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RESUMO

INTRODUCAO: Além daqueles tradicionalmente reconhecidos como principais fatores de
risco da doenca renal, uma énfase crescente tem sido atribuida a constituicdo genética dos
pacientes. OBJETIVO: Estimar a frequéncia das variantes de risco de APOL1 e da
hemoglobina em pacientes submetidos a biopsia renal na Bahia, e avaliar a associacdo entre
essas variantes e a progressdo das doencas glomerulares nesses pacientes. METODO: Estudo
de coorte prospectiva, incluindo 326 pacientes submetidos a bidpsia renal. As variantes da
hemoglobina foram definidas por cromatografia liquida de alta eficiéncia e os genotipos de
APOL1 foram determinados por sequenciamento do DNA de 304 pacientes. Os pacientes foram
acompanhados durante cinco anos para avaliar os marcadores de progressdo de doenca.
RESULTADOS: Dentre os pacientes, 22,7% tém um alelo de risco e 4,3% tém dois alelos de
risco da APOLL. A idade mediana foi menor nos pacientes portadores de dois alelos de risco
APOL1, p = 0,04. Entre os pacientes com dois alelos de risco, 61,5% apresentavam
glomeruloesclerose segmentar focal (FSGS), p <0,001. A proporc¢éo de inflamacéo intersticial,
fibrose tabulo-intersticial, esclerose global e / ou segmentar e escore de atrofia tubular foi maior
nos pacientes com dois alelos de risco, (p <0,05 para cada um deles). Houve um declinio
progressivo na taxa média de filtracdo glomerular em pacientes com dois alelos de risco durante
os cinco anos de acompanhamento: (de 79 + 51 mL / min / 1,73 m? para 22 + 13 mL / min /
1,73 m?, p = 0,004), comparado aqueles com um (de 77 + 41 mL / min/ 1,73 m? para 194 + 54
mL /min/ 1,73 m?), p=0,74 ou nenhum (de 74 + 47 mL / min/ 1,73 m? para 78 + 45 mL / min
/1,73 m?, p = 0,45) alelo de risco do APOL1. A sobrevida renal é significativamente menor
(69%) para pacientes com dois alelos de risco do APOL1 em comparacao com 94% e 91% entre
0s grupos com um e sem alelos de risco, respectivamente, p = 0,024. A proporcao de pacientes
diagnosticados com GESF que evoluiram para DRET foi significativamente maior em
individuos com dois alelos de risco (33%) do que naqueles com um alelo de risco (0%) ou sem
alelos de risco (3%), p = 0,04. A frequéncia do traco falciforme (HbAS, 4,3%) e do trago de
hemoglobina C (HbAC, 3,7%) ndo foi diferente da encontrada na populacdo em geral (4,5% e
2,2%, respectivamente). Cinco anos depois da biopsia renal, a taxa média de filtracdo
glomerular foi de 35 mL / min / 1,73 m? em pacientes com traco falciforme, enquanto nos
grupos HbAA e HDbAC, ela foi de 84 mL / min / 1,73 m2 e 103 mL / min / 1,73 m2
respectivamente, p = 0,01. Pacientes com traco falciforme desenvolveram DRET com mais
frequéncia, necessitando de dialise (31%) do que aqueles com HbAA (8%) (p = 0,02).
CONCLUSOES: Pacientes com genétipo de alto risco do APOL1 desenvolvem uma forma mais
grave da GESF com evidéncias histologicas de prognostico pior e progressdo mais rapida para
estagio terminal da doenca. Nao ha diferenca na frequéncia de HbAS ou HbAC entre os
pacientes submetidos a biopsia renal e a populacdo geral. Porém, pacientes com HbAS
apresentam declinio mais rapido da taxa de filtragdo glomerular, menor sobrevida renal em
comparagdo aos pacientes com HbAA.

Palavras-chave: Doencas glomerulares, Bidpsia renal, Doencga renal em estagio terminal,
APOL1, Traco falciforme, Traco de hemoglobina C.
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ABSTRACT

INTRODUCTION: In addition to those traditionally recognized as the main risk factors for
kidney disease, increasing emphasis has been placed on the genetic makeup of patients.
OBJECTIVE: To estimate the frequency of risk variants of APOL1 and hemoglobin in patients
undergoing renal biopsy in Bahia, and to evaluate the association between these variants and
the progression of glomerular diseases in these patients. METHODS: Prospective cohort study,
including 326 patients undergoing renal biopsy. Hemoglobin variants were defined by high
performance liquid chromatography and Apoll genotypes were determined by DNA
sequencing of 304 patients. Patients were followed up for five years to assess disease
progression markers. RESULTS: Among the patients, 22.7% had one risk allele and 4.3% had
two risk alleles of APOL1. The median age was lower in patients carrying two APOL1 risk
alleles, p = 0.04. Among the patients with two risk alleles, 61.5% had focal segmental
glomerulosclerosis (FSGS), p < 0.001. The proportion of Interstitial Inflammation,
tubulointerstitial fibrosis, global and/or segmental sclerosis and tubular atrophy score was
higher in patients with two APOLL risk alleles (p<0.05 for each of them). There was a
progressive decline in the mean glomerular filtration rate between patients with two risk alleles
between the time of biopsy and after five years of follow-up: (from 79 + 51 mL / min/ 1.73 m?
t0 22 + 13 mL / min/ 1.73 m?, p = 0.004), compared to those with one (from 77 + 41 mL / min
/1.73 m? to 194 + 54 mL / min / 1.73 m?), p = 0.74 or none (from 74 +47 mL / min/ 1.73 m?
to 78 +45 mL / min/ 1.73 m?, p = 0.45) APOL1 risk allele. Renal survival is significantly lower
(69%) for individuals with two APOLL1 risk alleles compared with 94% and 91% between
groups with one and without APOL1 risk alleles, respectively, p = 0.024. The proportion of
patients diagnosed with FSGS who progressed to ESRD was significantly higher in individuals
with two APOLL risk alleles (33%) than those with a risk allele (0%) or with no risk alleles
(3%), p = 0.04. The frequency of sickle cell trait (HbAS, 4.3%) and hemoglobin C trait (HbAC,
3.7%) was not different from that found in the general population (4.5% and 2.2% respectively).
Five years after renal biopsy, the estimated glomerular filtration rate mean was 35 mL / min /
1.73 m? in patients with sickle cell trait, while in the HbAA and HbAC groups, the estimated
glomerular filtration rate mean was 84 mL / min / 1.73 m? and 103 mL / min / 1.73 m?
respectively, p= 0.01. Patients with sickle cell trait more frequently developed ESRD needing
dialysis (31%) compared to those with HbAA (8%) (p = 0.02). CONCLUSIONS: Patients with
a high-risk genotype of APOLL1 develop a more severe form of FSGS with histological evidence
of a worse prognosis and faster progression to the terminal stage of the disease. There is no
difference in the frequency of HbAS or HbAC between patients undergoing renal biopsy and
the general population. However, patients with HbAS show a faster decline in the glomerular
filtration rate, lower renal survival compared to patients with HbAA.

Keywords: Glomerular diseases, Renal biopsy, End-stage kidney disease, APOL1, Sickle cell
trait, Hemoglobin C trait.
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1 INTRODUCAO
1.1 FUNCOES DOS RINS

Os rins s@o um par de 6érgdos excretores localizados no espacgo retroperitoneal e tém como
unidade basica de funcionamento o néfron responsavel pela filtracdo e formacdo da urina. Cada
rim contém em média um milhdo de néfrons. Esta estrutura complexa é formada por um
corpusculo renal, composto pelo glomérulo e pela capsula de Bowman e por tabulos renais, que
compreendem o tabulo contorcido proximal, alca de Henle, tdbulo contorcido distal e tabulo
coletor. Os rins sdo fundamentais na manutencdo da homeostasia do organismo bem como o
bem-estar do ser humano. Eles sdo responsaveis pela manutengdo constante do equilibrio
hidrico do organismo regulando o volume de liquido corporal, sua osmolaridade (contetdo e
concentracdo eletroliticos) e sua acidez pela excrecdo de produtos resultantes do metabolismo
e substancias como a uréia, as toxinas e as drogas e a producdo de urina. Além disso,
desempenham papel fundamental na producéo de hormoénios como a eritropoietina produzida
pelas células intersticiais corticais renais e que estimula a maturacdo dos eritrécitos na medula
0ssea; a vitamina D que auxilia na absor¢do do calcio para fortalecer 0s 0ssos e a renina que
contribui no equilibrio de sal e na regulacdo da pressdo arterial (DIENEMANN et al., 2016;
GILBERT, SCOTT J. etal., 2014; XIE et al., 2016).

Quando, por alguma razdo, essa estrutura € alterada, pode levar a insuficiéncia renal que pode
ser aguda ou cronica com funcionamento limitado dos rins. A doenga renal cronica (DRC)
consiste em lesdo estrutural ou perda progressiva e irreversivel da funcdo dos rins por pelo
menos trés meses. Em sua fase mais avangada, os rins sdo incapazes de manter a homeostasia
do organismo do paciente e o processo de filtracdo fica tdo comprometido com a necessidade
de terapia renal substitutiva (TRS). A DRC é uma doenca silenciosa e a prevaléncia dos
pacientes em TRS vem aumentando progressivamente com alta mortalidade e elevados custos
para os sistemas de satde no mundo. A DRC é um importante problema de salde publica no
mundo e afeta entre 10 e 16% da populacdo adulta em muitos paises no mundo (DIENEMANN
etal., 2016; LIYANAGE et al., 2015). Ela piora devido ao diagnostico tardio e acesso limitado
a TRS (LIYANAGE et al., 2015). As principais causas de doenga renal em estdgio terminal
(DRET) sdo diabetes mellitus, hipertenséo arterial e as doencas glomerulares (OKPECHI et al.,
2016; WEBSTER et al., 2017).
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1.2 AS DOENCAS GLOMERULARES

As doencas glomerulares referem-se a um grupo de doencas que acometem os glomérulos
renais. As lesGes renais com envolvimento Unico ou predominante dos glomérulos séo
conhecidas como as doencas glomerulares primarias enquanto outras surgem como
consequéncias de um processo de doengas sistémicas bem definidas como doencas autoimunes,
diabetes, hepatites, dentre outras, com envolvimento secundario do glomérulo denominadas por
doencas glomerulares secundarias (ROSENBERG, 1986). As principais doencas glomerulares
primarias sdo glomeruloesclerose segmentar focal, doenca por lesdo minima, glomerulonefrite
membranosa, Glomerulonefrite membranoproliferativa e Nefropatia por IgA dentre outras. A
prevaléncia dessas doencas com base no diagndstico histologico, varia amplamente de acordo
com a regido geogréfica, a etnia, a faixa etaria. A indicacdo de biopsia renal e a maioria dos
estudos realizados, nos diversos paises, foram feitos de maneira retrospectiva com amostras de

tamanho variado, usando metodologias e classificacdes diferentes.

De acordo com diversos estudos epidemioldgicos, a doenga glomerular priméaria mais comum
na maioria das populac@es asiaticas, na Australia e em alguns paises europeus € a nefropatia
por IgA (NIgA), prevalecendo em paises como a China com uma prevaléncia de 24,3% a 50%;
no Japao (30,4% a 32,9%), Taiwan (26%); Italia (36,9%); Hungria (15%); na Republica Tcheca
(34,5% a 37,4%) em bidpsias (CHIU et al., 2018; MAIXNEROVA et al., 2015; RYCHLIK et
al., 2004; SCHENA, 1997; SIPICZKI et al., 2004; SUGIYAMA et al., 2011, 2013; XU et al.,
2016; YANG et al., 2018; ZHANG et al., 2014; ZHOU et al., 2018). A prevaléncia estimada
para Australia é de 10,5 e uma incidéncia de 1,41 por 100.000 da populacdo geral por ano; no
oeste da Franca a prevaléncia estimada é de 2,4 por 1.000 da populagcdo (BRIGANTI et al.,
2001; JEGATHEESAN et al., 2016; SIMON et al., 2004). Na Espanha, a doenga de lesdo
minima é a doenca glomerular mais frequente (39,5%) em criancas com sindrome nefrética
(SN), em adultos e idosos, a nefropatia membranosa é a mais prevalente (24,2% e 28,0%,
respectivamente), enquanto em pacientes com anormalidades urinarias assintomaticas a NIgA
é mais comum em qualquer idade (RIVERA; LOPEZ-GOMEZ; PEREZ-GARCIA, 2004). Um
estudo realizado nos Estados Unidos mostrou que a NIgA é a doenga glomerular priméaria mais

prevalente em jovens adultos caucasianos (NAIR; WALKER, 2006).

Por outro lado, a glomeruloesclerose segmentar e focal (GESF) permanece a doenca glomerular
primaria mais frequente em outras regides do mundo como na Africa Subsaariana (16,4%),
norte da india (18,2%); Uruguai (23,7% a 29,3%), Colémbia (22%); Estados Unidos (25,3% a
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38,9%) (BARRERA-HERRERA et al., 2017; GARAU et al., 2018; MAZZUCHI et al., 2005;
MITTAL et al., 2020; OKPECHI et al., 2016; O’SHAUGHNESSY et al., 2017; SIM et al.,
2016). No Brasil, a doenca glomerular primaria mais frequente é a GESF (19% - 29,7%) seguida
pela nefropatia membranosa em alguns estados e a NIgA em outros (COSTA et al., 2017; DOS-
SANTOS et al., 2017; FERRAZ et al., 2010; MALAFRONTE et al., 2006; POLITO; DE
MOURA; KIRSZTAJN, 2010). Nesses trabalhos, foram observadas variaces em periodos de
tempo com uma tendéncia de aumento ou diminuicdo das taxas de algumas doencas
glomerulares em muitos paises (GARAU et al., 2018; WOO et al., 2010). Também alguns
grupos étnicos tém sido mais comumente afetados por doencas glomerulares especificas, como
a NIgA entre asiticos e GESF entre negros (SIM et al., 2016).

O segundo grupo mais frequente de doencas glomerulares sdo as doencas glomerulares
secundarias. Embora a nefropatia diabética seja a doenca glomerular secundaria mais frequente
do mundo, a nefrite lipica (NL) é a mais comum em séries de bidpsias renais com uma
frequéncia de 7% na Hungria; 12,5% nos Estados unidos; 18,3% no Uruguai em pacientes entre
15 e 35 anos; 8,8% na Espanha; 15,32% na india, 17% na Colémbia; 13,9% na Australia; 6,1%
na Africa Subsaariana e 13,9% na Africa do norte, na amostra total (BARRERA-HERRERA
etal., 2017; BRIGANTI et al., 2001; GARAU et al., 2018; GOLAY et al., 2013; OKPECHI et
al., 2016; O’SHAUGHNESSY et al., 2017; RIVERA; LOPEZ-GOMEZ; PEREZ-GARCIA,
2004; SIPICZKI et al., 2004). Na Africa do Sul; Italia; Republica Checa e na China, a NL
representam respectivamente entre 39%; 51.6%; 23%-25,4% e 26,5%-47,35% das doencas
glomerulares secundarias (MAIXNEROVA et al., 2015; OKPECHI et al., 2011; RYCHLIK et
al., 2004; SCHENA, 1997; SUGIYAMA etal., 2011, 2013; XU et al., 2016; YANG et al., 2018;
ZHANG et al., 2014; ZHOU et al., 2018). A nefropatia diabética predomina no Japao (4,8% a
5,1%) (SUGIYAMA et al., 2011, 2013). No Brasil a frequéncia da NL no diagndstico geral
varia entre 9,27% e 29%; e varia entre 42,3% e 91,2% das doencas glomerulares secundarias
(COSTA et al., 2017; DOS-SANTOS et al., 2017; FERRAZ et al., 2010; MALAFRONTE et
al.,, 2006; POLITO; DE MOURA; KIRSZTAJN, 2010). O diagnostico da nefrite
tubulointersticial foi relatado com uma porcentagem variando entre 1,01% a 11% do
diagnostico geral (FIORENTINO et al., 2016; XU et al., 2016).

Independentemente da forma da doenga, as lesdes nos glomérulos resultam em diversas
manifestacdes clinicas da doenga. As mais comuns sdo: a proteindria e a hematdria causadas
pela ruptura da barreira de filtragdo glomerular, a oliguria ou a andria causada pela reducéo da

producdo de urina, o edema causado por retengdo de sal e agua e a hipertensdo causada pela
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retencdo de liquidos. A combinacdo de manifestacBes clinicas leva a uma variedade de
sindromes clinicas. As principais sindromes clinicas que podem se manifestar nas doengas
glomerulares sdo as anormalidades urinarias assintomaticas (hematiria ou proteindria
assintomatica), a SN e/ou sindrome nefritica, a glomerulonefrite rapidamente progressiva e a
insuficiéncia renal cronica (GILBERT, SCOTT J. et al., 2014). Geralmente, a SN é a principal
indicacdo clinica de biopsia renal, principalmente em adultos, seguida por anormalidades
urinarias assintomaticas (DOS-SANTOS et al., 2017; POLITO; DE MOURA; KIRSZTAJN,
2010). Os padroes de diagnosticos histoldgicos mais frequentes relacionados a SN em adultos
sdo nefropatia membranosa, GESF e a doenca de lesdo minima (FIORENTINO et al., 2016).
Entretanto nos paises onde a NIgA €é a doenca glomerular priméria mais frequente,
anormalidades urinarias assintomaticas sdo a principal indicacdo clinica de biopsia renal
(FIORENTINO et al., 2016; SCHENA, 1997; XU et al., 2016).

No Brasil, na Europa e nos Estados Unidos, as doencas glomerulares sdo consideradas a terceira
causa de DRET, representando respectivamente 11%, 12,4% e 20 - 30% dos pacientes
admitidos em TRS; enquanto na Australia e na Nova Zelandia, elas sdo a causa mais comum
de insuficiéncia renal e representam 35 % dos casos (COSTA et al., 2017; MAISONNEUVE
et al., 2000; SIM et al., 2018; THOME et al., 2019). Na China as doencas glomerulares s&o
consideradas como a causa mais comum de DRET representando 57,4% dos pacientes. J& na
Africa e no Canada elas s&o responsaveis por 10,2% a 52% e 16% a 22% respetivamente dos
pacientes com DRET em TRS (BARBOUR et al., 2018; LIU, 2013; OKPECHI et al., 2016). A
DRET constitui um dos mais importantes problemas de saude publica no mundo por sua
crescente incidéncia e prevaléncia e o alto custo de tratamento associado (OKPECHI et al.,
2016). Nos Estados Unidos, em 2013, o custo anual estimado tratamento de pacientes com
doenca renal terminal causada por doencas glomerulares é de quase trés bilhdes de dolares e a
mortalidade entre as cinco doengas glomerulares mais comuns é de 8,3% (O’SHAUGHNESSY
et al.,, 2017; SIM et al., 2018). No Brasil, 0 niumero estimado de pacientes em tratamento
dialitico é de 610/milh&o da populagdo. Segundo o Censo Brasileiro de Dialise Cronica, 0
namero de pacientes em TRS por ano cresceu de 91.314 em 2011 para 126.583 em 2017,
correspondendo a um crescimento anual de 6,4% nos ultimos 6 anos e a taxa anual de
mortalidade de 19,9%. Esse tratamento implica em cerca de 12 h de hemodialise por semana,
suporte médico e de enfermagem e uma variedade de medicamentos. Dessa forma o tratamento
da DRET constitui um dos tratamentos de mais alto custo e consome mais de 5% de todos 0s

recursos gastos pelo Sistema Unico de Salde (SUS) com tratamento de média e alta
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complexidade (ALCALDE; KIRSZTAJN, 2018; SESSO et al., 2012; THOME et al., 2019).
Além disso, ha restricBes nutricionais, da mobilidade para lugares distantes das clinicas onde
0s pacientes sdo tratados, gastos suplementares com medicamentos, perda sistematica de horas
de trabalho e estudo em servigos de hemodialise em fase produtiva da vida. Em alguns casos,
0s pacientes tém de se deslocar por longas distancias até as unidades de tratamento e requerem
acompanhamento de familiares gerando perdas adicionais e importante impacto
socioeconémico e sobre a qualidade de vida dos pacientes e dos familiares (AVRAMOVIC;
STEFANOVIC, 2012; KUO et al., 2012).

Vaérios fatores sdo relacionados com a progressdo da DRC como a hipertenséo arterial sistémica
e diabetes mellitus ndo controlados, proteindria persistente, uso a longo prazo de drogas
nefrotdxicas, obstrucdo do trato urinario, infeccdo urinaria, obesidade, dislipidemia, anemia
crbnica, dentre outros. As principais doencas glomerulares associadas a maior taxa de
incidéncia da progressédo da doenca renal sdo a GESF, NIgA, NL e nefropatia membranosa
(CHOI et al., 2019; SIM et al., 2018; WETMORE et al., 2016). O tratamento das doencas
glomerulares tem como objetivo, melhorar a qualidade de vida dos pacientes e retardar a
progressdo para DRT. Como a maioria das doencas glomerulares primarias ou secundarias
cursam com a SN, o tratamento se baseia geralmente no uso de drogas imunossupressoras, Como
corticoides e outros. Embora muitos desses pacientes possam se beneficiar de terapias
imunossupressoras especificas, uma proporcao significativa é resistente ao tratamento e,
eventualmente progridem mais rapidamente para a DRT como no caso da GESF. Por outro
lado, o tratamento por imunossupressores pode levar a toxicidades significativas, infeccdes
(principal causa de morte em pacientes com tratamento imunossupressor) e efeitos colaterais
irreversiveis (LIU; CHUN, 2018). Outras estratégias terapéuticas geralmente aplicadas
incluem o controle adequado da pressao arterial, reducdo da proteinaria por inibidores da
enzima conversora de angiotensina ou bloqueadores dos receptores da angiotensina, restricao
moderada de proteinas na dieta e controle da glicemia em pacientes com diabetes mellitus
(NATH; FERVENZA, 2018). A progressdao da DRC para estagio terminal, depende do tipo

histoldgico da doenca renal e da resposta ao tratamento.

A SN primaria ou idiopética é a manifestacdo clinica mais comum das doencas glomerulares
primarias tanto em adultos quanto em criancas e é caracterizada pela presenca de proteindria
maciga (acima de 3,5 g), edema, hipoalbuminemia e a hiperlipidemia. Durante o tratamento
com corticoides, alguns pacientes se encontram resistentes e persistem com a proteinQria

superior a 3,5 g. O progndstico desses pacientes é ruim e 30-40% podem progredir rapidamente
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para estagio final da doenca renal necessitando da TRS (JOSHI et al., 2013; SEN et al., 2017).
Segundo os ultimos estudos, varias mutagdes genéticas estdo envolvidas na patogénese da SN
resistente aos esteroides em diversos genes que codificam proteinas importantes para a
manutencdo da estrutura e da funcdo da barreira de filtracdo glomerular. Estas proteinas séo
expressas principalmente nos poddcitos e estdo envolvidas diretamente ou indiretamente na
organizacdo do diafragma da fenda e do citoesqueleto de actina e sdo importantes para o bom
funcionamento da filtracdo no rim (CHIANG; INAGI, 2010). Os principais genes envolvidos
na forma autossémica recessiva da SN, sdo os genes NPHS1 que codificada a nefrina; NPHS2
que codificada a podocina e o gene PLCE1; enquanto aqueles cujas mutacdes causam a SN
autossdomica dominante, incluem WT1, INF2, TRPC6 e ACTN4 (ANIGILAJE; OLUTOLA,
2019; BOYER et al., 2010; GUARAGNA et al., 2016; LOVRIC et al., 2016; WAREJKO et al.,
2018). Além desses fatores genéticos, outras mutacdes ndo diretamente relacionadas ao

aparecimento da SN tém importancia significativa na progressdo da doenca para o estagio final.

A populacdo afrodescendente tem um risco maior de progressao para DRC terminal, cujas
taxas sdo de duas a quatro vezes superiores a populacao caucasiana (BARRETO et al., 2016;
CHOl et al., 2009; LIPWORTH et al., 2012). Embora o status socioecondmico, 0 pouco acesso
aos servicos de saude, niveis de pressdo arterial mais elevado, controle inadequado da glicemia
e o estilo de vida explicam parcialmente essa disparidade na ocorréncia de DRC, estudos
recentes tém demonstrados uma importante contribuicdo genética na progressao de doencas
renais e principalmente as variantes genéticas identificadas no gene Apoll que codifica a

apolipoproteina L1 e no gene da hemoglobina.
1.3 GENE APOL1 E AS VARIANTES G1 E G2

O gene APOL1 é um dos seis membros dos genes APOL (APOL1-6) localizados no
cromossomo 22 que surgirem através da duplicacdo génica. O APOLL1 € expresso e funcional
apenas em humanos e algumas espécies na linhagem de primatas superiores (FRIEDMAN;
POLLAK, 2016; LIMOU et al., 2014; SHARMA et al., 2016). O APOL1 contém 14,5 kb com
sete exons e codifica a apolipoproteina L1, uma proteina sérica humana de 398 aminoacidos,
com 3 dominios funcionais e estruturais que séo, o dominio de formacao de poros, o dominio
de adesdo a membrana sensivel ao pH e o dominio de interagdo com a proteina associada a
resisténcia serica (SRA) (LIMOU et al., 2015; M. MADHAVAN; O’TOOLE, 2013), figura 1.
A apolipoproteina L1 (Apoll) é um componente menor de particulas da lipoproteina de alta

densidade (HDL) no sangue e desempenha um papel no transporte e no metabolismo lipidico.
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Apol1l é expressa em varios 6rgdos, incluindo o rim. Nos rins saudaveis, a Apol1 esta localizada
em podacitos, células endoteliais e células epiteliais tubulares proximais (FRIEDMAN;
POLLAK, 2016; HENEGHAN et al., 2015; KUMAR et al.,, 2018; M. MADHAVAN;
O’TOOLE, 2013; MADHAVAN et al., 2011; VANHOLLEBEKE; PAYS, 2006).

A Apoll desempenha importantes papéis extra e intracelulares na defesa do hospedeiro e nos
mecanismos de homeostasia celular, como o transporte e metabolismo lipidico, a apoptose, a
autofagia celular e a imunidade inata (HU; KLOPFER; RAY, 2012; TZUR et al., 2010). A
funcdo da Apoll na imunidade inata consiste na sua atividade tripanolitica que confere uma
resisténcia contra a infecgdo por Trypanosoma brucei (T.brucei), um parasita transmitido pela
mosca tse-tsé e responsavel pela tripanossomiase africana que se manifesta como doenca do
sono em humanos (COOPER et al., 2017; THOMSON et al., 2014). A atividade tripanolitica
de Apoll é mediada por dominios proteicos codificados pelo ultimo exon. Apoll despolariza a
membrana lisossdbmica do parasita formando poros idnicos apds endocitose e inser¢do nas
membranas, o que causa o influxo irreversivel do cloreto e 4gua do citoplasma para o lisossoma
e morte do tripanosoma (BRUGGEMAN; O’TOOLE; SEDOR, 2017; LECORDIER et al.,
2009; LIMOU et al., 2014) ). No entanto, duas subespécies desse parasito denominadas T.
brucei. rhodesiense e T. brucei. gambiense desenvolveram mecanismos diferentes para se
tornarem resistentes a atividade litica da Apoll e podem infectar os humanos, causando
respectivamente a forma aguda e crbnica da doenca do sono. O T. brucei. rhodesiense
predomina na Africa Oriental, e o T. brucei. gambiense é mais comum na Africa Ocidental. O
T. brucei. rhodesiense produz a SRA, uma glicoproteina variavel de superficie que se liga a
regido C-terminal da Apoll. Essa interacdo impede a formacéo de poros e neutraliza a atividade
litica da Apoll com consequéncia a prevencdo da morte do parasito. O mecanismo usado pelo
T. brucei. gambiense para resistir ao soro humano néo envolve a inativacdo direta da Apoll. O
T. brucei. gambiense expressa uma glicoproteina especifica que impede a formacéo de poros
por endurecimento da membrana lisossémica do parasito e o bloqueio da insercdo da Apoll
(CUYPERS et al., 2016; DUMMER et al., 2015; LECORDIER et al., 2009).

