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Resumo

Introducdo: A doenca de Gaucher (DG) e os disturbios congénitos da glicosilacdo (DCGs)
sdo erros inatos do metabolismo que apresentam fendtipo amplo e varidvel. Ainda pouco
elucidado tanto na DG quanto nos DCGs, € o conjunto das manifestacdes patofisioldgicas
de origem no tecido hepatico — o fenotipo hepatico. Objetivos: 1) descrever e analisar o
fendtipo hepético da DG; 2) descrever e analisar o aspecto clinico do fendtipo hepético dos
DCGs. Métodos: Para o objetivo 1), foram realizadas as seguintes etapas: 1) descrigdo e
analise do fendtipo hepatico da DG a nivel clinico em um estudo de coorte com coleta de
dados clinicos, laboratoriais, imaginologicos, histologicos e genético-moleculares; 2)
descricdo e analise quantitativa o fenotipo hepético da DG a nivel histoldgico, com
desenvolvimento de um novo método de analise computadorizada (histomorfometria) de
nucleos hepatocelulares e canaliculos biliares em bidpsias hepaticas; 3) investigacdo de
fatores de modificacdo do fenotipo da DG, com sequenciamento de nova geracao de genes
candidatos, com correlacdo dos achados moleculares com achados clinicos (estudo de
segregacado de variantes com fendtipo) e dados populacionais (teste de carga), utilizando-se
as bases de dados populacionais gnomAD e ABraOM,; 4) investigacdo da prevaléncia de
fibrose hepética na DG, e de métodos ndo-invasivos de baixo custo para a sua deteccao,
através da realizacdo de elastografia transitoria hepatica (ETH) e o calculo dos escores APRI
FIB-4 e NFS; para o objetivo 2) foi realizado um estudo de coorte de pacientes com DCG,
com obtencdo de dados clinicos, laboratoriais, imaginoldgicos, histoldgicos e genético-
moleculares. Resultados: Objetivo 1), etapa 1) foram incluidos 42 pacientes no estudo de
coorte de DG. Foram encontrados: alta prevaléncia de alteracdes em marcadores de dano
hepatocelular e biliar antes e durante o tratamento; aumento significativo da prevaléncia de
esteatose apos inicio do tratamento com terapia de reposi¢cdo enzimética (TRE); indicios de
hemossiderose, colestase canalicular, e fibrose hepatica em uma proporcéo alta de pacientes
investigados para tal; e presenca de esteato-hepatite em 2 pacientes, 0 que ndo havia sido
relatado anteriormente em associacdo com DG. Etapa 2) No estudo histomorfométrico de
pacientes com DG, foram incluidas bidpsias hepaticas de 4 pacientes e 4 controles saudaveis.



Pacientes com DG tiveram diferenca significativa de parametros nucleares hepatocelulares
(&reanuclear 28,16 + 9,45 vs 26,88 + 9,42 umz, p=0,006; dimensao fractal média 1,11 + 0,06
vs 1,09 + 0,09, p=0,005; e absorbancia 4,88 + 2,52 vs 7,68 + 4,60, p=0,014) e de parametros
canaliculares (absorbancia 88,24 + 59,80 vs 173,52 + 76,78, p=0.001; relacdo perimetro-
Feret 2,70 + 0,56 vs 2,79 = 0,66, p=0,006). Etapa 3) 33 pacientes tiveram 19 genes
sequenciados, com identificacdo de 95 variantes (sendo 4 novas). Foi encontrada segregacéo
de variante com fenotipo em 3 genes (A2M, CYBRDL1 e TF), e diferencas no teste de carga
na comparacdo com duas bases de dados populacionais em 5 genes (CP, CYBRD1, PSAP,
TF e TFR2). A variante CYBRD1 rs10455 foi associada a uma diminui¢do de chance de
osteonecrose (razéo de chances de 0,08, intervalo de confianca 0,01 — 0,64, valor p de 0,004)
no teste de segregacao e com uma menor gravidade geral de doenca no teste de carga. Etapa
4) Doze pacientes foram incluidos no estudo com ETH, com elastografia média de 5,25 kPa;
aproximadamente metade dos pacientes com DG apresentaram algum grau de fibrose; o
escore APRI teve uma area abaixo da curva de 0,701, sendo o mais acurado dos 3 escores
testados. Esse teste mostrou sensibilidade 100% e especificidade 100% para detec¢do de
pacientes com fibrose F2 ou superior utilizando-se os pontos de corte 0,201 e 0,604. Objetivo
2) foram incluidos 42 pacientes no estudo de coorte de pacientes com DCGs. Foram
encontrados: grande aumento dos marcadores de dano hepatocelular, mas nédo biliar, com
tendéncia a normalizacdo apos o0s 5 anos de idade nos pacientes com DCGs tipo |, mas ndo
naqueles com tipo I1; todos os tipos de esteatose e todos os graus de fibrose, sendo que 3
pacientes apresentaram cirrose; a pesquisa histoldgica em pacientes com cirrose, houve
completa prevaléncia de acimulo hepatocelular de glicogénio e completa auséncia de
hemossiderose. Concluséo: o fen6tipo hepéatico da DG e dos DCGs é amplo e variado, com
diversos pontos convergentes e divergentes entre essas doencgas. Os DCGs de tipos | e 1l tém
evolugdes similares internamente, mas distintas entre si. A histomorfometria foi capaz de
identificar alteracbes morfoldgicas canaliculares e hepatocelulares previamente ndo-
descritas em pacientes com DG e que podem ajudar a explicar o fendtipo desses pacientes.
A variante CYBRD1 rs10455 mostrou-se promissora como modificadora da DG. O escore

APRI possui acuracia adequada ao seu uso clinico como preditor de fibrose na DG.



Abstract

Introduction: Gaucher disease (GD) and the congenital disorders of glycosylation (CDGSs)
are inborn errors of metabolism with a broad and highly variable phenotype. Still
understudied in GD and the CDGs is the set of pathophysiological manifestations that arise
from the liver tissue — the hepatic phenotype. Objectives: 1) to describe and analyze the
hepatic phenotype of GD; 2) to describe and analyze the clinical hepatic phenotype of the
CDGs. Methods: for objectives 1), the following steps were performed: 1) describing and
analyzing the hepatic phenotype of GD at a clinical level in a cohort study with acquisition
of clinical, laboratorial, imaging, histological, and molecular genetic data; 2) describing and
analyzing quantitatively, at the histological level, the hepatic phenotype of GD with the
development of a new computerized analysis method (histomorphometry) of hepatocellular
nuclei and biliary canaliculi in tissue in liver biopsy samples; 3) investigation of modifier
factors of GD — candidate genes were sequenced by next-generation sequencing, with
correlation of molecular findings with clinical (phenotypic segregation analysis) and
populational (burden test) data using the populational databases gnomAD and ABraOM,;
step 4), transient hepatic elastography (THE) was used and the APRI, FIB-4, and NFS scores
calculated for patients with GD. For objective 2), a cohort of patients with CDGs was used,
with acquisition of clinical, laboratorial, imaging, histological, and molecular genetic data.
Results: Objective 1), step 1) forty-two patients were included in the GD cohort study.
Findings included: a high prevalence of abnormalities in hepatocellular and biliary markers
both before and during treatment; a significant increase in the prevalence of steatosis after
initiation of treatment with enzyme replacement therapy (ERT); evidence for hemosiderosis,
canalicular cholestasis, and liver fibrosis in a high proportion of investigated patients; and
the presence of steatohepatitis in 2 patients (a previously undescribed feature of GD). Step
2) At the histomorphometric study of patients with GD 4 liver biopsy samples of GD patients
and 4 of healthy controls were included. GD patients had significant differences in
hepatocellular nuclear parameters (nuclear area 28.16 + 9.45 vs 26.88 + 9.42 um?, p=0.006;
average fractal dimension 1.11 + 0.06 vs 1.09 + 0.09, p=0.005; and corrected absorbance
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4.88 £2.52vs 7.68 £ 4.60, p=0.014) and in canalicular parameters (absorbance 88.24 + 59.80
vs 173.52 £ 76.78, p=0.001; perimeter-to-Feret ratio 2.70 £ 0.56 vs 2.79 £ 0.66, p=0.006).
Step 3) 33 patients were sequenced for 19 genes, identifying 95 variants (4 of which were
novel). Variants in 3 genes were positive for phenotypic segregation (A2M, CYBRD1, and
TF), and burden test was positive for both populational databases in 5 genes (CP, CYBRD1,
PSAP, TF, and TFR2). The CYBRD1 rs10455 variant was associated with a decreased chance
of osteonecrosis in the segregation analysis (odds ratio = 0.08, confidence interval 0.01-0.64,
p-value = 0.004) and with a decreased overall disease severity in the burden test, being a
strong candidate for a modifier variant. Step 4) Twelve patients were included in the study,
with a mean elastography results of 5.25 kPa; approximately half of the DG patients had
some degree of liver fibrosis; the APRI score had an area under the curve of 0.701, being the
most accurate of the tested scores. This score was 100% sensitive and 100% specific for the
detection of patients with an F2 or higher degree of fibrosis at the cut-off respectively of
0.201 and 0.640. Objective 2) Forty-two patients were included the CDG cohort study.
Findings included: a stark increase in hepatocellular, but not biliary, markers with a trend
towards normalization after 5 years of age in type | CDG patients but not in type Il patients;
all types of steatosis and all degrees of fibrosis were present, with cirrhosis in 3 patients; at
histology of patients with cirrhosis, all patients had hepatocellular glycogen build-up, and
none had hemosiderosis. Conclusion: the hepatic phenotype of GD and the CDGs is broad
and varied, with many converging and diverging features between those pathologies. CDGs
types | and Il are internally similar but externally different regarding the hepatic natural
history. Histomorphometry was able to identify canalicular and hepatocellular features
which had not been described previously in GD, and which may help to explain some aspects
of their clinical phenotype. The CYBRD1 rs10455 variant is promising as a putative modifier
of GD. The APRI score has adequate accuracy for a clinical use as a fibrosis predictor in
GD.
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A. Introducéao

1. Anatomia, fisiologia e fisiopatologia do figado
1.1. Anatomia e histologia hepéaticas

A manutencéo da vida humana € uma tarefa de equilibrio entre processos internos e
externos, forcas construtivas e forcas destrutivas, sintese e degradacdo, informacdo e
entropia. Enquanto seja necessario consumir nutrientes para a manutencdo das funces
orgénicas, faz-se também necessario gerenciar, transformar e excretar substancias de
maneira eficiente para que estas ndo interfiram com 0s mesmos processos que as geraram.
Esse processo — a homeostase — é altamente regulado por diversos tecidos do corpo humano
e tem no seu centro o figado. O figado € o maior érgdo interno no corpo humano, com
aproximadamente 1,5 Kg de massa em um homem adulto de estatura mediana (CHEDID;
CHEDID, 2005). E um dos poucos 6rgdos humanos com um sistema de dupla
vascularizacdo, sendo suprido pela veia porta — que aporta sangue venoso rico em nutrientes
— e pela artéria hepética — que aporta sangue arterial rico em oxigénio (SCHULZE;
SCHOTT; CASEY; TUMA et al., 2019). Esse sistema permite que ambos 0s suprimentos
sanguineos sejam misturados, gerando um grande volume de sangue rico em nutrientes e em
oxigeénio, que corre através dos sinusoides hepaticos até ramos da veia hepatica conhecidos
como veias centrolobulares. Entre os sinusoides, existem fileiras de células epiteliais
especializadas: os hepatdcitos (CRAWFORD; BIOULAC-SAGE; HYTIROGLOU, 2018).
Devido a fenestracdo dos sinusoides, ha preenchimento do espaco entre 0 estes e 0S
hepatdcitos (o espago de Disse) com sangue sinusoidal, ocorrendo extenso contato entre o
sangue e a superficie sinusoidal (basolateral) dos hepatocitos, o que permite a captacao de
certas substancias para o hepatdcito e secrecdo de outras para a corrente sanguinea. Ha trés
principais destinos para as substancias captadas pela membrana hepatocelular basolateral: a
modificacdo e secrecdo de volta & corrente sanguinea através da mesma membrana
basolateral; 0 armazenamento dentro do proprio hepatdcito; ou a excrecao biliar através da

membrana apical. A membrana apical é uma estrutura de membrana altamente especializada
14



que tridimensionalmente forma o espaco intercelular entre os hepatdcitos, delimitando o
canaliculo biliar (KANEL; KORULA, 2011c). E através desta membrana que s&o secretados
acidos biliares, lipideos complexos (sais biliares), e compostos endo- ou xenobidticos
lipossoluveis (StatPearls, 2020). Os canaliculos biliares comunicam-se aos ductos biliares,
formados por colangiécitos, que conduzem a bile pela arvore biliar até o intestino delgado
(KANEL; KORULA, 2011c).

Histologicamente, o figado € organizado em Iébulos (Figura 1). Cada Iébulo
caracteriza-se por inimeros corddes de hepatocitos distribuidos radialmente em torno de
uma veia centrolobular, atingindo diversos “espagos-porta” (CRAWFORD; BIOULAC-
SAGE; HYTIROGLOU, 2018). Um espaco-porta € definido como a area fibrosa contendo
a “triade portal” — um ramo da veia porta, um ramo da artéria hepatica, e um ramo dos ductos
biliares. Além dos hepatdcitos, podem-se observar dentro dos l6bulos hepaticos outros dois
tipos celulares: as células de Kupffer, também conhecidas como macréfagos hepaticos, e as

células de Ito, também conhecidas como células estreladas hepaticas.

As células de Kupffer, devido ao grande tamanho do figado, formam a maior
populacdo de macréfagos residentes no corpo humano (CRAWFORD; BIOULAC-SAGE;
HYTIROGLOU, 2018). S&o células grandes, de formato irregular, que se localizam no
limen dos sinusoides hepaticos, com extensdo para o espaco de Disse. Devido a alta
atividade fagocitica destas celulas, as mesmas sdo ricas em lisossomos, correspondendo a
aproximadamente 25% da quantidade de lisossomos em um figado sadio (CRAWFORD;
BIOULAC-SAGE; HYTIROGLOU, 2018). Em resposta a diferentes estimulos fisioldgicos
e patoldgicos, as células de Kupffer podem adotar diferentes fenotipos, geralmente divididos
entre o chamado “M1”, de caracteristica pro-inflamatoria, e diversos “M2”, de
caracteristicas  ndo-inflamatérias  (STIRNEMANN; BELMATOUG; CAMOU;
SERRATRICE et al., 2017).
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As células estreladas hepaticas tém seu corpo celular localizado majoritariamente no
espaco de Disse, com longos e finos processos citoplasmaticos que envolvem externamente
os sinusoides hepaticos. Sdo miofibroblastos modificados que, em estados fisioldgicos, se
encontram principalmente em estado quiescente, com funcdo de estoque de retinol,
regulacdo hemodinamica, e secrecdo e manutengdo da matriz extracelular hepatica (KANEL,;
KORULA, 2011c). Em resposta a citocinas prd-inflamatorias, as células estreladas hepaticas
modificam seu fenotipo, transformando-se em miofibroblastos ativos, com aumento de sua
contratilidade e secrecdo de elementos patologicos de matriz, levando a fibrose hepatica
(KANEL; KORULA, 2011c).

