del/F508del
patients did not evidence a clear effect for VRT-325 and C4 correctors, but
showed a modest effect for TS-01-02-A3. Ongoing work involves testing of
efficacy of the above primary lead correctors on native tissues with longer
incubation times (up to 16 h) in parallel with primary cultures of human air-
way cells.

These results help to further establish rectal biopsy measurements
(namely CFTR-mediated CI” secretion) as a sensitive method for the diagno-
sis and prognosis of CF disease. Moreover, this approach can also identify
CF patients with residual CFTR activity who can thus benefit from potentia-
tors therapy.

Work supported by TargeiScreen? (EU-FP6-LSH-2005-037365),
PIC/IC/83103/2007 grants, BioFig{FCT, Portugal, FAEPEX & FAPESP
funding (Unicamp, Brazil). MS is recipient of SFRH/BD/35936/2007 PhD
Sfellowship (FCT, Portugal). Authors are grateful to CFFT for making smalil
molecules available.

1. Pedemonte N et al (2005) JCI 115:2564-2571.

. Van Goor F et al (2009) PNAS 106:18823-30.

. Van Goor F et al (2006) ATJPLCMP 290:L.1117-30.

. Palma M et al (2010) ECFS-BSC. Carcavelos (Portugal). Abs 43,
. Hirtz § et al (2004) Gastroenterology 127:1085-95.

. Mall M et al (2004) JCF 3:165-169.
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COMPARISON OF NPD PARAMETERS IN A PHASE I1A
STUDY TO OPTIMIZE DETECTION OF CFTR
MODULATOR BIOACTIVITY IN CLINICAL TRIALS
Clancy. ILP.'; Rowe, S.M.": Durie, PR.%; Konstan, M.W."; Dunitz,
1. Hornick. D.B.": Sagel. 5.D.": Boyle. M.P."; Uluer. A.Z.";
Moss, R.B.'; Freedman, S.*; Dong, Q.*; Zha, J.*; Stone, A.*;
Olson, E* Ordonez, ax Campbell, P’ Ashlock, M.>: Accurso,
El.' 1. Cystic Fibrosis Foundation, Therapeutic Development
Nemwork, MD, USA; 2. Hospital for Sick Children, Toronto, ON,
Canada; 3. Beth Israel Deaconess Medical Center, Boston, MA,
USA; 4. Vertex Pharmaceuticals Incorporated, Cambridge, MA,
USA; 5. Cystic Fibrosis Foundation Therapeutics. Inc., Bethesda,
MD, USA

The recent phase [a study of VX-770, a CFTR potentiator, in subjects
with G551D-CFTR cyslic fibrosis demonstrated improvements in NPD,
sweal CI', and lung function during drug treatment compared with placebo.
This dataset afforded the opportunity to re-analyze specific NPD parameters
in order to identify the optimal outcome measurements for future clinical tri-
als. NPD measurements performed included a parameter of CI” ion trans-
port, the zero CI” plus isoproterenol response: as well as parameters of Na*
ion conductance, such as basal PD (average of five PD measurements with-
in the inferior meatus), maximal (most-polarizing) basal PD. and Ringer's
P {obtained following | minute of Ringer’s perfusion ). Pre-specified NPD
analyses were based on changes from baseline using mean values from both
nostrils (per subject). Data were reanalyzed post-hoc to evaluate oulcomes
on the basis of the best nostril response per visil (defined as the most polar-
ized NPD value for each individual measure). or the best nostril response
identified pre-treatment (at baseline) carried forward throughout the trial.

= e ]
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Analyses were performed on pooled data from Parts | and 2 of the trial, at
baseline ( pre-treatment) and study Day 14, The detection of VX-770 effects
on CI conductance was generally similar across all analyses. The best nos-
tril response identified pre-treatment analysis demonstrated significant with-
in-subject and vs placebo changes in CI” transport in the 75, 150, and 250-
mg groups (P<0.05). whereas changes from baseline using the best nostril
response per visit and the mean of nosiril response analyses were significant
within-group only (P<0.05 for the 75, 150, and 250-mg groups). In general.
the predicted pharmacologic effect of VX-770 on Na* conductance was
most evident when data were analyzed using the best nostril response per
visit, then the best nostril response identified pre-treatment, followed by the
mean nostril response. Dose-dependent improvements in maximal basal PD
were observed only in the best nostril response per visit analysis (P<0.05
within group and vs placebo for the 75, 150, and 250-mg groups). Based on
these preliminary analyses examining the best nostril response per visit,
treatment arms of <20 subjects should have 85% power Lo delect within-
group changes in zero CI plus isoproterenol —4 mV (SD=4.0). 906 power
to detect 100 mV changes in mean basal PD (SD=9.0). and 90% power to
detect 15 mV changes in maximal basal PD and Ringer's PD (SD=13). This
analysis may provide more power than traditional NPD analyses based on
mean values per subject, in which 24 subjects would be required for detec-
tion of 4 mV improvement (SD=4.5). These results may help clarify what
aspects of the NPD measurement are best matched to particular analytic
approaches.