As mutacles genéticas que ocorrem no dominio C terminal no Gltimo exon do gene APOL1,
impedem a ligacao direta da SRA a essa regido e restauram a atividade tripanolitico da Apoll
contra T. brucei. rhodesiense a fim de prevenir a tripanossomiase aguda em humanos (LIMOU
etal., 2015; UZUREAU et al., 2013). Duas dessas mutacdes restritas ao cromossomo de origem
africana que surgiram, independentemente, em cromossomos separados foram descobertas em
2010 por Genovese e colaboradores (GENOVESE et al., 2010). O primeiro haplétipo,
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denominado G1 corresponde a uma mutagdo nucleotidica que resulta numa substituicdo do
aminoacido Serina pela Glicina na posicdo 342 (S342G) com a variante rs73885319 e a
substituicdo da Isoleucina pela Metionina na posicao 384 (1384M) com a variante rs60910145.
O segundo hapldtipo G2 é caracterizado pela perda de seis nucleotideos resultando na delecao
de dois aminoacidos (Asparagina na posicdo 388 e a Tirosina na posicao 389), (HU; KLOPFER,;
RAY, 2012), figura 1.

rs71785313
G2: (p.Asn388_Tyr389del)

rs60910145
G 11384M; (p.Tle384Met)

(G18342G: (p.Ser342Gly)

N . i e
Peptideo  Dominio de formacao Dominio de adesao Dominio de

sinal de poros A membrana interacao com SRA

rs?38853191
v

Figura 1. Estrutura da Apoll com os dominios funcionais e localizacéo das variantes genéticas
no dominio de interacdo com a proteina associada a resisténcia sérica (SRA). Adaptado de:
(COOPER et al., 2017).

A distribuicao dos hapl6tipos G1 e G2 e dos numeros de alelos varia de uma regido a outra com
frequéncias mais altas em algumas regides da Africa Ocidental, onde a frequéncia de G1 varia
entre 2,4% e 45% e 0 G2 entre 6% e 24%, com as maiores frequéncias na Nigéria e Gana. Entre
os afro-americanos a frequéncia do haplétipo G1 varia entre 20% e 22% e 0 G2 entre 13% e
15%. A frequéncia do gendtipo de alto risco, ou seja, individuos homozigotos (G1/G1 e G2/G2)
ou heterozigotos compostos (G1/G2) é de 13%. Essas mutacGes ndo foram encontradas em
nativos americanos e euro-descendentes (KOPP et al., 2011; LIMOU et al., 2014). No Brasil,
trabalhos realizados na populagéo de descendéncia africana mostraram frequéncia de 4,7 a 6,1%
para 0 G1, 1,4 a 3,4% para 0 G2 e de 0,4 a 0,9% sdo portadores do gendtipo de alto risco
(RIELLA et al., 2019; VAJGEL et al., 2019).
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1.4 VARIANTES DE APOL1 E DOENCA RENAL

A diferenga entre a incidéncia da DRC e da DRET com uma taxa de duas a quatro vezes
superiores na populacdo afrodescendente em comparacdo a populacdo caucasiana, foi 0 motivo
de varias investigacOes sobre os fatores determinantes dessa disparidade (BARRETO et al.,
2016; CHOI et al., 2009; HENEGHAN et al., 2015; LIPWORTH et al., 2012). Embora, 0s
fatores socioecondmicos, clinicos (niveis mais elevados de pressdo arterial, controle
inadequado da glicemia) e de estilo de vida possam explicar parcialmente essa disparidade,
estudos recentes tém demonstrados também que a constituicdo genética desempenha um papel
importante  (AINSWORTH; LANGEFELD; FREEDMAN, 2017; FRIEDMAN, 2019;
GEORGE et al., 2018). Inicialmente, a associacao entre mutacdo genética no cromossomo 22
e a doenca renal crénica ndo-diabética, bem como a associacdo com a glomeruloesclerose
segmentar focal foi identificada em 2008 por dois grupos de pesquisa independentes (KAO et
al., 2008; KOPP et al., 2008). Ambos 0s grupos atribuiram essa associa¢do ao gene MYH9 que
codifica a cadeia pesada da miosina ndo muscular 9, localizado muito préximo ao APOLL.
Estudos subsequentes, entretanto, mostraram evidéncias mais fortes de associa¢éo significativa
entre a doenca renal crénica em afrodescendentes e o gene APOL1 (GENOVESE et al., 2010).
Os individuos homozigotos (G1/G1 ou G2/G2) ou heterozigotos compostos (G1/G2) chamados
de portadores de dois alelos de risco ou de gen6tipo de alto risco para a DRC, além de ter um
risco maior de um amplo espectro de doencas glomerulares incluindo a GESF e principalmente
do tipo colapsante, a nefropatia associada ao virus da imunodeficiéncia humana HIV (HIVAN)
L, tém também um risco de progressdo mais rapida do comprometimento renal para doenca
renal terminal como DRET associada a hipertensao arteriale DRET nédo diabética, comparado
com os portadores heterozigotos (GOG1 ou G0G2) e individuos sem mutagdes (G0GO),
chamados de portadores de genotipos de menor risco para DRC (CHEN et al., 2017,
FREEDMAN et al., 2010, 2014; KASEMBELI et al., 2015; KOPP et al., 2011; LIPKOWITZ
et al., 2013; PARSA et al., 2013). Estudos de caso-controle mostraram que os individuos com
genotipos de alto risco tém 29 a 89 vezes mais chances de HIVAN, 10 a 17 vezes mais chances
para GESF, 20 vezes mais chances de DRCT associada a hipertensao arterial e 2,57 vezes mais
chance de DRCT associada a NL (ANYAEGBU et al., 2015; FREEDMAN et al., 2014,
KASEMBELI et al., 2015; KOPP et al., 2011). Nesses individuos com genotipos de alto risco,
0 risco estimado para o desenvolvimento de GESF é de 4% na populacédo geral e de 50% entre
os individuos infectados pelo HIV e ndo tratados (KOPP et al., 2011). A associagdo entre

HIVAN e as variantes de APOL1 é tdo relevante que a prevaléncia de HIVAN é muito baixa



25

em populacbes onde essas variantes genéticas ndo sdo praticamente encontradas (BEHAR et
al., 2011). Além disso, nos individuos portadores de gendtipos de alto risco, a idade de
diagnostico de doenca renal é mais precoce e a progressdo para DRCT é mais rapida em
comparagdo com pessoas com genotipos de menor risco (KANJI et al., 2011; POLLAK;
GENOVESE; FRIEDMAN, 2012; RIELLA et al., 2019).

Também foi observado nos transplantes renais, que as variantes de risco podem contribuir para
a reducdo significativa da sobrevida do enxerto renal de doadores afro-africanos portadores de
gendtipos de alto risco de APOL1 em comparacéo aos individuos com genotipos de menor risco,
independentemente do tempo da isquemia fria, da incompatibilidade de HLA, como também
da raca do receptor (FREEDMAN et al., 2015, 2016). Os doadores vivos portadores de
genotipos de alto risco de APOL I, tém uma baixa taxa de filtracdo glomerular estimada e uma
perda mais rapida da fun¢do renal anos depois a doagdo em comparagdo aos doadores com

genotipos de menor risco (DOSHI et al., 2018).

Apesar da forte associacdo com a DRC e DRCT, os mecanismos pelos quais as variantes de
risco do APOLL1 levam a doenca renal e aceleram sua progressao para DRCT, ainda ndo séo
totalmente compreendidos. VVarios mecanismos de lesdo celular induzida por variantes de risco
de APOL1 tém sido sugeridos, entre outros, a autofagia podocitaria comprometida,
metabolismo mitocondrial prejudicado e a deplecdo intracelular do potassio e subsequente
sinalizacdo via proteinas quinases ativadas por estresse contribuem para a lesdo dos poddcitos
(MA et al., 2017; MA; DIVERS; FREEDMAN, 2019; OLABISI et al., 2016; WAITZMAN,;
LIN, 2019). Além desses mecanismos, pode haver outros pelos quais as variantes de risco de
APOL1 levam a reducdo da densidade de pododcitos que representa um fator de risco
predisponente para doengas glomerulares € a DRCT devido a perda cumulativa total de
podocitos, do aumento do volume de filtragdo glomerular e o estresse celular resultante da

redu¢do da densidade de podocitos.

Além das variantes de risco do APOL1, algumas evidéncias recentes sugerem que as
hemoglobinas variantes, incluindo o traco falciforme (HbAS) e o tragco da hemoglobina C
(HbAC), podem também desempenhar um papel em conjunto com as principais causas na
progressdo de doenca renal (DEREBAIL et al., 2010; NAIK et al., 2017).
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1.5 HEMOGLOBINOPATIAS

A hemoglobina (Hb) é a principal proteina globular presente nas hemécias. A molécula da Hb
tem uma estrutura quaternaria heterotetramérica composta de quatro subunidades e cada uma
dessas subunidades é formada por uma porcéo proteica (globina) e um grupo prostético (heme).
As globinas séo cadeias polipeptidicas e na Hb adulta, sdo encontradas duas cadeias alfa (141
residuos de aminodcidos) e duas cadeias beta (146 residuos de aminoécidos); figura 2. Cada
globina é ligada de maneira estavel ao heme situado na superficie externa da proteina. O grupo
heme é constituido por uma parte organica e um atomo de ferro no estado ferroso (Fe?*) capaz
de se ligar a molécula de oxigénio de maneira reversivel, permitindo o desempenho da principal
funcdo fisiolégica da Hb que consiste em transportar o oxigénio dos pulmdes, e
subsequentemente, liberd-lo nos tecidos periféricos e facilitando o transporte de retorno do
diéxido de carbono dos tecidos para os pulmdes, além de auxiliar na manutencdo no equilibrio
acidobaésico. As ligagBes ndo covalentes sdo necessarias entre as diferentes subunidades da Hb
para facilitar a sua ligacéo e liberacdo ao oxigénio de maneira adequada, garantindo assim o
suprimento melhor para o metabolismo das células do organismo (BRINGAS et al., 2017;
FORGET; BUNN, 2013; HELMS; KIM-SHAPIRO, 2013; NAGAI et al., 2018; SUNDD;
GLADWIN; NOVELLI, 2019).

Cadeia beta Cadeia alfa

Grupo heme

Cadeia beta

Figura 2: Estrutura tetrdmerica da molécula de hemoglobina com duas cadeias o ¢ duas f.
Adaptado de: (DIEPSTRATEN; HART, 2019).
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As hemoglobinopatias sdo uma série de distdrbios genéticos autossdOmicos recessivos
decorrentes de mutagdes nos genes responsaveis pela sintese das cadeias polipeptidicas da Hb.
Sdo as doencas hereditarias mais comuns no mundo (BADEJO et al., 2019; GALADANCI;
DEBAUN; GALADANCI, 2019). Podem ser resultantes de mutac6es que afetam os genes da
globina e / ou elementos regulatérios levando a uma deficiéncia parcial ou total na sintese de
uma ou mais cadeias polipeptidicas a ou p chamados as sindromes de talassemias. Também
podem ser originadas de alteracdes estruturais nos produtos génicos envolvendo uma ou mais
cadeias que promovem a formacdo da molécula da Hb com caracteristicas fisico-quimicas
bastante diferentes da Hb normal, denominadas Hb variantes (BADEJO et al., 2019; FORGET;
BUNN, 2013). As hemoglobinopatias estruturais sdo geralmente causadas por mutagoes
pontuais que afetam as regides codificantes dos genes levando a troca de um aminoacido por
outro nas cadeias polipeptidicas. Essas mutacdes ocorrem naturalmente e dependendo do tipo
de aminoacido, alteracfes na estrutura, estabilidade, solubilidade e funcdo da molécula da Hb

podem ocorrer com consequentes manifestacdes clinicas significativas.

As variantes mais frequentes e clinicamente relevantes sdo: HbS (6 Glu — Val), HbC (6 Glu
— Lis), HbD (B121 Glu — Gln) e HbE (B26 Glu — Lis) (MCGANN et al., 2018; PIEL et al.,
2014, 2016; RAHIMI, 2013; VELASCO-RODRIGUEZ et al., 2016). Um individuo afetado
pode herdar duas variantes idénticas chamado de homozigoto (HbSS, HbCC); duas variantes
diferentes denominado de heterozigoto composto (HbSC, HbSD) ou de uma variante
conhecido como heterozigoto (HbAS, HbAC) (LEE et al., 2019). A distribuicdo dos disturbios
da Hb é heterogénea e varia muito de uma regido ou pais a outro. Em alguns paises, ela é baixa,
enquanto em outros elas sdo tdo comuns que a maioria da populacéo carrega pelo menos uma
anormalidade genética que afeta a estrutura ou a sintese da molecula da Hb (VELASCO-
RODRIGUEZ et al., 2016). No Brasil as variantes estruturais mais comuns s&o a HbS e a HbC
(DE CASTRO LOBO et al., 2014; SANTIAGO et al., 2017; SILVA et al., 2015). A variante
HDbS ocorre pela substituicdo de um unico nucleotideo adenina (A) pela timina (T) no cédon
seis da regido codificante do gene da globina B3, levando a substituicdo do acido glutdmico pela
valina na sexta posi¢do da cadeia polipeptidica (6 Glu—Val) no cromossomo 11, figura 3. A
variante HbC por sua vez resulta da substituicdo do acido glutdmico pela lisina na mesma
posicdo (BADEJO et al., 2019; GHANSAH et al., 2012; PIEL et al., 2013), figura 3.
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Figura 3: Troca de aminoacidos que altera a Hemoglobina

Fonte Adaptado de: https://www.slideshare.net/rohinisane/sickle-cell-anemia-final-64192209.

As hemoglobinopatias sdo as doengas monogénicas mais comuns e um dos principais
problemas de satde publica com uma larga distribuicdo pelo mundo inteiro. Elas sdo comuns
em pessoas de descendéncia africana, mas afeta também as pessoas de origem mediterranea, do
Oriente Médio, de certas regides da india e da Arabia Saudita com a maior frequéncia na Africa
Subsaariana devido a alta endemia de malaria (MACHARIA et al., 2018; PIEL; STEINBERG;
REES, 2017). Aproximadamente 7% da populacdo mundial sdo portadores. A cada ano, cerca
de 300 a 500 mil criancas nascem com hemoglobinopatias, 83% com Hb variantes de maior
significancia clinica (HbSS, HbSC e HbS/f talassemia) das quais cerca de 85% dos afetados se
encontram na Africa. Cerca de 17% dos individuos com sindromes de talassemia s&o
responsaveis pela mortalidade de cerca de 3,4% de criangas com menos de 5 anos de idade
(MODELL, 2008; WEATHERALL, 2008).

No Brasil, a doenca falciforme é a doenca hereditaria monogénica mais comum. A frequéncia
da doencga falciforme varia muito conforme as caracteristicas étnicas da populacdo estudada
com predominancia na populagdo afrodescendente. Estima-se que mais de dois milhdes de
brasileiros sdo portadores da HbS, entre 25 e 30 mil individuos tém anemia falciforme (HbSS)
e a cada ano aproximadamente 3500 criangas nascem com a doenca. A frequéncia do gendtipo
SC é de 0,02%. No estado da Bahia 1 individuo para cada 650 recém-nascidos vivos tem a
doenca falciforme e na regido do Recdncavo Baiano foi encontrado 1 individuo para cada 314
(CANCADO; JESUS, 2007; CARLOS et al., 2015; SILVA et al., 2016).


https://www.slideshare.net/rohinisane/sickle-cell-anemia-final-64192209
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A principal caracteristica responsavel pelos principais aspectos fisiopatoldgicos das
manifestagdes clinicas da doenca falciforme é a polimerizacdo intracelular da HbS nas hemécias
devido ao baixo teor de oxigénio (SCHNOG et al., 2004; WALLEN et al., 2014). Em condicdes
de desoxigenacdo continua, a polimerizacdo da HbS provoca alteracdo da forma da hemacia,
fazendo com que a célula perca o seu formato biconcavo flexivel normal, adquirindo uma forma
rigida alongada chamada de hemacia em foice ou hemécia falcizada. Este fenémeno é reversivel
com a oxigenacdo das hemécias e antes que ocorra a alteracdo definitiva da membrana
eritrocitaria e a falcizagdo irreversivel das hemécias (FREITAS et al., 2018; WARE et al.,
2017). Essas hemacias apresentam alteracGes nas proteinas de membrana, interacdo ativada
com o endotélio vascular, plaquetas, leucécitos, fatores de coagulacéo e citocinas; fatores que
contribuem para a obstrucdo de pequenos vasos sanguineos, o que pode produzir dor aguda
intensa devido a hipoxia tecidual secundaria a reducdo do fluxo sanguineo (ANSARI;
GAVINS, 2019; WARE et al.,, 2017). Os episddios vaso-oclusivos que ocorrem na
microcirculacdo, podem levar ao infarto e dano tecidual por isquemia e reperfuséo,
consequéncias dos processos inflamatorios (CONRAN; BELCHER, 2018; KATO;
STEINBERG; GLADWIN, 2017; QUINN, 2016). As complicacGes da anemia falciforme
podem envolver a maioria dos 6rgdos e sistemas organicos durante a vida dos individuos
portadores. Elas se apresentam em diversas manifestacdes clinicas agudas e cronicas, infecces,
sindrome torécica aguda, hipertensdo pulmonar, priapismo, osteonecrose, insuficiéncia renal,
lesGes hepaéticas, acidente vascular cerebral, Ulceras de perna, retinopatia e doencas cardiacas
(CONRAN; BELCHER, 2018; PIEL; STEINBERG; REES, 2017). As alterac®es da estrutura
da membrana eritrocitéaria causadas pelas hemécias falcizadas levam a destruicdo precoce das
hemécias pelos mondécitos e macréfagos na microcirculagdo. A hemolise pode resultar em
anemia, que ¢ uma manifestacdo clinica comum da doenca falciforme (DAVID et al., 2018;
SCHNOG et al., 2004).

Além dessas complicacdes, a anemia falciforme afeta outros aspectos da vida dos portadores
como o bem-estar fisico, psicoldgico, social e ocupacional. Em criangas e adolescentes com
anemia falciforme, o atraso no crescimento fisico quando comparado a seus pares saudaveis, as
hospitalizacdes frequentes devido aos episddios de dor crbnica e a dependéncia dos analgésicos
podem resultar em sofrimento emocional, psicoldgico, depressdo e pior qualidade de vida
(ADEYEMO et al.,, 2015; WALLEN et al., 2014). A mortalidade precoce e com maior
frequéncia foi também associada a anemia falciforme em criangcas menores de cinco anos de

idade devido a infeccdo e as complicagdes cronicas em adultos (ARDUINI; RODRIGUES;
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TROVO DE MARQUI, 2017; FITZHUGH et al., 2009; MAKANI; WILLIAMS; MARSH,
2007; USMANI; MACHADO, 2018).

1.6 TRACO FALCIFORME (HBAS) E O TRACO DA HEMOGLOBINA C (HBAC)

A HbAS, heterozigose para HbS, é uma das formas heterozigotas das sindromes falciformes.
Ela é definida pela heranca do alelo anormal S do gene da beta-globina da Hb de um dos pais e
do alelo normal A do outro genitor, manifestando-se assim como o genotipo AS da Hb. No
mundo, aproximadamente 300 milhGes de pessoas sao portadores da HbAS com a maior parte
concentrada na Africa, Oriente Médio e algumas regides do Mediterraneo. A frequéncia da
HbAS é mais alta nas regiGes onde a malaria é endémica e pode variar entre 10 e 45%,
principalmente na Africa Subsaariana. Essa frequéncia varia entre 1 e 2% no norte da Africa e
inferior & 1% na Africa do Sul. Nos Estados Unidos a HbAS est4 presente entre 6 e 9 % da
populacdo afro-americana, ou seja, cerca de 2,5 a 3 milhdes de individuos afro-americanos com
a HbAS (AKINBODEWA AA et al., 2019; NAIK et al., 2018). Nos estudos populacionais, a
frequéncia estimada da HbAS em recém-nascidos foi de 64,4% na Africa Subsaariana, 22,7%
na regifo arabe-indiana, 7,4% nas Américas, 5,4% na Eurasia e 0,1% no sudeste da Asia (PIEL
etal., 2013).

No Brasil, a distribuicdo do HbAS é bastante heterogénea e varia de acordo com o grupo de
populacdo estudada e com o grau de miscigenacdo racial nas diferentes regides do pais.
Aproximadamente 4% da populacdo geral sdo portadores da HbAS e cerca de 200 mil criancas
nascem a cada ano com a HbAS. Essa frequéncia é alta nas regides Norte e Nordeste variando
entre 6% e 10%, enquanto nas regides Sul e Sudeste a frequéncia € menor e varia entre 2% e
3%. Foi observada uma frequéncia de 5,3% na Bahia, 4% no Rio de Janeiro e Pernambuco, 3%
em Minas Gerais, 2,6% em Sao Paulo e 2% no Rio Grande do Sul (CANCADO; JESUS, 2007;
SILVA et al., 2015), figura 4. Outros estudos realizados evidenciaram uma frequéncia de 5,7%
em comunidades quilombolas do estado do Tocantins, 4,58% na regido sul do Triangulo
Mineiro, 1,50% em uma populacdo da cidade de Natal, Rio Grande do Norte, 6,5% nas
comunidades de povos de Terreiros na cidade de Teresina no Piaui, 3,23% em recém-nascidos
no Distrito Federal entre 2004 e 2006, 0,8% em recém-nascidos no Estado de Santa Catarina
entre 2003 e 2012, 4,96% em recém-nascidos no Maranhdo em 2008 e no Centro de

Hemoterapia de Sergipe foi descrita uma frequéncia de 4,1% em doadores de sangue(ARAUJO
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et al., 2004; CARLOS et al., 2015; DINIZ et al., 2009; ELLER; DA SILVA, 2016; TELES et
al., 2017; VIVAS et al., 2006). Na regido do recéncavo baiano, a frequéncia em recém-nascidos
entre 2006 e 2009 foi de 5,8% e varia entre 2,6% e 9,2% (SILVA et al., 2016). Um outro estudo
realizado numa maternidade de Salvador mostrou uma frequéncia de 9,8% de HbAS em recém-
nascidos (ADORNO et al., 2005).

Frequéncia do
gene S no Brasil

AS 5,3% (1:17)
DF 1:650

2,6% (1:35) Minas Gerais
DF 1:4.000 AS 3% (1:23)
DF 1:1.400

Rio de Janeiro
AS 4% (1:21)
DF 1:1.200

Rio Grande do Sul
AS 2% (1:65)
DF 1:10.000

AS=traco falaforme
DF=doenca falciforme
Fonte: Ministério da Saude do Brasil

Figura 4: Distribuicdo geografica da HbS nas diferentes regies do Brasil. Fonte: Sickle cell
disease in Brazil, 2007 (CANCADO; JESUS, 2007).

O traco falciforme, geralmente ndo é considerado como uma doenca porque apresenta
complicacdes incomuns ou leves. Os portadores sdo assintomaticos, ndo apresentam
anormalidades fisica e hematoldgica relevantes em condi¢fes normais e tém uma expectativa
de vida semelhante as pessoas com 0 genotipo AA, sem graves consequéncias a saude
relacionadas ao seu status falciforme. Embora a HbAS seja considerada benigna, os portadores
tém uma concentracdo de 30% a 40% de HbS que pode conferir um risco em certas condicdes
como hipoxia, acidose, desidratacdo, hiperosmolaridade e hipotermia. Essas condicdes

promovem o processo de falcizacdo e 0 acimulo de hemécias deformaveis na microcirculagéo.
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Esse fendmeno pode transformar a HbAS em uma sindrome semelhante & HbSS associada a
crise vaso-oclusiva com diversas manifestacfes clinicas (AKINBODEWA AA et al., 2019;
TSARAS et al., 2009). Essas complicacdes incluem anormalidades renais como alteragcdes na
concentracdo urinaria, microalbuminiria e proteindria, hematuria macroscopica, necrose
papilar renal e carcinoma medular renal, o infarto esplénico com baixa tensdo de oxigénio
favorecido pelo exercicio ou em repouso em altas altitudes ou durante o exercicio no nivel do
mar. O tromboembolismo venoso (trombose venosa profunda ou embolia pulmonar) também

foi observado em individuos portadores do trago falciforme.

Estudos populacionais ou controlados ndo demonstraram aumento da mortalidade associada a
HbAS e nem a existéncia de causas especificas de mortalidade decorrentes exclusivamente da
HbAS, entretanto, a rabdomidlise induzida por exercicios, especialmente em situacdes de calor
extremo, esfor¢o fisico intenso e desidratacdo pode levar a morte subita nesses indiviiduos
(AKINBODEWA AAcetal., 2019; EL ARISS et al., 2016; FOLSOM et al., 2015; HARRISON;
WALCOTT; WARNER, 2017; TSARAS et al., 2009).

A hemoglobina C (HbC) é uma das hemoglobinopatias estruturais mais prevalentes no mundo
e a segunda variante mais comuns das hemoglobinopatias e resulta pela substituicdo do
nucleotideo glicina (G) pela adenina (A) no sexto cddon da regido codificante do gene da
globina B, levando a substitui¢do do 4cido glutamico pela lisina na sexta posicdo da cadeia
polipeptidica (6 Glu— Lis) no cromossomo 11 (PIEL et al., 2013, 2016). A HbC ¢é mais
prevalente na Africa Ocidental com uma frequéncia acima de 15% (KREUELS et al., 2010;
PIEL et al., 2013) . A HbAC ¢é um estado heterozigotico caracterizado pela presenca de Hb
normal (HbA) e a variante C (HbC). Aproximadamente 2 a 3% dos afro-americanos séo
portadores do HbAC (TITA et al., 2007).

No Brasil, estudos mostraram uma distribui¢do heterogénea da variante C com a frequéncia de
4,9% em comunidades quilombolas do estado do Tocantins; 0,9% na regido sul do Tridngulo
Mineiro; 0,31% em uma populacdo da cidade de Natal, Rio Grande do Norte; 4,8% nas
comunidades de povos de Terreiros na cidade de Teresina no Piaui; 0,19% em recém-nascidos
no Rio Grande do Sul; 0,66% em recém-nascidos no Maranh&o em 2008; 1,4% em doadores de
sangue do Centro de Hemoterapia de Sergipe (ARAUJO et al., 2004; CARLOS et al., 2015;
SOMMER et al., 2006; TELES et al., 2017; VIVAS et al., 2006). Na regido do recéncavo
baiano, a frequéncia em recém-nascidos entre 2006 e 2009 foi de 3,8% e varia entre 0% e 6,6%
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(SILVA et al., 2016). Um outro estudo realizado numa maternidade de Salvador mostrou a
frequéncia de 6,5% de HbAC em recém-nascidos (ADORNO et al., 2005).

A HbC em alta concentracdo induz a desidratacdo dos eritrdcitos e a formacgdo de cristais
intracelulares o que pode causar a anemia hemolitica leve em individuos homozigotos. Embora
as complicagdes clinicas da HbC ndo sejam graves, a heranga com outras hemoglobinopatias,
como a HbS, pode ter consequéncias significativas manifestadas por anemia hemolitica
moderada, esplenomegalia e podem apresentar oclusdes vasculares como as observadas na
anemia falciforme, mas menos graves ou frequentes (NAGEL; FABRY; STEINBERG, 2003;
PIEL et al., 2013). Os portadores heterozigotos sdo geralmente assintomaticos, ndo apresentam
limitacBGes ou sintomas clinicamente evidentes e sua expectativa de vida é semelhante & dos
individuos com o gendtipo A (DALIBALTA et al., 2010). Alguns estudos mostraram que 0S
individuos heterozigotos podem sofrer de hematdria, priapismo, alteragcdes na retina e ttm um
risco aumentado de doenga pneumocdcica invasiva (POEHLING et al., 2010; SPENCER;
SANDERS; AULT, 2009). A maioria desses eventos é rara e ndo existe uma base consistente

de evidéncias.

1.7 HBAS E HBAC NA DOENCA RENAL

A nefropatia associada a doenca falciforme ja foi provada na literatura e vérias alteragdes renais
funcionais e estruturais sdo observadas em individuos portadores. Elas sdo geralmente mais
graves e frequentes na anemia falciforme (HbSS) do que em outros tipos de doenca falciforme

e, especificamente, menos graves no HbAS e no HbAC.

Uma das lesbes glomerulares mais comuns observadas em pacientes com anemia falciforme é
a GESF associada a proteindria e consequentemente a perda progressiva da funcdo renal
(GUASCH et al., 2006). A disfuncdo tubular, hiperfiltracdo glomerular, albuminuria e o
declinio da taxa de filtracdo glomerular contribuem para a progressao da doenca renal. A taxa
de filtracdo glomerular de um néfron aumenta com a perda de outros néfrons, levando a danos
progressivos nos glomérulos que pode se manifestar como GESF, fibrose intersticial e atrofia
tubular (MAIGNE et al., 2010; NASR et al., 2006). As alteragfes vasculares observadas na
anemia falciforme podem afetar mais intensamente a medula renal, que apresenta baixa
saturacdo de oxigénio, fluxo sanguineo lento e hiperosmolaridade intersticial, uma condicao

que favorece a polimerizacdo da HbS e resulta em aumento da viscosidade sanguinea nos
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capilares medulares renais levando a perda da capacidade de concentragdo urinaria, hematuria
assintomaética e macroscépica e necrose papilar (NASR et al., 2006; SASONGKO; NAGALLA,;
BALLAS, 2015). Essas lesGes podem também ser evidenciadas nos portadores de HbAS em
condicdes que facilitam o processo de falcizacdo episddica das hemacias levando a isquemia

parenquimatosa cronica e infarto, com perda gradual da funcéo glomerular e tubular.