Veia interlobular

Ducto biliar

Ramo portal da artéria hepatica
- Ramo portal da veia porta
Hepatdcitos Veia centrolobular

Sinusoides

Revestimento sinusoidal
fenestrado

Canaliculos biliares

Ramo portal da artéria

Veia porta oy
hepatica

centro-
lobular

Ramo portal da veia porta
Células de Kupffer

- Ramo portal de ducto
biliar

Figura 1. O Iébulo hepatico histolégico humano Esquema de um lébulo hepatico em
destaque, com identificacdo de seus principais componentes celulares e de sua
vascularizagdo Unica. Imagem adaptada da pagina virtual
(https://www.austincc.edu/apreview/PhysText/Digestive.html), acesso em 11 de maio de
2020.
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1.2. Fisiologia do metabolismo do ferro

O ferro é um elemento essencial para o funcionamento de muitos processos
fisioldgicos, servindo como aceptor, cofator, e parte constituinte de diversos compostos,

especialmente os citocromos, a hemoglobina e a mioglobina (KANEL; KORULA, 2011b).

O metabolismo do ferro, resumido na figura 2, inicia na sua absorcdo a partir de
componentes da dieta na regido apical da borda em escova do intestino delgado,
particularmente na sua primeira por¢do, o duodeno (PIETRANGELO; TORBENSON,
2018). Neste local, ocorre sua primeira modificagdo, a reducdo de fons férricos (Fe*™®) a jons
ferrosos (Fe*?) mediada pela enzima ferriredutase (também conhecida como citocromo B
redutase duodenal 1, ou CYBRD1), codificada pelo gene CYBRD1 (MCKIE; BARROW,
LATUNDE-DADA; ROLFS et al., 2001) (MIM: 605745). O ferro reduzido é entdo
transportado do lumen duodenal para o meio intracelular dos enterdcitos (células epiteliais
intestinais) através do transportador de metais bivalentes 1 (DMT1), codificado pelo gene
SLC11A2 (HUBERT; HENTZE, 2002) (MIM: 600523). Quando o ferro da dieta esta ligado
ao heme (composto central da hemoglobina e da mioglobina), a estrutura completa do heme
é transportada para o interior dos enterdécitos, e o ferro é dissociado em sua forma ja reduzida
pela enzima heme oxigenase. O Fe*? é entdo transportado ativamente para a circulago
sistémica através da membrana basolateral enterocelular pelo transportador ferroportina
(FPN), codificado pelo gene SLC40A1 (PIETRANGELO; TORBENSON, 2018)(MIM:
604653), ou estocado no interior dos enterdcitos em ligacdo com a ferritina até sua posterior
liberacdo sistémica. A ferritina, codificada pelos genes FTL (MIM: 134790) e FTH1 (MIM:
134770), é uma proteina multimérica presente no citoplasma de multiplos tipos celulares,
onde se liga a ions de ferro para o seu armazenamento. Em situaces fisioldgicas, ha pouca
secrecado de ferritina para o meio extracelular (plasma) — no entanto, quando ha excesso de
ferro ou estimulo inflamatorio, a sua producdo aumenta e ndo pode ser contida no meio
intracelular, extravasando em quantidades maiores para o plasma (LEFEBVRE; REIHANI;
DAHER; DE VILLEMEUR et al., 2018).
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Uma vez exportado do enterdcito, o ferro é novamente oxidado a Fe*® pela enzima
hefestina, uma ferroxidase codificada pelo gene HEPH (MIM: 300167). O Fe* se liga as
proteinas transportadoras transferrina (Tf) — codificada pelo gene TF (MIM: 190000) — e
ceruloplasmina (Cp) — codificada pelo gene CP (MIM: 117700). A Tf é uma glicoproteina
plasmaética secretada pelo figado, capaz de transportar dois ions férricos com alta afinidade,
impedindo o ferro de exercer sua fungédo oxidativa fora de seu contexto e assim protegendo
diversos tecidos da toxicidade gerada pelo alto potencial oxidativo desse metal
(WINTERBOURN, 1995). A Tf, uma vez saturada, liga-se aos receptores de Tf (TfR1 e
TfR2, codificados respectivamente pelos genes TFRC (MIM: 190010) e TFR2 (MIM:
604720)) presentes na membrana plasmatica de todas as células nucleadas, mas de
concentracdo especialmente elevada em células cujas atividades necessitam um alto aporte
de ferro — isto é, hepatocitos, células de Kupffer, e precursores hematopoiéticos da medula
Ossea — e sofre endocitose, liberando no compartimento lisossémico, devido ao pH &cido
dessa organela, seus atomos de ferro (PIETRANGELO; TORBENSON, 2018). O TfR1 €
ubiquo e controlado pelo status do ferro, enquanto o TfR2 é presente somente em hepatdcitos
e ndo € regulado pelo status dos estoques de ferro (FLEMING; MIGAS; HOLDEN;
WAHEED et al., 2000). A Cp é uma proteina de tripla fungdo: a0 mesmo tempo em que é a
principal proteina carreadora de cobre no plasma, tem atividade de ferroxidase similar a
hefestina e contribui para o transporte de ferro do plasma para os tecidos sistémicos
(HARRIS, 2019; ROESER; LEE; NACHT; CARTWRIGHT, 1970). Dos lisossomos, o ferro
é transportado para o citoplasma novamente pelo DMTL1, e 14 € utilizado para funcdes

bioldgicas ou armazenado em ligacdo com a ferritina.

A regulacdo do metabolismo do ferro é feita principalmente pela hepcidina, um
peptideo de 25 aminoacidos codificado pelo gene HAMP (MIM: 606464) e produzido pelos
hepatdcitos em resposta a niveis elevados de ferro intracelular e plasmatico, os quais séo
monitorados pelo “sistema de monitoramento de ferro” (PIETRANGELO; TORBENSON,
2018). Esse sistema consiste em uma série de sinalizadores humorais, entre 0s quais
encontram-se as proteinas morfogénicas 6sseas (BMPs). Essa proteinas, especialmente a

BMP6 — codificada pelo gene BMP6 (MIM: 112266) — sdo secretadas em resposta a presenca
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de ferro hepatocelular e ao aumento da saturacdo da Tf plasmatica, e ligam-se a receptores
como a hemojuvelina (HJV), codificada pelo gene HJV (MIM: 608374) e estabilizada na
membrana pela proteina neogenina (codificada pelo gene NEO1 (MIM: 601907)), que sao
por sua vez modulados pelo regulador homeostatico do ferro (HFE), codificado pelo gene
HFE (MIM: 613609). O HFE é uma proteina de membrana similar ao complexo maior de
histocompatibilidade tipo I, e conecta o sinal produzido pela BMP6 e pela HJV ao TfR1,
levando a producéo de hepcidina. A perda de funcdo do HFE leva a diminuicdo de niveis de
hepcidina e a doenca autossémica recessiva hemocromatose hereditaria tipo I. O sistema de
monitoramento de ferro é, por sua vez, contrarregulado pela enzima serina-protease
transmembrana 6, codificada pelo gene TMPRSS6 (MIM: 609862), que degrada a HJV e
impede a propagacdo excessiva do sinal indutor da producdo de hepcidina
(PIETRANGELO' TORBENSON, 2018).
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Figura 2. Principais componentes do metabolismo do ferro. A figura ilustra, em linhas
gerais, 0 processo de absorcao do ferro da dieta até a sua distribuicdo para os tecidos, onde
exerce suas funcdes bioldgicas. Ha papel de destaque para a regulagdo do metabolismo do
ferro pela hepcidina, produzida pelo figado, que age inibindo a FPN. Figura adaptada de
(GUJJA; ROSING; TRIPODI; SHIZUKUDA, 2010).
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Outro importante regulador dos niveis de hepcidina é a inflamacéo: citocinas pro-
inflamatorias como as interleucinas 1 e 6, entre outros fatores, sdo potentes estimulantes para
a producao de hepcidina, ligando-se a um sitio de ativagdo na regido promotora a 5° do gene
HAMP (LEE; BEUTLER, 2009). Estados de inflamacdo sistémica crénica sao
caracterizados por niveis aumentados de hepcidina, o que leva a processos patol6gicos como
a anemia da doenga crénica (LEE; BEUTLER, 2009; WEISS; GANZ; GOODNOUGH,
2019).

Quando a hepcidina é produzida e secretada pelos hepatdcitos na circulagdo
sistémica, liga-se a0 DMTL1 e leva a sua internalizacdo e degradacdo. Isso faz com que o
ferro absorvido no duodeno néo seja liberado na circulacdo sistémica, diminuindo os niveis
plasmaticos de ferro e a saturacdo da Tf; ha também inibicdo do uso hepatocelular do ferro,
ja que esse processo depende da liberacdo de ferro do lisossomo para o citoplasma pelo
mesmo transportador; e inibicdo da liberacdo dos estoques de ferro em hepatécitos e
macrofagos para a circulacdo sistémica, atraves do mesmo mecanismo (LEE; BEUTLER,
2009).

1.3. Padrdes fisiopatoldgicos hepaticos
1.3.1. Dano hepatocelular inespecifico

Existem diversas situacbes em que pode haver dano hepatocelular sem que haja
caracteristicas especificas que sugiram uma etiologia ou um processo fisiopatologico
comum. Em um contexto de dano isquémico ou hipéxico, quimico, ou mesmo infeccioso,
uma das primeiras manifestacdes nos hepatocitos é a degeneracdo hidrdpica (também
conhecida como edema intracelular), em que ha perda da capacidade celular de prover
energia adequada para o funcionamento do transportador de membrana sodio-potassio-
ATPase, levando ao desbalango hidroeletrolitico entre os meios intra- e extracelular e a
entrada de agua nas células por osmose (THEISE, 2015). Em casos de injuria estabelecida,
0 aumento de volume intracelular leva & vacuolizagdo do citoplasma e aglutinacdo dos

filamentos intermediarios do citoesqueleto — com consequente perda de forma da membrana
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plasmética —, sendo chamado o processo de “baloniza¢do” (CRAWFORD; BIOULAC-
SAGE; HYTIROGLOU, 2018).

Clinicamente, o dano hepatocelular inespecifico é detectado por dosagem
laboratorial de dois marcadores, a alanina-transaminase (ALT, previamente conhecida como
transaminase glutamico-pirtvica, ou TGP) e a aspartato-transaminase (AST, previamente
conhecida como transaminase glutamico-oxalacética, ou TGO). A ALT é uma enzima
citoplasmatica presente em grande quantidade no citoplasma dos hepatocitos, e em menor
quantidade no citoplasma de células de outros 6rgdos; a AST é uma enzima mitocondrial
presente em grande quantidade em hepatdcitos, em midcitos e em células da linhagem
eritropoética (CONSORTIUM, 2019). Em situacdes de dano celular, ambas as enzimas sdo
liberadas na circulacédo sistémica e seu aumento pode ser detectado em amostras de sangue
periférico, sendo que a ALT apresenta maior especificidade para o dano hepatocelular
(ALMEIDA; MONTEIRO, 2018). Elevacgdes das transaminases ALT e AST (chamadas
erroneamente por alguns autores como “transaminite’’) sdo comuns em praticamente todas
as formas de dano hepatico, incluindo doencas infecciosas (hepatites virais, leptospirose,
toxoplasmose e outras), autoimunes (hepatite autoimune, cirrose biliar priméria, colangite
esclerosante), metabdlicas (doencas esteatdticas — ver se¢do 1.3.2 —, doencas genéticas como
hemocromatose, doenca de Wilson, deficiéncia de alfa-1l-antitripsina e outras),
hepatotoxicidade por compostos exdgenos, entre outras causas (ALMEIDA; MONTEIRO,
2018). Desse modo, a detec¢cdo de aumento de transaminases € um marcador sensivel, mas
pouco especifico, de dano hepatocelular que deve ser investigado de forma mais aprofundada

para esclarecimento de sua etiologia, como discutido nas proximas se¢oes.
1.3.2. Esteatose

Esteatose € o acumulo de lipideos em vacuolos no citoplasma dos hepatdcitos
(THEISE, 2015). Pode ser dividida primariamente em macrogoticular, na qual ha um
vacuolo grande no citoplasma do hepatocito com deslocamento do nucleo para a periferia da
célula; ou microgoticular, na qual ha multiplos vacuolos periféricos ao nucleo, com

manutencdo da posicdo central deste (CRAWFORD; BIOULAC-SAGE; HYTIROGLOU,
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2018). Existem diversos processos fisiopatoldgicos associados a formacéo de esteatose: a
esteatose macrogoticular associa-se a sindrome metabolica (doenca hepéatica gordurosa nao-
alcoolica, ou DHGNA, e esteato-hepatite ndo-alcodlica, ou EHNA), a toxicidade a
medicamentos especificos como os bloqueadores de canais de calcio e os hormonios
esteroides, assim como a alguns erros inatos do metabolismo (EIMs) como galactosemia,
intolerancia hereditaria a frutose, citrulinemia tipo 1, defeitos do ciclo da ureia, doenca de
Wilson, e outras causas (QUAGLIA; ROBERTS; TORBENSON, 2018). Quando pouco
prevalente entre os hepatocitos do figado, a esteatose macrogoticular pode ser também
consequéncia do envelhecimento normal, ndo tendo significado patoldgico (QUAGLIA;
ROBERTS; TORBENSON, 2018). A esteatose microgoticular associa-se geralmente a
processos toxicos, como a doenca hepatica alcodlica, a toxicidade a medicamentos como
antirretrovirais, anti-inflamatdrios, antibidticos e outros, a doencas de acometimento
mitocondrial ou que levem a ineficiéncia da beta-oxidacdo, a EIMs como a deficiéncia de
lipase acida lisossomica, e outras causas (KRISTIANSEN; VEIDAL; CHRISTOFFERSEN;
JELSING et al., 2019; QUAGLIA; ROBERTS; TORBENSON, 2018).