This study was sponsored by Vertex Pharmaceuticals Inc. with support
from CFFT.
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EFFECTS OF INHALED MP-376 (AEROQUIN,
LEVOFLOXACIN INHALATION SOLUTION) ON THE
NEED FOR OTHER ANTI-PSEUDOMONAL
ANTIMICROBIALS IN STABLE CF PATIENTS WITH
CHRONIC PSEUDOMONAS AERUGINOSA LUNG
INFECTION
Geller. D.": Flume, P.A%; Sindel, L."; Staab, D.*: Fischer. R.%;
Loutit, J.% Conrad. D." 1. Nemours Children’s Clinic, Orlando,
FL, USA; 2. Medical University of South Carolina, Charleston,
SC, USA: 3. Pulmonary Associates of Mobile, Mobile, AL, USA;
4. Charite-University Hospital Berlin, Berlin, Germany; 5. Med.
Klinik Innenstadt, Munich, Germany; 6. Mpex Pharmaceuticals,
San Diego, CA, USA; 7. University California San Diego, San
Diego, CA, USA

Introduction: New treatment options for inhaled antimicrobials are
needed for CF patients to reduce the morbidity caused by chronic airway
infections. This study assessed the efficacy and safety of MP-376 (Aero-
quin), a novel levofloxacin formulation for inhalation, in CF patients with
extensive previous use of inhaled antimicrobials for chronic PA lung infec-
tion.

Methods: Randomized. double-blind. placebo controlled trial of 3 dose
groups of MP-376 (120 mg QD, 240 mg QD. 240 mg BID) vs. placebo for
28 days, delivered by a customized investigational PARI eFlow nebulizer,
with an additional 28 days of follow vp. Inclusion criteria: age >/= 16 years,
chronic PA airways infection, FEV1 between 25-85% predicted. and >/= 3
courses of inhaled antibiotics over the past 12 months. The protocol-defined
endpoint of needing an anti-pseudomonal antimicrobial was satistied if a
patient had at least one of 4 symptoms commonly seen with exacerbations
al the time of initiation of anti-pscudomonal antimicrobials. Results are pre-
sented for the MITT patient population.

Resulis: One hundred fifty-one patients were enrolled with mean base-
line characteristics including age 29 years. FEV1 52% of predicted. and 4.8
courses of inhaled antibiotics over the prior 12 months. Concomitant respi-
ratory medications included domase-alfa (78% ), azithromycin (74%). and
hypertonic saline (46%).

MP-376 treatment was associated with a reduction in the need for addi-
tional anti-pseudomonal antimicrobials during the treatment and follow up
periods compared to placebo. Hazard ratios estimated using Cox proportion-
al modeling showed a statistically significant reduction in the need for anti-
pseudomonal antimicrobials in all 3 MP-376 groups vs. placebo (120 mg
QD HR 029, P=0.007: 240 mg QD HR 0.39; p=0.021; 240 mg BID HR
0.21; p=0.0007), with the greatest effect seen in the 240 mg BID group.

223



RE: ASSESSMENT OF CFTR CL> SECRETION IN HUMAN COLON AND EFFICACY OF F508DEL-
CFTR CORRECTORS IN HUMAN NATIVE TISSUES

Dear Ms:

We are pleased to inform you that the above-referenced abstract has been accepted for poster
presentation during the 2010 North American Cystic Fibrosis Conference (NACFC) to be held October 21-
23, 2010 at the Baltimore Convention Center in Baltimore, Maryland. Pre-conference sessions, including
Special Classes and Short Courses, are scheduled on Wednesday, October 20. Your abstract will be
included in the conference proceedings to be published as a supplement to Pediatric Pulmonology.

In addition to presentation as a poster, your abstract has been selected for oral presentation in the
following workshop:

W12. CF Endpoints Revisited: How Best to Interpret Clinical Interventions

In general, oral presentations in workshops will be scheduled for 10 minutes, followed by 5 minutes of
discussion. The time your presentation is scheduled appears in the Preliminary Program and the
moderators of the workshop will be in touch with you before the conference to discuss your role. Visual
aids to accompany presentations must be prepared in PowerPoint. You will be required to submit your
presentation in advance of the conference and to check in at the Speaker Ready Room before your
presentation. Further details concerning your role and responsibilities as a workshop speaker, including
information about preparation and submission of your presentation, will be sent to you shortly.

All posters will be displayed in Exhibit Halls E-F at the Baltimore Convention Center. The space available
for your poster is 4 feet wide by 4 feet high. It MUST be constructed to fit WITHIN that space. You are
encouraged to make your presentation as clear and concise as possible. Your poster may contain text,
tables, photographs, etc., and should contain the most recent data available at the time of the meeting,
even though it may not have been included in your abstract.

On behalf of the NACFC Program Planning Committee and the CF Foundation, we thank you for sharing
your exciting work with the CF community! We sincerely appreciate your interest in the meeting and look
forward to your participation.

Sincerely,

Christopher M. Penland, Ph.D.
Director of Research

Cynthia L. Adams

Director of Medical Meetings
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Assessment of CFTR-mediated CI” Secretion in Human Rectal Biopsies as Predictive Tool
for Cystic Fibrosis Diagnosis and Prognosis

?Marisa Sousa, *Maria F Servidoni, *Luciana C Bonadia, *Adriana M Vinagre, 2Anabela S Ramalho, *Verénica
Felicio, *Maria A Ribeiro, "“Inna Uliyakina, 34 Arthur Kmit, *Silvia R Cardoso, *José D Ribeiro, *Carmen Bertuzzo,
3Antonio F Ribeiro, “Karl Kunzelmann, l’2M21rgaridal D Amaral

IDG-INSA, Lisboa, Portugal,zBioFIG-FCUL, Lisboa, Portugal, 3FCM—Um'camp, Campinas, Brazil, 41P-UR,
Regensburg, Germany.

