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POLIMORFISMO DAS UDP-GLUCURONOSILTRANSFERASES E EFEITOS
ADVERSOS EM INDIVIDUOS RECEPTORES DE TRANSPLANTE RENAL EM
TERAPIA COM MICOFENOLATO MOFETIL

RESUMO

Introducéo: Estudos na area de farmacogenética tém sido realizados na
tentativa de se demonstrar possivel influéncia do padrdo genético na variabilidade da
resposta aos imunossupressores, criando assim uma nova ferramenta de ajuste na
dosagem destes medicamentos. Objetivo: Avaliar possivel associagdo dos efeitos
adversos, principalmente hematoldgicos, gastrintestinais, infecciosos e imunoldgicos
apresentados por individuos transplantados renais que receberam terapia com
micofenolato mofetil (MMF), com os polimorfismos nos genes que codificam
enzimas da familia das uridino-glucuronosiltransferases (UGTS), responsaveis pela
biodisponibilidade do acido micofendlico, metabdlito ativo do MMF. Métodos:
Foram estudados transplantados renais adultos que receberam, por no minimo 30
dias, doses de 1 a 2g/dia de MMF como parte do esquema imunossupressor. A
genotipagem dos polimorfismos de UGT1A8 (-999C/T, cdédon 255A/G, cddon
277GIA), UGT1A9 (-2152C/T, -275T/A, -118T9/10, cédon 33T/C) e UGT2B7 (-
79G/A, cddon 268C/T) foi realizada por meio de sequenciamento automético e os
cromatogramas gerados foram analisados no programa Staden Gap and PreGap4. Os
genotipos obtidos foram comparados com os efeitos adversos eventualmente
apresentados e com a necessidade de suspensdo ou reducdo da dose do MMF. A
analise estatistica foi realizada utilizando-se o teste de qui-quadrado de Pearson.
Resultados: Foram genotipados 74 individuos com 56 + 41 meses pds-transplante

em acompanhamento ambulatorial. Destes, 68,9% eram do sexo masculino, com
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média de idade de 42 + 12 anos. A taxa de filtracdo glomerular média foi de 46 + 19
ml/min/1,73m? e os diversos esquemas imunossupressores associados a0 MMF se
basearam em prednisona (98,6%), ciclosporina (39,2%), tacrolimus (35,1%) e
sirolimus (28,4%). Foram encontrados todos os polimorfismos citados, em homo ou
heterozigose, com excecdo do UGT2B7-79G/A que sé foi encontrado na forma
selvagem. Os episodios de infeccdo foram mais freqlientes em individuos que
receberam 2g/dia de MMF e eram portadores da variante UGT1A8 codon 277A
(p=0.03), bem como nos portadores do haplotipo UGT1A8H5 (-999C/cddon
255A/codon 277A) (p=0.02) e do diplétipo UGT1A8H2/H5 (-999CC/codon
255AA/c6don 277GA) (p=0.02). Também naqueles que receberam 2 g/dia de MMF,
a presenca do haplétipo UGT1A9H4 (-2152T/-275A/-118T9/codon 33T) associou-se
com o desenvolvimento de distirbios hematoldgicos, principalmente leucopenia
(p<0.01) e necessidade de interrupcdo da medicagdo (p<0.01). Conclusdo: A
presenca de distlrbios hematoldgicos e infec¢bes em individuos transplantados
renais que receberam 2g/dia de MMF estd associada com variantes dos genes
UGT1A9 e UGT1A8. Este estudo sugere que estes polimorfismos influenciam a
ocorréncia de alguns efeitos colaterais, principalmente infeccdo e leucopenia em

individuos recebendo 2 g/dia de MMF como parte da terapia imunossupressora.
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ABSTRACT

Introduction: Pharmacogenetic studies have been performed in an attempt to
demonstrate possible influences of the genetic pattern on the variable responses to the
immunosuppressive medications. This finding could be another tool to tailoring
individual immunosuppression. Objective: This work aimed to analyze the side
effects presented by kidney transplant patients on MMF-based immunosuppression
and verify their relation with the genetic polymorphism of uridine
glucuronosyltransferases (UGT) enzymes, major responsible for bioavailability of
mycophenolic acid (MPA), the active metabolite of MMF. Methods: In this study,
we retrospectively analyzed 74 kidney transplant patients who had used MMF as part
of their immunosuppression regimen. Genotyping of polymorphisms in UGT1A8 (-
999C>T, codon 255A>G, codon 277G>A), UGT1A9 (-2152C>T, -275T>A, -
118T9>10, codon 33T>C) and UGT2B7 (-79G>A, codon 268C>T) was performed
using an automated sequencer and the chromatograms were analyzed on program
StadenGap and PreGap4. The genotypes were then compared to the occurrence of
eventual side effects, mainly diarrhea, blood disorders and infections. Statistical
analyses used Pearson’s chi-square test. Results: Seventy-four kidney transplant
patients with 56 + 41 months post-transplant were enrolled, with mean age of 42 + 12
years. The glomerular filtration rate was 46 + 19 ml/min/1,73m? and the other
immunosuppressors were prednisone (98,6%), cyclosporine (39,2%), tacrolimus
(35,1%) and sirolimus (28,4%). All polymorphism could be identified on the
population, except the UGT2B7-79G/A. Data analysis showed that infection episodes
were more frequently observed in individuals who carried the variant UGT1A8 codon

277A (p=0.03) and received 2g/day of MMF. Within individuals receiving this
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dosage of the medication, infection could be related to the presence of haplotype
UGT1A8H5 (-999C/cddon 255A/cddon 277A) (p=0.02) or diplotype UGT1A8H2/H5
(-999CC/cédon 255AA/codon 277GA) (p=0.02). Hematological disturbances
(p<0.01) and MMF dose reduction (p<0.01) were more frequent in individuals
carrying the haplotype UGT1A9H4 (-2152T/-275A/-118T9/codon 33T) and receiving
2g/day of MMF. Conclusions: The clinical and molecular data of this study suggest
that UGT1A9 e UGT1A8 polymorphisms seem to be an additional factor influencing
the occurrence of side effects, mainly infection and hematologic disturbances, in

patients receiving 2g/day of MMF as drug transplant therapy.
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INTRODUCAO

A partir do Projeto Genoma Humano, a avaliacdo de eficacia e seguranca de
vérias medicagbes passou a ser relacionada com padrées de metabolismo inatos.®
Assim, genes que codificam receptores e enzimas podem ter variabilidade de
expressdo de acordo com o polimorfismo que apresentam, sendo esta influéncia do
padrao genético na farmacodinamica denominada farmacogendmica.®

Farmacogendmica e farmacogenética estudam os fatores genéticos que
podem contribuir para a variacdo na resposta individual dos pacientes as medicacoes.
Usualmente os dois termos sdo utilizados como sinbnimos, porém a farmacogenética
esté relacionada ao campo da ciéncia focado no modo como genes isolados modulam
o0 efeito de certa droga, enquanto a farmacogendmica abrange 0 genoma como um
todo, estudando tanto os genes individualmente quanto a interagéo entre eles.®

O papel promissor da farmacogenética e da farmacogendmica, ao elucidar as
bases hereditéarias das diferencas interindividuais nas respostas aos medicamentos, €
a possibilidade de identificar a medicagdo correta na dose adequada para cada

paciente, minimizando efeitos colaterais e maximizando o potencial terapéutico.® ¥

Farmacogenética, farmacogendmica e transplantes

Inicialmente, as interagBes farmacogenéticas dos imunossupressores foram
identificadas por meio de anélises fenotipicas e uma das primeiras medicagdes
estudadas e com sua farmacogenética definida foi a azatioprina.’ Nos anos 80,
estudos identificaram variabilidade interindividual na atividade da enzima tiopurina
metiltransferase (TPMT), responsavel pelo metabolismo desta medicacéo,

posteriormente relacionando-a com uma heranga autossdmica codominante.® ©
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Devido a esta variabilidade, individuos com atividade enzimatica baixa ou ndo
detectdvel que recebiam doses habituais de azatioprina apresentavam elevadas
concentragdes dos seus metabdlitos ativos e consequentemente uma imunossupresséo
maior. Estes dados traziam implicacBes terapéuticas, ja que até 10% da populacéo
caucasiana pode apresentar alelos que aceleram a protedlise desta enzima, reduzindo
sua fung&o. Por outro lado cerca de 1% da populagdo possui dois alelos que inativam
a TPMT, levando & incapacidade de metabolizagdo da medicagdo e a efeitos

578 A realizacdo de testes farmacogenéticos

colaterais ainda mais exacerbados.’
antes da utilizacdo da medicagdo pode identificar pacientes de risco e auxiliar na
decisdo terapéutica em relacdo a dose utilizada ou até mesmo na indicagdo de
esquemas imunossupressores alternativos a azatioprina.®

Para outros imunossupressores o impacto da variabilidade genética ainda ndo
esta bem definido. Para alguns deles, como a ciclosporina, o tacrolimus, o
micofenolato mofetil e o sirolimus, sabe-se que ha grande variabilidade
interindividual em sua farmacocinética, levando com frequéncia a necessidade de
monitorizacdo sérica da medicacdo a fim de se evitar desfechos terapéuticos
indesejaveis.™”

Inicialmente, a maioria dos estudos em transplantes de 6rgéos sélidos voltou
sua atencdo a glicoproteina P e ao sistema do citocromo P450, responsaveis pela
metabolizac&o dos inibidores de calcineurina.“? Para o tacrolimus existem dados na
literatura que sugerem associagdo da variabilidade interindividual com a origem
étnica dos receptores estudados, inclusive com sugestdo de que esta possa influenciar

na prescricdo do medicamento.®? Para a ciclosporina, outro imunossupressor da

classe dos inibidores de calcineurina, existe diferenca na farmacocinética da



Introducdo 4

medicacdo quando avaliados diversos polimorfismos genéticos de CYP3A5, mas ao
contrario do descrito para tacrolimus, ndo se demonstrou associagdo dos
polimorfismos com necessidades na mudanca das doses da medicagéo. * * 14

Outra classe de imunossupressores que tem trazido discussdes crescentes
sobre a necessidade de terapéutica controlada por dosagens séricas é a dos agentes

15.16) Esta classe de imunossupressores é utilizada em associacdo a

antiproliferativos.'
tacrolimus ou ciclosporina e seus principais representantes sdo a azatioprina e o
micofenolato mofetil (MMF). A azatioprina € utilizada em transplantes ha vérias
décadas e hoje no estudo de sua farmacogenémica, conforme citado acima, sugere-se
que o polimorfismo da enzima TPMT pode favorecer a presenca de efeitos colaterais
como leucopenia e mielotoxicidade.® O MMF, outro agente antiproliferativo, é um
imunossupressor aprovado para uso na prevencdo de rejeicdo em transplantes de
6rgéos sélidos assim como em transplante de medula éssea.*” '8

Micofenolato mofetil é uma prdé-droga de utilizagdo oral, que é rapidamente
hidrolisada no nivel intestinal por estearases plasmaticas e teciduais, resultando no
seu metabdlito ativo &cido micofendlico (MPA). Este é um inibidor seletivo da
enzima inosino monofosfato desidrogenase (IMPDH), envolvida na sintese de novo
das purinas e conseqlentemente na divisdo linfocitéria, tendo como metabolitos
principais o hidroxifenil-B-glucurdnico (MPAG) e o acil-glucurdnico (AcCMPAG),
conjugados pelas uridino-glucuronosiltransferases (UGTSs). Estes metabdlitos tém
sido relacionados a efeitos adversos do MMF, principalmente anemia, leucopenia e
toxicidade gastrintestinal. 9 2 2 22)

As UGTs sdo as principais enzimas responsaveis pelo metabolismo do MPA.

