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CILIAO, Heloisa Lizotti. Estudos em transplantados renais: avaliagdo da instabilidade
gendmica, expressdo génica e analise de variantes polimdrficas associadas ao risco de rejei¢do do
enxerto e ao desenvolvimento de cancer. 158 f. Tese (Doutorado em Genética e Biologia
Molecular) — Universidade Estadual de Londrina, Londrina, 2017.

RESUMO

O transplante renal é a melhor opcéo terapéutica para pacientes com doenca renal cronica. Apés a
realizacdo do transplante, € necessario 0 uso constante de drogas imunossupressoras para evitar a
rejeicdo do enxerto. Porém, o uso prolongado destes medicamentos acarreta alguns efeitos
adversos. Entre os pacientes transplantados é observada uma grande variabilidade da concentracao
plasmatica dos imunossupressores, 0 que se deve a influéncia de diversos fatores, entre eles, a
presenca de variantes alélicas que pode levar a respostas distintas ao tratamento. Os objetivos do
presente estudo foram estudar pacientes transplantados renais para: (i) avaliar se o uso prolongado
de imunossupressores pode induzir efeitos mutagénicos; (ii) associar a presenca de polimorfismos
de nucleotideo Unico (SNPs) em genes do metabolismo, transporte de drogas e sistema
imunolégico com a ocorréncia de episodios de rejeicdo; (iii) associar SNPs com a concentracéo
plasmética de tacrolimo; (iv) avaliar se a presenca de SNPs em genes de reparo e sistema
imunoldgico est4 associada com a ocorréncia de cancer. Os resultados obtidos ndo demonstraram
associacdo entre a frequéncia de micronucleos em linfécitos com o tempo decorrido apés o
transplante. Por outro lado, os danos observados no ensaio do cometa aumentaram com o tempo
de imunossupressdo. Na analise de associacdo dos SNPs com episodios de rejeicdo em 246
pacientes foi observada associacdo de SNPs em genes do metabolismo rs7662029 (UGT2B7) com
protecdo (1,85 vezes) e rs6714486 (UGT1A9) com aumento de risco de rejeicdo de 1,6 vezes.
Entre os genes de transportadores de drogas, apenas o rs2231142 (ABCG2) demonstrou
diminuicdo em 1,92 vezes no risco de rejei¢do. O rs10889677 do gene do sistema imune IL-23R
foi associado com 0 aumento de 1,9 vezes no risco de rejeicdo do enxerto. Entre os pacientes, 145
faziam uso do imunossupressor micofenolato de mofetil (MMF). Foram avaliados neste grupo
SNPs em genes que influenciam a farmacocinética deste medicamento e observou-se associacao
do rs11706052 (IMPDH2) com protecédo de 4,2 vezes, e do rs7438135 (UGT2B7) com protecao
de 2,4 vezes contra episodios de rejeicdo. O rs2241409 (CES2) foi associado com o aumento de
risco a rejeicdo de 7,2 vezes. Dos 246 pacientes avaliados 10,2 % desenvolveram cancer apos
15+8,9 anos de transplante, sendo que destes, 68% eram constituidos por carcinoma de pele ndo
melanoma. O rs1800872 (IL-10) foi associado com o risco de 3,5 vezes de desenvolver cancer.
Foi avaliada a associacdo de 11 SNPs em genes do metabolismo e transporte de drogas com a
concentracdo plasmatica de tacrolimo em 55 pacientes transplantados renais que faziam uso, nos
trés primeiros meses de transplante, deste medicamento associado com MMF e corticoide, sendo
observado que apenas 0s SNPs rs4646437 (CYP3A4) e rs776746 (CYP3A5) influenciaram a
farmacocinética deste imunossupressor. Este estudo demonstrou que os pacientes tranplantados
renais apresentam maior quantidade de dano no material genético em comparagdo com controles
saudaveis e que o uso prolongado dos medicamentos imunossupressores pode induzir
instabilidade genética. Os SNPs nos genes UGT2B7, UGT1A9, ABCG2, IL-23R, IMPDH2 e CES2
podem ser usados como marcadores candidatos para a triagem do risco de rejeicdo e 0 SNP no
gene IL-10 pode ser utilizado para a triagem do risco de desenvolvimento de cadncer em pacientes
transplantados renais. Também foi confirmado o impacto dos SNPs rs4646437 (CYP3A4),
rs776746 (CYP3AS5) na farmacocinética do imunossupressor tacrolimo.

Palavras-chave: Ensaio do cometa. Teste do micronlcleo. SNPs. Genes do metabolismo. Genes
do sistema imune. Genes de reparo.



CILIAO, Heloisa Lizotti. Studies in kidney transplanted patients: evaluation of genomic
instability, gene expression and analysis of polymorphic variants associated with the risk of
graft rejection and the development of cancer. 158 p. Thesis (Doctorate in Genetics and
Molecular Biology) — Universidade Estadual de Londrina, Londrina, 2017.

ABSTRACT

Kidney transplant is the best option of treatment for patients with chronic kidney disease.
After the transplant performing, it is need the use of immunosuppressive drugs to prevent the
graft rejection, but prolonged use of these drugs leads to some adverse effects. Among
transplanted patients a large variability of plasma concentration of immunosuppressives is
observed, due to the influence of various factors, among them the presence of allelic variants
that can lead to different responses to the treatment. The objectives of the present study were
to study renal transplant patients to: (i) assess if prolonged use of immunosuppressants can
induce mutagenic effects; (ii) associate the presence of single nucleotide polymorphisms
(SNPs) in genes of metabolism, drug transport and immune system with the occurrence of
rejection episodes; (iii) associate SNPs with tacrolimus plasma concentration; (iv) assess if
the presence of SNPs in repair genes and immune system are associated with the occurrence
of cancer. The results obtained showed no association between micronucleus frequency in
lymphocytes and the time elapsed after transplantation. On the other hand, the damage
observed in the comet assay increased with the time of immunosuppression. In the analysis of
the association of SNPs with rejection episodes in 246 patients, was observed association of
SNPs in metabolic genes rs6714486 (UGT1A9) with the protection (1.85 times) and of
rs7662029 (UGT2B7) with risk of rejection of 1.6 times. Among the drug transporter genes,
only rs2231142 (ABCG2) showed a 1.92-fold decrease in the risk of rejection. The
rs10889677 of immune system gene IL-23R was associated with an increased risk of graft
rejection of 1.9 fold. Among the patients, 145 used the immunosuppressive mycophenolate
mofetil (MMF; in this group it were evaluated SNPs in genes that influence the
pharmacokinetics of this drug and was observed association of rs11706052 (IMPDH2) with
protection of 4.2 fold and rs7438135 (UGT2B7) with 2.4-fold protection against rejection
episodes. The rs2241409 (CES2) was associated with an increased risk of rejection of 7.2
fold. Of the 246 patients evaluated, 10.2% developed cancer after 15+8.9 years of
transplantation, of which 68% were nonmelanoma cutaneous carcinomas. The rs1800872 (IL-
10) was associated with the 3.5-fold risk of developing cancer. It was done the evaluation of
association of 11 SNPs in drug metabolism and transport genes with the plasma concentration
of tacrolimus in 55 renal transplant patients who used of this drug associated with MMF and
corticoid in the first three months of transplantation and it was observed that only SNPs
rs4646437 (CYP3A4) and rs776746 (CYP3A5) influenced the pharmacokinetics of
immunosuppressive tacrolimus. This study demonstrated that renal transplant recipients
present greater amount of damage in genetic material compared to healthy controls and that
prolonged use of immunosuppressive drugs may induce genetic instability. SNPs in the genes
UGT2B7, UGT1A9, ABCG2, IL-23R, IMPDH2 and CES2 can be used as screening markers
for risk of rejection and the SNP in the IL-10 gene can be used for cancer risk screening in
kidney transplant patients. This study also confirmed the impact of SNPs rs4646437
(CYP3A4) and rs776746 (CYP3AS5) on the pharmacokinetics of tacrolimus.

Key words: Comet assay. Micronucleus test. SNP. Metabolism genes. Genes of the immune
system. DNA repair genes.
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1  INTRODUCAO GERAL

Apbs a realizacdo de um transplante os pacientes necessitam fazer uso constante de
medicamentos imunossupressores para prevenir episodios de rejeicdo. No entanto, 0 uso
destes medicamentos ap6s longos periodos pode acarretar o aparecimento de efeitos adversos,
como nefrotoxicidade, hepatotoxicidade, neurotoxicidade, infeccBes, diabetes mellitus,
cancer, entre outros. Estes efeitos adversos acometem o0s pacientes de maneira diferente
devido varios fatores, entre eles a variabilidade interindividual na resposta aos medicamentos
imunossupressores. Esta variacdo pode ser decorrente de polimorfismos de nucleotideo Unico
(SNPs) em genes do metabolismo e transporte de drogas que interferem na expressao e/ou
atividades destes genes, modificando a concentracdo ou a atividade das proteinas responsaveis
pelo metabolismo dos medicamentos imunossupressores, fazendo com que diferentes
concentragfes plasmaticas dos medicamentos sejam atingidas, mesmo apds a administracao
de doses idénticas. SNPs em genes do sistema imune também podem influenciar na
ocorréncia de episodios de rejeicao.

Estudos que colaboram para um maior conhecimento sobre a interferéncia de SNPs
no resultado do transplante, bem como uma melhor compreensdo da atuacdo de drogas
imunossupressoras no organismo humano sdo importantes e necessarios para proporcionar
melhora na qualidade de vida dos pacientes transplantados.

Neste estudo foram avaliados e comparadas as frequéncias de danos no material
genético em pacientes transplantados e em controles saudaveis; e em pacientes com diferentes
tempos de transplante, com o intuito de verificar se 0s pacientes apresentam maior quantidade
de dano que os controles e se o tempo prolongado de imunossupressao influencia na
instabilidade genémica. Também foram avaliados SNPs de genes relacionados com o
metabolismo, transporte de drogas e sistema imunoldgico, a fim de buscar associagdo entre
variantes polimorficas com episddios de rejeicdo e com as concentracdes plasmaticas do
imunossupressor tacrolimo. SNPs em genes de reparo e sistema imune também foram
avaliados em pacientes transplantados que desenvolveram cancer ap0s tratamento com

i MUNOSSUPressores.
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2 REVISAO BIBLIOGRAFICA

2.1 TRANSPLANTE RENAL: IMUNOSSUPRESSORES E PROCESSO DE REJEIGAO DO ENXERTO

Pacientes com doenca renal cronica necessitam de dialise para substituir a funcao
renal artificialmente (O'CALLAGHAN, 2008; GENSBURGER et al., 2010). Estes pacientes
sdo selecionados de acordo com a idade e estado de salde para entrarem ou nao na fila de
espera por um transplante, sendo este considerado a melhor op¢éo terapéutica do ponto de
vista médico, social e econdbmico, além de aumentar a expectativa de vida dos pacientes
(WOLFE et al., 1999; TONELLI et al., 2011).

No Brasil, segundo senso realizado pela Associacdo Brasileira de Transplante de
Orgéos, 19.440 adultos e 379 criangas aguardam na lista de espera por um transplante de rim,
sendo realizados mais de 5000 transplantes de rim por ano (BRASIL, ABTO: RBT 2015). A
taxa de rejeicdo no primeiro ano de transplante chega a 15%, sendo a maior barreira para o
sucesso do transplante (OLIVEIRA; ZANKL; RATH, 2004).

Os episddios de rejeicdo apresentados pelo paciente sdo consequéncia da sua resposta
imunologica contra células do orgdo transplantado. Este reconhecimento é realizado por
células do complexo principal de histocompatibilidade (MHC), conhecido em seres humanos
como sistema antigeno leucocitario humano (HLA) (ABBAS; LICHTMAN, 2007).
Didaticamente o complexo génico MHC é dividido em trés classes: I, Il e I11.

O sistema HLA esta localizado no braco curto do cromossomo humano 6, na regido
6p21.3 e contém mais de 220 genes com func¢des distintas. Muitos desses genes codificam
proteinas para o sistema imunologico e sdo altamente polimorficos. As proteinas transcritas
pelos genes do complexo MHC classe | sdo expressas nas superficies de todas as células
nucleadas, enquanto que as proteinas do complexo de classe Il sdo expressas nas células
dendriticas, macrofagos e linfocitos B. Estas duas classes participam do processo de
apresentacdo do antigeno ao linfécito T, sendo que o MHC classe | faz a apresentacdo dos
antigenos para os linfécitos T CD8+ e o MHC classe Il, para os linfocitos CD4+
(MAGALHAES; BOHLKE; NEUBARTH, 2004).

A variacdo destes antigenos de histocompatibilidade faz com que o sistema imune
distingua o préprio do ndo proprio, ou seja, as células do receptor das células do enxerto
(ABBAS; LICHTMAN; POBER, 2003). Assim, quando células apresentadoras de antigeno
(APC) séo reconhecidas por células do complexo MHC, ocorre a indugéo da proliferacdo dos
linfocitos através da ativacdo da calcineurina, uma proteina que leva a producdo de varias

citocinas, incluindo a interleucina 2 (IL-2). A estimulagdo autocrina por IL-2 resulta na
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proliferacdo de células por uma via envolvendo o alvo da rapamicina em mamiferos (MTOR)
e quinases dependentes de ciclinas (CDKs) (KOBASHIGAWA,; PATEL, 2006) (Figura 1).

'/'_’*—-\ y ‘\_A
| APC \,
<O
f
s -4.,\__J MHC-11 + pept|deo
. 1
87\ | JOL
% TCR 4 1
(. ), IL-g ' \ IL-2R ADb |
E'l J \ / é J
) {- IL-2R
cD28 CD3 004
Ciclosporina | cicineurina ‘

Tacrolimo | ‘ TOR Sirolimo

l Everolimo
CélulaT I

]| geinercor |

Transcricdo de
Citocinas ex. IL.-2

MMF
Azatioprina

Ndcleo

Figura 1: Indugdo de proliferacdo de linfocitos T e alvos dos imunossupressores. APC: células
apresentadoras de antigenos, TCR: receptor de células T, MHC-II: complexo principal de
histocompatibilidade — classe Il, NFAT: fator nuclear de células T ativadas, IL-2R: receptor de IL-2,
TOR: proteina alvo da rapamicina, MMF: micofenolato de mofetil. Fonte: Modificado de
KOBASHIGAWA; PATEL, 2006.

Durante o processo de rejeicdo ocorre o recrutamento de linfocitos do sangue do
transplantado para o endotélio e tecido do enxerto, desencadeando um processo inflamatério
que pode resultar em lesdo tubular renal, contribuindo para a perda da funcdo do enxerto
(ROBERTSON et al., 1998). O processo inflamatério é decorrente do aumento da expressao
de quimiocinas pré-inflamatorias como RANTES, MIP-1a ¢ MIP-1B, que se ligam ao
receptor CCR5 e causam a infiltracdo de células mononucleares no enxerto, entre elas,
linfocitos T de memoria, mondcitos e eosinofilos (PATTISON et al., 1994; ROBERTSON et
al., 1998).

A rejeicdo aguda é um importante fator de risco para o desenvolvimento da rejeigdo
cronica, pois apds o primeiro episodio de rejeicdo, células T e B de memoria sdo produzidas,
propiciando respostas imunes mais rapidas e em maior magnitude em episddios de rejeicao
subsequentes (WOOD; GOTO, 2012).
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Para evitar a ocorréncia de rejeicdo e diminuir possiveis processos inflamatorios,
tradicionalmente sdo administrados aos pacientes medicamentos imunossupressores de uso
continuo, além da realizacdo de exames de rotina para avaliar a funcdo renal
(O'CALLAGHAN, 2008).

O Ministério da Salde por meio da Portaria n° 666 de 17 de julho de 2012,
recomendou o esquema triplice de imunossupressdo (prednisona (corticoide), ciclosporina ou
tacrolimo e azatioprina (AZA) ou micofenolato de mofetil (MMF)) (BRASIL, 2012), que é
atualmente utilizado pela maioria dos centros de transplante.

Os medicamentos imunossupressores mais utilizados agem em diferentes alvos com

0 objetivo comum de diminuir a proliferacdo dos linfocitos, como demonstrado na Figural.

2.1.1 Corticoides

Corticoides sdo essenciais na terapia de inducao, realizada logo apés a realizacdo do
transplante, pois exercem diferentes efeitos imunomoduladores e anti-inflamatérios
(KOBASHIGAWA; PATEL, 2006). Os esteroides, ao se ligarem a receptores de
glicocorticoides, sdo translocados para 0 nlcleo da célula e diminuem a transcricdo de genes
de citocinas pro-inflamatdrias (IL-1, IL-2, IL-6, TNF), causando a diminui¢do da quantidade
de mondcitos, macréfagos e células T CD4+ circulantes e, consequentemente, resultando na
reducdo da resposta inflamatoria (TAYLOR; WATSON; BRADLEY, 2005).

O tratamento com esteroides pode resultar em inumeros efeitos adversos como
diabetes mellitus, ganho de peso, miopatias, retencdo de liquidos, hipertensdo, hipercalemia
(concentracdo baixa de potéssio no sangue), hiperlipidemia, necrose avascular, atrofia da
adrenal, osteoporose, desenvolvimento de doencas cardiovasculares, entre outros (BENFIELD
et al., 2010).

2.1.2 Inibidores de Calcineurina (CNIs)

A ciclosporina foi introduzida na préatica clinica em 1983, como um potente
imunossupressor em pacientes transplantados renais, resultando em grandes melhoras na area
do transplante, pois trouxe um aumento na taxa de sobrevivéncia do enxerto em 15% ao longo
de dois anos. Em 1997 comecou a ser utilizado o imunossupressor tacrolimo, com semelhante
mecanismo de a¢do (CECKA, 1998). Estes medicamentos possuem a¢do especifica sobre o0s
linfocitos T, ndo tendo efeito sobre a sintese de anticorpos (KOBASHIGAWA; PATEL,
2006).

Os CNils, ao entrarem no citoplasma da célula, formam um complexo que inibe a
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atividade da calcineurina. A ciclosporina se liga a ciclofilina e o tacrolimo se liga a
imunofilina FKBP-12, bloqueando a translocacdo de fator nuclear de células T ativadas
(NFAT) e, consequentemente, a transcricdo de genes de citocinas (BRAZELTON; MORRIS,
1996; TAYLOR; WATSON; BRADLEY, 2005).

Os efeitos adversos causados por estes medicamentos incluem hipertenséo,
nefrotoxicidade, hepatotoxicidade, efeitos neuroldgicos, hiperplasia gengival e aumento do
risco de doencas malignas (MATTHEW, 2007). Certos efeitos adversos como a hipertrofia
gengival, hirsutismo (pilosidade excessiva em locais normalmente desprovidos de pelos) e
hiperlipidemia sdo mais frequentes como consequéncia do tratamento com ciclosporina
enquanto tremores e intolerancia a glicose sdo observados em pacientes que fazem uso de
tacrolimo (NOVARTIS PHARMACEUTICALS CORP, 2004; ASTELLAS PHARMA US
INC, 2005).

Em recente meta-analise realizada por Liu et al. (2014) foi comparada a utilizacdo da
ciclosporina e do tacrolimo apos o transplante renal, demonstrando melhores resultados em
pacientes que utilizaram tacrolimo, com reducdo da mortalidade, da perda do enxerto, da
rejeicdo aguda e da hipercolesterolemia; porém, maior risco de desenvolvimento de diabetes.
Dados semelhantes foram observados por Cheung et al. (2009), que compararam a eficacia da
terapia imunossupressora a base de tacrolimo ou ciclosporina e observaram gque pacientes que
fizeram uso do tacrolimo apresentaram melhor funcdo renal, menores taxas de rejei¢édo aguda
(18,4% vs 42,1% para tacrolimo e ciclosporina, respectivamente) e hipercolesterolemia; ndo
sendo observadas diferencas entre os grupos quando parametros como diabetes mellitus,

hipertensao, infeccdes oportunistas e neoplasias.

2.1.3 Inibidores de mTOR (Sirolimo e Everolimo)

O mecanismo de a¢do dos medicamentos sirolimo e everolimo, também conhecidos
como rapamicina, ocorre pela ligacdo destes medicamentos a proteina imunofilina FKBP12,
formando um complexo que inibe a proteina cinase mTOR, regulador chave do ciclo,
crescimento e proliferacdo celular. O bloqueio da mTOR impede a progressao do ciclo celular
da fase G1 para a fase S nos linfocitos ativados, inibindo a proliferacdo de linfocitos T e B
(BARLOW; NICHOLSON; HERBERT, 2013).

Os efeitos adversos mais comuns destes medicamentos sdo hipertenséo,
mielossupressdo e resisténcia a insulina, e quando administrados em conjunto com a
ciclosporina (CsA) podem causar nefrotoxicidade (AUGUSTINE; BODZIAK; HRICIK,
2007; BARLOW; NICHOLSON; HERBERT, 2013).
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2.1.4 Agentes Antiproliferativos

A AZA é uma droga imunossupressora utilizada desde a década de 1950 e vem
sendo substituida pelo MMF na maioria dos centros de transplantes, pois este tem se mostrado
mais eficaz (STAATZ; TETT, 2014). Mathew (1998) observou que pacientes tratados com
MMF apresentaram uma reducdo de aproximadamente 50% na taxa de rejeicdo aguda em
relacdo aos tratados com AZA. No entanto, estudos mais recentes nao observaram diferenca
na incidéncia de episodios de rejeicdo aguda e na sobrevida do enxerto entre os transplantados
renais que receberam estes dois medicamentos (JOH et al., 2005; RAHEEM et al., 2011).

O efeito imunossupressor da AZA ¢ resultante da incorporacdo do metabdlito ativo
6-tioguanina (6-TGN) (estruturalmente andlogo as bases purinas do DNA), que inibe a sintese
de DNA e ocasiona a parada da replicacdo. Dentre os efeitos adversos causados pela AZA
destaca-se a supressao da medula 6ssea e hepatotoxicidade (STAATZ; TETT, 2014).

O pro-farmaco MMF ap6s ser metabolizado no figado em éacido micofendlico
(MPA), um farmaco ativo, inibe a inosina monofosfato desidrogenase (IMPDH), enzima que
limita a taxa de sintese do nucleotideo guanina pela via “de novo”. A inibicdo desta enzima
resulta no blogueio da sintese de DNA e, consequentemente, na diminuicdo da proliferacéo
dos linfocitos (TAYLOR; WATSON; BRADLEY, 2005). O MMF possui atividade
antiproliferativa especifica para os linfocitos B e T, pois estes sdo desprovidos da via de
recuperacdo de guanina, diferentemente dos outros tipos celulares que podem gerar
nucleotideos guanina por duas vias distintas, a via de sintese “de novo” e a via de
recuperacdo, que permite a reciclagem das purinas (TAYLOR; WATSON; BRADLEY,
2005).

O MMF além de agir na proliferacdo dos linfocitos, também diminui a expresséo de
glicoproteinas e moléculas de adesdo, responsaveis pelo recrutamento de monocitos e
linfocitos para os locais de inflamagdo, como ocorre durante a rejeicdo do enxerto (STAATZ;
TETT, 2014). Este medicamento causa desconfortos gastrointestinais (diarreia e vomitos) e
hematotoxicidade (leucopenia (baixa quantidade de leucdcitos), anemia ou trombocitopenia
(baixa quantidade de plaquetas)) (STAATZ; TETT, 2014).

2.2 FARMACOGENETICA DOS IMUNOSSUPRESSORES E POLIMORFISMOS GENETICOS
O desenvolvimento da biotecnologia a partir das informagdes obtidas do
sequenciamento do genoma humano permitiu identificar alguns genes que definem a resposta

individual aos medicamentos, bem como a eficacia e seguranca das drogas (BETONICO et



23

al., 2008).

Polimorfismos de nucleotideo unico (SNPs) em genes de bomba de efluxo de drogas
(P-glicoproteina) e do metabolismo de drogas podem influenciar a resposta a medicamentos
imunossupressores, resultando em uma auséncia de correlagdo entre a dose, as concentragdes
plasmaticas e a resposta terapéutica aos medicamentos (HESSELINK et al., 2003; ZUNUNI
VAHED et al., 2015). Assim, mesmo sendo administradas doses idénticas aos pacientes estes
podem apresentar concentracdes plasmaticas extremamente diferentes o que resulta em
diferentes respostas ao tratamento.

Ap6s a realizacdo do transplante sdo recomendadas doses iniciais de
imunossupressor; no entanto, alguns pacientes ndo alcancam as concentracGes desejadas
destes medicamentos. Os pacientes que metabolizam as drogas de maneira mais rapida
eliminam rapidamente os medicamentos do organismo, o que resulta em baixas concentragoes
plasmaticas, podendo desencadear um processo de rejeicdo. Ao contrario, metabolizadores
lentos podem apresentar concentracfes supraterapéuticas (ELENS et al., 2011), resultando no
aumento de efeitos adversos como hipertensdo, nefrotoxicidade, neurotoxicidade,
hipercolesterolemia, diabetes mellitus e cancer (PONTICELLI, 2005; FRAILE et al., 2009).
Dentre os efeitos adversos observados nestes pacientes 0 mais preocupante € a alta incidéncia
de neoplasias, que tem sido estimada em 20% ap6s 10 anos de imunossupressdo cronica
(KAPOOR, 2008) e de 50% apds 30 anos (WISGERHOF et al., 2011).

Como uma tentativa de minimizar estes efeitos adversos e obter maior sucesso no
transplante, é realizado o monitoramento das concentragdes plasmaticas dos medicamentos
CNIs, que apresentam grande variabilidade farmacocinética e possuem estreita janela
terapéutica, buscando a individualizacdo da imunoterapia (ZHENG et al., 2003; ANTIGNAC
et al., 2007). A biodisponibilidade destes medicamentos pode vériar entre os diferentes grupos
étnicos ja que estes podem apresentar diferentes frequéncias alélicas em SNPs presentes em
genes importantes do metabolismo e transporte de drogas (RAMAMOORTHY et al., 2015).
Segundo Neylan (1998), a média de tacrolimo administrada aos pacientes africanos chega a
ser 37% maior que a administrada aos pacientes caucasianos para alcancarem as
concentracfes plasmaticas desejadas. Assim, devido a alta miscigenacdo da populagédo
brasileira, 0 monitoramento das concentracdes plasmaticas nesta populacdo é de extrema
importancia.

Avangos nos estudos moleculares permitirdo a construgdo de um painel de
marcadores para serem testados nos pacientes antes do inicio do tratamento imunossupressor,

0 que ira contribuir para a escolha de concentracGes mais adequadas destes medicamentos
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para cada paciente, diminuindo os efeitos adversos e possibilitando a predi¢cdo do risco
individual para o desenvolvimento de episodios de rejeicdo e, consequentemente, melhorando
a qualidade de vida (FISCHEREDER et al., 2001; KAPOOR, 2008, WAVAMUNNO;
CHAPMAN, 2008).

Entre tais estudos destacam-se 0s gendémicos, que buscam novos biomarcadores
candidatos em genes responsaveis pelo metabolismo de drogas, que tém papel na ativacédo e
detoxificacdo, aumentando suas solubilidades e facilitando a excrecdo, e cujas variantes
polimdrficas influenciam na resposta farmacoldgica (BETONICO et al., 2008; GRINYO et
al., 2008). Genes relacionados ao sistema imunoldgico também tém sido investigados pois
estdo diretamente relacionados com a ocorréncia de episodios de rejeicdo, assim como genes
de reparo que podem estar relacionados com a maior incidéncia de cancer observada apds

longos periodos de transplante.

2.2.1  Genes de resposta inflamatoria

O papel da resposta inflamatoria é combater infeccdes e lesbes teciduais por meio
das células da imunidade inata (fibroblastos, macréfagos, mastdcitos, células dendriticas e
leucdcitos) que reconhecem a invasdo do patdgeno, desencadeando cascatas de sinalizacéo
que levam a liberacdo de fatores que promovem o recrutamento de leucdcitos para a regido
(NEWTON; DIXIT, 2012). No entanto, algumas vezes o organismo do receptor reconhece o
enxerto como um corpo estranho e desencadeia um processo de rejeicdo, durante o qual
ocorre o recrutamento de células citotoxicas que podem causar a destruicdo do tecido
(SPIVEY etal., 2011).

A interagdo entre os receptores de superficie celular e células do sistema imune
(linfocitos ativados, fagacitos e leucdcitos) é imunomodulada por citocinas, que participam da
resposta imune inata e adaptativa (ALBERTS et al., 2010). A producdo de citocinas pode ser
alterada devido a presenca de SNPs, principalmente na regido promotora dos genes, afetando
direta ou indiretamente a ligagdo de fatores de transcricdo e aumentando ou diminuindo a
producdo de mRNA (SUTHANTHIRAN, 2000).

A resposta imune adaptativa é determinada pela subclasse de células T auxiliares
efetoras tipo 1 (Thl) e tipo 2 (Th2), distinguidas pelas citocinas que secretam. As células Thl
secretam interferon gama (IFN-y), fator de necrose tumoral (TNF-a) e interleucina-2 (IL-2),
que sdo mediadores da resposta imune celular e pro-inflamatéria, ativando macréfagos e
células T citotoxicas, defendendo o organismo principalmente contra patdgenos intracelulares
(ALBERTS et al., 2010).
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O TNF- a secretado pelas células Thl participa do processo inflamatério por meio da
ativacdo de células endoteliais, regulacdo de moléculas de adesdo e recrutamento de
leucécitos diferenciados (STOJANOVA; POUCHE; PICARD, 2016). A presenca do SNP
rs1800629 (-308G>A) na regido promotora do gene TNF-a foi associada com alteragdo na
producdo desta proteina, sendo que a presenca do alelo A aumenta a transcricdo deste gene
em comparacao com o alelo G (WILSON et al., 1997). A presenca desta variante polimorfica
aumentou em 2,5 vezes o risco de rejeicdo aguda do enxerto renal (PAWLIK et al., 2005).
Outros estudos também associaram este SNP com a maior incidéncia de rejei¢do (WILSON et
al., 1993; SANKARAN et al., 1999). No entanto, estes dados séo contraditérios na literatura,
ja que alguns estudos ndo confirmam esta associacdo (CARTWRIGHT et al., 2001; LEE et
al., 2004).