Cystic Fibrosis (CF), the most frequent genetic autosomic disease affecting Caucasians (1-3,000 newborns
in Portugal), due to mutated gene encoding CFTR protein, a Cl” channel expressed at the apical membrane
of epithelia, is dominated by severe pulmonary disease leading to premature death (median age of death in
Europe ~25 yrs) but prognosis, and sometimes diagnosis, is difficult.

Our aim is here was to quantify CFTR-mediated CI” secretion by Ussing-chamber measurements''>! in
rectal biopsies from CF-patients with different CFTR genotypes and correlate them with clinical data, to
assess the potential of this parameter for clinical diagnosis and prognosis. Such measurements have
advantages vs respiratory epithelium, as rectal tissue is easier to obtain (painless procedure) and less
deteriorated by secondary events.

We performed ion transport studies in rectal biopsies from 114 individuals, as previously described™™* and
classified them into three groups: 1) group I (n=34), where a large cAMP-dependent CI” secretion (Alsc =
-134.23 + 19.98uA/cm?) was observed upon stimulation with IBMX/Fsk/CCH indistinguishably from the
controls; 2) group Il (n=46) wher the cAMP-induced CI secretion was absent and lumen-positive
responses were detected (Alsc = +30.06 + 2.72uA/cm?), reflecting K secretion; 3) group III (n=12)
evidencing residual CI" secretory responses upon IBMX/Fsk/CCH stimulation (Alsc = -21.98 =+
6.54pA/cm?). These results led us to discard CF for group I individuals and confirm CF for groups II and
1.

From their CFTR-genotypes, we concluded that severe CF-mutations were associated with absence of CI
secretion, whereas mild mutations were related to residual cAMP-mediated CI™ secretion, as before!.
Thus, CFTR function facilitates the correlation between CF genotype-clinical phenotype and the
understanding of CF-pathophysiology. Altogether, the results indicate that this technique is a sensitive
method for the diagnosis and prognosis of CF which can also be used ex vivo to test therapeutic
compounds™.

Work supported by TargetScreen2 (EU-FP6-LSH-2005-037365), PIC/IC/83103/2007 grants, BioFIG (PEst-
OE/BIA/UI4046/2011) (FCT, Portugal) and FAPESP funding (Unicamp, Brazil). MS and IU are recipients of
SFRH/BD/35936/2007 and SFRH/BD/69180/2010 PhD fellowship (FCT, Portugal), respectively.

[1] Veeze HJ et al (1991) Gastroenterology 101:398-403.
[2] Mall M et al (2004) JCF 3:165-169.

[3] Hirtz S et al (2004) Gastroenterology 127:1085-95.
[4] Roth EK et al (2011) PLoS ONE 6(8): e24445.
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Assessment of CFTR CI- Secretion in Human Rectal Biopsies as
Predictive Tool for Cystic Fibrosis Diagnosis and Prognosis
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Background

Cystic Fibrosis (CF) is the most frequent genetic autosomic disease affecting Caucasians (1-3,000
newborns in Portugal). It is caused by mutations in CFTR gene which encodes for CFTR protein, a CI-
channel expressed at the apical membrane of epithelia.

The lack of function of the CFTR channel leads to a severe pl by severe

disease leading to premature death (median age of death in Europe ~25 yrs) but prognosis, and
sometimes diagnosis, is difficult.

Several studies have investigated the potential abnormalities in electrogenic Cl- secretion in the intestinal
epithelium of CF patients by Ussing chamber measurements using cell cultures, jejunal or rectal tissue
biopsies [1-4]. Such measurements have advantages vs respiratory epithelium, as rectal tissue is easier
to obtain (painless procedure) and less deteriorated by secondary events.

Here, we performed ion transport studies in 492 native colonic biopsies from 125 Brazilian individuals.
From the recordings already analyzed (114/125 subjects), 86,6% of biopsies provided quantifiable and
interpretable data (395/456 biopsies).

To assess CFTR: i cr
- with different CFTR-genotypes;
= with clinical suspicion of CF for confirmation/exclusion of a CF diagnosis.

in rectal from i

To correlate CFTR function with genotypes and clinical data (pllenotypes), as to assess the
is p:

Standardized Protocol to Assess CFTR Function in
Human Rectal Biopsies

misousa@fc.ul.pt

CFTR Genotypes and CFTR Function in Rectal Epithelia

NI/ NIt (11)  p.FS08del Carrier )
Non-CF individuals p.F508del neg (12)
(normal CI" secretion, n = 34)  n.d. (10)
p.F508del / p.F508del (27
p.F508del / p.G542X )
p.FS08del / NI* 1) p.F508del / p.R1162X (1)
PR1162X / p.R1162X 1)
CMF A p.F508del / p.1717-1G>A @
(CI secretion absent, n = 46) [IESUOGN/p 2162AA W @
P.G542X / p.2183AA>G 1)
p.3120+1G>A/NI'  (2)  p.F508del / p.R1066C (1)
p.F508del / p.1812-1G>A @
p.F508del / p.N1303K (1)
p.F508del / p.R334W @
P.W1282X/ NIt [¢V) ::::::; ::‘S:SZR ((11))
CF__WM" p.F508del / p.3272-26A>G )
(residual CI* secretion, n = 12) ,,,;s;:;;eup;x:s (1”
P3120+1G>A/NE (1) ::Gtuzx; ::mar ((1))