Uma das alteragBes renais mais comuns em individuos portadores de HbAS é a hematdria
assintomatica causada por eventos vaso-oclusivos, microinfarto e lesdo isquémica do
parénquima. A manifestacdo mais profunda desses eventos isquémicos é a necrose papilar renal,
com microinfartos locais das papilas renais levando a hematlria macroscopica indolor e pode
ser complicada por infeccdo e obstrucdo do trato urinario. O envolvimento do rim esquerdo é
mais frequente por causa do seu tamanho ligeiramente maior e a maior pressao venosa
resultante da compressao da veia renal esquerda pela aorta e veia mesentérica superior. Os
eventos de microinfartos repetitivos na medula renal e alteracbes no fluxo sanguineo renal
podem resultar em perda da capacidade de concentracdo da urina nesses individuos e
progressiva com a idade. A concentracdo da urina € ainda mais prejudicada com o aumento da
concentracdo da HbS, e com desidratacdo, pode ser um fator contribuinte para o
desenvolvimento de rabdomidlise e morte sUbita no momento de esfor¢o fisico
(BISSONNETTE et al., 2016; DEREBAIL et al., 2010; KEY; DEREBAIL, 2010; SHARPE;
THEIN, 2014; TSARAS et al., 2009). Outra complicacédo renal do HbAS é o carcinoma medular
renal, uma neoplasia maligna e muito agressivo que ocorre quase exclusivamente em
individuos jovens com HbAS, mas raro. O carcinoma medular renal resulta da regeneracdo
cronica e degeneracdo induzida por lesGes isquémicas recorrente do epitélio do ducto coletor
distal (ALVAREZ et al., 2015). Outros estudos relataram também uma progressao mais rapida
da DRC para a fase terminal nos individuos portadores da doenca renal policistica autossémica
dominante com HbAS coexistente do que aqueles sem HbAS (PECES, R. et al., 2011). No
entanto, a presenca de HbAS pode néo ser suficiente para causar a DRC, mas pode atuar em
sinergia ao coexistir com os principais fatores de risco (hipertensdo ou diabetes), que afetam
tambem a microvasculatura renal para acelerar o dano renal levando a fase terminal da doenca
renal (AKINBODEWA AA et al., 2019; DEREBAIL et al., 2010).

Embora a hematuria seja uma complicacdo frequente das hemoglobinopatias falciformes,
estudos mostraram casos da hematuria nos individuos portadores da HbC, mas extremamente
incomuns (SPENCER; SANDERS; AULT, 2009). A desidratacdo das hemacias pode causar a

diminuicdo da solubilidade promovendo a cristalizacdo da HbC e a perda da flexibilidade das
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hemécias. Essa perda de flexibilidade pode impedir a passagem das hemacias resultando na
obstrugéo dos vasos retos e isquemia e infarto medular (SPENCER; SANDERS; AULT, 2009).
As lesbes renais como a deficiéncia na concentragdo urinaria, necrose papilar aguda e
microalbumindria foram também observadas nos individuos com o genoétipo SC. Elas sdo
menos comum e ocorrem mais tardiamente (PECKER; SCHAEFER; LUCHTMAN-JONES,
2017). Geralmente os individuos portadores do HbAC sdo assintomaéticos e ndo apresentam
complicacdes clinicas significativas em condicdes fisiologicas normais. A maior frequéncia do
HbAC nos pacientes em hemodidlise, indica talvez que a HbAC pode ter um efeito semelhante
a HbAS e pode ser um cofator na progressdo da doenca renal para o estagio terminal
(ALLADAGBIN et al., 2018; DEREBAIL et al., 2010).
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2. JUSTIFICATIVA E HIPOTESE

A DRC consiste em lesdo estrutural ou perda progressiva e irreversivel da fungdo dos rins por
pelo menos de 3 meses. Em sua fase mais avangada, os rins sdo incapazes de manter a
homeostasia do organismo do paciente necessitando de TRS. A prevaléncia de pacientes com
DRC vem aumentando progressivamente em todo o mundo, inclusive no Brasil. As doencas
glomerulares constituem a terceira causa de DRET no Brasil, responsavel por uma consideravel
quantidade de pacientes em TRS. Segundo o Censo Brasileiro de Dialise Cronica de 2017, o
numero estimativo de pacientes em tratamento dialitico triplicou entre 2000 e 2017 (de 42.695
em 2000 para 126.583 em 2017) com um aumento de 22,2% da prevaléncia global estimada em
cinco anos, chegando a 610 por milhdo da populacéo e uma taxa anual de mortalidade de 19,9%
em 2017 em comparacdo a 18,2% em 2016 (GEORGE et al., 2018; SESSO et al., 2017;
THOME et al., 2019). Esse tratamento implica em cerca de 12 h de hemodiélise por semana,
suporte médico e de enfermagem e uma variedade de medicamentos. Dessa forma o tratamento
da DRC constitui um dos tratamentos de mais alto custo para o SUS e substancial perda de
qualidade de vida dos pacientes e de suas familias. Ha restricGes nutricionais, da mobilidade
para lugares distantes das clinicas onde sdo tratados, gastos suplementares com medicamentos,
perda sistematica de horas de trabalho e estudo em servigos de hemodialise em fase produtiva
da vida (ALCALDE; KIRSZTAJN, 2018; AVRAMOVIC; STEFANOVIC, 2012; KUO et al.,
2012). O rim pode ser agredido por diversos fatores enddgenos ou adquiridos, como infeccdes,
resposta imune, doencas degenerativas e metabolicas. Além disso, o perfil de resposta do
hospedeiro a agressdo renal € afetado por diversos fatores constitutivos como variantes

genéticas no gene APOL1 que codifica a Apolipoproteina L1 e no gene da Hb.

O gene APOL1 esta localizado no cromossomo 22. Duas de suas variantes, denominadas G1 e
G2, desempenham um papel protetor contra a infeccdo causada pelos tripanosomas africanos,
responsaveis pela forma mais letal de doenca do sono. Entretanto, essas variantes também séo
fatores de risco para a progressao de varias doencas renais, levando a DRET em individuos de
descendéncia africana (KOPP et al., 2011; PARSA et al., 2013). Ha relativamente pouca
variacdo entre as taxas de prevaléncia das variantes de alto risco para as DRC na populagéo de
ascendéncia africana nos Estados Unidos da América, em contraste, h um alto grau de variacdo
entre as populagdes em toda a Africa (GRAMS et al., 2016; LIMOU et al., 2014). N&o sabemos
qual é a prevaléncia dessas variantes de risco do gene da APOL1 na Bahia, nem sobre a sua

contribuicdo para a prevaléncia de DRC no pais.



37

A ocorréncia de doenca renal em individuos com anemia falciforme tem sido bem caraterizada
e inclui a alteracdo na concentracdo urinaria, hematdria, declinio da taxa de filtragdo glomerular,
DRC e DRET, embora a frequéncia da DRC e DRET seja menor (BUKAR et al., 2019;
DEREBAIL et al., 2019; NAIK; DEREBAIL, 2017). Embora a HbAS seja considerada como
uma condi¢do benigna, em condicGes de hipdxia tecidual, pode ocorrer falcizacdo de hemécias
e obstrucdo vascular, o que leva a isquemia tecidual e microinfarto, como observado em alguns
casos de necrose de papilas renais. Fendmenos isquémicos semelhantes poderiam se reproduzir
em condicdes inflamatorias que resultem em congestdo, trombose e necrose de capilares renais,
como em algumas glomerulonefrites. Esses fendbmenos poderiam ampliar o dano tecidual
contribuindo para a progresséo da insuficiéncia renal a longo prazo (KOTILA, 2016; NAIK et
al., 2014). O HbAC é também um estado benigno, mas a maior frequéncia nos pacientes em
hemodialise em comparacéo a populacdo geral, indica talvez que o HbAC pode ter um efeito
semelhante a HbAS e pode ser um cofator na progresséo da doenca renal para estagio terminal
(ALLADAGBIN et al., 2018). Apesar de Salvador possuir um dos maiores agrupamentos
populacionais afrodescendentes fora da Africa e tem um perfil particular de miscigenagao, ha
uma grande caréncia de estudos levando em conta o perfil genético da populacdao no Estado na
progressdo de doengas cronicas. Considerando a alta densidade da populacdo afrodescendente
no estado da Bahia e a contribuicdo dessas variantes na progressao da doenca renal nessa
populagdo, a hipdtese do trabalho € que as variantes genéticas de risco do gene APOLI ¢ as
hemoglobinas variantes constituem variaveis de risco medido antes do desfecho para a

progressao da doenca renal.

A investigacdo do potencial impacto das variantes do gene APOLI e da hemoglobina na
progressao de doencas cronicas ¢ relevante para o desenvolvimento cientifico, por ser uma
pesquisa que envolve a doenga renal cronica, uma condi¢do que hoje se constitui um problema
de saude publica com tratamentos de alto custo para os sistemas de satde, em uma populagao
cujo perfil ndo foi ainda devidamente estudado. Também, esse trabalho podera contribuir para
sugerir a introducdo dos metodos moleculares, além dos parametros clinicos e morfoldgicos ja
estabelecidos, para um melhor diagnostico e compreensdo dos mecanismos pelos quais esses
genes contribuem para progressdo de doencas renais. Além disso, pode possibilitar melhorias
nas estratégias de tratamento desses pacientes com vista a nefroprotecdo mais eficiente e o

retardo da progressdo da doenca renal com impacto nos custos econdmicos e sociais da DRC.
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3. OBJETIVOS

3.1. OBJETIVO GERAL

Estimar a frequéncia das variantes de risco do gene APOL1 e das hemoglobinas variantes €

definir o seu impacto na progressédo das doencas glomerulares na Bahia.

3.2. OBJETIVOS ESPECIFICOS

1) Estimar a frequéncia das variantes de risco do gene APOL1 e das hemoglobinas variantes

nos pacientes submetidos a bidpsias renais para diagndstico de doencas glomerulares.

2) Comparar os achados histopatoldgicos de bidpsia renal nos pacientes portadores ou nao das

variantes de risco do gene APOL1 e entre os genotipos AA, AS e AC.

3) Comparar os dados demograficos e clinico-laboratoriais em pacientes portadores ou nao de

variantes de risco do gene APOLL1 e entre os gen6tipos AA, AS e AC.

4) Avaliar os marcadores de progressdo, a prevaléncia da doenca renal em estagio terminal e a
sobrevida renal entre pacientes portadores de hemoglobinas variantes e do gendtipo AA

durante cinco anos apds a bidpsia renal

5) Comparar a frequéncia do haplétipo G1 do gene APOL1 entre pacientes submetidos a biopsia

renal e a populacdo em geral.

6) Avaliar os marcadores de progressao, a prevaléncia da doenca renal em estagio terminal e a
sobrevida renal em pacientes portadores ou ndo das variantes de risco do gene APOL1 durante

cinco anos apos bidpsia renal.
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4.2. POPULACAO DE ESTUDO

Desenho do estudo e pacientes: Utilizamos um modelo de estudo de corte transversal para
estimar a prevaléncia de trago falciforme na populacdo de Salvador e um estudo de coorte
prospectiva para a comparagdo do curso das doencas glomerulares em pacientes
portadores ou ndo de variantes de risco do gene APOL1 e das hemoglobinas variantes.
Foram incluidos entre junho de 2016 e dezembro de 2018, 326 pacientes de ambos 0s
sexos com idade entre 10 e 79 anos submetidos a biopsia renal para o diagnostico de
glomerulopatias nas unidades de nefrologia dos hospitais publicos de referéncia tais como
Hospital Ana Nery (HAN) e Hospital Geral Roberto Santos (HGRS).

As bidpsias renais foram examinadas nos servicos de Microscopia Eletronica e de
Histotecnoldgia pelo Programa de apoio ao desenvolvimento diagnostico em patologia
hepaética e renal no Instituto Gongalo Moniz — Fiocruz/Bahia (IGM-FIOCRUZ).

Critérios de inclusao

Foram incluidos no estudo os pacientes portadores de rins nativos submetidos a bidpsia
renal com diagnostico de doenca glomerular confirmado que aceitaram participar do
estudo e assinaram o Termo de Consentimento ou Assentimento Livre e Esclarecido
(TCLE/TALE) ANEXOS 1e 2.

Critérios de exclusdo

Foram excluidos do estudo os pacientes com material insuficiente para o diagndstico de
nefropatias, pacientes sem amostra para extracdo de DNA e aqueles sem dados para as

analises estatisticas.

4.3. COLETA DE DADOS DEMOGRAFICOS, CLINICOS E LABORATORIAIS

As informagdes referentes aos pacientes tais como os dados clinicos e laboratoriais foram
coletadas através da revisdo do prontuario medico dos pacientes no Servigo de Arquivo
Médico e Estatistica (SAME) dos hospitais, enquanto os dados demograficos foram
obtidos dos pacientes no momento da entrevista para coleta de amostra. O diagnostico de
hipertenséo arterial ou diabetes foi confirmado nos pacientes em uso de anti-hipertensivos

ou medicamentos antidiabéticos
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Os dados demograficos foram a idade, sexo, cor da pele, nivel de escolaridade, renda
familiar e a procedéncia do paciente. Os dados clinicos incluiram a historia de hipertensdo
arterial sistémica e de diabetes mellitus, peso e sindromes clinicas. Os dados laboratoriais
colhidos foram: hemograma, albumina, colesterol total, creatinina, ureia e proteinuria de
24h.,

Foi realizado um estudo de acompanhamento durante cinco anos para avaliar a progressao
dos pacientes depois da biopsia renal. Foi realizada a revisdo dos prontuarios medicos
para a coleta dos dados como: 6bito; terapia renal substitutiva; aumento da creatinina de
50% ou 100% depois de seis meses, um e cinco anos; taxa de filtragdo glomerular
estimada (calculada usando a equacao de Cockcroft-Gault) e os dados laboratoriais a cada

periodo.

4.4. COLETA DE AMOSTRAS

Foi realizada a coleta de 5 mililitros de sangue periférico em cada paciente em tubo estéril
contendo anticoagulante acido etilenodiamino tetra-acético (EDTA). O material foi
coletado apds a explicacdo dos objetivos do projeto aos pacientes ou familiares e
assinatura do TCLE ou TALE (Anexos 1, 2 e 3). Apo6s a coleta das amostras, uma parte
foi encaminhada ao Laboratério de Pesquisa em Anemias (LPA) da Faculdade de
Farmacia da Universidade Federal da Bahia (FACFAR/UFBA) para a caracterizacdo do
perfil das hemoglobinas variantes e o resto foi processado no Laboratério de Patologia
Estrutural e Molecular (LAPEM) no Instituto Gongalo Moniz — IGM/FIOCRUZ Bahia
para a genotipagem do gene APOLL.

4.5. ANALISE DAS HEMOGLOBINAS VARIANTES

O perfil das hemoglobinas variantes foi confirmado a partir de uma amostra de sangue
pelo método automatizado de cromatografia liquida de alta performance (HPLC)
utilizando o equipamento Variant | - Bio-Rad (USA) de acordo com as recomendagdes

do fabricante.



42

4.6. EXTRACAO, QUANTIFICACAO E ARMAZENAMENTO DAS AMOSTRAS DE
DNA

O DNA gendmico foi purificado a partir de amostras de 200 puL de sangue periférico,
utilizando reagentes e materiais do kit QlAamp® DNA mini kit, seguindo as instrucoes
do fabricante (Qiagen, Hilden, GERMANY). Em cada tubo contendo 200 pL de sangue
foram adicionados 20 pl de proteinase K e 200 ul de Tampdo de Lise (AL). Apds
homogeneizacdo, as amostras foram incubadas em banho-maria a 56°C, durante 10
minutos. Apos a incubacdo, 200 pl de etanol absoluto foram adicionados, agitando-se
durante 15 segundos e centrifugando brevemente. A solucdo resultante foi transferida
para o dispositivo da coluna do kit e centrifugada a 8.000 rpm por um minuto. O
dispositivo com a coluna foi removido do tubo e recolocado em um tubo limpo. Foram
adicionados 500 pl de Buffer AW1 (Wash Buffer 1) ao dispositivo com a coluna, que
foram centrifugados a 8.000 rpm por um minuto. O procedimento de lavagem foi repetido
com 500 ul de Buffer AW2 (Wash Buffer 2), seguido de centrifugacdo a 14.000 rpm
durante trés minutos. O DNA extraido da coluna foi ressuspendido em 50 pL de tampao
AE (fornecido pelo fabricante), aguardando-se cinco minutos e centrifugando-se a 8.000
rpm por um minuto, apds as amostras terem sido transferidas do dispositivo para tubo de

recuperacao.

Para avaliar a quantidade e a pureza do DNA gendmico extraido, foi realizada a
quantificacdo por densidade Gptica em espectrofotometria NanoDrop (NanoDrop Lite
Spectrophotometer). Foi feita a leitura de absorbancia em um comprimento de onda na
faixa de 260nm com uma relacdo A260 / A280. Os microtubos contendo o DNA extraido

foram armazenados a -70°C até o momento de analise.

4.7. ANALISE DOS HAPLOTIPOS DO GENE APOL1 PELA REACAO EM CADEIA
DA POLIMERASE (PCR) E SEQUENCIAMENTO DE DNA PELO METODO DE
SANGER.

A regido de APOL1 que contém o Gltimo exon e que carrega os hapldtipos G1 e G2 foi
amplificada através da PCR. Os oligonucletideos iniciadores utilizados foram APOL1
6del seq 5’-ACCAACTCACACGAGGCATT e APOLl 6del seq 5’-
CTGCCAGGCATATCTCTCCT (IDT, EUA). A reacdo com um volume total de 25 pl
foi preparada com: 0,1 pl de Platinum Taq DNA Polymerase High Fidelity; 2,5 puL de
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10X High Fidelity PCR Buffer; 1 pL. de 50mM MgSO04; 0,5 pl de 10 mM dNTP Mix
(Invitrogen); 0,5 pL de 10 mM cada primer; 2,5 pL de solugcdo de DNA purificado e H20
ultra pura necessaria para obter um volume final de 25 uL. A PCR foi realizada em
seguintes condicdes: 1 ciclo de pré-incubacao (940C por 1 min); 36 ciclos de amplificacédo
(940C por 30 s, 600C por 30 s e 720C por 45 s) e um ciclo de extenséo (72°C por 7 min).
Apos a realizacdo do PCR, o produto amplificado foi confirmado por eletroforese em gel
de agarose 1% corado com Brometo de etideo e visualizados em transiluminador sob luz
ultravioleta. Em seguida, os produtos de PCR foram purificados com o reagente EXoSAP-
IT (ThemoFisher Scientific, EUA) seguindo-se as instrugdes do fabricante. Os produtos
de PCR purificados foram submetidos ao sequenciamento de DNA usando os
oligonucleotideos iniciadores 5’-CACGAGGCATTGGGAAGGACATC e 5’-
AGGCATATCTCTCCTGGTGGCT em um sequenciador automatico ABI3100 (Applied
Biosystems, Foster City, EUA) na plataforma de sequenciamento do IGM, FIOCRUZ.

Analise de dados de sequenciamento e genotipagem do APOL1: A genotipagem do gene
APOL1 foi realizada a partir da montagem das sequéncias de DNA obtidas nas duas
direcdes usando-se a referéncia BC143038 do Genbank e o programa de computador CLC
Main Workbench v.8.0 (Qiagen). Os pontos de identificacdo de nucleotideos conflitantes
foram definidos pela inspecdo visual dos eletroferogramas. Trés marcadores foram
avaliados: rs73885319, rs60910145 para o haplotipo G1 e rs71785313 para 0 G2. Os
SNPs dialélicos rs73885319 [A / G] e rs60910145 [T / G] foram genotipados homozigotos
na presenca de um Unico pico, e heterozigotos quando um duplo pico foi identificado em
ambas as sequéncias. O marcador rs71785313 insdel [- / ATAATT / TTATAA] foi
genotipado homozigoto quando ambas as sequéncias diretas e reversa alinharam-se
perfeitamente e heterozigoticas sempre que a sequéncia direta foi aparada na regido insdel
e 0 sequenciamento inverso falhou devido a sobreposicédo de diferentes sequéncias com e
sem o putativo alelo de dele¢do; figura 5. O gendtipo de cada paciente por marcador foi
registrado em uma planilha Excel e os hapl6tipos de risco foram deduzidos sempre que
possivel, como GO [A-T-Ins], GIGM [G-G-Ins], G1GI [G-T-Ins] e G2 [A-T-Del] (Limou
et al., 2014), e suas frequéncias foram calculadas.
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Figura 5. Cromatograma de sequenciamento do exon 7 no gene APOL1l. G1G1
representa a homozygose para o hapl6tipo G1 com a substituicdo da adenina pela guanina
e da timina pela guanina e a presencga de um Unico pico. G2G2 representa a homozygose
para o haplétipo G2 com a delecdo de dois aminoacidos. G1G2 representa a heterozigose
composto para o dois haplotipos com a presenca de um duplo pico identificado em ambas
as sequéncias para o0 G1 e a sobreposi¢do dos picos nas sequéncias a partir do ponto em
que ocorre a delecdo de G2.

As analises histopatologicas das bidpsias renais e andlises estatisticas dos resultados

foram descritass nos manuscritos

4.8. CONSIDERACOES ETICAS

Este estudo estd em conformidade com a resolucdo n°466/2012 do Conselho Nacional de
Saude (CNS) e foi conduzido de acordo com o protocolo n® 409/2013 aprovado pelo
Comité de Etica em Pesquisa (CEP) do Instituto Gongalo Moniz/Fundagio Oswaldo Cruz
(IGM/FIOCRUZ), parecer N° 382.273. De acordo com essas resolugdes, o Termo de
Consentimento ou de Assentimento Livre e Esclarecido (TCLE/TALE) escrito foi obtido
de todos os pacientes envolvidos no estudo, e estdo armazenados no Laboratério de
Patologia Estrutural e Molecular (LAPEM), FIOCRUZ-Bahia.
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5. RESULTADOS

Os resultados deste trabalho foram divididos em trés capitulos apresentados no formato
de manuscritos. O primeiro artigo, “The impact of APOL1 and hemoglobin variants on
renal disease in a highly admixed African-Brazilian population: Clinical presentation and
histological lesions at the time of biopsy”, mostra a frequencia dos haplétipos do gene
APOL1 e das variantes da hemoglobina e compara o perfil clinico-patologico desses
pacientes no momento da biopsia renal. O segundo artigo, “Sickle cell trait increases risk
of glomerular disease progression a biopsy based study” demonstra que 0 trago
falciforme, frequentemente considerada uma condigédo benigna, na realidade, associa-se
com maior risco de progressao de doenca renal em pacientes com nefropatias. O terceiro
artigo “APOLL1 renal risk alleles and renal disease progression in Brazil” mostra que a
presenca de alelos de risco do APOL1 tem um forte impacto negativo em termos de
progressdo de doencas renais, especialmente a GESF entre os pacientes de estado que
possui uma das maiores concentracdes de individuos afrodescendentes de fora da Africa,

com forte miscigenacao.
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CAPITULO |

MANUSCRITO 1
Titulo:

The impact of APOL1 and hemoglobin variants on renal disease in a highly admixed
African-Brazilian population: Clinical presentation and histological lesions at the time of

biopsy

Autores: Dona J. Alladagbin, Debora L. Viana, Geraldo G. S. Oliveira, Luciano K. Silva,
Nadia A. Khouri, Epitacio R. da Luz Neto, Tatiana Amorim, Guilherme S. Ribeiro,

Washington L.C. dos-Santos.
Situacdo: A ser submetido
Objetivo: (referente aos objetivos especificos 1, 2 e 3 da tese)

Estimar a frequéncia das variantes de risco do APOL1 e das hemoglobinopatias em
pacientes submetidos a biopsia renal na Bahia (Brasil) e comparar marcadores de
cronicidade renal e dados clinico-laboratoriais entre pacientes com e sem variantes do

gene APOL1 ou hemoglobinopatias.

Resumo do capitulo:

Introducdo: Uma énfase crescente tem sido colocada nos determinantes genéticos da
progressdo da doencga renal. A literatura carece de estudos sobre afro-latino-americanos.
Objetivo: Estudar as frequéncias e o impacto das variantes de risco da apolipoproteina
L1 (APOL1) e variantes da hemoglobina na apresentacdo da doenca renal no momento da
biopsia em uma populacdo afro-brasileira altamente misturada. Métodos: Foram
recrutados pacientes (n = 326) com doenca glomerular submetidos a biopsia renal.Os
perfis de hemoglobina foram caracterizados por cromatografia liquida de alta eficiéncia.
Amostras de sangue de 304 desses pacientes foram obtidas para sequenciamento de DNA
e genotipagem de variantes e hapl6tipos de risco para APOL1. Resultados: As
frequéncias dos haplotipos G1 e G2 APOL1 foram de 9,2% e 6,4%, respectivamente,
entre os pacientes submetidos a biopsias renais. A frequéncia do haplétipo G1 foi de 8%
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na populacdo em geral. A idade mediana foi menor nos pacientes portadores de dois alelos
de risco APOL1, p = 0,04. Entre os pacientes com dois alelos de risco, 61,5%
apresentavam glomerulosclerose segmentar focal (FSGS), p <0,001. Em pacientes com
FSGS, foi encontrada uma prevaléncia mais alta de marcadores de cronicidade de doenca
renal, esclerose glomerular e fibrose tubulointerstitial naqueles com dois alelos de risco
de APOL1 (p <0,05 para cada) do que nos pacientes sem alelos de risco. A frequéncia do
traco falciforme (HbAS, 4,3%) e do traco de hemoglobina C (HbAC, 3,7%) ndo foram
significativamente diferentes da populacdo geral (4,5% e 2,2%, respectivamente). Em
pacientes com nefrite lUpica, foram encontradas propor¢des mais elevadas de esclerose
glomerular global e escores de atrofia tubular aumentados em pacientes com trago
falciforme (p <0,05 para cada) do que naqueles com hemoglobina AA. Conclus@es: As
frequéncias das variantes HbAS, HbAC e do haplo6tipo G1 do APOL1 foram semelhantes
entre os pacientes submetidos a bidpsias renais e a populagdo em geral. Os gen6tipos de
alto risco de APOL1 foram associados a uma forma mais precoce e progressiva de GESF.
Tracos das hemoglobinas S ou C ndo mostraram associa¢do com nefropatia especifica,

embora ambos também possam contribuir para a cronicidade da doenca renal.
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ABSTRACT

Background: A growing emphasis has been placed on the genetic determinants of renal
disease progression. The literature lacks studies on African-Latin Americans. Aim: To
study the frequencies and impact of apolipoprotein L1 (APOL1) risk variants and
hemoglobin variants in renal disease presentation at time of biopsy in a highly admixed
African-Brazilian population. Methods: Patients (n=326) with glomerular disease who
underwent renal biopsy were recruited. Hemoglobin profiles were characterized by high-
performance liquid chromatography. Blood samples from 304 patients were obtained for
DNA sequencing and genotyping of APOL1 risk variants and haplotypes. Results: G1
and G2 APOLL1 haplotype frequencies were 9.2% and 6.4%, respectively, among the
patients subjected to renal biopsy. The frequency of the G1 haplotype was 8% in the
general population. Patients carrying two APOLL risk alleles presented a lower median
age (p = 0.04). Among these patients, 61.5% had focal segmental glomerulosclerosis
(FSGS), p < 0.001. In patients with FSGS, a higher prevalence of markers of chronicity
of renal disease, glomerular sclerosis and tubulointerstitial fibrosis was found those with
two APOLL1 risk alleles (p<0.05 for each) than in patients without risk alleles. The
frequencies of the sickle cell trait (HbAS, 4.3%) and hemoglobin C trait (HbAC, 3.7%)
were not significantly different from the general population (4.5% and 2.2%
respectively). In patients with lupus nephritis, higher proportions of global glomerular
sclerosis and increased tubular atrophy scores were found in patients with the sickle cell
trait (p<0.05 for each) than in those with hemoglobin AA. Conclusions: The frequencies
of HbAS or HbAC variants and G1 APOL1 haplotype were found to be similar between
patients submitted to renal biopsy and the general population. High-risk APOL1
genotypes were associated with a more severe and progressive form of FSGS earlier in
life. Hemoglobin S and C traits showed no association with specific nephropathy,
although both may contribute to the chronicity of kidney disease.