Encontram-se ligadas & membrana celular e apresentam capacidade para conjugacdo
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@3 As isoformas

de seus substratos, facilitando a excregdo biliar ou urinaria.
UGT1A8, 1A9 e 1A10 séo as principais responsaveis pela metabolizagdo do MPA,
sendo que dentre estas, UGT1A8 e 1A9 tém a maior atividade catalitica.®* 2 Qutra
isoforma, UGT2B7, de atividade principalmente hepética, é responsavel pela
producdo do metabdlito ativo ACMPAG, que parece estar relacionado com alguns
dos efeitos indesejaveis do MMF. @ 2°)

A farmacocinética do MPA possui uma enorme variabilidade interindividual
e intraindividual, sendo influenciada pela fungdo do enxerto, concentracdo sérica de
albumina, funcéo hepética, e tipo de imunossupressor associado.® % 27 28 29, 30)
Recentemente, estudos in vivo e in vitro tém relacionado o polimorfismo dos genes
que codificam as UGTs como um dos fatores responsaveis pela variabilidade no
perfil farmacocinético desta medicagdo.®* 23V

J& foi demonstrado em transplantados renais que individuos portadores das
variantes UGT1A9 -275T/A e -2152C/T que receberam 2g/dia de MMF apresentam
reducdo significativa na &rea sob a curva do MPA e conseqliente menor exposicao a
medicacdo.?”. Ja aqueles portadores da variante do cédon 33T/C apresentam
elevacdo nos niveis séricos do MPA, MPAG e ACMPAG, o que pode levar a efeitos
colaterais graves, como por exemplo maior grau de imunossupressao.® Em relagéo
a UGT1A8, apesar desta ser uma das isoformas envolvidas na formacao do MPAG,
ainda ndo foi demonstrado que a presenca de variantes genotipicas pode influenciar

(3239 Nos individuos

no perfil farmacocinético ou na incidéncia de efeitos adversos.
portadores de polimorfismo no gene UGT2B7, os niveis de MPA também estdo
elevados, porém os niveis de ACMPAG permanecem pouco alterados, sugerindo que

vias alternativas podem ser utilizadas na metabolizacéo do MPA.GV
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Como alguns dos genes que codificam as enzimas responsaveis pelo
metabolismo do MMF/MPA ja possuem polimorfismos identificados, este trabalho

teve como objetivos:

1. identificar os efeitos colaterais do MMF em pacientes submetidos a transplante

renal que receberam esta medicagéo;

2. estimar as frequéncias dos haplétipos que codificam as isoformas enzimaticas

UGT1A8, UGT1A9, e UGT2BY7 nestes individuos.

3. investigar associacdo entre estes polimorfismos e a presenca de efeitos colaterais.
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Abstract

Since the Human Genome Project, the evaluation of effectiveness and safety
of some medications became partially connected to innate metabolic patterns. Thus,
genes that encode receivers and enzymes could play different roles in metabolism,
according to their polymorphisms. Especially in organ transplantation, some of the
available medications used in immunosuppressive therapy have a narrow therapeutic
index, affecting the individual response to these drugs. This review focuses on the
polymorphism of genes that encode enzymes of the UDP-glucuronosyltransferase
(UGT) family, responsible for the bioavailability of mycophenolic acid, the active
metabolite of mycophenolate mofetil (MMF), used as immunosuppressant in solid
organ transplantation. The increasing literature data regarding the pharmacogenetics
of UGT and MMF suggest that enzyme polymorphism can explain the factors which
influence the occurrence of side effects in patients receiving MMF as drug transplant

therapy.

Keywords: mycophenolate mofetil, pharmacogenetics, polymorphysm, UGT
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PHARMACOGENETICS OF MYCOPHENOLATE MOFETIL: A PROMISING

DIFFERENT APPROACH TO TAILORING IMMUNOSUPPRESSION?

Pharmacogenetics and pharmacogenomics

The development of biotechnologies based on information from the Human
Genome Project has allowed the identification of a group of genes that defines the
individual response to drug therapy, and the effectiveness and safety of some drugs
were also linked to innate patterns of metabolism® % . Thus, genes that encode
receivers and enzymes could be expressed in a variety range depending on their
polymorphism. The study of this influence of the genetic pattern on the
pharmacodynamics is known as Pharmacogenomics. Both Pharmacogenomics and
Pharmacogenetics study the genetic factors which influence the individual response
to medications. Usually the two terms are used as synonyms, however
pharmacogenetics deals with the field of science that focuses on how isolated genes
modulate the effect of a certain drug, while pharmacogenomics encompasses the

genome as a whole, studying the interaction between genes individually”.

Absorption, distribution and clearance of endogenous and exogenous
substances are controlled by the expression of specific proteins at different sites.
Each one of these processes can be affected by genetic variations, resulting in
significant clinical impact®. It is believed that in the general population genetic
factors contribute to variations of 20 up to 95% in the bioavailability of medications,
but non-genetic factors, such as organic dysfunction, drug-to-drug interactions and

the illness itself, also influence the effect of the drugse.
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A promising role seems to be in store for Pharmacogenetics and
Pharmacogenomics in elucidating the hereditary bases of the differences between
drug responses in different individuals. The aim is to identify the correct drug dose
for each patient, minimizing the side effects and maximizing the therapeutic

potential® .

Historical background

The description by Kalow, about 40 years ago, of a reduction in the phase I
metabolism of succinylcholine related to genetic inheritance was one of the first
steps in the development of pharmacogenetics®. This first report was a description of
patients which were homozygous for a gene that encoded an atypical form of the
enzyme butyrylcholinesterase. These patients presented a delayed recovery from
muscular paralysis and consequent apnea, after administration of succinylcholine®.
Immediately after this description, a number of pharmacogenetic findings for the
phase Il metabolism were reported, relating genetic variations to significant
differences in the half-life and the concentration of drugs such as isoniazid,
hydralazine and procainamide, with significant clinical consequences® ' 12,
Following these initial findings, there was a significant increment in publications
regarding this field, and controversial issues, such as the frequency of some variant

alleles in protein coding, and the influence of ethnic and population variability on the

frequency of these alleles, started to arise in the literatu re®.

Pharmacogenetics, pharmacogenomics and transplantation
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The interactions between genes and immunosuppressive drugs had been
initially identified through phenotype analyses. One of the first drugs studied for
kidney immunosuppression was the purine synthesis inhibitor azathioprine®. Over the
last 80 years, a great variation between individuals was found regarding the activity
of the enzyme thiopurine methyltransferase (TPMT). This enzyme, responsible for
the metabolism of azathioprine, is encoded by a gene with autosomal codominant

inheritance™ *

. Individuals with low or undetectable activity of this enzyme
receiving the usual doses of azathioprine showed higher concentrations of its active
metabolites, resulting in a stronger immunosuppression effect. These data brought
information of significant therapeutic usefulness, since up to 10% of the Caucasian
population can present alleles that speed up proteolysis, reducing drug function. On
the other hand, less than 1% of this same population carries two TPMT -inactivating
alleles, leading to incapacity of drug metabolization, and exacerbating side effects™*
1516 performing pharmacogenetic studies before prescribing the medication could
help detecting the patients’ risk and even assist in the therapeutic decision to use
alternative  immunosuppressants  instead  of  azathioprine'’.  For  other
immunosuppressors, the impact of genetic variability has not been completely
defined yet. Immunosuppressive drugs, such as cyclosporine, tacrolimus,
mycophenolate mofetil and sirolimus, present great inter-individual variability in
their pharmacokinetics, and most of them need continuous therapeutic drug
monitoring’®. The majority of studies in pharmacogenetics of solid organ
transplantation have turned their attention to P-glycoprotein, a product of gene

MDR-1 (Multidrug Resistance 1), and the P450 cytochrome system, an intracellular

transporter that is capable of carrying a variety of substances, including cyclosporine
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and tacrolimus'® '8, For the phase | metabolism, it was already demonstrated that the
expression of gene MDR-1/ABCB1 can influence the pharmacokinetics and
pharmacodynamics of tacrolimus in kidney transplant patients?’. Regarding the phase
Il metabolism, the relationship between gene polymorphism, enzymes CYP3A4 and
CYP3AS5, and its role in the catalytic activity of tacrolimus was also demonstrated,

2L 2.2 1n g recent review, the

leading to an increase of the prescribed doses
association of such findings with the ethnic origin of the transplant recipients was
also considered®. For cyclosporine, genetic polymorphisms of CYP3A5 showed
impaired metabolization in healthy volunteers, but in contrast to the described data
for tacrolimus, studies linking genetic polymorphism of CYP3A and P-glycoprotein
did not show any correlation with possible changes in cyclosporine dosages®® % % ',
On the other hand, data on another immunosuppressive drug, mycophenolate mofetil,
have brought about an increasing discussion concerning the need of blood

therapeutic monitoring of its active metabolite, mycophenolic acid?® %,

Mycophenolate Mofetil

Mycophenolate mofetil (MMF) is approved for use both in solid organ and
bone marrow transplantation®” * 3 MMF is a pro-drug, and its oral ingestion is
quickly followed by hydrolization at the intestinal level by plasma and tissue
esterases into an active metabolite, mycophenolic acid (MPA). The metabolism of
MMF and MPA is complex and involves a number of enzymes, including esterases,
phase-11 enzymes and possibly the P450 cytochrome system (figure) 3% %% %% MPA
is a selective inhibitor of the enzyme inosine monophosphate dehydrogenase