A IL-2 também participa da resposta imune celular e pré-inflamatéria, atuando como
imunomoduladora em uma variedade de células imunes, sendo a mais importante
estimuladora da expanséo clonal dos linfocitos T efetores, participando também da eliminacgéo
de linfocitos T auto reativos (SEDER; PAUL, 1994). Sadlack et al. (1995) demonstraram a
importancia da IL-2 para o sistema imune, mostrando que camundongos deficientes para esta
proteina desenvolveram sindrome linfoproliferativa letal apos cinco semanas de vida, com
lesGes inflamatorias e presenca de auto-anticorpos, indicando doenca autoimune generalizada.

O SNP rs2069762 (-330G>T) do gene IL-2 foi associado com mudancgas na produgéo
da citocina, resultando em um aumento de trés vezes na producdo desta proteina em
comparagdo com individuos que possuem o genotipo T/T (HOFFMANN et al., 2001). Neste
SNP, o alelo G tem sido relacionado com severidade das rejeicdes em transplante de células
hematopoéticas. Estudo realizado por Harkensee et al. (2012) demonstrou que pacientes
portadores do genétipo G/T possuem maior risco de desenvolverem rejeicdo cronica enquanto
que o genotipo T/T foi associado com protecdo contra rejeicao.

Pawlik et al. (2005) ndo encontraram associacdo entre o rs2069762 na regido
promotora do gene IL-2 com o risco de rejeicdo aguda do enxerto em um grupo de 129
pacientes transplantados renais, resultados estes confirmados por Griny6 et al. (2008) em
estudo com 237 pacientes transplantados renais.

Outras interleucinas como IL-4, IL-5, IL-6, IL-10, sdo produzidas pelas células Th2 e
atuam na resposta humoral, participam da defesa do organismo principalmente contra
patdgenos extracelulares estimulando a producdo de anticorpos (ALBERTS et al., 2010).
Dentre estas interleucinas, a IL-10 é frequentemente descrita como um regulador positivo

durante a rejeicdo aguda do transplante de rim e figado, produzindo efeitos pro-inflamatorios,
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reforcando a liberacdo de IFN-g, TNF-a e IL-1, podendo ativar células natural killer (NK)
(SPIVEY etal., 2011).

Trabalho realizado por Griny0 et al. (2008) avaliou a associacdo da rejeicdo aguda
com 21 variantes polimorficas em 237 pacientes transplantados renais, encontrando
associacao entre os episddios de rejeicdo e 0 SNP rs1800872 do gene IL-10, onde pacientes
homozigotos A/A apresentaram uma chance cinco vezes maior de desenvolver rejeicéo.

Além dos genes que transcrevem citocinas, genes responsaveis pela transcricdo de
fatores de crescimento, reguladores e fatores de transcricdo também exercem importante papel
na resposta imune, entre eles: TGF-f (fator de crescimento transformante-Beta), IRF-5 (fator
regulador de interfeton-5), NFKB1A (inibidor do fator de transcricdo nuclear Kappa Beta 1
Alfa) e NFAT (fator nuclear de células T ativadas).

TGF-$ age como regulador do desenvolvimento de células T no timo, assegurando a
homeostase das células T periféricas e a tolerdncia para auto-antigenos; age também na
diferenciacdo das células T durante a resposta imune (BLOBE; SCHIEMANN; LODISH,
2000; LI; FLAVELL, 2008). Os SNPs rs1800470 (29T>C) e rs1800471 (915G>C)
influenciam a expressdo deste gene e tém sido associados com episddios de rejeicao entre 0s
receptores de orgdos solidos (GE et al., 2014). Benza et al. (2009) observaram que pacientes
transplantados cardiacos que possuiam o genétipo G/G para 0 SNP rs1800471 do gene TGF-
1 tiveram menor risco de rejeicdo em comparacdo com 0s pacientes com genoétipo C/C ou
G/C durante o primeiro ano apds o transplante.

A proteina transcrita pelo gene IRF-5 desempenha importante papel na defesa do
hospedeiro, estimulando a resposta inflamatoria atraves da transcricdo de citocinas
inflamatorias como 1L-6 e TNF-a (CHEN; ROYER, 2010). Yu et al. (2014) observaram
associacao entre o SNP rs3757385 deste gene com episddios de rejeicdo aguda (OR = 2,34)
em 289 pacientes transplantados de figado durante os seis primeiros meses.

O gene NFKBI1A codifica a proteina IKBa, que inibe 0 fator de transcricdo nuclear
kappa B (NF-KB), pois se liga a ele e o0 mantém inativo no citoplasma. Assim, NFKB1A
desempenha um papel importante na imunidade inflamatéria (YENMIS et al., 2015). Kramer
et al. (2014) avaliaram em pacientes transplantados hepaticos 0os SNPs rs696 (126G/A),
rs2233409 (-297C/T) e rs2233406 (-826C/T) do gene NFKB1A, sendo observada associacao
do gendtipo A/A do SNP rs696 com a ocorréncia de rejeicdo aguda. Segundo Yenmis et al.
(2015) este SNP encontra-se na regido ndo traduzida UTR 3’ ¢ altera a regulagdo da proteina
IKBo.

A proteina transcrita pelo gene NFAT participa da regulacdo da atividade
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imunologica e da producdo de insulina. Assim, 0s medicamentos imunossupressores
inibidores de calcineurina que bloqueiam a atividade da NFAT, previnem episodios de
rejeicdo e reduzem a capacidade de producdo de insulina, contribuindo para o
desenvolvimento precoce de diabetes mellitus (LAWRENCE et al., 2015). O diabetes mellitus
é um dos efeitos adversos com alta incidéncia apds o transplante renal em adultos, variando
de 3-46% (AL-UZRI; STABLEIN; COHN, 2001).

Segundo Chen et al. (2012), estudos avaliando SNPs na familia génica NFAT sdo
escassos. Estes autores avaliaram o SNP rs10141896 do gene NFAT em 319 pacientes
transplantados renais (40,5% desenvolveram diabetes apds um ano de transplante), e
observaram uma associacdo entre a presenca do alelo T com uma incidéncia 2,5% menor de
desenvolver diabetes apos o transplante.

As quimiocinas e seus receptores tém sido vistos como promissores alvos para
drogas anti-inflamatérias, dirigidas contra a migracdo e ativacdao de populacdes selecionadas
de células inflamatorias (SALLUSTO; BAGGIOLINI, 2008). Entre os receptores de
guimiocinas encontram-se o receptor de interleucina-23 (IL-23R) e o receptor de quimiocina
(CCR5), que participam do processo inflamatério mediado por células T auxiliares.

O IL-23R tem papel importante na inflamagdo auto-imune e na tumorigénese; este
receptor pode diminuir a imunovigilancia de CD8+, facilitando a evasédo de células cancerosas
do sistema imune (ZHOU et al., 2013). Foi identificado um SNP funcional rs10889677 na
regido ndo traduzida 3'-UTR deste gene. A presenca do alelo A interrompe o sitio de ligacdo
do microRNA let-7f, aumentando a transcri¢do de IL-23R; o alelo C, por sua vez, aumenta a
afinidade de ligacdo do microRNA let-7f, regulando negativamente a expressdo de IL-23R.
Portadores do alelo C possuem menor risco de desenvolver cancer de mama, pulméo e
nasofaringe em comparacdo com portadores do alelo A (ZHENG et al., 2012; ZHOU et al.,
2013).

O receptor CCR5 ¢é expresso principalmente na superficie de linfocitos Thl ativados
e de memdria, em mondcitos, macrofagos e células dendriticas. CCR5 pertence a superfamilia
de receptores de sinalizacdo intracelular acoplados a proteinas G, com sete dominios
transmembrana (ROSSI; ZLOTNIK, 2000). Este receptor, quando ativado, leva a um aumento
na producdo de interferon (IFN), amplificando os estimulos inflamatorios e a liberacdo de
quimiocinas (SPIVEY et al., 2011).

A variante alélica mais conhecida do gene CCR5, a delecdo CCR5A32 (rs333), gera
uma proteina truncada, que nao chega a superficie celular, alterando a resposta destas células

durante a inflamacdo e diminuindo a taxa de rejeicdo. A andlise desta delecdo em 1227
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pacientes transplantados em centros europeus mostrou que 1,7% dos pacientes eram
homozigotos para a mutagdo CCR5A32 e 20,2% eram heterozigotos. Os pacientes
homozigotos para a delecdo demonstraram uma associacdo com sobrevida do enxerto 2,7
vezes maior, ndo apresentando nenhum efeito deletério aparente, o que sugere que CCR5 pode
ser um alvo terapéutico ideal para futuras investigacOes para prevenir a perda do transplante
(FISCHEREDER et al., 2001).

Estes SNPs em genes das citocinas e em seus receptores sdo de grande importancia
para o resultado do transplante de 6rgdos, pois contribuem com a resposta imune, sendo
provavel que sutis diferencas na composicdo destas, principalmente no inicio da resposta
imune, possam determinar o resultado do transplante (AWAD et al., 2001; SEYHUN et al.,
2012). Além de influenciar na atividade do sistema imunoldgico, estes SNPs também podem
modificar a suscetibilidade ao desenvolvimento de cancer (ZHENG et al., 2012), um dos

efeitos adversos observados apds longos periodos de imunossupressao.

2.2.2 Metabolismo dos farmacos

O metabolismo dos farmacos é classificado em reacGes de fase | e Il. As reagdes de
fase | resultam, na maioria das vezes, na perda da atividade farmacologica. No entanto, em
alguns casos, pro-farmacos inicialmente inativos sdo convertidos em metabolitos
biologicamente ativos. As reacOes de fase Il resultam na formacdo de uma ligacdo covalente
entre um grupo funcional do composto com o &cido glicurdnico, sulfato, glutationa,
aminoacidos ou acetato, formando um conjugado inativo altamente polar, que é rapidamente
excretado pela urina ou bile (BUXTON; BENET, 2012) (Figura 2).

Metabolismo Metabolismo
Fasel Fase ll

Medicamento | ——> | Metabdlito | ——— Metgbollto —> | Excrecdo
conjugado

Citocromo P-450 (CYPs) UDP glucuronosil-transferases (UGTs)
Glutationa S-transferases (GSTs)
Sulfotransferases (SULTs)
N-acetiltransferases (NATs)

Figura 2: Metabolismos de Fase | e Il e principais enzimas envolvidas.

A capacidade geneticamente determinada de metabolizar e eliminar os medicamentos

do organismo de forma eficiente pode influenciar, pelo menos em parte, a chance do paciente
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apresentar episodios de rejeicdo do enxerto. Pacientes com metabolismo mais rapido podem
ser tratados com doses inadequadas e desencadearem episddios de rejei¢do, enquanto lentos
metabolizadores podem acumular altas concentragbes dos medicamentos desencadeando
efeitos adversos (NUSSBAUM; MCINNES; WILLARD, 2007).

As enzimas da familia do citocromo P450 (CYP) participam do metabolismo de fase
| e parecem estar diretamente relacionadas ao processo de ativacdo de grande parte dos
xenobiodticos. A subfamilia CYP3A é responsavel pelo metabolismo hepético de mais de 50%
das drogas, sendo as enzimas CYP3A4 e CYP3A5 as mais importantes e abundantes
(KUEHL et al., 2001).

O gene CYP3A5 possui varios SNPs que podem interferir em sua expressdo
resultando em diferentes respostas interindividuais na eliminagdo de drogas (KUEHL et al.,
2001). Pacientes portadores do alelo prevalente CYP3A5*1, apresentam funcdo normal do
gene, eliminam o medicamento tacrolimo mais eficientemente e tendem a manter menores
concentracdes plasmaticas.

Quando comparados com o alelo prevalente CYP3A5*1, o SNP CYP3A5*7
(rs41303343) tem funcdo nula enquanto os SNPs CYP3A5*3 (rs776746 - 6986A>G), *5
(12952T>C), *6 (rs10264272 — 10264272G>A) e *10 (rs41279854 — 29748T>C) apresentam
diminuicdo da funcdo proteica (LEE; GOLDSTEIN, 2005), sendo 0 SNP rs776746 o mais
conhecido (PARK et al., 2008).

A presenca do gendtipo CYP3A5*3/*3 causa um defeito no splicing, que reduz
significativamente a quantidade de mRNA, tendo como consequéncia o0 aumento das
concentracfes plasmaticas dos inibidores de calcineurina (XIE et al., 2004; TADA et al.,
2005; STAATZ; GOODMAN; TETT, 2010) e, consequentemente, diminuicdo da rejeicéo e
aumento da incidéncia de efeitos adversos. Estudos demonstraram que pacientes
transplantados portadores deste gendtipo podem atingir concentragfes plasmaticas de
tacrolimo cerca de duas vezes maiores que pacientes com o genotipo CYP3A5*1/*1 ou *1/*3
(MACPHEE et al., 2005). A associacdo do SNP rs776746 deste gene com as concentragdes
plasmaéticas do tacrolimo fornece suporte para a individualizacdo da dosagem e consequente
diminuicao dos efeitos adversos (ZHENG et al., 2003; MACPHEE et al., 2005; TADA et al.,
2005).

A expressdo do gene CYP3A4 também é influenciada pela presenca de alguns SNPs.
Wang et al. (2011) identificaram que o alelo CYP3A4*22 (rs35599367) afeta a expressdo e a
atividade hepatica da enzima CYP3A4, pois portadores dos genotipos CT e TT apresentaram

uma reducdo de atividade enzimatica de, respectivamente, 1,7 e 2,5 vezes em comparagdo ao
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gendtipo CC, sugerindo que este gendtipo poderia servir como um biomarcador para prever
respostas a drogas metabolizadas pela enzima CYP3A4.

A avaliacdo da variante alélica CYP3A4*22 associada com CYP3A5*3 (rs776746)
em 185 pacientes transplantados, revelou que pacientes portadores das duas variacGes sdo
pobres metabolizadores e requerem menores doses de tacrolimo para alcancarem a
concentracdo plasmatica desejada. Estes pacientes apresentaram concentracdes plasmaticas de
tacrolimo 179,3% maiores do que o0s pacientes portadores dos alelos prevalentes,
apresentando concentragdes supra terapéuticas (ELENS et al., 2011). Esta mesma variante foi
avaliada em 113 pacientes transplantados, por Woillard et al. (2013), demonstrando que este
SNP reduziu a taxa de metabolizacdo do sirolimo em 20%.

Outro SNP do gene CYP3A4 que pode afetar a variabilidade individual no
metabolismo do tacrolimo entre pacientes transplantados renais € o rs4646437. Logo ap6s 0
transplante, pacientes com o gendtipo T/T mantém menores concentracGes plasmaticas de
tacrolimo em relacdo aos pacientes com genotipo prevalente (L1 et al., 2014).

A enzima CYP2E1l é expressa principalmente no figado, participando do
metabolismo de uma grande variedade de produtos quimicos, em especial compostos de baixo
peso molecular como alguns farmacos, etanol e acetona (TANAKA; TERADA; MISAWA,
2000).

Estudo realizado por Kim et al. (2014) encontraram associacdo entre o SNP
rs2515641 do gene CYP2E1l com rejeicdo aguda do enxerto em pacientes transplantados
renais coreanos, sugerindo que este SNP pode estar relacionado com a ocorréncia de rejeicao
nesta populacéo.

Outro SNP rs3813867 do gene CYP2E1 esta localizado na regido promotora, e pode
afetar a atividade de transcricdo deste gene, sendo responséavel pelo aumento da atividade
enzimatica. A presenca desta variante foi associada com a diminuig¢&o do risco de céancer de
pulmé&o na populacdo asiatica (SHEN et al., 2015).

O gene POR (citocromo P450 oxidorredutase) transfere elétrons do NADPH para
todas as enzimas do citocromo P450 microssomal (CYP). Este gene codifica uma
flavoproteina com 78 kDa que se liga a membrana do reticulo endoplasmatico e possui dois
dominios de ligacdo, um dinucleotideo de flavina-adenina (FAD) e um mononucleotideo de
flavina (FMN) que lhe permitem doar elétrons, necessarios para a atividade das CYPs
(HUBBARD et al., 2001) (Figura 3).
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Citoplasma

Reticulo
endoplasmatico

Figura 3: Relacdo da proteina POR com a enzima citocromo P450. POR contém duas flavinas em
dois I6bulos distintos, uma dinucleotideo adenina flavina (FAD) e uma mononucleotideo flavina
(FMN). Eletrdéns reduzidos de nicotinamida adenina dinucleotideo fosfato (NADPH) sdo ligados a
por¢do FAD e transferidos para a porcdo FMN, em seguida o eletron passa para o citocromo P450 por
interacBes eletrostaticas da ligacdo, permitindo a catalise. Fonte: Modificado de HUANG et al., 2008.

Estudo com camundongos nocautes para 0 gene Por demonstrou que este gene é
essencial para as funcbes celulares normais e/ou embriogénese, pois 0s animais morreram
durante o desenvolvimento embrionério (SHEN; O’LEARY; KASPER, 2002). Camundongos
nocautes especificos para a enzima Por presente no figado possuem o metabolismo hepético
severamente prejudicado (HENDERSON et al., 2003).

Ja foram identificados 43 SNPs neste gene, sendo o SNP rs1057868 (POR*28) o
unico que parece exercer efeito sobre a atividade das isoformas CYP, sendo encontrado em
alta frequéncia alélica em diferentes populacdes: 19,1% nos afro-americanos, 26,4% nos
caucasianos, 36,7% nos americanos chineses e 31% nos americanos mexicanos. Este SNP
induz a substituicdo de um aminoacido alanina por valina, o que influencia a por¢do de
ligacdo do elétron, reduzindo assim, a atividade da proteina (HUANG et al., 2008). O
gendtipo T/T deste SNP foi associado com o aumento de 1,6 vezes na atividade da enzima
codificada pelo gene CYP3A em comparacdo com individuos portadores do gendtipo C/C
(ONEDA et al., 2009).

Zhang et al. (2013) demonstraram que o gene POR*28 pode influenciar a
variabilidade da resposta interindividual ao tacrolimo, pois individuos portadores do alelo
POR*28 T apresentaram menores concentracdes de tacrolimo em comparagdo com 0s
portadores do alelo POR*28 C, sugerindo que este alelo T possa aumentar a atividade das
enzimas codificadas pelos genes CYPs.

A avaliacdo conjunta dos SNPs CYP3A5 e POR*28 em 43 criancgas transplantadas
renais 14 dias ap6s o transplante, demonstrou que individuos que expressam CYP3A5 com

pelo menos um alelo POR*28 apresentaram concentragdes 20,2% mais baixas de tacrolimo
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quando comparadas com individuos que expressam CYP3A5 portadores do gendtipo
POR*1/*1. Em individuos que ndo expressam CYP3A5 nao foram observadas diferencas na
concentracdo de tacrolimo em relagdo ao genétipo do gene POR (GIJSEN et al., 2014).

O pro-farmaco MMF, quando administrado via oral, é rapidamente ativado por
esterases, sendo as carboxilesterases 1 e 2 (CES1 e CES2) as principais enzimas que catalisam
a hidrolise deste medicamento, transformando o MMF em MPA. Estas enzimas sao
encontradas no figado, e apenas a CES2 € encontrada no intestino (FUJIYAMA et al., 2010).
Segundo Fujiyama et al. (2010), a atividade destas enzimas pode ajudar a explicar a
variabilidade interindividual observada pelo uso do MMF, uma vez que ja foram descritos
diferentes SNPs nestes genes (PICARD; MARQUET, 2012).

A ativacdo deste pro-farmaco depende da enzima CES1 para produzir um grupo
terapéutico funcional, assim, variacGes neste gene poderiam dificultar a ativacdo da pro-
droga, resultando em alteracdes no efeito terapéutico. O SNP rs71647871, conduz a
substituicdo ndo conservativa (Gly143Glu), reduzindo a atividade da enzima. Esta variacdo
foi observada em uma frequéncia alélica de 3,7 % em brancos, 4,3 % em negros e 2,0 % em
populacéo hispanica (ZHU et al., 2008; WALTER SORIA et al., 2010). No entanto, Lewis et
al. (2013) identificaram uma frequéncia alélica de 0,6% deste SNP em populacgéo caucasiana,
frequéncia menor do que as observadas pelos autores acimas citados.

Fujiyama et al. (2009), apos avaliarem a relacdo entre os SNPs rs2303218
(4595A>G), rs2241409 (8721C>T) e rs3890213 (-1548A>G) do gene CES2 e a
farmacocinética do acido micofendlico em 80 pacientes transplantados renais apos 28 dias de
transplante, concluiram que estas variantes polimorficas ndo afetaram as concentragdes
plasméaticas do MMF, sugerindo que o gene CES2 tem uma pequena contribuicdo nas
diferencgas interindividuais quanto a farmacocinética do MPA.

A atividade imunossupressora do MPA é atribuida a inibig&o das isoformas IMPDH1
e IMPDH2, enzimas limitantes da sintese de purinas “de novo”, levando a reducao do
crescimento celular, principalmente dos linfécitos que sdo desprovidos da via de salvamento
de purina, ndo ocorrendo, assim, a reciclagem de nucleotideos guanina. Portanto, a
proliferacdo dos linfocitos depende da atividade da proteina IMPDH (ALLISON; EUGUI,
2000; PICARD; MARQUET, 2012).

Gensburger et al. (2010) analisaram a associacdo entre quatro SNPs do gene
IMPDH2 e 0s SNPs rs2278293 e rs2278294 do gene IMPDH1 com a rejei¢do aguda em 546
pacientes transplantados renais e encontraram associacdo apenas do SNP rs2278294 com o

menor risco de rejeicdo aguda. Estudo realizado por Wang et al. (2008) encontrou associacao
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entre 0s SNPs 152278294 e rs2278293 com baixa incidéncia de rejeicdo aguda em 191
pacientes transplantados renais.

Kagaya et al. (2010) observaram que pacientes transplantados que possuiam o
gendtipo G/G do SNP rs2278293 do gene IMPDH1 eram mais propensos a desenvolver
rejeicdo aguda e os pacientes que apresentavam o genotipo A/A possuiam um risco menor
devido a maior eficacia do MMF.

Picard e Marquet (2012) avaliaram o SNP rs11706052 do gene IMPDH2 em 237
pacientes transplantados renais e observaram que os pacientes portadores de um ou dois alelos
C apresentaram probabilidade trés vezes maior de sofrer rejeicdo quando comparados com
pacientes homozigotos para o alelo T.

Dentre as enzimas de conjugacdo do metabolismo de fase Il destacam-se as UDP-
glucuronosiltransferases (UGTs) que fazem parte da superfamilia de genes dividida entre
UGT1A, UGT2A e UGT2B. Essas enzimas realizam a biotransformacdo de compostos
lipofilicos em metabdlitos sollveis em agua, o que facilita a subsequente eliminacdo dos
xenobi6ticos do organismo por meio da bile ou urina. O processo ocorre por meio da ligacdo
do &cido glicurbnico ao xenobidtico, reacdo esta catalisada pelas enzimas UGTs (TUKEY;
STRASSBURG, 2000; INNOCENTI et al., 2008).

Os membros da subfamilia UGT1A sao codificados por um Unico locus génico com
aproximadamente 160 kb que codifica nove proteinas funcionais: UGT1Al, UGT1AS3,
UGT1A4, UGT1A5, UGT1A6, UGT1A7, UGT1A8, UGT1A9 e UGT1A10. Estas proteinas
sdo sintetizadas a partir da transcri¢do de cinco éxons, sendo um éxon variavel, uma vez que
apenas um dos 13 diferentes éxons localizados na regido N-terminal é associado com quatro
exons na regido C-terminal, comum para todas as isoformas de UGT1A (Figura 4) (TUKEY;
STRASSBURG, 2000).

Exon 1’s Exons comuns

12p 11p 8 10 13p 9 7 6 5 4 3 2p 1

RNA UGT1A1
2 3 4 5

e N N

RNA UGT1A9

Figura 4: Estrutura da familia UGT1A. Organizacdo gendémica dos trezes genes UGTs e
processamento dos genes UGT1AL e UGT1A9. Fonte: modificado de INNOCENT; RATAIN, 2004.
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O gene UGT1A9 tem importante papel na detoxificacdo de varios xenobidticos,
sendo responsavel pela inativacdo do metabdlito MPA, que € transformado em acido
micofendlico glucuronideo (MPAG) pelo figado, rim, e na mucosa intestinal em uma taxa de
55%, 75%, e 50%, respectivamente. Parte do MPAG ¢é excretado pela bile e contribui para a
recirculacdo entero-hepatica do MPA (PICARD et al., 2004).

A expresséo e atividade do produto do gene UGT1A9 depende da presenca de SNPs
localizados na regido promotora. Girard et al. (2004) avaliaram a relacdo entre genotipo e
fendtipo em 48 fracbes microssomais de figado humano. Estes autores descobriram 10 SNPs
na regido promotora do gene UGT1A9, sendo que 5 deles (-275, -331/-440, -665 e -2152)
foram associados com maior concentracdo da proteina UGT1A9. O SNP rs6714486 (-
275T>A), além de ser associado ao aumento de 1,4 vezes no nivel hepatico da proteina,
também aumentou em 1,9 vezes a glucuronidacdo do MPA. O aumento da expressdo e
atividade da enzima UGT1A9, uma das principais enzimas envolvidas no metabolismo do
MPA, reduz a concentracdo de MPA e, consequentemente, reduz a imunossupressdo induzida
pelo mesmo (PICARD et al., 2004), facilitando a ocorréncia de episddios de rejei¢éo.

Pazik et al. (2011) observaram que pacientes portadores das variantes alélicas -275A
(rs6714486) e -2152T (rs17868320) tendem a desenvolver rejeicdo aguda durante os 3
primeiros meses de transplante. Pacientes portadores da variante polimérfica rs6714486
apresentam fator de risco de 4,4 vezes, enquanto que os portadores do SNP rs17868320
apresentaram fator de risco de 3,62 vezes. Van Schaik et al. (2009) demonstraram que
pacientes transplantados que possuem as duas variantes alélicas (-275A e -2152T) foram
associados com reduzida exposicdo ao MPA e um aumento de risco de 13 vezes de
desenvolver rejeigédo aguda.

Enquanto os SNPs rs17868320 (-2152C>T) e rs6714486 (-275T>A) induzem a
expressao do gene UGT1A9, o polimorfismo rs72551330 foi associado com a diminuicédo da
atividade da enzima (GIRARD et al., 2004). Pazik et al. (2011) ndo encontraram associagdo
deste polimorfismo com episddios de rejeicdo, no entanto, este polimorfismo foi associado
com a diminuicdo da taxa de filtragdo glomerular estimada (eGFR) durante o primeiro ano
apos o transplante. Este efeito na funcdo renal pode ter sido consequéncia da baixa taxa de
detoxificacdo do MPA, levando a uma exposicdo toxica ao medicamento.

Dentre os genes da familia UGT2B, o gene UGT2B7 (UDP glucuronosil transferase
familia 2, polipeptideo B7) é altamente expresso no figado (RADOMINSKA-PANDYA et al.,

2002) codificando uma enzima que participa do metabolismo de diversos medicamentos e
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xenobidticos, dentre eles alguns medicamentos imunossupressores, como a ciclosporina e o
tacrolimo (STRASSBURG et al., 2001). A proteina também metaboliza 0 MMF, sendo a
responsavel por transformar o metabdlico ativo, o &cido micofendlico (MPA), no metabdtilo
toxico MPA-acil-glucuronido (AcMPAG) sem funcdo de imunossupressdo (PICARD et al.,
2004).

Sdo conhecidos trés haplotipos do gene UGT2B7 (Figura 5), sendo que o
polimorfismo rs7438135 (-842A/G / -900A/G) encontra-se em desequilibrio de ligacdo
completo com a maioria dos polimorfismos Unicos conhecidos na regido promotora, fazendo
parte dos haplétipos B e C (Figura 5) (HOLTHE et al., 2003). Este polimorfismo também
encontra-se em equilibrio de ligacdo inverso com o polimorfismos no exon 2 UGT2B7*2
(802C/T) (DJEBLI et al., 2007).

749 A Freq.
A 815 A 1073¢C (Freq.)
BIBT ||:|?|E c
5 -{/# e, e e— 3 (0.56)
B
REs i 743 A 1076
-1238¢C l -102¢
5 | I | ——//—L— Vi —-—ff—ln———f/——— 3 (0.33)
‘ -B40 A
-1052¢C
-1246 G -268 G
-1239¢C ‘ -102¢C

3 | | I l — - —— ] — — ' (0.11)

-840 A
-1052¢

Figura 5: Trés principais hapl6tipos do gene UGT2B7, preditos a partir da genotipagem de 239
individuos por sequenciamento do DNA e anélise com sondas de hibridizacdo. Fonte: HOLTHE et al.,
2003.

Pacientes transplantados renais homozigotos prevalentes do haplétipo B, que fazem
uso concomitante de MMF, sirolimus e corticoide sdo mais propensos a ter concentragoes
elevadas de AcCMPAG, estando predispostos a efeitos adversos relacionados ao MPA
(DJEBLI et al., 2007).