Key words: glomerular diseases, Biopsy, APOL1 risk alleles, HbAS, HbAC
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INTRODUCTION

Chronic kidney disease (CKD), a major public health problem affecting millions of
people, places a high economic burden on health systems worldwide (1). Although
lifestyle, high blood pressure, inadequate glycemic control and socioeconomic status can
partly explain the increased incidence of end-stage renal disease in Afro-descendants
compared to Caucasians, recent studies have demonstrated the importance of genetics in

the progression of kidney disease.

The APOLL1 gene is located on chromosome 22 and encodes the apolipoprotein L1. In
normal human kidneys, the APOLL1 protein localizes to the podocyte, the proximal tubule
and the endothelium of extraglomerular arterioles and small arteries (2,3). Two encoding
alleles in APOL1, termed G1 and G2, are restricted to chromosomes of African origin,
and are located in the last exon of the gene (4). The APOL1 G1 allele is comprised of two
missense variants: rs73885319 (S342G) and rs60910145 (1384M), while the G2 allele
variant presents a six—base pair deletion that removes two amino acids (N388-Y389);
both are found at elevated frequencies in people of African ancestry (5). According to
studies carried out in recent years, African Americans who were homozygous for G1 or
G2, or were compound heterozygotes carrying two risk alleles (RA), were found to be at
higher risk for focal global glomerulosclerosis (FGGS), HIV-associated nephropathy
(HIVAN), hypertension-attributed CKD, end-stage renal disease (ESRD) due to lupus
nephritis, and non-diabetic nephropathy (6-11). However, these studies were performed
in populations of African descent with low levels of miscegenation.

The sickle cell trait (HbAS) is defined as the heterozygous state of sickle cell disease,
resulting from the substitution of glutamic acid for valine in the B-globin chain of
hemoglobin encoded by the HBB gene in chromosome 11, which results in an abnormal
hemoglobin, denominated hemoglobin S (HbS). Nearly 300 million people worldwide
carry HbAS (12). Although this trait has been considered benign, under hypoxic, acidotic
and hyperosmolar conditions, it can promote erythrocyte sickling and vascular
obstruction, leading to impaired urinary concentration, asymptomatic hematuria and
papillary necrosis. While HbAS alone may not lead to the development of CKD, it may
contribute towards the progression to ESRD in association with other risk factors, such

as diabetes, hypertension, and autosomal dominant polycystic kidney disease (13-16). A



52

recent study by our group showed that the frequency of individuals with HbAS
undergoing hemodialysis was almost twice that observed in the general population (17).

The present study estimated the prevalence of APOL1 gene variants G1 and G2, HbAS,
and hemoglobin C trait (HbAC) in patients submitted to renal biopsy for glomerulopathy
diagnosis. We further compared renal markers of chronicity and clinical-laboratory data
among subjects with and without APOL1 risk variants or hemoglobinopathies. This study
was performed in Salvador, Bahia-Brazil, a city with a highly admixed population,

considered one of the largest of African descent outside Africa.

MATERIAL AND METHODS

Ethics statement: This study was carried out in accordance with the
recommendations established in directive 466/2012, issued by the Brazilian National
Health Council, and was approved by the Institutional Review Board for Research
involving Human Subjects of the Gongalo Moniz Institute (IGM-FIOCRUZ), protocol
number 382.273.

Study design and patients: A prospective cohort study conducted between June 2016
and December 2018 included 326 patients with native kidneys submitted to biopsy for
glomerular disease diagnosis. Patients were referred to a nephrology service at Ana Nery
Hospital (HAN) or Roberto Santos General Hospital (HGRS), both located in the city of
Salvador, and biopsy samples were then analyzed at the Gongalo Moniz Institute (IGM-
FIOCRUZ). To estimate the prevalence of hemoglobin variants in the general population
of Salvador, data (2002-2018) was obtained from the Association of Parents and Friends
of Exceptional Children (APAE) laboratory, which is responsible for the Bahia Neonatal
Screening Program. Information on the distribution of risk variants of APOL1 gene in the
general population of Salvador, Brazil was recovered from the Consortium EPIGEN gene
database (18).

Data and sample collection: Demographic, clinical, and laboratorial data were collected
through interviews and the review of patient medical records. Skin color was self-
reported. After being briefed on the study, patients who agreed to participate provided

written consent, and a whole blood sample (5 mL) was collected.
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PCR, DNA sequencing and APOL1 genotyping: Molecular characterization of the
DNA segment encoding part of the APOL1 serum-resistance-associated (SRA) domain
was performed. APOL1 G1 single nucleotide polymorphisms (SNPs) (rs73885319 and
rs60910145) and G2 indel (rs717185313) were genotyped. Human DNA was purified
from 200 pL of blood using reagents and materials from the QIAamp DNA mini kit in
accordance with the manufacturer's instructions (Qiagen, Hilden, GERMANY), and then
resuspended in 50 uL AE buffer (Qiagen). PCR reactions were performed using
oligonucleotide primers APOL1 6del seq F 5>-ACCAACTCACACGAGGCATT and
APOL1 6del seq R 5’-CTGCCAGGCATATCTCTCCT (19). Briefly, a total reaction
mixture volume of 25 pl was prepared with: 0.2 uM of each primer, 0.2 mM dNTP
(Invitrogen), 2 mM MgSO4 and 0.1 ul of Platinum Tag DNA Polymerase High Fidelity
(Invitrogen). PCR products were treated with EX0oSAP-IT Cleanup Reagent
(ThemoFisher Scientific, USA) following the manufacturer’s instructions. Sequencing
was performed using the Sanger method in both directions using the inner primers 5°-
CACGAGGCATTGGGAAGGACATC and 5’-AGGCATATCTCTCCTGGTGGCT on
an ABI3100 automatic sequencer (Applied Biosystems, Foster City, USA).

Hemoglobin characterization: The patterns of hemoglobin distribution were measured
by high-performance liquid chromatography. Hemoglobin was characterized using a
VARIANT B-Thalassemia Short Program Reorder Pack - Bio-Rad, USA) in accordance

with supplier recommendations.

Histopathological analysis of renal biopsies and kidney disease classification: Data
on histological changes in renal biopsies were collected from pathologist reports. Renal
tissue samples were fixed in formalin/acetic acid/alcohol and immersed in paraffin.
Sections (2p-thick) were stained with eosin, PAS, Azan’s trichrome, and Jones' silver
methenamine. Semiquantitative scores were attributed to each renal lesion. Renal disease
classification was based on the Atlas of Renal Pathology and the ISN criteria of renal
disease. The histological markers of chronicity defined for Lupus Nephritis by Bajema et
al. (2018) were used (20,21).

Statistical analysis: Statistical analyses were carried out using Stata/SE software
(StataCorp LP, College Station, TX, USA) version 13.1, and GraphPad Prism (GraphPad,
San Diego, CA, USA) version 6.01. Demographic, clinical, and laboratory data were

expressed as absolute numbers and summarized as median and interquartile range, or as



54

frequency percentages where appropriate. The Kruskal-Wallis test was used to compare
non-parametric variables between groups. Differences between proportions were
analyzed using the chi-square test or Fisher's exact test where appropriate. Multivariate
logistic regression models were used to examine the independence of effects related to
APOL1, with adjustments made for systemic arterial hypertension, age, sex, skin color
and FSGS. Frequencies of haplotypes GO, G1 and G2, as well as the frequency of patients
with no, one, or two APOL1 RAs, were expressed as the percentage of the total number
of patients genotyped. The presently employed genotyping strategy was validated and
published elsewhere (17). Results were considered statistically significant when p< 0.05.

RESULTS

General study population characteristics: The median patient age was 33 years, with
a predominance of females (62%). Self-reported skin color was 34% black, 59% mixed-
race, and 7% white. Approximately 45% of the patients had graduated from high school,
69% earned up to one minimum wage, and 60% resided in the rural interior of the state
of Bahia. Hypertension was the most prevalent comorbidity present in 64% of the
participants, and 48% were diagnosed with nephrotic syndrome. Concerning the
diagnosis of nephropathies, primary glomerular diseases were more common (60%).
Serum total cholesterol and 24h proteinuria were higher than reference values in more

than half of the patients (see Supplementary Table 1).
Distribution of glomerular disease: The most prevalent nephropathies found in the
sample studied were lupus nephritis (33%), focal segmental glomerulosclerosis (21%),

and membranous glomerulonephritis (11%) (Supplementary Table 2).

Distribution of APOL1 variants, haplotypes and number APOLL1 risk alleles

Due to technical problems, DNA sequencing and APOL1 marker genotyping was
successful in only 304 of the 326 patient samples. All APOL1 marker genotypes were
found to be in H-W equilibrium. The APOL1 haplotype frequencies were 9.2% for G1
and 6.4% for G2, while the allelic APOL1 frequencies related to risk of chronic kidney
disease were 22.7% (G1 or G2) and 4.3% for two RA (Table 1). The frequency of the G1
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haplotype in the general population recovered from the Consortium EPIGEN database
was 8.3%. The database contained no information regarding the G2 haplotype.
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Table 1. Distribution of APOLL1 variants, haplotypes and number of APOL1 risk
alleles in 304 patients subjected to renal biopsy at referral nephrology services in
Salvador, Brazil (June 2016 to December 2018)

Patients (N=304)
Haplotypes Variants N %
GO A-T-Ins 513 84.4%
Gl G-G-Ins, 56 9.2%
G-T-Ins
G2 A-T-Del 37 6.1%%
A-G-Del 2 0.3%
Total 608 100%
Genotypes RA N %
G0GO 0 222 73%
G0G1, G0G2 1 69 22.7%
G161, G1G2, G2G2 2 13 4.3%
Total 304 100%

RA - number of APOL1 risk alleles.

Clinical, laboratory and histological parameters in patients with APOL1 RAs: The
median age at time of renal disease diagnosis was lower in patients carrying two RAs (21
[18 - 39] years) than in patients with one RA (30 [21 - 36] years) or in those with no RAs
(33 [24 - 44] years) (p=0.04). Total serum cholesterol levels were higher in patients with
two RAs (median: 366 [230-416] mg/dL) than in those with one RA (224 [178-314]
mg/dL) or no RAs (253 [196-335] mg/dL) (p=0.02). Although no statistically significant
associations between self-reported skin color and the frequency of APOL1 risk alleles
were found, none of the patients who reported white skin color had a high-risk APOL1

genotype (Table 2).



Table 2. Demographic, clinical, histological and laboratory parameters stratified according to number of APOL1 risk alleles in 304patients

subjected to renal biopsy at referral nephrology services in Salvador, Brazil (June 2016 to December 2018)

PARAMETER NUMBER OF APOL1 RISK ALLELES p value
0 1 2
(N = 222) (N = 69) (N = 13)
N* Value N* Value N* Value

Age in years, median (1st, 3rd quartile,) @ 222 33 [25 - 45] 69 30 [22 - 36] 13 21 [18 - 40]¢ 0.04
Female, n (%) P 222 138 (62%) 69 45 (65%) 13 8 (62%) 0.89
Self-declared skin color, n (%) ° 219 69 12 0.19

Black 69 (32%) 28 (41%) 6 (50%)

Mixed-race 132 (60%) 38 (55%) 6 (50%)

White 18 (8%) 3 (4%) 0 (0%)
Education, n (%) ° 187 59 10 0.09

None 10 (5%) 2 (3%) 0 (0%)

Primary 64 (34%) 31 (53%) 2 (20%)

Secondary 88 (47%) 19 (32%) 7 (70%)

Some college or university degree 24 (13%) 7 (12%) 1 (10%)

Postgraduate degree 1 (<1%) 0 (0%) 0 (0%)
Monthly income, n (%) ® 183 58 0.41
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No income 18 (10%) 7 (12%) 9 0 (0%)
Up to 1 minimum wage 124 (68%) 42 (72%) 8 (89%)
Up to 2 minimum wages 26 (14%) 8 (14%) 1 (11%)
Up to 3 minimum wages 13 (7%) 0 (0%) 0 (0%)
Above 3 minimum wages 2 (1%) 1 (2%) 0 (0%)
Clinical data, n (%0)
Diabetes Mellitus © 222 16 (7%) 69 5 (7%) 13 0 (0%) 0.79
Systemic Arterial Hypertension ° 222 139 (63%) 69 44 (64%) 13 8 (62%) 0.99
Nephrotic Syndrome P 222 109 (49%) 69 28 (40.5%) 13 9 (69%) 0.13
Weight in Kg, median (1st, 3rd quartile) 2 185 64 [55 - 73] 53 66 [54 - 75] 12 62 [52 - 74] 0.89
Laboratory results, median (1st, 3rd
quartile) @
Hemoglobin (g/dL) 220 12[10-13] 68 12[10-13] 13 13[11-14] 0.90
Hematocrit (%0) 214 36 [30 - 40] 66 35 [30 - 40] 13 37 [30 - 41] 0.92
Albumin (g/dL) 215 3[2-3.5] 67 3[2-4] 12 2[2-3] 0.27
Creatinine (mg/dL) 220 1[1-2] 68 1[1-2] 12 2[1-2] 0.55
Urea (mg/dL) 220 49 [28 - 95] 68 43 [29 - 69] 12 38[34 - 67] 0.74
Total cholesterol (mg/dL) 201 253 [196 - 335] 64 224 [178 - 314] 12 366 [230 - 416] 0.02
24-hour proteinuria (g/24h) 208 4[1-7] 62 35[1-8] 13 6[2 - 16] 0.18
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2 Kruskal-Wallis test; b: Chi-square test; ¢ Fisher's exact test; 9 statistically different form the control group; RA - number of APOL1 risk alleles;
N*: Total number of participants for which data was available
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APOL1 RAs and renal disease diagnosis and chronicity: Table 3 delineates that 8
(61.5)% patients with high-risk genotypes (G1G1, G1G2, G2G2) were diagnosed with
FSGS; of these, 4 (50%) had collapsing FSGS, 2 (25%) had unspecified FSGS, 1 (12.5%)
had cellular FSGS and 1 (12.5%) was unclassified. By contrast, just 54 (18.5%) of the
patients with APOL1 alleles linked to low CKD risk (GOGO0, GOG1, G0G2) had FSGS
(p<0.001). In patients diagnosed with FSGS, the frequency of glomeruli with global or
focal segmental sclerosis was significantly higher in the group with two risk alleles: 47%
[41-88%] versus 32% [14-43%] in the group with one risk allele and 22% [10-47%] in
those with no risk alleles (p=0.03). Cortical tubulointerstitial fibrosis was more extensive
in patients with two risk alleles (median 25% [20-52%]) compared to groups with one
risk allele (median = 15% [5-25%]) or with no risk alleles (median = 10%[5-15%]) (p =
0.02). No statistically significant differences were found among groups of patients with
lupus nephritis, despite a trend in patients with two RA towards a higher degree of global
and/or focal segmental glomerular sclerosis, as well as increased tubular atrophy scores.

Table 3. Distribution of histological diagnosis and markers of chronicity according
to APOL1 RAs in patients with FSGS, Lupus nephritis or other diseases.

PARAMETER NUMBER OF APOL1 RISK ALLELES P VALUE

0 risk alleles 1 risk alleles 2 risk alleles

Main histological diagnosis® — N (%0):

FSGS 40 18% 14 20.3% 8 61.5%" <0.001
Lupus nephritis 78 35.1% 20 29% 4 30.8% 0.9
Other diseases 104 46.9% 35 50.7% 1 7.7%

Total 222 69 13

Chronicity markers - Median [quartiles]®:
Patients w/FSGS (N = 60):
Glomerular sclerosis (%) 38 22[10-47] 14 32[14-43] 8 47[41-88] 0.03
Interstitial fibrosis (%) 37 10[5-15] 14 15[5-25] 8 25[20-52]° 0.02

Tubular atrophy score 38 1[0-2] 13 0[0-2] 8 2[1-3] 0.09
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Patients w/Lupus nephritis (N = 90)

Glomerular sclerosis (%) 66 11[0-30] 19 25[0-78] 4 31[3-79]
Interstitial fibrosis (%) 64 10[5-20] 19 10[5-50] 3 10[5-90]
Tubular atrophy score 67 1[0-2] 19 1]0-3] 4 2[1-3]
Fibrous crescents (%) 66 0[0-6] 19 0[0-0] 4 0[0-2]

3tested groups, Chi-square test, ¢ Kruskal-Wallis test; 9 statistically different from the

control group; FSGS: focal segmental glomerulosclerosis.

Multivariate logistic regression analysis revealed associations between markers of CKD
chronicity (interstitial fibrosis, p = 0.01; global or segmental glomerulosclerosis, p =
0.005; tubular atrophy, p = 0.03) and the number of APOL1 RAs. After adjusting for
systemic arterial hypertension, age, sex, skin color and focal segmental
glomerulosclerosis, these associations remained statistically significant (interstitial
fibrosis, p = 0.009; global or segmental sclerosis, p = 0.02; tubular atrophy, p = 0.01)
(Table 4).
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Table 4. Associations between CKD chronicity markers and number of APOL1 RAs after adjusting for arterial hypertension, focal

segmental glomerulosclerosis and sociodemographic factors™ (N = 304)

Recessive Model (2 vs. 1 or 0 APOL1 RAS) OR 95% CI P Value
Tubulointerstitial fibrosis (>25%o)
Unadjusted 4.3 1.4-13.3 0.01
Adjusted for FSGS 4.6 14-15.1 0.01
Adjusted for FSGS, systemic arterial hypertension and sociodemographic factors* 5.3 1.5-19.1 0.009
Global and/or segmental glomerulosclerosis (>25%)
Unadjusted 6.7 1.7-25.3 0.005
Adjusted for FSGS 4.4 1.3-21.6 0.03
Adjusted for FSGS, systemic arterial hypertension and sociodemographic factors* 5.3 2.1-33.1 0.02
Tubular atrophy (>25%)
Unadjusted 3.8 1.1-131 0.03
Adjusted for FSGS 4.2 1.1-154 0.03
Adjusted for FSGS, systemic arterial hypertension and sociodemographic factors* 6.1 15-24.2 0.01

*: age, sex and skin color; FSGS: focal segmental glomerulosclerosis.



63

Electrophoretic hemoglobin patterns: Among the 326 patients recruited for
hemoglobin analysis, 14 (4.3%) were HbAS, while 12 (3.7%) were HbAC (Table 5). Data
from 3,047,337 newborns surveyed between 2002 and 2018 in Bahia (Brazil) revealed
that 136,970 (4.5%) were HbAS and 66,553 (2.2%) were HbAC (Table 5). Accordingly,
the frequency of HbAS among patients subjected to renal biopsy was not different from
that found in the general population of newborns (OR = 0.95; 95% CI = 0.56 — 1.63;
p=0.97). Although a tendency towards a higher frequency of HbAC was seen in the
present sample, no significance was detected (OR =1.71; 95% CI = 0.96 — 3.04; p=0.09).
The frequency of HbAS and HbAC was found to remain constant between 2002-2018,
(Supplementary table 3).

Table 5: Hemoglobinopathy frequencies in patients with glomerular disease (N =

326) and in a general population of newborns from Bahia, Brazil (2002-2018).

HbAS, N(%) HbAC, N(%) HbSS, N(%) HbSC, N(%)

PATIENTS 14 43%) 12 (37%) 1 (0.3%) 0 (0%)
(N=326)
NEWBORNS 136,970 (45%) 66,553 (2.2%) 2,199 (0.07%) 1,819 (0.06%)
(N=3,047,337)

HbAS = Heterozygote AS, HbAC = Heterozygote AC, HbSS = Homozygote SS, HbSC

= Heterozygous compound SC.

Clinical, laboratory and histological parameters in patients with hemoglobin
variants: No statistically significant differences were observed in the sociodemographic
or clinical parameters among the studied patients with different hemoglobin genotypes
(Table 6).



Table 6. Sociodemographic, clinical, histological and laboratory variables stratified according to hemoglobin genotype (N = 325)t

64

Variable HbAA (n=299) HbAS (n=14) HbAC (n=12) p value
N* Value N* Value N* Value
Age in years, median (1st, 3rd quartile)? 299 33 [22-42] 14 33[22-37] 12 32 [26 — 48] 0.93
Female, n (%)P 299 185 (62%) 14 12 (86%) 12 5 (42%) 0.06
Self-declared skin color, n (%)°® 291 13 11 0.18
Black 93 (32%) 6 (46%) 6 (54%)
Mixed-race 176 (60.5%) 7 (54%) 5 (45%)
White 22 (7.5%) 0 (00%) 0 (00%)
Education, n (%)® 235 12 0.15
None 11 (5%) 0 (00%) 10 1 (10%)
Primary 87 (37%) 4 (33%) 5 (50%)
Secondary 108 (46%) 4 (33%) 4 (40%)
Some college or university degree 28 (12%) 4 (33%) 0 (00%)
Postgraduate degree 1 (0.4%) 0 (00%) 0 (00%)
Monthly income, n (%)°® 231 11 8 0.35
No income 24 (10%) 0 (00%) 2 (25%)
Up to 1 minimum wage 161 (70%) 7 (64%) 5 (62.5%)
Up to 2 minimum wages 31 (13%) 3(27%) 1 (12.5%)
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Up to 3 minimum wages 12 (5%) 1 (9%) 0 (00%)
Above 3 minimum wages 3 (1%) 0 (00%) 0 (00%)
Clinical and laboratory data:
Diabetes Mellitus, n (%6)° 299 19 (6%) 13 2 (15%) 12 0 (00%) 0.21
Systemic Arterial Hypertension, n(%)® 299 195 (65%) 14 7 (50%) 12 7 (58%) 0.47
Weight in Kg, median (1st, 3rd quartile)® | 248 64 [54 - 74] 6 60 [48 - 64] 8 65 [54 - 70] 0.44
Laboratory results, median (1st, 3rd
quartile)?
Hemoglobin (g/dL) 296 12 [10 - 13] 14 11[8 - 13] 12 11 [10 - 14] 0.50
Hematocrit (%0) 287 36 [30 - 40] 14 33[27-39] 12 31 [30 - 42] 0.68
Albumin (g/dL) 290 3[2-4] 14 3[2-4] 11 3[2-35] 0.52
Creatinine (mg/dL), 295 1[0.8-2] 14 1[0.7-2] 12 1[0.8 - 2] 0.75
Urea (mg/dL) 295 46 [28 - 91] 14 45 [31 - 75] 12 4130 - 89] 0.97
Total cholesterol (mg/dL) 275 248 [185 - 329] 10 281 [225 - 353] 11 220 [184 - 395] 0.73
24-hour proteinuria (g/24h) 277 411-8] 12 3[2-7] 12 3[1-6] 0.70

} The HbSS case was not presented. N*: Total number of participants for which data was available; a: Kruskal-Wallis test; b: Chi-square test; c:

Fisher's exact test.
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Distribution of histological diagnosis and chronicity markers among patients with
different hemoglobin genotypes: In patients with lupus nephritis, the frequency of
glomeruli with segmental or global sclerosis was significantly higher in the group with
the sickle cell trait (median = 45[21-68]%) than in those with genotypes HbAC (median
= 2[0-27]%) or HbAA (median = 13[0-35]%), p= 0.04. In addition, tubular atrophy scores
were higher in patients with the sickle cell trait 2[2-3] or HDAC 2[1-3] compared to the
HbAA group 1[0-2], p=0.01, (Table 7).

Table 7. Distribution of histological diagnosis and chronicity markers among
patients with Lupus Nephritis according to hemoglobin genotype (N=325)

PARAMETER HEMOGLOBIN GENOTYPES p VALUE

AA AS AC

Main histological diagnosis? — N (%0):

FSGS 63 21.1% 1 7.1% 2 16.7% 0.4
Lupus nephritis 97 32.4% 8 57.1% 4 33.3% 0.1
Membranous 33 11% 1 7.1% 2 16.7% 0.7

glomerulopathy

Focal and segmental 3 1% 0 0% 1 8.3% -

glomerulonephritis

Thrombotic 3 1% 0 0% 1 8.3% -

microangiopathy

Other diseases 100 33.4% 4 28.6% 2 16.7%

Total 299 14 12

Chronicity markers - Median [quartiles]P:

Patients w/Lupus nephritis (N = 97)

Glomerular sclerosis (%) 85 | 13[0-35] 8 | 45[21-68] 4 | 2[0-27] 0.04

Interstitial fibrosis (%) 83 | 10[5-25] 8 | 20[7-57] 4 | 32[10-47] 0.2




67

Tubular atrophy score

85

1[0-2]

8

2[2-3]

4

2[1-3]

0.01

Fibrous crescents

85

0[0-0]

8

3[0-8]

4

2[0-8]

0.2

a:Chi-square test, b: Kruskal-Wallis test;, FSGS: focal segmental glomerulosclerosis
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Discussion

The frequency of high-risk APOL1 genotypes (4.3%) observed in this study was higher
than that previously reported in Brazil by Vajgel et al (2019) in patients with lupus and
CKD, and also that by Araujo et al (2019) in patients with collapsing FSGS (22,23). One
reason for these differences could be lower proportions of people of African ancestry in
the Southeast and South regions of the country. In contrast, studies in African Americans
with FSGS and hypertension-associated CKD reported higher frequencies than those
found herein (24,25). It is, however, important to note that these authors considered only
patients with diseases whose progression is strongly associated with APOL1 variants,
while the present study included all patients submitted to kidney biopsy (5,24). In
addition, the sample studied herein reflects a highly admixed population formed by three
ancestral groups: European, African and Amerindian (26,27), which differs substantially
from the African American population, of whom approximately 14% carry two APOL1
risk alleles (28).

Unfortunately, the Consortium EPIGEN database only contained frequencies for the G1
APOL1 allele in the general population of Salvador. Interestingly, the APOL1 G1
haplotype frequency was 8.3% in this population, which is similar to that observed in our
patients submitted to renal biopsy (9.6%), suggesting that the frequency of the APOL1
G1 haplotype in nephropathic patients from Salvador who require renal biopsy is not
significantly different from that of the general population. This is similar to a study
involving subjects from two states in Brazil (Pernambuco and S&o Paulo), which found
no difference in the frequency of the G1 haplotype between patients with lupus nephritis
and a general population of healthy, non-white adult blood donors (VAJGEL et al., 2019).
Furthermore, the frequency of the G1 APOL1 haplotype found in the population of
Salvador was shown to exceed that observed in the general populations of Pernambuco
(4.7%) and Séao Paulo (6.1%) (22,29).

The median age at time of kidney disease diagnosis was lower in patients with high-risk
APOL1 genotypes, similar to data published in 2015 on patients undergoing renal biopsy,
in which high-risk patients (i.e. those with two APOL1 RAS) were younger than those
who carried one or no RAs (25). Our findings further suggest that these high-risk
individuals develop kidney disease earlier and may require renal replacement therapy

sooner than those with fewer RAs. Riella and colleagues (2019) found a lower age of
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dialysis onset in carriers of high-risk APOL1 genotypes compared to individuals with
low-risk APOL1 genotypes (29). This was similarly observed in a study by Kanji and
colleagues (2011), who found an association between APOL1 RAs and age of onset of
chronic  hemodialysis, which remained significant even after adjusting for
sociodemographic factors and other potential confounders (30). In 2011, Kopp and
colleagues showed that FSGS, the most common glomerulopathy found in all ethnic
groups in the United States, occurs earlier in individuals with APOLL1 high-risk genotypes

and progresses more rapidly to ESRD (6).

In patients with FSGS, more intense global and/or segmental glomerulosclerosis, as well
as renal tubulointerstitial fibrosis, was found. In addition, tubular atrophy tended to be
more intense in patients with APOL1 high-risk genotypes. These findings confirm that
patients with high-risk APOL1 genotypes have a more aggressive disease phenotype and
may progress more rapidly to ESRD, thus necessitating renal replacement therapy, in
comparison to patients with low-risk APOL1 genotypes. Similar findings were reported
by Kopp and colleagues among patients with primary FSGS, by Larsen and colleagues
(2015) in patients with arterionephrosclerosis or putative ‘hypertension-associated’
nephropathy, and also by Sampson and colleagues (2016) in patients with nephrotic
syndrome (24, 25,31).

The proportion of patients diagnosed with FSGS was significantly higher in the group
with two APOL1 risk alleles. In fact, it has been demonstrated that the APOL1 G1 and G2
haplotypes increase the risk of developing FSGS by 10-17 fold in African Americans
who are either homozygous or compound heterozygous for APOL1 risk alleles (5,6).
Herein, even after adjusting for systemic arterial hypertension, age, sex, skin color and
focal segmental glomerulosclerosis in the recessive model, APOLL1 risk alleles continued
to significantly influence the severity of kidney disease as evaluated by chronicity
markers. These parameters are considered to be confounding variables in association with
kidney disease in black populations worldwide. However, the fact that these factors do
not cancel out the effects of APOL1 haplotypes suggests that this gene’s influence occurs

independently of these factors.