(IMPDH), involved in de novo nucleotide biosynthesis and consequently in
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lymphocyte proliferation. Through its active metabolite MPA, MMF reduces the
proliferation of T and B lymphocytes, induces apoptosis of activated T-lymphocytes,
and inhibits the expression of adhesion molecules, as well as the production of nitric

oxide %¢%7,

The metabolism of MPA involves its conjugation by UDP-
glucuronosyltransferases (UGTSs) to an inactive molecule known as hydroxyphenyl-
B-glucuronic acid (MPAG). Other four end-products were identified in plasma of
individuals receiving MMF: an acyl-glucuronide (AcMPAG), two glucosides
(phenolic and acyl), and a demethylated metabolite®" 3+ ¥ 3% % The AcMPAG
metabolite was known as pharmacologically inactive and its clearance occurs
through the urine® * %2, However, the literature is challenging the concept of
ACMPAG inactivity, and some authors have demonstrated that it has an inhibitory
effect on lymphocyte proliferation in vitro and could possibly be associated with
toxic effects*® *. Thus, it is believed that AcCMPAG could be responsible for some of
the side effects of the therapy with mycophenolate mofetil or mycophenolic acid,
such as leucopenia and gastrointestinal toxicity®. The glucoside metabolites of MPA
(MPAGIs) do not seem to present any immunosuppressive drug activity; their
potential of toxicity was not studied yet®. The MMF/MPA metabolites, mainly
MPAG, also play a role in the enterohepatic circulation, undergoing biliary excretion
followed by intestinal deglucuronidation, and finally being metabolized again into
MPA3®" * This enterohepatic cycle is recognized as one of the main factors which
are responsible for the undesirable gastrointestinal effects of MMF, since up to 40%
of the area under the curve from 0 to 12 hours (AUCy.12) of MPA can be represented

by this recirculation®™ *> *. Despite the concept that MMF is a well tolerated
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immunosuppressive drug, side effects such as leucopenia, anemia and
gastrointestinal disorders like nausea, vomiting, diarrhea, gastritis and ulcers have

been described*” * 4

The occurrence of hematological disorders, mainly
leucopenia, can be fully explained by the pharmacological action of MPA, which
inhibits IMPDH and plasma levels of MPA, as mainly its area under the curve
(AUC) was demonstrated to be related to leucopenia and infections®. However, the
mechanisms involved in the development of gastrointestinal effects cannot be
completely explained by the pharmacological action of MPA?: 3% 525354 ‘Indeed, it
was already demonstrated that anemia can be related to high plasma levels of MPA,;
however, a more recent study linked the occurrence of anemia to high levels of
MPAG and AcMPAG and not to MPA values™ *®. Regarding the gastrointestinal
effects, a close correlation was established between the prescribed dose of MMF,

high levels of ACMPAG and MPAG, and the frequency of symptoms®” > *°,

The pharmacokinetics of MPA presents an enormous inter-individual and
intra-individual variability and is influenced by graft function, plasma albumin
levels, liver function, and the associated immunosuppressive drug®" > ©0 6162 63,64
The association with other immunosuppressants can influence the pharmacokinetics
of MMF, due to their interaction in coincident steps of the metabolic pathways.
Patients under immunosuppressive therapy combining MMF and cyclosporine are
exposed to reduced MPA levels, probably due to the inhibition of its enterohepatic
circulation®® ¢, Moreover, MPA concentrations in vivo and immunosuppressive drug
activity in vitro seem to be higher when MMF is used in association with tacrolimus

rather than with cyclosporine, with a reduction of MPAG concentrations®® ®’. These

findings suggest that tacrolimus can inhibit the metabolism of MPA, as demonstrated
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in in vitro studies®. The uridino-glucuronosyltransferases, called UDP-GTs or
UGTs, are a superfamily of enzymes with twenty different amino acid sequences
already described in humans, and some of the UGT isoforms are directly involved in

the MPA metabolism®®,
Pharmacogenetics of UGT

There is a high degree of interindividual variability in the glucuronidation rate
of several compounds. This variability can be due to age, type of disease, diet or
factors directly related to the individual®® . However, a number of studies are
bringing light to the role of genetic polymorphism in the variability of
glucuronidation rates presented by different populations®® " "™ " 3 This genetic
variability can occur under different forms, such as small insertions or deletions, and
even single nucleotide polymorphisms (SNPs), and can be found in several positions
of the gene, including regulatory sequences and codons. Depending on the type of
the variation and its position in the gene, the phenotypical consequences can exert

different levels of influence on protein expression™.
MMEF and UGT polymorphism

Most of the UGT isoforms involved in MPA glucuronidation have been
described, but the whole pathway is not completely understood. UGT1A7, 1A8, 1A9
and 1A10 seem to be able to glucuronidate MPA, but UGT1A7 and 1A10 present
weaker catalytic activity’” *® "> ", Recently, these findings were confirmed in vivo
and in vitro, with identification of the enzymatic forms, their expression sites and

their capacity of glucuronidating MPA>* *°. Another isoform, UGT2B7, with liver
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and kidney activity, is responsible for the generation of the active metabolite
ACMPAG, related to undesirable effects of MMF®® 9. Considering that UGT
isoforms play a significant role in the metabolism and bioavailability of MMF/MPA,
induction or inhibition of their activity could lead to underexposure to the drug or to
the induction of side effects, such as anemia, leucopenia and diarrhea®® ™.
Unfortunately, few clinical data support a correlation between side effects and

genetic variations, but increasing data on this issue are being published*® " & 7,

Regarding the pharmacokinetic profile of MMF/MPA, a recent publication on
healthy individuals showed a lower exposure to MPA when the drug was
administrated to carriers of the UGT1A9 -275/-2152 polymorphism, but no changes
in MPAG plasma concentration were demonstrated. Differences in MPA, MPAG and
ACMPAG profiles were also found in the UGT1A9*3 (M33T) carriers and the levels
of free and total plasma MPA were higher among the UGT2B7 mutation carriers*,
However, in a specific Japanese kidney transplant population, the allelic variations of
UGT2B7 did not show significant variability for the plasma MPA concentration”.
This lack of correlation could be due to the kidney expression of UGT2B7, which is

probably impaired in the native kidneys of that Japanese transplant population.

In conclusion, the inter-individual variability of MPA pharmacokinetics is
related to several possible interferences in the drug metabolism, including the genetic
profile of the recipient. There is increasing interest in finding out whether therapeutic
drug monitoring of MMF/MPA is useful and cost-effective in kidney transplantation,
and if a pharmacogenetic evaluation of UGT polymorphisms in transplant recipients

could be an additional tool to help clinical management.



Artigo | 18

References

1. Lander ES, Lintom LM, Birrem B et al. Initial sequencing and analysis of

human genome. Nature 2001; 409:860-921.

2. Venter JC, Adams, MD, Myers EW et al. The sequence of human genome.

Science 2001; 291:1304-51.

3. Fredericks S, Holt DW, MacPhee IA. The pharmacogenetics of
immunosuppression for organ transplantation: a route to individualization of drug

administration. Am J Pharmacogenomics 2003; 3:291-301.

4. Yagil Y, Yagil C. Insights into pharmacogenomics and its impact upon

immunosuppressive therapy. Transplant Immunology 2002; 9:203-9.

5. Anglicheau D, Legendre C, and Thervet E. Pharmacogenetics in solid
organ transplantation: present knowledge and future perspectives. Transplantation

2004; 78: 311-5.

6. Kalow W, Tang BK, Endrenyi L. Hypothesis: Comparisons of inter and
intra-individual variations can substitute for twin studies in drug research.

Pharmacogenetics 1998; 8(4):283-9.

7. Cattaneo D, Perico N, Remuzzi G. From pharmacokinetics to
pharmacogenomics: a new approach to tailor immunosuppressive therapy. Am J

Transplant 2003; 4:299-310.



Artigol 19

8. Weinshilboum R. Inheritance and drug response. N Engl J Med 2003;

348(6):529-37.

9. Price Evans DA, Manley KA, McKusick VA. Genetic control of isoniazid

metabolism in man. BMJ 1960; 2:485-91.

10. Reidenberg MM, Drayer DE, Levy M, Warner H. Polymorphic

acetylation of procainamide in man. Clin Pharmacol Ther 1975; 17:722-30.

11. Drayer DE, Reidenberg MM. Clinical consequences of polymorphic

acetylation of basic drugs. Clin Pharmacol Ther 1977; 22: 251-8.

12. Timbrell JA, Harland SJ, Facchini V. Polymorphic acetylation of

hydralazine. Clin Pharmacol Ther 1980; 28:350-5.

13. Weinshilbooum RM, Otterness DM, Szumlanski CL. Methylation
pharmacogenetics: Catechol O-methyltransferase, thiopurine methyltransferase, and

histamine N-methyltransferase. Annu Rev Pharmacol Toxicol 1999; 39:19-52.

14. Kurzawski M, Dziewanowski K, Gawronska-Szklarz B, et al. The impact
of thiopurine S-methyltransferase  polymorphism on azathioprine-induced

myelotoxicity in renal transplant recipients. Ther Drug Monit 2005; 27:435-441.

15. Yates CR, Krynetski EY, Loennechen T, et al. Molecular diagnosis of
thiopurine S-methyltransferase deficiency: genetic basis for azathioprine and

mercaptopurine intolerance. Ann Intern Med 1997; 126:608-14.



Artigol 20

16. Schitz E, Gummert JF, Mohr F, et al. Azathioprine-induced
myelosuppression in thiopurine methyltransferase deficient heart transplant recipient

(Letter). Lancet 1993; 341-6.

17. Evans WE, Hon Y'Y, Bomgaars L, et al. Preponderance of thiopurine S-
methyltransferase deficiency and heterozygosity among patients intolerant to

mercaptopurine or azathioprine. J Clin Oncol 2001; 19:2293-301.

18. van Gelder T, Hesselink DA, van Hest RM, et al. Pharmacogenetics in
immunosuppressive therapy. The best thing since TDM? Ther Drug Monit 2004;

26:343-6.

19. Zhang Y, Benet LZ. The gut as a barrier to drug absorption: combined
role of cytochrome P450 3A and P-glycoprotein. Clin Pharmacokinet 2001; 40:159-

68.

20. Tsuchiya N, Satoh S, Tada H, et al. Influence of CYP3A5 and MDR1
(ABCBL1) polymorphisms on the pharmacokinetics of tacrolimus in renal transplant

recipients. Transplantation 2004; 78:1182-7.

21. MacPhee 1AM, Fredericks S, Tai T, et al. Tacrolimus pharmacogenetics:
polymorphism associated with expression of cytochrome P450 3A5 and P-

glycoprotein correlate with dose requirement. Transplantation 2002; 74:1486-9.

22. Zheng HX, Webber S, Zeevi A, et al. Tacrolimus dosing in pediatric heart
transplant patients is related to CYP3A5 and MDR1 gene polymorphisms. Am J

Transplant 2003; 3:477-83.



Artigol 21

23. Hesselink DA, Van Schaik RHN, Van der Heiden IP, et al. Genetic
polymorphism of the CYP3A4, CYP3A5 and MDR-1 genes and pharmacokinetics of
the calcineurin inhibitors cyclosporine A and tacrolimus. Clin Pharm Ther 2003;

74:245-54.

24. MacPhee IAM, Fredericks S, Mohamed M, et al. Tacrolimus
pharmacogenetics: the CYP3A5*1 allele predicts low dose-normalized tacrolimus

blood concentrations in Whites and South Asians. Transplantation 2005; 79:499-502.

25. Rivory LP, Qin H, Clarke SJ, et al. Frequency of cytochrome p450 3A4
variant genotype in transplant population and lack of association with cyclosporin

clearance. Eur J Clin Pharmacol 2000; 56:395-8.

26. von Ahsen N, Richter M, Grupp C, et al. No influence of the MDR-1
C3435T polymorphism or a CYP3A4 promotor polymorphism (CYP3A4-V allele)
on dose-adjusted cyclosporin A trough concentrations or rejection incidence in stable

renal transplant recipients. Clin Chem 2001; 47:1048-52.