Clinicamente, a maioria dos pacientes com esteatose hepéatica ndo apresenta sintomas
devido & esteatose em si, e a minoria apresenta sintomas leves e inespecificos como mal-
estar, fadiga, ou desconforto no quadrante superior direito do abdémen (PARISE; BORGES,
2018). Muitos pacientes com DHGNA ou EHNA apresentam critérios para o diagnostico
concomitante de sindrome metabdlica, isto é, presenca de ao menos trés das seguintes
manifestacdes: aumento de circunferéncia abdominal; concentracdo sérica de triglicerideos
igual ou superior a 150 mg/dL; concentracdo sérica de lipoproteina de alta densidade (HDL)
inferior a 40 mg/dL para homens ou 50 mg/dL para mulheres; pressao arterial sistolica igual
ou superior a 130 mmHg ou pressdo arterial diastdlica igual ou superior a 85 mmHg;
resisténcia a insulina detectada por glicemia de jejum igual ou superior a 100 mg/dL ou
indice HOMA-IR (HOMA-IR = [insulinemia em jejum] x [glicemia em jejum]/405) igual
ou superior a 2,5 (PARISE; BORGES, 2018). Muitos pacientes apresentam aumento de
marcadores de dano hepatocelular inespecifico como a ALT e a AST (PARISE; BORGES,

2018).
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A deteccdo de esteatose hepatica pode ser feita por modalidades de imagem, sendo a
ultrassonografia (US) abdominal o exame mais utilizado para esse fim devido a ser néo-
invasiva, de baixo custo, e com acuracia adequada (MASHAV; SHIBOLET, 2015); com
maior precisdo, porém maior custo, hd a ressonancia nuclear magnética (RNM) e a
espectroscopia com deteccdo de lipideos (MASHAV; SHIBOLET, 2015). O padrdo-ouro
para o diagndstico de esteatose € a detec¢do em bidpsia hepética (BH) de uma fragdo de area
ocupada por lipideos igual ou superior a 5% da area de tecido (BEDOSSA, 2017) — no
entanto, por ser um exame invasivo, com riscos associados ao procedimento, a BH raramente
é realizada apenas para a confirmacao diagndstica de esteatose (BEDOSSA, 2018). Por outro
lado, o Unico modo de diferenciar entre a DHGNA e a EHNA, assim como entre formas
macrogoticulares e microgoticulares — todas percebidas ndo-invasivamente simplesmente
como “esteatose” — € através da BH, sendo essa uma indicacdo para a realizacao desse exame
(BEDOSSA, 2018). Uma modalidade emergente no diagnostico de esteatose hepatica é a
elastografia hepatica com parametro de atenuacdo controlada (EHPAC), realizado de forma
ndo-invasiva com o uso de um transdutor de elastografia hepética (ver se¢do 1.3.6) mas
medindo, ao invés de rigidez hepatica, a atenuacao de sinal ultrassonografico ap6s o impulso
mecanico fornecido pela elastografia (LIPINSKI; SZYMANSKA-ROZEK; SOCHA;
TYLKI-SZYMANSKA, 2019; SASSO; TENGHER-BARNA; ZIOL; MIETTE et al., 2012).
A EHPAC fornece medidas de esteatose em dB/m, e pode classificar a esteatose em graus:
SO corresponde a esteatose ausente ou presente em menos de 10% dos hepatdcitos; S1, a
esteatose presente em 11 a 33% dos hepatocitos; S2, a esteatose presente em 34 a 66% dos
hepatécitos; e S3, a esteatose presente em 67% ou mais dos hepatocitos (SASSO;
TENGHER-BARNA,; ZIOL; MIETTE et al., 2012). Assim como 0s outros métodos nao-

invasivos, a EHPAC ndo € capaz de diferenciar esteatose simples da esteato-hepatite.

Apesar de ser geralmente considerada como uma alteracdo potencialmente benigna,
a esteatose pode levar a consequéncias importantes. Estima-se que aproximadamente 20%
dos pacientes com esteatose sem comorbidades venham a progredir para a esteato-hepatite
(ver secdo 1.3.3), e que 20% desses venham a ter graus significativos de fibrose, com

progressdao a cirrose se 0 processo patologico ndo for interrompido (EDMISON;
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MCCULLOUGH, 2007). Além das consequéncias hepaticas diretas, a esteatose é um fator
de risco independente para desfechos cardiovasculares, presumivelmente devido & alteracéo
no metabolismo hepatocelular de lipideos que acarreta (DHITAL; TIROSH, 2015; TURPIN-
NOLAN; BRUNING, 2020).

1.3.3. Inflamacéo

A inflamacgdo hepatica (“hepatite™) inclui diversos processos fisiopatoldgicos que
levam a infiltracdo do I6bulo hepético por células inflamatdrias, independentemente de
etiologia. E descrita de acordo com o local do I6bulo hepético acometido; com o tipo de
células inflamatorias infiltrantes; e com achados concomitantes a inflamacao, como necrose
ou formacdo de inclusdes. A analise do padrdo de inflamacdo é muitas vezes informativo
sobre a natureza do dano hepético que esteja ocorrendo: por exemplo, nas hepatites virais
agudas tipicas, ocorre infiltracdo dos espagos-porta (e, em menor grau, do parénquima
hepatocelular) por linfocitos em grande nimero, com achados de hiperplasia de células de
Kupffer, necrose e apoptose de hepatdcitos, e presenca esparsa de plasmacitos. A presenca
de grande numero de linfécitos denota a natureza viral da infeccéo, ja que o mecanismo de
citotoxicidade linfocitica & a principal defesa imunoldgica contra infec¢des virais
intracelulares; os achados de necrose e apoptose refletem a citotoxicidade exercida pelos
linfdcitos; a hiperplasia de células de Kupffer, sem verdadeira infiltracdo do parénquima por
macrofagos, € parte da resposta de “limpeza” dos debris celulares decorrentes da necrose e
da apoptose; e a presenca de plasmoécitos denota a producdo de imunoglobulinas contra
antigenos virais, que podem ser detectados clinicamente nas hepatites virais (KANEL;
KORULA, 2011d; THEISE; BODENHEIMER JR; GUIDO, 2018). A inflamacdo por
EHNA, por outro lado, é centrada nos hepatdcitos e de caracteristica mista, com nimeros
equivalentes de neutréfilos e linfocitos ou leve predominio dos primeiros, com achados de
balonizacédo e degeneracdo dos hepatocitos (mas sem apoptose ou necrose abundantes) e, em
alguns casos, hepatdcitos rompidos pelo contetdo lipidico intracitoplasmatico circundados
por células inflamatorias (“satelitose”). A natureza mista do infiltrado inflamatorio, com

hepatocitos degenerados (com esteatose e baloniza¢do — ver secdo 1.3.1) mas sem morte
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celular dos mesmos, denota a natureza ndo-infecciosa, ndo-citotoxica da inflamacéo; a
proximidade entre as células inflamatérias e os hepatdcitos e a presenca de satelitose é
reflexo da inducdo da inflamacéo pelos préprios hepatocitos (KANEL; KORULA, 2011a;
TINIAKOS; ANSTEE; BURT, 2018).

Clinicamente, ndo ha marcadores especificos da inflamag&o hepéatica. Os marcadores
de dano hepatocelular inespecifico tendem a se encontrar deveras aumentados em casos de
processos inflamatorios intensos, mas podem estar dentro dos valores de referéncia ou
apenas levemente aumentados em casos de inflamagéo cronica ou leve. Os exames néo-
invasivos de imagem ndo sao capazes de detectar estados inflamatorios, e o padrdo-ouro para
o0 diagnostico de um transtorno inflamatério do figado ¢ a BH (TINIAKOS; ANSTEE;
BURT, 2018).

As consequéncias da inflamacéo hepética sdo variadas, e o prognostico depende em
grande parte da etiologia do processo. Processos inflamatorios crénicos, como alguns casos
de hepatites virais por virus B ou virus C, e a EHNA, podem levar a fibrose, como descrito

na secdo 1.3.7.
1.3.4. Siderose

A siderose é o acumulo de ferro no citoplasma de hepatécitos ou de células de
Kupffer, geralmente ligado a ferritina ou a sua forma parcialmente degradada, a
hemossiderina. Apesar de que os hepatdcitos e 0os macr6fagos sejam as principais células
com estoque de ferro no organismo, em circunstancias fisioldgicas a quantidade absoluta de
ferro no corpo humano é baixa — 3 a 5 gramas, sendo que aproximadamente metade desse
valor encontra-se constantemente utilizado na forma de hemoglobina, e 1g na forma de
mioglobina e de citocromos (KANEL; KORULA, 2011b; PIETRANGELO; TORBENSON,
2018); nos hepatocitos, nessas circunstancias, hd menos de 20 pumol de ferro por grama de
tecido desidratado (DEUGNIER; TURLIN, 2007). Em um contexto de disturbio primario
(hemocromatose) ou secundario (hemossiderose) do metabolismo do ferro (ver se¢do 1.2),

esse metal tende a se acumular nos tipos celulares em que se encontra normalmente, levando
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a siderose. Quando se acumula primariamente em hepatdcitos, diz-se que ocorre “siderose
parenquimatosa’”; em macrdofagos, “siderose mesenquimal”; em ambos os tipos celulares,
“siderose mista” (DEUGNIER; TURLIN, 2007). Enquanto as hemocromatoses tendem a
causar principalmente siderose parenquimatosa, e as hemossideroses tendem a causar
siderose mesenquimal, € possivel ocorrer hemocromatose com siderose mesenquimal, assim

como hemossiderose com siderose parenquimatosa (KANEL; KORULA, 2011b).

Clinicamente, a sobrecarga de ferro pode ser detectada através de diversas
modalidades diagndsticas (FUCUTA; BILAR, 2018): exames laboratoriais de sangue podem
medir os niveis plasmaticos de ferritina e a saturacdo plasmatica de Tf (calculada a partir da
formula: saturacdo de Tf =[Fe] x 71,2/[Tf]) com boa sensibilidade, mas especificidade baixa
devido a possibilidade de alteracdo desses marcadores, especialmente da ferritina, por
estados inflamatdrios. Os métodos de mensuracdo direta de ferro hepatico sdo mais
especificos, embora ndo tdo sensiveis: de forma ndo-invasiva, a RNM pode ser usada,
conforme o protocolo da Universidade de Rennes (GANDON; OLIVIE; GUYADER;
AUBE et al., 2004); de forma invasiva, mas com maior acuracia, a BH permite a mensurac&o
semiquantitativa de ferro pela coloracao de azul da Prussia (coloragdo de Perls) (BEDOSSA;
PARADIS; ZUCMAN-ROSSI, 2018) ou quantitativa por espectrometria de absorgao
atdbmica (PIETRANGELO; TORBENSON, 2018).

As consequéncias da deposicao hepatica de ferro advém da toxicidade desse metal
quando satura a capacidade de estoque da ferritina e passa a existir em sua forma livre como
Fe*? (GALARIS; BARBOUTI; PANTOPOULOS, 2019). O principal mecanismo de
toxicidade do Fe*2 é a geragdo de radicais livres através da reagdo de Fenton, na qual Fe*? +
H.0, — Fe*3+ OH" + OHe. Essa producao de radicais livres leva ao estresse oxidativo, com
consequente peroxidacdo e tiooxidacdo de biomoléculas e dano celular (MEHTA;
FARNAUD; SHARP, 2019). Cronicamente, o dano hepatocelular e macrofagico por estresse

oxidativo leva a inflamacdo hepatica e a ativagdo das vias de fibrose (ver se¢éo 1.3.6).
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1.3.5. Dano biliar

O dano aos colangidcitos do epitélio biliar pode ocorrer devido a diversos fatores,
incluindo causas luminais — vindas da composicao, da pressdo, ou de infeccdo da bile — e
causas extrabiliares — como processos autoimunes ou dano hepatico generalizado. A
arquitetura dos ductos biliares € de certa forma mais delicada que a dos hepatdcitos, ja que
a arvore biliar € uma estrutura continua e comunicante, com muitos elementos em série,
enguanto os I6bulos hepaticos consistem em elementos repetidos em paralelo (figura 3). Isso
faz com que a perda de arquitetura e da organizacéo dos colangidcitos em um ponto da arvore
biliar possa ter influéncia sobre grande parte, ou mesmo toda, a via biliar; a nivel histoldgico,
esse processo ¢ geralmente visto como a resposta “ductopénica” (de auséncia de ductos
biliares) e consequentemente colestatica (com acimulo de bile em canaliculos e hepatdcitos
devido a auséncia de fluxo da bile) a montante de um dano biliar focal (ZEN; HUBSCHER;
NAKANUMA, 2018). A progressao a ductopenia ocorre de forma gradual, com degeneracao
hidropica e atrofia de colangidcitos, perda da polaridade celular, regeneracdo desordenada
com dilatacdo do Iimen do ducto, e por fim apoptose dos colangidcitos da parede dos ductos,
com criacdo de espacos desordenados entre as células remanescentes que permitem o
extravasamento de bile, levando a perda dos colangiécitos restantes devido ao dano quimico
promovido por esta (ZEN; HUBSCHER; NAKANUMA, 2018).
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Figura 3. Comparacdo entre a organizacdo em paralelo dos I6bulos hepéticos e a
organizacdo em série da arvore biliar. Painel da esquerda mostra desenho realizado a
partir de molde post-mortem de arvore biliar humana em que se evidencia o caréater
predominantemente em série da estrutura, o que é compativel com sua funcédo de transporte
mecanico da bile do figado ao duodeno. Painel da direita mostra arranjo em paralelo dos
I6bulo hepaticos, com divergéncia dos ramos vasculares a montante e convergéncia dos
ramos vasculares e biliares a jusante. Imagens adaptadas de (DRAGICA; KOSTANDINA,
2013) e (FOSTER, 2018).

A vesicula biliar (VB) é uma viscera oca revestida por epitélio biliar e intimamente
ligada ao figado e a via biliar, comunicando com esta através do ducto cistico. Tem funcgéo
de armazenamento e modificacdo quimica da bile. A principal doenca da VB € a colelitiase
(calculose) e as suas complicacBes (coledocolitiase, colestase extra-hepatica, colangite). A
colelitiase € prevalente, presente em aproximadamente 10% a 15% dos adultos da populacéo
em geral (PORTINCASA; MOSCHETTA; PALASCIANO, 2006). Pode ser dividida
primariamente quanto a composicdo dos calculos, sendo o tipo mais comum o célculo de
colesterol, e mais raros os calculos de bilirrubina e de sais inorganicos. Os primeiros sdo
formados quando a bile se encontra supersaturada pelo colesterol (um de seus componentes
emulsificantes), seja devido a presenga aumentada desse componente ou a diminui¢do de
outros componentes, como os fosfolipideos e os lipideos complexos, que aumentam a
capacidade de suspensdo do colesterol. (QUIGLEY; ADSAY, 2018). Os calculos de

bilirrubina e de sais inorganicos geralmente ocorrem em condig¢des de hemdlise cronica ou
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de infecgéo cronica das vias biliares, sendo raros na sociedade Ocidental, mas comuns em
paises do Extremo Oriente (QUIGLEY; ADSAY, 2018). Entre os fatores de risco para a
colelitiase por calculos de colesterol encontram-se: idade, sexo feminino, fertilidade,
obesidade, perda rapida de massa adiposa, hipertrigliceridemia, uso de farmacos como
anticoncepcionais orais, cirurgia de resseccdo terminal do ileo, e sindromes genéticas como
a sindrome de Gilbert (BEN HAROSH-KATZ; PATLAS; HADAS-HALPERN; ZIMRAN
et al., 2004). A colelitiase é uma doenca benigna, ndo ocasionando sintomas a nao ser que
haja obstrucédo da via biliar pelos calculos, com aumento da pressdo a montante. Nesse caso,
dano ao parénquima hepético e as vias biliares intra-hepaticas pode ocorrer, além de infeccéo
bacteriana por translocacdo de bactérias do intestino delgado para a bile estética
(GREENBERGER; PAUMGARTNER, 2015).