Trabalho realizado por Duguay et al. (2004), demonstrou forte desequilibrio de
ligacdo entre seis variantes polimdrficas na regido promotora do gene UGT2B7 (-1248, -1241,
-1054, -842, -268, -102). Estes autores observaram que a presenca das variantes aumentou em
2 vezes a expressdo de UGT2B7 em células modelo de figado e intestino quando comparado
com o promotor do tipo prevalente, e sugeriram que 0 aumento da atividade transcricional €

resultante do polimorfismo -842.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Holthe%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12629580
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Os metabolitos ACMPAG e MPAG séo excretados pela urina e pela bile. A excrecao
pela bile é realizada por proteinas de resisténcia a multidrogas 2 (MDR2) presentes na
superficie dos hepatdcitos, sendo que parte do MPAG sofre desconjugacdo por bactérias
intestinais, volta para sua forma ativa e contribui para a recirculagdo entero-hepéatica do MPA
(Figura 6) (PICARD et al., 2004; PICARD; MARQUET, 2012).

MPA inibe a atividade
da enzima IMPDH dos

MPA ou MMF linfocitos
administrados via oral P
IMPDH1* “
. IMPDH2*
CES1* %
CES2* ‘ MPA no plasma 1 oatp*
P-gp*
____________________ MRP2* -
Absorcio do MPA Absorgdo do MPA
pelos hepatdcitos

l UGTs*

MPA metabolizado
Conversao de parte

/ em MPAG e AcMPAG
do MPAG em MpA [~ MPAG transferido N

pela bile

Intestino

Figura 6: Metabolismo e recirculacdo entero-hepatica do micofenolato de mofetil — MMF. Fonte:
modificado de WANG et al., 2008. *Principais proteinas que atuam no processo.

2.2.3 Genes de Transportadores de Drogas

Em seres humanos ja foram descritos 48 transportadores de membrana ABC
divididos em 7 superfamilias. Estes transportadores podem translocar substrato através das
membranas extra e intracelulares, atuando como bombas de efluxo de xenobidticos e
metabolicos. Dentre estes transportadores estdo: ABCB1 (P-glicoproteina, MDR-1), ABCC2
(MRP2) e ABCG2, que utilizam ATP para mover substratos através das membranas
(HAUFROID, 2011). Estas proteinas sdo essenciais para a absor¢cdo de drogas,
biodisponibilidade, eficécia, toxicidade e depuracdo (SISSUNG et al., 2014), e polimorfismos
nestes genes podem ter impacto na farmacocinética de drogas, podendo ter importantes
implicacdes clinicas principalmente em drogas com estreita janela terapéutica (HAUFROID,
2011).

Os membros desta familia de transportadores estdo envolvidos na distribuicdo e

eliminacdo de algumas drogas imunossupressoras. Assim, polimorfismos nestes genes podem
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contribuir para a variabilidade interindividual na farmacocinética e resposta do medicamento
imunossupressor MMF, podendo desencadear o processo de rejeicdo (SHUKER et al., 2012).

O gene ABCBL1(ATP-binding cassette, sub-family B (MDR/TAP), member 1) codifica
uma P-glicoproteina que atua como transportador transmembrana presente no figado, rim e
intestino. Este transportador foi descrito pela primeira vez em células tumorais resistentes a
varias drogas antineoplasicas, por isso ficou conhecido como proteina de resisténcia a
maultiplas drogas (MDR-1) (HAUFROID, 2011).

O nivel de expressdo e funcdo destas P-glicoproteinas afeta diretamente a
concentracdo plasmatica de drogas e assim determina a resposta terapéutica (KROETZ et al.,
2003). Os imunossupressores CNIs sdo substratos do transportador ABCBL1 e a variabilidade
na absorcdo e eliminacdo destes imunossupressores podem ser atribuidas a quantidade e
atividade deste transportador no intestino (GRINYO et al., 2008).

Sao conhecidas 48 variantes polimdrficas neste gene, sendo as variantes rs1128503
(C1236T), rs1045642 (C3435T) e rs2032582 (G2677T/A) as mais estudadas e as unicas que
possuem alta frequéncia alélica e estdo presentes em exdns. As duas primeiras resultam de
mutagdes sinénimas enquanto a ultima ¢ uma mutagdo “missense” devido a substitui¢ao do
aminoacido 899 Ala>Ser/Thr (KROETZ et al., 2003). Estas trés variantes encontram-se em
forte desequilibrio de ligacéo e foi proposto que prejudicam a expressdo do gene resultando
na menor atividade da bomba de efluxo ABCB1, diminuindo a capacidade de expulsar a
droga dos enterdcitos e elevam a concentragio plasmatica dos CNI (SANCHEZ-LAZARO et
al., 2015).

Analise da expressdo génica em amostra de figado humano revelou que a presenca
do polimorfismo rs1045642 (3435T) resulta em significativa diminuigdo da expressdo do gene
ABCBL1. Isso ocorre porque este SNP afeta a estabilidade do mRNA que é degradado mais
rapidamente apds sua sintese (WANG et al., 2005).

Griny6 et al. (2008) encontraram associacdo entre a incidéncia de rejeicdo em
pacientes transplantados renais e os polimorfismos rs1128503 (T/T OR = 3,9 p = 0,009),
rs2032582 (T/T OR = 4,19 p = 0,003) e rs1045642 (T/T OR = 4,19 p = 0,0099). Porém,
quando o modelo foi ajustado com a interacdo do tratamento, apenas o polimorfismo
rs2032582 continuou associado com os episddios de rejeicdo, sendo o alelo T associado a uma
chance trés vezes maior de desenvolvimento de rejeicdo aguda (OR = 3,16 p = 0,003).

Garcia et al. (2013) ndo encontraram associagdo entre os polimorfismos rs1128503,
rs2032582 e rs1045642 e episodios de rejeicdo ou a farmacocinética da ciclosporina em 68

pacientes transplantados renais. Porém, quando os dados foram reanalisados em pacientes que
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ndo expressam o gene CYP3A5 (CYP3A5*3/*3) estes autores observaram que pacientes
homozigotos T/T para o rs1045642 tinham menor concentracdo plasmatica de CsA que 0s
carregadores do gendtipo CC.

O gene ABCC2 (ATP-binding cassette, sub-family C (CFTR/MRP), member 2)
também codifica um transportador de membrana MRP2 que pertence a familia de proteinas de
resisténcia a multiplos farmacos e esta envolvida no transporte de substancias para fora da
célula. Este transportador é encontrado principalmente no figado e em quantidades menores
no rim e intestino (KEPPLER, 2014).

Este transportador participa da metabolizacdo da forma ativa do imunossupressor
MMF, o MPA, que € glucuronidado pelas UGTs para a formacdo do metabdlito
farmacologicamente inativo, MPAG. Este é excretado pela bile através da proteina de
resisténcia a multidroga 2 (ABCC2) (NAESENS et al., 2006), mas parte deste MPAG
participa da recirculacdo entero-hepéatica, sendo novamente convertido em MPA no trato
gastrointestinal (Figura 6) (BULLINGHAM; NICHOLLS; KAMM, 1998).

Trabalho realizado por Naesens et al. (2006) avaliou sete polimorfismos do gene
ABCC2 em 95 pacientes transplantados renais que faziam uso dos medicamentos MMF,
tacrolimo e corticoides. Estes autores observaram que os polimorfismos em desequilibrio de
ligacdo rs3740066 (3972C/T) e rs717620 (-24C/T) foram associados ao aumento da
concentracdo plasmatica do MPA, pois contribuem para a recirculagéo entero-hepatica. Sendo
0s genotipos T/C e T/T do polimorfismo rs717620 associados com melhor prognoéstico em
pacientes transplantados cardiacos (BURCKART et al., 2014).

Ogasawara et al. (2013) demonstraram que o polimorfismo rs2273697 (1249G/A) do
gene ABCC2 também influenciou na farmacocinética do tacrolimo. Estes autores observaram
que pacientes transplantados renais que possuem a variante alélica 1249 G>A, em
homozigose ou heterozigose, atingiram concentracGes plasmaticas de tacrolimo 1,4 vezes
menor no tempo 0 (pré-dose) e concentracdo de 1,59 vezes menor duas horas apds a
administracao da dose.

O gene ABCG2 (ATP-binding cassette transporter BCRP/MXR1/ABCP) também
confere resisténcia a drogas anticancer, e codifica uma proteina com funcao de transportador
de efluxo expressa no epitélio do intestino delgado e no figado, desempenhando importante
papel na regulagéo da absorcdo de xenobioticos (TAMURA et al., 2007).

Dentre os mais de 80 polimorfismos ja identificados neste gene, o polimorfismo de
relevancia clinica rs2231142 (421C>A), resulta na mudanca de aminoacido lisina por

glutamina no codon 141, exon 5, expressando metade da quantidade de proteina produzida em
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relacdo ao gendtipo prevalente (TAMURA et al., 2007). Alem disso, este polimorfismo afeta
a estabilidade da proteina ABCG2 no reticulo endoplasmatico aumentando a suscetibilidade a
degradacdo mediada por ubiquitina proteossémica (FURUKAWA et al., 2009).

Outro gene que expressa um importante transportador € o SLCO1B1 (membro 1B1
da familia de transportadores de anions organicos portadores de solutos) que codifica o
transportador OATP1B1 expresso na membrana basolateral dos hepatdcitos, que facilita a
absorcdo de varios medicamentos, sendo importante para a depuracdo hepatica. O
polimorfismo rs4149056 (521T>C), também chamado de SLCO1B1*5, resulta em uma
mutacdo missense (Vall74Ala) que prejudica a atividade deste transportador, aumentando as
concentracfes plasmaticas destes medicamentos devido a sua eliminacdo prejudicada
(NIEMI, 2007).

Estudo realizado por Michelon et al. (2010) avaliou a influéncia de polimorfismos de
genes do metabolismo sobre a resposta ao MMF em 218 pacientes transplantados renais,
quanto a incidéncia de efeitos adversos e episodios de rejeicdo no primeiro ano de transplante.
A variante SLCO1B1*5 foi a Unica que demonstrou associacdo com os efeitos adversos;
pacientes que possuiam o alelo prevalente (521T ou *1a) apresentaram mais efeitos adversos
em comparagdo com os portadores da variante (571C ou *5). Experimentos in vitro realizados
por estes mesmos autores indicaram que o0 MPA néo é um substrato de OATP1B1, sendo que
os portadores do alelo SLCO1B1*5 tém maior absor¢cdo hepatica de MPAG e ACMPAG,

levando a uma reduzida reciclagem de MPA.

2.2.4  Genes de Reparo

O sistema de reparo auxilia na manutencdo da integridade e estabilidade do genoma,
removendo lesGes do material genético causadas por fatores externos (exposi¢do ambiental) e
fatores internos (atividade metabolica). Esses sistemas eventualmente falham e algumas
lesbes podem causar mutacdes, que podem desencadear o desenvolvimento de cancer
(GOODE; ULRICH; POTTER, 2002; AGNEZ-LIMA et al., 2003). Entre os mecanismos de
reparo por excisao encontram-se 0s reparos por excisdo de bases (BER) e por excisdo de
nucleotideos (NER) (Figura 7).
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Figura 7: Vias de reparo por excisdo de bases (BER) e de nucleotideo (NER). Fonte:
Modificado de LANGE; TAKATA; WOOD, 2011.

BER é o tipo de reparo mais frequente no material genético, caracterizado pela
excisdo de uma Unica base lesada. A leséo é reconhecida pelas enzimas DNA glicosilases que
promovem a hidroélise da ligacdo N-glicosil que liga a base ao esqueleto de fosfato-agucar do
DNA, resultando em um sitio abasico (sitio AP) reconhecido pela endonuclease APE1. Esta
enzima cliva regifes adjacentes ao sitio AP pela quebra da ligagdo fosfodiester, e a lacuna
formada é preenchida pela acdo das enzimas DNA polimerase e ligase (COOPER;
HAUSMAN, 2007). Defeitos no mecanismo de reparo por BER estdo relacionados com risco
de cancer em idades precoses (KARAHALIL; BOHR; WILSON, 2012).

O SNP rs1130409 presente no gene APEL (apurinico/apirimidinico endonuclease | —
também conhecido como HAP1 e REF-1) resulta na substituicdo do aminoacido acido
aspartico por acido glutdmico (Aspl48Glu) no exdn 5 e pode estar associada com
hipersensibilidade a radiacdo ionizante e risco de cancer (KARAHALIL; BOHR; WILSON,
2012).

Outra importante proteina que atua nesta via de reparo é a XRCC1 (X-ray Cross
Complementing Groupl), que age como arcabouco para alocar diversas enzimas como DNA-
polimerase B que remove os residuos de fosfato 5’-desoxirribose deixados pela enzima APE1
e DNA-ligase 1l que fecha a fita de DNA recém reparada. Uma variante genética comum do
gene XRCC1 é o SNP rs25487 (1196A>G) que resulta na substituicdo de uma arginina por

uma glutamina (Arg399GIn), variante esta que pode alterar a funcdo da proteina e,
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consequentemente, a capacidade de reparo, resultando na instabilidade genética
(KARAHALIL; BOHR; WILSON, 2012).

O reparo por NER identifica uma maior quantidade de bases lesadas que causam a
distor¢do da molécula de DNA. O dano ao DNA ¢ identificado pelo complexo XPC/hHR23B,
que desencadeia o recrutamento de proteinas helicases XPA e XPD para o local da lesdo.
Estas proteinas desenrolam o DNA em aproximadamente 30 pb em torno do sitio com o dano
e entdo o complexo XPF/ERCCL1 de endonucleases é recrutado para o local, removendo a
lesdo. A lacuna resultante € preenchida por DNA polimerase, empregando a fita intacta como
molde, e selada pela proteina ligase (COOPER; HAUSMAN, 2007).

Pacientes que apresentam deficiéncia nesta via de reparo sdo portadores de sindrome
xeroderma pigmentoso (XP), e as células destes individuos apresentam altas taxas de mutagédo
quando irradiadas com luz UV. Assim, os portadores de XP apresentam alta frequéncia de
tumores de pele em regides expostas a luz solar, degeneracdo neuroldgica progressiva e
envelhecimento precose (AGNEZ-LIMA et al., 2003).

O SNP rs1800975 do gene XPA (xeroderma pigmentoso, grupo A) esta localizado
préximo do cédon de iniciacdo e a presenca deste SNP afeta a capacidade de NER,
aumentando o risco de cancer de pulméo, carcinoma de células escamosas (LOU et al., 2014)
e cancer de mama (HAN et al., 2012).

O gene ERCC1 (excision repair cross complementation Group 1), por desempenhar
papel essencial no reparo NER, quando produz a proteina alterada pode ter um papel
importante na carcinogénese. O SNP rs3212986 (8092 C>A) neste gene tem sido amplamente
estudado. Chen et al. (2000) observaram associacdo entre este SNP com o risco de tumores
cerebrais, sugerindo que este SNP pode alterar a estabilidade transcricional deste gene. Xue et
al. (2015) demonstraram que pacientes com cancer gastrico (n=410) portadores do genétipo
raro A/A para o polimorfismo rs3212986 apresentaram taxa de sobrevivéncia 6 vezes maior
do que os pacientes portadores do genoétipo C/C. Estes autores sugeriram que este SNP pode
estar influenciando a resposta a quimioterapia e a evolucdo clinica do cancer géstrico.

Outra proteina de reparo que tem importante papel na manutencgéo da integridade do
genoma é a enzima O°-metilguanina-DNA-metiltransferase (MGMT), que participa da via
direta de remocdo de dano, removendo lesdes causadas pelos agentes alquilantes (KAINA et
al., 2007). O reparo das lesdes OP-alquilguanina (adicdo do grupo alquila ao oxigénio na
posicdo 6 da guanina no DNA) é fundamental para a célula, pois esta lesdo leva ao
pareamento incorreto das bases durante a replicagdo do DNA, resultando em mutacao do tipo

transicdo G:C para A:T podendo afetar genes importantes para a manutencdo da estabilidade
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do DNA (JACINTO; ESTELLER, 2007).

A reparacdo destas lesdes resulta de uma reacdo que transfere o grupo alquil do
oxigénio da guanina para um residuo de cisteina na regido catalitica da proteina MGMT,
restaurando o DNA e inativando MGMT, que sofre ubiquitinizacdo. Como a proteina MGMT
pode reparar apenas uma lesdo, a capacidade da célula em remover estas lesGes depende do
numero total de moléculas MGMT na célula e da taxa de sintese de novas proteinas (KAINA
et al., 2007). Assim, se a quantidade de proteina presente na célula for diminuida, as lesdes
OP-alquilguanina podem acumular-se, originarem mutacdes e levarem ao surgimento de
cancer.

A quantidade da proteina MGMT encontrada em alguns tumores humanos é menor
do que a quantidade presente em tecidos normais. Esta diminuicdo da expressdo esta
relacionada com o silenciamento do promotor deste gene por hipermetilacdo, resultando na
falta de expressdao do mRNA. A inativacdo do MGMT foi associada com gliomas, linfomas,
cancer de colon, pulméo, cabeca e pescoco (ESTELLER et al., 1999).

Polimorfismos presentes neste gene podem afetar a capacidade de reparo do DNA, e
assim influenciar na suscetibilidade individual ao cancer. Kaur et al. (2000) observaram
associacdo entre 0 SNP rs2308321 e o aumento no risco de cancer de pulmao (OR=2,1). Este
SNP rs2308321 resulta na substituicdo de uma isoleucina por uma valina na posicdo 143, nas
proximidades do sitio catalitico da proteina MGMT e pode inativar ou diminuir a atividade da
proteina (CRONE; PEGG, 1993).

2.3 TESTES DE GENOTOXICIDADE E MUTAGENICIDADE

Um dos passos cruciais para o desenvolvimento do cancer e outras doencgas cronicas
¢ a inducdo e acumulo de danos genéticos, resultando na instabilidade genémica
(STRATTON; CAMPBLELL; FUTREAL, 2009). Na literatura sdo encontrados poucos
estudos que avaliaram a instabilidade em pacientes transplantados submetidos a diferentes
terapias imunossupressoras (OLIVEIRA; ZANKL; RATH, 2004; OZTURK et al., 2008;
RATH; OLIVEIRA-FRICK, 2009; LA MANNA et al., 2011), mesmo sabendo que as
neoplasias malignas estdo entre as complicacdes mais frequentes apos longos periodos de
exposicdo a medicamentos imunossupressores e representam uma das principais causas de
morte de pacientes transplantados (CHAPMAN; WEBSTER; WONG, 2013). Entre os fatores
de risco para o cancer destacam-se o0 tempo apds o transplante, infec¢bes por virus e aumento
da idade do paciente (STALLONE; INFANTE; GRANDALIANO, 2015).

Para a avaliacdo do risco de cancer, danos genotoxicos e mutagénicos podem ser
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avaliados, respectivamente, pelos ensaios do cometa e micronlcleo e estes podem ser
realizados concomitantemente a fim de avaliar in vivo dois parametros distintos da
genotoxicidade individual (KANG et al., 2013). Estes ensaios sdo amplamente utilizados no
biomonitoramento humano, por serem rapidos e sensiveis, sendo muito adequados para a
avaliacdo de danos ao DNA em populacGes expostas a agentes quimicos (FENECH, 2007;
COLLINS et al., 2014).

O ensaio do cometa pode contribuir para a determinacdo de “dosagem e efeito
bioldgico”, sendo um indicador precoce do risco a saide (COLLINS et al., 2014). La Manna
et al. (2011) utilizaram o ensaio do cometa para avaliar linfocitos de 30 pacientes
transplantados renais em diferentes tempos apds o transplante (2 dias, 1 més e 6 meses) e
observaram uma significativa reducéo na fragmentacdo do DNA ap06s 6 meses de transplante.
Aykanat et al. (2011) utilizaram 0 mesmo ensaio para comparar 3 grupos de criangas com
doenca renal crénica, pré-dialise (N = 17), hemodialise (N = 15) e transplantadas (N = 17),
ndo sendo observada diferenca significativa na fragmentacdo do DNA entre 0s grupos
avaliados.

O ensaio do micronucleo com blogueio de citocinese (CBMN-cyt) estd bem
estabelecido e detecta perdas de fragmentos cromossémicos ou cromossomos inteiros que
resultam em instabilidade cromossémica, tendo sido proposto como um marcador promissor
para o estudo do cancer (KANG et al., 2013).

Utilizando o ensaio CBMN-cyt em linfocitos periféricos de pacientes transplantados
renais, Oliveira, Zankl e Rath (2004) observaram maior frequéncia de células binucleadas
micronucleadas e menor indice de divisdo celular nos pacientes transplantados (n = 14) em
comparagdo com controles saudaveis. Rath e Oliveira-Frick (2009) também observaram
reducdo na capacidade de proliferacdo dos linfocitos, sendo que dos 79 pacientes avaliados
apos 2-3 semanas de imunossupressdo, foi possivel realizar a analise de apenas 36 pacientes
devido a baixa quantidade de células binucleadas. Estes autores ndo observaram diferenca na
guantidade de danos mutagénicos entre os pacientes que faziam uso de diferentes
medicamentos imunossupressores ou entre 0s que apresentaram episodios de rejeicdo e 0s que
nao apresentaram.

Trabalho realizado por Speit (2013) questiona a realizacdo do ensaio do micronucleo
com bloqueio da citocinese utilizando citocalasina B em cultura de linfocitos humanos como
uma ferramenta sensivel para detectar efeito mutagénico em populagdes ocupacionalmente
expostas, pelo fato dos micronucleos (MNs) avaliados nas células binucleadas serem

formados em sua maioria in vitro durante a cultura. Assim, os MNs produzidos como
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resultado de dano ao DNA in vivo, durante a divisdo dos linfocitos na médula 0ssea ou nos
linfonodos, ndo contribuem substancialmente para a frequéncia de MNs observada em células
binucleadas. Essa falta de sensibilidade neste ensaio, segundo Speit (2013), decorre do fato da
citocalasina B ser adicionada a cultura relativamente tarde, fazendo com que nem todas as
células binucleadas analisadas representem células que sofreram apenas uma diviséo celular.
Outro agravante de se analisar células binucleadas ap6s cultivo ex vivo por tempos maiores do
gue um ciclo celular é que as células danificadas podem ser eliminadas durante a cultura por
apoptose ou reparadas antes da diviséo, na presenca da citocalasina.

Para a avaliacdo do MN ja presente nos linfdcitos in vivo, a cultura ndo pode ser
realizada por longos periodos de tempo, garantindo que as células ndo se dividam in vitro.
Para isso € indicada a estimulacdo das células por 24 horas com fitohemaglutinina (FENECH,
2007; SPEIT, 2013).

A prevencdo das neoplasias ap6s o transplante € realizada por meio do rastreio do
cancer, mas nao existem estudos sobre a abordagem especifica para o rastreio da populagédo
transplantada. Assim, devem ser adotadas com maior frequéncia triagens individualizadas
com base no risco individual, sendo sugerida a realizacdo de exames de rastreio como
mamografia, endoscopia, exames de prostata, ultrassonografias, entre outros, além de
consultas periodicas com dermatologista (STALLONE; INFANTE; GRANDALIANO, 2015).
No entanto, na préatica clinica ndo séo realizados ensaios para a detec¢do de possivel indugdo
de danos no material genético e consequente aumento da suscetibilidade ao desenvolvimento

de cancer.
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3 OBJETIVOS

3.1 OBJETIVO GERAL:

Avaliar, em pacientes transplantados renais, variantes polimorficas em genes do
biometabolismo, resposta imune e reparo, a fim de estabelecer marcadores moleculares para
0s processos de rejeicdo e desenvolvimento de cancer e analisar a possivel indugdo de

instabilidade genética promovida pelo uso prolongado de imunossupressores.

3.2 OBJETIVOS ESPECIFICOS:
ARTIGO |
a) Avaliar e comparar a incidéncia de danos genotoxicos e mutagénicos em linfocitos
do sangue periférico de pacientes transplantados renais e de controles saudaveis;
b) Verificar a associacdo entre 0s danos genotoxicos e mutagénicos observados nos

pacientes com o tempo apos transplante e com a fungéo renal.

ARTIGO I
c) Determinar as frequéncias genotipicas dos genes envolvidos na metabolizacdo de
drogas imunossupressoras (CYP3A4, CYP3AS5, CYP2E1, POR, UGT2B7, UGT1A9, IMPDH1,
IMPDH2, CES1 e CES2), de bomba de efluxo de drogas (ABCC2, ABCB1, ABCG2 e
SLCO1BL1) e na resposta imune (CCR5, TNF-a, IRF-5, TGFf, NFAT, NFKBIA, IL-23R, IL-10
e IL-2), em pacientes transplantados renais que apresentaram ou ndo episddios de rejeigéo;
d) Selecionar os genes que na genotipagem dos pacientes apresentarem associagao

com o processo de rejeicao e analisa-los quanto a expressao dos respectivos mRNAs.

ARTIGO Il
e) Associar SNPs relacionados com a farmacocinética do MMF em pacientes que

fazem uso deste medicamento com episodio de rejeicao.

ARTIGO VI
f) Analisar se 0s SNPs em genes do metabolismo e transporte de drogas interferem
na farmacocinética do imunossupressor tacrolimo durante os trés primeiros meses do

transplante.
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ARTIGOV
g) Verificar a possivel associacédo entre 0s SNPs em genes de reparo (ERCC1, APE1,
XPA, XRCC1 e MGMT) e em genes do sistema imune (IL-23R, IL-2, IL-10 e TGF-f) com a
incidéncia de cancer em pacientes transplantados renais comparados com controles livre de

neoplasias.
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Immunosuppressive therapy can prevent rejection after organ transplantation. However, increased can-
cer risk is a serious complication among patients undergoing such therapy. We have evaluated whether
prolonged use of immunosuppressive drugs is genotoxic. DNA instability was assessed, using the comet
and micronucleus assays, in blood lymphocytes of 76 kidney transplant patients. DNA damage detected
by the comet assay increased with time after transplantation. The estimated glomerular filtration rate
of the patients did not influence the incidence of DNA damage. No association between micronucle-
ated mononucleated cells and time elapsed after transplantation was observed. Our results suggest that
prolonged use of immunosuppressive drugs in kidney transplant patients can induce genetic instability.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

End Stage Renal Disease (ESRD) patients may be treated by
dialysis or undergo transplantation. Kidney transplantation is con-
sidered the best therapeutic option for those ESRD patients who
are able to receive it, as it results in higher survival rates and better
quality of life [ 1]. After kidney transplantation, patients need to take
immunosuppressive medications indefinitely, to prevent immune
rejection of the graft. Usually, these drugs have high pharmacoki-
netic ranges but narrow therapeutic indices [2]. In general, two or
three immunosuppressive medications are used in combination, to
minimize the risk of organ rejection [3].

Long-term use of immunosuppressive drugs is associated with
severe adverse effects, such as nephrotoxicity, neurotoxicity, gas-
trointestinal disturbances, increased cholesterol and triglyceride
levels, insulin resistance, and diabetes mellitus [4]. Among adverse
effects, the development of cancer is a major cause of morbidity

* Corresponding author at: Departamento de Biologia Geral, Centro de Ciéncias
Biologicas, Universidade Estadual de Londrina, Rodovia Celso Garcia Cid Km 380
CEP: B6057 970, Londrina, Parana, Brazil.

E-mail address: hlc_heloisa@yahoo.com.br (H. Lizotti Cilido).

http://dx.doi.org/10.1016/j.mrgentox.2016.07.001
1383-5718/© 2016 Elsevier B.V. All rights reserved.

and mortality [5,6]. Apel et al. [7], examining the incidence of can-
cer in a group of 1882 German kidney transplant recipients with
post-transplant times ranging 0.4-25.5 y, observed an overall inci-
dence of 13.7%, and a risk of malignant non-skin tumors 12.1 times
higher than that expected in the general population.

The long-term care of kidney transplant patients, therefore,
involves a delicate balance: avoiding graft rejection, without caus-
ing excessive immunosuppression or increasing the incidence of
nephrotoxicity by calcineurin inhibitors. The estimated glomerular
filtration rate (eGFR), from serum creatinine, provides an adequate
tool to evaluate the function of the graft, and is used routinely in
clinical transplantation [2]. Monitoring the plasma concentrations
of some immunosuppressive drugs is also commonly performed,
in an attempt to minimize their adverse effects by adjusting the
doses. However, there are no routine tests to evaluate DNA damage
in transplant patients.

Some studies have assessed the mutagenic effects of immuno-
suppressive drugs in lymphocytes in vitro, using the sister-
chromatid exchange [9,10], micronucleus (MN), nuclear division
index (NDI) [10-12], and comet assays [12]. In general, these
studies have demonstrated that high concentrations of immuno-
suppressive drugs can induce DNA damage. Moreover, in vivo
studies in patients after short post-transplant periods revealed that
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the lymphocytes showed an increased incidence of sister chro-
matid exchanges in patients that received cyclosporine [13] and
an increase in MN frequencies and a reduction in NDI after trans-
plantation [14].

The advantage of using assays that allow monitoring of DNA
stability is the prediction of the risk of cancer development
and other adverse health effects induced by exposure to these
immunosuppressants. Among the assays widely used for human
biomonitoring, the comet assay has high sensitivity, requires small
numbers of cells, and is inexpensive and quick [ 15]. The test can be
performed concurrently with the MN assay, which evaluates muta-
genic damage resulting from loss of acentric fragments or whole
chromosomes [16].

According to Speit [17], the 24-h time-point after the start of the
culture is ideal for analyzing MN, produced in vivo during division of
lymphocytes in the bone marrow, thymus and lymph nodes. There-
fore, mononucleated lymphocytes present in vivo prior to starting
the culture can be analyzed for the presence of DNA damage [18],
complementing the data obtained by evaluation of binucleated
cells.

The aim of this study was to evaluate whether kidney transplant
recipients exhibit DNA damage caused by immunosuppressive
treatment and whether the degree of damage is associated with
time following transplantation.