27. Min DI, Ellingrod VL, Marsh S, McLeod H. CYP3A5 polymorphism and
the ethnic differences in cyclosporin pharmacokinetics in healthy subjects. Ther Drug

Monit 2004; 26:524-8.

28. van Gelder T, and Shaw LM. The rationale for and limitations of
therapeutic drug monitoring for mycophenolate mofetil in transplantation.

Transplantation 2005; 80:5244-S253.



Artigo | 22

29. van Hest RM, Mathot RA, Vulto AG, et al. Within-patient variability of
mycophenolic acid exposure. Therapeutic drug monitoring from a clinical point of

view. Ther Drug Monit 2006; 28:31-4.

30. Sollinger HW. Mycophenolate mofetil for the prevention of acute
rejection in primary cadaveric renal allograft recipients. U.S. Renal Transplant

Mycophenolate Mofetil Study Group. Transplantation 1995; 60:225-32.

31. Bullingham R, Nicholls AJ, Kamm BR. Clinical pharmacokinetics of

mycophenolate mofetil. Clin Pharmacokinet 1998; 34:429-55.

32. Cohn RG, Mirkovich A, Dunlap B, et al. Mycophenolic acid increases
apoptosis, lysosomes and lipid droplets in human lymphoid and monocytic cell lines.

Transplantation 1999; 68:411-8.

33. Shaw LM, Sollinger HW, Halloran P, et al. Mycophenolate mofetil: a

report of the consensus panel. Ther Drug Monit 1995; 17:690.

34. Shipkova M, Armstrong VF, Wieland EF, et al. Identification of
glucoside and carboxyl-linked glucuronide conjugates of mycophenolic acid in
plasma of transplant recipients treated with mycophenolate mofetil. Br J Pharmacol

1999; 126:1075-82.

35. Staatz CE, Tett SE. Clinical pharmacokinetics and pharmacodynamics of
mycophenolate in solid organ transplant recipients. Clin Pharmacokinet 2007;

46(1):13-58.

36. Lipsky, JJ. Mycophenolate mofetil. Lancet 1996; 348:1357-9.



Artigo |l 23

37. Allison AC, Eugui EM. Mycophenolate mofetil and its mechanisms of

action. Immunopharmacol 2000; 47:85.

38. Schitz E, Shipkova M, Armstrong VW, et al. ldentification of a
pharmacologically active metabolite of mycophenolic acid in plasma of transplant

recipients treated with mycophenolate mofetil. Clin Chem 1999; 45:419-22.

39. Wigger M, Armstrong VW, Shipkova M, et al. Atypical pharmacokinetics
and metabolism of mycophenolic acid in a young kidney transplant recipient with

impaired renal function. Ther Drug Monit 2002; 24:438.

40. Picard N, Crestil T, Le Meur Y, et al. Identification of a phase I
metabolite of mycophenolic acid produced by CYP450 3A4/5. [abstract]. Ther Drug

Monit 2003; 25:503.

41. Bullingham R, Monroe S, Nicholls A, Hale M. Pharmacokinetics and
bioavaiability of mycophenolate mofetil in healthy subjects after single-dose oral and

intravenous administration. J Clin Pharmacol 1996; 36:315-24.

42. Nowak I, Shaw LM. Effects of mycophenolic acid glucuronides on

inosine monophosphate dehydrogenase activity. Ther Drug Monit 1997; 19:358-60.

43. Shipkova M, Wieland E, Schitz E, et al. The acyl glucuronide metabolite
of mycophenolic acid inhibits the proliferation of human mononuclear leukocytes.

Transplant Proc 2001; 33:1080-1.



Artigol 24

44. Shipkova M, Armstrong VW, Oellerich M, Wieland E. Acyl glucuronide
drug metabolites: toxicological and analytical implications. Ther Drug Monit 2003;

25:1-16.

45. Wieland E, Shipkova M, Schellhaas U, et al. Induction of cytokine release
by the acyl glucuronide of mycophenolic acid: a link to side effects? Clin Biochem

2000; 33:107-13.

46. Levesque E, Delage R, Benoit-Biancamano MO, et al. The impact of
UGT1A8, UGT1A9 and UGT2B7 genetic polymorphism on the pharmacokinetic
profile of mycophenolic acid after a single oral dose in healthy volunteers. Clin

Pharmacol Ther 2007; 81(3):392-400.

47. Behrend M. Mycophenolate mofetil (Cellcept®). Exp Opin Invest Drugs

1998; 7:15009.

48. Oellerich M, Shipkova M, Schutz E, et al. Pharmacokinetic and metabolic
investigations of mycophenolic acid in pediatric patients after renal transplantation:
implications for therapeutic drug monitoring. German study group on mycophenolate

mofetil therapy in pediatric renal transplant recipients. Ther Drug Monit 2000; 22:20.

49. Behrend M. Adverse gastrointestinal effects of mycophenolate mofetil:

aetiology, incidence and management. Drug Saf 2001; 24:645.

50. Weber LT, Shipkova M, Armstrong VW, et al. The pharmacokinetic-

pharmacodynamic relationship for total and free mycophenolic acid in pediatric renal



Artigol 25

transplant recipients: a report of the German study group on mycophenolate mofetil

therapy. J Am Soc Nephrol 2002; 13:759.

51. Arbeiter K, Greenbaum L, Balzar E, et al. Reproducible erythroid aplasia

caused by mycophenolate mofetil. Pediatr Nephrol 2000; 14:195.

52. Engelen W, Verpooten GA, Van der Planken M, et al. Four cases of red
blood cell aplasia in association with the use of mycophenolate mofetil in renal

transplant patients. Clin Nephrol 2003; 60:119.

53. Maes B, Dalle I, Geboes K, et al. Erosive enterocolitis in mycophenolate
mofetil-treated renal-transplant recipients with persistent afebrile diarrhea.

Transplantation 2003; 75: 665.

54. Neerman MF, Boothe DM. A possible mechanism of gastrointestinal

toxicity posed by mycophenolic acid. Pharmacol Res 2003; 47:523.

55. van Besouw NM, van der Mast BJ, Smak Gregoor PJ, et al. Effect of
mycophenolate mofetil on erythropoiesis in stable renal transplant patients is
correlated with mycophenolic acid trough levels. Nephrol Dial Transplant 1999;

14:2710.

56. Kuypers DRJ, Vanrenterghem Y, Squifflet JP, Mourad M, Abramowicz
D, Oellerich M. Twelve-month evaluation of the clinical pharmacokinetics of total
and free mycophenolic acid and its glucuronide metabolites in renal allografts
recipients on low dose tacrolimus in combination with mycophenolate mofetil. Ther

Drug Monit 2003; 25:609-22.



Artigo |l 26

57. Bernard O, Guillemette C. The main role of UGT1A9 in the hepatic
metabolism of mycophenolic acid and the effects of naturally occurring variants.

Drug Metab Dispos 2004; 32:775-8.

58. Basu NK, Kole L, Kubota S, Owen IS. Human UDP-
glucuronosyltransferases show atypical metabolism of mycophenolic acid and

inhibition by curcumim. Drug Metab Dispos 2004; 32:768-73.

59. Picard N, Ratanasavanh D, Prémaud A, et al. Identification of the UDP-
glucuronosyltransferase isoforms envolved in mycophenolic acid phase I

metabolism. Drug Metab Dispos 2005; 33:139-46.

60. Smak Gregoor PJ, van Gelder T, Hesse CJ, et al. Mycophenolic acid
plasma concentrations in kidney allograft recipients with or without cyclosporin: a

cross-sectional study. Nephrol Dial Transplant 1999; 14:706-8.

61. Vidal E, Cantarell C, Capdevila L, et al. Mycophenolate mofetil
pharmacokinetics in transplant patients receiving cyclosporine or tacrolimus in

combination therapy. Pharmacol Toxicol 2000; 87:182-4.

62. Shaw LM, Korecka M, Venkataramanan R, Goldberg L, Bloom, R,
Brayman KL,. Mycophenolic acid pharmacodynamics and pharmacokinetics provide

a basis for rational monitoring strategies. Am J Transplant 2003; 3:534-42.

63. Atcheson BA, Taylor PJ, Kirkpatrick PM, et al. Free mycophenolic acid
should be monitored in renal transplanted recipients with hypoalbuminemia. Ther

Drug Monit 2004; 26: 284-6.



Artigo | 27

64. Renders L, Steinbach R, Valerius T, et al. Low-dose sirolimus in
combination with mycophenolate mofetil improves kidney graft function late after
renal transplantation and suggests pharmacokinetic interaction of both

immunosupressive drugs. Kidney Blood Press Res 2004; 27:181-5.

65. Kobayashi M, Saitoh H, Kobayashi M, Tadano K, Takahashi Y, Hirano T.
Cyclosporin A, but not tacrolimus inhibits the biliary excretion of mycophenolic acid
glucuronide possibly mediated by multidrug resistance-associated protein 2 in rats. J

Phamacol Exp Ther 2004; 309:1029-35.

66. Zucker K, Tsaroucha A, Olson L, et al. Evidence that tacrolimus
augments the bioavailability of mycophenolate mofetil through the inhibition of

mycophenolic acid glucuronidation. Ther Drug Monit 1999; 21:35-43

67. Hubner GI, Eismann R, and Sziegoleit W. Drug interaction between
mycophenolate mofetil and tacrolimus detectable within therapeutic mycophenolic

acid monitoring in renal transplant patients. Ther Drug Monit 1999; 21:536-9.

68. Guillemette  C. Pharmacogenomics  of  human UDP-

glucuronosyltransferase enzymes. Pharmacogenomics J 2003; 3:136-58.

69. Kiang TKL, Ensom MHH, Chang TKH. UDP-glucuronosyltransferases

and clinical drug-drug interactions. Pharmacol Ther 2005; 106:97-132.

70. Kalow W. Interethnic variation of drug metabolism. Trends Pharmacol

Sci 1991; 12:102-7.



Artigo |l 28

71. Miners JO, Mackenzie PI. Drug glucuronidation in humans. Pharmacol

Ther 1991; 51:347-69

72. Inaba T, Nebert DW, Burchell B, et al. Pharmacogenetics in clinical

pharmacology and toxicology. Can J Physiol Pharmacol 1995; 73:331-8

73. Burchell B, Coughtrie MW. Genetic and environmental factors associated
with variation of human xenobiotic glucuronidation and sulfation. Environ Health

Perspect 1997; 105 (Suppl 4):739-47.

74. Shipkova M, Spielbauer B, Voland A, et al. cDNA microarray analysis
reveals new candidate genes possibly linked to side effects under mycophenolate

mofetil therapy. Transplantation 2004; 78:1145-52.

75.  Mackenzie PIl: Identification of the wuridine diphosphate
glucuronosyltransferases involved in the metabolism and clearance of mycophenolic

acid. Ther Drug Monit 2000; 22:10-3.

76. Shipkova M, Strassburg CP, Braun F, Steit F, Grone H-J, Armstrong VW,
Tukey RH, Oellerich M, and Wieland E. Glucuronide and glucoside conjugation of
mycophenolic acid by human liver, kidney and intestinal microsomes. Br J

Pharmacol 2001; 132:1027-34.