The frequencies of HbAS and HbAC did not differ significantly between patients

undergoing renal biopsy and the general population of newborns in Salvador. These
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findings are similar to those reported in a population of the African Congo (2015), in
which the frequency of the sickle cell trait was not different between individuals with
chronic kidney disease and those without disease (32). Another study in Nigeria (2019)
showed similar glomerular filtration rates between patients with the sickle cell trait and
those with a normal genotype (33). Our findings also indicate that the sickle cell trait may
not be directly associated with reduced renal function. Studies performed by our group
(Alladagbin et al 2018) and by Derebail et al (2010) reported a frequency of HbAS almost
twice as high in hemodialysis patients than in the general population (14,17), suggesting
that HbAS may contribute to the progression of renal failure in the presence of other risk
factors. Recently, a multicentric observational study by Olaniran and colleagues showed
that the sickle cell trait is associated with a more rapid decline in glomerular filtration
rates in black patients; these authors collected data from patients between January 2005
and June 2018 who did not undergo renal biopsy (16). Here we show that patients with
the sickle cell trait also exhibit a tendency towards a more chronic stage of disease at the
time of biopsy. Since the median age of these patients was not different from that of
HbAA patients, it is possible that this was not due to delayed access to health care. Despite
gaps in our knowledge surrounding the mechanisms linking renal disease progression
with the sickle cell trait, the higher intensity of tubular atrophy and global and/or
segmental sclerosis seen in the patients with HbAS compared to those with HbAA
suggests the occurrence of ischemic and inflammatory events similar to those observed
in sickle cell nephropathy, albeit at a lower intensity in patients with the sickle cell trait
and nephropathy. Unfortunately, our study suffers from limitations due to its relatively
small sample size. Although this is a frequent limitation in biopsy-based studies, our
analysis of interactions between APOL1 risk variants and hemoglobin variants was
impaired as a result. Nonetheless, the data presented herein may serve to encourage

cooperative multicentric studies in the future.

Finally, our results call attention to the fact that genetic APOL1 risk variants and
hemoglobin S variants may constitute risk factors for glomerular disease progression in
approximately 10% of patients undergoing renal biopsy in a population of African-Latin
Americans. Both of these gene variants have been preserved due to their role in the
immune-inflammatory response against infections by T. rhodesiensis and P. falciparum,

and may play a detrimental role in the context of renal inflammation. The present findings
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may warrant further investigation into the impacts of immune-inflammatory mechanisms

associated with these gene variants on glomerular disease progression.

Conclusion

The frequencies of APOL1 high-risk alleles in African-Latin American patients subjected
to renal biopsy may be similar to the general population and are lower than those reported
in the African American population. African-Latin American patients tend to develop a
more severe form of FSGS earlier in life and present more pronounced histological
evidence of rapid progression to terminal CKD. The frequency of hemoglobin variants in
patients from Salvador who underwent renal biopsy was found to be similar to the general
population. However, tubular atrophy and global or segmental glomerular sclerosis were
found to be more prevalent in patients with HbAS compared to those with the normal
genotype. Our findings regarding glomerular sclerosis may indicate potential mechanisms
of disease progression in these patients.
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Supplementary table 1: General characteristics of the patients subjected to renal

biopsy in referral nephrology services of Salvador, Brazil, from 2016 to 2018

Variable Value

Total number of patients involved 3262
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Age in years, median [15¢ - 379 quartile]

33[22 - 42]

Female, n (%0)

202/326 (62%)

Self-declared skin color, n (%0):

Black

106/316 (34%)

Mixed-race

188/316 (59%)

White

22316 (7%)

Education level, n (%0):

None 12/258 (5%)
Primary 97/258 (38%)
Secondary 116/258 (45%)

Some college or university degree

32/258 (12%)

Postgraduate degree

1/258 (0.4%)

Monthly income, n (%):

No income

26/251 (10%)

Up to 1 minimum wage

174251 (69%)

Up to 2 minimum wages

35/251 (14%)

Up to 3 minimum wages

13/251 (5%)

Above 3 minimum wages

3/251 (1%)

Place of residence, n (%0):

Salvador

105/261 (40%)

Other (in Bahia)

156/261 (60%)

Comorbidities, n (%)

Diabetes Mellitus

21/325 (6%)

Systemic Arterial Hypertension

208/326 (64%)
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Weight in Kg, median [1%t - 3" quartile]

63 [54 - 74]

Renal disease-associated syndromes, n (%)

Nephrotic syndrome

157/326 (48%)

Nephritic syndrome

41/326 (12.5%)

Nephritic syndrome with nephrotic proteinuria

8/326 (2.5%)

Non-nephrotic proteinuria

297326 (9%)

Hematuria 11/326 (3%)
Chronic glomerulonephritis 6/326 (2%)
Undefined/other 741326 (23%)

Diagnosis of nephropathy, n (%)

Primary glomerular disease

197/326 (60%)

Secondary glomerular disease

113/326 (35%)

Other

16/326 (5%)

Laboratory results, median [15t - 3" quartile]

Hemoglobin (g/dL)

12 [10 - 13]

Hematocrit 36% [30 — 40%)]
Albumin (g/dL) 2.9[2 4]
Creatinine (mg/dL) 1.1[1-2]
Urea (mg/dL) 46 [28 - 86]

Total cholesterol (mg/dL)

248 [187 - 329]

24-h proteinuria (g/24h)

411-8]

& The total number of subjects varied according to availability of data as shown in the

table.

Supplementary table 2. Main histopathological diagnosis of renal biopsy from the

patients involved in the study
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Nephropathy Diagnosis Number of Cases %
Lupus nephritis 109 33
Focal segmental glomerulosclerosis 67 21
Membranous glomerulonephritis 36 11
Minimal change disease 19 6
Minor glomerular changes 16 5
IgA Nephropathy 14 4
Membranoproliferative glomerulonephritis 10 3
Crescentic glomerulonephritis 9 3
Diffuse proliferative glomerulonephritis 5 1.5
Mesangial proliferative glomerulonephritis 5 1.5
Alport syndrome 5 1.5
Focal and segmental glomerulonephritis 4 1
Sclerosing glomerulonephritis 2 1
Other 25 8
Total 326 100

Supplementary table 3: Hemoglobinopathies frequencies

in patients with

glomerular disease (N = 326) and in a general population of newborns from Bahia,
Brazil, between 2002 and 2018

HOSPITAL

PATIENTS HDbAS

HbAC

HbSS

HbSC

No. (%) No.

(%)

No. (%)

No.

(%)
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HAN 249 4 (1.6) 8 (3.2) 1 (0.4) 0 0)
HGRS 77 10 (13.0) 4 (5.2) 0 (0) 0 (0)
TOTAL 326 14 (4.3) 12 (3.7) 1 (0.3) 0 (0)
YEAR NEWBORNS HbAS HbAC HbSS HbSC

No. (%) No. (%) No. (%) No. (%)
2002 136,801 6,058 | (4.4) 3,052 2.2) 94 | (0.07) 92 (0.07)
2003 168,443 7421 | (4.4) 3,597 (21) | 119 | 0.07) | 111 | (0.06)
2004 177,343 7831 | (4.9 3,755 (21) | 126 | (0.07) | 103 | (0.06)
2005 187,854 8,574 (4.5) 4,045 (2.1) 123 | (0.06) 116 (0.06)
2006 188,312 8,401 | (4.4) 4,062 (2.1) | 138 | (0.07) | 104 | (0.05)
2007 189,177 8,535 | (4.5) 4,005 (2.1) | 130 | (0.07) | 118 | (0.06)
2008 190,333 8,662 (4.5) 4,190 (2.2) 150 | (0.08) 115 (0.06)
2009 193,814 8,749 (4.5) 4,238 (2.2) 124 | (0.06) 102 (0.05)
2010 209,110 8,560 | (4.1) 4,172 (20) | 170 | (0.08) | 125 | (0.06)
2011 187,234 8,490 | (4.5) 4,254 (2.2) | 110 | (0.06) | 123 | (0.06)
2012 176,263 7,942 (4.5) 3,953 (2.2) 114 | (0.06) 103 (0.06)
2013 173,303 8,022 | (4.6) 3,733 (22) | 119 | (0.07) | 105 | (0.06)
2014 174,368 7,940 | (4.6) 3,685 (2.1) | 152 | (0.09) 92 (0.05)
2015 177,185 8,058 (4.6) 3,939 (2.2) 125 | (0.07) 96 (0.05)
2016 167,261 7,729 | (4.6) 3,864 (2.3) | 150 | (0.09) 96 (0.06)
2017 174,756 8,113 | (4.6) 4,045 (23) | 123 | (0.07) | 116 | (0.06)
2018 175,780 7,885 | (4.5) 3,964 22) | 132 | (007) | 102 | (0.06)
TOTAL 3,047,337 | 136,97 | (45) | 66553 | (2.2) | 2,199 | (0.07) | 1,819 | (0.06)

0

HAN - Ana Nery Hospital, Salvador (Bahia-Brazil); HGRS - Roberto Santos Hospital,
Salvador (Bahia-Brazil); HbAS = Heterozygote AS, HbAC = Heterozygote AC, HbSS
= Homozygote SS, HbSC = Heterozygous compound SC.
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CAPITULO Il

MANUSCRITO 2

Titulo:
Sickle cell trait increases risk of glomerular disease progression a biopsy based study

Autores: Dona J. Alladagbin, Nadia A. Khouri, Epitdcio R. da Luz Neto, Tatiana

Amorim, Guilherme S. Ribeiro, Geraldo GS Oliveira, Washington L.C. dos-Santos

Situacdo: A ser submetido

Objetivo: (referente ao objetivo especifico 4 da tese)

Avaliar os marcadores de progressao, a prevaléncia da doenca renal em estagio terminal
e a sobrevida renal entre pacientes portadores de hemoglobinas variantes e do genétipo

AA, durante cinco anos apos a bidpsia renal

Resumo do capitulo:

Introducéo: A doenca renal cronica (DRC) ocorre mais cedo e com maior frequéncia na
populacdo negra do que entre 0s caucasianos, principalmente por causa de determinantes
sociais que dificultam o acesso aos cuidados de salde e a adesdo ao tratamento das
principais causas de DRC. Além disso, diferencas na constituicdo génica dos pacientes
com DRC podem influenciar a progressao da doenca. Objetivo: Investigar se pacientes
com doencas renais, com traco falciforme ou hemoglobina C tém um risco aumentado de
evoluir para doenca renal terminal (DRET) em comparacdo com pacientes com
hemoglobina AA (HbAA). Métodos: O perfil de hemoglobina e os gendtipos de 297
pacientes submetidos a bidpsia renal foram caracterizados por cromatografia liquida de
alta eficiéncia e sequenciamento de DNA, respectivamente. Os pacientes foram
acompanhados com revisdo do prontuario médico durante cinco anos apos a bidpsia renal
para detectar o desenvolvimento de marcadores de progresséo da DRC e DRET.
Resultados: A frequéncia do traco falciforme em pacientes submetidos a bidpsia renal

foi de 5%, semelhante a encontrada na populacdo geral (4,5%, p = 0,70). O traco de
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hemoglobina C estava presente em 3,7% dos pacientes e em 2,2% da populagéo geral (p
= 0,11). Cinco anos depois da biopsia renal, a taxa media de filtragdo glomerular foi de
35 mL / min/ 1,73 m? em pacientes com traco falciforme, enquanto nos grupos HbAA e
HbAC, ela foi de 84 mL / min/ 1,73 m2 e 103 mL / min / 1,73 m2 respectivamente, p =
0,01. Pacientes com traco falciforme desenvolveram DRET com mais frequéncia,
necessitando de diélise (31%) do que aqueles com HbAA (8%) (p = 0,02). Nenhum
paciente com traco de hemoglobina C necessitou de dialise nos cinco anos de seguimento.
Conclus6es: Nossos achados indicam que o traco falciforme esta associado a um risco
aumentado de progressdo das doencas glomerulares. O traco de hemoglobina C néo

aumenta o risco de progressao das doencas glomerulares para DRET.
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Abstract

Background: Chronic kidney disease (CKD) occurs earlier and more frequently in the
black population than among Caucasians, largely because of social determinants that
hinder health care access and adherence to treatment of the main causes of CKD. In
addition, differences in the genetic background of CKD patients have been shown to
influence disease progression. Aim: To investigate whether renal patients with sickle cell
trait and hemoglobin C trait had an increased risk of evolving to end-stage renal disease
(ESRD) compared to patients with AA hemoglobin (HbAA). Methods: Hemoglobin
profile and APOL1 genotypes from 297 patients undergoing renal biopsy were
characterized by high-performance liquid chromatography and DNA sequencing,
respectively. Patients were followed by medical chart review over five years following
renal biopsy to detect development of CKD progression markers and ESRD. Results:
The frequency of sickle cell trait in patients undergoing renal biopsy was 5%, similar to
that found in the general population (4.5%, p= 0.70). The hemoglobin C trait was present
in 3.7% of the patients and in 2.2% of the general population (p= 0.11). Five years after
renal biopsy, the estimated glomerular filtration rate mean was 35 mL / min/ 1.73 m? in
patients with sickle cell trait, while in the HbAA and HbAC groups, the estimated
glomerular filtration rate mean was 84 mL / min / 1.73 m? and 103 mL / min / 1.73 m?
respectively, p= 0.01. Patients with sickle cell trait more frequently developed ESRD
needing dialysis (31%) compared to those with HbAA (8%) (p = 0.02). No patient with
hemoglobin C trait required dialysis over the five-year follow-up. Conclusions: Our
findings indicate that sickle cell trait is associated with increased risk of glomerular
disease progression. Hemoglobin C trait does not increases the risk of glomerulopathy

progression to ESRD.

Key words: Glomerular diseases, Biopsy, End-stage renal disease, Sickle cell trait,
Hemaoglobin C trait.
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Introduction

Chronic kidney disease (CKD) is one of the most important public health problems and
affects between 10 and 16% of the adult population in many countries worldwide?. In
Brazil, according to an annual survey conducted by the Brazilian Society of Nephrology
in 2017, the prevalence and incidence rates of patients in dialysis per million of
inhabitants were 610 and 194, respectively. The renal replacement therapy consumes
more than 5% of all resources spent by Brazil's Unified Health System (SUS) with
medium and high complexity treatment, with an annual lethality rate of 19.9%.23. In
addition to factors that are classically recognized as determining progression of kidney

disease, a growing emphasis has been placed on the genetic makeup of patients. 43

HbAS, heterozygous for HbS, is one of the heterozygous forms of sickle cell syndromes.
It is defined by the inheritance of the abnormal S allele of the Hb beta-globin gene from
one parent and the normal A allele of the other parent, manifesting itself as the AS
genotype. Around 300 million people worldwide are HbAS carriers with the majority
living in Africa, the Middle East and some in the Mediterranean. ®° The substitution of
glutamic acid (E) for valine (V) at the sixth amino acid position in the 3-globin chain of
hemoglobin encoded by the HBB gene on one chromosome 11 leads to hemoglobin
polymerization and erythrocyte sickling. Sickled red blood cells clump together, causing
blood vessel obstruction, which can lead to tissue damage due to ischemia and
reperfusion, following by inflammatory processes, that may cause heart attack. 13
Nephropathy associated with sickle cell disease has been reported in literature and several
functional and structural renal alterations are observed in individual carrier individuals.
1416 One of the most common glomerular lesions observed in patients with sickle cell
anemia is focal segmental glomerulosclerosis associated with proteinuria followed by
progressive loss of renal function. ¥’ Tubular dysfunction, glomerular hyperfiltration,
albuminuria, and decline in glomerular filtration rate all contribute to progression of

kidney disease in these patients.

Although HbAS is considered a benign condition and carrier individuals remain
asymptomatic, under conditions of tissue hypoxia, red blood cell sickness and vascular
obstruction may occur, leading to tissue ischemia and microinfarction, as observed in
some cases of renal papillary necrosis. Similar ischemic phenomena could reproduce in

inflammatory conditions that result in congestion, thrombosis and necrosis of renal
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capillaries, as in some glomerulonephritis. These phenomena could amplify tissue
damage contributing to the long-term progression of renal failure. 181° Some studies show
the association between HbS and glomerular filtration rate decline, proteinuria and a
higher risk for progression to ESRD. 1820 Cross-sectional studies have also shown a two-
fold higher prevalence of HbAS in chronic dialysis patients compared with the prevalence
in the general population of newborns. 21?2 Additionally, the prevalence of hemoglobin

C trait (HbAC) patients was also higher in dialysis patients in these studies.

In this study, we investigate the contribution of HbAS and HbAC for an increased risk of
end-stage renal disease in patients undergoing renal biopsy. This study involves the
population of Bahia-Brazil, one of the largest Afro-descendent population groups outside

Africa, which has a particular miscegenation profile.

Since some variants of the APOL1 favor the progression of renal diseases in
Afrodescendent population we also investigate the effect of the combination of these
APOL1 variants with hemoglobin variants in the progression of renal diseases. In the 3’
end of the last exon of APOL1 gene located on chromosome 22912, two genetic variants,
called G1 and G2, have been found to play a protective role against African
trypanosomes, which are responsible for the lethal form of sleeping sickness. 232

However, these variants are risk factors for progression of various kidney diseases. %2
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Material and methods

Ethics statement: This study was carried out in accordance with the recommendations
established in directive 466/2012, issued by the Brazilian National Health Council, and
was approved by the Institutional Review Board for Research involving Human Subjects
of the Gongalo Moniz Institute (IGM-FIOCRUZ), protocol number 382.273.

Patients and study design: A longitudinal study included 297 patients with native
kidneys submitted to renal biopsy for glomerular disease diagnosis, in two public
reference hospitals (Ana Nery Hospital and Roberto Santos General Hospital) in the state
of Bahia.

Sample and data collection: A whole blood sample (5 mL) was collected, after
explaining the objectives of the study and signing the informed consent form.
Demographic data were collected through interviews at the time of sample collection.
Skin color was self-reported. Patients were followed up with laboratory data and
information on death and end stage of renal disease collected six months, one year and
five years after the kidney biopsy. Glomerular filtration rates were estimated using the
Cockcroft-Gault equation. Patients with glomerular filtration rate < 10 mL/min/1,73 m?

are kept on chronic dialysis.

Hemoglobin characterization: Determination of different hemoglobin variants were
carried out by high-performance liquid chromatography. Hemoglobin was characterized
using a VARIANT f-Thalassemia Short Program Reorder Pack - Bio-Rad, USA) in
accordance with supplier recommendations. To estimate the prevalence of hemoglobin
variants in the general population of Salvador, data from the Neonatal Screening Program

of Bahia from 2002 to 2018 were analyzed.

DNA isolation, PCR amplification, and sequencing: DNA segment encoding part of
the APOL1 serum-resistance-associated (SRA) domain was sequenced. APOL1 G1 single
nucleotide polymorphisms (rs73885319 and rs60910145) and G2 indel (rs717185313)
were genotyped. Briefly, human DNA was purified using reagents and materials from the
QlAamp DNA mini kit following the manufacturer's instructions (Qiagen, Hilden,
GERMANY). PCR was performed using oligonucleotide primers APOL1 6del seq F 5°-
ACCAACTCACACGAGGCATT and APOL1 6del seq R 5-
CTGCCAGGCATATCTCTCCT.?2 PCR products were treated with ExoSAP-IT
Cleanup Reagent (ThemoFisher Scientific, USA) following the manufacturer’s
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instructions. Sequencing was carried out by the Sanger method in both directions using
the inner primers 5’-CACGAGGCATTGGGAAGGACATC and 5’-
AGGCATATCTCTCCTGGTGGCT on an ABI3100 automatic sequencer (Applied
Biosystems, Foster City, USA).

Histopathological analysis of renal biopsies: The biopsies of the patients were
analyzed by a specialist pathologist of reference in nephrology with extensive experience
in this area, in the services of electron microscopy and histotechnology through the
Program to support the diagnostic development in hepatic and renal pathology, a
reference service located at the Gongalo Institute Moniz - Fiocruz / Bahia, Brazil (IGM-
FIOCRUZ). Activity and chronicity scoring were calculated according to the criteria of
chronicity defined for Lupus Nephritis by Bajema et al. (2018), and for CKD

classification, the diagnostic criteria defined by Churg et al. (1995) were used.?%%

To assess the markers of activity and chronicity between groups of patients with sickle
cell trait (cases) and with the AA genotype (controls), we selected 2 controls for each
case. The controls were paired by renal disease, sex and age, allowing a variation up to
two years above or below the age of the index patient. However, a second completely
matched control was not found for a patient with one case with minor glomerular changes,
a with minimal change disease for a with focal segmental glomerulosclerosis. For this

reason we included a control of different opposite sex keeping the other pairing criteria.

Statistical analysis: Statistical analyses were carried out using Stata/SE software
(StataCorp LP, College Station, TX, USA) version 13.1, and GraphPad Prism version
8.0.2. Demographic, clinical, and laboratory data were expressed as absolute numbers
and summarized as median and interquartile range, or as frequency percentages where
appropriate. The Kruskal-Wallis test was used to compare non-parametric variables and
the ANOVA test to compare parametric variables between HbAA, HbAS and HbAC
groups. Mann Whitney test was used to analyze the distribution of activity and chronicity
markers between patients with HbAS and the AA genotype group. Differences between
proportions were analyzed using the chi-square test or fisher's exact test where
appropriate. The independent contribution of HbAS in ESRD was examined using
multivariate logistic regression models and adjusted for systemic arterial hypertension,
diabetes mellitus, age, skin color and monthly income. Kaplan-Meier survival curve for

HbAS/HbAC carriers and HbAA group in renal replacement therapy was constructed and
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compared by a log-rank test. Results were considered to be statistically significant when
p< 0.05.
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Results

The total number of patients subjected to renal biopsy in the study period was 338. Forty
one patients were excluded from the statistical analysis because they were not followed
during the entire study period (25 patients), for exhibiting HbSS (1 patient) or two APOL1
risk alleles (15 patients, being 14 of whom presented HbAA and one HbAS).Data from

297 patients were analyzed.

Electrophoretic hemoglobin patterns: The frequency of HbAS and HbAC was 5.1%
(n=15) and 3.7% (n=11), respectively, (Table 1). Data from 3,047,337 newborns surveyed
between 2002 and 2018 in Bahia (Brazil) revealed that 136,970 (4.5%) were HbAS and
66,553 (2.2%) were HbAC, (Table 1). The frequency of HbAS and HbAC did not show
relevant variation in the course of these 17 years (supplementary table 1). We found that
the frequency of HbAS among patients subjected to renal biopsy was not different from
that found in the general population of newborns (Odds Ratio = 1.1; 95% CI = 0.7 — 1.9;
p=0.70). Although a tendency towards a higher frequency of HbAC was seen in the
present sample, this difference was not statistically significant (Odds Ratio = 1.73; 95%
Cl=0.94 - 3.16; p=0.11).

Clinical, laboratory and histological parameters in patients with hemoglobin
variants: The general characteristics of the participants of the study are summarized in
table 2. Most patients were relatively young with a median age between 33 and 34 years.
There was a predominance of females in HbAA group (61%) and HbAS group (80%).
Hypertension was the most prevalent comorbidity present in more than 50% of the
patients in each group. There were no statistically significant differences in age, sex,
socioeconomic status, diabetes mellitus and hypertension diagnosis between HbAS or
HbAC carriers, and HbAA group.

Patient outcomes after renal biopsy among different groups of hemoglobin variants:
Table 3 shows the evolution of patients with different hemoglobin profiles during five
years after renal biopsy. Only one (0.5%) of the patients died in the HbAA group, while
no death was observed in the variants hemoglobin groups. The proportion of patients who
undergone renal replacement therapy was 31% in the group with HbAS compared to 8%
of patients with HbAA, p = 0.02. Twelve months after the biopsy, 17% of HbAS patients
and 2% of the HbAA patients had the value of serum creatinine doubled, p = 0.04. The

median of estimated glomerular filtration rate, one year after biopsy was lower in patients
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sickle cell trait (median = 55[21-86] mL / min / 1.73 m?) compared to groups with
hemoglobin C trait (median = 78[57-89] mL / min / 1.73 m?) and AA hemoglobin,
(median = 92 [58-129] mL / min / 1.73 m?, p = 0.04. Five years after, the estimated
glomerular filtration rate decreased progressively to 24[10-57]JmL / min / 1.73 m? in
patients with sickle cell trait when there was no decrease in the patients groups with
hemoglobin C trait and AA hemoglobin, with a median of 95[61-153]mL / min / 1.73 m?
and 86[47-115] mL/min/ 1.73 m?, respectively, p = 0.01. Figure 1 shows the progressive
increase in creatinine during the five years of follow-up reflecting the decline in the
estimated glomerular filtration rate in the group of patients with sickle cell trait compared
to the other groups.

Distribution of activity and chronicity markers between sickle cell trait patients and
the AA genotype group: Table 4 shows the indexes of activity and chronicity markers
in the different groups. The median of global and/or segmental sclerosis was significantly
higher 40 [14-64]% in the group with sickle cell trait compared to 8 [0-27.8]% in the
group with the AA genotype, p = 0.03. There was no statistically significant difference
between the groups in relation to the other markers.

Association of SCT and ESRD in patients with glomerular diseases: After a 5 year
follow up, 31% patients with HbAS had ESRD compared to 8% of non-carriers
participants (Odds Ratio = 5.3; 95% CI = 1.4-19.1, p= 0.01) on unadjusted model.
After adjusting for systemic arterial hypertension, diabetes mellitus, systemic arterial
hypertension, diabetes mellitus, age, skin color and monthly income, the association
between HbAS and ESDR remains significant with increased of magnitude of the effect
to an Odds Ratio = 8.1; 95% CI1 =1.7-38.1, p<0.01. (Table 5).

Kidney survival in patients carriers or non- carriers hemoglobin variants: Figure 2
shows the Kaplan-Meier kidney survival curves for ESRD. Overall kidney survival five
years after renal biopsy was 69% in HbAS patients, 92% in HBAA patients and 100% in
the HbAC patients, p <0.01.

ESRD and glomerular diseases, according to hemoglobin profile: The renal diseases
associated with sickle cell trait are shown in Table 6. Most of the patients had lupus
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nephritis. However, the difference in the frequency of progression of lupus nephritis to
ESRD between the groups was not statistically significant.

Table 1. Hemoglobinopathies frequencies in patients with glomerular disease and

in a general population of newborns from Bahia, Brazil.

HDAS, N(%) HbAC, N(%) HbSS, N(%) HbSC, N(%)
PATIENTS 15 (5.1) 11 (3.7) 0 (0) 0 (0)
(N=297)
NEWBORNS | 136,970 | (4.5) 66,553 22) | 2199 | (0.07) 1,819 (0.06)
(N=3,047,337)

HbAS = Sickle cell trait, HbAC = Hemoglobin C trait, HbSS = Homozygote SS, HbSC
= Heterozygous compound SC

Table 2. Demographic variables stratified according to hemoglobin genotypes

Variable HbAA (n=271) HbAS (n=15) HbAC (n=11) p value
Age in years, median (1st, 3rd quartile)? 32 [22 - 42] 33[22-43] 34 [25 — 54] 0.85
Female, n (%)° 166/271 (61%) 12/15 (80%) 5/11 (45%) 0.18

Self-declared skin color, n (%)° 0.32



Black
Mixed-race
White
Education, n (%)®
None
Primary
Secondary
Some college or university degree
Postgraduate degree
Monthly income, n (%)®
No income
Up to 1 minimum wage
Up to 2 minimum wages
Up to 3 minimum wages
Above 3 minimum wages
Clinical and laboratory data:
Diabetes Mellitus, n (%)°

Systemic  Arterial  Hypertension,

n(%)°

83/266 (31%)
163/266 (61%)
20/266 (8%)

11/216 (5%)
79/216 (37%)
98/216 (45%)
28/216 (13%)

0 (0 %)

21/213 (10%)

148/213 (69%)

29/213 (14%)
13/213 (6%)
2/213 (1%)

16/217 (6%)
180/271 (66%)

7/14 (50%)
7/14 (50%)
0 (0%)

0 (0%)
4113 (31%)
5/13 (38%)
4113 (31%)

0 (0%)

0 (0%)
7/12 (58%)
4112 (33%)
1/12 (8%)

0 (0%)

3/14 (21%)
8/15 (53%)

92

5/10 (50%)
5/10 (50%)
0 (0%)
0.33
1/9 (11%)
5/9 (56%)
3/9 (33%)
0 (0%)
0 (0%)
0.37
217 (29%)
5/7 (71%)
0 (0%)
0 (0%)
0 (0%)

0 (0%) 0.05
6/11 (55%) 0.43

HbAA: AA hemoglobin; HbAS = Sickle cell trait, HbAC = Hemoglobin C trait; a:

Kruskal-Wallis test; b: Chi-square test; c: Fisher's exact test; * Total varies according to

availability of data.