p.F508del / ¢.1584+18672bp A>G (2)

able 2 - Relationship between CFTR genotypes and CFTR function in human rectal biopsies. CFTR function was determined in
colonic epithelia from the CFTR CI- secretory responses Induced by CAMP and cholinergic agonists. Severe mutations were associated
with absence of CI' secretion, whereas mild mutations were related to residual cAMP-mediated CI secretion. DNA from
patients was firstly screened for a panel of the 6 most common mutations in the district of Campinas (SP, Brasil) (p.F508del, p.GS51D,
P.G542X, p.R1162X, p.N1303K, p.RS53X). INI means that none of these 6 mutations was identified in the screening. Zn.d. means
screening was not done yet.

1 Amiloride! Inhibition of eletrogenic Na* absorptionby inhibition of the epithelial
(20 uM, lu) Na* channel (ENaC). Amiloride-sensitive Na* transport is Incronsad 1 CF vecior biopsies.

I CCH? Activation of cholinergic (Ca®* - activated) secretion under basal conditions. CCH typically

(100 M, bl) induces CI secretory responses (lumen-negative) in normal tissues, and inverse K*

secretory responses (lumen-positive) in CF tissues. However, likely due to low endogenous
prostaglandins (PG) levels, lumen-positive responses are observed in ~20-30% of normal
tissues

CF Clinical Phenotypes and Colonic CFTR CI- secretion
| CF(cisecrationabsenty  CFresidual ci- secretion)

1,.-cAMP (A /cm?) [% of control] (n) +8.55+ 1.24 [0 %] (46)  -13.87 +4.97 [31.37 %] (12)

III Indomethacin®  Inhibition of basal cAMP-dependent CI- secretion by Inhibition of PG formation in native Bac.CcH Gt om}) [ oot cervorei] () +30.06.+£2.72[0%] (46)  -21.98 £ 6.54 [20.60 %] (12)
tissues. In normal tissues, basal CI secretion is largely inhibited by indomethacin 06 +7.94 ¥ ¥
(E0p5HL2) treatment (45-60 min). CF tissues lack basal I secretion. LORCEIOTIIED LE0E 708 (46) Z22ibie8e.02)
IV CCH2 Activation of cholinergic (Ca?* - activated) secretion in the presence of i Score (n) €6.+14.91 (46) D)
(100 M, bl) ARer indomethacin pre-treatment (e TR Inhbtion), CCH induces K'_secretion Sweat CI (mmol/L) (n) 109.48 + 20.63 (43) 91.86 + 26.17 (6)

(lumen-posi in normal and CF tissues. Due to the overiap of bioelectric responses in
normal and CF, assessment of cholinergic responses is not reliable to discriminate between
normal and CF under these experimental conditions.

Activation of cAMP-dependent (CFTR-mediated) secretion. cAMP-dependent activation

V IBMX/Forskolin®
induces sustained CI secretory responses in normal, but not in CF tissues.

(100/2 uM, bl)

VI CCH? Activation of cholinergic (Ca?* - activated) secretion in the presence of IBMX/Forskolin.
(1004M, lu) Cholinergic co-activation further increases CI secretion in normal tissues, and induces an
i inverse K* secretory response in CF tissues.
Table 1 - Sequence of n Ussing chamber V,, measurements (I-VI): *Amiloride,

indomethacin and lBM)([fnrskohn are addaﬂ "2 indicatad, and continously present n the bath solution thereafter CCH is added under
basal conditions (1), and after with (1v) a (VI). The CCH induced responses (peak and
lateau responses) are recorded under these different experimental conditions (i.e., absence and presence of cAMP-
dependent sumulwon) Each application of c:H is fallowed by a 10-15-min washout period. HCO," free buffer solutions were
used exclu HCO,™ secretion, which would be
indistinguishable rom -hnm-nia CF sacretion and thus may mimic residual CI' channel function in CF tissues [4].
Abbreviations: Iu = luminal, bl = basolateral application. Table adapted from reference [3].

Ussing Chamber Transepithelial Voltage Measurements
for a CF Diagnosis
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§ IBMX/Fsk and CCH stimulation (shown as lumen-positive). AL,

(Cl" secretion absent)  means change In equivalent short-circult current. Each point

represents the mean of the mean measurements in 3-5 rectal
biopsies per individual.