2. Materials and methods
2.1. Patients

The experiments were approved by the Ethics Commit-
tee on Human Research of the State University of Londrina,
(CEPJUEL 153/2013 CAAE: 18263413.4.0000.5231). Seventy-six
kidney transplant patients who regularly underwent medical
monitoring at the Kidney Institute of Londrina (Parana State,
Brazil) participated in this study. Written informed consent and
a questionnaire about their lifestyle were obtained from all study
participants. Participants who stated that they consume alcoholic
beverages were considered “drinkers” and those who stated that
they smoke were classified as “smokers”. Additional data, such as
post-transplantation time, rejection episodes, degree of histocom-
patibility with the donor, and occurrence of cancer were obtained
from medical records. Venous blood samples (2 mL) were collected
using EDTA (6%)-coated vacuum tubes (Labor Import, Brazil) and
the coded blood samples were brought to the laboratory (stored on
ice) within 2 h and processed immediately, under identical condi-
tions. Baseline DNA damage was also estimated by MN and comet
assays in 17 healthy individuals (control-group) and whole blood
of three individuals was treated with methyl methanesulfonate
solution (Sigma-Aldrich, CAS: 6627-3, St. Louis, MO, USA) at a final
concentration of 5 x 10-3 M and incubation for 1 hat 37 *Cand used
as positive control in the comet assay.

2.2. eGFR and plasma concentration of tacrolimus

The patients’ eGFR values were calculated from the abridged
Modification of Diet in Renal Disease formula (MDRD-4), modi-
fied by Levey et al. [19]. The transplant patients were clustered
according to eGFR levels; the cutoff value used was 60 mLmin !
per 1.73 m?, because GFR <60mLmin—! per 1.73 m? for at least 3
months is evidence of kidney damage or chronic kidney disease
[8,20]. Patients with eGFR >60 mLmin—' per 1.73 m? were defined
as “better graft function” (BGF) and patients who showed eGFR
<60mLmin-' per 1.73 m? were defined as “worse graft function”
(WGF).

For all patients studied, determination of plasma creatinine lev-
els was obtained from the patient’s record on the same day of blood
collection for mutagenicity assays. Concurrently, assessment of
plasma tacrolimus levels by radioimmunoassay was also obtained
from the 44 patients who were using this drug as part of their
immunosuppressive regimen.

2.3. Comet assay

The alkaline comet assay was performed as described by Singh
et al. [21]. Peripheral blood (20 L) was mixed with low-melting-
point agarose (Gibco, CAS: 9012-36-6, Grand Island, NY; 0.6%
in phosphate-buffered saline — PBS), 120 jLL. This mixture was
applied to microscope slides pre-coated with normal-melting-
point agarose (Life Technologies, Paisley, UK) (1.5% in PBS). Two
slides were made for each patient and respective controls. The
slides were immediately covered with coverslips and the agarose
was allowed to solidify for 30 min at 4 °C. After removal of the cover-
slips, these slides were immersed in ice-cold alkaline lysis solution
(2.5MMNaCl, 100 mM EDTA, 10 mM TRIS, 10% DMSO, 1% Triton-X) pH
10, for 24 h at 4°C. After lysis, the slides were incubated for 20 min
in alkaline buffer (200 mM EDTA, 10N NaOH) pH 13 at 4+, fol-
lowed by electrophoresis (25V; 300mA; 1V/cm) for 20 min in the
same buffer. Then, the slides were neutralized with Tris (0.4 M, pH
7.5) for 15 min, dried, and fixed with absolute alcohol for another
15 min and stored at 4=C until analysis.

Staining was performed with GelRed Nucleic Acid Stain 10000X
(Biotium, Hayward, CA), 45 pL, diluted in 0.1 M Nacl solution to
30X. A total of 300 nucleoids per patient were scored using a fluo-
rescence microscope (Nikon Eclipse, Tokyo, Japan) with excitation
filter 515-560nm and 590 nm emission (barrier) filter, under a
magnification of 400 .

The criteria used for quantification of DNA damage [22] was
visual scoring of the size of the comet tail in comparison to the
nucleoid. The cells were classified into four categories of DNA dam-
age, ranging from no visible migration (class 0, undamaged cells)
to the maximum length comet cells (class 3). The comet score was
calculated according to the formula proposed by Manoharan and
Banerjee [23], multiplying the number of nuclecids observed in
each class (n0, n1, n2 and n3) by the value of the corresponding
class (0, 1, 2, 3) divided by the total number of cells analyzed (N).

2.4. Micronucleus assay in mononucleated cells

The MN assay in mononucleated cells was performed accord-
ing to Speit [17] by using whole blood, 600 uL, in 6 mL RFMI 1640
medium (Gibco, CAS: 31800-014, Grand Island, NY, USA), 2.0gL-!
NaHCO3; (Merck SA Industrias Quimicas, Rio de Janeiro, R], Brazil),
HEPES 25 mM (Sigma-Aldrich, CAS: 7365-45-9, St. Louis, MO, USA),
0.06gL-"! penicillin G (Sigma-Aldrich, CAS: 113-98-4), 0.10gL"!
streptomycin sulfate (Sigma-Aldrich, CAS: 3810-74-0), supple-
mented with 20% fetal bovine serum (Gibco, CAS: 12657-029) and
2% phytohemaglutinin A (Gibco, CAS: 10576-015) to stimulate the
division of lymphocytes. Cells were cultured at 37 °C in a humid-
ified atmosphere containing 5% CO; for 24 h. Cells were collected
by centrifugation and processed further by hypotonic treatment
for 15min in 0.075M KCI at 4°C. Cells were fixed three times in
methanol/acetic acid (3:1). After fixation, the slides were prepared
and stained with 5% Giemsa (CAS: 1.09204.0500, Merck SA Indus-
trias Quimicas) solution in phosphate buffer (0.06 M NaHPO4 and
0.06 M KHz POy, pH 6.8) for 10 min, washed with water and dried.
Analysis under a light microscope (Nikon Eclipse E200, Tokyo,
Japan) with 400 x magnification was carried out to determine the
frequency of micronucleated cells per 1000 mononucleated cells
analyzed per patient.
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Table 1
Demographic characteristics of kidney transplant patients (n=76), parameters analyzed and comparison between BGF and WGF patients.
Characteristics of patients General BGF® WGF! p-value'
N (%) Mean + 5D’ N (%) Mean £ 5D N(x) Mean £ 5D
Age(y) 76 (100) 46413 34(100) 46413 42(100) 45112 0.80
Time after transplantation (y) 76(100) 6.8+58 34 (100) 59446 42 (100) 76+65 0.20
Serum creatinine (mgdL-") 76(100) 1.5+070 34 (100) 1.1+0.18 42 (100) 1.8+037 <0.0010
eGFR(mLmin-' per 1.73m?) 76(100) 58+22 34(100) Ti+14 42 (100) 4212 <0.0010
Comet Score” 76(100) 0.21+0.094 34 (100) 0.20 +£0.080 42 (100) 0.22 +0.11 0.26
MMN© 76(100) 39+25 34 (100) 37421 42 (100) 40+29 0.56
Tacrolimus® (ngmL-") 44(58) 66+3.0 19(56) 6.0+28 25(60) T0+3.2 0.31
Gender 0.20
Men 43(57) - 22 (65) 21 (50)
Women 33(43) - 12(35) - 21 (50) -
Degree of HLA compatibility® 0.30
Deceased unrelated donor 34(45) - 14(41) - 20(48) -
Live HLA-haploidentical 23(30) - 9(27) - 14(33) -
Live HLA-identical 19(25) - 11(32) - g(19) -
Rejection episode(s) (ves) 20(26) - 3(8.8) - 17 (40) - 0.00107
Smoker (ves) 4(5.3) - 2(5.9) - 2(48) - 0.83
Drinker (yes) 10(13) - 1(2.9) - 9(21) - 0.011
Cancer (yes) 5(6.6) - 3(B.8) - 2(4.8) - 0.48
? Glomerular filtration rate; estimated by MDRD.
b Arbitrary units.
¢ Micronucleated cells per 1000.
2 Concentration of tacrolimus.
® Human leukocyte antigen.
! Standard deviation.
2 BGF - better graft function.
" WGF - worse graft function.
i p-values calculated by t-test for independent samples comparing patients BGF and WGF.
" p<0.050.
" p<0.010.
Table 2
Pearson’s correlations (p) between gender, age, time of transplantation, comet score, MN and other covariates.
Gender Age Time after Rejection Degree of Drinker  Smoker Comet Score MM Cancer eGFR
transplant episode(s) HLA com-
patibility
Gender? - —-0.25 —0.074 0041 —0.06 018 0.21 —-0.10 0078 0.018 —0.10
Age® -0.25 - 0.15 0.23" 0.034 —0.072 0.049 0.042 —0.021 -0.16 0.025
Time after transplant®  —0074 015 - 017 0.14 —0.25 0.050 0.20 —0.037 -0.26 ~0.29
Rejection episode(s)  0.041 0.23 -0.17 - 0.11 0.12 -0.0070  -0.031 0.028 0.082 0.48"
Degree of HLA -0.016 0.034 0.14 0.11 - 0.0010 0.015 —0.047 -0.12 -0.337 0.13
compatibility®
Drinker’ 0.18 -0072 025 0.12 0.0010 - 026" -0.15 —-0.036 0054 0.23
Smoker® 0.21 0.045 0.050 —0.0070 0.015 0.26° - -0.16 —0.036 —0.063 —0.040
Comet Score” —0.10 0.042 0.20 —0.031 —0.047 —0.15 —0.16 - 0,028 013 —0.058
MN' 0.078 —0.021 —0.037 0,028 —0.12 —0.036 —0.036 0.028 - 0.0070 -013
Cancer’ 0.018 -0.16 —0.26" 0.082 ~0.337 0.054 —0.063 013 0.0070 - —0.081
eGFR* —-0.10 0.025 -0.29 048~ 0.13 0.23 —0.040 —0.058 —0.13 ~0.081 -
7 Female was taken as reference.
P Years.
© Years.
9 MNon-rejection episodes were taken as reference.
® Human leukocyte antigen compatibility (live HLA-identical donor was taken as reference).
! Mon-drinkers were taken as reference.
2 Mon-smokers were taken as reference.
n

Arbitrary units.

micronucleated cells per 1000,

Absence of cancer was taken as reference.

Estimated glomerular filtration rate (mLmin—' per 1.73 m?).
" p<0.050.

T p<0.010.

o =

2.5. Statistical analysis

Age (y), time since transplantation, serum creatinine (mg dL—!),
eGFR (mLmin~! per 1.73 m?), plasma concentration of tacrolimus
(ng mL~"), micronuclei (micronucleated cells per 1000), and comet
score (arbitrary units) were analyzed as continuous variables; gen-
der (female or male), alcohol consumption (yes or no), smoking
(yes or no), donors (group 1: live HLA identical; group 2: live HLA-

haploidentical and group 3: deceased donor), rejection episodes
(yes or no), and cancer (yes or no) were analyzed as categorical
variables. Time after transplantation was In-transformed due to the
skewed distribution.

Independent-samples Student’s t-test was performed to com-
pare the comet score means and MN frequencies between the
patients with BCF and WCF and between patients with 0-5 y of
transplant and patients with »5 y. Comparison of the group of
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Table 3
Comet score and micronucleus frequency in patients with 0-5 y post-transplant
or>5 y and controls.

Group Number of Comet score MN
individuals

Megative 17 0.11 £+ 0.050° 176+ 1.257

controls

Positive 3 1.28 £ 0.267 -

control

(MMS

5x 1077 M)

Transplant patients

0-5y 39 0.19 £+ 0.088° 428 +2.96°F

*5y 37 023 £ 0.097°¢ 343 £1.92%

Total 76 0.21 £ 0.090°¢ 387 £253°

Values followed by the same letter do not differ significantly from each other at 5%
significance by ANOVA followed by Tukey’s test.

patients with different duration of transplant and the control group
was performed using ANOVA followed by Tukey's test.

Parametric correlations (Pearson) were performed in order to
examine the associations between age, time after transplanta-
tion, eGFR, micronuclei frequencies, comet score, gender, alcohol
consumption, smoking, donor categories, rejection episodes, and
cancer.

Univariate and multivariable linear regression models were
used to evaluate the association between micronuclei frequency,
comet score and time after transplantation. The multivariable mod-
els were calculated with all variables that showed p = 0.20(i.e., age,
gender, alcohol consumption, smoking and cancer) obtained from
previous univariate models.

Results were assumed as statistically significant for a value of
p <0.050. Analyses were performed using SPSS® 20 Statistics soft-
ware (IBM; Armonk, NY, USA) and models for multivariable analysis
are detailed as footnotes of the respective tables. All analyses were
corrected by the number of each variable.

3. Results
3.1. General characteristics

Table 1 summarizes the characteristics of all individuals
enrolled in the current study. The mean age of patients was 46+ 13
y. and there were more men than women (43 men vs. 33 women).
Time after transplantation ranged from 1 month-28 y and eGFR
ranged from 12.4-110mLmin~! per 1.73m? (58 +22) (Table 1).
Among the donors, there were 19 individuals who were live HLA-
identical, 23 live HLA-haploidentical and 34 deceased. Only 5.3%
and 13% of individuals declared that they consumed alcoholic bev-
erages and had smoking habits, respectively. At the time of data
collection, 5 patients had cancer. Among them, 3 patients presented
with non-melanoma skin cancer and 2 non-skin cancers (utero
cervix and colon cancer). Time elapsed until documentation of the
first post-transplant case ranged from 5 to 13 y (8.4+3.1). Comet
score ranged from 0.060-0.57 and micronucleated cells ranged from

0to 13 per 1000 analyzed cells (not presented in Table 1). The con-
trol group was composed of 17 healthy individuals (9 women and
8 men), having a mean age of 48+ 11y.

3.2. Influence of eGFR on DNA damage

To evaluate the influence of eGFR on DNA damage, intra-
group comparisons were performed according to renal function of
patients, divided into BGF and WGF groups. Independent-samples
t-test of comet score and MN between the BGF and WGF groups did
not show any significant difference (p=0.26 and p=0.56, respec-
tively) (Table 1).

3.3. Correlation analyses

Results from Pearson's correlations are presented in Table 2.
Positive correlations were observed between age and rejection
episodes (p=0.23; p<0.050), alcohol consumption and smok-
ing habits (p=0.26; p<0.050), and rejection episodes and eGFR
(p=10.48; p<0.010); negative associations were seen between time
after transplantation and eGFR (p=—-0.29; p<0.050) and between
time after transplantation and cancer (p=—0.26; p <0.050). No cor-
relations were found between plasma concentration of tacrolimus
and comet score, MN or cancer incidence (data not shown).

3.4. Impact of time after transplantation on comet formation and
MN

Both the MN and comet assays indicated that kidney transplant
patients exhibited more DNA damage than healthy individuals.
No statistically significant difference in the MN frequency was
observed by Student's t-test between the group of patients with
0-5 y of transplant and the group with >5 y. However, a tendency
of increasing score in the comet assay (p=0.081) was observed.

Table 4 summarizes the estimates of time after transplantation
obtained from univariate and multivariable regression analyses
on comet score and MN. It can be seen that comet formation is
associated with time after transplant, i.e., longer the time after
transplant, the higher the DNA damage observed (either in uni-
variate (3=0.024; p=0.031) or multivariable models (p=0.025;
p=0.042)). Although an association between MN and time after
transplantation was observed, these results were not statistically
significant and, therefore, further conclusions cannot be drawn.

4. Discussion

In our previous study, high concentrations of tacrolimus and
cyclosporine showed genotoxic (comet assay) and mutagenic (MN
assay) effects on MRC-5 cells in vitro [12]. In vitro studies using
normal human lymphocytes also have shown mutagenic effects of
these drugs. Tacrolimus, mycophenolate mofetil, and cyclosporine
increased the MN frequency [10,11], while sirolimus had lower
mutagenic effects, inducing MN only at higher concentrations [11].

ELll’]II:.iEv‘:riable linear regression parameters for the associations between score and time after transplantation.
Comet score MN
Univariate Multivariable Univariate Multivariable
B P B p B P B P
Time after transplantation® 0.024 0.031 0.025 0.042 —038 020 —0.40 0.19

Unstandardized beta () coefficients for the B1 » time after transplantation (continuous) adjusted. Adjusted models as follow: Score=o+B1 > time after transplanta-
tion+ 2 = age + 33 = gender + B4 « drinker + B5 = smoker + B6 = cancer. MN=ut + B1 = time after transplantation + B2 = age + 33 = gender.

* In-transformed.
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In the present study, we evaluated the impact of long-term
immunosuppressive therapy on DNA of lymphocytes in kidney
transplant patients through the MN assay in mononucleated cells
and the comet assay. The cytokinesis-block micronucleus cytome
assay (CBMN-Cyt) was performed as described by Fenech and Mor-
ley [24]. However, in most of the samples, the lymphocytes did not
proliferate in culture, so it was not possible to obtain binucleated
cells in order to perform the cytological analyses. Rath and Oliveira-
Frick[14] also observed a reduction in the ability of lymphocytes to
proliferate in vitro after three weeks of immunosuppressive ther-
apy, demenstrating that this inhibition of proliferation occurs after
short-term immunosuppressive therapy. In the present study, the
average time of transplant was 6.8 y; thus, the absence of prolifer-
ation of lymphocytes observed in culture may be explained by the
prolonged use of immunosuppressive drugs.

Due to the lack of in vitro lymphocyte proliferation of transplant
patients, we evaluated the MN in mononucleated cells, performing
the assay 24 h after culture initiation. Therefore, all MN present in
mononucleated lymphocytes were formed in vivo and were already
presentin the blood when the sample was taken. Our results did not
show increased frequency of micronucleated mononucleated cells
in relation to the transplantation time, but it should be noted that
these patients were under chronic treatment, where a relatively
constant rate of MN formation is expected. However, the trans-
plant patients presented a significant increase in MN frequency in
mononucleated cells compared to the control group. The loss of
acentric fragments or whole chromosome, as detected by the MN
assay, can potentially lead to a variety of DNA/chromosome con-
tents into the cell. The accumulation of genetic changes may lead
to genetic instability, which may result in cancer [25]. Although the
MN frequency of transplant patients was not correlated with the
cancer episodes, the significant increase in MN frequency observed
in this group when compared with the control group suggest that
the transplant patients have higher probability of developing can-
cer than the general population.

Cakmak-Demircigil et al. [26] assessed MN frequencies in
mononucleated and binucleated cells using the same culture and
observed that the frequency of micronucleated binucleated cells
in hemodialysis and pre-dialysis patients was significantly higher
than in the transplant patients (p < 0.050). The authors also showed
that there was no difference in MN frequencies in mononucleated
cells among this subgroup of patients. The fact that these authors
had examined both cell types in the same slides of CBMN-Cyt, i.e.,
72 h after the start of culture, is contentious. According to Speit
[17], at this time-point of culture it is not possible to distinguish
between MN produced in vivo or in vitro.

This is the first time that DNA damage has been assessed using
the comet assay in peripheral blood of patients living long-term
with a transplant kidney. To minimize the effect of DNA repair pro-
cesses on reversal of DNA damage, the comet assay was performed
in unstimulated cells of whole blood that, according to Bausinger
and Speit [27], have low repair activities. The cell samples were
maintained at approx. 8 “C between collection and processing and
the experiments were always performed within 2 h of blood col-
lection. Therefore, the DNA damage observed in the present study
was already present in the lymphocytes and not due to mis-repair
or mis-replication.

There was no significant difference in MN frequency and comet
score by Student's t-test between the group of patients with
0-5 y duration post-transplantation and =5 y (Table 3), although
the comet score exhibited an upward trend. However, univari-
ate and multivariable regression analyses showed an association
between the time of transplantation and the genotoxic damage in
lymphocytes of kidney transplant patients (Table 4). The DNA frag-
mentation observed in the patient group could reflect reduced cell

viability, less effective repair capacity and a stronger possibility of
development of cancer and graft rejection in these patients.

Two other studies [28,29] have evaluated DNA fragmentation by
the comet assay in transplant patients, although with shorter post-
transplant follow-up and smaller numbers of patients. Aykanat
et al. [28] evaluated basal damage, through the amount of DNA (%)
in the tail of comet in children at different stages of treatment of
chronic kidney disease (CKD), including 17 patients on pre-dialysis,
15 patients on regular hemodialysis, 17 kidney transplant patients
with 22.35 +19.43 months after transplantation and 20 healthy
children. They observed that there was no difference in the basal
DNA damage between the subgroups of CKD, but the basal dam-
age was significantly increased in the CKD group vs. healthy group.
As expected, the results of the present study also showed a higher
amount of DNA damage in the transplant patient group compared
with healthy individuals.

In the present study, no differences in DNA damage were found
between BGFand WGF patients (p=0.26). These results corroborate
the findings of La Manna et al. [29] who used the comet assay in
30 patients and found that kidney transplant patients categorized
as BGF and WGF did not differ in the levels of DNA fragmenta-
tion, 6 months after transplant. However, contrary to our findings,
they observed a significant time-dependent decline in the DNA
fragmentation post-transplantation. This difference is probably a
consequence of different times of evaluation, post-transplantation;
the present study evaluated patients between 1 month and 28 y
post-transplantation, while La Manna et al. [29] evaluated patients
in the early follow-up period (up to 6 months) after transplanta-
tion.In the present study, time after transplant was correlated with
decreased eGFR and increased cancer episodes (p< 0.050) (Table 2).
These data corroborate some studies that have shown an increased
incidence of cancer after long periods of transplantation, probably
due to immunosuppressive treatment [30,31]. Nevertheless, there
was no correlation between the cancer incidence and eGFR, con-
trary to a previous study by Wong et al. [32] in CKD patients, which
found an association between increased cancer incidence and lower
eGFR. The lack of correlation between cancer and eGFR may be due
to the low number of cancer cases in this study.

There was no correlation between the levels of tacrolimus and
the occurrence of cancer (p=0.95). This result is not surprising, as
we were referring only to the tacrolimus levels at the time of geno-
toxicity analysis. Importantly, physicians often adjust the doses of
tacrolimus after transplantation, so that the patients are within the
recommended therapeutic range for each stage of the transplant.

In conclusion, our study shows that with longer time after trans-
plant,eGFR levels were lower and DNA damage was higher, possibly
due to prolonged therapy with immunosuppressive drugs. The
MN and comet results did not correlate with cancer episodes, but
further investigations are needed to test the link between immuno-
suppression and cancer risk.

Despite the association between DNA damage and time post-
transplantation, the sample size of this study does not justify using
the DNA damage score as a marker to identify patients at risk of
cancer in routine clinical practice, over long duration after kidney
transplantation and immunosuppressive therapy.
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Abstract

Despite advances in testing compatibility between donor and recipient, graft rejection remains
a current concern. Single nucleotide polymorphisms (SNP) that codify altered enzymes of
metabolism, drug transport, and the immune system may contribute to graft rejection in
transplant patients. This study examined the association between SNP present in genes of
these processes and occurrence of rejection episodes in 246 kidney transplant patients, 35% of
which were diagnosed with rejection. Genotype-gene expression associations were also
assessed. Peripheral blood samples were used for genotyping of 24 SNP on the following
genes: CYP3A4, CYP3A5, CYP2EL, POR, UGT2B7, UGT1A9, ABCB1, ABCC2, ABCG2,
SLCO1B1, TNF, IL2, IRF5, TGFB1, NFKBIA, IL10, IL23R, NFAT, and CCR5 by real-time
PCR. The analysis of gene expression was performed by RT-qPCR. The association between
rejection episodes and polymorphic variants was assessed using odds ratios. Polymorphisms
rs7662029 (UGT2B7) and rs6714486 (UGT1A9) were associated with occurrence of rejection
episodes, rs7662029 (UGT2B7) exhibited a protective effect (1.85 fold) and rs6714486
(UGT1A9) an increased 1.6 fold increased risk of rejection. Among drug transporter genes,
only rs2231142 (ABCG2) demonstrated an association with a 1.92-fold decrease in the risk of
rejection. The immunological SNP rs10889677 (IL23R) was associated with a 1.9-fold
enhanced risk of graft rejection. Association between genotypes and gene expression was not
detected. Therefore, SNP of UGT2B7, UGT1A9, ABCG2, and IL23R genes may be useful as
candidate markers for screening of risk graft rejection in renal transplant patients. These

markers may improve medical decisions, avoiding adverse effects.
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Introduction

In the absence of contraindications, kidney transplantation is considered the best
option for restoring renal function in patients with advanced chronic kidney disease, not only
for medical, social, and economic perspective, but also to increase survival of these patients
(Wolfe et al., 1999). Following transplantation procedures, patients use immunosuppressive
drugs to reduce the risk of organ rejection such as the triple immunosuppressive regimen
consisting of corticosteroids, tacrolimus, and mycophenolate mofetil (MMF). However,
prolonged use of these drugs triggers adverse effects (Chapman et al., 2005; Burckart and
Amur, 2010), which limit the long-term benefits of transplantation. The adverse effects
influence patients differently owing to inter-individual variability in the response to
Immunosuppressive drugs, a consequence that may arise, among other factors, from the
presence of single nucleotide polymorphisms (SNP) in genes involved in the
pharmacokinetics/ pharmacodynamics of these drugs. These SNP may be associated with
rapid drug clearance, resulting in low plasma chemical concentrations, which initiate rejection
episodes (Elens et al., 2011). In contrast, high concentrations of immunosuppressive drugs
over a long period after transplantation might lead to (i) decline in renal function and/or graft
loss due to nephrotoxicity (Fadili et al.,, 2013); (ii) loss of renal function due to
immunological damage as evidenced by inflammation and antibody-mediated injuries (Ong
and Gaston, 2015), and (iii) development of neoplasia and inflammation (Apel et al., 2013).

Phase | metabolism genes — namely cytochrome P450 (CYPs) and drug-transporting
P-glycoprotein genes (ABCB1) have been reported as the most important genes involved in
the pharmacokinetics/pharmacodynamics of calcineurin inhibitors (Hebert, 1997; MacPhee et
al., 2005) and the immunosuppressant sirolimus (Sattler et al., 1992). Proteins encoded by
UGT2B7 and UGT1A9 phase Il metabolism genes are involved in mycophenolate mofetil
(MMF) metabolism (Picard et al., 2004; Picard and Marquet, 2012), and genes coding for
efflux pumps, such as multidrug resistance protein 2 (ABCC2), breast cancer resistance
protein (BCRP, ABCG2 gene), and organic anion-transporting polypeptide (SLCO1B1), are
responsible for the elimination of the major metabolites of MMF (Miura et al., 2008).
Therefore, the presence of polymorphisms in these genes might affect the availability of the
immunosuppressive drugs and consequently result in a poor correlation between dose, plasma
concentration, and therapeutic response (Hesselink et al., 2003; Zununi-Vahed et al., 2015).

Polymorphisms in genes of the immune system may also influence the occurrence of

graft rejection episodes (Karimi et al., 2014) including cytokines and/or their receptors (such
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as IL2, IL10, TNF, IL23R, and CCR5), growth factors (TGFB1) and regulatory factors (IRF5).
Therefore, SNP may prove to be of therapeutic use as biomarkers to identify appropriate
doses, predict patient tolerance to treatment and risk of graft rejection (Burckart and Amur,
2010), and consequently have potential to be utilized for prognosis and/or diagnosis of graft
rejection episodes.

Taking this into consideration, the aim of this study was to examine the association
between incidence of graft rejection and presence of SNP in phase | (CYP3A4, CYP3AS5,
CYP2E1l, and POR) and phase Il (UGT2B7, UGT1A9) metabolism, drug-transporting
(ABCB1, ABCC2, ABCG2, and SLCO1B1), and immune system genes (TNF, IL2, IRF5,
TGFB1, NFKBIA, IL10, IL23R, NFAT, and CCR5).

Methods

Population studied

A total of 246 renal transplant patients undergoing post-transplant treatment at the
Kidney Institute of Londrina (Londrina, PR, Brazil) were selected. These patients were
classified into two groups, those who had graft rejection episodes (N = 86) and those with
none (N = 160). Graft rejection episodes were confirmed by histological examination of the
graft material obtained through biopsy.

The research protocol was approved by the Ethics Committee for Research in Human
Beings at the State University of Londrina (CEPE/UEL 153/2013 CAAE:
18263413.4.0000.5231). Patients signed a Free and Informed Consent Form, filled a
questionnaire regarding lifestyle and history of environmental exposure, and each individual
received a code. Patients were considered smokers and/or alcoholics when they in an
interview responded to consuming any amount of cigarettes or alcohol. Patients were divided
into two groups: descendant of Caucasian and descendant of Afro/Asian (African (N = 47)
and Asian (N = 2) descendant). Information regarding the transplantation process, such as
immunosuppressive therapy, graft rejection history, and diseases frequently developed after
transplantation, were obtained from medical records of the patients. Peripheral blood samples
(4 ml) were collected intravenously from each patient in vacuum blood collection tubes
(EDTA 6%) (Labor Import, Osasco, Brazil).

Analysis of polymorphic allelic variants
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Genomic DNA was extracted from 200 ul blood, using the mini spin extraction kit
(KASVI, Curitiba, Brazil; code K9-0250), following the manufacturer's recommendations.
DNA samples were quantified using a NanoDrop 2000 spectrophotometer (ThermoScientific,
Waltman, MA, USA).