77. Kuypers DRJ, Naesens M, Vermeire S, Vanrenterghem Y. The impact of
uridine diphosphate-glucuronostltransferase 1A9 (UGT1A9) gene promoter region

single-nucleotide polymorphism C—275A and C—2152T on early mycophenolic acid



Artigol 29

dose-interval exposure in de novo renal allograft recipients. Clin Pharmacol Ther

2005; 78:351-61.

78. Bernard O, Tojcic J, Journault K, et al. Influence of nonsynonymous
polymorphisms of UGT1A8 and UGT2B7 metabolizing enzymes on the formation of
phenolic and acyl glucuronides of micophenolic acid. Drug Metab Dispos 2006;

34:1539-45.

79. Kagaya H, Inoue K, Masatomo M, et al. Influence of UGT1A8 and
UGT2B7 genetic polymorphisms on mycophenolic acid pharmacokinetics in

Japanese renal transplant recipients. Eur J Clin Pharmacol 2007; 63:279-88.



Artigo 1 30

OH CH,
7 CL\/”\N
o K/o
OCHj,

5 MMF

Esterases

WJL\E;C)VYO\%
ACyl glucoside UGTZB7
COOH
OH
OCH COOH
3
4 “GCQ " AcMPAG

H CH,OH

o

e UGT1A9

1 iy UGT2B7
COOH

e
OCH;z

e OH

i H COOH
7-0-glucoside
HO =
0 Q Hy
& COOH
OCH,4
CH, MPAG

Figure 1: Metabolic pathway of mycophenolate mofetil (MMF). MMF is hydrolyzed
to mycophenolic acid (MPA) by plasma and tissue esterases. MPA is converted by
glucuronidation to the phenolic MPA glucuronide (MPAG) and acyl glucuronide
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Abstract

Mycophenolate mofetil (MMF) is an immunosuppressive prodrug approved
for use in transplantation and its active metabolite, mycophenolic acid (MPA), is
mainly metabolized by UDP-glucuronosyltransferase (UGT) enzymes. In this study,
we retrospectively analyzed 74 kidney transplant patients who had used MMF as part
of their immunosuppression regimen. Polymorphisms in UGT1A8 (-999C>T, codon
255A>G, codon 277G>A) were analyzed and correlated with the occurrence of side
effects such as diarrhea, blood disorders and infections. The infection episodes were
more frequently observed in individuals receiving 2g/day of MMF and carrying the
variant UGT1A8 codon 277A (p=0.031), the haplotype UGT1A8H5 (-999C/codon
255A/codon 277A) (p=0.02) and the diplotype UGT1A8H2/H5 (-999CC/codon
255AA/codon 277GA) (p=0.015). Molecular data of this study suggest that UGT
polymorphisms may be a factor influencing clinical outcomes in patients receiving

MMF as drug transplant therapy; however, larger studies are warranted.

Keywords: mycophenolate mofetil, polymorphism, renal transplantation,

UGT
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INFLUENCE OF UDP-GLUCURONOSYLTRANSFERASE POLYMORPHISMS
ON MYCOPHENOLATE MOFETIL-INDUCED SIDE EFFECTS IN KIDNEY
TRANSPLANT PATIENTS

Introduction

Mycophenolate mofetil (MMF) is an immunosuppressive prodrug approved
for use in the prevention of rejection after solid organ or bone marrow
transplantation. This prodrug is rapidly hydrolyzed at the intestinal level by tissue
and plasmatic esterases into its active metabolite, mycophenolic acid (MPA). The
metabolism of MMF is complex and involves several enzymatic steps, including
esterases, phase 1l enzymes and possibly the P450 cytochrome system'. The
metabolism of MPA mainly involves its conjugation into MPA phenolic glucuronide
(MPAG) and acyl-glucuronide (AcCMPAG) through UDP-glucuronosyltransferase
(UGT) enzymes'. Although MMF is usually well-tolerated, side effects such as
infections and hematological and gastrointestinal disturbances have been reported.
The complete pathophysiology of these side effects is unclear, but it has been
demonstrated that they could be related to high plasma levels of MPA and maybe its
metabolites MPAG and ACMPAG".

The pharmacokinetics of MPA are characterized by a large inter- and
intraindividual variability and the genetic variability in MPA-metabolizing enzymes
is one of the recently studied causal factors associated to this interpatient variability.
MPA is conjugated into its major metabolites, namely MPAG and AcMPAG, mainly
by three UGT isoforms: 1A8, 1A9 and 2B7%°. In this retrospective study, we
correlated the presence of UGT1A8 genetic variations with the side effects presented

by kidney transplant individuals on MMF therapy.
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Methods

Approval was obtained from the Research Ethics Committee of FAMERP -
Sao Jose do Rio Preto Medical School (Sao Paulo, Brazil), from the National Ethics
Research Commission (CONEP) and from the Institutional Review Board (CHUL
Research Center and Laval University, Quebec, Canada). All medical records from
kidney transplant patients who received an organ between January 1995 and
December 2005 at the Institute for Urology and Nephrology and CINTRANS -
Organ and Tissue Transplant Center - FAMERP - Sao José do Rio Preto — Sao Paulo
— Brazil were reviewed. Seventy-four patients who received MMF for at least 30 days
as part of their immunosuppressive regimen were selected for genetic analyses. Other
data such as possible side effects and the eventual adjustment on MMF prescription
were obtained from the files.

UGT1A8 genotyping. Genomic DNA samples were obtained from peripheral
blood lymphocytes and then amplified using polymerase chain reaction®. The
amplified products were sequenced to identify wild type and variant UGT alleles -
999C/T, codon 255A/G and codon 277G/A. The sequences were analyzed using

Staden preGap and Gap4 programs (Open Source Technology Group,

http://staden.courceforge.net/) in order to identify the variant sequence.

Statistical analysis. The Hardy-Weinberg equilibrium was tested by »°
analysis and UGT1A8 haplotypes were inferred by a Bayesian algorithm using Phase
2.1 software (University of Washington, Seattle, WA). Statistical comparisons were
implemented using Pearson’s x? test. A p-value < 0.05 was considered statistically
significant.

Results
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From the 74 kidney transplant recipients with mean age of 42 + 12 years-old,
51 were male. Average time since transplantation was 56 + 41 months and the
associated immunosuppressive drugs consisted of prednisone, cyclosporine,
tacrolimus, and sirolimus. The patients received from 1 to 2 g/day of MMF.

UGT polymorphism and haplotype analysis. There was a higher occurrence
of infections in individuals receiving 2 g/day of MMF and carrying the UGT1A8
277A polymorphism (p=0,031) when compared to 277G carriers. All other
polymorphisms in UGT1A8 did not show any correlation with adverse reactions.
When only the group of individuals receiving 2 g/day of MMF was analyzed, the
carriers of haplotype UGT1A8H5 (-999C/codon 255A/codon 277A) or diplotype
UGT1A8H2/H5 (-999CC/codon 255AA/codon 277GA) presented more infection
episodes (p<0.02).

Discussion

MMEF prescription has been recently reviewed and new clinical and
experimental data suggest that individualized dosages could be more appropriate to
obtain improved outcomes®. Furthermore, the MPA pharmacokinetic profile can be
influenced by several factors, such as concomitant immunosuppressive drug and
individual intrinsic factors®. A better knowledge and understanding of the differences
in pharmacokinetics of MMF is essential in order to minimize risks for the
development of acute rejection, to prevent toxicity, and to support dose adjustment.

The isoform UGT1AS8 is one of the described UGT enzymes responsible for
MPA metabolism, generating mainly the MPAG metabolite, specifically on in vitro
studies**. In an attempt to bring some clinical relevance on that experimental data,

we have focused our attention on polymorphisms in UGT1A8 gene. The individuals
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carrying UGT1A8H5 haplotype (inferred frequency 0.01; n = 2 patients) or
UGT1A8H2/H5 (inferred frequency 0.01; n = 2 patients) and receiving 2g/day of
MMEF presented more infection episodes, but no differences on gastrointestinal or
hematological disturbances could be identified. This finding might be related to
increased MPA exposition, since the mutated enzyme could present an impaired
glucuronidation into MPAG, leading to increased on plasma MPA levels and
augmented immunosuppression. This is consistent with in vitro findings since
haplotype 5 presents the codon 277 polymorphism which yields an inactive enzyme.
Previous studies with UGT1A8 variation on MMF pharmacological profile could not
show similar results, since one was performed with healthy volunteers receiving a
single-dose of 1,5g of MMF and the other did not studied the codon 277%’. The fact
that only transplant patients taking 2g/day of MMF showed more infection episodes
corroborates the dose-dependent immunosuppression of this drug.

In conclusion, this study could identify an association between UGT1A8
polymorphisms and the incidence of infection episodes in Brazilian kidney transplant
patients, mainly respiratory diseases. However, a small number of patients carried
haplotype 5 and additional larger studies could bring important information on UGT
variation in relation to clinical outcomes, since recent studies support that these
enzymes play an important role in MMF pharmacokinetic profiles.

References

1. Staatz CE, Tett SE: Clinical pharmacokinetics and pharmacodynamics of
mycophenolate in solid organ transplant recipients. Clin Pharmacokinet

46(1):13. 2007



Artigo Il 38

Picard N, Ratanasavanah D, Prémaud A, Le Meur Y, Marquet, P:
Identification of the UDP-glucuronosyltransferase isoforms involved in
mycophenolic acid phase 1l metabolism. Drug Metab Dispos 33:139. 2005
Bernard O, Gillemette C. The Main role of UGT1A9 in the hepatic
metabolism of mycophenolic acid and the effects of naturally occuring
variants. Drug Metab Dispos 32:775-8. 2004

. van Gelder T, and Shaw LM: The rationale for and limitations of therapeutic
drug monitoring for mycophenolate mofetil in transplantation.
Transplantation 80:5244. 2005

. Weber LT, Shipkova M, Armstrong VW, et al: The pharmacokinetic-
pharmacodynamic relationship for total and free mycophenolic acid in
pediatric renal transplant recipients: a report of the German study group on
mycophenolate mofetil therapy. J Am Soc Nephrol 13:759. 2002

Levesque E, Delage R, Benoit-Biancamano MO, et al: The impact of
UGT1A8, UGT1A9 and UGT2B7 genetic polymorphism on the
pharmacokinetic profile of mycophenolic acid after a single oral dose in
healthy volunteers. Clin Pharmacol Ther 81(3):392. 2007

Kagaya H, Inoue K, Miura M, Satoh S, Saito M, Tada H, Habuchi T, Suzuki
T: Influence of UGT1A8 and UGT2B7 genetic polymorphisms on
mycophenolic acid pharmacokinetics in Japanese renal transplant recipients.