As enzimas fosfatase alcalina (FA) e y-glutamiltransferase (GGT) sdo 0s principais
marcadores bioquimicos do dano aos canaliculos e ao epitélio biliar. A FA é uma enzima
encontrada em diversas isoformas (“fragdes”) em diferentes tecidos, sendo que a fracao
hepatica se encontra na membrana canalicular, onde sua funcdo ainda ndo estd
completamente elucidada. A GGT, apesar de também presente em diversos 6rgdos, é
produzida em quantidades significativas somente no figado, estando presente na membrana
canalicular e na por¢do luminal do epitélio biliar (colangiécitos). Tanto a FA quanto a GGT
sdo marcadores sensiveis do dano canalicular e biliar, sendo que a fracdo hepatica da FA ¢
mais especifica para o dano direto em canaliculos, e a GGT para o dano colangiocelular. A
medida isolada da fracdo hepética da FA, no entanto, é de dificil e onerosa mensuracéo,
sendo mais comum a medida da FA total — isso representa um problema para a utilizacédo da
FA na prética clinica, especialmente em doenc¢as com acometimento 6sseo concomitante, ja
que a fracdo 6ssea da FA é mais abundante em termos absolutos que a fracdo hepatica, o que
faz com que aumentos da FA percam sua especificidade para o tecido hepatico (ALMEIDA;
MONTEIRO, 2018; LUM; GAMBINO, 1972).
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1.3.6. Fibrose

A fibrose hepéatica € um processo parcialmente reversivel caracterizado pela
deposicdo impropria de elementos de matriz extracelular no I6bulo hepatico, levando a perda
de funcio hepética. E a via comum de todos os processos patogénicos hepaticos cronicos.
Em resposta ao dano celular agudo, hepatdcitos e colangiocitos sdo capazes de promover a
regeneracdo da populacdo celular do I6bulo hepatico, e os macréfagos e os fibroblastos
hepaticos (células estreladas hepaticas e fibroblastos presentes no espago-porta) orquestram
uma resposta inflamatdria aguda que organiza a matriz extracelular e “limpa” os debris
celulares; no dano hepatico crénico, no entanto, essa resposta torna-se redundante, levando
ao aumento da deposicéo de colageno primeiramente no espago-porta e entdo no parénquima
hepatico; a deposicdo de proteinas componentes da membrana basal no espaco de Disse; e a
perda de fenestracGes no endotélio dos sinusoides (CRAWFORD; BIOULAC-SAGE;
HYTIROGLOU, 2018). Esses processos levam a diminuicdo do contato do sangue com 0s
hepatocitos, com perda da capacidade de troca de substancias entre a circulacdo sistémica e

o figado, e a distorcdo das vias biliares, levando a obstrugédo crénica ao fluxo biliar.

Para a graduacao da fibrose hepatica quanto a sua gravidade, o sistema mais utilizado
é 0 METAVIR, desenvolvido inicialmente para uso em casos de hepatite por virus C mas
atualmente utilizado para diversas doencas hepatopatias (BEDOSSA; POYNARD, 1996).
Nesse sistema (Figura 4), o estagio 0 (FO) representa a auséncia de fibrose; o estagio 1 (F1),
a presenca de fibrose no espaco-porta, com alargamento e aumento da densidade celular do
mesmo, mas sem fibrose dentro do parénquima hepético; o estagio 2 (F2) representa a
presenca de fibrose também no parénquima, na forma de septos fibrosos periportais (ao redor
do espaco-porta) ou ligando dois espacos-porta (“ponte porta-porta”); o estagio 3 (F3)
representa a presenca de septos fibrosos conectando espaco-porta e veia centrolobular
(“ponte porta-centro”), com consequente distor¢do da arquitetura do 16bulo hepatico, mas
ainda sem delimitacdo completa do I6bulo pela fibrose; o estagio 4 (F4) representa a cirrose
hepatica, com mdaltiplas pontes porta-porta e porta-centro causando distor¢do completa da
arquitetura do l6bulo, com a delimitacdo de um nodulo hepatocelular cercado por septos
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fibrosos. Por fim, um estagio de fibrose ndo contemplado pelo sistema METAVIR é a fibrose
perissinusoidal (TINIAKOS; ANSTEE; BURT, 2018). Esse tipo de lesdo é resultante do
preenchimento do espaco de Disse por componentes fibroticos e de membrana basal sem
que haja extensdo da deposicdo de matriz extracelular para o espaco ocupado pelos
hepatdcitos. E um padrdo associado 8 EHNA (ver se¢do 1.3.2) atual ou prévia, e estudos
recentes mostram que a presenca de fibrose perissinusoidal € um marcador independente de
risco para desfechos cardiovasculares (ATHYROS; TZIOMALOS; KATSIKI; DOUMAS
etal., 2015).

Clinicamente, a fibrose pode ser detectada de diversas maneiras. Classicamente, é
descrito que ao exame fisico do abdémen, o figado pode ter consisténcia endurecida e bordos
afiados em casos de cirrose (CHEDID; CHEDID, 2005); no entanto, devido ao habito
corporal variado e ao advento de métodos mais avancados e mais precisos para a detec¢do
de fibrose, 0 exame fisico do abdémen tornou-se obsoleto para a deteccéo de fibrose. Exames
laboratoriais de base sanguinea tém-se tornado cada vez mais importantes para esse
diagnostico, sendo utilizados diversos indices (escores), conforme a etiologia suspeitada:
para pacientes com hepatite C, a estimativa laboratorial de fibrose pode ser feita com o indice
APRI (AST-to-Platelet Ratio Index), que leva em conta o valor de AST e a contagem de
plaguetas (BORSOI VIANA; TAKEI; COLLARILE YAMAGUTI; GUZ et al., 2009); ou
com o indice FIB-4, calculado com a idade do paciente, os valores de AST e ALT, e a
contagem de plaquetas (VALLET-PICHARD; MALLET; NALPAS; VERKARRE et al.,
2007). Para pacientes com DHGNA ou EHNA, a estimativa pode ser feita com o escore NFS
(Nonalcoholic fatty liver disease Fibrosis Score), que leva em conta a idade do paciente, o
indice de massa corporal, a presenca de diabetes ou resisténcia a insulina, os valores de AST
e ALT, a contagem de plaquetas, e o nivel sérico de albumina (ANGULO; HUI;
MARCHESINI; BUGIANESI et al., 2007); ou com o escore BARD (Body mass index,
AST/ALT Ratio, Diabetes), que leva em conta o indice de massa corporal, 0s niveis de ALT
e AST, e a presencga de diabetes ou resisténcia & insulina (HARRISON; OLIVER; ARNOLD;
GOGIA et al., 2008). Cabe mencionar que, apesar de terem sido desenvolvidos para a

deteccdo de fibrose em pacientes com doencas especificas, os indices sao muitas vezes
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utilizados por extensdo em doencas hepaticas relacionadas, com valores variaveis de
acuréacia (CALES; OBERTI; MICHALAK; HUBERT-FOUCHARD et al., 2005; CICHOZ-
LACH; CELINSKI; PROZOROW-KROL; SWATEK et al., 2012; HAGSTROM; NASR;
EKSTEDT; STAL et al., 2019). Em termos de métodos de imagem, podem ser realizadas
técnicas morfoldgicas usuais — como a US e a RNM — que mostram contorno e densidade
hepéticos; no entanto, esses métodos possuem baixa acuracia para a deteccéo da fibrose em
todos os seus graus. As técnicas de mensuracdo de rigidez hepatica, por outro lado, séo
exames ndo-invasivos de maior acuracia (que ainda assim € menor que a BH) que utilizam
como base as técnicas de imagem morfoldgica, mas que avaliam parametros elastograficos.
A modalidade de técnica de mensuracgdo de rigidez hepatica mais utilizada € a elastografia
transitdria hepética (ETH, conhecida comercialmente como “FibroScan”), a qual mede o
coeficiente de propagacdo de uma onda mecénica aplicada sobre um tecido, com base no
fato de que tecidos de diferentes composic¢des possuem propriedades biomecanicas distintas.
Com maiores graus de fibrose, a rigidez hepatica é maior, e a transmissdo da onda, medida
em kPa, é proporcional (SANDRIN; FOURQUET; HASQUENOPH; YON et al., 2003;
WEBB; ZIMRAN; DINUR; SHIBOLET et al., 2016).

As consequéncias da fibrose hepatica sdo geralmente aparentes somente no seu grau
mais avancado — isto é, a cirrose. Nesse estagio, ha manifestacdes que ocorrem por trés
mecanismos: o0 primeiro diz respeito ao aumento da resisténcia vascular oferecida pelo
figado, devido a tortuosidade dos sinusoides e a deposi¢do de matriz extracelular ao redor
dos mesmos, o que faz com que a afluéncia venosa ao figado através da veia porta seja
submetida a pressdes suprafisiologicas, estado denominado de ‘“hipertensdo portal”. A
afluéncia arterial do figado ndo é significativamente afetada devido a pressdo arterial
sistolica ser ja naturalmente superior a pressao sinusoidal, devido a bomba cardiaca. A
hipertensdo portal leva a retencdo de sangue retrogradamente no sistema venoso esplancnico
que drena seu volume através do sistema portal: as veias esplénica (que drena sangue do
baco, do estdmago e do terco inferior do esdfago), mesentérica superior (que drena sangue
de todo o intestino delgado, do pancreas, do ceco e do célon ascendente), e mesentérica

inferior (que drena sangue dos colons transverso, descendente e sigmoide, e do terco superior
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do reto) (CHEDID; CHEDID, 2005); isso faz com que a pressdo venosa em todos esses
orgdos se eleve, levando a congestdo crbnica, ao extravasamento de plasma do espaco
intravascular para 0 meio extracelular (levando ao edema tecidual e a ascite), e ao surgimento
de varizes venosas no esdfago e no estbmago com consequente hemorragia digestiva (uma
das principais causas de morte em pacientes com cirrose) (TSOCHATZIS; BOSCH;
BURROUGHS, 2014). O segundo mecanismo diz respeito a diminuicao da funcdo hepética
em si, tanto gracas a diminuicdo da massa de hepatocitos funcionantes, quanto a diminuicéo
da area de contato entre sangue e hepatocitos pelo preenchimento fibrotico do espaco de
Disse, 0 que faz que hepatdcitos ndo consigam captar suficientemente substancias
circulantes para que sejam metabolizadas ou secretar adequadamente compostos para
circulacdo sistémica. Isso leva, entre outros efeitos, a diminui¢do nos niveis circulantes de
albumina (a principal proteina plasmatica, responsavel por manter a pressao coloidal que
impede o0 extravasamento espontdneo de liquido do espaco intravascular para o
extravascular), o que contribui para a formacdo de edema e para o desenvolvimento de
encefalopatia hepatica (confusdo mental, convulsbes devido ao acumulo de toxinas
bacterianas provenientes do intestino, as quais o figado cirrdtico ndo consegue metabolizar)
(TSOCHATZIS; BOSCH; BURROUGHS, 2014). O terceiro mecanismo diz respeito a
perturbacdo ao fluxo biliar, devido a completa distor¢do dos canaliculos e ductos biliares, o
que leva a colestase (acimulo de bile) e hiperbilirrubinemia por aumento da bilirrubina direta
(conjugada). Clinicamente, esse processo se manifesta como ictericia (coloracdo amarelada
de pele e mucosas), nduseas, prurido cutaneo e mal-estar (TAYLOR; WHEATLEY, 2018).
Desse modo, a fibrose hepética é um processo de consequéncias multissistémicas, com alta
taxa de morbidade e letalidade. O Unico tratamento curativo para a cirrose € o transplante
hepatico (TSOCHATZIS; BOSCH; BURROUGHS, 2014).
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Figura 4. Sistema de classificacdo de graus de fibrose hepatica METAVIR. Nessa figura
estdo representados os 4 graus de fibrose do sistema METAVIR. O painel A mostra F1, com
fibrose ao redor da veia centrolobular. O painel B mostra F2, com presenca de fona ponte
fibrosa ligando um espago-porta a uma veia centrolobular. O painel C mostra F3, com
presenca de pontes fibrosas de espessuras variaveis ligando diversos espagos-porta e veias
centrolobulares, mas sem delimitagdo completa de nédulos hepatocelulares. O painel D
mostra a presenca de fibrose espessa delimitando completamente nddulos hepatocelulares,
caracterizando cirrose. Figura retirada de (LI; QU; ZHENG; REN et al., 2015).
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2. Erros inatos do metabolismo

Os EIMs sdo um grupo de doencas individualmente raras causadas por defeitos no
processamento de metabolitos, geralmente devido a uma atividade defeituosa de uma
enzima. S&o doencas de origem genética, em sua maioria de padrdo de heranca autossémico
recessivo, o que contribui para sua raridade (SAUDUBRAY; CAZORLA, 2016).

Os EIMs sdao comumente divididos em 3 grupos, conforme 0 processo
fisiopatolégico subjacente: doencas do grupo 1 séo causadas por acumulo de metabdlitos
toxicos originarios a montante do bloqueio da rota metabdlica. O grupo 1 € caracterizado,
em linhas gerais, pela auséncia de manifestacfes durante o periodo embrionario-fetal e no
periodo neonatal imediato, com um intervalo assintomatico até o inicio da doenca (que pode
ser agudo ou cronico). Sdo exemplos de doencas do grupo 1: defeitos do metabolismo de
amino&cidos; acidurias organicas; defeitos do ciclo da ureia e intoxicagdes metélicas. As
doencas do grupo 2 sdo causadas por uma falha no metabolismo energético, gerando déficit
de energia para o funcionamento fisioldgico, especialmente em tecidos com alta demanda
energética, como o figado, o cérebro ou os musculos estriados. Diferentemente do grupo 1,
as doencas do grupo 2 podem ter manifestacdes durante a vida intrauterina ou durante o
periodo neonatal imediato, e levam a disfuncBes principalmente nos trés tecidos acima
mencionados. Sdo exemplos de doencas do grupo 2: acidemias laticas congénitas; distlrbios
do ciclo do é&cido tricarboxilico; distarbios da cadeia respiratoria mitocondrial
(SAUDUBRAY; CAZORLA, 2016).

As doencas do grupo 3 sdo os EIMs das moléculas complexas. Sdo doengas que
causam disfuncdo de diversas organelas — como lisossomos, reticulo endoplasmético (RE)
ou complexo de Golgi (CG) — e que sdo causadas por distdrbios da sintese, remodelagem,
reciclagem, trafego ou catabolismo de moléculas complexas como esfingolipidios (ou outros
lipidios complexos), moléculas sinalizadoras, glicanos (e suas moléculas conjugadas, como
as glicoproteinas). Todas as doencas lisossomicas (DLs) e os disturbios congénitos da
glicosilacdo (DCGs) sdo considerados doencas do grupo 3 (SAUDUBRAY; CAZORLA,

2016).
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3. Doenca de Gaucher
3.1. Via da beta-glicosidase acida

A doenca de Gaucher (DG) € um EIM do grupo 3 da classe das DDLs. Dentro destas,
pode ainda ser classificada como uma esfingolipidose. Como todos os EIMs, é uma doenga
rara; sua prevaléncia é em torno de 1:40.000 a 1:60.000 na populacdo geral
(STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al., 2017). E causada pela
diminuicdo da atividade enzimética da beta-glicosidase &cida (também conhecida como
glicosilceramidase ou glicocerebrosidase; GCase) causada por variantes patogénicas em
ambos os alelos do gene que a codifica, 0 GBA. A GCase é uma enzima que atua no limen
lisossémico hidrolisando a ligacdo beta-glicidica entre a glicose e a ceramida do lipidio
complexo glicosilceramida (ou glicocerebrosideo; GlcCer) (figura 5) (STIRNEMANN;
BELMATOUG; CAMOU; SERRATRICE et al., 2017), o qual é proveniente da degradacao
de gangliosideos de membranas celulares. A GCase necessita do co-ativador saposina C,
proveniente da porcdo C do gene PSAP, para exercer sua atividade enzimatica. Um substrato
secundario da GCase € a glicosilesfingosina (GlcSph) (STIRNEMANN; BELMATOUG;
CAMOU; SERRATRICE et al., 2017), que é transformada em glicose e esfingosina.