The genes were selected based upon criteria previously associated with
pharmacokinetics of immunosuppressive drugs (metabolism and drug transport genes) or with
the immune response. Genotyping was performed by real-time PCR in a Quantica
thermocycler (TECHNE, Staffordshire, UK), using TagMan® SNP Genotyping Assays
(Applied Biosystems, Foster City, CA, USA), TagMan Genotyping Master Mix (Applied
Biosystems) (Table 1). Genotyping of the polymorphism rs333 of the CCR5 gene was
performed by conventional Polymerase Chain Reaction (PCR) in a Veriti 96-well
thermocycler (Life Technologies of Brazil Ltda., S&do Paulo, Brazil), using 1.5 mM
deoxynucleotide (dNTP), 30 mM MgCl,, 2.5 uM of each primer, 0.5 U Tag DNA polymerase
in 10X PCR buffer (Invitrogen-Life Technologies, Sdo Paulo, Brazil), and 20 ng genomic
DNA, in a final volume of 15 pl. The primers used were: sense 5' - ACC AGA TCT CAA
AAA GAA - 3" and antisense 5' - CAT GAT GGT GAA GAT AAG CCT CA - 3'; the PCR
conditions were: 94°C for 5 min, 30 cycles consisting of 94°C for 30 sec, 57°C for 30 sec, and
72°C for 30 sec, followed by a final annealing step of 10 min at 72°C. The PCR product had a
different size owing to a 32-bp deletion. The fragment was 225-bp long when the prevalent
allele was present and 193 bp in the presence of the allele with the deletion. Genotypes were
determined by electrophoresis in 10% polyacrylamide gels stained with silver nitrate

(Quimex, Brazil).

Reverse Transcription Quantitative PCR (RT-gPCR)

Total RNA from 58 patients was extracted using TRIzol® Reagent (Ambion,
Carlsbad, CA, USA) and PureLink® Total RNA Blood Kit (Ambion, Carlsbad, CA, USA);
RNA samples were quantified in a Qubit 2.0 Fluorometer using the Qubit RNA HS Assay
(Life Technologies, ref Q32855, Eugene, OR, USA) and its integrity was assessed using the
Agilent 2100 Bioanalyzer RNA 6000 LabChip Kit (Agilent Technologies, Inc., Wilmington,
DE, USA). For each sample, cDNA was synthesized using 500 ng total RNA and
SuperScript® 111 (Applied Biosystems, Foster City, CA, USA), according to the
manufacturer's recommendations. Expression levels of UGT2B7, UGT1A9, ABCG2, and
IL23R were evaluated by RT-qPCR. Predesigned oligonucleotide primers were purchased

from Sigma-Aldrich (KiCqStart® SYBR® Green primers) and real-time thermocycler model
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7900 (Applied Biosystems, USA) was employed. GUSB (fwd:
CCTGCGTCCCACCTAGAATC, rev: ATACGGAGCCCCCTTGTCTG) and PUM1 (fwd:
CACAGACACCACCTCCTTCC, rev: CCATTCGTGAGTCCTCCCAG) genes were selected
as a reference based on geNorm software analysis (http://medgen.ugent.be/~jvdesomp
/genorm/).

Statistical analysis

The continuous variables age (years) and graft survival (years), and the categorical
variables (gender, degree of HLA compatibility, tobacco and alcohol consumption, ancestry,
use of immunosuppressive drugs, development of cancer, diabetes and cardiovascular disease
after transplantation) were compared in groups of patients according to graft rejection
episodes, using the Student's t-test. Univariate logistic regression analysis was performed
associating rejection episodes with each of the variables. Hardy-Weinberg equilibrium and
linkage disequilibrium analysis were performed using HAPLOVIEW version 4.1 (Barrett et
al., 2005). The haplotypes and their frequencies were determined using the Program PHASE
version 2.1 (Stephens and Donnelly, 2003).

Associations between graft rejection episodes, and genotypes and haplotypes were
performed using multivariate logistic regression analysis with SPSS version 20 (IBM,
Armonk, NY, USA), and results presented as odds ratios (OR) with a 95% confidence interval
(CI). The degree of HLA compatibility and ancestry (p < 0.2 in the univariate logistic
regression analysis) were included to adjust the multivariate model. The relative expression of
each gene was performed using the AACt method (Pfaffl, 2001). Association between
transcripts expression levels and different genotypes was performed using the Student’s t-test.

For all statistical tests used the criterion for significance was set at p<0.05.

Results

The main characteristics of the 246 patients included in this study (145 were men and
101 women) are showed in Table 2. Transplant patients displayed a mean age of 48.6 + 12.6
years and duration of transplant ranging from six months to 34 years (10.6 + 8.3 years). The
comparison of these variables showed no significant differences in cases with or without graft

rejection episodes.
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Most grafts were obtained from living donors, 22% from identical living donors,
44.3% from haploidentical living donors, and 33.7% from deceased donors. Most patients
were Caucasian (80.1%), followed by 19.9% Afro or Asian descendant. Eighteen patients
(7.3%) reported being smokers and thirty-five (14.2%) consumed alcohol.

Triple immunosuppressive regimen (corticosteroids, tacrolimus, and MMF) was
reported in 87 patients (35.4%); only two subjects (0.80%) did not use steroids and MMF was
the second immunosuppressant more frequently utilized by individuals (58.5%). Among the
most prevalent diseases presented after transplantation, the development of diabetes (21.5%),
cardiovascular diseases (11.8%), and cancer (10.2%) were predominant (Table 2).

A total of 86 patients (34.9%) displayed graft rejection episodes. Multivariate
regression analysis demonstrated that the degree of human leukocyte antigen (HLA)
compatibility and ancestry are risk factors for graft rejection and therefore data were adjusted
for these variables. Receiving the graft from an HLA-haploidentical living donor or from a
deceased donor resulted in a marked greater than 2-fold increase in graft rejection risk. Afro
or Asian descendant patients also were found to show a significant 2-fold rise in organ
rejection risk.

All examined SNP were in Hardy-Weinberg equilibrium. The multivariate logistic
regression analysis revealed four SNP UGT2B7 (rs7662029), UGT1A9 (rs6714486), ABCG2
(rs2231142), and IL23R (rs10889677) with a significant association with rejection episodes
(Table 3). Protection against organ rejection episodes was observed among carriers of the rare
alleles of either the rs7662029 (UGT2B7) and rs2231142 (ABCG2) SNP. The association of
the genotypes A/A and A/G in the polymorphism rs7662029 represented a significant 1.85-
fold higher protective factor, while genotypes C/A and A/A at SNP rs2231142 resulted in a
1.92-fold marked decrease in rejection risk.

The presence of the polymorphisms rs6714486 (UGT1A9) and rs10889677 (IL23R)
resulted in significant elevated risk of organ rejection, with the association of genotypes T/A
and A/A at SNP rs6714486 showing a 1.6-fold significant rise in risk of rejection, while
subjects with genotypes A/A and A/C at SNP rs10889677 of the IL23R gene displayed a 1.9-
fold higher risk of developing rejection.

Two UGT2B7 polymorphisms were in linkage disequilibrium (D’ = 0.99; r* = 0.97).
Linkage disequilibrium was also observed between three other SNP: rs4646450 (CYP3A5)
and rs776746 (CYP3A5) (D' = 0.92; r* = 0.51); rs4646450 (CYP3A5) and rs4646437
(CYP3A4) (D' = 0.90; 1* = 0.45), and rs4646437 (CYP3A4) and rs776746 (CYP3A5) (D' =
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0.86; r* = 0.68). Using multivariate logistic regression analysis, the presence of these
haplotypes did not show marked association with rejection episodes (data not shown).

ABCG2 and IL23R gene expression analysis demonstrated no marked association with
the SNP mapped in these genes (rs2231142 and rs10889677, respectively) (Figure 1). Due to
the low number of patients with genotype AA (rs10889677), analysis of association between
gene expression and genotype was not performed. Furthermore, no detectable transcripts

levels were found in peripheral blood samples for UGT1A9 and UGT2B7 genes.

Discussion

In our cohort of cases, 34.9% of the patients presented rejection episodes and the
average duration of transplants was 10.6 + 8.3 years. This rejection frequency is higher than
described by Ro et al. (2012) in subjects where mean duration of kidney transplant of about
4.2 years had an organ rejection rate of 20.5% and Karimi et al. (2014) reported 28% rejection
in patients after 3 months of transplant. One of the main risk factors for graft dysfunction and
rejection is the compatibility between donor and recipient in the genes involved in human
leukocyte antigen (HLA). Lack of compatibility reduces the long-term survival of the graft;
therefore, molecular typing of HLA improves clinical outcomes (Tiercy, 2002). In this study
patients who did not receive a graft from a live donor with identical HLA showed a 2-fold
increased risk of graft rejection indicating that HLA compatibility enhancing organ graft
survival.

Data also showed that Afro or Asian descendants patients displayed a higher than 2-
fold risk of developing rejection than Caucasian descendants patients. This corroborates the
findings of Palanisamy et al. (2015), which demonstrated that African-American (AA)
patients displayed an 8% rise in graft loss after 5 years of transplantation compared with non-
AA patients. Palanisamy et al. (2015) also noted that AA patients demonstrated a higher
prevalence of hypertension, diabetes mellitus, acute rejection, delayed graft function, and
elevated incidence of cardiovascular diseases, when compared with non-AA patients. In
contrast, in the present study, a significant difference between incidence of these diseases and
the two ethnic groups examined was not detected (data not shown).

SNP in genes involved in the phase | metabolism analyzed in this study were not
markedly associated with graft rejection episodes. However, SNP in phase Il metabolism

genes (UGT1A9 and UGT2B7) were associated with organ rejection episodes. After oral
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administration, the MMF prodrug is usually hydrolyzed to mycophenolic acid (MPA), its
active metabolite. The immunosuppressive effect of MPA is inactivated by UGT1A9 enzyme
through glucuronidation producing its major metabolite, the mycophenolic acid glucuronide
(MPAG) (Picard et al., 2004). However, MPA is also inactivated by the UGT2B7 enzyme,
generating mycophenolic acyl-glucuronide acid (AcMPAG) (Shipkova et al., 1999). This
metabolite, although produced in lower amounts, may induce pro-inflammatory responses that
subsequently lead to various adverse effects (Wieland et al., 2000).

In this study, it was observed that the association between genotypes (T/A and A/A)
of SNP rs6714486 (UGT1A9) enhanced the risk of graft rejection 1.6-fold. Our results
corroborate those of Van Schaik et al. (2009), which also found a higher risk of rejection in
transplant patients with the same allelic variants. The increased risk of rejection and its
association with the UGT1A9 gene was explained by Girard et al. (2004), who demonstrated
that the polymorphism rs6714486 was associated with a 1.4-fold elevation in hepatic levels of
the protein and a 1.9-fold increase in the glucuronidation of MPA. The enhanced expression
and activity of UGT1A9 enzyme reduced the concentration of MPA and therefore diminished
its immunosuppressive activity (Picard et al., 2004), promoting the initiation of organ
rejection episodes.

Analysis of SNP rs7662029 (UGT2B7 gene) showed that association of A/G and
AJ/A genotypes produced a 1.85-fold greater protection against graft rejection. The effect of
this polymorphism on gene expression has not been elucidated. This polymorphism is in
strong linkage disequilibrium (LD) with the polymorphism rs7438135. According to Hu et al.
(2014), 23 SNP mapped in the UGT2B7 promoter region are in LD. These authors also
observed LD between SNP rs7662029 and rs7438135, and reported that the haplotype
carrying the G allele for the rs7438135 showed a 50% decrease in promoter activity of the
gene and enzyme compared with the haplotype carrying the A allele (wild-type), thus
identifying this polymorphism as functional. In the present study, the association of genotypes
A/G and G/G demonstrated a non-significant trend toward protection, with an elevated 1.69-
fold rise in protection against organ rejection episodes. This finding suggests that the presence
of the G allele may contribute to a lower activity of the enzyme and consequently reduced
inactivation of MPA into ACMPAG, resulting in a lower risk of rejection.

As the rs7662029 polymorphism (genotype AA) is in LD with rs7438135 (genotype
GQG), it is possible that patients with a combination of these genotypes possess lower levels of
enzymatic activity, eliminating immunosuppressive drugs more slowly. Univariate logistic

regression analysis of the haplotypes formed between these two genotypes showed marked
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association with protection against rejection of almost 2-fold. However, multivariate analysis,
which considered the degree of HLA compatibility and ancestry, found no significant
association (data not shown).

MPA metabolites (MPAG and ACMPAG) are eliminated through the bile by drug
efflux transporter proteins ABCC2 and ABCG2 (Kobayashi et al., 2004; Miura et al., 2008).
Subsequently, some metabolites undergo deconjugation by bacteria and are resorbed in the
gastrointestinal tract through enterohepatic recirculation. This occurs in 10-60% of all
MPAG, producing a second peak in MPA drug concentration (Bullingham et al., 1988). In
this study, the association of C/A and A/A genotypes of SNP rs2231142 of the ABCG2 gene
was associated with a 1.92-fold increase in protection against organ rejection episodes. The
presence of this SNP leads to an amino acid change, from lysine to glutamine, at codon 141,
which decreases expression of the protein by 50% compared with the prevalent genotype
(Tamura et al., 2007). Functionally, this SNP affects stability of the ABCG2 protein in the
endoplasmic reticulum and raises susceptibility to ubiquitin-mediated degradation by the
proteasome (Furukawa et al., 2009). Patients with the C/A and A/A genotypes, compared with
those with C/C genotype, demonstrated an elevation in the concentration of plasmatic MPAG
(Miura et al., 2008), possibly as a result of a reduced efflux of MPAG into the bile ducts. This
may account for protective effect in carriers of the rs2231142 minor allele, because reduced
expression of the ABCG2 transporter for rs2231142 is in agreement with findings of Miura et
al., (2008). This study demonstrated for the first time the association between SNP rs2231142
and diminished risk of graft rejection. However, additional studies are required to clarify the
effect of this SNP on pharmacokinetics of immunosuppressive MMF.

Of the 10 immune system genes analyzed in this study, only 1L23 receptor (IL23R)
showed association with graft rejection episodes. This gene is involved in the inflammatory
process mediated by T helper 17 cells and plays an important role in autoimmune
inflammation (Zhou et al., 2013). A study by Tsai et al. (2011) with 422 Chinese renal
transplant patients showed that the C allele of the rs10889677 polymorphism leads to a 1.79-
fold increase in the risk of developing interstitial fibrosis and tubular atrophy in the graft. In
the present study, the association of A/A and A/C genotypes of this SNP resulted in a 1.83-
fold rise in graft rejection risk. Karini et al. (2014) also observed an increase in the incidence
of acute rejection in renal transplant male patients with the A/A genotype.

According Zheng et al. (2012) and Zhou et al. (2013) the presence of the
polymorphic variant A of rs10889677 in the 3'-UTR of the mRNA prevents binding of the

microRNA let-7f and consequently increases transcription of IL23R. On the other hand, the C
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allele enhances the binding affinity of the microRNA let-7f and thus negatively regulates
IL23R expression (Zheng et al, 2012; Zhou et al, 2013). Vanden-Eijnden et al., (2005) found
elevated expression of IL23R and amount of receptors present on the cell surface might assist
in activation of IL23 interleukins, production of interferon-y, and differentiation of T helper 1
cells, leading to increased inflammation and stimulation of pro-inflammatory cytokines levels.
The findings cited above might account for the observed increased risk of rejection shown in
our study.

In conclusion, this study demonstrated an association between SNP rs7662029
(UGT2B7), rs6714486 (UGT1A9), rs2231142 (ABCG2), and rs10889677 (IL23R), and the
incidence of graft rejection episodes in 246 Brazilian kidney transplant patients. Although
transcription studies in cell lines to determine the functionality of SNP were not conducted,
these findings may contribute in the future to be used as candidate markers for screening
kidney transplant patients with higher or lower rejection risk and thus help in medical

management.
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Table 1: Genes evaluated in renal transplant patients, their polymorphisms and type of

mutation that originated them.

Gene SNP_ID  Alternative nomenclature Change Chromgsome
location
CYP3A4 rs35599367  15389C>T (CYP3A4*22) Intron 7922.1
rs4646437 - Intron
CYP3A5 (776746  6986A>G (CYP3A5*3) Intron, splice 79211
acceptor variant
rs4646450 - Intron
CYP2E1 rs3813867 -1295G>C (CYP2E1*5B) Promoter 10924.3
POR rs1057868 (POR*28) Exon (Ala503Val) 7911.2
UGT1A9 rs6714486 -275T>A Promoter 2037
UGT2B7 rs7662029 -327G>A Promoter 4913
rs7438135 -900A>G / -842A>GC Promoter
ABCB1 rs1045642 3435C>T Exon (lle1145lle) 7921.12
ABCC2/MRP2 rs717620 -24C>T Promoter (5’UTR) 10924
rs2273697 1249G>A Exon (lle417Val)
ABCG2/BCRP  rs2231142 421C>A Exon (Lys141GIn) 4922
SLCO1B1 rs4149056 521T>C (SLCO1B1*5) Exon (Vall74Ala) 12p
TNF rs1800629 -308G>A Promoter 6p21.3
TGFB1 rs1800470 29T>C Exon (LeulOPro) 19913.1-13.3
rs1800471 915G>C Exon (Arg25Pro)
IL2 rs2069762 -330G>T Promoter 4026-927
IL10 rs1800872 -592C>A Promoter (5’UTR) 1931-932
IL23R rs10889677 - 3’UTR 1p31.3
IRF5 rs3757385 - Promoter 7032
NFAT rs10141896 NFATC4 Intron 14q11.2
NFKBIA rs696 2758A>G 3’UTR 14913
CCR5 rs333 CCR5A32 Intron deletion 3p21
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Table 2: General and clinical characteristics of kidney transplant patients (246) who
developed and who did not develop rejection episodes.

o General With rejection Without rejection
Characteristics of (n = 246) episode(s) (n = 86) episode(s) (n = 160)
patients
N (%) N (%) N (%)
Gender
Male 145 (58.9) 53 (61.6) 92 (57.5)
Female 101 (41.1) 33 (38.4) 68 (42.5)
Degree of HLA®
compatibility
Live HLA-identical 54 (22.0) 11 (12.8) 43 (26.9)*
Live HLA-
haploidentical 109 (44.3) 39 (45.3) 70 (43.8)
Deceased unrelated
donor 83 (33.7) 36 (41.9) 47 (29.4)
Smoker
Yes 18 (7.30) 5 (5.80) 13 (8.10)
No 228 (92.7) 81 (94.2) 147 (91.9)
Alcoholic
Yes 35(14.2) 13 (15.1) 22 (13.8)
No 211 (85.8) 73 (84.9) 138 (86.2)
Ancestry
Caucasian 197 (80.1) 62 (72.1) 135 (84.4)*
Afro or Asian
descendant 49 (19.9) 24 (27.9) 25 (15.6)
Use of
immunosuppressive
Cyclosporine 47 (19.1) 20 (23.3) 27 (16.9)
Tacrolimus 112 (45.5) 35 (40.7) 77 (48.1)
Sirolimus 16 (6.50) 6 (7.00) 10 (6.30)
AZA® 61 (24.8) 20 (23.3) 41 (25.6)
MMF® 144 (58.5) 49 (57.0) 95 (59.4)
Steroids 244 (99.2) 86 (100) 158 (98.8)
MMF+Tacrolimus
+Steroids 87 (35.4) 24 (27.9) 63 (39.4)
Development of
disease
Cancer 25 (10.2) 7 (8.10) 18 (11.3)
Diabetes 53 (21.5) 19 (22.1) 34 (21.3)
Cardiovascular 29 (11.8) 18 (20.9) 11 (6.90)*
Warts 91 (37.0) 35 (40.7) 56 (35.0)

*HLA — Human Leukocyte Antigen, "AZA — Azathioprine, “MMF — mycophenolate
mofetil; *p<0.05 (Student’s t-test comparing patients with rejection and without

rejection).
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Table 3: Genotypic frequencies of genes CYP3A4, CYP3A5, CYP2E1L, POR, UGT1A9,
UGT2B7, ABCB1, ABCC2, ABCG2, SLCO1B1, TNF, TGFB1, IL2, IL10, IL23R, IRF5,
NFAT, NFKBIA and CCR5 in 246 kidney transplant patients, and the association
between gene polymorphisms and rejection episodes.

With Without
Genes Genotvpes rejection rejection Odds Ratio®
(SNP_ID) yp episode(s) episode(s) (C195%)
n (%) n (%)
CYP3A4 b
(135509367) c/C 81 (94.2) 153 (95.6) Ref.
CIT 5 (5.80) 7 (4.40) 1.5 (0.58-4.0)
CYP3A4
(1s4646437) GIG 54 (62.8) 106 (66.3) Ref.
GIA 25 (29.1) 45 (28.1) 0.95 (0.56-1.6)
A/A 7 (8.10) 9 (5.60) 1.1 (0.41-3.0)
A/G and A/A 32 (37.2) 54 (33.7) 0.98 (0.66-1.4)
CYP3A5
(s776726) GIG 53 (61.6) 102 (63.8) Ref.
AlG 25 (29.1) 49 (30.6) 0.87 (0.47-1.6)
A/A 8 (9.30) 9 (5.60) 1.3 (0.41-4.0)
AJA and A/G 33(38.4) 58 (36.2) 0.92 (0.57-1.5)
CYP3A5
(1s4646450) c/Cc 33 (38.4) 85 (53.1) Ref.
CIT 41 (47.7) 58 (36.2) 1.5 (0.78-3.1)
TIT 12 (13.9) 17 (10.6) 1.6 (0.54-4.7)
C/Tand T/T 53 (61.6) 75 (46.8) 1.6 (0.77-3.2)
CYP2E1
(1$3813867) GIG 77 (89.5) 136 (85.0) Ref.
G/C and C/C 9 (10.5) 24 (15.0) 0.69 (0.24-2.0)
POR
(51057368) c/Cc 42 (48.8) 91 (56.9) Ref.
CIT 36 (41.9) 59 (36.9) 1.4 (0.71-2.7)
TIT 8 (9.30) 10 (6.20) 2.4 (0.72-8.4)

C/T and T/T 44 (51.2) 69 (43.1) 1.5 (0.78-3.0)



UGT1A9
(rs6714486)

UGT2B7
(rs7662029)

UGT2B7
(rs7438135)

ABCB1
(rs1045642)

ABCC2
(rs717620)

ABCC2
(rs2273697)

ABCG2
(rs2231142)

TIT

T/A and A/A

G/G

AlG

AIA

A/A and A/IG

A/A

AlG

G/IG

A/G and G/G

CIC

T/IC

TIT

T/Cand T/T

c/C

CIT

TIT

C/Tand T/T

G/G

AlG

A/A

A/G and A/A

c/C

C/A and A/A

69 (80.2)
17 (19.8)
40 (46.5)
39 (45.4)
7 (8.10)
46 (53.5)
39 (45.3)
39 (45.3)
8 (9.30)
47 (54.6)
34 (39.5)
39 (45.4)
13 (15.1)
52 (60.5)
61 (71.0)
23 (26.7)
2 (2.30)
25 (29.0)
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Figure 1: Relative expression of ABCG2 and IL23R detected by RT-gPCR in different
genotypes of each gene. The transcript expression values are shown in log scale.*: P value <

0.05.
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Abstract

The immunosuppressant mycophenolic acid (MPA), derived from the prodrug mycophenolate
mofetil (MMF), is a drug used widely by kidney transplant recipients. This drug selectively
inhibits inosine monophosphate dehydrogenase that controls the proliferation of lymphocytes,
aiding in the prevention of rejection of the transplanted organ. Polymorphisms in key genes
involved in MMF metabolism may alter the function of the enzymes encoded by them and
contribute to interindividual variability in the response to the drug and its efficacy. The aim of
this study was to investigate the association of nine polymorphic variants of eight genes
involved in MMF pharmacokinetics, with rejection and adverse effects exhibited by kidney
transplant recipients who use this drug. Our sample comprised 145 patients of the average age
46.9 = 12.5 years, who underwent transplantation 7.00 = 5.71 years ago. The combination of
the T/C and C/C genotypes of the polymorphism rs11706052 (IMPDH2) was associated with
a 4.2-fold protection, and the combination of the genotypes A/G and G/G of the
polymorphism rs7438135 (UGT2B7) showed a 2.4-fold protection, against rejection. The T/T
genotype of the polymorphism rs2241409 (CES2) was associated with a 7.2-fold increased
risk of rejection. In the analysis using only patients receiving tacrolimus associated with
MMF and corticoids, the association of T/C and C/C genotypes in the SNP rs11706052
(IMPDHZ2) demonstrated association with protection against rejection of 15.6-fold. Therefore,
these polymorphisms that showed a strong association with rejection episodes should be
considered in future studies as new prognostic markers for rejection in patients treated with
MMF.

Key-words: Renal transplantation, acid mycophenolic, allelic variants, metabolism gene, drug
transporter gene, rejection episodes.
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Introduction

Mycophenolate mofetil (MMF) is a drug widely used as an immunomodulator by
transplant patients [1,2] and patients with autoimmune diseases [3]. MMF is commonly
combined with calcineurin inhibitors and corticoids in kidney transplant recipients, and they
act at different stages of the lymphocyte proliferation pathway, inhibiting lymphocyte
proliferation and preventing organ rejection [4].

MMF is a prodrug, which is hydrolyzed to mycophenolic acid (MPA) after oral
administration (Figure 1). Though this activation of the drug occurs mainly in the liver
catalyzed by the carboxylesterase enzymes, CES1 and CES2, it may also occur in the intestine
and blood through the action of CES2 and acetylcholinesterase, respectively [5,6]. Hence,
polymorphisms in genes responsible for MMF activation may contribute to interindividual
variations and affect the efficacy of this drug.

The immunosuppressive activity of MPA occurs through the inhibition of inosine 5'-
monophosphate dehydrogenase (IMPDH) [6], which leads to a reduction in guanine
nucleotide synthesis that is essential for DNA synthesis. Selective inhibition of T and B
lymphocyte proliferation occurs because lymphocytes, unlike other cell types, are exclusively
dependent on the pathway catalyzed by IMPDH, for guanine nucleotide synthesis [7].

In addition to causing depletion of guanine nucleotides, MPA also induces apoptosis
in activated T lymphocytes, inhibits the formation of antibodies, and the expression of
glycoproteins and adhesion molecules responsible for the recruitment of monocytes and
lymphocytes to sites of inflammation, which occurs during graft rejection [1, 8-9].

IMPDH has two isoforms, IMPDH1 and IMPDHZ2, which are located on chromosomes
7031.3 and 3p21.2, respectively, and show 84% homology [10]. IMPDHL1 is expressed in all
tissues to maintain the basal level of guanine nucleotides, while IMPDH2 is expressed in
activated lymphocytes thus increasing their proliferation [1]. Variations in the activity of these
proteins are observed among patients and can be explained by the presence of genetic
polymorphisms. However, knowledge of the consequences of polymorphisms and their
association with the response to MPA treatment is still scarce [2].

The inactivation of MPA is catalyzed by uridine 5'-diphospho-
glucuronosyltransferases (UGTs). The UGT2B7 enzyme transforms MPA into MPA acyl
glucuronide (AcMPAG) and the enzyme UGT1A9 transforms MPA into MPA glucuronide
(MPAG). These two metabolites are excreted in the urine and bile. Biliary excretion is

performed by multidrug resistance protein 2 (MRP2/ABCC2) and organic anion-transporting
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polypeptides (SLCO1B1) present on the surface of hepatocytes, and a part of the excreted
MPAG undergoes intestinal bacterial deconjugation, returns to its active form, and contributes
to the enterohepatic recirculation of MPA [8, 11-12].

Polymorphisms in genes related to MMF activation (CES1 and CES2), the mechanism
of action (IMPDH1 and IMPDH2), drug transporters (ABCC2 and SLCO1B1), and MPA
inactivation (UGT1A9 and UGT2B7), may affect drug availability and cause interindividual
variations in the efficacy of treatment with MPA. In this study, we selected nine single
nucleotide  polymorphisms  (SNPs) in  genes that are involved in the
pharmacokinetics/pharmacodynamics of MMF to assess whether they contribute to the

incidence of rejection in kidney transplant recipients.

Methods

Population studied

A total of 145 kidney transplant recipients undergoing post-transplant treatment at the
Kidney Institute of Londrina (Londrina, PR, Brazil) and that immunosuppressive therapy
consisted of MMF and corticosteroid combined or not with a calcineurin inhibitor or mTOR
inhibitor were selected. These patients were classified into two groups, those who had graft
rejection episodes (N = 49) and those with none (N = 96). Graft rejection episodes were
confirmed by histopathological examination of the graft material obtained through biopsy.

The research protocol was approved by the Ethics Committee for Research in Human
Beings at the State University of Londrina (CEP/UEL 153/2013 CAAE:
18263413.4.0000.5231). Patients signed a Free and Informed Consent Form, filled a
questionnaire regarding lifestyle and history of environmental exposure. Patients were
considered smokers and/or alcoholics when they in an interview responded to consuming any
amount of cigarettes or alcohol. Peripheral blood samples (1 mL) were collected
intravenously from each patient in vacuum blood collection tubes (EDTA 6%) (Labor Import,
Osasco, Brazil).

Information regarding the transplantation process, such as immunosuppressive
therapy, graft rejection history, and diseases frequently developed after transplantation, were
obtained from medical records of the patients.

Analysis of polymorphic allelic variants
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Genomic DNA was extracted from 200 pL of blood, using the mini spin extraction kit
(KASVI, Curitiba, Brazil; code K9-0250), following the manufacturer's recommendations.
DNA samples were quantified using a NanoDrop 2000 spectrophotometer (ThermoScientific,
Waltman, MA, USA). Genotyping was performed by real-time PCR in a Quantica
thermocycler (TECHNE, Staffordshire, UK), using 0.5 pL TagMan® SNP Genotyping
Assays (Applied Biosystems, Foster City, CA, USA), 5 uL TagMan Genotyping Master Mix
(Applied Biosystems) and 5 ng of genomic DNA. Table 1 shows the genes and their

respective SNPs evaluated.