Eur J Clin Pharmacol 63:279. 2007



Artigo 11l 39

Artigo Il




Artigo 11l 40

UDP-GLUCURONOSYLTRANSFERASE (UGT) POLYMORPHISMS AND SIDE
EFFECTS IN MYCOPHENOLATE MOFETIL-BASED IMMUNOSUPPRESSIVE
THERAPY OF ADULT KIDNEY TRANSPLANT RECIPIENTS

Gustavo Navarro Betonico®, Mario Abbud-Filho® 3, Eny Maria Goloni-Bertollo*, Marie-
Odile Benoit-Biancamano?, Chantal Guillemette?, Erika Cristina Pavarino-Bertellit

'Genetics and Molecular Biology Research Unit — UPGEM. S&o José do Rio
Preto School of Medicine — FAMERP - S&o Jose do Rio Preto, SP, Brazil

’Canada  Research  Chair in  Pharmacogenomics,  Laboratory  of
Pharmacogenomics, Oncology and Molecular Endocrinology Research Center, CHUL
Research Center and Faculty of Pharmacy, Laval University, G1V 4G2, Québec, Canada

%Urology and Nephrology Institute and CINTRANS — Center for Organ and
Tissue Transplant, Sdo José do Rio Preto School of Medicine - FAMERP - Séo José do

Rio Preto, SP, Brazil.

Corresponding author:

Erika Cristina Pavarino Bertelli, PhD

Séao José do Rio Preto School of Medicine - FAMERP.
Department of Molecular Biology

Genetics and Molecular Biology Research Unit — UPGEM.

Av. Brigadeiro Faria Lima, N° 5416 - Bloco U-6
S&o José do Rio Preto — SP, Brazil

CEP: 15.090-000

Phone: +55 17 3201-5720

Fax: +55 17 3201-5708

erika@famerp.br



Artigo 11l 41

Abstract

Mycophenolate mofetil (MMF) is an immunosuppressive prodrug approved for
use in transplantation and its active metabolite, mycophenolic acid (MPA), is mainly
metabolized by UDP-glucuronosyltransferase (UGT) enzymes. In this study, we
retrospectively analyzed 74 kidney transplant patients who had used MMF as part of
their immunosuppression regimen. Polymorphisms in UGT1A8 (-999C>T, codon
255A>G, codon 277G>A), UGT1A9 (-2152C>T, -275T>A, -118T9>10, codon 33T>C)
and UGT2B7 (-79G>A, codon 268C>T) were analyzed and correlated with the
occurrence of side effects, mainly diarrhea, blood disorders and infections. The
statistical analysis showed that infection episodes were more frequently observed in
individuals taking 2g/day of MMF who carried the variant UGT1A8 codon 277A
(p=0.031) or the haplotype UGT1A8 -999C/255A/277A (p=0.02). The individuals
carrying the variant haplotype of UGT1A9 -2152T/-275A/-118T9/codon 33T and
receiving 2g/day of MMF presented more leucopenia (p=0.005) and higher rates of
MMF dose reduction (p=0.0009). Diarrhea and/or the need of MMF dose reduction were
associated with higher age (p=0.029), and elevated plasma creatinine (p=0.04). These
data support the idea that UGT polymorphisms operate as an additional factor
influencing the occurrence of side effects in patients receiving 2g/day of MMF as drug

transplant therapy.

Keywords: mycophenolate mofetil, polymorphism, renal transplantation, UGT
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UDP-GLUCURONOSYLTRANSFERASE (UGT) POLYMORPHISMS AND SIDE
EFFECTS IN MYCOPHENOLATE MOFETIL-BASED IMMUNOSUPPRESSIVE
THERAPY OF ADULT KIDNEY TRANSPLANT RECIPIENTS

Mycophenolate mofetil (MMF) is an immunosuppressive drug approved for use
in the prevention of rejection after solid organ or bone marrow transplantation®. This
pro-drug is quickly hydrolyzed at the intestinal level by tissue and plasmatic esterases
into its active metabolite, mycophenolic acid (MPA), which is a selective inhibitor of the
enzyme inosine monophosphate dehydrogenase (IMPDH), involved in de novo synthesis
of purines and consequently lymphocyte proliferation'. The metabolism of MMF is
complex and involves several enzymatic steps, including esterases, phase Il enzymes
and possibly the P450 cytochrome system?®>. The metabolism of MPA mainly involves
its conjugation into the inactive product phenolic MPA glucuronide (MPAG) through
UDP-glucuronosyltransferase (UGT) enzymes. There are four additional end products
identified in the plasma of individuals receiving MMF: an acyl-glucuronide (AcMPAG),
two glucosides (phenolic and acyl) and a desmethylated metabolite*®. MPAG, which
presents an enterohepatic circulation responsible for 10 to 60% of the area under the
curve from 0 for 12 hours (AUCq.12) of MPA*®. This enterohepatic cycle consists in the
intestinal reabsorption of MPA after a bacterial deconjugation of MPAG, generating a
second peak on the pharmacokinetic profile, which occurs 6 to 8 hours after oral
ingestion®. Although MMF is usually well-tolerated, side effects such as infections and
hematological and gastrointestinal disturbances are reported'®'*. The occurrence of

infections and leucopenia can be explained by the pharmacological action of MPA, since
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it has immunosuppressive effects through the inhibition of IMPDH. Thus, high plasma
levels of MPA, mainly when related to its area under the curve (AUC) have been
associated with severe infections and leucopenia'®. However, it is still controversial if
the mechanisms involved in the development of anemia and gastrointestinal disturbances
in patients receiving MMF involve directly exposition to MPAX* It has been
demonstrated that anemia could be related to high plasma levels of MPA', however, a
more recent study associated anemia with high levels of MPAG and AcMPAG and not
MPA levels™. Gastrointestinal complications related to immunosuppressive therapy
include nausea, vomiting, gastritis, ulceration of the gastrointestinal mucosa,
esophagitis, and diarrhea'®**. Although not life-threatening, gastrointestinal disturbances
in renal transplant recipients were reported to have an impact on quality of life and are
influenced by various factors, including the recipient’s characteristics, the
immunosuppressive drug used and the environment’®%%. An association between the
frequency of hematological symptoms, the prescribed dose of MMF and high circulating
levels of MPA has been suggested, but the exact role of MPA and its metabolites on
MMF-induced diarrhea has been poorly studied'” *®. Recently, a multi-center clinical
study could not demonstrate a role of MPA acyl and phenolic metabolites on MMF-
induced diarrhea®®.

The pharmacokinetics of MPA are characterized by a large inter- and
intraindividual variability, influenced mainly by graft function, hepatic function and

class of associated immunosuppressive drug™®?’

. Furthermore, pharmacogenomic
findings strengthen the concept that genes encoding drug-metabolizing enzymes,

transporters and drug targets have an important role in the clinical drug response. The
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genetic variability in MPA-metabolizing enzymes is one of the recently studied causal
factors associated to the interpatient variability during MMF therapy. MPA is
conjugated to MPAG and AcMPAG mainly by three UGT isoforms: 1A8, 1A9 and 2B7.
UGT1A9 and UGT2B7 are expressed in hepatic and extrahepatic tissues, mediating
MPAG and AcMPAG formation, respectively. The UGT1AS8 isoform, expressed in the
gastrointestinal tract, is involved in the formation of MPAG and, on to a lesser extent, of
ACMPAG?*™,

Considering that UGT isoforms play a significant role in the metabolism and
bioavailability of MPA and its metabolites, variation in their activity could lead to an
under- or over-exposition to the drug or its metabolites, and thereby to the appearance of
side effects®*!. To our knowledge, up to know, four in vivo pharmacokinetic studies on
UGT1A8 and UGT2B7 SNPs have been published, the first in healthy volunteers and the
others in populations of kidney transplant recipients, but they diverge in their
conclusions®*¥3, Unfortunately, currently, few clinical data are available regarding a
potential relationship between side effects and UGT genetic variations. One study
reported that the UGT1A9 -275T>A and -2152C>T single-nucleotide polymorphisms
(SNPs) is associated with significantly lower MPA concentrations in a Caucasian
population but without interfering on clinical symptoms**. In this retrospective study, we
explored the relationship between the presence of UGT genetic variations and the

occurrence of side effects on long-term kidney transplant patients.

Methods
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Study population

Approval was obtained from the Research Ethics Committee of FAMERP - Sao
Jose do Rio Preto Medical School (Sao Paolo), from the National Ethics Research
Commission (CONEP). All medical records from kidney transplant patients who
received an organ between January 1995 and December 2005 at the Institute for Urology
and Nephrology and CINTRANS - Organ and Tissue Transplant Center (FAMERP -
Sao José do Rio Preto — Sao Paulo — Brazil) were reviewed. Seventy-four patients who
received MMF for at least 30 days as part of their immunosuppressive regimen were
selected for genetic analyses. The minimum age for inclusion was 18 years and either
live or cadaveric first kidney transplant recipients were eligible. Exclusion criteria
included previous gastrointestinal disease or surgery and a post-transplant interval of
less than three months. Each patient gave their written informed consent prior to
enrollment in the study. Clinical and demographic data such as age, gender, weight,
glomerular filtration rate (GFR), other associated immunosuppressive drugs, MMF
doses, and rejection or infection episodes were extracted from the patients’ medical
records and from a brief interview to confront files-acquired data before blood sampling.
The clinical side effects such as gastrointestinal and hematological disturbances and the
eventual adjustment on MMF prescription were retrospectively analyzed from the

patients’ hospital records.

UGT1A8, UGT1A9 and UGT2B7genotyping
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Genomic DNA samples were obtained from peripheral blood lymphocytes and
the genomic DNA was amplified on Perkin-Elmer Life Sciences GeneAmp 9700
(Applied Biosystems, Foster City, CA) thermocycler and products were sequenced to
identify reference and variant UGT sequences.

Briefly, a solution containing 25 ng of genomic DNA, 100 uM of dNTP, 20 pmol
of each primer, buffer 10XPCR [67 mM of buffer Tris-HCL (pH 8,8), 16,6mM
(NH4)2S0O4, Triton X-100 0,45% and gelatin 0,02%] and 2 U of Taq polymerase was
prepared. The primers and annealing conditions are presented in table 1. The PCR
products were sequenced using an ABI 3700 automated sequencer. The sequences were
analyzed using Staden preGap and Gap4 programs (Open Source Technology Group,

http://staden.sourceforge.net/) and compared to the reference sequence (GenBank

AF297093 and AC111000) identify genetic variations.

Statistical analysis

Hardy-Weinberg equilibrium was tested by y* analysis and UGT1A8, UGT1A9
and UGT2B7 haplotypes were inferred by a Bayesian algorithm using Phase 2.1
software (University of Washington, Seattle, WA)®.

Statistical comparisons were implemented using Pearson’s x” test. A p-value <

0.05 was considered statistically significant.



Artigo 11l 47

Results

Demographic and transplantation-related data
Recipient demographic data and relevant clinical findings from patients’ files are

shown in Table 2.

Frequency distribution of UGT1A8 polymorphisms

This study population presented a frequency of 35.1% of heterozygous
individuals for the tightly linked codon 173 and promoter gene region -999C>T
polymorphisms and 1.3% for homozygous individuals. The codon 255A>G variation
occurred in 18/74 (24.3%) individuals and 2 of them were homozygous. The codon
277G>A variation was less frequent and present only in 2.7% individuals, none of them

homozygous.