Macréfago -
Lisossomo

GlcCer

LIMP-2
(SCARB2)

glicose  ceramida

—_—

JRibossomo
. N
mRNA GBA

Ndcleo

Figura 5. A via da GCase. Essa figura esquematiza simplificadamente a producdo da GCase
a partir do gene GBA, sua entrada no lisossomo através do transportador LIMP-2 (proteina
integral da membrana lisossdmica 2, na sigla em inglés), codificado pelo gene SCARB2, e
hidrolise da GlcCer em glicose e ceramida com a co-ativacdo pela saposina C (circulo
amarelo com “S”), codificada pela por¢ao C do gene PSAP.
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A via de degradacdo dos gangliosideos é especialmente ativa em macrofagos devido
a sua funcéo de reciclagem celular que leva a um grande fluxo de material proveniente de
membranas por seus lisossomos (STIRNEMANN; BELMATOUG; CAMOU,
SERRATRICE etal., 2017; TAMO; HOCHULI; BEUSCHLEIN; NOWAK, 2018). Quando
a atividade enzimética da GCase se encontra criticamente diminuida, ha acumulo
lisossdmico de GlcCer e GlcSph. Esse acumulo de lipidios complexos torna os lisossomos
ingurgitados e disfuncionais (STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE
et al., 2017), levando a transformacgdo de macrofagos em “células de Gaucher” (Figura 6)
(as quais podem ser tipicas — com 20-100 um de diametro, nucleo excéntrico e citoplasma

“enrugado” e basofilico, descrito como semelhante ao papel amassado, criado pelo acumulo

lamelar de GlcCer —, ou atipicas — geralmente maiores que as células tipicas, com
multinucleacdo e acumulo vacuolar de GlcCer (IVANOVA; LIMGALA; CHANGSILA,;
KAMATH et al., 2016)) (LEE, 1968) e aos efeitos patofisioldgicos discutidos a seguir.

Figura 6. Células de Gaucher. No painel da esquerda, a seta preta aponta uma célula de
Gaucher em um aspirado de medula 6ssea. No painel da direita, a seta preta aponta uma
célula de Gaucher envolta em fibrose em uma BH. Pode-se notar a aparéncia ingurgitada,
com citoplasma estriado e nucleo deslocado para a periferia celular em ambos 0s casos.
Figuras adaptadas de (VUJOSEVIC; MEDENICA; VUJICIC; DAPCEVIC et al., 2019) e
(ESSABAR; MESKINI; LAMALMI; ETTAIR et al., 2015)
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3.2. Manifestacdes clinicas

A DG e uma doenca sistémica com uma miriade de manifestac6es clinicas possiveis.
E classicamente dividida primariamente quanto & presenca e a cronicidade de seu
comprometimento neuroldgico: pacientes com DG tipo 1 (DG1) sdo descritos como
possuindo fendtipo exclusivamente ndo-neuroldgico (“tipo ndo-neuronopatico”), sendo
aproximadamente 90% do numero total de pacientes com DG no Ocidente (STIRNEMANN;
BELMATOUG; CAMOU; SERRATRICE et al., 2017). Pacientes com DG tipo 2 (DG2)
tém o fendtipo mais grave dentre os diferentes tipos, com manifestagdes neuroldgicas graves
(encefalopatia, mioclonias e epilepsia) e 6bito geralmente até o segundo ano de vida.
Pacientes com DG tipo 3 (DG3) tém um fendtipo intermediario entre a DG1 e a DG2, com
manifestacbes neuroldgicas insidiosas (epilepsia, atraso do desenvolvimento
neuropsicomotor e anormalidades de movimentagdo ocular) e manifestacbes extra-
neurolégicas semelhantes & DG1. Em conjunto, a DG2 e a DG3 s3o chamadas de “tipos
neuronopaticos”. Hoje, no entanto, sabe-se que ndo ha demarcacdes claras entre os diferentes
tipos de DG, sendo a descricdo mais aceita a de um espectro de manifestacdes, conforme
mostrado na Figura 7. As manifestacfes extra-neuroldgicas da DG podem ser, por sua vez,
estudadas conforme o sistema que afetam, sendo comumente classificadas em esqueléticas,
hematoldgicas e viscerais (NGUYEN; STIRNEMANN; BELMATOUG, 2019;
STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al., 2017).

As manifestacBes esqueléticas da DG podem ser agudas ou cronicas. Em alguns
pacientes, crises subitas de dor 6ssea podem ocorrer, especialmente nos 0ssos da pelve ou
dos membros inferiores (STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al.,
2017), causadas pela oclusdo (de etiologia incerta) do suprimento sanguineo arterial para o
tecido dsseo, levando a isquemia. Quando ocorrem nos 0ssos chatos ou nas diafises ou
metafises dos ossos longos, esses eventos sdo chamados de “infartos Osseos”; quando
ocorrem nas epifises dos 0ssos longos (como a cabeca do fémur), sdo chamados de
“osteonecrose avascular” (DRELICHMAN; FERNANDEZ ESCOBAR: BASACK:
AVERSA et al., 2016; KHAN; HANGARTNER; WEINREB; TAYLOR et al., 2012;
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STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al., 2017). Apesar dos
diferentes nomes, a etiologia dos eventos é a mesma, isto €, a vaso-oclusdo arterial subita.
Entre as manifestacGes esqueléticas crénicas da DG, encontram-se: deformacdes 0sseas
causadas pela infiltracdo da medula dssea por células de Gaucher, especialmente no fémur —
local onde levam a “deformidade em frasco de Erlenmeyer” (STIRNEMANN;
BELMATOUG; CAMOU; SERRATRICE et al., 2017); diminuigéo da densidade mineral
0ssea, levando a osteopenia ou a osteoporose (NGUYEN; STIRNEMANN; BELMATOUG,
2019; STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al., 2017); e
infiltracdo difusa da medula 6ssea por células de Gaucher, levando a dor 6ssea cronica e a
manifestagdes hematoldgicas (discutidas a seguir) (NGUYEN; STIRNEMANN;
BELMATOUG, 2019; STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al.,
2017).

Tipo 2

Tipo 1

i

A e S
Assintomatico T A T
Doenca dssea *
Doenca visceral Hidropsia fetal
Involvimento
neurologico Ictiose congénita
secundario
Degeneracao
Parkinsonismo neurolégica
. . rogressiva
Hidrocefalia, prog
acometimento Epilepsia
cardiaco mioclénica

Distarbio de
movimentac¢ao
ocular

Figura 7. Espectro de manifestagdes da DG. Esquema mostrando a distribuicdo continua
das principais manifestacbes da DG, enfocando as manifestagdes neuroldgicas, conforme
proposto por Sidransky. Modificado de (SIDRANSKY, 2004).
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As manifestacbes hematoldgicas da DG séo causadas pela secre¢do de moléculas
inflamatorias pelas células de Gaucher (ver secdo 3.2) (LINARI; CASTAMAN, 2016;
NGUYEN; STIRNEMANN; BELMATOUG, 2019) e pela substituicdo da medula 6ssea por
células de Gaucher infiltradoras (KLIMKOWSKA; MACHACZKA; PALMBLAD, 2018;
NGUYEN; STIRNEMANN; BELMATOUG, 2019). S& comuns a anemia e a
plaguetopenia, que podem levar a fadiga cronica e a episddios de hemorragia patoldgica,
respectivamente. A anemia esta presente em 20% a 50% dos casos ao diagnostico
(STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al., 2017), e a plaquetopenia
em 90% (STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al., 2017). Tanto
em paciente ndo-tratados quanto naqueles em tratamento, € comum o aumento no plasma
das y-globulinas, classe de proteinas dentre as quais se encontram as imunoglobulinas (ou
anticorpos) (NGUYEN; STIRNEMANN; LAUTREDOUX; CADOR et al., 2020); esse
aumento pode ser encontrado na forma de uma hipergamaglobulinemia policlonal — quadro
mais comum e mais benigno — ou monoclonal — menos comum, e condizente com um estado
pré-patoldgico da neoplasia hematoldgica mieloma multiplo, o qual também pode ser uma
consequéncia da DG (NGUYEN; STIRNEMANN; LAUTREDOUX; CADOR et al., 2020).
Uma das provaveis razdes deste estado de hipergamaglobulinemia é a inflamac&o cronica,
gue causa ativacao constante de plasmaocitos, 0s quais em resposta secretam imunoglobulinas
(NGUYEN; STIRNEMANN; LAUTREDOUX; CADOR et al., 2020); a consequéncia
clinica da hipergamaglobulinemia na DG ainda ndo foi determinada. Além do mieloma
maultiplo, discute-se o risco aumentado na DG de outras neoplasias hematoldgicas,
especialmente a sindrome mielodisplésica e os linfomas ndo-Hodgkin (NGUYEN;
STIRNEMANN; LAUTREDOUX; CADOR et al., 2020; RUCHLEMER; MITTELMAN;
ZIMRAN, 2020).

As manifestacdes viscerais da DG dizem respeito principalmente ao bac¢o e ao figado,
sendo que este Gltimo sera tratado em separado (ver secdo 3.5). H& esplenomegalia em
aproximadamente 90% dos pacientes ao diagndstico (STIRNEMANN; BELMATOUG;
CAMOU; SERRATRICE et al., 2017); além da compressdo mecanica sobre outros 6rgaos

e sobre a parede abdominal, que leva ao desconforto, a esplenomegalia pode levar ao
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“sequestro esplénico” de elementos figurados do sangue, especialmente plaquetas,
contribuindo para a plaquetopenia (STIRNEMANN; BELMATOUG; CAMOU;
SERRATRICE et al., 2017). Em casos raros, a esplenomegalia leva a isquemia de regides
do parénquima esplénico e ao decorrente infarto esplénico, caracterizado por dor subita e
incapacitante no quadrante superior esquerdo do abddémen (VANIER; CAILLAUD;
LEVADE, 2016); ou a ruptura esplénica, caracterizada por extensa hemorragia intra-
abdominal com alta taxa de letalidade (STONE; GINNS; KRASNEWICH; SIDRANSKY,
2000). Outros 6rgdos viscerais com acometimento ndo tdo frequente em pacientes
submetidos a tratamentos, mas presentes na maioria dos pacientes nédo-tratados (GAWAD
TANTAWY; MONEAM ADLY; MADKOUR; SALAH EL-DIN, 2020), séo: os pulmdes,
com infiltracdo intersticial por células de Gaucher, levando a aparéncia radioldgica de
consolidacdo em vidro fosco (GAWAD TANTAWY; MONEAM ADLY; MADKOUR;
SALAH EL-DIN, 2020) e subsequente hipertensdo pulmonar, bronquiectasias e fibrose
intersticial (GAWAD TANTAWY; MONEAM ADLY; MADKOUR; SALAH EL-DIN,
2020; STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE etal., 2017); e o coracao,
com doenca cardiaca restritiva ou valvar (ROGHI; POGGIALI; CASSINERIO; PEDROTTI
etal., 2017; SOLANICH; CLAVER; CARRERAS; GIRALDO et al., 2012).

3.3. Inflamacgdao crbénica

Sabe-se, a partir de modelos experimentais, que a DG é associada a diferenciacdo
pré-inflamatéria de macr6fagos com secrecdo de citocinas, ativacdo de inflamassomos
(AFLAKI; MOAVEN; BORGER; LOPEZ et al., 2016) e do sistema complemento
(PANDEY; BURROW; RANI; MARTIN et al., 2017; PANDEY; GRABOWSKI; KOHL,
2018), o que é apenas atenuado pelos tratamentos existentes atualmente (PANDEY;
BURROW; RANI; MARTIN et al., 2017). Ao mesmo tempo em que essa ativagdo constante
de rotas inflamatorias retroalimenta o acimulo de GlcCer em macréfagos e outros tipos
celulares (PANDEY; BURROW; RANI; MARTIN et al., 2017), também leva a efeitos
sisttmicos associados a inflamag&o cronica, como a ativagdo impropria de células T e células

dendriticas, o infiltrado inflamatdrio em tecidos a distancia, e o consequente dano tecidual a
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orgdos-alvos, dentre os quais inclui-se o figado (PANDEY; BURROW; RANI; MARTIN et
al., 2017). Existem também evidéncias que apontam para a formacdo de autoanticorpos
contra a GlcCer acumulada, que extravasa de lisossomos para o citoplasma e para 0 meio
extracelular (ELLEDER, 2006; PANDEY; GRABOWSKI; KOHL, 2018). Em conjunto com
outros mecanismos fisiopatoldgicos descritos anteriormente e a seguir, a inflamacéo crénica

provavelmente desempenha um papel no desenvolvimento do fen6tipo hepéatico da DG.
3.4. Metabolismo do ferro na doenca de Gaucher

O distrbio no metabolismo do ferro no contexto da DG é conhecido ha décadas: em
estudos realizados na década de 1960, depdsitos de ferro ligado a ferritina foram
identificados em células de Gaucher (LORBER, 1960; LORBER; NEMES, 1967), e foi
demonstrado que os estoques corporais globais de ferro séo elevados em pacientes com essa
doencga (LEE; BALCERZAK; WESTERMAN, 1967). No entanto, foi somente nos anos
mais recentes gque a fisiopatologia desse depdsito de ferro passou a ser investigada em mais
detalhes. Em 2010, Stein e colaboradores (STEIN; YU; JAIN; MISTRY, 2010) descreveram
uma coorte de pacientes com DG1 na qual, mesmo na vigéncia de tratamento com terapia
de reposicao enzimatica (TRE) (ver secdo 3.6: «“ Tratamento da doenca de Gaucher”), os
niveis séricos de ferritina foram em média 3,7 vezes acima do limite superior de
normalidade. Nesse trabalho, foi também mostrado que pacientes que sofreram
esplenectomia — os quais tendem a ter uma maior gravidade na sua DG — tiveram valores
mais elevados de ferritina, com significancia estatistica. Na investigacdo de 3 pacientes com
acumulo de ferro suspeitado devido ao aumento de ferritina, saturacdo de Tf, e medicéo de
ferro tecidual por RNM, BHs mostraram forte acumulo de ferro no citoplasma de
hepatdcitos, células de Kupffer morfologicamente normais e células de Gaucher. Em 2013,
Pilar e colaboradores (MEDRANO-ENGAY; IRUN; GERVAS-ARRUGA; ANDRADE-
CAMPOS et al., 2014) mostraram que o uso de agentes farmacoldgicos quelantes de ferro
(que diminuem a quantidade de ferro biodisponivel) em pacientes com DG levou a uma
diminuicdo significativa dos niveis de ferritina, hepcidina, e ferro tecidual hepatico, o que

sugere que a ferritina seja dependente ndo somente do estado de inflamacédo cronica, mas
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também da concentracédo e biodisponibilidade sistémica e hepéatica de ferro; no entanto, ndo
foi possivel nesse estudo afastar um efeito modificador da biodisponibilidade de ferro para
com o estado inflamatorio cronico, o que limita as conclusdes que daqui se possam tomar.
Bohte e colaboradores (BOHTE; VAN DUSSEN; AKKERMAN; NEDERVEEN et al.,
2013) mostraram que pacientes que sofreram esplenectomia tendem a ter maior acimulo de
ferro que pacientes com bago integro, e que ndo ha correlacdo entre a presenca de fibrose

hepética e o deposito de ferro em um pequeno estudo transversal.