4 2min

Body Mass Index (BMI) (n) 17.14 + 3.27 (42) 19.80 + 3.41(9)

Pancreatic Insufficiency (PI) % (n) 100% (46) 33.3% (12)
Pulmonary Function (n) 35 8

Age (years) 13.57 £ 7.11 22.25 + 8.91
FVC % predicted 80.14 + 20.40 71.37 £18.31
FEV, % predicted 71.74 + 20.19 64,50 + 31.49

T ts
expressing residual CFTR-mediated CI secretion (CF-residual). CFTR CI channel function was determined in native rectal epithelia
from CI- secretary responses induced by IBMX/Forskolin (L-cAMP) and after cholinergic activation with carbachol (I,.-CCH). Pancreatic
Insufficiency (PI) was defined by a history of malabsorption and fecal elastase E1 levels of <200ug/g stool. The most recent
measurements of forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV,) were evaluated only for patients > 6 years
and expressed as a percentage of predicted normal values for sex, age and heigth. Shwachman-Kulczycki clinical scores were determined
s described before [5). Data are shown as mean + STD (or SEM for L,.). N means the total of patients evaluated in each item.
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Fig. 2 - Relationship between CFTR function and Sweat Chloride Concentration or Body Mass Index values. CFTR Cl- channel
function was determined in native rectal epithelia from Cl- secretory responses induced by IBMX/Fsk/Carbachol (Isc-CCH). Lumen-
negative Alsc responses reflect Cl- secretion, lumen-positive Alsc responses reflect K+ secretion. Correlation between CCH-induced
Isc and (A) sweat Cl -concentration(p = 0.000), and (B) body mass index (p = 0.049). Regression Analysis Model (p values
obtained from ANOVA test.

Summary

* CFTR cAMP-mediated Cl- secretion was measured in 492 freshly excised rectal biopsies from
125 individuals and allowed their classification into 3 groups:
- Group (I) Non-CF individuals (n=34): a large cAMP-dependent CI* secretion (Alsc = -134.23
+ 19.98 pA/cm?), similar to that of Control individuals (n=22; Alsc = -144.17 + 19.01 pA/cm2),
was observed upon stimulation with IBMX/Fsk and co-colinergic activation with CCH.
- Group (II) CF patients (n=46): the cAMP-induced CI- secretion was absent and lumen-
positive responses (Alsc = +30.06 + 2.72 pA/cm?), reflecting K* secretion, were detected.
- Group (IIT) CF-residual patients (n=12): residual CI- secretory responses were detected
upon IBMX/Fsk/CCH stimulation (Alsc = -21.98 + 6.54 yA/cm2).

* The correlation between CF genotype-phenotype and CFTR function facilitates the
under ing of CF iology.

* These results help to further establish rectal biopsy measurements (namely CFTR-mediated CI-
secretion) as a sensitive method for the diagnosis and prognosis of CF disease. Moreover, this
approach can also identify CF patients with residual CFTR activity who can thus benefit from
potentiators therapy.

Waterials & Methods
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From: 20-10-2011
5.3.1 Sociedade Portuguesa de Genética Humana SPGH spgh2011@gmail.com

Caro colega,

Temos todo o gosto em informa-lo de que o resumo que submeteu para a reunido Anual da
Sociedade Portuguesa de Genética Humana foi aceite para Comunicagdo Oral. Na tabela
anexa encontra a lista de Comunicagbes Orais, assim como a sesséo, dia e hora em que deve
apresentar o seu trabalho. Cada apresentacdo ndo devera exceder os 10 minutos, com 5
minutos adicionais para discusséao.

Relembramos que o primeiro autor de cada trabalho deve apresenta-lo e, para tal, deve
inscrever-se na reunido. O prazo de inscricdo a custo reduzido terminara na proxima segunda-
feira, dia 24 de Outubro.

Com os melhores cumprimentos,

Astrid Moura Vicente

Presidente, SPGH 2011

Luisa Roméao
Secretaria, SPGH 2011
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Rectal Forceps Biopsy Procedure in Cystic Fibrosis: Technical Aspects and Patients
Perspective for Clinical Trials Feasibility

Maria F Servidoni' Marisa Sousa>’, Adriana M Vinagre', Silvia R Cardoso', Maria A Ribeiro', Luciana R
Meirelles', Rita B de Carvalho', Karl Kunzelmann®, Anténio F Ribeiro', José D Ribeiro', Margarida D
Amaral*?

" Gastrocenter and Department of Pediatrics and Genetics, Faculty of Medical Sciences- State University of
Campinas (Unicamp), Brazil ’BioFIG; Faculty of Sciences, University of Lisboa and *National Institute of
Health, Lisboa, Portugal:‘Institut fiir Physiologie - Universitit Regensburg, Regensburg, Germany

Measurements of CFTR function in rectal biopsies ex vivo have been used for the diagnosis and
prognosis of Cystic Fibrosis (CF) disease. Here, we aimed to evaluate this procedure regarding: 1)
viability of the rectal specimens obtained by biopsy forceps for ex vivo bioelectrical/biochemical analyses;
2) overall assessment (comfort, invasiveness, pain, sedation requirement) of the rectal forceps biopsy from
the patients perspective to assess its feasibility as an outcome measure in clinical trials. Methods: We
compared three bowel preparation solutions (NaCl 0.9%, glycerol 12%, mannitol), and two biopsy forceps
(standard and jumbo) in 580 rectal specimens from 132 individuals (CF and non-CF). 75 CF individuals
who underwent the sigmoidoscopy were assessed by telephone surveys. Results: Integrity and friability of
the tissue specimens correlate with their transepithelial resistance (r=-0.438 and -0.305, respectively), both
are influenced by the bowel preparation solution and biopsy forceps used, being NaCl and jumbo forceps
the most compatible methods with the electrophysiological analysis. The great majority of the individuals
(76%) did not report major discomfort due to the short procedure time (max 15min) and considered it
relatively painless (79%). Importantly, most (88%) accept repeating it at least for one more
time. Conclusions: Obtaining rectal biopsies with a flexible endoscope and jumbo forceps after bowel
preparation with NaCl solution is a safe procedure for both children and adults and yelds viable specimens
for CFTR bioelectrical/biochemical analyses. The procedure is well tolerated by patients, demonstrating
its feasibility as an outcome measure in clinical trials.