Frequency distribution of UGT1A9 polymorphisms

The -2152C>T promoter region variation occurred in 5/74 (6.7%) individuals,
and all were heterozygous. The study population presented 9/74 (12.2%) heterozygous
carriers of the -275T>A variation and no homozygous variants were found. The -
118T9>10 variation occurred in 33/74 (44.6%) heterozygous individuals and 16/74
(21.6%) homozygous individuals, whereas the codon 33T>C variation was not found in

this population.

Frequency distribution of UGT2B7 polymorphisms
Thirty-three individuals (44.6%) were heterozygous for the codon 268C>T
variation and 12/74 (16.2%) were homozygous. The -79G>A promoter region variation

was found in 4/74 (5.4%) individuals, all of them heterozygous.

Haplotype analysis
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For the UGT1A8 gene, six haplotypes were inferred in the population studied.
The three most common haplotypes totalized more than 98% of all variants for this gene.
Seven haplotypes were inferred for the UGT1A9 gene. Two of them were together found
in more than 90% of the individuals. Four haplotypes were inferred for the UGT2B7
gene and among them the UGT2B7H1 and UGT2B7H2 were the most frequent in the
kidney transplant patients studied, corresponding to more than 95% of the subjects
(Table 3).

Adverse effects and molecular analysis

The occurrence of side effects did not vary significantly between groups
stratified by concomitant immunosuppressive drug (Table 4).

Diarrhea was directly related to patients’ age (p=0.029) and to serum creatinine
(p=0.04). Interruption of MMF prescription correlated with diarrhea (p<0.0001),
infection (p=0.0002) and biopsy-proven rejection (p=0.01). In order to assess the
influence of UGT1A8, UGT1A9 and UGT2B7 polymorphisms on the occurrence of side
effects, variants and haplotypes were analyzed in relation to the incidence of diarrhea,
infection and hematological disorders, MMF dosing reduction or even changing to a
MMEF-free regimen.

There was a higher occurrence of infections in individuals receiving 2 g/day of
MMF and carrying the UGT1A8 277A polymorphism (p=0.031) when compared to
277G carriers (Table 5). All other polymorphisms in UGT1A8, 1A9 or 2B7 did not show
significant association with adverse reactions.

When the group of individuals receiving 2 g/day of MMF was analyzed, both the
carriers of haplotype UGT1A8H5 (-999C/255A/277A) and diplotype UGT1A8H2/H5 (-
999CC/255AA/277GA) had more infection episodes (p=0.02). Leucopenia occurred
more frequently in individuals receiving 2g/day of MMF and carrying the haplotype
UGT1A9H4 (-2152T/-275A/-118T9/codon 33T) (p=0.005).
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Discussion

MMF prescription has been reviewed and new clinical and experimental data
suggest that individualized dosages could be more appropriate to obtain better
outcomes®* . In kidney transplantation, the pharmacokinetic profile, such as 12h MPA-
AUC was shown to be a predictor of rejection episodes or even adverse effects;
however, MPA serum levels assessment is still not a routine in clinical practice®. A
better knowledge and understanding of the differences in MMF pharmacokinetics is
essential in order to minimize risks of development of acute rejection, to prevent
toxicity, and to support dose adjustment. In this work, we analyzed the incidence of side
effects in stable long-term kidney transplant individuals receiving MMF-based
immunosuppression, focusing on their relation with the patients’ genetic profile.
Experimental data suggests that UGT1A8, UGT1A9 and UGT2B7 are the most
important enzymes in MPA metabolism®?. Previous data suggest that individuals
carrying a polymorphic UGT1A9 at -275/-2152 position can have an increased MPAG
formation, theoretically influencing MPA exposure and thereby possibly increasing the
risk of rejection or adverse effects®*34%,

There are reports relating a major influence of other immunosuppressive agents
on MPA plasma concentrations. The impact of calcineurin inhibitors including
cyclosporine and tacrolimus on MPA exposure is clearly demonstrated*®**2. In the
present study, the retrospective analysis of side effects and concomitant

immunosuppression could not show any association with adverse effects incidence or

with modification on drug prescription. This lack of correlation could be due to the small
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sample size or even to the study design. Indeed, the analysis of treatment effect in
retrospective studies should be treated with caution because adverse symptoms may
influence treatment choice.

However, this work could demonstrate an association of clinical parameters with
the modification of MMF prescription. Renal function and recipient’s age were related to
adverse effects such as diarrhea. The occurrence of infection and diarrhea was associated
to MMF dose reduction or even to the drug suspension. These results confirm previous
findings that impaired renal function leads to reduced renal excretion of MPAG, causing
concentrations to become markedly elevated®. This impaired renal MPAG excretion
could also theoretically lead to increased biliary excretion, and possibly increased
enterohepatic recycling. The accumulated MPAG theoretically competes with and
displaces MPA from protein binding sites'®*%. Higher MPAG concentrations induce a
progressive increase in MPA free fraction and consequently a more aggressive
immunosuppressive state, explaining the higher infection rates and probably the higher
incidence of diarrhea.

Indeed, diarrhea, infections and biopsy-proven rejection were independent factors
leading to MMF interruption, despite the fact that MMF alone was not a risk factor for
any of the complications cited above. On the other side, it is remarkable in our data that
interruption of MMF prescription was related to its dosage, suggesting a possible
influence of adverse effects on prescription. According to the literature, MMF
prescription and dosage are frequently modified, especially during the first year post-

transplant, increasing the risk of acute rejection®.
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In this work, we also analyzed the incidence of gastrointestinal effects possibly
induced by MMF on long-term stable kidney transplant individuals, focusing on their
possible relation with UGT genetic profile. The present study was able to identify most
of the frequent polymorphisms of UGT1A8, UGT1A9 and UGT2B7 described in the
literature?®*®. Dose reduction and hematological disturbances occurred more frequently
in individuals receiving 2g/day of MMF who carried the UGT1A9H4 haplotype,
characterized by the presence of -2152/-275 variations. It has already been demonstrated
that healthy volunteers taking a single MMF dose (1,59) who carry one allele of the
UGT1A9 -275/-2152 polymorphism have reduced MPA exposure. Unfortunately, this
pharmacokinetic study was not meant to reveal correlations between the genetic profile
and clinical events®. It was previously suggested that anemia can be related to high
plasma levels of MPA'®; however another study links the occurrence of anemia to high
levels of MPAG and AcMPAG and not to MPA values™. Despite the probable reduction
of MPA exposure in patients carrying UGT1A9H4, our data could not show an increase
in rejection rates for these individuals. The effect of the UGT1A9H4 haplotype was not
recognized on individuals receiving 1.0 or 1.5 g/day of MMF probably due to the sample
size or even to a possible dose-dependent effect as already suggested®.

The individuals carrying UGT1A8H5 haplotype (*3 variant) or UGT1A8H2/H5
and receiving 2g/day of MMF presented more infection episodes, but no differences on
gastrointestinal or hematological disturbances could be identified. An in vitro study
demonstrated that polymorphic UGT1A8 at codon 277 present an impaired capacity of
generating MPAG and AcMPAG, leading to higher levels of MPA and consequently

potentially higher immunosuppression®.
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Based on in vitro data, UGT2B7 plays an important role in MPA metabolism?,
which was later confirmed as the formation of AcCMPAG and MPAG were significant
increased in healthy UGT2B7H2/H2 subjects who received a single-dose of MMF®. In
this present study, the codon 268 polymorphism did not influence the incidence of
rejection, infections or gastrointestinal and hematological disturbances. We believe that
this possible lack of correlation of UGT2B7 polymorphism with clinical symptoms in
kidney transplant individuals may be related to the studied population particularities. The
UGT2B7 enzyme is expressed mainly in kidney and liver tissue, and the residual
function of the topic kidneys might not play an important role in MPA glucuronidation.

Conclusion
In conclusion, this study could identify the association of UGT1A8 and UGT1A9

polymorphism to the incidence of infection and hematological disturbances in Brazilian
kidney transplant patients receiving 2 g/day of MMF. The UGT2B7 polymorphism did
not show any influence on occurrence of side effects. Additional studies with larger
sample size are clearly needed to establish if UGT polymorphisms are among factors

influencing clinical outcomes in patients receiving MMF as drug transplant therapy.
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Table 1: Primers and annealing protocols used for DNA amplification

Annealing Annealing
Sense Sequence Time Temperature

UGT1A8 -999C>T F 5’-ctggaccgggaattcatgga-3’ 408 60°C
R 5’-gtggctgtagagatcatatgct-3’
Codon F 5’-ttcgccaggggaatag-3’ 0
255A>G R 5’-atttgctctaggggotce-3’ 40s e
Codon F 5’-ttcgccaggggaatag-3’ 408 540G
277G>A R 5’-atttgctctaggggotc-3’
UGT1A9Q -2152C>T F 5’-gtaggtcttttacatttccc-3’ 408 53°C
R 5’-cctgaaacagcaaaaccaa-3’
-275T>A F 5’-gagcccaatttaggaggtta-3’ 0
30s 58°C
R 5’-cagtaggtgggagaaatacca-3’
-118T79>10 F 5’-gtaggtcttttacatttccc-3’ 0
30s 58°C
R 5’-cctgaaacagcaaaaccaa-3’
Codon F 5’-gtgctggtatttctece-3’ 0
33T>C R 5’-gtcaaaaatgtcattgtatgaacc-3’ 40s e
UGT2B7 -79G>A F 5’-gacaatggggaaagctgacg-3’ 408 5490
R 5’-gtttggcaggtttgcagtg-3’
Codon F 5’-gtaattatcttgtgtcatc-3’ 408 520C
268C>T R  5’-gactatagaatcatttctactg-3’

F, forward; R, reverse. All amplifications were performed for 35 cycles, except -999C>T
(40 cycles).
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Table 2: Recipients demographic and clinical data (n=74)

Parameter Value
Gender (n) male/female 51/23
Age (y) 42 +12*
Body weight (kg) 64 + 15*
Glomerular filtration rate (ml/min) 46 £ 19*
Associated immunosuppressive drug (n)
Prednisone 74
Cyclosporine 29
Tacrolimus 26
Sirolimus 21
Time since transplantation (mo) 56 +41*
Type of donation (n) cadaver/live 28/46
MMF daily doses (n)
1.0g 8
1.5¢ 19
2.0g 47

*Mean + SD

55
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Table 3: UGT1A8, UGT1A9 and UGT2B7 haplotype analysis

Haplotypes Inferred
frequency

UGT1A8 -999/codon 173* Codon 255 Codon 277

H1 C G G 0.13
H2 C A G 0.65
H3 C G A 0.0003
H4 T G G 0.0004
H5 C A A 0.01
H6 T A G 0.20
UGT1A9 -2152 -275 -118 Codon 33

H1 C T 9 T 0.52
H2 C T 10 T 0.41
H3 C A 9 T 0.001
H4 T A 9 T 0.02
H5 T T 9 T 0.01
H6 C A 10 T 0.03
H7 T A 10 T 0.0004
UGT2B7 -79 Codon 268

H1 G T 0.39
H2 G C 0.58
H3 A T 0.004
H4 A C 0.02

All haplotypes were inferred by a Bayesian algorithm using Phase 2.1 software.
N = 74. * Polymorphism at position -999 of UGT1A8 is in complete linkage
with codon 173 variation (UGT1A8*2).
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Table 4: Side effects frequency and conversion rates related to the
immunosuppressive drugs used in combination with MMF.