Tabela 3. Patient outcomes after renal biopsy in different groups of hemoglobin variants.

Variable

Death

RRTC

CREATININE®
1 50% in 6 months
1 100% in 6 months
1 50% in 12 months
1 100% in 12 months
1 50% in 5 years

1 100% in 5 years

Basal Creatinine (mg/dL)?

Creatinine 6 months (mg/dL)*

HbAA (n = 271) median
(1st, 3rd quartile) or %

N*

190

207

193

193

193

193

99

99

243
215

Value
1 (0.5%)

16 (8%)

10 (5%)
4 (2%)
18 (9%)
4 (2%)
8 (8%)
3 (3%)

1.1[0.8-1.8]
0.9[0.7-1.3]

HbAS (n = 15) median
(1st, 3rd quartile) or %

N*

11

13

12

12

12

12

11

11

15
12

Value
0 (0%)

4 (31%)

2 (17%)
1 (8%)
3 (25%)
2 (17%)
2 (18%)
2 (18%)

1.5[0.7-1.8]
1.2[0.7-3.3]

HbAC (n = 11) median

(1st, 3rd quartile) or %

N*

11

Value
0 (0%)

0 (0%)

1 (11%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

1.2[0.9-1.6]
1.1 [0.9-1.3]

p value

0.02

0.14
0.26
0.11
0.04
0.26

0.08

0.73
0.34
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Creatinine 12 months (mg/dL)?
Creatinine 5 years (mg/dL)?

Basal eGFR (mL/min/1,73 m?)?
eGFR 6 months (mL/min/1,73 m?)?
eGFR 12 months (mL/min/1,73 m2)?
eGFR 5 years (mL/min/1,73 m2)*
Basal 24-hour proteinuria (g/24h)?
24-hour proteinuria 6 months (g/24h)?
24-hour proteinuria 12 months (g/24h)?
24-hour proteinuria 5 years (g/24h)?
Basal hemoglobin (g/dL)®
Hemoglobin 6 months (g/dL)®
Hemoglobin 12 months (g/dL)®
Hemoglobin 5 years (g/dL)®

Basal hematocrit (%)°

Hematocrit 6 months (%)°

Hematocrit 12 months (%)°

216
109
165
157
171
83
188
155
157
82
236
200
203
101
195
174
179

0.9[0.7-1.3]
0.9[0.7-1.3]
70.5[41.5-106]
87[60 -122]
92[58-129]
86[47-115]
3.4[1.4-7]
1.1[0.3-3.1]
0.9[0.2-2.5]
0.8[0.2-2]
12[10-13.5]
12.5[11.5-14]
12.5[11-14]
13[11.5-14]
35[30-40]
38[33-41]
38[34-42]

12

11

10

12

11
7
8

1.3[0.9-3.3]
1.5[0.7-5]
49[34-54]
45[27-74]
55[21-86]
24[10-57]
3.5[2-6.1]
2[1.3-2.4]
0.5[0.4-1.1]
0.6[0.2-0.9]
11[10-12.5]
11.3[10-12]

11.5[10.5-15]

12.5[11.5-15]

32.5[30-37.5]
33.5[31.5-35.5]

35.5[32-45]

9

o

11
9
9
6

10
7
7

1.1[1-1.2]
0.9[0.7-1.2]
73[47-106.5]
90[57.5-109]

78[57-89]
95[61-153]
5.6[1.3-6.7]
1.5[0.3-2.8]
0.4[0.1-1.2]
0.1[0.1-0.2]
10.5[10-14]
11.5[11-13]

12.3[10.5-14]

14[10-14]
31[29.5-37]
36.5[35-41]

37[33-40]

0.09
0.20
0.07
0.09
0.04
0.01
0.9
0.49
0.43
0.19
0.46
0.08
0.71
0.9
0.30
0.22
0.9
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Hematocrit 5 years (%)°

Basal total cholesterol (mg/dL)?
Total cholesterol 6 months (mg/dL)?
Total cholesterol 12 months (mg/dL)?
Total cholesterol 5 years (mg/dL)?
Basal albumina (g/dL)?

Albumin 6 months (g/dL)?

Albumin 12 months (g/dL)?

Albumin 5 years (g/dL)?

85
175
151
152

88
199
163
166

82

38[34-42]
245[184-326]
217[174-284]
189[156-233]

184.5[147-245]
3[2-3.5]
3.7[3-4]
4[3.4-4.3]
3.7[3.3-4.3]

Lo oo O o

11
7
9
5

38.5[34-46]
230[213-261]
206.5[181-232]
188[168.5-208]
162.5[123.5-200]
4[2.7-4]
3[3-4]
4[3.4-4]
3.7[3.5-4]

oo

8
3

42[30-44]
210[180-258]
202[171-321]

182[158-239.5]
162[129-192]
3[2.7-3.5]
3.6[2.6-4]
3.7[3-4.2]
4.3[4-4.6]

0.9
0.62
0.9
0.9
0.24
0.11
0.22
0.66
0.21
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HbAA: AA hemoglobin; HbAS = Sickle cell trait, HbAC = Hemoglobin C trait; RRT: Renal replacement therapy; eGFR: Estimated glomerular

filtration rate; a: Kruskal-Wallis test; b: ANOVA test; c: Fisher's exact test; d: Chi-square test; *:Total with available data.



Tabela 4. Distribution of activity and chronicity markers between sickle cell trait patients and the AA genotype group

Activity and chronicity indices

Endocapillary hypercellularity?
0

<25%

25%-50%

>50%
Neutrophils?

0

<25%

25%-50%

>50%

Hyaline deposits 2
0

<25%

25%-50%

>50%

Fibrinoid necrosis®
0

HbAS (n = 14) median
[1st, 3rd quartile] or %

10/14 (71.4%)
1/14 (7.1%)
3/14 (21.4%)

13/14 (92.9%)

1/14 (7.1%)

12/14 (85.7%)
1/14 (7.1%)

1/14 (7.1%)

14/14 (100%)

HbAA (n = 28) median p value
[1st, 3rd quartile[ or %

0.51
16/28 (57.1%)
2/28 (7.1)
6/28 (21.4%)
4128 (14.3%)
0.18
17/28 (60.7%)
2/28 (7.1%)
8/28 (28.6%)
1/28 (3.6%)
0.18
22/28 (78.6%)
5/28 (17.8)
1/28 (3.6)
0.9
27/28 (96.4%)
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<25%

25%-50%

>50%

Interstitial Inflammation?

0

<25%

25%-50%

>50%

Cellular and/or fibrocellular crescents
(%)

Activity index (score)°

Tubular atrophy?

0

<25%

25%-50%

>50%

Global and/or segmental sclerosis (%6)°
Fibrous crescents (%)°¢

Interstitial fibrosis (%0)°

Chronicity index (score)®

414 (28.6%)
3/14 (21.4%)
7/14 (50%)

0[0-10.5]

2[0.5-8.5]

3/14 (21.4%)
7/14 (50%)
414 (28.6%)
8 [0-27.8]
0[0-3]
10[5-20]
5[3-8]

1/28 (3.6%)

9/28 (32.1%)
9/28 (32.1%)
8/28 (28.6%)
2/28 (7.1%)

2[0-4]

6/28 (21.4%)
7/28 (25.0%)

11/28 (39.3%)

4128 (14.3%)
40[14-64]
0[0-5.5]
15[5-55]
11[5-12]

0.45

0.50
0.19

0.03
0.97
0.52
0.11
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a: Chi-square test; b:Fisher's exact test ; c: Mann Whitney test. Table 5. Multivariate analysis of ESRD and hemoglobin status adjusting for

arterial hypertension, diabetes mellitus, age, skin color and monthly income.

Model HbAS vs HbAA P Value
OR (95% CI)

ESRD
Unadjusted 5.3(1.4-19.1) 0.01
Adjusted for arterial hypertension and diabetes mellitus 7.0 (1.7-28.5) <0.01
Adjusted for arterial hypertension, diabetes mellitus, age, 8.1(1.7-38.1) <0.01

skin color and monthly income

HbAA: AA hemoglobin; HbAS = Sickle cell trait; ESRD: end-stage renal disease.



Table 6. Influence of type of glomerular disease on end-stage renal disease, according to hemoglobin profile.

Type of glomerular disease HbAA (n=207) HbAS (n= 13) p

with ESRD without ESRD with ESRD without

ESRD

Lupus nephritis, n(%o) 7 (10.2%) 61 2 (28.5%) 5 0.2
Focal segmental glomerulosclerosis, n(%0) 1 (3%) 37 0 (0%) 1 0.9
Benign nephrosclerosis, n(%) 0 (0%) 1 1 (100%) 0 0.9
Membranous glomerulopathy, n(%o) 3 (12%) 22 0 (0%) 1 0.9
Crescentic glomerulonephritis, n(%) 1 (13%) 7 0 (0%) 0 -
Sclerosing glomerulonephritis, n(%6) 1 (100%) 0 0 (0%) 0 -
Amyloidosis, n(%o) 1 (100%) 0 0 (0%) 0 -
Insufficient material for diagnosis, n(%) 0 (0%) 7 1 (100%) 0 0.1
Other, n(%) 2 56 0 2
TOTAL 16 191 4 9

ESRD: end-stage renal disease, HbAS:

Sickle cell trait; HbAA: AA hemoglobin.
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Figure 1: Five years follow up of patients with HbAS and renal biopsy-proven nephropathy, (A): The mean of creatinine
was 2.8 mg/dL in patients with sickle cell trait compared to 1.4 mg/dL in patients with HbAA and 0.9 mg/dL in patients
with HbAC, p= 0.004. B: The estimated glomerular filtration rate was 35 mL / min / 1.73 m? in patients with sickle cell
trait, 84 mL / min / 1.73 m? in patients with HbAA and and 103 mL / min/ 1.73 m? in patients with HobAC, p=0.01.
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Figure 2: Kaplan-Meier renal survival curves of HbAS/HbAC carriers and HbAA group
in renal replacement therapy. After five years of follow-up, overall renal survival was
69% in the group of patients with sickle cell trait, 100% in the group with hemoglobin C
trait and 92% in the group with the normal hemoglobin genotype, p <0.01.
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DISCUSSION

To our knowledge, this is the first study on the follow-up of patients with HbAS showing
the progression of renal disease in patients with biopsy proven-diagnosis of
glomerulopathy. It is show herein that although the frequency of HbAS among the
patients undergoing renal biopsy was not different of that observed in the general
population. The proportion patients on hemodialysis after five years of follow-up was
almost four times higher among patients with HbAS than in patients with AA genotype.
The decline in the glomerular filtration rate was more rapid among patients with sickle

cell trait than among patients with AA genotype.

Naik and colleagues (2017) and Olaniran and collaborators (2019) found decrease in the
eGFR and increased risk of incident ESRD in African Americans with sickle cell trait
compared with individuals with normal hemoglobin.*® In the present work we confirm
this finding using a population with a more heterogeneous genetic profile formed by the
mixture of three ancestral groups: European, African, and Amerindian 32 in which the
diagnosis of nephropathy was confirmed by biopsy. Furthermore the findings of this work
concur with those reported in cross-sectional studies performed by Derebail and
colleagues (2010) in a population of African-Americans in North Carolina, USA, and by
our group (Alladagbin et al, 2018) in the general population of Salvador, Brazil, showing
that the frequency of HbAS was twice as higher in patients in chronic hemodialysis than
in the general population of newborns.?*?2 However, Mukendi and colleagues (2015), in
a study performed in the African Congo did not find differences in the frequency of the
HbAS between patients with CKD and those without CKD regularly followed in
secondary care.®® In the present work we studied patients with a more diverse range of
biopsy proven glomerular disease than the patients studied by Mukendi and colleagues
(2015).%®

After adjusting the HbAS with systemic arterial hypertension, diabetes mellitus, age, skin
color and monthly income in a logistic regression model, the HbAS continues to have a
significant effect on end-stage renal disease, suggesting that the effect of the HbAS is
independent of these factors. No relationship was observed between these factors and
end-stage renal disease in this study, but their presence and especially hypertension

increases the risk for renal disease progression.
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The risk of progression to CKD associated by HbAS was not influenced by APOL1
genetic variants that have an increasing emphasis on the progression of kidney disease
because the frequency of the APOL1 high-risk genotypes is very low in patients HDAS
carriers. It do not seems to be determined by socio-economic reasons since the age, skin
color and average wages are not different between patients with HbAS or patients with
HbAA.

We also observed that patients with HbAS had greater proportion of global and/or
segmental glomerulosclerosis and a tendency to greater intensity of tubular atrophy than
patients with HbAA. Segmental or global glomerulosclerosis and tubular atrophy are two
of the most relevant histological chronicity markers of renal diseases that point towards
progression to CKD. The predominance of these histological changes suggest that
patients with HbAS have indeed a more aggressive disease may progress more rapidly to
ESRD with need for renal replacement therapy than patients with HbAA. Saraf and
colleagues (2018) related evidence of progressive glomerular and tubular damage
occurring in the kidneys of transgenic mice with HbAS and HbSS.3* Low oxygen
saturation, slow blood flow and interstitial hyperosmolarity, all favors HbS
polymerization. In patients with sickle cell disease intracellular polymerization of HbS in
red blood cells result in increased blood viscosity contributing to hypoxia and tissue
lesion. In inflammatory processes such as glomerulonephritis the increase in the
metabolic demands of cells decrease in oxygen concentrations due to impairment of blood
flow by thrombosis, trauma, interstitial hypertension may lead to hypoxia (Eltzschig &
Carmeliet, 2011),* favoring to HbS polymerization. Although these changes are more,
frequent in homozygotic patients they may also occur in patients with sickle cell trait. In
fact, Statius van Eps and colleagues (1970)* have shown significant vasa recta
obliteration in patients with sickle cell trait. Therefore, it is possible that sickle cell trait
will enhance tissue hypoxia in inflammatory conditions of the kidney, contributing to the

chronic lesions and progression of renal disease reported herein.

Our study has limitations due to sample size. The possibility of assessing potential
interactions between S or C variant hemoglobin and APOL1 risk variants in ESRD was
limited, as only one HbAS patient had two APOL1 risk alleles and among the four
patients presenting one risk allele, only 1 patient went to ESRD. Additionally, lupus
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nephritis as the main renal disease in both groups. It was not possible to define

associations between HbAS and specific kidney disease.

Conclusions

Our study shows that although the frequency of hemoglobin variants in patients
undergoing renal biopsy is similar to that of the general population patients with Sickle
cell trait had a five-fold increased risk of progression to ESRD. Hemoglobin C trait did

not associate with increased risk of progression to ESRD.
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Supplementary table 1: Hemoglobinopathy frequencies in a general population of

newborns (Bahia-Brazil, 2002 to 2018)

YEAR

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

TOTAL 3,047,337

NUMBER of HDbAS
NEWBORNS

136,801
168,443
177,343
187,854
188,312
189,177
190,333
193,814
209,110
187,234
176,263
173,303
174,368
177,185
167,261
174,756

175,780

6,058
7,421
7,831
8,574
8,401
8,535
8,662
8,749
8,560
8,490
7,942
8,022
7,940
8,058
7,729
8,113

7,885

136,970

(%)

(4.4)
(4.4)
(4.4)
(4.5)
(4.4)
(4.5)
(4.5)
(4.5)
(4.1)
(4.5)
(4.5)
(4.6)
(4.6)
(4.6)
(4.6)
(4.6)
(4.5)

(4.5)

HbAC

3,052
3,997
<Lk
4,045
4,062
4,005
4,190
4,238
4,172
4,254
3,953
3,733
3,685
3,939
3,864
4,045
3,964

66,553

(%)

(2.2)
(2.1)
(2.1)
(2.1)
(2.1)
(2.1)
(2.2)
(2.2)
(2.0)
(2.2)
(2.2)
(2.2)
(2.1)
(2.2)
(2.3)
(2.3)
(2.2)

(2.2)

HbSS

94

119
126
123
138
130
150
124
170
110
114
119
152
125
150
123
132

2,199

(%)

(0.07)
(0.07)
(0.07)
(0.06)
(0.07)
(0.07)
(0.08)
(0.06)
(0.08)
(0.06)
(0.06)
(0.07)
(0.09)
(0.07)
(0.09)
(0.07)
(0.07)

(0.07)

HbSC

92

111
103
116
104
118
115
102
125
123
103
105
92

96

96

116
102

1,819

(%)

(0.07)
(0.06)
(0.06)
(0.06)
(0.05)
(0.06)
(0.06)
(0.05)
(0.06)
(0.06)
(0.06)
(0.06)
(0.05)
(0.05)
(0.06)
(0.06)
(0.06)

(0.06)

HbAS = Heterozygote AS, HbAC = Heterozygote AC, HbSS = Homozygote SS, HbSC

= Heterozygous compound SC.
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Titulo:
APOL1 renal risk alleles and renal disease progression in Brazil

Autores: Dona J. Alladagbin, Debora L. Viana, Luciano K. Silva, Nadia A. Khouri,
Epitacio R. da Luz Neto, Camila A. Figueiredo, Ricardo R Oliveira, Guilherme S.
Ribeiro, Geraldo G. S. Oliveira, Washington L.C. dos-Santos.

Situagdo: A ser submetido
Objetivo: (referente aos objetivos especificos 5 e 6 da tese)

Comparar a frequéncia do haplétipo G1 do gene APOLL1 entre pacientes submetidos a
bidpsia renal e a populacdo em geral, além de avaliar os marcadores de progresséo, a
prevaléncia da doenca renal em estagio terminal e a sobrevida renal em pacientes
portadores ou ndo das variantes de risco do gene APOL1 durante cinco anos apos biopsia

renal.
Resumo do capitulo:

Introducdo: As variantes genéticas G1 e G2 identificadas no gene APOL1, comuns na
Africa subsaariana e em individuos afrodescendentes, estdo fortemente associadas a
muitas formas de doenca renal crénica e aqueles com dois alelos de risco progridem mais
rapidamente para a doenca renal em estagio terminal. Objetivo: Avaliar a progressdo de
nefropatias em pacientes com ou sem variantes de risco do gene da APOL1 em uma
populacdo afrodescendente altamente miscigenada. Métodos: Estudo longitudinal
incluindo 316 pacientes submetidos a biopsia renal em Salvador, BA, Brasil. Os
gendtipos de APOL1 foram determinados por sequenciamento de DNA. Os pacientes
foram acompanhados por cinco anos.Resultados: A proporc¢éo de inflamacéo intersticial,
fibrose tabulo-intersticial, esclerose global e / ou segmentar e escore de atrofia tubular foi
maior nos pacientes com dois alelos de risco, (p <0,05 para cada um deles). Houve um
declinio progressivo na taxa média de filtragdo glomerular em pacientes com dois alelos

de risco durante os cinco anos de acompanhamento: (de 79 + 51 mL / min/ 1,73 m? para
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22 +13mL/min/ 1,73 m? p = 0,004), comparado aqueles com um (de 77 + 41 mL / min
/1,73 m? para 194 + 54 mL / min / 1,73 m?), p = 0,74 ou nenhum (de 74 + 47 mL / min /
1,73 m? para 78 =45 mL / min/ 1,73 m?, p = 0,45) alelo de risco do APOL1. A sobrevida
renal € significativamente menor (69%) para pacientes com dois alelos de risco do APOL1
em comparacdo com 94% e 91% entre 0s grupos com um e sem alelos de risco,
respectivamente, p = 0,024. A propor¢do de pacientes diagnosticados com GESF que
evoluiram para DRET foi significativamente maior em individuos com dois alelos de
risco (33%) do que naqueles com um alelo de risco (0%) ou sem alelos de risco (3%), p
= 0,04. Conclusdes: O declinio progressivo na taxa estimada de filtracdo glomerular, a
frequéncia de DRET e consequentemente, menor sobrevida renal foram
significativamente maior es entre os pacientes portadores de dois alelos de risco da
APOL1.
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Abstract

Background: The G1 and G2 genetic variants identified in the APOL1 gene, common in
sub-Saharan Africa and in people of African descent, are strongly associated with many
forms of chronic kidney disease and those with two risk alleles progress more quickly to
end-stage kidney disease. Objective: To evaluate the progression of nephropathies in
patients with or without risk variants of the APOL1 gene in a highly miscegenated Afro-
descendant population. Methods: This is a longitudinal study including 316 patients
undergoing renal biopsy in Salvador, BA, Brazil. APOL1 genotypes were determined by
DNA sequencing. The patients were followed for five years. Results: The proportion of
Interstitial Inflammation, tubulointerstitial fibrosis, global and/or segmental sclerosis and
tubular atrophy score was higher in patients with two APOL1 risk alleles (p<0.05 for each
of them). There was a progressive decline in the mean glomerular filtration rate between
patients with two risk alleles between the time of biopsy and after five years of follow-
up: (from 79 £ 51 mL/ min/1.73 m?to 22 + 13 mL / min/ 1.73 m?, p = 0.004), compared
to those with one (from 77 £ 41 mL /min/1.73 m?to 194 + 54 mL / min/ 1.73m?), p =
0.74 or none (from 74 +47 mL / min / 1.73 m? to 78 +45 mL / min / 1.73 m?, p = 0.45)
APOLL1 risk allele. Renal survival is significantly lower (69%) for individuals with two
APOL1 risk alleles compared with 94% and 91% between groups with one and without
APOL1 risk alleles, respectively, p = 0.024. The proportion of patients diagnosed with
FSGS who progressed to ESRD was significantly higher in individuals with two APOL1
risk alleles (33%) than those with a risk allele (0%) or with no risk alleles (3%), p = 0.04.
CONCLUSIONS: The progressive decline of the estimated glomerular filtration rate,
the frequency of ESRD and, consequently, lower renal survival were significantly higher

among patients with two APOL1 risk alleles.
Key words: Glomerular diseases, Biopsy, End-stage renal disease, apolipoprotein L1

gene
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Introduction

End-stage renal disease (ESRD) is one of the most important public health problems in
the world due to its prevalence, increasing incidence and high burden to the families and
public health systems (1). According to Brazilian Chronic Dialysis Survey, the number
of patients on renal replacement therapy increased from 91,314 in 2011 to 126,583 in
2017, corresponding to an annual growth of 6.4% over the last 6 years with an annual
lethality rate of 19.9. %. The treatment of end-stage renal disease consumes more than
5% of all resources spent by the Unified Health System (SUS) with medium and high
complexity treatment (2-4). The difference between the incidence of ESRD at a rate of
two to four times higher in the African descent population compared to the Caucasian
population has been the reason for several investigations on the determining factors of
this disparity (5-8). Although socioeconomic, clinical (higher blood pressure levels,
inadequate glycemic control) and lifestyle factors may partially explain this disparity,
recent studies have also shown that genetic makeup plays an important role (9-11).
Initially, the association between genetic mutation on chromosome 22 and non-diabetic
chronic kidney disease, as well as the association with focal segmental glomerulosclerosis
was identified in 2008 by two independent research groups (12,13) . Subsequent studies,
however, showed evidence of a significant association between chronic kidney disease in
people of African descent and the APOL1 gene (14). The APOL1 gene is located on
chromosome 22 and encodes the apolipoprotein L1. Apolipoprotein L1, a component of
circulating high-density lipoprotein, is synthesized in many organs including the kidney.
In normal human kidneys, the APOL1 protein is present in podocytes, proximal tubule
epithelial cells, and in the endothelium of extraglomerular arterioles and small arteries
(15,16).Two encoding alleles in APOL1, termed G1 and G2, are restricted to
chromosomes of African origin, and are located in the last exon of gene . The APOL1 G1
allele is comprised of two missense variants: rs73885319 (S342G) and rs60910145
(1384M), while the G2 allele variant presents a six—base pair deletion that removes two
amino acids (N388-Y389); both are found at elevated frequencies in people of African
ancestry (14,17). Homozygous (G1 / G1 or G2 / G2) or composite heterozygous (G1 /
G2) individuals are referred to as having a high-risk genotype for Chronic Kidney Disease
(CKD). These patients have an increased risk for a broad spectrum of glomerular diseases

including collapsing focal segmental glomerulosclerosis, HIVV-associated nephropathy,
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hypertension-attributed ESRD and non-diabetic ESRD compared to heterozygous
carriers (GOG1 or G0G2) and mutation-free individuals (GOGO) individuals (18-23).

In the present study, we analyzed the progression of kidney disease, the risk of ESRD and
renal survival in patients with or without APOLL1 risk variants for five years after renal

biopsy.
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Material and methods

Ethics statement: The present study was performed in accordance with the
recommendations established in directive 466/2012, issued by the Brazilian National
Health Council, and was approved by the Research Ethics Committee involving Human
Subjects of the Gongalo Moniz Institute (IGM-FIOCRUZ), protocol number 382.273.

The written informed consent form was obtained from all patients involved in the study.

Study design and population: A longitudinal study included 316 patients of both sexes
submitted to renal biopsy for glomerular disease diagnosis, in nephrology units of public
reference hospitals such as Ana Nery Hospital and Roberto Santos General Hospital in
Salvador, Bahia-Brazil, and biopsy samples were then analyzed at the Gongalo Moniz
Institute (IGM-FIOCRUZ). The patients were followed for five years.

Sample and data collection: A five milliliter sample of blood was collected from each
patient after explaining the project's objectives. Demographic, clinical and laboratorial
data were collected through interviews and the review of patient medical records. Skin
color was self-reported. Laboratory data and information on death and end stage of kidney
disease were collected six months, one year and five years after renal biopsy. Glomerular
filtration rates were estimated using the Cockcroft-Gault equation. Patients with

glomerular filtration rate < 10 mL/min/1.73 m? are kept on chronic dialysis.

Analysis of the apoll gene haplotypes by the polymerase chain reaction and DNA
sequencing by the Sanger method.

Genomic DNA was purified from peripheral blood samples, using reagents and materials
from the QlIAamp® DNA mini kit, following the manufacturer's instructions (Qiagen,
Hilden, GERMANY). The APOL1 region that contains the last exon and that carries the
G1 and G2 haplotypes was amplified by PCR and sequenced by the Sanger method. The
oligonucleotide primers used were APOL1 6del seq 5-ACCAACTCACACGAGGCATT
and APOL1 6del seq 5'-CTGCCAGGCATATCTCTCCT, as previously described by
(24). PCR products were purified with EXoSAP-IT reagent (ThemoFisher Scientific,
USA) according to the manufacturer's instructions. Sequencing was performed using 5°-
CACGAGGCATTGGGAAGGACATC and 5-AGGCATATCTCTCCTGGTGGCT
primers oligonucleotides on an ABI3100 automatic sequencer (Applied Biosystems,

Foster City, USA). APOL1 forward and reverse sequences were aligned using Genbank
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reference BC143038 and CLC Main Workbench v.8.0 software (Qiagen). The markers
rs73885319, rs60910145 and rs71785313 were analyzed.

Histopathological analysis of renal biopsies: Data on the analysis of kidney biopsies
were collected from the pathologist reports. These biopsies were fixed in alcholic-acid
formalin, embedded in paraffin and 2p-thick sections were stained with eosin, PAS,
Azan’s trichrome, and Jones' silver methenamine and analyzed by optical microscopy
using semiquantitative scoring for the different lesions. Activity and chronicity indices
were calculated according to the criteria of chronicity defined for Lupus Nephritis by
Bajema et al. (2018), and the nephropathies classification was carried out according to
the criteria defined by Churg et al. (1995) were used (25,26) .