Em 2017, Regenboog e colaboradores mostraram que, mesmo em pacientes com DG
que realizaram tratamento regular por muitos anos, ha deposicao de ferro no figado e na
medula 6ssea (REGENBOOG; BOHTE; AKKERMAN; STOKER et al., 2017). No mesmo
trabalho, foi mostrado que héa correlacao entre deposicéo tecidual de ferro medida por RNM
e 0s niveis de ferritina sérica, mas ndo com os niveis de atividade de quitotriosidase. Isso
indica que a ferritina elevada durante o tratamento observada em grande parte dos pacientes
pode refletir ndo a atividade residual da doenca macrofagica — da qual a quitotriosidase é um
marcador sensivel — mas sim a alteracdo secundaria no metabolismo do ferro que se mantém
presente mesmo apos a terapia. Uma explicacdo levantada para essas observacdes € a de que
a inflamag&o cronica presente nos pacientes com DG leve, antes do inicio do tratamento, ao
acumulo e represamento de ferro dentro de macrofagos, devido a ativacdo de rotas
envolvendo a hepcidina (ver secdo 1.2); com o inicio do tratamento, a diminuicdo da
inflamacdo levaria a diminuicdo da hepcidina, com consequente liberacdo dos estoques
patoldgicos de ferro, que seriam entdo absorvidos por diferentes tecidos, especialmente
aqueles com alto metabolismo de ferro como o figado e a medula déssea. Essa hipétese foi
investigada por Lefébvre e colaboradores (LEFEBVRE; REIHANI; DAHER; DE
VILLEMEUR et al.,, 2018), que mostraram que, apesar da alta prevaléncia de
hiperferritinemia, a saturagdo de Tf e os niveis séricos de hepcidina, além dos marcadores
de inflamacdo sistémica proteina C-reativa e interleucina 6, tém valores normais na maior
parte dos pacientes, o que sugere que o acimulo de ferro ndo é resultado da inflamacéo
sistémica. No mesmo trabalho, no entanto, foi-se demonstrado que a inibigdo farmacoldgica

da GCase em macrdfagos cultivados levou a inibicdo pds-traducional da FPN na membrana
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plasméatica macrofagica através da estimulacdo local da hepcidina, com consequente
aumento dos niveis intracelulares de ferritina e ferro. Em um seguimento de pacientes apds
a introducdo do tratamento com TRE, houve aumento nos niveis de saturacdo de Tf e
diminuicdo de niveis de ferritina e do receptor solivel de Tf, indicando maior
disponibilidade sistémica de ferro. Esses achados concordam com a hipotese anterior de
Regenboog e colegas (REGENBOOG; BOHTE; AKKERMAN; STOKER et al., 2017) de
que ha sequestro intracelular de ferro na DG, com liberacdo sistémica apos o inicio do
tratamento, apesar de diferirem quanto a etiologia desse processo; e com as observacgdes de
Stein e colegas (STEIN; YU; JAIN; MISTRY, 2010) de que ha acimulo intracelular de ferro
nestes pacientes, em hepatdcitos (ndo estudados por Lefébvre) e macrofagos.

3.5. Figado na doenca de Gaucher

As primeiras tentativas para a descri¢do sistematica de um fenétipo hepéatico da DG
foram feitas por James e colaboradores em 1981 (JAMES; STROMEYER; CHANG;
BARRANGER, 1981) em uma coorte de 25 pacientes com representacao dos 3 tipos de DG.
Nesse estudo, unico na literatura devido a ter sido realizado antes do descobrimento da TRE
e de que a esplenectomia agrava as manifestacGes da DG, todos o0s pacientes exceto um
apresentaram hepatomegalia ao exame fisico abdominal; 17 pacientes apresentaram aumento
de pelo menos um marcador de dano hepatocelular (ALT ou AST), e 11 do marcador de
dano canalicular e colangiocelular FA; 3 pacientes apresentaram complicac6es clinicas de
cirrose hepatica (sangramento de varizes esofagicas, ictericia e ascite); e, a BH, presenca
ubiqua de células de Gaucher no parénquima hepatico — em alguns casos com compressao
hepatocelular e substituicdo de hepatdcitos por essas células — com niveis variados de fibrose
(variando de fibrose no entorno das células de Gaucher a cirrose com septos espessos, e
casos de gravidade intermediaria) e presenca de depdsitos de ferro no citoplasma das células
de Gaucher. A partir desse estudo, determinou-se que o fenotipo hepatico da DG é resultante
da infiltracdo do parénquima hepatico pelas células de Gaucher, sendo hepatomegalia e

fibrose hepatica os principais achados.
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Na década seguinte, dois estudos com RNM abdominal em coortes de pacientes com
DG se seguiram: Hill e colaboradores (HILL; DAMASKA; LING; PATTERSON et al.,
1992) analisaram 46 pacientes com DG1 ndo-tratados, encontrando, além de hepatomegalia
ubiqua, areas de fibrose estrelada (com envolvimento de forma irregular de diversos
segmentos hepéticos) ou segmental (fibrose focal em um segmento hepatico) em 9 pacientes
— 3 desses pacientes foram submetidos a BHs para avaliacdo das areas fibréticas, com
presenca de células de Gaucher infiltrando espagos-porta e sinusoides e variados graus de
fibrose, incluindo um paciente com cirrose. Os parametros técnicos da RNM desse estudo,
no entanto, estdo muito aquém dos padrées minimos atuais, devendo-se considerar que a
sensibilidade para lesdes pequenas ou altera¢cGes mais sutis do parénquima hepatico nesse
estudo seja relativamente pequena. Por sua vez, Terk e colaboradores (TERK; ESPLIN;
LEE; MAGRE et al., 1995) realizaram, em uma coorte de 64 pacientes com DG1, o primeiro
estudo de imagem abdominal apds inicio de tratamento com TRE, utilizando RNM com
parametros técnicos ja mais compativeis com os padrdes atuais. Nesse estudo foram
encontrados, além da hepatomegalia, nédulos hepéaticos em 5 pacientes, sem esclarecimento
de sua natureza por biopsia. Nao ha descricdo de areas fibréticas hepaticas nesse estudo, em
contraste com o estudo de Hill et al, o que pode ser resultado de diferencas de composigéo
genética da populacdo estudada, efeito do tratamento, ou mesmo um viés de reportagem ou
de metodologia.

No comego dos anos 2000, a TRE ja estava estabelecida como tratamento padrdo
para a DG (ver secdo 3.6) havia alguns anos, o que permitiu o estudo do fen6tipo hepatico
de pacientes tratados a médio e longo prazo. Em 2000, Lachmann e colaboradores
(LACHMANN; WIGHT; LOMAS; FISHER et al., 2000) descreveram quatro pacientes com
DG1 que desenvolveram cirrose hepéatica com hipertensdo portal apds esplenectomia,
ajudando a estabelecer o elo entre a retirada cirurgica do bago e a piora do acometimento
hepético; 2 pacientes receberam TRE, com melhora parcial das complicagdes da cirrose apos
a implementac&o da terapia. A histologia hepética de todos os pacientes, foram encontradas
grandes areas de fibrose central acelular, correspondentes as areas de fibrose estrelada

identificadas por Hill em 1992 (HILL; DAMASKA; LING; PATTERSON et al., 1992). Um
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dos pacientes que ndo recebera TRE tinha sinais de colestase em canaliculos biliares; o
namero de células de Gaucher no paréngquima hepatico dos pacientes que haviam recebido
TRE era visivelmente menor que nos outros 2 pacientes, significando uma possibilidade de
que a TRE revertesse a infiltracao de células de Gaucher — em um dos pacientes, no entanto,
mesmo sem a presenca de celulas de Gaucher no parénquima, houve manutengéo dos niveis
elevados de marcadores de dano hepatocelular, sugerindo que néo seria somente a presenca

dos macréfagos com acumulo de GlcCer a causar dano hepatico.

Com o avanco da tecnologia investigativa e com o controle de manifestagdes mais
conspicuas e urgentes da DG (hepatoesplenomegalia, citopenias e crises 6sseas) pela TRE,
passou a ser possivel investigar de maneira mais aprofundada o fenétipo hepético desses
pacientes. A seguir, sdo apresentadas as manifestacdes de diferentes padrdes fisiopatoldgicos
hepéticos na DG. Para as manifestagdes de siderose, ver se¢do 3.4, “Metabolismo do ferro

na doenca de Gaucher”.
3.5.1. Esteatose

Apesar de ndo descrita como uma manifestacdo da DG na era pré-TRE, estudos
recentes em pacientes tratados mostraram a esteatose como uma complicagdo ou uma
comorbidade emergente na DG. A esteatose hepéatica na DG é conhecida desde 2010, quando
Hadas-Halpern e colaboradores (HADAS-HALPERN; DEEB; ABRAHAMOV; ZIMRAN
et al., 2010) descreveram sua presenca, detectada por US abdominal, em 1,6% dos pacientes
de uma coorte de 500 participantes, com predominio em pacientes que estivessem recebendo
TRE. Mais recentemente, Lipinski e colaboradores (LIPINSKI; SZYMANSKA-ROZEK;
SOCHA; TYLKI-SZYMANSKA, 2019) descreveram a presenca de esteatose, detectada por
EHPAC, em 23% dos pacientes de uma coorte com DG1 e 19% dos pacientes de uma coorte
com DG3, com predominio de esteatose em pacientes em uso de TRE. Uma possivel
explicacdo para a discrepancia nas prevaléncias de esteatose entre os dois estudos € a
diferenga no tempo mediano de tratamento entre as duas coortes: enquanto que no ultimo
estudo o tempo mediano em tratamento com TRE foi de 13 anos, este foi o valor maximo de

tempo em tratamento do primeiro estudo (medidas de tendéncia central ndo sdo relatadas
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nesse estudo, ndo sendo possivel a comparacgdo direta). Uma hipdtese levantada na literatura
para a emergéncia de esteatose em coortes de pacientes tratados é de que a esteatose hepatica
seja um efeito adverso da administracdo a longo prazo de TRE, devido a inducdo de ganho
de massa corporal e de sindrome metabdlica (ADAR; ILAN; ELSTEIN; ZIMRAN, 2016;
LANGEVELD; DE FOST; AERTS; SAUERWEIN et al., 2008), os quais s&o 0s principais
fatores para o desenvolvimento de DHGNA (ver secdo 1.3.2); essa hipdtese é corroborada
pelo achado de que hd uma correlacdo positiva, ainda que fraca a moderada, dos valores de
EHPAC com o indice de massa corporal (IMC), uma medida de obesidade (LIPINSKI;
SZYMANSKA-ROZEK; SOCHA; TYLKI-SZYMANSKA, 2019).

3.5.2. Inflamacéo

Apesar do reconhecido envolvimento da inflamagao cronica na patogénese da DG
(ver se¢do 3.3), o dano hepético inflamatdrio na DG ainda néo foi descrito em detalhe, e a
presenca de condicBes hepaticas inflamatdrias secundarias como a esteato-hepatite nédo foi
investigada por nenhum grupo de pesquisa. Sabe-se que inflamacéo cronica de baixo grau
em espagos-porta pode ocorrer na DG, com um caso de paciente com DGL1 e cirrose descrito
(LOLLERT; HOFFMANN; LACHE; KONIG et al., 2020). Hipoteticamente, a inflamag&o
crbnica hepatica teria relacdo com a ativacdo cronica de macréfagos e contribuiria para o
desenvolvimento de fibrose na DG (NASCIMBENI; DIONISI VICI; VESPASIANI
GENTILUCCI; ANGELICO et al., 2020) — no entanto, mais dados sado necessarios antes de
que seja possivel afirmar que tal relacdo existe, visto que ndo ha estudos na literatura que

comprovem essa causalidade.
3.5.3. Fibrose

Com o advento da era da TRE, casos de fibrose estrelada ou segmentar passaram a
ndo ser mais observados em pacientes com DG, tendo sido o ultimo caso descrito em 2002
(PEREL; BIOULAC-SAGE; CHATEIL; TRILLAUD et al., 2002). No entanto, passaram-
se a se observar processos crbnicos de fibrose hepatica progressiva em pacientes em
tratamento, em muitos casos levando a cirrose (HADAS-HALPERN; DEEB;

47



ABRAHAMOV; ZIMRAN et al., 2010), que pode ocorrer sem outros fatores de risco além
da propria DG (REGENBOOG; VAN DUSSEN; VERHEIJ; WEINREB et al., 2018). Em
2013, Bohte e colaboradores (BOHTE; VAN DUSSEN; AKKERMAN; NEDERVEEN et
al., 2013) mostraram que muitos pacientes com DG1 tém valores de rigidez hepética, uma
medida indireta de fibrose realizada por ETH (ver sec¢do 2.3.6), mais elevados que na
populacdo controle, especialmente em pacientes com esplenectomia prévia, e que hé
correlacéo da fibrose com biomarcadores de gravidade e atividade da doenca (quitotriosidase
e enzima conversora de angiotensina), mas ndo com parametros de acumulo de ferro
(ferritina, saturacdo de Tf, ou concentracdo hepatica de ferro). Subsequentemente, foi-se
demonstrado que os valores médios de rigidez hepética sdo significativamente maiores em
geral nos pacientes com DG1 que na populacao saudavel, situando a média de grau de fibrose
nesses pacientes em F2, mas ainda abaixo dos valores encontrados em pacientes cirroticos
(WEBB; ZIMRAN; DINUR; SHIBOLET et al., 2016). Interessantemente, nesse estudo néo
houve correlacdo entre esplenectomia prévia e os valores de rigidez hepética.