Diarrhea  Anemia/leucopenia  Total side Conversion
effects

Prednisone* 10 (13.5) 5(6.7) 15 (20.2) 15 (20.2)
(n=73)

Cyclosporin 3 (10.3) 1(3.4) 4 (13.7) 3(10.3)
(n=29) p=0.522 p =0.363 p=0.128 p =0.088

Tacrolimus 5(19.2) 3(11.5) 8 (30.7) 8 (30.7)
(n=26) p =0.290 p=0.228 p =0.098 p =0.098

Sirolimus 2(9.5) 1(4.8) 3(14.3) 4 (19.0)
(n=21) p=0.527 p=0.667 p = 0.695 p =0.930

* Statistical test could not be performed because there was only one individual not

receiving prednisone. Data presented as n (%). Conversion rates mean MMF dose
reduction or suspension.
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Table 5: UGT polymorphisms and incidence of side effects.

Diarrhea  pvalue Anemia/ pvalue Infection pvalue Changeson pvalue
Leucopenia MMF
prescription
UGT1A8
-999C>T
SIS o 263 om0 w239 o
Codon 255A>G
aga/zg(;n(?ii)e) 91((166?.31)) 0.256 23((152'2) 0.398 24((172.153) 0.592 141((212?'26)) 0.813
Codon 277G>A
g9 (n=72) 10 (13.8) 5 (6.9) 5 (6.9) . 6(240)
galaa (n=2) 0 (0.0) N/D 0(0.0) N 50g) 0031 1(50.0) N/D
UGT1A9
2152C>T
((::tclt(tn(ii%)) r %‘:))7 : 1 \ ((256?0)) 032 ¢ ((Z)'.%)) N/D 144((8200.66)) 0.975
275T>A
Lm0 o 30n 0 300w 5@ ow
-118T9>10
99 (n=25) 6 (24.0) 2 (8.0) 2 (8.0%) 6 (24.0)
910/1010 (=48) 5 (18.7) 0.460 3 (15.6)) 035 4830 0741 o015 0662
Codon 33
tt (n=73) 10 (13.5) 5 (6.7) 6(8.2) 11 (15.06)
tc/cc (n=0) N/D N/D N/D N/D N/D N/D N/D N/D
uUGT2B7
_79G>A
gg (n=70) 10 (14.3) /D 5 (7.1) D 6 (8.6) D 20 (28.7) /D
galaa (n=4) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Codon 268
cc (n=29) 4(13.8) 3(10.3) 1(3.) 6 (20.7)
ctltt (n=45) 6 (23.5) 1 2 (11.3) 0465 531y  ND 9 (20.0) 0.943

N/D = not done. *Pearson’s chi-square test. Values are expressed as number of individuals (%).
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Conclustes

A partir dos dados encontrados, podemos concluir que:

1. Transtornos gastrintestinais (principalmente diarréia) e hematoldgicos (anemia e
leucopenia) séo os efeitos colaterais mais freqlientes em pacientes submetidos a
transplante renal em terapia com MMF. S&o observados também, em menor

frequéncia os episddios de infeccdo, principalmente as respiratorias.

2 Os haplotipos UGT1A8H2, UGT1A9H1 e UGT2B7H2 sdo 0s mais representativos

na populagdo estudada.

3. Os polimorfismos de UGT1A8 e UGT1A9 estdo associados & maior ocorréncia de
infeccdo e transtornos hematoldgicos, respectivamente, nos individuos em uso de

2g/dia de MMF.
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" FACULDADE DE MEDICINA DE SAO JOSE DO RIO PRETO

\ Autarquia Estadual - Lei n.” 8899 de 27/09/94
-4 (Reconhecida pelo Decreto Federal n.° 74.179 de 14/06/74)

Parecer n.® 238/2005

COMITE DE ETICA EM PESQUISA

O Protocolo n.° 5642/2005 sob a responsabilidade de Gustavo
Navarro Betohico, com o titulo “Influéncia do polimorfismo de UDP-
glucuronosiltransferases na ocorréncia de efeitos colaterais induzidos por
micofenolato mofetil em transplantes renais”, estd de acordo com a Resolugdo
CNS 196/96 e foi aprovado por esse CEP. Aguardar aprovacdo da CONEP para
inicio do estudo.

Lembramos ao senhor(a) pesquisador(a) que, no cumprimento da
Resolugdo 251/97, o Comité de Etica em Pesquisa (CEP) deverd receber
relatérios semestrais sobre o andamento do Estudo, bem como a qualquer
tempo e a critério do pesquisador nos casos de relevdncia, além do envio dos
relatos de eventos adversos, para conhecimento deste Comité. Salientamos
ainda, a necessidade de relatério completo ao final do Estudo.

Sdo José do Rio Preto, 10 de outubro de 2005.

A

Prof. Dr. Antoni los Pires
Coordenador do CEP/FAMERP

Av. Brigadeiro Faria Lima, 5416 - 15090-000 - S&o José do Rio Preto - SP - Brasil
Tel. (17) 3201-5700 - Fax (17) 3227-6201 - www.famerp.br
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HINSTERIO DA 2AUDE
Consalho Neslonat de Sadde
Drmlssio Macions! de Efce am Pegauiss - COMNER

PARECER M® 310/2008

Registro CONEPR: 12508 et v dave ser citade nas corrospondéncias misrentes 7 este projeto)

CAAE ~ 0977,0,180.000-08 Frocesss n° 2E000,181815/2005-24
Projete de Pesquisa: "Influlncia do polimorfisme de UDF-giucuronosiiransierase na
veorréncia de efeffos colaterais induzido por micofenoiato molelil (MMF) em
transplanis renais”.

Pesguisador Besponsdyal; Dr. Gusiave Navarro Belénio

insthuigéo: Faculdade de Medicina de 880 José do Fio Preto — FAMERP
Patrocinador: Nao se aplipa

Aree Tomatica Espacial: Genstica humana/cooperagho estrangsira

Ao se proceder & andlige do projeto de pesquisa em questan, em rasposts a0
Parecer GONEP n® 081/2006, cabem as segiiries considerapoes:

a) O pesquisador informou como fard o recridamente dos sujeitos da pesauisa
com aprovacao do CEP e adequou o Termo de Conssntimento Livee e
Egclarecido com as alisracdes solicladas.

b) Asinstituigdes parceiras apresentaram declarasdo de anuéneia com o estudo,

¢} A participacio estrangeira se dara em forma de colaboracio clentifica, & estao
consignados os Compromissos com as Res. ONS 202/1899, 340/2004 ¢
3472005

d) As informagbes enviadas alendem aocs aspecios fundamentars da Bes, CNS
198/98 sobre dirstrizes e normas regulamentadoras de pasquisas envolvendo
seras hmanos. )

8} (O projeto foi aprovade pelo Comité de Stica em Pesguisa ~ OEP da instiwigéo
supracitada.

Diante do exposto, 8 Comissdo Nacional de Etica em Poasguizs ~ COMNEP,
de acordo com ae atribulgfes definidas ne Res. ONS 195/98, maniiesta-se pela
aprovagio do projeto de pesquiss propost.

Situagio: Proiocolo aprovade

Brasilia, 17 doe atwil de 20086,

/&/ b ;@ﬁif"’ i?”fﬁiqmgg

WILLIAM SAAD HOSSNE
Coordenador da CONEP/CNE/MS
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————— Original Message -----

From: "Journal of Nephrology -" <jn.mallamaci@ibim.cnr.it>
To: <erika@famerp.br>

Cc: <mp.rastaldi@fastwebnet.it>

Sent: Wednesday, August 29, 2007 8:17 AM

Subject: Your Submission

> Ref.: Ms. No. INEPHROL-D-07-00057R1

> Pharmacogenetics of Mycophenolate Mofetil: A Promising Different Approach
> to Tailoring Immunosuppression?

> Journal of Nephrology

>

> Dear Pavarino-Bertelli,

>

> We have evaluated your manuscript and | would like to compliment you: your
> work is outstanding and it has been accepted for publication in Journal of

> Nephrology.

> It was accepted on 13.08.2007.

> You will receive the galley proofs directly from the publisher.

>

> Comments from the Editor and Reviewers can be found below.
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TRANSPLANTATION PROCEEDINGS

BARRY D. KAHAN, PhD, MD, Editor-in-Chief

EDITORIAL OFFICE:
9821 Katy Freeway, Suite 180
Houston, TX 77024

Phone: 713-984-0533

FAX: 713-984-0925

Email: bkahan@transplantation-proceedings.org
Email: bjohnson@transplantation-proceedings.org
Aug 3, 2007

Dear MARIO ABBUD FILHO:

As you may know, Transplantation Proceedings is the Official Journal of the Brazilian, Luso-Brazilian,
Latin American, and Carribean Transplantation Societies. It is with great pleasure that I invite you to
submit a manuscript as part of the proceedings of the joint VI Luso-Brazilian Transplantation
Congress, XIX Latin American and Carribbean Transplantation Congress, and X Brazilian
Transplantation Congress to be held in Florianopolis, Brazil from September 1-5, 2007. The outcome
of your efforts, I am certain, will be very useful to our field and we sincerely hope you will submit a
manuscript for consideration.

Both oral and poster presenters of this meeting are invited and encouraged to submit manuscripts. We
sincerely hope that you elect to submit a manuscript for the following presentation:

Influence of UDP-glucuronosyltransferase polymorphisms on

mycophenolate mofetil-induced side effects in kidney transplant patients

We are pleased to announce that Transplantation Proceedings staff will be on-site

in Florianoplolis on September 1-4 to personally receive your manuscripts and answer any questions
you may have. All manuscripts submitted to the journal will be reviewed once by the Guest Editor and
again by the Transplantation Proceedings peer review panel.

All manuscripts must be received before the end of the meeting unless special permission is granted to
you personally by either the Editorial Office staff or the meeting organizers. Please visit the on-site
Editorial Office for instructions as we will not accept manuscripts for any reason following the meeting
unless prior arrangements are made. Staff will be available in Florianopolis on September 1 from
12:00pm- 3:00pm and on September 2-4 from 9 am - 5 pm.

Please be aware that all manuscripts must be written in English, have an abstract of 250 words or less,
contain full citations in the references, and adhere to all formatting parameters contained in the Guidelines
to Authors which you may find attached to this e-mail or online at:
http://www.elsevier.com/inca/publications/misc/600114it2.pdf

When submitting your manuscript to our staff at the meeting in Florianopolis please be sure to include
2 paper copies of your manuscript as well as a digital copy on diskette or cd. Note that we may not have
access to either a copy machine or computer stations on which to alter your manuscripts although | am
certain those facilities will exist elsewhere at the venue.

Unless the organizers grant complimentary pages, you will be responsible for the manuscript page
charges billable at US $99.95 per page which will be invoiced to you by our publisher, Elsevier.

Looking forward to publishing the proceedings of this meeting and wishing you every success | beg to
remain,
Sincerely,

Barry D. Kahan, PhD, MD