To assess the markers of activity and chronicity between groups of patients with two
APOLL1 risk alleles (cases) and patients with one or without APOL1 risk alleles, we
selected 1 control with one and 2 controls without APOL1 risk alleles for each case. The
controls were paired by biopsy diagnosis, sex and age range within 2 years older or
younger than the age of the case. However we had to make a few changes: Three cases
with focal segmental glomerulosclerosis and one case with IgA Nephropathy had only
one or no control of the same sex. For these cases controls of the opposite sex were
selected. A 60-year-old case has a 43-year control without risk alleles. Controls were

drawn using the program ‘O Sorteador.com.br’

Statistical analysis: Statistical analyses were carried out using Stata/SE software
(StataCorp LP, College Station, TX, USA) version 13.1, and GraphPad Prism (GraphPad,
San Diego, CA, USA) version 6.01. Demographic, clinical and laboratory data were
expressed as absolute numbers and summarized as median and interquartile range, or as
frequency percentages where appropriate. The Kruskal-Wallis test or ANOVA test was
used to compare variables between groups where appropriate. Differences between
proportions were analyzed using the chi-square test or Fisher's exact test. For comparisons
of categorical variables within multiple groups with statistically significant differences,

Fisher's exact test was repeated to compare two groups. The independent contribution of
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APOL1 in ESRD was examined using multivariate logistic regression models and
adjusted for systemic arterial hypertension, diabetes mellitus, age and skin color. Kaplan-
Meier survival curve for APOL1 variants carriers and non-carriers in renal replacement
therapy was constructed and compared by a log-rank test. Frequencies of haplotypes GO,
G1 and G2, as well as the frequency of patients with no, one, or two APOL1 RAs, were
expressed as the percentage of the total number of patients genotyped. Genotyping
strategy was validated and published elsewhere (24). Results were considered to be

statistically significant when p < 0.05.
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Results

The total number of patients included in this study was 316. Among these patients, 78
were missed due to follow-up loss or impossibility of contacting the patient, with 238

remaining for kidney survival analysis.

Distribution of APOL1 genotypes and haplotypes in the participants: Allele
frequencies in patients were 22% for one APOLL risk allele and 5% for two APOLL1 risk
alleles. The frequency of G1 and G2 haplotypes was 9.6% and 6.5% respectively (Table
1).

Baseline characteristics of participant: Baseline characteristics of participant: The
general characteristics of the participants are summarized in Table 2. Patients with two
APOL1 risk alleles are apparently younger, (median and 1st, 3rd quartile, 26 [18 - 42]
years) compared to groups with a risk allele (median and 1st, 3rd quartile, 30 [21 - 36
years]) and zero risk allele (median and 1st, 3rd quartile, 33 [24 - 45] years), p = 0.08.
There was a predominance of females in group with one APOLL1 risk allele (66%) and
zero APOL1 risk allele group (62%). Hypertension was the most prevalent comorbidity
present in more than 50% in each group of participants. There were no statistically
significant differences in sex, socioeconomic status, arterial hypertension and diabetes
diagnosis between groups.

Distribution of glomerular diseases by Apoll risk alleles status: The most common
glomerular disease in patients with two risk alleles was FSGS with 50% compared to 20%
in the group with a risk allele and 18% in the group without a risk allele, p=0.0046. Table
3

Distribution of activity and chronicity markers among patients with two and one or
no APOL1 risk alleles: The proportion of patients with interstitial inflammation greater
than 25% was higher in the group with two risk alleles (61.5%) than in that with one risk
allele (15%) or no risk alleles (31%), p=0.04. Seventy-seven percent of the patients with
two risk alleles had a degree of tubular atrophy greater than 25% compared to 38.1% and
31% in the groups with one and no APOLL risk alleles respectively, p=0.02. The
proportion of global and/or segmental sclerosis was higher in the group of patients with
two risk alleles with a median of 50 [40-77]% compared to 22 [7-39]% in the group with
one risk allele and 18 [0-44] % or in those without risk allele, p = 0.03. More intense

tubulointerstitial fibrosis was also observed in patients with two risk alleles (median = 25
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[15-52]%), compared to groups with one risk allele (median = 15 [5-20]%) or without
risk allele (median = 5 [5-10]%), p = 0.008. The median chronicity index score was
significantly high in the group with two risk alleles (8 [6-12]), than in patients with one
risk allele (6 [3-10]) or in those with no risk allele (median = 4 [3-8]), p = 0.03.

Patient outcomes; six months, one year and five years after renal biopsy among
different APOLL1 risk allele status: These results are shown in table 5. The proportion
of patients with two APOLL1 risk alleles in renal replacement therapy was three times
higher (31%) than in those with one risk allele (6%) or zero risk allele (9%) groups, p =
0.024. The proportion of patients who died was not different between groups, with 8% of
patients with two APOL1 risk alleles, 2% with one APOLL1 risk alleles and 1% in the
group with zero APOL1 risk alleles, p=0.25.

Six months after biopsy, 27% of patients with two risk alleles had a 50% increase in
baseline creatinine compared to 6.5% and 6%, respectively, in the one-allele and zero-
risk allele groups, p = 0.026. After one year there was a non-significant trend of increasing
the proportion (30%) of patients with two risk alleles with a 50% increase in creatinine
value compared to the one-risk allele group (7%) or zero-risk allele (10%), p = 0.1. Five
years after the biopsy, 100% of patients with two risk alleles had creatinine increased by
50% compared to 13% of patients with one risk allele and 4% of zero-risk allele group, p
<0.0001. The proportion of patients with two risk alleles with the doubled creatinine value
after 5 years was 60% compared to 5% and 1% respectively in patients with one and zero
risk allele, p <0.0001.

One year after biopsy, median and1st, 3rd quartile creatinine in patients with two risk
alleles was 1.6 [1-2.2] mg / dL compared to 0.9 [0.7-1.1] mg / dL in patients with one
allele and 0.9 [0.7-1.4] mg / dL in those with zero-risk allele, p = 0.02. Five years after,
creatinine in patients with two APOLL1 risk alleles increased progressively with the
median of 2.5 [2.5-2.7] mg / dL compared to 0.9 [0.8-1.5] mg / dL in patients with one
risk allele and 0.8 [0.7-1.4] mg / dL in those with zero risk allele, p = 0.001.

The median of estimated glomerular filtration rate, one year after biopsy was lower in
patients with two APOL1 risk alleles (median = 42 [34-60] mL / min/ 1.73 m?) compared
to the other groups with median of 98 [73-124] mL / min/ 1.73 m? and 89 [58-125] mL /
min / 1.73 m? respectively in patients groups with one or zero APOL1 risk allele, p =

0.029. Five years after, the estimated glomerular filtration rate decreased progressively to
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26 [10-31] mL / min/ 1.73 m? in patients with two risk alleles while remaining stable in
the patients groups with one or zero APOL1 risk allele with a median of 101 [57-132] mL
/ min / 1.73 m? and 78 [42-109] mL / min / 1.73 m?, respectively, p = 0.003. Figure 1
shows the evolution of creatinine and the estimated glomerular filtration rate over the five
years of follow-up in the different groups. The creatinine mean increased from 1.4 £ 0.5
mg/dL at the time of biopsy to 3.8 £1.7 mg/dL, p = 0.01), compared to those with one
(from 1.7 £ 1.4 mg/dL to 1.2 £ 0.9 mg/dL), p = 0.43 or none (from 1.7 + 1.6 mg/dL to 1.5
+ 1.3 mg/dL, p = 0.41) APOL1 risk allele. The estimated glomerular filtration rate mean
decreased from 79 + 51 mL / min / 1.73 m? at the time of biopsy to 22 + 13 mL / min /
1.73 m?, p = 0.004), compared to those with one (from 77 + 41 mL / min / 1.73 m? to 94
+ 54mL / min / 1.73 m?), p = 0.74 or none (from 74 +47 mL / min/ 1.73 m? to 78 + 45
mL / min/1.73 m?, p = 0.45) APOL1 risk allele.

The hemoglobin rate after six months was lower in patients with two APOL1 risk alleles
(median =11.9 [11-14.5] g/ dL) compared to groups of patients with one allele (median
and 1st, 3rd quartile = 12.7 [11.7-15] g / dL) or zero risk allele (median = 12.4 [11-13] g
/ dL), p = 0.01. Total serum cholesterol levels were higher in patients with two risk alleles
(median: 320[281-470] mg/dL) than in those with one risk allele (205[173-299] mg / dL)
or zero APOL1 risk alleles (243[184-308] mg / dL), p <0.01.

Association between APOL1 risk alleles and ESRD: After a 5 year follow up, 31%
patients with two APOL1 risk alleles had ESRD compared to 6% of patients with one risk
allele and 9% of patients without APOLL1 risk allele (Odds Ratio = 4.8; 95% CI = 1.3-
17.1, p= 0.015) on unadjusted model. After adjusting for systemic arterial hypertension,
diabetes mellitus, age, and skin color, the association between APOLL risk alleles and
ESDR remains significant with increased of magnitude of the effect to an Odds Ratio =
5.5;95% Cl =1.4-21.3, p=0.01. (Table 6).

Kidney survival among patients with two and one or no APOLL risk alleles: Figure
2 shows the Kaplan-Meier kidney survival curves for ESRD. Overall kidney survival five
years after renal biopsy was 69% in patients with two APOLL1 risk alleles, 94% in the
group with one APOL1 risk alleles and 91% among patients without APOL1 risk alleles,
respectively p = 0.024.
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Influence of type of glomerular disease on end-stage renal disease, according to
APOLL1 risk alleles status: The proportion of patients diagnosed with FSGS who
progressed to ESRD was significantly higher in individuals with two APOLL1 risk alleles
(33%) than in those with one risk allele (0%) or no risk alleles (3%), p=0.02. Table 7.

Table 1. Frequencies of APOL1 genotypes, haplotypes and risk alleles related to CKD

risk
Cases (n=316)
Genotypes, haplotypes and number of CKD risk alleles | N (%)
G0/GO 230 (73)
G0/G1 42 (13)
G0/G2 28 (9%)
G1/G1 7 (2.2%)
G1/G2 6 (2%)
G2/G2 3 (1%)
G1 9.6%
G2 6.5%




Table 2. Baseline demographic and clinical characteristics of participant by APOLL1 risk alleles

Variable

Age in years, median (1st, 3rd quartile,)?
Female, n (%)°
Self-declared skin color, n (%)°
Black
Mixed-race
White
Education, n (%)®
None
Primary
Secondary
Some college or university degree
Postgraduate degree
Monthly income, n (%)®
No income
Up to 1 minimum wage

Up to 2 minimum wages

Zero risk allele

(n=229)
33 [24 - 45]
142/229 (62%)

71/226 (31%)
137/226 (61%)
18/226 (8%)

11/194 (6%)
63/194 (32%)
93/194 (48%)
26/194 (13%)

1/194 (1 %)

17/190 (9%)
130/190 (69%)
27/190 (14%)

One risk allele (n =

71)
30 [21 - 36]
47/71 (66%)

30/71 (42%)
38/71 (54%)
3/71 (4%)

2/61 (3%)
32/61 (52%)
20/61 (33%)
7161 (12%)

0/61 (0%)

8/60 (13%)
42/60 (70%)
8/60 (13%)

Two risk alleles (n

= 16)
26 [18 - 42]
8/16 (50%)

8/15 (53%)
7/15 (47%)
0/15 (0%)

0/13 (0%)
3/13 (23%)
9/13 (69%)
1/13 (8%)
0/13 (0%)

1/12 (8%)
8/12 (67%)
3/12 (25%)

p value

0.08
0.72
0.17

0.16

0.70
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Up to 3 minimum wages 14/190 (7%) 1/60 (2%) 0/12 (0%)
Above 3 minimum wages 2/190 (1%) 1/60 (2%) 0/12 (0%)
Clinical data:
Diabetes Mellitus, n (%)° 15/229 (7%) 6/71 (8%) 1/16 (6%)
Systemic Arterial Hypertension, n(%)® 144/229 (63%) 45/71 (63%) 10/16 (63%)
a: Chi-square test; b: Chi-square test
Table 3. Distribution of glomerular diseases by Apoll risk alleles statut
DIAGNOSIS APOL1 RISK ALLELES FOR CKD TOTAL
0 1 2
Lupus Nephritis 78 | (34%) 20 | (28%) 4 | (25%) 102 | (32%)
Focal and segmental glomerulosclerosis 40 | (18%) 14 | (20%) 8 | (50%) 62 | (20%)
IgA Nephropathy 13 | (6%) 0 | (0%) 11| (6%) 14 | (4%)
Other diseases 90 | (39%) 36 | (51%) 0 | (0%) 126 | (40%)
Inconclusive* 8 | (4%) 11| (1%) 3| (19%) 12 | (4%)
TOTAL 229 | (100%) 71 | (100%) 16 | (100%) 316 | (100%)

*:Insufficient material for diagnosis; Chi-square for trend P<0.0001 ODDS two APOL1 risk alleles 4.7(1.6-13.6) P=0.0046

0.8
0.9

124



Tabela 4. Distribution of activity and chronicity markers among patients with two and one or no APOL1 risk alleles

One risk allele median Two risk alleles median
[1st, 3rd quartile[ or % [1st, 3rd quartile[ or %

Zero risk allele median
[1st, 3rd quartile] or %

Activity and chronicity indices

(n=26) (n=13) (n=13)
Endocapillary hypercellularity?
<25% 20/26 (77%) 11/13 (85%) 10/13 (77%)
>25% 6/26 (23%) 2/13 (15%) 2313 (23%)

Neutrophils?
<25%
>25%

Hyaline deposits 2
<25%
>25%

Fibrinoid necrosis
<25%
>25%

Interstitial Inflammation?
<25%
>25%

Cellular and/or fibrocellular
crescents (%)
Activity index (score)®

19/26 (73%)
7126 (27%)

22126 (85%)
4126 (15%)

26/26 (100%)
0/26 (0%)

18/26 (69%)
8/26 (31%)

2[1-4]

11/13 (85%)
2/13 (15%)

11/13 (85%)
2/13 (15%)

13/13 (100%)
0/13 (0%)

11/13 (85%)
2/13 (15%)

1[0-2]

12/13 (92%)
1/13 (8%)

11/13 (85%)
2/13 (15%)

13/13 (100%)
0/13 (0%)

5/13 (38.5%)
8/13 (61.5%)

3[2-4]
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p value

0.84

0.33

0.9

0.04

0.07



Tubular atrophy?
<25%
>50%

Global and/or segmental

sclerosis (%)°

Fibrous crescents (%)°

Tubulointerstitial fibrosis (%6)°

Chronicity index (score)®
a:Chi-square test; b: Kruskal-Wallis test

18/26 (69%)
8/26 (31%)

18[0-44]

55&@
4[3-8]

8/13 (61.5%)
5/13 (38.5%)

22[7-39]

15[5-20]
6[3-10]

3/13 (23%)
10/13 (77%)

50[40-77]

25[1;3-52]
8[6-12]

126

0.02

0.03

0.008
0.03



Tabela 5: Patient outcomes after renal biopsy in different APOLL1 risk allele status.

Variable

Death @

RRT?

Creatinine®
1 50% in 6 months
1 100% in 6 months
1 50% in 12 months
1 100% in 12 months
1 50% in 5 years

1 100% in 5 years

Basal Creatinine (mg/dL)®

Creatinine 6 months (mg/dL)¢

Zero risk allele median (1st,
3" quartile) or % (n =228)

N*

158

175

156

156

152

151

74

74

210
170

Value
2 (1%)

16 (9%)

9 (6%)
3 (2%)
15 (10%)
3 (2%)
3 (4%)
1 (1%)

1.2[0.8-1.8]
0.9[0.7-1.3]

One risk allele median (1st,
3rd quartile) or % (n =70)

N*

48

50

46

46

41

41

23

23

63
53

Value
1 (2%)

3 (6%)

3 (6.5%)
1 (2%)
3 (7%)
0 (0%)
3 (13%)
1 (4%)

1.2[0.8-1.9]
0.9[0.7-1.3]

Two risk alleles (nmedian (1st,

3rd quartile) or % (n = 16)

N*

13

13

11

11

10

10

13
11

Value
1 (8%)

4 (31%)

3 (27%)
1 (9%)
3 (30%)
1 (10%)
5 (100%)
3 (60%)

1.5[1.2-1.8]
1.2 [1-2.4]
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p value

0.25

0.024

0.026
0.31
0.1
0.12
<0.0001

<0.0001

0.77
0.11



Creatinine 12 months (mg/dL)®
Creatinine 5 years (mg/dL)¢

Basal GFR (mL/min/1,73 m?)°

GFR 6 months (mL/min/1,73 m?)°
GFR 12 months (mL/min/1,73 m?)°
GFR 5 years (mL/min/1,73 m?)°
Basal 24-hour proteinuria (g/24h)°
24-hour proteinuria 6 months (g/24h)¢
24-hour proteinuria 12 months (g/24h)°
24-hour proteinuria 5 years (g/24h)¢
Basal hemoglobin (g/dL)®
Hemoglobin 6 months (g/dL)®
Hemoglobin 12 months (g/dL)®
Hemoglobin 5 years (g/dL)®

Basal hematocrit (%)°

Hematocrit 6 months (%)°

Hematocrit 12 months (%)°

171
91
145
126
137
69
166
118
124
68
206
158
159
82
178
137
137

0.9[0.7-1.4]
0.9[0.7-1.4]
66[40-102]
83[57 -119]
89[58-125]
78[42-109]
3.5[1.4-6.9]
1.2[0.3-3]
0.8[0.2-2.1]
0.7[0.2-2.4]
12[10-13.3]
12.4[11-13.3]
12.3[11-13.7]
13[11.6-14.5]
35[30-40]
37.5[33-40]
37[33-42]

49
25
40
40
37
18
48
39
36
19
60
49
47
27
47
40
42

0.9[0.7-1.1]
0.9[0.8-1.5]
67[42-111]
90[65-117]
98[73 -124]
101[57-132]
2.8[1.2-7.2]
1.2[0.3-3.6]
0.8[0.2-2]
0.9[0.2-1.2]
11.2[10-13]
12.7[11.7-15]
13[12-14]
12.5[11-14]
33[29-39]
38[34.5-43]
39[36-42]

11

10

4
12
9
9

1.6[1-2.2]
2.7[2.5-5]
64[41-95]
69[39-79]
42[34-60]
26[10-31]
4.4[2.2-11.7]
2.5[1.6-4.4]
1.6[1.1-7.7]
1.2[0.3-2.7]
12.5[12-14]
11.9[11-14.5]
12.5[12-13.7]
12.4[10.4-15]
37[32-41]
35.6[33-42]
36[34-41]
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0.02
0.001
0.84
0.32
0.029
0.003
0.32
0.22
0.09
0.74
0.49
0.01
0.10
0.97
0.48
0.12
0.17



Hematocrit 5 years (%)° 73
Basal total cholesterol (mg/dL)® 153
Total cholesterol 6 months (mg/dL)® 116

Total cholesterol 12 months (mg/dL)¢ 118

Total cholesterol 5 years (mg/dL)® 69
Basal albumina (g/dL)° 171
Albumin 6 months (g/dL)° 128
Albumin 12 months (g/dL)¢ 132
Albumin 5 years (g/dL)° 68

39[34-43]
243[184-308]
214[179-262]
190[157-243]
192[147-243]

3[2-3.6]
3.7[3.2-4]
3.8[3.3-4.2]
3.7[3.4-4.3]

17

37[33-40]
205[173-299]
235[173-337]
184[158-211]
169[141-213]

3.2[2-4]

3.6[3-4]
4[3.6-4.4]
3.8[3-4.4]

3
11

6
4

32[26-40]
320[281-470]
248[166-294]
254[173-282]
239[228-251]

2.5[1.7-3.4]
3.7[3-4]
3.4[3.3-4]
4.2[4-4.5]

RRT: Renal replacement therapy; GFR: Glomerular filtration rate; a:Chi-square test; b: ANOVA test; c:Kruskal-Wallis test.
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0.33
<0.01
0.78
0.20
0.21
0.19
0.50
0.12
0.14



Creatinine mean (mg/dL)
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Figure 1: This figure shows the mean of creatinine and the estimated rate of glomerular filtration during the follow-up period. A:
The creatinine mean increased from 1.4 £ 0.5 mg/dL at the time of biopsy to 3.8 £1.7 mg/dL, p = 0.01) in patients with APOL1
risk allele, compared to those with one (from 1.7 = 1.4 mg/dL to 1.2 £ 0.9 mg/dL), p = 0.43 or none (from 1.7 £ 1.6 mg/dL to 1.5
+ 1.3 mg/dL, p = 0.41) APOL1 risk allele. B: The estimated glomerular filtration rate mean decreased from 79 £ 51 mL / min /
1.73 m? at the time of biopsy to 22 +13 mL / min/ 1.73 m?, p = 0.004) in patients with APOL1 risk allele, compared to those with
one (from 77 41 mL / min/ 1.73 m? to 94 = 54mL / min/ 1.73 m?), p = 0.74 or none (from 74 +47 mL / min / 1.73 m? to 78 +45
mL / min/1.73 m? p = 0.45) APOL1 risk allele. eGFR: Estimated glomerular filtration rate.



Kidney survial

— Two risk alleles
One risk alleles
— Zero risk alleles

% free of ESRD
&
1

0 1 T 1 1T 1T 1T 1T T 1
0 &6 12 18 24 30 36 41 48 54 60

Months

Figure 2: Kaplan-Meier renal survival curves for ESRD among patients with two and one or no APOL1
risk alleles one renal replacement therapy. Overall kidney survival five years after renal biopsy was 69% in
patients with two APOL1 risk alleles, 94% in the group with one APOL1 risk alleles and 91% among
patients without APOLL risk alleles, respectively p = 0.024.
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Table 6. Multivariate analysis of ESRD and hemoglobin status adjusting for arterial hypertension, diabetes mellitus, age and skin color,

Model APOL1, Two versus Zero or P Value
One risk alleles
OR (95% CI)
ESRD
Unadjusted 4.8 (1.3-17.1) 0.01
Adjusted for arterial hypertension 4.6 (1.3-17) 0.02
Adjusted for arterial hypertension, diabetes mellitus, age and skin color 5.5(1.4-21.3) 0.01

ESRD: End-stage renal disease.



Table 7. Influence of type of glomerular disease on end-stage renal disease, according to APOL1 risk alleles status.
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DIAGNOSIS Two risk alleles (n= 13) One risk alleles (n= 50) Zero risk alleles (n= 175) p*
with ESRD | without ESRD | with ESRD | without ESRD | with ESRD without ESRD

Lupus Nephritis n(%) 0 (0%) 3 (100%) 2 (14%) 12 (86%) 7 (11%) 58 (89%) 0.89

Focal segmental glomerulosclerosis 2 (33%) 4 (67%) 0 (0%) 8 (100%) 1 (3%) 30 (97%) 0.02

n(%)

Other diseases n(%) 0 (0%) 1(100%) 1 (4%) 26 (96%) 8 (11%) 65 (89%)

Inconclusive* 2 1 0 1 0 6

Total 4 9 3 47 16 159

*: Chi-square test; ESRD: End-stage renal disease
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Discussion

The present study evaluated the progression of chronic kidney disease and the rates of
end stage renal disease among patients subjected to renal biopsies for diagnosis of

glomerular disease, with or without APOL1 risk variants in a five years study.

The decline in the glomerular filtration rate was more rapid among patients who had two
APOL1 risk alleles than among patients with one or no APOLL risk alleles, and
proportionally with increased creatinine value in these patients. The proportion of patients
with two risk alleles who had a 50% or 100% increase in creatinine value after six months
of biopsy up to five years is considerably higher than in groups with one or no risk allele.
In these same patients the progressive increase in creatinine after six months to five years
and the faster decline in the estimated glomerular filtration rate indicates that the high risk
genotype of APOL1 is associated with progression of end-stage renal disease in the study
population. Similar results were reported by Parsa and colleagues (2013) in black
American with chronic kidney disease attributed to hypertension were patients in the
APOL1 high-risk group had a more rapid decline in the eGFR among those with diabetes
and those without diabetes (21).

The risk of ESRD, defined as chronic dialysis was significantly higher among subjects
with two APOL1 risk alleles, with an Odd Ratio = 4.8 in the unadjusted model. This
degree of risk for ESRD is similar to that conferred by sickle cell trait (OR = 5.3) in the
cohort. This risk is higher than observed in studies conducted by Parsa and colleagues
(2013), in African American with chronic kidney disease attributed to hypertension with
two risk alleles that progressed to end-stage renal disease compared to those with lower
risk genotype, and Foster et al 2013 in African Americans who did not have CKD at
baseline (21,27).

In this cohort, arterial hypertension was significantly associated with ESRD with an Odd
Ratio = 3 in the unadjusted model. In the presence of other factors such as diabetes
mellitus, age, gender, skin color, education level and income that were not associated with
ESRD, hypertension has lost its effect while APOL1 remains significantly associated with
ESRD with an Odd Ratio = 8.9. In addition, we show that renal survival is significantly

lower for individuals carrying two APOL1 risk alleles.

The proportion of patients diagnosed with FSGS who progressed to ESRD was
significantly higher in individuals with two APOLL risk alleles. We also observed that
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50% (8/16) of patients with two APOL1 risk alleles submitted to renal biopsy have the
diagnosis of FSGS. These findings prove that APOL1 high-risk genotypes (G1G1, G1G2
or G2G2) confer a strong predisposition to the development of kidney disease and also
cause particularly aggressive renal disease phenotypes that can progress rapidly to
terminal stage. In a previous study conducted with the same participants, we observed
that chronicity markers such as global and/or segmental glomerulosclerosis, tubular
atrophy, and renal tubulointerstitial fibrosis were more intense in patients with APOL1

high-risk genotypes.

Other studies have shown that individuals with two risk alleles, in addition to having a
higher risk for FSGS and especially collapsing type, also have a higher risk for human
immunodeficiency virus-associated nephropathy, for faster progression of kidney disease
to end stage as hypertension-attributed ESRD and non-diabetic ESRD (18-23).

Despite the strong association between APOLL1 risk variants with CKD and ESRD, the
mechanisms by which these risk variants lead to kidney disease and accelerate their
progression to ESRD are not yet fully understood. Several mechanisms of cell damage
induced by APOL.1 risk variants have been suggested, among others, impaired podocyte
autophagy, impaired mitochondrial metabolism, and intracellular potassium depletion
and subsequent signaling via stress-activated protein kinases (28-31). In addition to these
mechanisms, there may be others by which APOL1 risk variants lead to reduced podocyte
density, which is a predisposing risk factor for glomerular disease, and ESRD due to total
cumulative podocyte loss, increased glomerular filtration volume and cellular stress
resulting from reduced podocyte density. Also, we show that patients with G1 or G2
homozygotes or compound heterozygotes (G1G2) are significantly younger. This result
is similar to what was reported in African Americans undergoing renal biopsy published
by Larsen and colleagues in 2015, in which patients with two APOL.L risk alleles were
younger than those who carried one or no risk alleles (32). In these patients APOL1 proves
to be a potential factor of progression because in addition to being younger than those
with one or no risk allele, it was observed in the histological analysis of these patients

that markers of renal chronicity are more intense.

Our study has limitations. The possibility of assessing potential interactions
between APOLL1 risk variants and other genes potentially contributors for renal disease

progression in Afrodescendent population was not feasible. For instance only one HbAS
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patient had two APOLL risk alleles and no HbAC patients had two risk alleles. In
Addition, we did not have data on genetic ancestry.

Conclusions

In summary, patients carrying two APOL1 risk alleles are at an increased risk of
progression faster to ESRD and the higher rates of ESRD. Two APOL1 risk allele is a
powerful contributor to risk for FSGS-associated ESRD. APOL1 status was not

significantly associated with death before a diagnosis of end-stage renal disease.
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6. DISCUSSAO

Esta tese apresenta trés estudos sequenciais relativos aos polimorfismos de genes presentes em
individuos afrodescendentes e que tém um papel na progressdo de doencas renais. A relagédo
entre os polimorfismos do gene APOL1 e progressdo de algumas doencas renais como GESF
esta agora bem sedimentado na literatura. Porém temos ainda muito pouco conhecimento sobre
a distribuicdo dos haplétipos desse gene no Brasil. O Brasil € um pais que difere dos demais
lugares onde o gene APOL1 tem sido estudado pela intensa miscigenacdo e variacdo em
composicao étnica nas diferentes regides do pais. N6s mostramos neste trabalho que o efeito
deletério, sobre doencas renais apresenta uma correspondéncia com o que se tem relatado na
literatura mundial, GESF emergindo como principal enfermidade renal afetada pela presenca
de haplétipos de risco do APOL1. No nosso estudo a presenca, apenas um alelo de risco do
APOL1, ndo correspondeu a um curso pior das doengas, como tem sido também relatado por
varios autores. Contudo, sdo preciso outros estudos com amostras mais substanciais para que
possamos examinar os efeitos da interacdo desses hapldtipos de risco isolados com outros genes

que também afetem negativamente o curso de doencas renais.

Em relacdo a HbS o nosso estudo traz informac@es que confirman a associacdo dessa variante
de hemoglobina com um curso mais severo de algumas enfermidades renais. Este assunto tem
sido motivo de controvérsia na literatura. Um artigo recém pubicado por Olaniram e
colaboradores (2019) apresentou resultados semelhantes aos apresentados aqui, sobre a redugéo
da taxa de filtracdo glomerular em pacientes com nefropatia e HbAS. Nosso trabalho avanca
em mostrar dados morfoldgicos sobre essa associacdo, 0s quais pretendemos aprofundar e um

artigo em fase de redacéo.