Statistical analysis

The continuous variables age (years) and time after transplantation (years), and the
categorical variables (gender, degree of HLA compatibility, tobacco and alcohol
consumption, use of immunosuppressive drugs, development of cancer and diabetes after
transplantation) were compared in groups of patients according to graft rejection episodes,
using the Student's t-test.

Associations between graft rejection episodes and genotypes were performed using
multivariate logistic regression analysis with SPSS version 20 (IBM, Armonk, NY, USA),
and results presented as Odds Ratios (OR) with a 95% confidence interval (Cl). The time after
transplantation, alcohol consumption and use of the immunosuppressive tacrolimus and
ciclosporine (p < 0.2 in the univariate logistic regression analysis) were included to adjust the
multivariate model.

Associations between graft rejection episodes and genotypes were performed in
patients receiving ciclosporin (N = 20) or tacrolimus (N = 89) associated with MMF and
corticoids as immunosuppressants. The time after transplantation and alcohol consumption

were included to adjust the multivariate model.

Results

Table 2 shows the general and clinical characteristics of patients who exhibited
(33.8%) and those who did not exhibit (66.2%) rejection. Differences were observed between
the averages of two variables—time after transplantation and alcohol consumption (Student's t
test, p < 0.050).
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Of the nine SNPs evaluated, rs11706052 (IMPDHZ2) and rs7438135 (UGT2B7)
showed a significant association with protection against rejection episodes and rs2241409
(CES2) was associated with an increased risk of rejection (Table 3).

The frequency of the C/C genotype of rs11706052 (IMPDH2) was 1.4%. Since only
two patients were carriers of this genotype, we performed the analysis using the sum of T/C
and C/C genotypes. In the multivariate logistic regression analysis, patients with T/C and C/C
genotypes showed a 4.2-fold increased protection against rejection.

Patients with the G/G and A/G genotypes in rs7438135 (UGT2B7) showed a 2.4-fold
increased protection against rejection. The T/T genotype of rs2241409 (CES2) was associated
with a 7.2-fold increased risk of rejection.

When the analysis was performed among patients receiving cyclosporine or tacrolimus
associated with MMF and corticoids, it was observed association with rejection only between
the association of T/C and C/C genotypes in the SNP rs11706052 (IMPDH2) with a
protection against rejection 15.6-fold (OR = 0.064 (0.009-0.463) p = 0.006), in patients who
take tacrolimus.

The SNPs rs62028647 (CES1), rs2278293 (IMPDH1), rs6714486 (UGT1A9),
rs717620 (ABCC2), rs2273607 (ABCC2), and rs4149056 (SLCO1B1) were not associated

with the risk of graft rejection.

Discussion

In the present study it was observed that renal transplant patients who used any
amount of alcohol had an increase of rejection episodes. According to a review performed by
Parker et al. [13], the alcohol after transplantation is associated with poor medication
compliance and this may increase risk of graft loss. Others authors showed that the intake of
alcohol may induce complications like hypertension [14], that contribute to kidney injure and
consequently with for occurrence of rejection. Patients with more time after transplant also
present increasing in rejection episodes (Table 2); this can be explained by the appearance of
complications such as diabetes, nephrotoxicity caused by immunosuppressive drugs, chronic
allograft dysfunction, infection and cancer; these side effects has significant negative long-
term consequences that may well be worse with the increase of ages [15].

Hydrolysis of MMF is the first step in the pharmacokinetics of this drug, which is

performed primarily by the genes, CES1 and CES2. In this study, no association was observed

82



between the SNP rs62028647 (CES1) and episodes of rejection. However, our results
demonstrate that patients with the T/T genotype of the SNP rs2241409 (CES2) had a 7.2-fold
increased risk of graft rejection. Fujiyama et al. [5] found no association between this SNP
and episodes of acute rejection in 80 Japanese renal transplant patients, 28 days after
transplantation. They assessed the association of rs2241409 with interindividual variation in
MPA pharmacokinetics, and found no significant differences in dose-adjusted Cpmax, AUCq ¢
and tmax values for MPA between different CES2 genotype groups. They also found that the
dose-adjusted AUC, 1, of MPAG was significantly greater in recipients with the CES2 T
allele than in those with the C allele; however, this observation was not explored further.

There is scarce data on the contribution of rs2241409 to CES2 function. Therefore,
future studies with larger samples may shed more light on the function of this SNP and its
influence on the prognosis of graft rejection in kidney transplant recipients.

The immunosuppressive activity of MPA occurs through the selective inhibition of
IMPDHSs, enzymes responsible for the synthesis of purines that are essential for the
proliferation of T and B-lymphocytes [16]. Thus, quantitative or qualitative changes in these
enzymes interfere with immune responses and may alter the efficacy of immunosuppressive
therapy.

In this study, the presence of at least one C allele (T/C and C/C) in the SNP
rs11706052 (IMPDH?2) resulted in a 4.2-fold increased protection against rejection. When this
SNP was associated with the occurrence of rejection episodes only among patients who used
the immunosuppressive drugs MMF, tacrolimus and corticoid, the protection observed
increased to more than 15-fold. This result warrants future studies, since conflicting data have
been reported previously. Several studies have found no association between this SNP and
rejection episodes in renal transplant recipients [2, 17-19]. However, Sombogaard et al. [17]
demonstrated its association with the lowest inhibition of IMPDH2 in 101 MMF-treated
kidney transplants, six days after transplantation, observing that patients with this
polymorphic variant showed higher IMPDH2 enzyme activity and reduced the anti-
proliferative effect of MPA on lymphocytes. Pazik et al. [18] reported that the C allele of
rs11706052 is associated with reduced incidence of leukopenia in renal transplant patients,
whereas Griny6 et al. [20] reported an association between this allele and a 3.39-fold
increased risk of rejection, in the first year after transplantation.

The lack of replicability of the effects of rs11706052 on rejection episodes can be
attributed to differences in the post-transplant time points chosen for evaluation. Here, we

evaluated patients who developed both acute and chronic rejection, with post-transplant times
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ranging from six months to 27 years (average 7.00 £ 5.71 years). Griny0 et al. [20] and Shah
et al. [19] studied the association of rs11706052 with rejection only during the first year post-
transplantation.

In the present study, it was not find a significant association between rs2278293
(IMPDHL1) and rejection episodes in kidney transplant recipients, consistent with other studies
[2, 19, 21]. However, it has been reported to be associated with a lower incidence of rejection
in kidney transplant recipients during the first year post-transplantation (OR = 0.34, p =
0.008) [22].

We found that the G (G/G and G/A) allele of the SNP rs7438135 (UGT2B7) is
associated with a 2.4-fold protection against rejection. Some studies suggest that the presence
of the G variant in this SNP is related to lower UGT2B7 protein activity, compared to the A
allele [23-24].

Duguay et al. [23] evaluated the function of the haplotype -1248G, -1241C, -1054C, -
842A, -268G, and -102C in the proximal promoter region of UGT2B7, using plasmids
containing different associations of these polymorphisms. They observed a 2-fold increase in
gene activity, suggesting that higher transcriptional activity is caused by the A-allele of the -
842 polymorphism (rs7438135). It was also suggested that this variant should have a minimal
impact on the binding of transcription factors, and that it is unlikely that it alters the rate of
glucuronidation of drugs. Matic et al. [24] studied the effect of this polymorphism in
newborns who received morphine and suggested that the G allele led to reduced UGT2B7
gene activity, compared to the A allele, because patients with the GG genotype reached higher
plasma concentrations of morphine.

Protection against rejection in patients with at least one G allele may be attributed to
the decreased activity of UGT2B7, which is one of the factors responsible for MPA
inactivation by transforming MPA into MPA-acyl-glucuronide. Lower UGT2B7 activity thus
results in MPA being active for a longer time, which in turn lowers the risk of rejection.

Based on previous reports and our findings, we suggest that the SNPs rs2241409
(CES2), rs11706052 (IMPDH2), and rs7438135 (UGT2B7) be studied in further studies to

validate them as prognostic markers of graft rejection in renal transplant patients.

Conclusion
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The results observed in the present study regarding the SNP rs11706052 (IMPDHZ2)
contradict previously reported data. The lack of replicability of these results precludes
validation of this gene as a marker. Therefore, we suggest that this SNP be analyzed with
caution.

The SNPs rs11706052 (IMPDH2) and rs7438135 (UGT2B7), are associated with a
lower risk of rejection, whereas the SNP rs2241409 (CES2) is associated with an increased

risk of rejection.
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Table 1: Genes evaluated in renal transplant patients, their polymorphisms and type of mutation that
originated them and function.

Gene SNP_ID Nomenc_latura Change Chro_mosome Function Reference
alternativa location
CES1 rs62028647  S82L (356C>T)  Exon (Ser83Leu)  16¢22.2 Function unknown -
No significant
differences in MPA .
CES2 rs2241409 IVS10-108C>T Intron 16922.1 pharmacokinetics were Fujiyama et al.
(8721C>T) [5]
observed between
genotype groups.
IMPDH1  rs2278293 IVS7+119G>A Intron 7931.3 Function unknown -
Increased IMPDH
IMPDH2 1511706052 v +20T Intron 3p21.2 activity in MMF-treated S0 09aard
(3757T>C) : etal. [17]
renal transplant patients
Increased
i glucuronidating activity =~ Girard et al.
UGT1A9 rs6714486 275T>A Promoter 2q37 in liver using MMF [25]
substrates
tSNP; Function unknown
Tian et al. [26]
-842G>A/ - Increased Matic et al.
UGT2B7 rs7438135 900G>A Promoter 4913 UGT2B7 activity in [24]
patients treated with
morphine
Associated with mild
liver dysfunction and Naesens et al
ABCC2  rs717620 -24C>T Promoter (S’UTR) 10024 significantly higher dose 27] '
MPA levels
in renal recipients.
Not affect protein
expression levels, but Hirouchi et al.
rs2273697 1249G>A Exon (Val417lle) may result in different [28]
substrate specificities
SLCO1B1 rs4149056  2211>C Exon (Vall74Ala) 12p Reduced transporter Niemi, [29]

(SLCO1B1*5)

activity
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Table 2: General and clinical characteristics of kidney transplant patients (145) who developed and
who did not develop rejection episodes.

With rejection

Without rejection

Characteristics of General episode(s) episode(s) p-
patients value®
N (%)  Meédia + SD® N (%) Média+SD N (%) Meédia+SD
Age (years) 145 (100) 46.9+125 49 (100) 459+119 96 (100) 47.4+1238 0.498
Time after
transplantation 145 (100)  7.00 £5.71 49 (100) 8.56+7.07 96 (100) 6.21+4.72 0.018*
(years)
Gender 0.199
Men 81 (55.9) - 31 (63.3) - 50 (52.1) -
Women 64 (44.1) - 18 (36.7) - 46 (47.9) -
Degree of HLA® 0.208
compatibility
Live HLA-identical 20 (13.8) - 5(10.2) - 15 (15.6) -
Live HLA-
haploidentical 72 (49.7) - 23 (46.9) - 49 (51.0) -
Deceased unrelated
donor 53 (36.6) - 21 (42.9) - 32(33.3) -
Smoker (yes) 8 (5.50) - 3(6.10) - 5(5.20) - 0.826
Drinker (yes) 18 (12.4) - 11 (22.4) - 7 (7.30) - 0.024*
Use of
immunosuppressive
Cyclosporine 20 (13.8) - 10 (20.4) - 10 (10.4) - 0.135
Tacrolimus 89 (61.4) - 25 (51.0) - 64 (66.7) - 0.068
Sirolimus 10 (6.90) - 4 (8.20) - 6 (6.30) - 0.683
MMPF® 145 (100) - 49 (100) - 96 (100) - -
Steroids 145 (100) - 49 (100) - 96 (100) - -
Development of
disease
Cancer 8 (5.50) - 4(8.2) - 4(4.2) - 0.372
Diabetes 35(24.1) - 14 (28.6) - 21 (21.9) - 0.392

*HLA — Human Leukocyte Antigen, "MMF — mycophenolate mofetil, “standard deviation, “p-values
calculed by Student’s t-test for independent samples comparing patients with rejection and without

rejection; *p<0.050.



Table 3: Genotypic frequencies of genes CES1, CES2, IMPDH1, IMPDH2,
UGT1A9, UGT2B7, ABCC2 and SLCO1B1 in 145 kidney transplant patients,
and the association between gene polymorphisms and rejection episodes.

With rejection Without
Genes Genotvpes episode(s) rejection Odds Ratio p-
(SNP_ID) yp P episode(s) (1C95%) value®
n (%)
n (%)
CES1 A
(1s62028647) c/C 4(8.2) 7(7.3) Ref.
CIT 45 (91.8) 89 (92.7) 0.92 (0.24-3.6) 0.90
CES2
(rs2241409) c/C 26 (53.1) 64 (66.7) Ref.
T/C 17 (34.7) 30(31.2) 1.4 (0.61-3.3) 0.42
TIT 6 (12.2) 2(2.1) 7.2 (1.1-46) 0.038*
T/Cand T/T 23 (46.9) 32(33.3) 1.8 (0.80-4.0) 0.16
IMPDH1
(1s2278293) GIG 14 (28.6) 32 (33.3) Ref.
AIG 19 (38.8) 43 (44.8) 1.0 (0.38-2.7) 1.0
A/A 16 (32.6) 21 (21.9) 1.8 (0.61-5.1) 0.30
A/G and A/A 35(71.4) 64 (66.7) 1.2 (0.54-2.9) 0.61
IMPDH2
(rs11706052) TIT 45 (91.8) 70 (72.9) Ref.
T/Cand C/C 4 (8.20) 26 (27.1) 0.24(0.071-0.78) 0.018*
UGT1A9
(1s6714486) TIT 42 (85.7) 86 (89.6) Ref.
T/A and AJA 7(14.3) 10 (10.4) 1.4 (0.45-4.2) 0.58
UGT2B7
(rs7438135) A/A 24 (49.0) 28 (29.2) Ref.
AlG 23 (46.9) 57 (59.4) 0.45 (0.20-1.0) 0.060
GIG 2(4.1) 11 (11.4) 0.22 (0.037-1.3)  0.095
A/G and G/G 25 (51.0) 68 (70.8) 0.41(0.19-0.92)  0.030*
ABCC2
(rs717620) c/C 34 (69.4) 58 (60.4) Ref.
CIT 13 (26.5) 34 (35.4) 0.68 (0.29-1.6) 0.38
TIT 2(4.1) 4(4.2) 0.67 (0.085-5.3) 0.71



C/Tand T/T

ABCC2

(rs2273697) GIG

G/A

A/A

G/A and A/A

SLCO1B1

(rs4140056) /T

T/IC

c/iC

T/Cand C/C

15 (30.6)

29 (59.2)

18 (36.7)

2 (4.10)

20 (40.8)

33(67.3)

14 (28.6)

2 (4.2)

16 (32.7)

38 (39.6)

59 (61.4)

31(32.3)

6 (6.3)

36 (38.6)

60 (62.5)

31(32.3)

5(5.2)

36 (37.5)

0.68 (0.30-1.5)

Ref.

1.1 (0.46-2.6)

0.63 (0.085-4.6)

1.0 (0.44-2.3)

Ref.

0.91 (0.39-2.1)

1.0 (0.16-6.4)

0.92 (0.41-2.1)

0.36

0.84

0.65

0.97

0.82

1.0

0.84

®v-values for the association test derived from the logistic regression using for
time after transplantation, drinker and use of cyclosporine or tacrolimus as
covariates, "Ref - values taken as a reference, *p<0.050.
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ABSORPTION ACTION METABOLISM EXCRETION

Enterohepatic circulation
MMF MPAG conversionto MPA in gut
oral administration
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Figure 1: Genes involved in absorption, mechanism of action, metabolism and excretion
of mycophenolate of mofetii (MMF). MPA: Mycophenolic acid; AcMPAG: Acyl

mycophenolic acid glucuronide; MPAG: 7-O-mycophenolic acid glucuronide.
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Abstract

Tacrolimus, an immunosuppressant used widely to prevent solid organ transplant rejection,
shows great interindividual pharmacokinetic variability, which may result from
polymorphisms in metabolism and drug transport genes that alter its oral bioavailability. As
this drug has a narrow therapeutic window and shows large interindividual pharmacokinetic
variability, patients are monitored to ensure that the optimal plasma concentration of
tacrolimus is maintained to minimize the incidence of rejection episodes and adverse effects.
In this study it was evaluated the association between single nucleotide polymorphisms (SNP)
in drug metabolism/transport genes (CYP3A4, CYP3A5, CYP2E1, POR, ABCB1, ABCC2,
ABCG2 and SLCO1B1) with plasma concentrations of tacrolimus in 55 renal transplant
patients, one, two, and three months post-transplantation. Genotyping of the polymorphisms
was performed using TagMan SNP genotyping Assay. Our results indicate that the
polymorphisms rs4646437 (CYP3A4) and rs776746 (CYP3A5) influence tacrolimus
pharmacokinetics during the first three months after transplantation. In both polymorphisms
the G/A and A/A genotypes were associated with a lower adjusted dose of tacrolimus,
compared to the G/G genotypes. Thus, these results suggest that these markers should be

assessed in multicenter studies so that they may be used in future clinical practice.
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Introduction

The drug tacrolimus is used widely in transplant patients to suppress the immune
system, reduce the risk of graft rejection, and improve patient survival (O’Callahhan, 2008).
Therapeutic monitoring of this drug has been recommended because of its narrow therapeutic
window and wide interindividual pharmacokinetic variability. This variability is pronounced
among different ethnicities, African-American patients required a 37% mean higher dose of
tacrolimus than Caucasian patients to achieve comparable blood concentrations (Neylan,
1998).

Pharmacokinetic testing has shown that certain CYP3A4 and CYP3A5 genetic
polymorphisms (Staatz; Goodman; Tett, 2010; Onizuka et al., 2011; Kurzawski et al., 2014)
and P-glycoprotein transporters polymorphisms (Staatz; Goodman; Tett, 2010), although not
the sole variables, they are responsible for affecting tacrolimus blood concentrations.

Polymorphisms in these genes may contribute to the poor correlation observed
between administered doses and plasma concentrations achieved (Zununi et al., 2015), and
also interfere with the therapeutic response. Therefore, patients who metabolize the drug more
efficiently and eliminate it rapidly from the body, have low plasma levels, which can trigger
rejection, whereas poor metabolizers may have supratherapeutic concentrations, resulting in
increased adverse effects such as hypertension, nephrotoxicity, neurotoxicity,
hypercholesterolemia, diabetes mellitus, and cancer (Elens et al., 2011; Ponticelli, 2005;
Fraile et al., 2009).

The polymorphism, rs776746, in CYP3A5 at position 6986 A>G is well characterized
with respect to its influence on tacrolimus pharmacokinetics. The G allele (CYP3A5*3) causes
a nonfunctional splicing defect (Xie et al., 2004), resulting in a truncated protein and reduced
CYP3A5 enzyme activity (Tada et al., 2005). Patients with the G/G genotype (referred to as
CYP3A5 "non-expressers™) show a higher normalized concentration of tacrolimus than those
with at least one allele A (CYP3A5*1) (Staatz; Goodman; Tett, 2010; Terrazzino et al., 2012).

The rs776746 polymorphism is currently the most reliable indicator of the required
dose of tacrolimus for each patient. However, this SNP can explain only one-third of the
interindividual variability in tacrolimus pharmacokinetics (Li et al., 2015), suggesting that
other polymorphisms, such as SNPs in CYP3A4 and POR, may affect this process. It has been
suggested that patients with the T allele (T/T and T/C) for rs35599367 (CYP3A4) require a
lower dose of tacrolimus than patients with the C/C genotype (Hesselink et al., 2014). This is

associated with reduced mRNA/protein expression promoted by the T allele (Wang; Sadee,
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2016). Hence, patients with this allele metabolize tacrolimus more slowly and thus require
lower doses of it.

The POR gene encodes the protein cytochrome P450 oxidoreductase, which donates
electrons to all cytochrome P450 enzymes (CYPs), and SNPs in this gene may alter drug
metabolism mediated by CYPs (Hart; Zhong, 2008). The best known SNP of this gene is
rs1057868, which induces an amino acid substitution (C>T, Ala503Val) and results in a
modest decrease in the activity of this protein (Huang et al., 2008). The contribution of this
SNP to interindividual variability of tacrolimus is controversial, with some studies showing
that patients with the T (T/T and T/C) allele for this SNP require higher doses of tacrolimus,
compared to patients with the C/C genotype, in individuals who express CYP3A5 [14].
However, a lack of association between this SNP and tacrolimus concentration has also been
reported (Liu et al., 2016).

In addition to polymorphisms in metabolic genes, those in drug transporter genes
may also affect pharmacokinetics, notably, polymorphisms in the P-glycoprotein gene,
encoded by the multidrug resistance gene 1 (MDR1) (Terrazzino et al., 2012; Saeki et al.,
1993).

Studies on the functional effects of major SNPs in this gene (3435C>T, 1236C>T,
and 2677G>T/A) on tacrolimus pharmacokinetics showed contradictory results (Staatz;
Goodman; Tett, 2010). The TTT haplotype formed by these SNPs reduces ABCB1 protein
activity in a significant way when the CYP3ADS activity is low (CYP3A5*3/*3 nonexpressors).
Therefore, carriers of this haplotype require lower doses of tacrolimus to reach the same
plasma concentrations than those with CGC haplotypes (Wang et al., 2006; Vanhove et al.,
2016). Analysis of the isolated SNP rs1045642, revealed the association of the CT genotype
with higher adjusted plasma concentrations of tacrolimus, relative to the CC genotype (Ruiz
etal., 2015).

The ABCC2 and ABCG2 genes encode apical efflux transport proteins important in
the biliary excretion of phase Il conjugates (Vanhove et al., 2016; Takano; Yumoto;
Murakami, 2006). Ogasawara et al. (2013) evaluated the association of the polymorphisms
rs2231142 (ABCG2), rs717620, and rs2273697 (ABCC2) with tacrolimus concentration and
found that the G/A and A/A genotypes of rs2273697, which result in increased ABCC2
enzyme activity, was associated with a lower adjusted concentration of tacrolimus, compared
to the G/G genotype.

To evaluate whether polymorphisms in drug metabolism (CYP3A4, CYP3AD5,
CYP2E1, POR) and transport (ABCB1, ABCC2, ACBG2, SLCO1B1) genes influence
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tacrolimus pharmacokinetics, their association with adjusted plasma concentration of

tacrolimus during the first three months after transplantation was investigated.

Materials and Methods

Patients

This was a single center, retrospective, cohort study of kidney transplant patients (N
= 55) who received transplants between the years 2004 and 2013 and regularly underwent
medical monitoring at the Kidney Institute of Londrina (Parana State, Brazil).

The experiments were approved by Ethics Committee on Human Research of the
State University of Londrina, (CEP/UEL 153/2013 CAAE: 18263413.4.0000.5231). Written
informed consent and a questionnaire about their lifestyle were obtained from all study
participants. Immunosuppressive therapy consisted of tacrolimus, mycophenolate mofetil and
corticosteroids, in the first three months of transplantation. Additional data such as doses and
plasma concentrations of tacrolimus, creatinine levels, weight and age were obtained from
medical records. Venous blood samples (1 mL) were collected using vacuum tubes - EDTA
6% (Labor Import, Brazil).

Estimative of the glomerular filtration rate (eGFR) and plasma concentration of
tacrolimus

The eGFR is used to evaluation of kidney function. The patients’eGFR were
calculated in the first 3 months after transplantation, from the abridged Modification of Diet
in Renal Disease formula (MDRD-4), modified by Levey et al. (2000). This calculation is
based on the serum creatinine; take into account the influences of age, gender, and race.

Plasma concentrations of tacrolimus were obtained by immunoassays conducted by
the University Hospital of the State University of Londrina, as part of the routine monitoring
of patients and were obtained from the analysis of the medical records. The tacrolimus
concentrations were adjusted based on weight, daily dose, and plasma concentrations from
each patient after 1, 2 and 3 months of transplantation, dividing the plasmatic concentration

(ng mL™) by the daily dose (mg kg™).

Analysis of polymorphic allelic variants

Genomic DNA was extracted from 200 pL of blood, using the mini spin extraction
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kit (KASVI, Curitiba, Brazil; code K9-0250), following the manufacturer's recommendations.
DNA samples were quantified using a NanoDrop 2000 spectrophotometer (ThermoScientific,
Waltman, MA, USA). Genotyping was performed by real-time PCR in a Quantica
thermocycler (TECHNE, Staffordshire, UK), using TagMan® SNP Genotyping Assays
(Applied Biosystems, Foster City, CA, USA), TagMan Genotyping Master Mix (Applied
Biosystems), and 5 ng of genomic DNA for each of the analyzed genes. Table 1 shows the

genes and their respective SNPs evaluated.

Statistical analysis

All results are expressed as the mean + standard deviation (SD). The tacrolimus
concentration were associated with different genotypes by Mann-Whitney U-test using
SPSS®20 statistical software (IBM; Armonk, NY, USA). P-value less than 0.05 was
considered to be statistically significant. Analysis of Hardy-Weinberg equilibrium and
analysis of linkage disequilibrium was performed using HAPLOVIEW version 4.1 (Barrett et
al., 2005).

Results

The 55 patients who were taking tacrolimus included 26 women and 29 men with an
average age of 40.1 = 13.0 years. Of these patients, 34 (61.8%) received grafts from living
donors - seven with identical Human Leukocyte Antigen (HLA) and 27 with haploidentical
HLA. The remaining patients (38.2%) received grafts from deceased donors. Table 2 shows
the average values of the main parameters analyzed in the first three months after renal
transplantation, such as body weight, serum creatinine level, eGFR, tacrolimus dose (mg/day),
tacrolimus plasma concentration (ng/ml), and ajusted plasma concentration (ng ml™/mgkg ™).

Allele frequencies of the 11 SNPs evaluated are in Hardy-Weinberg equilibrium.
Linkage disequilibrium was observed between three SNPs: rs4646450 (CYP3A5) and
rs776746 (CYP3A5) (D'=1.00; r’=0.57); rs4646450 (CYP3AS5) and rs4646437 (CYP3A4)
(D'=0.84; r*=0.39); and rs4646437 (CYP3A4) and rs776746 (CYP3A5) (D'=0.88; 1°=0.74)
(data not shown).

Of these SNPs, only rs776746 (CYP3A5) and rs4646437 (CYP3A4) showed a
significant association with the adjusted dose of tacrolimus (ng ml™*/mg kg™) in the first three

months after transplantation. In both polymorphisms, the G/A and A/A genotypes were
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associated with a lower adjusted dose of tacrolimus, compared to the G/G genotype (Table 3).

Discussion

The wide variability in the effective dose of tacrolimus required to reach optimal
therapeutic levels, observed among transplant patients is due to several factors, including age,
gender, body weight, drug interactions, and genetic factors, such as polymorphisms that play a
critical role in the pharmacokinetics of this drug (Vannaprasaht et al., 2013).

The influence of SNP rs776746 (CYP3A5*3) on the pharmacokinetics of tacrolimus
has been well characterized. In this study was performed the analysis of this SNP to confirm
its impact in the group evaluated.

Two polymorphisms in CYP3A5 (rs776746 and rs4646450) were evaluated. As
expected, we found an association of rs776746 with the ajusted plasma concentrations of
tacrolimus. Patients with the G/G genotype showed higher adjusted plasma concentrations of
tacrolimus [(ng mL™)/(mg kg™)], compared to the CYP3A5-expressing genotypes (A/A and
AJG). This result is consistent with the results of Kurzawski et al. (2014), who evaluated this
association (7 days, and 1, 3, 6, and 12 months after transplantation) in 244 renal transplant
patients and found that the CYP3A5-expressing genotypes resulted in lower adjusted plasma
tacrolimus concentration.

We analyzed the doses administered to patients expressing CYP3A5 (genotype A/G
and A/A of the SNP rs776746) and found that they required higher doses of tacrolimus in the
second (14.1 £ 5.5vs 10.0 £ 2.9, p = 0.002) and third (13.04 £ 5.7 vs 8.69 + 3.02, p = 0.002)
month after transplantation, compared to CYP3A5 (G/G) non-expressing patients (data not
shown). These findings corroborate the previous finding that CYP3A5-expressing patients, in
addition to requiring higher doses of tacrolimus, have lower normalized plasma
concentrations (Chen et al., 2014).

The polymorphism rs4646450 (CYP3A5) showed a lower influence on tacrolimus
pharmacokinetics. Patients with the genotypes G/A and A/A showed adjusted tacrolimus
concentration in the three time points examined, although these difference were nor
significant when compared using the Mann-Whitney U test.

In this study also was found an association between rs4646437 (CYP3A4) and the
ajusted tacrolimus concentrations in the three time points examined.Similar results were also

observed by Li et al. (2014), that observed in Chinese renal transplant recipients association
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between the genotypes G/G of this SNP with the higher concentration/dose of tacrolimus
when compared to the genotypes A/A and A/G. This association is probably related to the
linkage disequilibrium observed between rs4646437 and the two assessed polymorphisms of
the CYP3ADS5 gene.

There was no significant association between rs35599367 (CYP3A4) and the adjusted
dose of tacrolimus. It has been shown that rs35599367 is associated with decreased enzyme
activity (Pallet et al., 2015). Thus, carriers of this polymorphism (C/T or T/T) may require
lower doses of tacrolimus to achieve the desired concentration. Moreover, carriers of the C/T
genotype show a significant association with higher adjusted tacrolimus concentrations, only
three months after transplantation (Kurzawski et al., 2014). However, our results showed no
significant association.