Work supported by FCT-PTDC/SAU-GMG/122299/2010 grant to MDA and (PEst-OE/BIA/UI4046/2011) BioFIG

centre grant (POCTI/FCT/PIDDAC, Portugal) and FAPESP (SPFR, Brazil. MS was recipient of
SFRH/BD/35936/2007 PhD fellowship (FCT, Portugal)
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Rectal Forceps Biopsy Procedure in Cystic Fibrosis: Technical
Aspects and Patients Perspective for Clinical Trials Feasibility

Ribeiro!, Margarida D Amaral?

Maria F Servidoni! Marisa Sousa?, Adriana M Vinagre?!, Silvia R Cardoso', Maria A Ribeiro’,
Luciana R Meirelles’, Rita B de Carvalho', Karl Kunzelmann?, Antonio F Ribeiro?, José D

! and Dep of Pediatrics and Genetics, Faculty of Medical Sci State University of Campinas (Unicamp), Brazil.
2BioFIG; Faculty of Sciences, University of Lisboa, Portugal and ®Institut fiir Physiologie — University of Reg g, Re G
BACKGROUND % of patients
90
Cystic Fibrosis (CF) is the most frequent genetic autosomic disease affecting Caucasians (1-
3,000 newborns in Portugal). It is caused by mutations in CFTR gene which encodes for CFTR 85
protein, a Cl- channel at the apical of epitheli
The lack of function of the CFTR channel leads to a severe phenotype, dominated by severe 80
pulmonary disease Iaadlng k) premature death (median age of death in Europe ~25 yrs) but
gl and is, is difficult. 75
Measursmsnts of CFTR function in rectal biopsies ex vivo have been used for dlagnosus and
prognosis of CF disease [1-5]. Such have ad vs 70
as rectal tissue is easier to obtain i p and less by y none discomfort pain less accept repung procedure 1
events.
Figure 4. Patients’ evaluation of the overall rectal biopsy procedure. Patients were asked to assess the rectal biopsy pmmnhypodm
M eceptance Loware e poseele nbocucion o e mebod 2 an oulcoms ............d.n.,.m.no..mu_msm.w.
interviewed |nandun did not nwn high levels of discomfort, mmmny of sedation or ajority of the individuals
inquired (78.7%) reported that this is a painiess procedure, regar s of sedation, age or gender. Mnt of the individuals (88%, 66/75) accept
We aimed to [ this p i nouﬂnnmlmmm.muummmmu&mwummnm12Ma|wommm4mmrrnmmumu:m53:mlw
ad e four more times), . age and gender.
(i) viabllity of the rectal specimens obtained by blopsy forceps for ex vivo bioelectrical and
biochemical laboratory analyses; Jumbo Standard
(ii) overall (comfort, i pain, etc) of the rectal
forceps biopsy p from the persp to assess its feasibility as an Tissue integrity 1.07 £0.09 2.04£0.18
outcome measure in clinical trials.
Friability 1.2610.10 147£0.15
METHODS Bleeding 1.04 £0.07 1.08+0.14
We three bowel pi (NacCl 0.9%, glycerol 12%, mannitol), and M
two biopsy forceps (st:ndani and jumbo) in 580 rectal specimens from 132 individuals s 102008 1.09£0.09
(CF and non-CF) (Figure 1). R, (Q.cm) 2097+ 081 14.01£0.86

Assessment of the overall rectal biopsy procedure obtained by biopsy forceps by patients
was carried out by telephone surveys to 75 individuals who underwent the sigmoidoscopy
procedure (Figure 1).

132 Individuals
| ermesn
‘e (SL05 S5 E) .

non<CF individuals
{n=85)

Standara
=21

n=46) =34 n=31)
Macroscopic n s 68)

Histological n = 43)

e " —

Figure 1: Flow-chart of the technical blopsing assessed In the present study. Bioelectrical measurements (iransepithelial resistance,
Ry) were anmrmmmln(n-m)mnlm-lmlm Is enrolled in the study (n = 132) to assess lissue viability [5]. Bowel
10.0%. ghero 12 (V) o s manriel 20% () soors. Two ferent sy tested,

Macroscopic (n # 49)
Histological (n=25)

prup-mon included enemas of ether NaCl

3.4mm B) (2.5mm B), i el properen. Motzoesopic and Hckologoovebuein o el cpeics wes
achieved for 157 an0 T8 inchidumt. respecvh. Puteat sssosrk v e carked utr 75 s Undereing sgmidouccry
rectal biopsy collection by biopsy forceps, divided into 4 age groups, namely (yrs): 0-9 (n=21); 10-19 (n=33); 20-29 (n=7); 230 (n=14). Most patients

by
‘were children (median age=13 yrs).