E interessante notar que tanto em pacientes com de dois alelos de risco de APOL1 ou com o
traco falciforme os marcadores de cronicidade do rim como glomeruloesclerose global e / ou
segmentar, fibrose tubulo-intersticial e atrofia tubular sdo os achados morfoldgicos diferenciais
mais relevantes. Os marcadores teciduais de atividade ndo foram diferentes dos grupos de

pacientes com hemoglobina ou APOL1 normais.

Adicionalmente, foi reportado que nos pacientes com HbAS, ha uma tendéncia de maior
prevaléncia da NL. N&o se sabe a incidéncia da NL em pacientes com doencas falciformes
porque a maioria dos estudos publicados séo relatos de casos. A semelhanca nas manifestacoes

clinicas e dados laboratoriais entre o IUpus eritematoso sistémico e a doenga falciforme pode
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dificultar e atrasar o diagndstico de lipus nos pacientes com coexisténcia dos dois (MAAMAR
etal., 2012; MINOCHA; RANA, 2013; ROBAZZI et al., 2015). Assim, o atraso no diagnostico
e no tratamento adequado pode levar a disfuncdo renal conhecida como NL que é uma das
complicacBes mais comuns e graves nos pacientes portadores de IUpus eritematoso sistémico.
A NL foi a nefropatia mais comum. Essa observacéo se explica pelo fato que a NL é uma doenca
que afeta predominantemente o sexo feminino e nesse trabalho a proporcéo de mulheres (62%)
€ mais alta do que os homens e dentro dos 109 casos identificados como NL, 96 (88%) eram
mulheres com 10 vezes mais chances, p < 0,0001. Um trabalho realizado na Bahia por dos-
Santos e colaboradores (2017) evidenciou uma tendéncia de queda na prevaléncia da GESF e
de aumento dos casos de NL (DOS-SANTOS et al., 2017). Outros trabalhos realizados por
Crensiglova e colaboradores em 2015 em uma regido sul do Brasil e Costa et colaboradores
em 2017 em Pernambuco mostraram a predominancia da NL na amostra estudada (COSTA et
al., 2017; CRENSIGLOVA et al., 2016). Nestes trabalhos com a NL como diagnostico

principal, o sexo feminino é mais prevalente

A elevada prevaléncia de sindrome nefrética como a principal indicacdo de bidpsia renal nos
pacientes corrobora com a distribuicdo das nefropatias observada neste trabalho (COSTA et al.,
2017; CRENSIGLOVA et al., 2016; DOS-SANTOS et al., 2017; FERRAZ et al., 2010;
MAZZUCHI et al., 2005; OKPECHI et al., 2016).

No secundo manuscrito foi avaliada e discutida a associagdo do trago falciforme com a
progressao das doencas glomerulares e a sobrevida renal. Também foi observada que a
proporcéao dos pacientes com a taxa de filtracdo glomerular estimada inferior a 60 mL/min/1,73
m? foi maior nos portadores de HbAS em comparagio aos do grupo HbAA, p=0,01. A mesma
observacao foi feita nos pacientes portadores de hipertensao arteial, p=0,007.

Os pacientes portadores de HbAC, apesar de apresentar uma proporcdo de atrofia
tubular, mas intensa do que pacientes com hemoglobina AA, ndo foi observada um risco maior
de DRET nem a diminuigdo da sobrevida dos rins nesses pacientes. Estudos realizados por
Derebail et al (2010) e Alladagbin et al (2018) evidenciaram uma frequéncia significativamente
maior do traco C da hemoglobina nos pacientes em hemodidlise do que na populagdo geral
(ALLADAGBIN et al., 2018; DEREBAIL et al., 2010). No presente estudo os pacientes foram
acompanhados durante um periodo de cinco anos e talvez esse tempo fosse menor e é necessario

estender o periodo de acompanhamento para investigar se realmente a HbAC contribui para a
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progressdo da doenca renal em pacientes com doencas glomerulares desde que as lesdes renais

nos portadores da HbAC sdo menos comuns e ocorrem mais tardiamente.
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7 CONCLUSOES

1. A idade de diagndstico da doenca renal nos pacientes com o gendtipo de alto risco do

APOL1 é menor que nos pacientes com um ou sem alelo de risco;

2. Pacientes com gendtipo de alto risco do APOL1 desenvolvem uma forma mais grave da
glomeruloesclerose segmentar e focal com evidéncias histologicas de prognostico pior

e progressao mais rapida para estagio terminal da doenga;

3. O gendtipo de alto risco do APOL1 esta fortemente associado com o declinio
progressivo e mais rapido da taxa estimada de filtracdo glomerular, bem com a taxa

mais alta de doenca renal em estagio terminal;

4. A concentracdo sérica do colesterol total é mais alta no grupo dos pacientes com
gendtipo de alto risco, entretanto, o risco de doencas cardiovasculares ndo foi avaliado

no presente estudo;

5. Os pacientes com HbAS apresentam atrofia tubular mais intensa que os pacientes com

gendtipo normal,

6. HDbAS esta associado com o declinio mais rapido da taxa de filtragdo glomerular, o risco
aumentado de doenca renal em estagio terminal e a menor sobrevida renal em

comparacdo a HbAA;

7. As frequéncias do haplotipo G1 de APOL1, HbAS e HbAC ndo diferem entre 0s

pacientes submetidos a biopsia renal e a populacédo geral.
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APENDICES

RESULTADOS COMPLEMENTARES

A tabela 1 apresenta a frequéncia das nefropatias nos grupos HbAA, HbAS e HbAC e foi
observada ligeira predominancia da nefrite lupica (57,14%) nos pacientes portadores de HbAS.
Odds Ratio = 2,8 (95% CI = 0,9-8,2); p=0,05.

Na tabela 2, observamos que 61,54% dos pacientes com alelos de alto risco (dois alelos de
risco) tém o diagndéstico de glomeruloesclerose segmentar e focal em comparacdo a 18,55%
dos pacientes com alelo de baixo risco (um ou nenhum alelo de risco) de APOL1. Odds Ratio
=7 (95% CI = 2,2-22,3); p= 0,0006.
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Table 1. Distribution of nephropathies eases by statut hemoglobin variants

Nephropathy Diagnosis HbAA (%) HbAS (%) | HbAC (%) | OR (95% CI) | P Value
HbAS versus
HbAA
Lupus nephritis 97 (32.44) 8(57.14) | 4(33.33) 2.8(0.9-82) [0.05
Focal segmental glomerulosclerosis 63 (21.07) 1 (7.14) 2 (16.67) NS
Membranous glomerulonephritis 33 (11.04) 1(7.14) 2 (16.67) NS
Minimal change disease 18 (6.02) 1(7.14) 0 (00) NS
Minor glomerular changes 15 (5.02) 1(7.14) 0 (00) NS
IgA Nephropathy 14 (4.68) 0 (00) 0 (00) NS
Membranoproliferative glomerulonephritis | 10 (3.34) 0 (00) 0 (00) NS
Crescentic glomerulonephritis 9 (3.01) 0 (00) 0 (00) NS
Mesangial proliferative glomerulonephritis 5(1.67) 0 (00) 0 (00) NS
Alport syndrome 5(1.67) 0 (00) 0 (00) NS
Diffuse proliferative glomerulonephritis 4 (1.34) 0 (00) 1(8.33) NS
Focal and segmental glomerulonephritis 3 (1.00) 0 (00) 1(8.33) NS
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Sclerosing glomerulonephritis 2 (0.67) 0 (00) 00 (00) NS
Others 21 (7.02) 2 (14.29) 2 (16.67) NS
NS: not significant
Table 2. Distribution of nephropathies by statut Apol1 risk allele
Histopathology Diagnosis 0 risk allele (%) | 1 risk allele (%) | 2 risk alleles (%) | OR (95% CI) P Value
2 versus 0 and
1 risk alleles
Lupus nephritis 78 (35.14) 20 (28.99) 4 (30.77)
Focal segmental glomerulosclerosis 40 (18.02) 14 (20.29) 8 (61.54) 7 (2.2-22.3) 0.0006
Membranous glomerulonephritis 22 (09.91) 11 (15.94) 0 (00) NS
Minimal change disease 13 (5.86) 4 (5.80) 0 (00) NS
IgA Nephropathy 13 (5.86) 0 (00) 1(7.69) NS
Minor glomerular changes 11 (4.95) 4 (5.80) 0 (00) NS
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Membranoproliferative 7 (3.15) 2 (2.90) 0 (00) NS
glomerulonephritis

Crescentic glomerulonephritis 6 (2.70) 3(4.35) 0 (00) NS
Diffuse proliferative glomerulonephritis 3(1.35) 1(1.45) 0 (00) NS
Focal and segmental glomerulonephritis 3(1.35) 1(1.45) 0 (00) NS
Sclerosing glomerulonephritis 2 (0.90) 0 (00) 0 (00) NS
Mesangial proliferative glomerulonephritis 2 (0.90) 2 (2.90) 0 (00) NS
Alport syndrome 2 (0.90) 3 (4.35) 0 (00) NS
Others 20 (9.01) 4 (5.80) 0 (00) NS

NS: not significant
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TERMOS DE CONSENTIMENTO E DE ASSENTIMENTO

Ministério da Saude

FIOCRUZ

Fundagédo Oswaldo Cruz
Instituto Gongalo Maoniz

Termo de Consentimento Livre e Esclarecido (PACIENTES MAIORES DE IDADE
Prezado (a) Senhor (a)

Vocé esta sendo convidado para participar de um estudo sobre altera¢fes do funcionamento dos
rins. O nome do estudo ¢ “TRACO FALCIFORME COMO POTENCIAL DETERMINANTE
DA PROGRESSAO DE DOENCAS RENAIS NA BAHIA”. Isso quer dizer que nds queremos
ver se as pessoas que tém um problema nas células vermelhas do sangue pioram da doenca renal.
Essa alteracdo é que € chamada de trago falciforme ou traco da hemoglobina C, porque as pessoas
que tem esse problema, apesar de poder viver uma vida saldavel, quando tem desidratacdo ou
alguma inflamacdo, as células do sangue podem ficar com o formato de uma foice, tendo
dificuldade de caminhar nos vasos sanguineos. Queremos ver se isso afeta o curso da doenca
renal. Queremos também investigar se vocé tem algumas mutacdes nos genes de apolipoproteina
(APOL1) e da cadeia pesada da miosina ndo-muscular (MYH9) para ver se essas mutacdes
afetam o curso da doenca renal. O motivo de estarmos Ihe convidando para o estudo € que, por
indicacdo do seu médico assistente, vocé vai fazer ou ja fez a bidpsia renal, para o esclarecimento
do diagnostico de sua doenca. Durante este estudo nds analisaremos a histéria de sua doenca
olhando para detalhes como idade, sexo, qual o diagndstico na bidpsia renal, a presenca de
Sindrome Nefrotica (que € o surgimento de inchaco com perda de muita proteina na urina), 0s
exames realizados antes da bidpsia e revisaremos as laminas de sua bidpsia e examinaremos se
voceé tem o traco falciforme ou traco da hemoglobina C. Além disso, serdo avaliados marcadores
Informativos de Ancestralidade para confirmar a sua autodeclaracdo em relacdo a cor de pele e
saber mais sobre as suas origens ancestrais. Para isso, vocé sera solicitado a doar 5 ml (mais ou
menos 1 colher de sopa) de sangue que sera retirado da veia do brago, antebraco ou méo, onde
for mais adequado. A coleta dessa quantidade de sangue, como vocé sabe, geralmente néo traz
problemas; ha apenas o inconveniente da dor da puncgéo e, raramente a formacdo de pequeno
hematoma no local. O estudo ndo implicara em mudanga na conduta do seu médico e nem vai
interferir no seu diagnostico ou no seu tratamento. O estudo devera, contudo, alertar os médicos

para a presenca de trago falciforme ou tragco da hemoglobina C em quem tiver, com beneficio



169

para pessoa e também, caso fique comprovado de que isso afeta o curso da doenca renal, ajudara
os médicos a modificar o tratamento dessas pessoas levando em conta a alteracdo. Vocé néo tera
nenhum custo para participar deste estudo, nem recebera qualquer vantagem financeira. No
entanto, caso haja qualquer despesa decorrente da sua participacdo na pesquisa, havera

ressarcimento, tais como transporte e alimentacéo

Todos os dados colhidos serdo mantidos em sigilo e em nenhum momento seu nome sera exposto
em decorréncia do estudo. Caso vocé ndo concorde em participar deste estudo, vocé nédo tera
qualquer prejuizo por causa disso e continuara tendo 0 mesmo acompanhamento e tratamento.
Ap6s a realizagdo dos exames descritos no projeto, as amostras serdo autoclavadas e
posteriormente descartadas conforme a resolucdo CNS 441/2011. Esse termo é feito em duas vias
e uma delas sera entregue a vocé se aceitar participar. Caso vocé queira ter outras informacdes
sobre o estudo, vocé pode perguntar agora ou, se as questdes surgirem no futuro entre em contato
com o pesquisador responséavel no endereco abaixo. Em caso de duvidas sobre os aspectos éticos,

o (a) senhor (a) podera procurar o Comité de Etica e Pesquisa nos contatos abaixo:

Aceito Participar do estudo Digital

ASSINATURA:

NOME

DATA

Dr Washington Luis Conrado dos Santos — Centro de Pesquisa Gongalo Moniz — FIOCRUZ/BA
Rua Waldemar Falcéo, 121, Candeal - Salvador/BA CEP: 40296-710

Telefone (071) 31762262 / Fax: (071) 31762326.

Comité de Etica e Pesquisa - Instituto Gongalo Moniz — FIOCRUZ/BA

Rua Waldemar Falcéo, 121, Candeal - Salvador/BA  CEP: 40296-710

Telefone/Fax 71 31762285
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Ministério da Saude

FIOCRUZ

Fundagéo Oswaldo Cruz
Instituto Gongalo Moniz

Termo de Assentimento Livre e Esclarecido (PACIENTES MENORES DE IDADE
Prezado (a) Senhor (a)

Vocé estd sendo convidado (a) como voluntério (a) para participar de um estudo sobre
alteracdes do funcionamento dos rins. O nome do estudo é “TRACO FALCIFORME COMO
POTENCIAL DETERMINANTE DA PROGRESSAO DE DOENCAS RENAIS NA
BAHIA”. Isso quer dizer que nds queremos ver se as pessoas que tém um problema nas células
vermelhas do sangue pioram da doenca renal. Essa alteracdo é que é chamada de traco
falciforme ou trago da hemoglobina C, porque as pessoas que tem esse problema, apesar de
poder viver uma vida saudavel, quando tem desidratacdo ou alguma inflamacéo, as células do
sangue podem ficar com o formato de uma foice, tendo dificuldade de caminhar nos vasos
sanguineos. Queremos ver se isso afeta o curso da doenca renal. Queremos também investigar
se vocé tem algumas mutacdes nos genes de apolipoproteina (APOL1) e da cadeia pesada da
miosina ndo-muscular (MYH9) para ver se essas mutacdes afetam o curso da doenca renal. O
motivo de estarmos Ihe convidando para o estudo € que, por indicacdo do seu médico assistente,
voceé vai fazer ou ja fez a bidpsia renal, para o esclarecimento do diagnéstico de sua doenca.
Durante este estudo nés analisaremos a historia de sua doenga olhando para detalhes como
idade, sexo, qual o diagndstico na bidpsia renal, a presenca de Sindrome Nefrotica (que € o
surgimento de inchaco com perda de muita proteina na urina), os exames realizados antes da
bidpsia e revisaremos as laminas de sua bidpsia e examinaremos se vocé tem o traco falciforme
ou traco da hemoglobina C. Além disso, serdo avaliados marcadores Informativos de
Ancestralidade para confirmar a sua autodeclaragdo em relacdo a cor de pele e saber mais sobre
as suas origens ancestrais. Para isso, vocé sera solicitado a doar 5 ml (mais ou menos 1 colher
de sopa) de sangue que serd retirado da veia do brago, antebragco ou mdo, onde for mais
adequado. A coleta dessa quantidade de sangue, como vocé sabe, geralmente ndo traz
problemas; ha apenas o inconveniente da dor da puncéo e, raramente a formacao de pequeno
hematoma (manchas de acimulo de sangue na pele) no local. O estudo ndo implicard em
mudanca na conduta do seu médico e nem vai interferir no seu diagnostico ou no seu tratamento.

O estudo deverd, contudo, alertar os médicos para a presenca de traco falciforme ou traco da
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hemoglobina C em quem tiver, com beneficio para pessoa e também, caso fique comprovado
de que isso afeta 0 curso da doenca renal, ajudaréd os médicos a modificar o tratamento dessas
pessoas levando em conta a alteracdo. Para participar deste estudo, o responsavel por vocé
deverd autorizar e assinar um termo de consentimento. VVocé ndo terd nenhum custo para
participar deste estudo, nem recebera qualquer vantagem financeira. No entanto, caso haja
qualquer despesa decorrente da sua participacdo na pesquisa, havera ressarcimento, tais como

transporte e alimentacao.

Vocé serd esclarecido (a) sobre o estudo em qualquer aspecto que desejar e estara livre para
participar ou recusar-se participar. O responsavel por vocé podera retirar o consentimento ou
interromper a sua participacdo a qualquer momento. A sua participacao é voluntaria e a recusa
em participar nao tera qualquer penalidade por causa disso e continuard tendo o mesmo
acompanhamento e tratamento. Todos os dados colhidos serdo mantidos em sigilo e em nenhum
momento seu nome serd exposto em decorréncia do estudo. Apos a realizacdo dos exames
descritos no projeto, as amostras serdo autoclavadas e posteriormente descartadas conforme a
resolucdo CNS 441/2011. Esse termo de assentimento é feito em duas vias e uma delas sera
entregue a voceé se aceitar participar. Caso vocé queira ter outras informagdes sobre o estudo,
VOCé pode perguntar agora ou, se as questdes surgirem no futuro entre em contato com o
pesquisador responsavel no endereco abaixo. Em caso de duvidas sobre os aspectos éticos, o

(a) senhor (a) podera procurar o Comité de Etica e Pesquisa nos contatos abaixo:

Aceito Participar do estudo Digital

NOME E ASSINATURA DO MENOR:

NOME E ASSINATURA DO RESPONSAVEL LEGAL:

Dr Washington Luis Conrado dos Santos — Centro de Pesquisa Gongalo Moniz — FIOCRUZ/BA
Rua Waldemar Falcdo, 121, Candeal - Salvador/BA CEP: 40296-710
Telefone (071) 31762262 / Fax: (071) 31762326.

Comité de Etica e Pesquisa - Instituto Gongalo Moniz — FIOCRUZ/BA
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Rua Waldemar Falcdo, 121, Candeal - Salvador/BA  CEP: 40296-710

Telefone/Fax 71 31762285

Ministério da Saude

FIOCRUZ

Fundagio Oswaldo Cruz
Instituto Gongalo Maoniz

Termo de Consentimento Livre e Esclarecido ao responsavel legal do menor de idade

Prezado (a) Senhor (a)

O menor de idade pelo qual o (a) senhor (a) € responsavel legal esta sendo convidado
(a) a participar da pesquisa “TRACO FALCIFORME COMO POTENCIAL
DETERMINANTE DA PROGRESSAO DE DOENCAS RENAIS NA BAHIA”.

Os objetivos deste estudo consistem em investigar se 0 menor pelo qual o (a) senhor (a)
é responsavel tem alguma mutacdo genética (genes da hemoglobina, APOL1 e MYH9) e se essas
mutacdes afetam o curso da doenca renal. O motivo de estarmos convidando ele (a) para o estudo
é que, por indicacdo do médico assistente, ele (a) vai fazer ou ja fez a bidpsia renal, para o
esclarecimento do diagndstico da doenca. Durante este estudo nés analisaremos a histéria de
doenca dele olhando para detalhes como idade, sexo, qual o diagnéstico na bidpsia renal, a
presenca de Sindrome Nefrotica (que € o surgimento de inchagco com perda de muita proteina na
urina), os exames realizados antes da bidpsia e revisaremos as laminas da bidpsia. Além disso,
serdo avaliados marcadores Informativos de Ancestralidade para confirmar a autodeclaracéo que
ele (a) fez em relacdo a cor de pele e saber mais sobre as origens ancestrais dele (a). Caso vocé
autoriza a participacdo dele (a), ele (a) seré solicitado (a) a doar 5 ml (mais ou menos 1 colher de
sopa) de sangue que sera retirado da veia do brago, antebrago ou mao, onde for mais adequado.
A coleta dessa quantidade de sangue, como vocé sabe, geralmente ndo traz problemas; ha apenas
0 inconveniente da dor da puncéo e, raramente a formacgéo de pequeno hematoma (manchas de
acumulo de sangue na pele) no local. O estudo ndo implicard em mudanca na conduta do médico
dele (a) e nem vai interferir no diagnostico ou no tratamento dele (a). O estudo devera, contudo,

alertar os medicos para a presenca dessas mutagdes em quem tiver, com beneficio para pessoa e
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também, caso fique comprovado de que isso afeta o curso da doenca renal, ajudard os médicos a
modificar o tratamento dessas pessoas levando em conta a mutagdo. Ele (a) ndo terd nenhum
custo para participar deste estudo, nem recebera qualquer vantagem financeira. No entanto, caso
haja qualquer despesa decorrente da participacdo na pesquisa, havera ressarcimento, tais como

transporte e alimentacéo.

Vocé sera esclarecido (a) sobre o estudo em qualquer aspecto que desejar e estara livre para
aceitar ou recursar a participacao dele (a). Vocé podera retirar o consentimento ou interromper
a participacédo dele (a) a qualquer momento. A sua autorizacdo é voluntéria e a recusa ndo tera
qualquer penalidade por causa disso e ele (a) continuara tendo o mesmo acompanhamento e
tratamento. Todos os dados colhidos serdo mantidos em sigilo e em nenhum momento o nome
dele (a) sera exposto em decorréncia do estudo. Apos a realizacdo dos exames descritos no
projeto, as amostras serdo autoclavadas e posteriormente descartadas conforme a resolugéo
CNS 441/2011. Esse termo de consentimento é feito em duas vias e uma delas sera entregue
a vocé se autorizar a participacdo. Caso vocé queira ter outras informacgdes sobre o estudo,
vocé pode perguntar agora ou, se as questes surgirem no futuro entre em contato com o
pesquisador responsavel no endereco abaixo. Em caso de dividas sobre 0s aspectos éticos, 0
(a) senhor (a) podera procurar o Comité de Etica e Pesquisa nos contatos abaixo:

Pesquisador principal do estudo: Dr Washington Luis Conrado dos Santos — Centro de
Pesquisa Gongalo Moniz — FIOCRUZ/BA
Rua Waldemar Falcdo, 121, Candeal - Salvador/BA CEP: 40296-710

Telefone (071) 31762262 / Fax: (071) 31762326.

Comité de Etica e Pesquisa - Instituto Gongalo Moniz — FIOCRUZ/BA

Rua Waldemar Falcdo, 121, Candeal - Salvador/BA CEP: 40296-710

Telefone/Fax 71 31762285.
Eu, , abaixo assinado, concordo com
a participacdo de (nome do menor) pelo

qual sou responsavel legal no presente estudo como participante. O pesquisador me informou

sobre tudo o que vai acontecer na pesquisa, 0 que ele(a) devera fazer, inclusive sobre os
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possiveis riscos e beneficios envolvidos na participacao dele(a). O pesquisador me garantiu que
ele(a) poderé sair da pesquisa a qualquer momento e que eu poderei retirar meu consentimento,
sem que tenhamos que dar alguma explicacdo, e que esta decisdo ndo nos trard nenhum tipo de

penalidade ou interrupcdo de qualquer tratamento ou atendimento.

Assinatura do responsavel legal



QUESTIONARIOS

Ficha de coleta 1

RIMFAL - ASSOCIACAO ENTRE VARIANTES DE RISCO DO GENE APOL1E
HEMOGLOBINAS VARIANTES COM PROGRESSAO DAS DOENCAS

GLOMERULARES NA BAHIA

Numero no banco de dados (Num Banco):
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Identificacédo e Dados pessoais

QO01. Nome:
QO02. Idade: anos  QO03. Data de nascimento: / /
QO04. Sexo: [ ]1. Masc. [ ]12. Fem.
QO5. Cor da pele: [ 11.Branca [ ]2.Parda [ ]3.Negra [ 19.5/
informacéo
QO06. Nivel de escolaridade:
QO07. Renda familiar (nimero de salario):
QO08: Procedéncia:
QO09. End:
Q10: Tel.:
Dados Clinicos
Q11. PA sistolica (PAS): mmHg Q12. PA diastolica (PAD):
mmHg
Q13. Peso: Kg Q14. Altura: cm

Q15. Diagnostico de Diabetes (DM): [ ]11.Sim. [ ]2.Néao [ 19.S/informacéo

Q16. Diagnostico de HAS (HAS): [ ]1.Sim. [ ]2.Néao [ 19.S/informacéao
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Q17. Sindromes clinicas:

Q18. Leucograma:

Q19. Hematocrito:

Q21. Albumina:
Q23.Colesterol total:

Q25. Proteinuria 24h:

Q27. Data de biopsia:

Dados Laboratoriais

Q30. Diagnostico:

mg/dL Neut: Linf:
% Q20. Hemoglobina: g/d
g/dL Q22. Creatinina: mg/dL
mg/dL Q24. Ureia): mg/dL
g Q26. HIV:
Dados anatomopatologicos
/ / Q28: N° de biopsia:

Q31. % de Fibrose:

Q33. % de crescente fibrosa:

Q35. Indice de cronicidade:

Q32. % de esclerose global e segmentar:

Q34. Escore da atrofia tubular:
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Ficha de coleta 2
RIMFAL — ASSOCIACAO ENTRE VARIANTES DE RISCO DO GENE APOL1 E
HEMOGLOBINAS VARIANTES COM PROGRESSAO DAS DOENCAS

GLOMERULARES NA BAHIA

Numero no banco de dados (Num Banco):

Dados de acompanhamento

QO01. Nome:

Q02. Data de biopsia: / /

QO03.Obito: [ ]1.Sim. [ ]2.Ndo [ ]9.S/informacéo

QO04. Terapia renal substitutiva[ ]1.Sim. [ 12.Nao [ ]9.S/informacao

QO05. Creatinina basal: mg/dL

QO06. Creatinina 6 meses: mg/dL

Q07. 1Cr>50% em 6 meses: [ ]1.Sim. [ 12.Néo [ 19.S/informacédo
Q08. 1Cr>100% em 6 meses: [ ]1.Sim. [ ]2.N&o [ 19.S/informagéo
Q9. Creatinina 12 meses: mg/dL

Q10. 1Cr>50% em 12 meses: [ ]1.Sim. [ 12.Néo [ 19.S/informacédo
Q11. 1Cr>100% em 12 meses: [ ]1.Sim. [ ]2.Nao [ 19.S/informacéao
Q12.Creatinina 5 anos: mg/dL

Q13. 1Cr>50% em S anos: [ ]1.Sim. [ ]12.Nao [ 19.S/informacéo
Q14.1Cr>100% em 5 anos: [ ]1.Sim. [ ]12. Nao [ 19.S/informacéao

Q15. Taxa de filtragao glomerular basal: mL / min /1,73 m?
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Q16.
Q17.
Q18.

Q19.
Q20.

Q21.
Q22.

Q23.
Q24.
Q25.
Q26.

Q27.
Q28.

Q29.
Q30.

Q31.
Q32.

Q33.
Q34.

Q35.
Q36.
Q37.
Q38.

Taxa de filtracao glomerular 6 meses:
Taxa de filtragdo glomerular 12 meses:

Taxa de filtracdo glomerular 5 anos:

ProteinUria 24h basal:
ProteinUria 24h 6 meses:

ProteinUria 24h 12 meses:

ProteinUria 24h 5 anos:

Hemoglobina basal:
Hemoglobina 6 meses:
Hemoglobina 12 meses:
Hemoglobina 5 anos:

Hematécrito basal:
Hematodcrito 6 meses:
Hematodcrito 12 meses:

Hematécrito 5 anos:

Colesterol basal:
Colesterol 6 meses:
Colesterol 12 meses:

Colesterol 5 anos:

Albumina basal:
Albumina 6 meses:
Albumina 12 meses:

Albumina 5 anos:

mL / min /1,73 m?2

mL / min/ 1,73 m?2

g/d
g/d
g/d
g/d

%
%

%

%

mg/dL
mg/dL
mg/dL
mg/dL

g/dL
g/dL
g/dL
g/dL

mL / min /1,73 m?