Tacrolimus is transported by the ABCBL1 drug efflux pump. Thus, polymorphisms in
ABCB1 may influence its pharmacokinetics. Here, we assessed the association of the SNP
rs1045642 (3435C>T) with the adjusted concentration of tacrolimus. This SNP affects mMRNA
stability and causes its rapid degradation after synthesis (Wang et al., 2005). We found no
evidence of an association between rs1045642 and the adjusted concentration of tacrolimus,
consistent with previous studies (Kurzawski et al., 2014; Tada et al., 2005; Chen et al., 2014).
Thus, rs1045642 does not seem to affect tacrolimus pharmacokinetics in renal transplant
patients.

Other drug transport genes evaluated participate in the transport of tacrolimus from the
liver to biliary and renal excretion (Sanchez-Lazaro et al., 2015). These genes did not show
association with tacrolimus concentrations in the examined time points after transplantation,
suggesting that their polymorphic variants have no significant impact on tacrolimus

pharmacokinetics.

Conclusion

Individualized pharmacogenetic-based immunotherapy is expected to play a key role
in future medical practice, as patients’ genetic information may provide additional
information for determining the most effective drug dose and minimizing toxicity, to design
the most favorable immunosuppressive treatment for each patient.

Our results confirm the impact of rs4646437 (CYP3A4) and rs776746 (CYP3Ab)

polymorphisms on tacrolimus pharmacokinetics and suggest that they may be useful markers
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for accurately predicting the most effective initial dose of immunosuppressant after renal

transplantation .
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Table 1: Genes and respective polymorphisms (SNPs) evaluated in renal transplant
patients; the type of mutation that originated each SNP and its chromosomal location.

Gene SNP Alternative nomenclature Change Chromc_)some
location
CYP3A4  rs35599367 15389C>T (CYP3A4*22)  Intron 7922.1
rs4646437 - Intron
CYP3A5  rs776746 6986A>G (CYP3A5*3)  Intron, splice 7q21.1
acceptor variant
rs4646450 - Intron
CYP2E1 rs3813867 -1295G>C (CYP2E1*5B)  Promoter 10924.3
Exon
POR rs1057868 A503V (POR*28) 7911.2
(Ala503Vval)
Exon
ABCB1 rs1045642 3435C>T 7921.12
(lle1145lle)
Promoter
ABCC2 rs717620 -24C>T 10924
(5°UTR)
Exon
rs2273697 1249G>A
(Val417lle)
Exon
ABCG2 rs2231142 421C>A 4q22
(Lys141GIn)
Exon
SLCO1B1  rs4149056 521T>C (SLCO1B1*5) 12p

(Vall74Ala)
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Table 2: Values (mean + SD? of different parameters analyzed in the first
three months after renal transplantation in patients taking tacrolimus.

Month
Parameters
1 2 3

Body weight (kg) 62.3+15.0 63.5+ 145 65.3+14.6
Serum creatinine (mg dL™) 1.68 + 1.40 1.47 £0.53 1.46 + 0.45
eGFR® (ml min™ per 1.73 m?) 57.1+ 23.6 59.7 +26.5 58.7 + 23.6
Tacrolimus dose (mg per day) 12.5+£3.70 11.7 £ 4.62 10.5+4.83
Tacrolimus Co (ng ml™) 12.8 +7.17 13.8 £9.30 11.8 + 4.60

Tacrolimus Cy/dose/W
N 1 67.9 +42.7 83.4 +66.8 92.4 +69.1
(ng mI~/mg kg™)

%SD: standard deviation; "eGFR: glomerular filtration rate estimated by Modification
of Diet in Renal Disease formula (MDRD).



Table 3: Comparison of the adjusted concentration of tacrolimus (ng mL™)/(mg kg™) three

months after transplantation with different genotypic variants.
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Gene

Genotype

N (%)

Adjusted concentration of tacrolimus

a

Month 1 p Month 2 p Month 3 p

CYP3Ad  GIG

o 34(61.8) 79.4+47.0 0016 9924776 0014* 1052+76.2 0.039*
AIG 19(345) 516+ 265 50.3+32.4 741 +52.6
AIA 2(364) 27.3+984 438+ 145 46.9 +17.7
AIG+A/A  21(382) 49.3+263 57.8 +31.2 715+ 50.7

CYP3A4  CIC

e Eoaose7 51(927) 69.8+434 0234 8604685 0290 940+70.9 0.767
CIT 4(7.30) 438+253 50.9 + 20.7 71.9+38.2

g;’gﬁ% G/G 32(582) 80.1+483 0027* 998+785 0019 107.6+77.6 0.037*
GIA+A/A 23(418) 51.0+259 60.8 % 36.5 71.2+49.2

CYP3A5  G/G

e 23(41.8) 763+50.8 0413 1066+90.5 0091 1065+77.7 0.195
GIA 28(50.9)  63.3+36.0 69.5 +37.1 87.0+64.1
AJA 4(73) 525+345 471+10.2 48.8+153
GIA+A/A 32(582) 619+354 66.7 + 35.6 82.2+61.4

CYP2EL  GIG

Nk 44(80.0) 685+443 0983 834+715 0542 9384717 0.801
G/IC+C/IC  11(200) 656+37.4 83.5+ 457 86.5 + 60.1

POR c/c

o 668 28(50.9) 73.4+528 0920 8774740 0556 929+649 0711
CIT 23(41.8)  61.0+28.3 76.3+60.8 89.9+ 746
T 4(7.30)  69.5+347 94.2 + 56.0 102.80 + 83.1
CIT+T/T  27(491) 622+288 78.9 + 59.4 91.8+74.4

ABCB1 c/c

N s 20(36.4) 722+444 0600 77.8+404 0662 73.0+340 0310
CIT 27(49.1)  702+46.1 87.1+78.7 99.8+77.0
T 8(145) 494+188 84.8+82.4 115.8 + 98,6
CTand T/T 35(636) 65.5+42.1 86.6 + 78.3 103.4 +81.2

fgf%zo c/ic 38(69.1) 631+440 0084 899+763 0478 936+714 0985
CIT 13(236) 83.9+40.1 70.5+37.2 92.2+73.9
T 4(7.30)  61.2+329 64.0+32.2 81.0 +30.4
CT+T/T  17(309) 78.6+388 69.0 + 35.2 89.6 + 65.6

ABCC2 GIG

g 38(69.1) 731+467 0222 822+67.6 0899 91.0+582  0.244
GIA 14(255) 56.1+30.4 85.8 + 68.6 90.5+92.4
AIA 3(550) 57.0+343 88.2 + 70.4 1183 +97.7
GIA+A/A 17(309) 56.3+30.0 86.2 + 66.7 95.4+90.8

ABCG2 GIG

A srado 44(80.0) 7124456 0436 846+656 0366 8944589  0.689
GIT+TT  13(220) 549+256 78.5+74.2 104.3 +103.3

SLCO1BI  T/T

e o0u 36 (655 660+404 0763 914+781 0513 937+67.3 0.633
TIC 17(30.9)  65.3+39.3 63.9 +32.1 89.2+78.6
cIc 2(360) 124.3+99.9 1045 +31.4 95.7+11.4
TIC+CIC  19(345) 715+477 68.2+33.7 89.9+74.2

®p value calculated by the Mann-Whitney test; *p < 0.05.
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Abstract

Transplant patients use immunosuppressive drugs to prevent rejection of the transplanted
organ. However, immunosuppression is related to cancer development, which is one of the
main causes of morbidity and mortality in kidney transplant patients. The aim of this study
was to evaluate the association between polymorphisms in DNA repair genes and immune
system genes, with the appearance of malignant tumors in kidney transplant recipients. Of the
246 patients evaluated, 25 (10.2%) developed cancer after 15 + 8.9 years of transplantation,
out of which 68.0% were non-melanoma skin carcinomas. Transplant patients who developed
cancer were matched (by age, gender, ancestry, smoking status, and alcohol consumption)
with neoplasia-free control individuals. Analysis of the polymorphism rs1130409 (APE1) was
performed using Restriction Fragment Length Polymorphism Analysis of PCR-Amplified
Fragment (RFLP-PCR) and those of the polymorphisms rs25487 (XRCC1), rs3212986
(ERCCL1), rs2308321 (MGMT), rs1800975 (XPA), rs2069762 (IL-2), rs1800872 (IL-10),
rs10889677 (IL-23R), rs1800470, and rs1800471 (TGF-f) were performed using TagMan
SNP genotyping Assay. Logistic regression analysis showed a significant association between
the C/A genotype of rs1800872 (IL-10) with increased susceptibility (3.5-fold) for cancer
development. These results support further investigation of IL-10 as a candidate marker for

tumor susceptibility in kidney transplant patients.
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Introduction

Patients having chronic kidney disease need to replace renal function by hemodialysis
or kidney transplantation. Kidney transplantation is considered the best therapeutic choice
because it results in increased survival and improved quality of life in the long term, besides
being the best financial choice for health services (Schnuelle et al., 1998; Silva et al., 2016).
Despite the benefits of transplantation, kidney transplant patients have a higher incidence of
opportunistic infections, cardiovascular diseases, and malignant tumors, compared to
individuals who do not use immunosuppressive drugs (O'Callaghan, 2008; Rama; Grinyo,
2010).

The overall incidence of neoplasia is two to three times higher in transplant patients
than in the general population of the same age and gender (Chapman; Webster; Wong, 2013;
Stallone; Infante; Grandaliano, 2015); moreover, patients present more severe symptoms and
worse prognosis of the disease (van de Wetering et al., 2010), which is the third most
common cause of death in these patients (Rama; Grinyd, 2010). Transplant patients with
cancers also run a higher risk of death due to the disease, compared to the general population
(Acunaet al., 2016).

The most frequent neoplasia seen among transplant patients is the non-melanoma skin
cancer (NMSC) (Gracia et al., 2013), with cutaneous squamous cell carcinoma (SCC) being
the most common (Speeckaert et al., 2012). After 20 years of transplantation, about 40-50%
of Caucasian patients from Western countries and 70-80% of Australian patients develop
NMSC. White-skinned transplant patients are 65-250 times more likely to develop SCC than
the general population (Ho; Murphy, 2008).

Piselli et al. (2013) evaluated the incidence of cancer in Italian kidney transplant
patients and observed a 4.8% and 9.9% increase in the risk of developing this disease after 5
and 10 years, respectively, of immunosuppression. Immunosuppressive therapy contributes to
the development of cancer in transplant patients by favoring oncogenic viral infections,
decreasing immunological surveillance (responsible for preventing the development and
growth of tumors), causing DNA damage, and decreasing the ability to repair such damages
(Rama; Grinyd, 2010; van de Wetering et al., 2010; Engels et al., 2011).

Previously, we showed that immunosuppressive drugs may cause damage to genetic
material in normal human cells exposed in vitro (Cilido et al, 2015) and that peripheral blood
cells of kidney transplant patients, show a direct relationship between the amount of

genotoxic damage and time after transplantation (Cilido et al., 2016).
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Genetic factors, such as single nucleotide polymorphisms (SNPs), may also influence
the risk of developing neoplasia, as they may alter the expression of the gene in question as
well as the protein structure itself. Thus, SNPs in DNA repair genes can impair the
maintenance of genome integrity, resulting in mutations that contribute to genetic instability
and tumor development (Goode; Ulrich; Potter, 2002). Moreover, single base mutations in
genes of the immune system, may alter cytokine production thus affecting the regulation of
the inflammatory system either directly or indirectly (Suthanthiran, 2000), and may influence
the antitumor response.

In this study, we assessed the association of polymorphic allelic variants of DNA
damage repair genes (APE1, XRCC1, ERCC1, XPA, and MGMT) and those of the immune
system genes (IL-2, IL-10, IL-23R, TGF-p), with the development of cancer in kidney
transplant patients.

Methods

Population studied

Among 246 renal transplant patients undergoing post-transplant treatment at the
Kidney Institute of Londrina (Londrina - PR, Brazil) 25 developed cancer after
transplantation. Tumor presence was confirmed by histopathological analysis. These patients
were matched for age, gender, ancestry, smoking status and alcohol consumption with
hospital-based controls individuals that not underwent kidney transplantation and not had
cancer. The controls samples used were obtained from the DNA stored in the Laboratory of
Mutagenesis and Oncogenetics of the State University of Londrina.

The research protocol was approved by the Ethics Committee for Research in Human
Beings at the State University of Londrina (CAAE: 18263413.4.0000.5231). Patients who
agreed with the research signed a Free and Informed Consent Form, filled a questionnaire
about lifestyle and history of environmental exposure. Patients were considered smokers
and/or drinkers when they declared in an interview consuming any amount of cigarettes or
alcohol.

Peripheral blood samples (1 mL) were collected intravenously from each cancer
patient and free-neoplasia controls in vacuum blood collection tubes (EDTA 6%) (Labor
Import, Osasco, Brazil).

Polymorphic allelic variants identification
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Genomic DNA was extracted from 200 pL of blood, using the mini spin
extraction kit (KASVI, Curitiba, Brazil; code K9-0250), following the manufacturer's
recommendations. DNA samples were quantified using a NanoDrop 2000
spectrophotometer (ThermoScientific, Waltman, MA, USA).

Selection of SNPs was based on previous reports in the literature that indicated
their high frequencies and participation in the development and progression of several
malignant tumors.

Genotyping of rs1130409 (APE1) was performed by RFLP-PCR in a Veriti 96-well
thermocycler (Life Technologies of Brazil Ltda., Sdo Paulo, Brazil), using 2 mM dNTPs, 1.5
mM MgCl,, 12.5 pmol of each primer, 0.5 U of Tag DNA polymerase in 10X PCR buffer
(Life Technologies, Sao Paulo, Brazil), and 50 ng of genomic DNA, in a final volume of 20
ML. The primers sequences used were: sense 5' - CTGTTTCATTTCTATAGGCTA - 3' and
antisense 5' - AGGAACTTGCGAAAGGCTTC - 3. PCR conditions were: 94°C for 5
minutes, 30 cycles consisting of 94°C for 30 seconds, 55°C for 30 seconds, and 72°C for 30
seconds, followed by a final annealing step of 10 minutes at 72°C. PCR product was digested
by restriction enzyme Bfa | for 12 h at 37°C. T/T genotype is not digested and result in a
fragment with 165 pb; G/G genotype is cleaved resulting in two different size fragments (144
and 21 pb). Genotypes were determined by electrophoresis in 10% polyacrylamide gels
stained with silver nitrate.

Genotyping of all others was performed by real-time PCR in a Quantica
thermocycler (TECHNE, Staffordshire, UK), using TagMan® SNP Genotyping Assays
(Applied Biosystems, Foster City, CA, USA), TagMan Genotyping Master Mix (Applied
Biosystems) and 5 ng of genomic DNA. Table 1 show the selected markers and the

respective SNPs evaluated.

Statistical analysis

The continuous variables age (years) and time after transplantation (years), and the
categorical variables (gender, degree of Human Leukocyte Antigen (HLA) compatibility,
tobacco and alcohol consumption and diabetes after transplantation) were compared using
Student's t-test between groups of patients with and without cancer. Association between
cancer episodes and genotypes was performed using univariate logistic regression analysis
using SPSS version 20 (IBM, Armonk, NY, USA). Results were presented as Odds Ratios
(OR) with a 95% confidence interval (C195%).
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Results

Table 2 shows the main characteristics of transplant patients who either developed or
did not develop cancer after transplantation. Out of the 246 patients evaluated in this study, 25
(10.2%) developed cancer after 15 + 8.9 years of kidney transplantation. The comparison of
averages using Student's t test showed a significant difference in the average age, time after
transplantation, degree of HLA compatibility, and wart appearance, between patients with and
without cancer.

Of the 25 patients who developed malignant tumors, 68% had non-melanoma
carcinoma, and included ten cases of basal cell carcinoma and seven cases of squamous cell
carcinoma. The remaining 32% comprised cases of prostatic adenocarcinoma, intracranial
lymphoma, cervical cancer, Kaposi's sarcoma, plasmablastic lymphoma, gastric carcinoma,
intraductal carcinoma associated with Paget's disease, and intestinal colon tumor.

Univariate logistic regression analysis of transplant patients with cancer and matched
controls showed only one significative association between the C/A genotype of the SNP
rs1800872 (IL-10) and a 3.5-fold higher risk of developing cancer (Table 3).

Discussion

Transplant patients have an increased risk of developing malignant tumors compared
to the general population (Stallone; Infante; Grandaliano, 2015; Shang et al., 2016). This
increased risk may be the effect of several factors, such as chronic use of immunosuppressive
drugs, the degree of immunosuppression, viral infections, increased graft survival, advanced
age of the patient, and genetic factors among others (Rama; Griny6, 2010; Chapman;
Webster; Wong, 2013).

In this study, the 10.2% of the kidney transplant recipients who developed cancer were
older and had longer post-transplantation time periods compared to patients not diagnosed
with the disease (Table 2). These data are consistent with the results of Aguiar et al. (2015)
who also observed a higher incidence of cancer in older patients (58.0 + 11.1 years at the time
of diagnosis) with longer post-transplantation periods. Furthermore, these data support the

view that cancer is a disease that normally develops after years of exposure to mutagenic
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agents and compounds that suppress the immune system, such as immunosuppressants in this
case.

The decreased immunity caused by immunosuppressants increases the vulnerability of
patients to viral infections or reactivation of latent infections (Chapman; Webster; Wong,
2013). Among the cancers evaluated in this study, a case of cervical cancer associated with
human papillomavirus (HPV) infections (Chin-Hong, 2016) and one case of Kaposi's sarcoma
associated with human herpes virus 8 (HHV8) infections (Rama; Grinyo, 2010), were seen. In
immunocompetent patients, Kaposi's sarcoma is a rare, disseminated cutaneous disease.
However, in immunosuppressed patients, this disease is more aggressive, affecting several
sites and disseminating to other organs (Chapman; Webster; Wong, 2013). In this study, there
were no cases of vaginal, vulvar, penile, or anal cancer, which are associated with infections
caused by HPV and affect transplant patients more often (Chin-Hong, 2016).

The HPV has been associated with development of warts in kidney transplant patients
(Martelli-Marzagéo et al., 2016). In this study, 72% of the transplant patients who developed
cancer had warts (Table 2). According to Schmook et al. (2003), some of these viral warts
have atypical histological features and may evolve to NMSCs.

NMSC is the most prevalent neoplasia among kidney transplant patients (Chapman;
Webster; Wong, 2013; Wisgerhof et al., 2011). In this study, 68% of the diagnosed cancers
were NMSC. In addition to opportunistic viral infections, the high prevalence of skin
neoplasia may be attributed to high exposure to sunlight in Brazil, and the fact that many
patients do not follow adequate prevention measures, such as avoiding sun exposure and
wearing protective clothing and sunscreen.

Some studies indicate an association between genes involved in DNA repair and
immune function and a higher risk of developing cancer (Goode; Ulrich; Potter, 2002;
Alamartine et al., 2003). However, the association of SNPs in these genes with the risk of
cancer development in Brazilian kidney transplant patients has not been studied yet.

In the present study, patients who developed cancer were matched by age, sex,
ancestry, smoking status, and alcohol intake with control subjects who did not undergo kidney
transplantation and did not have cancer. This pairing was performed with non-transplanted
controls because there are no transplanted patients who developed cancer and who did not
develop the disease, who share all these variables and who have the same post-transplantation
time. Among the SNPs evaluated in this study, the C/A genotype of rs1800872 (IL-10)

showed a positive association with a 3.5-fold increase in the risk of tumor development.
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The rs1800872 (—592C>A) polymorphism evaluated in this study is in strong linkage
disequilibrium with rs1800896 (—1082A>G) and rs1800871 (—819C>T), which are also
located in the promoter region of IL-10. Hoffmann et al. 2001 evaluated the effect of the
haplotype —1082A> G, —819C> T, and —592C> A on protein synthesis in human lymphocytes
in vitro and found that the prevalent haplotype (GCC) correlates with an increased production
of IL-10, compared to the ATA haplotype. Alamartine et al. (2003) evaluated the association
of this haplotype with the occurrence of NMSCs in 70 kidney transplant patients paired with
70 controls and observed that the haplotype associated with greater IL-10 production was
more frequent in cancer patients. These results contradict the observations of Imko-Walczuk
et al. (2016), who assessed the IL-10 concentration in 17 transplant patients with malignant
skin tumors and compared them with those of 85 patients without any post-transplant skin
changes. They observed lower plasma concentrations of IL-10 in cancer patients, suggesting
that the levels of this cytokine can be used to stratify the risk of skin tumor development in
transplant patients.

The action of the interleukin IL-10 is complex, as it may have both stimulatory and
inhibitory effects on tumors, depending on the cell that produces it, the time of secretion, and
the cells of the immune system in which it will act (Geginat et al., 2016). IL-10 secreted by
some tumors (lymphomas and melanomas), acts as a tumor growth factor (Geginat et al.,
2016), as it induces immunological tolerance thus helping tumor cells to escape immune
vigilance (Sato et al., 2011). In other types of cancers, IL-10 secreted by activated monocytes
and macrophages hinders the development of the tumor microenvironment thus inhibiting
tumor growth, angiogenesis, and metastasis (Kundu et al., 1996; Tanikawa et al., 2012).

In a meta-analysis to detect the association between rs1800872 (IL-10) and cancer risk
in humans, Ding et al. (2013) showed studies with results conflicting. However in the overall
results suggested that the variant homozygote A/A of this SNP was associated with a
moderately decreased risk of all cancer type. In the present study it were not found significant
association between the A/A genotype and malignant tumor development owing to the low
number of carriers of this genotype in the studied population. Nevertheless it was observed a
strong association between the C/A genotype and the increased risk of developing cancer.

The overexpression or the deficiency in the production of IL-10 was described under
different pathophysiological conditions depending on the cancers analyzed (Asadullah; Sterry;
Volk, 2013). In the present study, when was performed the comparative analysis only among
patients who developed skin cancer (the most prevalent cancer in our sample) and their

respective controls, it was no observed an association between this SNP and the risk of



developing this disease. For this, we suggest that the study with this SNP must be performed
in a larger group of transplant patients who developed cancer, analysing each type of cancer
separately for, in future, determining the actual contribution of this SNP to the risk of renal

transplant patients develop cancer.

Conclusion

Among the types of cancers developed by kidney transplant patients evaluated in this
study, the NMSC stands out. The high cancer risk observed can be attributed, along with other
factors, by the C/A genotype of the SNP rs1800872 (IL-10). Kidney transplant patients who
have this genotype were 3.5 times more likely to develop cancer than the control group. These
results warrant further investigation and suggest that this SNP is a potentially reliable marker

for the risk of cancer development in kidney transplant patients.

Conflict of interest

The authors declare no conflicts of interest.

Funding

This study was supported by Conselho Nacional de Desenvolvimento Cientifico e
Tecnologico (CNPQq) [grant number 470398/2014-0] and Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES/PROAP). H.L. Cilido received scholarship of the
Fundagdo Araucéaria de Apoio ao Desenvolvimento Cientifico e Tecnoldgico do Parana.
I.M.S. Colus received investigator fellowship awards from CNPg.

Acknowledgments
The authors thank Kidney Institute of Londrina for support and partnership, and the
transplant patients that participated in the study. The authors are grateful for the assistance

given by Ms. Sandra Lopes and Ms. Madalena Pikina (Clinilab, Londrina, Brazil).

119



120

References

Acuna SA, Fernandes KA, Daly C, Hicks LK, Sutradhar R, Kim SJ, Baxter NN (2016)
Cancer Mortality Among Recipients of Solid-Organ Transplantation in Ontario, Canada.
JAMA Oncol 2:463-9. doi: 10.1001/jamaoncol.2015.5137.

Aguiar B, Santos Amorim T, Romé&ozinho C, Santos L, Macario F, Alves R, Campos M,
Mota A (2015) Malignancy in Kidney Transplantation: A 25-Year Single-center Experience
in Portugal. Transplant Proc 47:976-80. doi: 10.1016/j.transproceed.2015.03.039.

Alamartine E, Berthoux P, Mariat C, Cambazard F, Berthoux F (2003) Interleukin-10
promoter polymorphisms and susceptibility to skin squamous cell carcinoma after renal
transplantation. J Invest Dermatol 120:99-103. doi: 10.1046/j.1523-1747.2003.12016.x.

Asadullah K, Sterry W, Volk HD. (2003) Interleukin-10 therapy--review of a new approach.
Pharmacol Rev 55(2):241-69. doi: 10.1124/pr.55.2.4.

Chapman JR, Webster AC, Wong G (2013) Cancer in the Transplant Recipient. Cold Spring
Harbor Laboratory Press. doi: 10.1101/cshperspect.a015677.

Chin-Hong PV (2016) Human Papillomavirus in Kidney Transplant Recipients. Semin
Nephrol 36:397-404. doi: 10.1016/j.semnephrol.2016.05.016.

Cilido HL, Camargo-Godoy RB, Barcelos GRM, Zanuto A, Delfino VDA, Célus IMS (2016)
Long-term genotoxic effects of immunosuppressive drugs on lymphocytes of kidney
transplant recipients. Mutat Res Genet Toxicol Environ Mutagen 806: 47-52. doi:
10.1016/j.mrgentox.2016.07.001.

Cilido HL, Ribeiro DL, Camargo-Godoy RB, Specian AF, Serpeloni JM, Cdlus IM (2015)
Cytotoxic and genotoxic effects of high concentrations of the immunosuppressive drugs
cyclosporine and tacrolimus in MRC-5 cells. Exp Toxicol Pathol 67: 179-87. doi:
10.1016/j.etp.2014.11.008.

Ding Q, Shi Y, Fan B, Fan Z, Ding L, Li F, Tu W, Jin X, Wang J. (2013) The Interleukin-10
Promoter Polymorphism rs1800872 (-592C>A), Contributes to Cancer Susceptibility: Meta-
Analysis of 16 785 Cases and 19 713 Controls. PL0oS One. 8(2): e57246. doi:
10.1371/journal.pone.0057246.

Engels EA, Pfeiffer RM, Fraumeni JF Jr, Kasiske BL, Israni AK, Snyder JJ, Wolfe RA,
Goodrich NP, Bayakly AR, Clarke CA, Copeland G, Finch JL, Fleissner ML, Goodman MT,
Kahn A, Koch L, Lynch CF, Madeleine MM, Pawlish K, Rao C, Williams MA, Castenson D,
Curry M, Parsons R, Fant G, Lin M (2011) Spectrum of Cancer Risk Among US Solid Organ
Transplant Recipients. JAMA 306:1891-901. doi: 10.1001/jama.2011.1592.

Garcia JB, Suarez-Varela MM, Vilata JJ, Marquina A, Pallardo L, Crespo J (2013) Risk
Factors for Non-melanoma Skin Cancer in Kidney Transplant Patients in a Spanish
Population in the Mediterranean Region. Acta Dermato-Venereologica 93:422-7. doi:
10.2340/00015555-1525.

Geginat J, Larghi P, Paroni M, Nizzoli G, Penatti A, Pagani M, Gagliani N, Meroni P,
Abrignani S, Flavell RA (2016) The light and the dark sides of Interleukin-10 in immune-



121

mediated diseases and cancer. Cytokine Growth Factor Rev 30:87-93. doi:
10.1016/j.cytogfr.2016.02.003.

Goode EL, Ulrich CM, Potter JD. Polymorphisms in DNA repair genes and associations with
cancer risk (2002) Cancer Epidemiol Biomarkers Prev 11:1513-30. doi:
10.1093/carcin/22.4.593.

Ho WL, Murphy GM (2008) Update on the pathogenesis of post-transplant skin cancer in
renal transplant recipients. Br J Dermatol 158: 217-24. doi: 10.1111/j.1365-
2133.2007.08363.X.

Hoffmann SC, Stanley EM, Darrin Cox E, Craighead N, DiMercurio BS, Koziol DE, Harlan
DM, Kirk AD, Blair PJ (2001) Association of cytokine polymorphic inheritance and in vitro
cytokine production in anti-CD3/CD28-stimulated peripheral blood lymphocytes.
Transplantation 72:1444-50.

Imko-Walczuk B, Piesiakow ML, Trzonkowski P, Pikuta M, Debska-Slizien A, Rutkowski B
(2016) Associations of Selected Cytokines Levels in Organ Transplant Recipients Without
and With Malignant Skin Neoplasms. Transplant Proc 48:1654-9. doi:
10.1016/j.transproceed.2016.03.024.

Kundu N, Beaty TL, Jackson MJ, Fulton AM (1996) Antimetastatic and antitumor activities
of interleukin 10 in a murine model of breast cancer. J Natl Cancer Inst 88:536-41.

Martelli-Marzagéo F, Santos Junior GF, Ogawa MM, Enokihara MM, Porro AM, Tomimori J
(2016) Human papillomavirus detected in viral warts of renal transplant recipients. Transpl
Infect Dis 18:37-43. doi: 10.1111/tid.12479.

O'Callaghan CA (2008) Kidney transplantation - the long term view. QJM 101:985-6. doi:
10.1093/gjmed/hcn144.

Piselli P, Serraino D, Segoloni GP, Sandrini S, Piredda GB, Scolari MP, Rigotti P, Busnach
G, Messa P, Donati D, Schena FP, Maresca MC, Tisone G, Veroux M, Sparacino V, Pisani F,
Citterio F (2013) Immunosuppression and Cancer Study Group. Risk of de novo cancers after
transplantation: results from a cohort of 7217 kidney transplant recipients, Italy 1997-20009.
Eur J Cancer 49: 336-44. doi: 10.1016/j.ejca.2012.09.013.

Rama I, Grinyo JM (2010) Malignancy after renal transplantation: the role of
immunosuppression. Nat Rev Nephrol 6:511-9. doi: 10.1038/nrneph.2010.102.