RESULTS

Figura 2. Practical aspects of the procedure. (A) standard forceps (Ofympus® 2.5mm; Shinjuku, Tokyo, Japan) and jumbo forceps (Endoflex®
3.4mm; Voerde, Germany). (B) Individuals were examined in the left lateral decubitus position. The distal 10cm of the scope was lubricaled with a
wates-soluble Jelly and it was then inserted into the rectum by exerting gentie pressure by the scope tip on the anal sphincter unt t relaxed.
Superfic were laterally at 15 to 25 cm from the anal verge in  low vascularized mucosa. () Rectal biopsies obtained
with jumbo and standard forceps.

**n=69

NOTE: =107, p=s5.
means of R,, (p=8.42x10%) for biopsy forceps.

Table 1. blopsy forceps.

Tiwise waro macroacopically evekueed regarding Dieecing, mucus, iopey (hcknees (resence ofsutmucoss or ol nd s for Mliy
(tissue breakdown from manipuation),in a scale from 0 1o 3

from the biopsing procedurs, the scale was inverted to faciltate the technicans’ evaluaton, | u- ofthe specimen whie 3 means
thet the tssua is ully disrupted (.. integrty is not present). Data wes averaged for 2.5 bon«st individual to oblain a single value per individual
Transepithelial resistance (u.) measurements in Ussing chamber were oblained as described before [5]. Overal, mean values for tissus
integrity (umbo=1.07:0.09 .18) and also for Ry, Q.om? vs standard=14.01£0.86 0.cm?) were shown to be
statistically difforent (5=5.51x107 and p=8.42x10%, respeciively. mmmubmpc pmvidnlh bost results.

R, (@)

Figure 5. Correlations tissue transepithellal resistance (Rte) and macroscopic
and mucus) according o (A) biopsy forcaps and (B) bowel preparation (n = 107 indviduals).
good correlations (r=-0.438, p=B.51x10°; and r=-0.305, p=6 65x10°.
\ohasnoed by bown

ors (tissue integrity, friability, bleeding
Data for both tissue integrity and friability show
rospecket) wkh toeue wabiRy (seeesed Ly Ry massuremerts) and e

bleeding
Corelaton between mucus and Ry (=0.078), u-amng that presence of mucus
(\e.pmhlbiyrwu\lwmal:u “aggressive" bowel cleaning) could somehow serve to preserve tissue viabdlty, We found no influence by usage

CONCLUSIONS

e NaCl preparation and Jumbo forceps the most compatible methods with the
electrophysiological analysis.

e The great majority of the individuals (76%) did not report major discomfort due to
the short procedure time (max 15min) and considered it relatively painless (79%).

« Importantly, most (88%) accept repeating it at least for one more time and 53% for
more than 4 times.

Overall, this is a safe procedure that can be easily adopted for both adults and children

(age range was B months to 52 years), yielding viable specimens for CFTR

The di is well by patients,
its feasiblility as an ouu:ome measure in clinical trials.

“n=28 **n=25 ** > 10 years old - self option sedation

n=10

non-CF undergoing  CF- ke gastrostomy or  option or aniety without sedation
colonoscopy Upper endoscopy

Figure 3. Sedation used among the Individusis enrolled In the study. From the 132 individuals enroled In this study, 53  perlormed endoscopc
procedures under sedation and 89 without. Intravenous sedation with midazolam (assodialed or not with mependine) was performed for ail
i Flndmdu-l:;

Wwdwamuwmmmmﬂhmmmmlmywmlwmuumr-(ihnﬂmuw

REFERENCES |

[1] Veeze HJ et al (1994) JCF 93:461-466. [4] Mall M et al (2004) Gastroenterology 126:32-41.
[2] Hirtz S et al (2004) Gastroenterology 127:1085-85. [5] Sousa et al (2012) PloS one 7(10):e47708.
[3] Mall M et al (2004) JCF 3:165-169.

ACKNOWLEDGEMENTS |

momeew n-lﬂ)ofoaoendl ‘anxiety (n=25, i.e., only 24% of preferred

( Portugai) (
Portugal). &

, Brazi). M

l i @

mfservidoni@hotmail.com

in this study.




Poster Confirmation

Dear Maria Servidoni,

Re Your Abstract: "Rectal Forceps Biopsy Procedure in Cystic Fibrosis: Technical Aspects and Patients
Perspective for Clinical Trials Feasibility"

On behalf of the European Cystic Fibrosis Society, we would like to thank you for submitting the above
abstract A-516-0004-00291 to the 36th European Cystic Fibrosis Conference to be held at the Congress
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e-mail address) on their posters.

You are requested to prepare an electronic poster (ePoster) as well.

ePosters are short PowerPoint presentations that summarize your work following the same principles as a
paper poster. Your ePoster is to be uploaded via the internet on a central server before the start of
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COMPARING B -ADRENERGIC SWEAT SECRETION ASSAY TO TRANSEPITHELIAL
POTENTIAL DIFFERENCE MEASUREMENTS IN RECTAL TISSUE BIOPSIES and NASAL
POTENTIAL DIFFERENCE MEASUREMENTS

Maria F Servidoni', Marisa Sousa?, Julie Avolio®’, Wan Ip3 , Katherine Griffin*, Verénica Felicio’, Carla G
Souza', Maria A Ribeiro', Antonio F Ribeiro', José D Ribeiro', Margarida Amaral’, Elizabeth Tullis®,
Tanja Gonska®

'Gastrocentro - Endoscopy Unit and Pediatrics Department, Faculty of Medical Sciences, University of Campinas,
Campinas, Brazil

*Nova University of Lisbon-Faculty of Medical Sciences/CEDOC, Lisboa, Portugal

*Department of Paediatrics, University of Toronto and Physiology and Experimental Medicine, Research Institute,
the Hospital for Sick Children, Toronto, Canada ‘Department of Medicine, University of Toronto and Division of
Respirology and Keenan Research Centre of Li Ka Shing Knowledge Institute St. Michael’s Hospital, Toronto,
Ontario, Canada

5University of Lisboa - Faculty of Sciences, BioFiG — Center for Biodiversity, Lisboa, Portugal

Objective: To compare the diagnostic accuracy of the recently introduced  —adrenergic sweat secretion
to transepithelial potential difference measurements in rectal tissue biopsies (rectal biopsy test) and nasal
potential difference measurements (NPD).