Posteriormente, novos estudos aprofundaram o conhecimento da fibrose néo-
massiva durante a TRE em pacientes com DG1: Serai e colaboradores (SERAI; NAIDU,;
ANDREW BURROW; PRADA et al., 2018) encontraram uma correlacdo positiva fraca,
mas estatisticamente significativa, entre os valores de rigidez hepatica e os valores de escores
de gravidade global da DG, assim como entre a rigidez hepatica e os volumes do figado e do
baco (os quais, por sua vez, sdo parte integrante dos escores de gravidade), sugerindo que a
fibrose hepética seja devido a atividade de doenca ainda presente em pacientes em
tratamento, e ndo devido a fatores externos como TRE, apesar de mais estudos serem
necessarios para firmar-se essa hipotese. A correlacdo entre a gravidade geral da doenca,
medida por biomarcadores e escores clinicos de gravidade, assim como a esplenectomia
prévia, com a rigidez hepéatica foi confirmada por Nascimbeni e colaboradores
(NASCIMBENI; CASSINERIO; DALLA SALDA; MOTTA et al., 2018); a correlacdo
entre volumes de figado e bago e a rigidez hepatica, no entanto, ndo foi encontrada nesse
estudo. Lollert e colaboradores (LOLLERT; HOFFMANN; LACHE; KONIG et al., 2020),

usando um método elastografico de maior sensibilidade, mostraram que 70% dos pacientes
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com DG1 em tratamento (com uma mediana de 13 anos de tratamento a testagem) tém um
grau significativo de fibrose hepatica (i.e., igual ou superior a F2), novamente existindo uma
correlacéo positiva entre o valor de escores de gravidade global da DG e a rigidez hepatica,
e contribuindo com o achado de uma correlacdo positiva com fatores constituintes da
sindrome metabdlica (ver secdo 1.3.2, “Esteatose”) — no entanto, ndo foi encontrada
correlacdo da fibrose hepéatica com esplenectomia prévia, o que faz com que a afirmagédo de
que a fibrose hepatica ndo-massiva esteja associada a esplenectomia seja ainda uma questéo
em aberto. Por fim, Lipinski e colaboradores (LIPINSKI; SZYMANSKA-ROZEK;
SOCHA; TYLKI-SZYMANSKA, 2019), usando ETH, mostraram que a fibrose hepética é
proporcional a idade dos pacientes, apesar de ndo ser proporcional a idade de inicio do
tratamento, o que corrobora a ideia de que a fibrose durante a TRE é um processo crénico,
ao contrario da fibrose massiva encontrada em pacientes de idade jovem antes da descoberta
da TRE.

3.5.4. Dano biliar e canalicular

A associacdo da DG com dano biliar iniciou em 2002 (ROSENBAUM,;
SIDRANSKY, 2002), com a evidéncia de que a prevaléncia de colelitiase é 16 a 21% em
uma amostra com média de idade de 39 anos, enquanto que uma populacdo controle de idade
similar, em um quasi-experimento, teve uma prevaléncia menor que 10,5%; e que pacientes
com esplenectomia prévia teriam maior prevaléncia de colelitiase que pacientes com bago
integro. Nesse mesmo estudo, foi levantada a hipétese de que GlcCer secretada na bile pelos
hepatocitos — processo ja demonstrado previamente (PENTCHEV; GAL; WONG;
MORRONE et al., 1981) — poderia contribuir para a litogenicidade (propensdo a formacéo
de calculos) da bile nos pacientes com DG. Posteriormente, em um estudo realizado por
Harosh-Katz e colaboradores (BEN HAROSH-KATZ; PATLAS; HADAS-HALPERN;
ZIMRAN et al., 2004) com uma grande coorte israelense de pacientes com DG, uma
prevaléncia igualmente elevada de colelitiase (19,6% em pacientes do sexo masculino e
30,0% em pacientes do sexo feminino) foi encontrada, com confirmacéo estatistica da

correlagdo com esplenectomia prévia e descartando um efeito modificador de um
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polimorfismo do gene UDPGT1, envolvido no metabolismo biliar e causador da sindrome
de Gilbert.

Em 2010, Taddei e colaboradores (TADDEI; DZIURA; CHEN; YANG et al., 2010)
realizaram um estudo para avaliacao da prevaléncia e dos fatores predisponentes a colelitiase
em 417 pacientes com DG1. Uma prevaléncia de colelitiase de 32% foi encontrada, maior
em mulheres e com aumento com a idade (sendo que 42,5% dos pacientes com idade superior
a 20 anos apresentaram evidéncia de calculo biliar) e correlacdo com esplenectomia prévia,
sindrome metabdlica, e gravidade global da DG (o que pode ser considerado como um
confundidor, haja vista que a esplenectomia e a sindrome metabdlica podem agravar 0s
sintomas da DG). Foi também analisada a composicdo da bile de 6 pacientes, com coleta
durante a colecistectomia (cirurgia para remo¢do da VB): foi encontrada uma alta
concentracdo de GlcCer em apenas um dos pacientes, que a analise mais detalhista se
mostrou ser o paciente com maior gravidade da DG, e composi¢cdo normal de lipideos
complexos na bile dos outros pacientes analisados — no entanto, ndo houve anélise de GlcSph
na bile de nenhum dos pacientes, o que limita as conclusfes que dai podem ser tomadas
sobre a composicéo da bile na DG. Os achados de fatores de risco para o desenvolvimento
de colelitiase na DG foram confirmados por Zimmermann e colaboradores
(ZIMMERMANN; POPP; AL-KHZOUZ; BUCERZAN et al., 2016) em uma coorte de 61
pacientes com GD1, na qual encontraram uma alta prevaléncia (45,9%) de colelitiase, sem

que houvesse anélise da composi¢do dos célculos.

O dano canalicular na DG néo foi estudado de forma especifica até hoje. H4, no
entanto, achados indiretos que mostram que os canaliculos tém participacdo na patogénese
dessa doenga: em 2013, Yildiz e colaboradores (YILDIZ; HOFFMANN; VOM DAHL;
BREIDEN et al., 2013) mostraram que a atividade da beta-glicosidase n&o-lisossdomica
(GCase2, codificada pelo gene GBA2) — a qual é presente somente nos canaliculos e ductos
biliares e é responsavel tanto pela hidrélise de O-glicosideos dos sais biliares quanto pela
hidrolise da GlcCer e da GlcSph presentes na bile — previne o acimulo sistémico de GlcCer,
e que na DG essa enzima € estimulada como forma de compensacdo da perda da GCase.

50



Posteriormente, foi-se demonstrado (MISTRY; LIU; SUN; CHUANG et al., 2014) que a
delecdo do gene GBA2 em um modelo animal leva a diminui¢do da gravidade da DG1 —
incluindo de suas manifestagdes hepaticas — e ao aumento da concentracao de esfingosina
no plasma, presumivelmente devido a degradacdo de GlcSph na bile. Esses achados
permitem que se levante a hipdtese de que a presenca de GlcCer e GlcSph na bile pode levar
a algumas das manifestacGes da DG e potencialmente ao dano de canaliculos e de epitélio
biliar, devido a toxicidade celular e metabdlica da GlcSph (LUKAS; COZMA; YANG,;
KRAMP et al., 2017; REED; SCHIFFER; HEALES; MEHTA et al., 2018; SCHUELER,;
KOLTER; KANESKI; BLUSZTAJN et al., 2003).

3.5.5. Lesoes focais: Gaucheroma

Gaucheromas sdo lesbes pseudotumorais formadas por acumulos de células de
Gaucher; podem ocorrer em diversos 6rgaos, sendo um dos mais comuns o figado
(IVANOVA; LIMGALA; CHANGSILA; KAMATH et al., 2016; KORULA; OWENS;
CHARLTON; BHATTACHARYA, 2017). Essas lesdes sdo comuns e devem ser
consideradas na avaliacdo de qualquer paciente com DG, especialmente em pacientes com
maior gravidade de doenca (conforme mensurada por escores clinicos de gravidade global,
biomarcadores como a quitotriosidase, ou ocorréncia de outras complicacbes da DG
(REGENBOOG; BOHTE; SOMERS; VAN DELDEN et al., 2016)). Podem ter padrao
hipoecoico ou hiperecoico, solido ou cistico, a US (HADAS-HALPERN; DEEB,;
ABRAHAMOV; ZIMRAN et al, 2010; KORULA; OWENS; CHARLTON;
BHATTACHARYA, 2017); hipodensidade e captacdo variavel de contraste (com algumas
lesbes formando um halo captante ao redor de um centro ndo-captante) a tomografia
computadorizada (TC); intensidade varidvel a RNM, com uma propor¢do semelhante de
lesGes hiper- e hipodensas (PATLAS; HADAS-HALPERN; REINUS; ZIMRAN et al.,
2002; REGENBOOG; BOHTE; SOMERS; VAN DELDEN et al., 2016). Aproximadamente
5% dos pacientes pediatricos (PATLAS; HADAS-HALPERN; ABRAHAMOV; ELSTEIN
et al., 2002) e 25% dos pacientes adultos (REGENBOOG; BOHTE; SOMERS; VAN
DELDEN et al.,, 2016) com DG tém lesbes focais hepaticas com caracteristicas de

51



Gaucheroma ao estudo com US abdominal, sem mudanca de tamanho ou caracteristicas das
lesbes apds a introducdo da TRE (ADAR; ILAN; ELSTEIN; ZIMRAN, 2016; KORULA;
OWENS; CHARLTON; BHATTACHARYA, 2017; PATLAS; HADAS-HALPERN;
ABRAHAMOV; ELSTEIN et al.,, 2002; PATLAS; HADAS-HALPERN; REINUS;
ZIMRAN et al., 2002). A bi6psia, consistem em agregados de células de Gaucher tipicas ou
atipicas, com caracteristicas imuno-histoquimicas de macréfagos de diferenciacdo
alternativa (anti-inflamatoria) e sem capacidade de proliferacdo clonal, em um parénquima
com diferentes graus de fibrose, com ou sem compresséo por efeito de massa do parénquima
adjacente (IVANOVA,; LIMGALA; CHANGSILA; KAMATH et al.,, 2016; PATLAS;
HADAS-HALPERN; REINUS; ZIMRAN et al., 2002).

3.5.6. Lesdes focais: hepatocarcinoma

Uma causa importante de letalidade em pacientes com DG é o desenvolvimento de
neoplasias malignas, especialmente o hepatocarcinoma (HC) e o mieloma multiplo (DE
FOST; VOM DAHL; WEVERLING; BRILL et al., 2006). O HC é uma neoplasia maligna
originada dos hepatdcitos maduros, geralmente em um contexto de dano crénico ao figado
como ocorre na cirrose (EL-SERAG; MARRERO; RUDOLPH; REDDY, 2008). E
identificado em exames de imagem como uma lesdo solida, com hipodensidade em T1 e
hiperdensidade em T2 8 RNM, e caracteristica resposta ao contraste intravenoso de gadolinio
(captacdo intensa na fase arterial e perda completa de captacéo na fase venosa) (EL-SERAG,;
MARRERO; RUDOLPH; REDDY, 2008). Apesar das multiplas alternativas terapéuticas
existentes atualmente — incluindo radioterapia, quimioterapia, quimio-embolizacdo
transarterial, e mesmo transplante hepéatico (EL-SERAG; MARRERO; RUDOLPH;
REDDY, 2008) — 0 HC é ainda uma neoplasia maligna agressiva e de parco progndstico. E
conhecida a conexdo entre DG e HC, com uma razdo de chances de até 141,3 para o
desenvolvimento de HC em pacientes com DG comparativamente & populagdo em geral (DE
FOST; VOM DAHL; WEVERLING; BRILL et al., 2006). Apesar de que a maior parte dos
pacientes com DG que desenvolvem HC tenha ja desenvolvido cirrose ao surgimento do

tumor, ndo é raro que o HC seja diagnosticado em um paciente com figado ndo-cirrotico (DE
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FOST; VOM DAHL; WEVERLING; BRILL et al., 2006; REGENBOOG; VAN DUSSEN;
VERHEIJ; WEINREB et al., 2018; XU; MISTRY; MCKENNA; EMRE et al., 2005). Em
um recente estudo multicéntrico de HC em pacientes com DGL1, foram identificados como
fatores de risco definidos ou provaveis para o desenvolvimento de HC: cirrose; hepatites
virais cronicas comérbidas; siderose hepética; esplenectomia prévia (REGENBOOG; VAN
DUSSEN; VERHEIJ; WEINREB et al., 2018).

Um ponto ainda ndo totalmente esclarecido na literatura é o diagndstico diferencial
na DG das lesBes focais hepaticas, especialmente entre Gaucheromas e o HC. Devido a suas
caracteristicas de imagem semelhantes e & natureza ainda ndo completamente estudada das
respostas dos Gaucheromas ao contraste intravenoso, essa diferenciacdo se torna muitas
vezes dificil (REGENBOOG; BOHTE; SOMERS; VAN DELDEN et al., 2016). Exames
complementares, especialmente a mensuracdo da a-fetoproteina (AFP) plasmética — a qual
encontra-se elevada em muitos casos de HC (DE LOPE; TREMOSINI; FORNER; REIG et
al., 2012) —, podem auxiliar na decisdo de se considerar uma lesdo como uma ou outra
patologia; no entanto, ndo apresentam sensibilidade e especificidade suficiente para permitir
o diagndstico definitivo em muitos casos (por exemplo, a AFP pode encontrar-se elevada
em pacientes com cirrose sem HC, ou pode encontrar-se dentro dos valores de referéncia em
um caso de HC (DE LOPE; TREMOSINI; FORNER; REIG et al., 2012; EL-SERAG;
MARRERO; RUDOLPH; REDDY, 2008)). A BH, que ¢é considerada o padrdo-ouro para o
diagnostico diferencial de lesGes focais hepaticas, ndo é recomendada em muitos dos casos
suspeitos de HC devido aos riscos inerentes a ela, como hemorragia intra-abdominal de
dificil controle (DE LOPE; TREMOSINI; FORNER; REIG et al., 2012), sendo realizada
somente em casos selecionados. Sendo assim, a mais recente recomendacdo clinica por
consenso de especialistas sugere que a conduta médica para qualquer lesdo hepatica
compativel com HC em um paciente com DG deva ser a conduta tomada para o tratamento
de um HC, admitindo-se a chance de um tratamento desnecessario, em caso de tratar-se de
um Gaucheroma (REGENBOOG; BOHTE; SOMERS; VAN DELDEN et al., 2016).
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3.6. Tratamento da doenga de Gaucher

A DG, por ser a primeira DL descoberta e uma das mais prevalente dessa classe, é
considerada como um modelo para o desenvolvimento de terapias para as DLs. Antes da
descoberta da TRE em 1991 (BARTON; BRADY; DAMBROSIA; DI BISCEGLIE et al.,
1991), o unico tratamento eficaz para a DG era o transplante de células-tronco
hematopoiéticas (TCTH), com grande morbimortalidade associada devido a necessidade de
imunossupressao e a ocorréncia de complicacdes como infecgbes sistémicas e doenca do
enxerto-contra-o-hospedeiro (KAYE, 1995). A partir do uso da TRE, o TCTH tornou-se
obsoleto e contraindicado, com riscos superando o0s beneficios (STIRNEMANN;
BELMATOUG; CAMOU; SERRATRICE et al., 2017).