Sato T, Terai M, Tamura Y, Alexeev V, Mastrangelo MJ, Selvan SR (2011) Interleukin 10 in
the tumor microenvironment: a target for anticancer immunotherapy. Immunol Res 51:170-
82. doi: 10.1007/s12026-011-8262-6.

Schmook T, Nindl I, Ulrich C, Meyer T, Sterry W, Stockfleth E (2003) Viral warts in organ
transplant recipients: new aspects in therapy. Br J Dermatol 149:20-4. doi: 10.1046/j.0366-
077X.2003.05627 .x.

Schnuelle P, Lorenz D, Trede M, Van Der Woude FJ (1998) Impact of renal cadaveric
transplantation on survival in end-stage renal failure: evidence for reduced mortality risk
compared with hemodialysis during long-term follow-up. J Am Soc Nephrol 9:2135-41.



122

Shang W, Huang L, Li L, Li X, Zeng R, Ge S, Xu G (2016) Cancer risk in patients receiving
renal replacement therapy: A meta-analysis of cohort studies. Mol Clin Oncol 5:315-25. doi:
10.3892/mc0.2016.952.

Silva SB, Caulliraux HM, Aradjo CAS, Rocha E (2016) Cost comparison of kidney transplant
versus dialysis in Brazil. Cad. Satde Publica, Rio de Janeiro 32:50102-311X2016000605005.
doi: 10.1590/0102-311X00013515.

Speeckaert R, Brochez L, Lambert J, van Geel N, Speeckaert MM, Claeys L, Langlois M,
Van Laer C, Peeters P, Delanghe JR (2012) The haptoglobin phenotype influences the risk of
cutaneous squamous cell carcinoma in kidney transplant patients. J Eur Acad Dermatol
Venereol 26: 566-71. doi: 10.1111/j.1468-3083.2011.04112.x.

Stallone G, Infante B, Grandaliano G (2015) Management and prevention of post-transplant
malignancies in kidney transplant recipients. Clin Kidney J 8:637-44. doi:
10.1093/ckj/sfv054.

Suthanthiran, M (2000) The importance of genetic polymorphisms in renal transplantation.
Curr Opin Urol 10:71-5.

Tanikawa T, Wilke CM, Kryczek I, Chen GY, Kao J, Nufiez G, Zou W (2012) Interleukin-10
ablation promotes tumor development, growth, and metastasis. Cancer Res 72:420-9. doi:
10.1158/0008-5472.

van de Wetering J, Roodnat JI, Hemke AC, Hoitsma AJ, Weimar W (2010) Patient survival
after the diagnosis of cancer in renal transplant recipients: a nested case-control study.
Transplantation 90:1542-6. doi: 10.1097/TP.0b013e3181ff1458.

Wisgerhof HC, van der Geest LG, de Fijter JW, Haasnoot GW, Claas FH, le Cessie S,
Willemze R, Bouwes Bavinck JN (2011) Incidence of cancer in kidney-transplant recipients:
A long-term cohort study in a single center. Cancer Epidemiol 35:105-11. doi:
10.1016/j.canep.2010.07.002.



123

Table 1: Genes and respective polymorphisms (SNPs) evaluated in renal transplant patients
and in control individuals, and the type of mutation that originated each SNP and its

chromosomal location.

Gene SNP Alternative Change Chromosome
nomenclature location
XRCC1  rs25487 1196A>G Exon (Arg399GIn) 14q11.2-q12
ERCC1 rs3212986 8092 C>A 3’UTR 19q913.2-q13.3
MGMT rs2308321 2798995 A>G Exon (lle143Val) 10926
XPA rs1800975 -AA>G 5’UTR 9¢22.3
APE1  rs1130409 - Exon (Asp148Glu) 19913.2-13.3
IL-2 rs2069762 -330G>T Promoter 4026-927
IL-10  rs1800872 -592C>A Promoter (5’UTR) 131-32
IL-23R  rs10889677 - 3’UTR 1p31.3
TGF-4 rs1800470 29T>C Exon (LeulOPro) 19913.1-13.3
rs1800471 915G>C Exon (Arg25Pro)




Table 2: General characteristics of kidney transplant patients.
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Characteristics of

Patients with cancer

Patients without cancer

_ p-value”
patients N(%) Mean+SD N (%) Mean + SD

Gender 0.912
Men 15 (60.0) - 130 (58.8) -
Women 10 (40.0) - 91 (41.2) -
Age (years) 25 (100) 60 £9.5 221 (100) 47 £12.3  <0.001**
Age of patients at 25 (100) 53+ 11 - - -
diagnosis of cancer
Time after 25 (100) 20 £8.7 221 (100) 95+75 <0.001**
transplantation (years)
Interval between 25 (100) 15+8.9 - - -
transplantation and
cancer diagnosis (years)
Degree of HLA? 0.023*
compatibility
Living HLA-identical 8 (32.0) - 46 (20.8) -
Living HLA- 14 (56.0) - 95 (43.0) -
haploidentical
Deceased unrelated 3(12.0) - 80 (36.2) -
Rejection episodes (yes) 7 (28.0) - 79 (35.7) - 0.443
Smoker (yes) 1(4.0) - 17 (7.7) - 0.504
Drinker (yes) 5 (20) - 30 (13.6) - 0.385
Diseases
Diabetes (yes) 6 (24) - 47 (21.3) - 0.767
Warts (yes) 18 (72) - 73 (33.0) - <0.001**

*HLA — Human Leukocyte Antigen, °p-values calculed by Student’s t-test for
independent samples comparing patients with rejection and without rejection; *p<0.050;

** n<0.010.



Table 3: Analysis of association between different genotypes of kidney transplant patients
with cancer and control individuals.

Patients with Health
Genes/SNP cancer control OR (IC95%)*  pvalue
N (%) N (%)
XPA b
1800975 GIG 11 (44) 8 (32) Ref.
GIA 11 (44) 17 (68) 0.47 (0.14-1.54) 0.21
AIA 3(12) 0(0.0) - -
AIG + AIA 14 (56) 17 (68) 0.60 (0.19-1.90) 0.38
ERCC1
$3919986 c/C 16 (64) 14 (56) Ref.
CIA 9 (36) 9 (36) 0.87 (0.27-2.82) 0.82
AIA 0(0.0) 2 (8.0) - -
CIA + AJA 9 (36) 11 (44) 0.72 (0.23-2.23) 0.56
XRCC1
My GIG 15 (60) 11 (44) Ref.
GIA 6 (24) 11 (44) 0.40 (0.11-1.41) 0.15
AIA 4 (16) 3(12) 0.98 (0.18-5.28) 0.98
GIA + AIA 10 (40) 14 (56) 0.52 (0.17-1.61) 0.26
APEL1
1130409 T 9 (36) 8 (32) Ref.
TIG 13 (52) 15 (60) 0.72 (0.22-2.40) 0.60
GIG 2 (8) 1 (4.0) 1.8 (0.13-23.52) 0.66
T/G + GIG 15 (60) 16 (64) 0.78 (0.24-2.5) 0.78
MGMT
2308321 AIA 22 (88) 22 (88) Ref.
GIA 3(12) 3(12) 1.00 (0.18-5.51) 1.00
IL-23R
10889677 c/C 13 (52) 15 (60) Ref.
CIA 9 (36) 10 (40) 1.04 (0.32-3.34) 0.95
AIA 3(12) 0(0.0) - -
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IL-2
rs2069762

IL-10
rs1800872

TGF S
rs1800470

TGFp
rs1800471

C/IA + AIA

A/A

A/C

CIC

A/C + C/C

c/C

C/IA

A/A
CIA+AIA
CIC

CIT
T/IT
CIT+TI/T

GIG
G/IC+C/C

12 (48)
11 (44)
14 (56)
0 (0.00)
14 (56)
8 (32)
16 (64)

1 (4.0)
17 (68)
7

14
4
18

21
4

10 (40)
13 (52)
10 (40)
2 (8.0)
12 (48)
14 (56)
8 (32)

3(12)
11 (44)
8

15
2
17

21
4

1.38 (0.45-4.25)
Ref.

1.66 (0.53-5.18)

1.38 (0.45-4.20)
Ref.
3.50 (1.04-11.79)

0.58 (0.052-6.59)
2.70 (0.85-8.57)
Ref.

1.07 (0.31-3.72)
2.29 (0.32-16.51)
1.21 (0.36-4.07)

Ref.
1.00 (0.22-4.54)
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0.57

0.39

0.57

0.043*

0.66

0.091

0.92
0.41
0.76

1.00

%0dds Ratio value with 95% confidence interval no adjusted, *p<0.050. "Ref - values taken
as a reference.
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9 CONCLUSOES GERAIS

Os dados obtidos neste trabalho permitem concluir que:

- Os pacientes transplantados renais (N = 246) apresentam maior quantidade de danos
genotdxicos e mutagénicos em linfocitos do sangue periférico quando comparados com
individuos controles saudaveis.

- Quanto maior o tempo apos o transplante renal, menor a taxa de filtracdo glomerular
e maior o dano genotoxico observado em linfdcitos do sangue periférico, possivelmente
devido ao uso prolongado dos medicamentos imunossupressores. N&o foi observada
associacdo entre os danos observados no material genético com a funcéo renal.

- Foi observada associacao entre 0s SNPs rs7662029 (UGT2B7) e rs2231142 (ABCG2)
com protecdo contra rejeicdo e dos SNPs rs6714486 (UGT1A9) e rs10889677 (IL-23R) com
aumento de risco para episodios de rejeicao.

- Nos pacientes que faziam uso de MMF (N = 145) foi observada associacdo entre 0s
SNPs rs11706052 (IMPDH2) e rs7438135 (UGT2B7) com a menor chance de desenvolver
rejeicdo, e do SNP rs2241409 (CES2) com aumento de risco de rejeicéo.

- Os SNPs rs4646437 (CYP3A4) e rs776746 (CYP3A5) influenciaram a concentragao
plasmatica ajustada do imunossupressor tacrolimo nos trés primeiros meses de transplante,
confirmando o impacto destes SNPs na farmacocinética do imunossupressor tacrolimo.

- Dos 246 pacientes transplantados 10.2 % desenvolveram céncer, sendo que destes
68% eram NMSC, cujo risco pode ser atribuido, entre outros, pela presenca do genotipo C/A
do SNP rs1800872 (IL-10), que demonstrou um aumento de risco de 3,5 vezes nestes

pacientes.
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ANEXO A -

Aceite do comité de ética

s
&

m_ _m Universidade PARANA

== Fsiadual de Londrina GoviRG 50 Eiade

COMITE DE ETICA EM PESQUISA ENVOLVENDO SERES HUMANGCS
Universidade Estadual de Londrina
Registro CONEP 5231

[ Parecer CEP/UEL: | 153/2013 ;

CAAE: 18263413.4.0000.5231
Data da Relatoria: | 26/09/2013
. Pesguisador{a): tice Mara de Sylics Colus
| Unidadel()rgéo: | CCB - Departamento de Biologie Geral

Prezado(a) Senhor(a)

O “Comité de Etica em Pesquisa Envolvendo Seres Humanos da
Universidade Estadual de Londrina’ (Registro CONEP 5231) — de acordo com as
orientacdes da Resolugao 466/12 do Conselho Nacional de Saude/MS e Resolugdes v
Complementares, avaliou o projetc: g

“polimorfismos e analise da expresséo de genes do metabolismo de drogas e da 5
resposta imune na avaliagdo do risco de rejeicdo ao enxerto em pacientes |
transplantados renais.” |

Situacao do Projetc: Aprovado

Informamos que deveré ser comunicada, por escrito, qualguar modificagio que ocorra |
no desenvolvimenio da pesquisa. bem' como devera apresentar aoc CEP/UEL, via

__Plataforma Brasil. relatorio final da_pesquisa. e \
|

Londrina, 07 de outubro de 2013. i

Profa. Dra. Alexandrina Aparecida Maciel Cardelii
Coordenadora do Comité de Etica em Pesquisa Envolvendo Seres Humanos
Universidade Estadual de Londrina

Campus Universitario: Kodovia Ceiso Garcia Cid (PR 445}, Km 380 - Fone (43) 337)-4000 - PABX - Fax 3328-444C - Caixa Fostal 600 - CEP 86051-990 - internet hrp:/rwww.ucl.or

LONDRINA - PARANA - BRASIL

Form. Codigo 11.764 - Formato A4 (210x297)

149



ANEXO B — Aceite comité de ética, emenda ensaios de mutagenicidade.

UNIVERSIDADE ESTADUAL DE
oy BELE4ST LONDRINA - UEL/ HOSPITAL G Q"""“"“M "o
2 REGIONAL DO NORTE DO

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Polimorfismos e andlise da expressio de genes do metabolismo de drogas e da
resposta imune na avaliacao do risco de rejeicdo ao enxerto em pacientes
transplantados renais

Pesquisador: llce Mara de Syllos Calus

Area Tematica: Genética Humana:
(Havera armazenamento de material biologico ou dados genéticos humanos no
exterior e no Pais, quando de forma conveniada com instituigdes estrangeiras ou
em instituigdes comerciais;);

Versédo: 3
CAAE: 18263413.4.0000.5231
Instituigao Proponente: CCB - Departamento de Biologia Geral

Patrocinador Principal: Financiamento Proprio
CNPQ

DADOS DO PARECER

Numero do Parecer: 1.052.399
Data da Relatoria: 06/05/2015

Apresentagao do Projeto:

Trata-se de emenda do projeto intitulado "Polimorfismos e analise da expresséo de genes do metabolismo
de drogas e da resposta imune na avaliacéo do risco de rejei¢&o ao enxerto em pacientes transplantados
renais" sob responsabilidade da Prof®. Dr?. lice Mara de Syllos Colus.

A pesquisadora informa que a primeira etapa deste projeto, composta por realizac&o de entrevista e coleta
de amostra de sangue periférico, ja foi realizada e que durante esta etapa foi observado que pacientes
transplantados apresentaram alguns efeitos adversos, provavelmente decorrentes da terapia
imunossupressora. Desta forma a pesquisadora solicita a realizac&o dos ensaios do cometa (detecta
quebras de fita simples e dupla, sitios de reparo por exciséo e/ou lesdes alcali-labeis no DNA de células
individuais) e do micronucleo (detecta danos aneugénicos e clastogénicos) para que possa ser realizada
uma melhor interpretacéo dos dados levantados em entrevistas e possiveis associagdes entre a utilizacéo
de medicamentos, tempo de transplante e efeitos adversos.

Para isso, quando coletadas amostras de sangue para a genotipagem, 600 pL de sangue serao

Enderego: PROPPG - LABESC - Sala 3

Bairre: Campus Universitario CEP: 86.057-970
UF: PR Municipio: LONDRINA
Telefone: (43)3371-5455 E-mail: cep268@uel.br

Pagina 01 de 03
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Continuagdo do Parecer: 1.052.399

utilizados para a realizac&o do ensaio do micronucleo e 20 pL de sangue para o ensaio do cometa. Para
realizacio destes testes todos os pacientes devem ter aceitado participar do referido trabalho, assinado o
TCLE e respondido ao questionario (ja aprovados por este Comité).

No TCLE ja consta a autorizag&@o dos pacientes para utilizagéo de moléculas obtidas a partir do sangue
coletado, e autorizag&o dos participantes para utilizagédo deste material (DNA, RNA ou proteinas) para
armazenamento das amosiras para a realizacio de estudos futuros no Laboratério de Mutagénese e
Oncogenética da Universidade Estadual de Londrina (UEL).

Objetivo da Pesquisa:

O objetivo principal deste projeto é avaliar e comparar a frequéncia de variantes genéticas polimarficas
responsaveis pelo metabolismo de drogas e resposta imune em pacientes em monitoramento pos
transplante renal que apresentaram ou n&o episédios de rejeicéo.

Avaliagao dos Riscos e Beneficios:

A emenda nao trara riscos adicionais aos participantes da pesquisa além dos ja aprovados anteriormente,
uma vez que sera utilizado o mesmo material bioldgico previamente obtido para a realizacio da primeira
etapa do estudo.

Comentarios e Consideragdes sobre a Pesquisa:
As metodologias dos ensaios do micronuleo e do cometa foram detalhadas e anexadas.

Consideragoes sobre os Termos de apresentagao obrigatoria:

No TCLE ja consta a autorizagéo dos pacientes para utilizagéo de moléculas obtidas a partir do sangue
coletado, e autorizag&o dos participantes para utilizacéo deste material (DNA, RNA ou proteinas) para
armazenamento das amostras para a realizacdo de estudos futuros no Laboratorio de Mutagénese e
Oncogenética da Universidade Estadual de Londrina (UEL).

Recomendagdes:

Conclusdes ou Pendéncias e Lista de Inadequagodes:
Emenda aprovada.

Situagao do Parecer:

Aprovado

Necessita Apreciagdo da CONEP:
N&o

Consideracoes Finais a critério do CEP:

Enderego: PROPPG - LABESC - Sala 3

Bairro: Campus Universitario CEP: 86.057-970
UF: PR Municipio: LONDRINA
Telefone: (43)3371-5455 E-mail: cep268@uel.br
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LONDRINA, 06 de Maio de 2015
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Assinado por:

Paula Mariza Zedu Alliprandini

(Coordenador)

CEP: 86.057-970

Municipio: LONDRINA

E-mail:

cep268@uel br
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ANEXO C — Termo de consentimento livre e esclarecido
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Nos, llce Mara de Syllos Colus, Heloisa Lizotti Cilido e Rossana Batista de Oliveira Gogoy Camargo da
Universidade Estadual de Londrina o(a) convidamos para nossa pesquisa e solicitamos sua colaboragdo e o seu
consentimento para inclui-lo(a) em nosso projeto de pesquisa “Polimorfismos e analise da expressio de genes do
metabolismo de drogas e da resposta imune na avaliacdo do risco de rejei¢do ao enxerto em pacientes transplantados renais”
O objetivo deste estudo é avaliar genes relacionados com a rejeicdo na busca de marcadores moleculares, que possam auxiliar
na escolha do medicamento e das doses do imunossupressor mais adequado para cada paciente, individualizando a terapia
imunossupressora e reduzindo os episédios de rejeicdo e os efeitos adversos causados pela super dosagem.

Assim, solicitamos a sua autorizagdo para que uma pequena quantidade de seu sangue (10 ml) seja coletado via
puncdo venosa (picada na veia) com seringa e agulha descartaveis. Esclarecemos que ndo havera desconforto fisico adicional
para a sua pessoa, além da picada da agulha. Pedimos sua autorizacdo para que moléculas obtidas a partir deste material
(DNA, RNA ou proteinas) possam ser armazenadas para estudos futuros no Laboratério de Mutagénese e Oncogenética da
UEL, quando seré solicitada nova autorizagio do Comité de Etica em Pesquisa com Seres Humanos para a realizagio das
pesquisas posteriores. O material obtido ficard armazenado no Laboratério de Mutagénese e Oncogenética da UEL, sob
responsabilidade dos pesquisadores responsaveis por esta pesquisa.

Solicitamos também sua autorizacdo para que possamos consultar seu prontudrio médico e obter alguns dados
clinicos do seu tratamento imunossupressor, compatibilidade com o doador e a evolugdo clinica p6s transplante.

Solicitamos-lhe o preenchimento de um questionario sobre seu estilo de vida, historico de exposicdo e evolucédo do
transplante, onde o(a) sr(a) sera identificado(a) apenas por um codigo, preservando sua identidade. Estes questionarios
ficardo armazenados no laboratério de Mutagéneses e Oncogenética da Universidade Estadual de Londrina e somente
poderédo ter acesso a ele os pesquisadores responsaveis por esta pesquisa.

Sua identidade ndo serd revelada e sera mantido o carater confidencial de todas as informagfes obtidas.
Esclarecemos que o(a) sr(@) a qualquer momento tem a liberdade de se recusar em contribuir com o estudo, sem ser
prejudicado(a) no seu tratamento e acompanhamento médico. Os resultados do estudo serdo divulgados em congressos
cientificos e publicados em revistas especializadas, preservando sua identidade. Os mesmos provavelmente ndo trardo
beneficios para a sua pessoa, mas poderdo contribuir, no futuro, para a reducdo do nimero de casos de rejeicdo de
transplantes, assim como para a diminuigdo de tumores em individuos submetidos a drogas imunossupressoras.

No caso de autorizado, o(a) sr(a). devera assinar este Termo de Consentimento.

Desde ja agradecemos sua colaboracao.

Nome do voluntario Assinatura
RG:
Pesquisador responsavel:
Londrina, de de 2014.

Ressaltamos que nem os pesquisadores e nem o0 paciente receberdo qualquer remuneragdo financeira por participar
desta pesquisa.

Os pesquisadores responsaveis por este estudo (llce Mara de Syllos Célus, Heloisa Lizotti Cilido e Rossana Batista
de Oliveira Gogoy Camargo, telefone 3371.4608, sempre que solicitados, estardo a sua disposicdo para esclarecimento de
qualquer questdo relacionada a esta pesquisa.

Telefone do Comité de Etica em Pesquisa 3371-2490.

Agradecemos-lhe a valiosa colaboragéo.
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Profé. Dr2, llce Mara de Syllos Colus Heloisa Cilido /Rossana Camargo
Assinatura do pesquisador responsavel Coletor / Entrevistador

CONSENTIMENTO POS-INFORMADO

Eu, , abaixo assinado, declaro que fui esclarecido sobre o objetivo do presente

estudo sobre os eventuais desconfortos que poderei sofrer, assim como sobre os beneficios da pesquisa. Concordo, portanto,
em participar na qualidade de voluntério, do referido Projeto de Pesquisa, sob livre e espontanea vontade, autorizando a
coleta e 0 armazenamento de amostras de moléculas obtidas a partir do meu sangue para pesquisas futuras bem como os
dados do questionario que respondi. Por ser expressdo de verdade firmo o presente termo.

Data____ [/ |

Assinatura:




ANEXO D - Entrevista pacientes transplantados renais.

Entrevista para pacientes transplantados renais
Laboratorio de Mutagénese e Oncogenética da UEL

HISTORICO PESSOAL:
1- Registro Institucional: Instituto do Rim
2- Sexo: Masculino () Feminino ()
3-ldade:
4- Data de nascimento: _~ /  /

5- Local de nascimento: UF:

6- Local de residéncia
Cidade: UF:
Rua: n°

Telefone: e-mail:

7- Sua moradia é na zona rural ou urbana ?
( )RURAL ( )URBANA

8- Ha quanto tempo reside neste local ?
anos meses.

9- Profisséo:

10- Grau de instrugo:

Ensino Fundamental (antigo 1° grau) incompleto () completo ()
Ensino Médio (antigo 2° grau) incompleto () completo ()
Ensino Superior/Graduagdo incompleto () completo ()
Pés Graduagédo incompleto () completo ( )
Curso Técnico incompleto () completo ()
11- A qual grupo étnico vocé pertence ?

Negro ( ) Caucasiano ( ) Asiatico () Indigena( )  Outros ( )

12- Ancestralidade (assinalar e descrever)
() Européia (qual ?)

() Africana (qual ?)

() Indigena (qual ?)

() Oriental (qual ?)

() Mestica (qual ?)

13- Informacoes dos familiares do individuo:

Nome completo do pai:

Nome da mae:

Tamanho da irmandade (incluindo vocé):
Total: Vivos:

14 - Vocé possui algum irméo gémeo idéntico?
( )SIM ( )NAO

Codigo n®

155

HISTORICO DE EXPOSIGAO RELACIONADO OU NAO AO TRABALHO:

15- Vocé ja se expds a algum destes agentes/substancias listados abaixo EM SEU TRABALHO OU EM ALGUMA OUTRA

ATIVIDADE QUE EXERCE ?
Se SIM, por quanto tempo e ha quanto tempo foi isso:




Derivados de petréleo

(querosene, gasolina, solventes, etc...) ( )SIM
Tintas e/ou corantes ( )SIM
Compostos usados em IndUstrias téxteis ou de tecelagem ( )SIM ( )NAO
Praguicidas e/ou herbicidas ( )SIM
Radiagdo ( )SIM
Metais pesados

(Chumbo, Niquel, Cromo, etc...) _ ( )SIM
Substancias usadas no processamento de madeira ( )SIM ( )NAO
Substancias usadas na industria de papelo ou celulose ( ) SIM () NAO

Substancias usadas em Mineragéo ( )SIM
Substancias usadas na inddstria de calgados ou curtume () SIM () NAO

Substéncias usadas em Metalurgia ( )SIM
Substancias usadas em Usina de acticar ou alcool __ ( )SIM () NAO

Substancias usadas em processamento de Pléstico ou borracha ( )SIM

Sol ( )SIM ( )NAO
Se SIM, especifique tempo e periodo do dia:

Outras substancias quimicas ou agentes fisicos ( )SIM ( )NAO

Se SIM, especifique:

16- Vocé utiliza ou utilizava equipamentos de prote¢do individual (mascaras, luvas, éculos, chapéu, roupas apropriadas,

protetor solar, etc...):
( )SIM ( )NAO
HISTORICO TABAGISTA:
17- Vocé fuma atualmente ? () SIM () NAO

18- Se SIM, qual a quantidade de cigarros que fuma por dia?
() menos de meiomago ( )demeioaummago () maisde um mago

19- Se NAO, j foi fumante ? Ha quanto tempo parou de fumar ?
() nunca fumei parei de fumar hd () 0-5 anos
( ) 5-10anos

() mais de 10 anos
20- Voce convive ou conviveu em seu trabalho ou em casa com pessoas que fumam?
( )SIM ( )NAO

HISTORICO DE ETILISMO:

21- Vocé consome bebidas alcodlicas ? () SIM () NAO

22- Se SIM, que tipo de bebida alcodlica vocé costuma consumir?
() Destiladas ( ) Ndao-destiladas ( ) Outras ( ) Ambas

23- Quanto vocé costuma beber por semana?
( )noméaximolcopo ( )de2a5copos ( )de6al0copos ( ) maisde 10 copos

24- Se ja parou ha quanto tempo ndo consome mais esta bebida?
( )0-5anos ( )6-10anos ( ) maisde 10 anos

25- Quanto vocé costumava beber por semana?
( )noméximolcopo ( )de2a5copos ( )de6al0copos ( ) maisde 10 copos

) NAO
)y NAO

) NAO
) NAO

) NAO
) NAO
) NAO

) NAO

26- Durante a sua vida, ja consumiu ou consome alguma bebida diariamente por mais de 6 meses continuamente ?

( )SIM ( )NAO

HISTORICO DE SAUDE:
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27- Nos Ultimos 2 anos vocé tomou algum medicamento diariamente?
( )SIM ( )NAO ( )NAOSABE

Se SIM, especifique:

() Hormbnio () Anti-inflamatorio
() Analgésicos () Anti-hipertensivos
() Anabolizantes () Imunossupressores
() Antibiéticos (' )Antiarritmicos

() Antianémicos () Tranquilizantes

() Vitaminas () Antifangicos

() Antialérgicos () Tranquilizantes

() Outros:

28- Depois que vocé iniciou seu tratamento com imunossupressor:
A - Observou o surgimento de alguma leséo na pele?
( )SIM ( )NAO

B - Observou o surgimento de verrugas?
( )SIM ( )NAO

C - Apresentou gastrite ou alguma complicagdo digestiva?
( )SIM ( )NAO
Se sim, qual?

D - Desenvolveu c~atarata?
( )SIM ( )NAO

E - Teve algum tipo de micose?
( )SIM ( )NAO
Se sim, qual?

F — Desenvolveu q iabetes?
( )SIM ( )NAO

G — Desenvolveu Hipertensdo arterial?
( )SIM ( )NAO

H — Desenvolveu alguma doenca cardiovascular?
( )SIM ( )NAO

| - Desenvolveu Osteoporose?
( )SIM ( )NAO

J- Desenvolveu angmia?
( )SIM ( )NAO

L — Desenvolveu sopro?
( )SIM ( )NAO

M- Desenvolveu Hepatite?
( )SIM ( )NAO

Outros problemas () Qual:

29- Voce ja foi submetido a algum tipo de cirurgia?
( )SIM ( )NAO
Se SIM, especifique:
Tipo:
Ano:

30- VVocé ja foi submetido a algum tipo de transplante?

( )SIM ( )NAO

Se SIM, especifique:

( )Rim ( )Figado ( )Pulmdo ( )Coracdo ( )Cobrnea ( ) Medula dssea

( Ylvez ( )2vezes ( )3vezes



Qual a data do transplante:

31- Voce ja recebeu transfusdo sanguinea?
( )SIM ( )NAO
Quantas?

32- Vocé tem an'Eecedentes de cancer em sua familia?
( )SIM ( )NAO

33- Em casos de cancer na familia, qual era o vinculo de parentesco?
() Pai ( ) Mée () Filho ( )Tio () Primo
Se OUTRO, especifique:

() Outro

34- Qual foi a localizag&o do u tumor?
Especifique:

EVOLUCAO CLINICA DO TRANSPLANTE

35- Quem foi o doador:

() Parente vivo

Especifique o grau de parentesco
() ndo parente vivo

() Cadaver

36- Vocé ja teve alguma crise de rejei¢do?

( )SIM ( )NAO

Se SIM, especifique quantas vezes:

( Ylvez ( )2vezes ( )3vezes ( )acimade 3vezes

37- Vocé ja foi tratado anteriormente devido a algum tipo de cancer?
( )SIM ( )NAO
Se SIM, especifique o tipo:

38 — Se teve cancer, o tratamento ocorreu:
() antes do transplante
(' ) depois do transplante

Histérico Alimentar: (refira-se somente aos habitos frequentes):

39- Voce se alimenta apenas de vegetais?
( )SIM ( )NAO

40- Com que fregiiéncia vocé come as carnes listadas abaixo:

1-2 dias/semana 3-4 dias/semana

5-6 dias/semana

diariamente

Carne bovina

Peixe

Frango

Porco
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