Methods: Parallel testing in 2 separate cohorts: cohort 1: sweat chloride, EVAP and rectal biopsy test in 4
healthy controls (HC), 9 heterozygotes (Hz), 9 pancreatic sufficient (CFPS), 10 pancreatic insufficient CF
patients (CFPI) and 6 query CF patients; cohort 2: sweat chloride, EVAP and NPD in 3 HC, 4 Hz, 8
CFTR-R, 6 CFPS, 5 CFPI and 10 query CF patients. CFTR function in rectal tissue biopsies was assessed
following FSK/IBMX (I-cAMP) plus carbachol (I-CCH) stimulation in a perfused Ussing chamber and in
NPD measurements as change in PD between amiloride and low chloride + isoproterenol perfusion
(Alciso).

Results: Preliminary analysis showed that the f -adrenergic sweat secretion distinguished between HC
and Hz (p<0.001), Hz and CFTR-R (p<0.0001) and HC/Hz and CFPS (p<0.001) in both cohorts.

Sweat chloride test discriminated between Hz and CFPS (p<0.0001) in cohort 1 and between Hz and
CFPS (p<0.0001), CFTR-R and CFPS (p<0.01), CFPS and CFPI (p<0.001) in cohort 2.

Rectal biopsy test didn’t show statistical significant differences (ANOVA) between HC and Hz, Hz and
CFPS or CFPS and CFPI. However, in direct comparison (t-test) the I-cAMP, which is positive in CFPI
and negative in CFPS (p<0.0001), as well as I-CCH, which is biphasic in CF-PS and positive in CF-PI
(p=0.0001) differentiated between CFPS and CFPI. Of the 6 query CF patients the rectal biopsy test was
inconclusive in 2 and normal in 4. Of the 4 with normal rectal biopsy test, we identified 3 as HC by all 3
tests and 1 as CFTR-R due to low EVAP. In the 2 subjects with inconclusive results sweat chloride was
borderline, but normal EVAP ruled out a CF diagnosis.

NPD results showed statistically significantly difference between Hz and CFPS (p<0.01), CFTR-R and
CFPS (p<0.01). Of the 10 patients with a query CF diagnosis, we identified 2 as HC and 4 as Hz by all 3
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tests, 4 as CFTR-related based on the presence of a CFTR-R phenotype, CFTR gene alterations on one
allele, borderline sweat chloride and low EVAP results. All 4 had normal NPD results.

mean=sd (n) Healthy Hetero CFTR-R CFPS CFPI
I-cAMP -44.5+57.6 -39.6 £25.8 (7) -10.8 £15.0 | 12.0  +6.7
(nA/em’) (7 (©) (10)

B — secretion | 0.80+0.2 (8) | 0.51+0.2 (9) 0.0+£0.0 (9) 0.0£0.0 (10)

ratio, cohort 1

NPD  Alcuso | 27.549.8 (5) | -18.244.9 (8) | -16.0+9.1 (12) | -5.5%6.0 (6) | -1.5%5.1 (5)
(mV)

B — secretion 0.87+0.1 (5) | 0.49£0.1 (8) 0.13+£0.2 (12) | 0.0+0.0 (6) 0.0£0.0 (5)
ratio, cohort 2

Conclusion: The  -adrenergic sweat secretion test was superior discriminating CFTR functional levels
within the milder spectrum of CF disease, whereas sweat chloride, rectal biopsy test and NPD are better
discriminators within the severe spectrum. Thus, the B -adrenergic sweat secretion test serves as a valuable
adjunctive tool in CF diagnostics.

Supported by CF Canada and CFFT, Project "Ciéncia Sem Fronteiras" (Brazil).

From: nacfc@cff.org [mailto:nacfc@cff.org]
Sent: Friday, July 18, 2014 1:08 PM

Subject: 2014 NACFC - Accepted Abstract Notification

RE: COMPARING B -ADRENERGIC SWEAT SECRETION ASSAY TO TRANSEPITHELIAL
POTENTIAL DIFFERENCE MEASUREMENTS IN RECTAL TISSUE BIOPSIES AND NASAL
POTENTIAL DIFFERENCE MEASUREMENTS

Dear Dr.:

We are pleased to inform you that the above-referenced abstract has been accepted for poster
presentation during the 2014 North American Cystic Fibrosis Conference to be held October 9-
11, 2014 at the Georgia World Congress Center in Atlanta, Georgia. Pre-conference sessions,
including Special Classes and Short Courses, are scheduled on Wednesday, October 8. Your
abstract will be included in the conference proceedings to be published as a supplement to
Pediatric Pulmonology.
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