A primeira TRE a ser criada foi a alglucerase, com uso de GCase purificada a partir
de placentas humanas (BARTON; BRADY; DAMBROSIA; DI BISCEGLIE et al., 1991).
Apesar da grande eficidcia clinica, com diminuicdo relativamente rapida da
hepatoesplenomegalia e dos sintomas clinicos, além de aumento das contagens de
hemoglobina e plaguetas (WHITTINGTON; GOA, 1992), a dificuldade técnica na produgéo
(aproximadamente 20.000 placentas sendo necessarias para a extracdo de enzima para um
paciente por ano) e a potencial presenca de contaminantes (como prions responsaveis pela
doenca de Creutzfeldt-Jakob) levaram a necessidade do desenvolvimento de uma nova forma
da enzima (ZIMRAN; ELSTEIN; LEVY-LAHAD; ZEVIN et al., 1995). Em 1996, foi
desenvolvida a imiglucerase (ZIMRAN; ELSTEIN; LEVY-LAHAD; ZEVIN et al., 1995),
uma enzima recombinante produzida em células cultivadas de ovario de hamster chinés, com
glicosilacdo da GCase alterada a partir da conformacao nativa para que houvesse exposi¢do
de seus residuos de manose, levando a sua captacdo pelo transportador lisossdmico de
manose-6-fosfato, presente nos lisossomos de macrofagos (MISTRY; LOPEZ;
SCHIFFMANN; BARTON et al., 2017; REVEL-VILK; SZER; MEHTA; ZIMRAN, 2018;
STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al., 2017). A imiglucerase
logo substituiu a alglucerase, tornando-se a Unica TRE disponivel até 2010, quando foi

desenvolvida a alfavelaglicerase, enzima também recombinante, mas de estrutura secundaria
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idéntica a enzima nativa, produzida em culturas de células humanas. Assim como a
imiglucerase, a alfavelaglicerase é direcionada a macréfagos devido ao seu perfil de
glicosilacdo, e ambas enzimas tém eficacia similar (STIRNEMANN; BELMATOUG;
CAMOU; SERRATRICE et al., 2017; ZIMRAN; ALTARESCU; PHILIPS; ATTIAS et al.,
2010). Em 2012, foi desenvolvida a terceira opgdo de TRE recombinante para a DG, a
alfataliglicerase, produzida em cultura de células de raizes de cenouras e com um perfil de
glicosilacdo diferenciado, mas também direcionado a macrofagos (ZIMRAN; BRILL-
ALMON; CHERTKOFF; PETAKOV et al., 2011). Hoje se é aceito que as trés enzimas
tenham eficacia similar, sendo sua escolha mais dependente de fatores mercadol6gicos que
médicos ou bioldgicos (MISTRY; LOPEZ; SCHIFFMANN; BARTON et al., 2017;
STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al., 2017). Cabe notar que a
TRE é efetiva para o tratamento das manifestacdes viscerais, 6sseas e hematologicas da DG
(ver secdo 3.2) mas, devido a ndo cruzar a barreira hematoencefalica, ndo age sobre o dano
neurolégico (STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al., 2017).
Outra limitacdo da TRE é a necessidade de infusbes intravenosas a cada 2 semanas, com
duracdo de 2 a 4 horas, 0 que acarreta transtornos a rotina dos pacientes, perda relativa de
qualidade de vida e diminuicdo da adesdo ao tratamento (ALIOTO; GOMEZ; MOSES;
PATERNOSTRO et al., 2020; OLIVEIRA; ALEGRA; DORNELLES; KRUG et al., 2013).

Devido as limitacGes da TRE, Platt e Radin desenvolveram o conceito de terapia de
reducdo de substrato (TRS), com o principio de que, sendo o acimulo de GlcCer a causa das
manifestacdes da DG, seria tdo l6gico quanto aumentar a sua degradacao (o que é feito pela
TRE) diminuir a sua producdo, através da inibicdo da enzima glicosilceramida-sintase
(MISTRY; LOPEZ; SCHIFFMANN; BARTON et al., 2017; WEINREB, 2017). Em 2002,
a primeira TRS, miglustate, foi comercializada ndo como primeira linha terapéutica (devido
a sua eficacia menor que a TRE com imiglucerase), mas como uma alternativa a TRE em
pacientes com efeitos colaterais incapacitantes ou que, por motivos pessoais, decidissem nédo
aderir a TRE (COX; LACHMANN; HOLLAK; AERTS et al., 2000; HEITNER; ELSTEIN;
AERTS; WEELY et al., 2002; STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE

et al., 2017). Apesar de cruzar a barreira hematoencefalica, 0 miglustate nao é eficaz para o
55



tratamento de manifestagcdes neurolédgicas (STIRNEMANN; BELMATOUG; CAMOU;
SERRATRICE et al., 2017). Mais recentemente, uma nova TRS foi desenvolvida, com
disponibilidade para uso clinico em 2015: o eliglustate, com eficacia similar a imiglucerase
(COX; DRELICHMAN; CRAVO; BALWANI et al.,, 2017; COX; DRELICHMAN;
CRAVO; BALWANI et al., 2015). O eliglustate atualmente é considerado em muitos paises
um farmaco de primeira linha para o tratamento da DG em pacientes de idade igual ou
superior a 18 anos (REVEL-VILK; SZER; MEHTA; ZIMRAN, 2018).

No Brasil, o tratamento é guiado pelos Protocolos Clinicos e Diretrizes Terapéuticas
(PCDT) do Ministério da Saude (FIGUEIREDO; FIREMAN, 2017), tendo sido a edicdo
mais recente elaborada em 2014. A primeira opc¢éo terapéutica é a TRE com alfataliglicerase,
e, para o inicio do tratamento, o paciente deve ter positivos os dois critérios maiores
(diagnostico clinico de DG; diagndstico laboratorial por medida de atividade enzimatica da
GCase ou por gendtipo do gene GBA), além de um dos critérios menores (anemia; contagem
de plaquetas abaixo de 50.000/mm3; sangramento espontaneo ou decorrente de trauma
minimo; figado ou baco palpaveis abaixo da cicatriz umbilical; sinais radioldgicos de
acometimento esquelético reversivel ao tratamento, como osteopenia, 0steoporose,
infiltracdo da medula dssea, ou deformidade em frasco de Erlenmeyer; sintomas gerais
incapacitantes; crescimento inapropriado em pacientes menores de 19 anos de idade;
acometimento cardiaco ou pulmonar; mieloma maltiplo; esplenectomia; DG3;
acometimento hepatocelular). Para pacientes que apresentem hipersensibilidade a
alfataliglicerase ou a algum de seus componentes, é autorizado o uso de imiglucerase ou de

alfavelaglicerase para TRE.

O tratamento por TRS no Brasil € feito apenas com o uso de miglustate, devido ao
fato de o PCDT ter sido formulado antes da aprovacéo do eliglustate. Para mudanca de TRE
para TRS, o paciente deve ter positivos os trés critérios maiores (diagndstico clinico de DG1
ou DG3; diagndstico bioquimico de DG, conforme especificado acima; e idade igual ou

superior a 18 anos), além de ao menos 1 critério menor (presenca de condigdo médica que
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contraindique a TRE; presenca de quadro clinico estvel durante administracdo de TRE,
incluindo tamanho de baco e figado, niveis de hemoglobina, e niveis de plaquetas).

4. Distarbios congénitos da glicosilacéo

Os DCGs sdo um grupo de doengas metabdlicas raras, a maioria de padrdo de heranga
autossdémico recessivo, que afetam o processo de sintese, remodelamento, e distribuigdo de
cadeias complexas de carboidratos denominadas “glicanos” (JAEKEN; MORAVA, 2016).
Existem aproximadamente 150 DCGs conhecidos até a presente data, cada um causado por
um defeito enziméatico distinto que afeta a formacdo e a distribuicdo dos glicanos
(FRANCISCO; MARQUES-DA-SILVA; BRASIL; PASCOAL et al., 2019). A funcdo dos
glicanos ainda ndo é completamente elucidada; sabe-se que a ligacdo dos glicanos com
proteinas — formando glicoproteinas — estabiliza a conformacao espacial dessas e permite o
reconhecimento por diversos receptores e transportadores, auxiliando na sua
compartimentalizacdo e em atividades de sinalizagdo (TAYLOR; DRICKAMER, 2011a; b;
d). Devido a glicosilacdo ser um processo presente na maior parte dos tecidos humanos, com
pouca variacdo de seu maquinario enzimatico conforme sua localizacdo, os DCGs tendem a
ser patologias graves e de envolvimento multissistémico (VERHEIJEN; TAHATA;
KOZICZ; WITTERS et al., 2020).

A classificacdo atual dos DCGs (figura 8) os divide primariamente de acordo com o
tipo do sitio de ligacdo entre os glicanos e as cadeias polipeptidicas que esta afetado: defeitos
da N-glicosilacdo sdo causados por anormalidades nos glicanos ligados a proteinas através
da porcdo N-terminal de residuos de asparagina, sendo o tipo mais abundante e comum de
DCG; defeitos da O-glicosilacdo sdo causados por anormalidades nos glicanos ligados a
proteinas ou a outras cadeias carboidraticas através da por¢cdo O-terminal de residuos de
serina ou de treonina (PEANNE; DE LONLAY; FOULQUIER; KORNAK et al., 2018). Os
defeitos da N-glicosilagdo sdo ainda subdivididos em defeitos do tipo | ou do tipo II: os

primeiros sdo causados por alteracfes na sintese e no processamento de glicanos no
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citoplasma ou no RE, e levam a diminuicdo no nimero de glicanos ligados a proteinas, mas
ndo a presenga de glicanos de composi¢do anormal (“truncados”); os ultimos sdo causados
por alteracGes no processamento (remodelamento e distribuicdo) de glicanos no CG, levando

a presenca de glicanos truncados em proteinas plasmaticas (JAEKEN; MORAVA, 2016).

Defeito em enzima localizada no Ex.: PMM2-CDG,
Tlpo 1 — citoplasma ou no reticulo —  MPI-CDG, ALGS-
endoplasmatico CDG
Defeito em enzima ou proteina Ex.: CCDC115-
— Tipo II — estrutural localizada no complexode — CDG, TMEM165-
Golgi CDG
Defeito na enzima fosfoglicomutase-1,
= PGMI1-CDG com fungdo em reticulo
— endoplasmatico e complexo de Golgi
|| Ex.: EXT1-CDG,
B4GALT7-CDG

Figura 8. A classificagdo dos DCGs. Figura mostrando a classificagdo atual dos CDGs,
primariamente conforme o tipo de sitio de glicosilacdo afetado e entdo a partir do
comprometimento subcelular.

As manifestacdes clinicas dos DCGs sdo diversas e heterogéneas. Pontos em comum
entre a maior parte dos DCGs do grupo | sdo o comprometimento neuroldgico levando a
epilepsia e atraso do desenvolvimento neuropsicomotor, devido a abundancia de proteinas
glicosiladas no desenvolvimento extrauterino do sistema nervoso central (JAEKEN, 2013);
0 inicio precoce, por vezes neonatal, de dano hepatocelular inespecifico, com caracteristicas
inicialmente sugestivas de hepatites, mas com progressao rapida a fibrose (ver secdo 1.3)
devido ao figado ser o principal 6rgdo secretor de proteinas glicosiladas para circulagdo
sisttmica, especialmente durante o inicio da vida extrauterina (VERHEIJEN; TAHATA,;
KOZICZ; WITTERS et al., 2020); e coagulopatias com aumento simultaneo do risco
hemorréagico e do risco trombotico, devido a glicosilacdo da maioria dos fatores pré- e
anticoagulantes (FERREIRA; ALTASSAN; MARQUES-DA-SILVA; FRANCISCO et al.,
2018; TAYLOR; DRICKAMER, 2011c; VERHEIJEN; TAHATA; KOZICZ; WITTERS et
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al., 2020). O DCG mais comum e que serve de protétipo para o estudo da classe dos defeitos
da glicosilacdo € a PMM2-CDG (deficiéncia de fosfomanomutase-2), com mais de mil casos
relatados no mundo até hoje (ALTASSAN; PEANNE; JAEKEN; BARONE et al., 2019).
Essa doenca é causada por variantes patogénicas bialélicas no gene PMM2, cuja enzima é
responsavel por transferir o grupo fosfato do carbono 6 para o carbono 1 da manose-6-
fosfato, produzindo manose-1-fosfato, a qual é utilizada para a producdo dos glicanos
iniciais nas porc¢des externa e interna da membrana do RE (ADAM; ARDINGER; PAGON;
WALLACE et al., 1993). A diminuicdo da atividade da PMM2 leva a producdo insuficiente
de manose-1-fosfato, e assim a diminuicdo na quantidade de glicanos produzidos em toda a
cadeia. As manifestacGes tipicas da PMM2-CDG, que iniciam nos primeiros anos de vida,
sdo: estrabismo, epilepsia, ataxia, atraso do desenvolvimento neuropsicomotor, hipotonia,
coagulopatia, e dano hepatico metabdlico, com progressdo de alguns pacientes a fibrose
hepética e a cirrose (MARQUES-DA-SILVA; DOS REIS FERREIRA; MONTICELLI;
JANEIRO et al., 2017; SCHIFF; RODA; MONIN; ARION et al., 2017; WITTERS;
HONZIK; BAUCHART; ALTASSAN et al., 2019). Ndo existe tratamento especifico para
a PMM2-CDG, apesar de inimeros compostos estarem sendo testados; a letalidade nos
primeiros 5 anos de vida é de aproximadamente 25% (IYER; SAM; DIPRIMIO; PRESTON
etal., 2019; MARTINEZ-MONSENY; BOLASELL; CALLEJON-POO; CUADRAS et al.,
2019; VERHEIJEN; TAHATA; KOZICZ; WITTERS et al., 2020).

O diagndstico dos DCGs pode ser complexo e dificil (figura 9). O exame laboratorial
mais comum para o rastreamento de DCG em pacientes com alta probabilidade pré-teste é a
isoeletrofocalizacdo (IEF) de proteinas plasmaticas (LEFEBER; MORAVA; JAEKEN,
2011). A IEF detecta a presenca de proteinas de mesma estrutura primaria, mas com pesos
moleculares diferentes, o que é explicado por diferencas quantitativas e qualitativas em seus
glicanos (LEFEBER; MORAVA; JAEKEN, 2011). A Tf, por ser uma proteina plasmatica
abundante e com 2 sitios de glicosilagdo bifurcantes terminados em &cido sialico (NeuAc)
(o que lhe confere a presenca de 4 NeuAcs), € a proteina mais comum a ser estudada por
esse método, fornecendo dois padrbes de resultados: padrdes do tipo | sdo aqueles com

aumento das formas da Tf com apenas dois NeuAcs (significando a perda do glicanos em
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um dos sitios de glicosilacdo) e com nenhum NeuAc (significando a perda dos glicanos em
ambos os sitios de glicosilacdo), caracteristicos dos DCGs de N-glicosila¢do do tipo I. Os
padrdes do tipo Il sdo aqueles com aumento das formas da Tf com um, trés, ou cinco NeuAcs
(significando a presenca de glicanos estruturalmente anormais), caracteristicos dos DCGs de
N-glicosilacdo do tipo 1l (JAEKEN, 2013; LEFEBER; MORAVA; JAEKEN, 2011).

Analise de
glicosilagdo de Tf

Fenotipo de
PMM2-CDG ou
MPI-CDG

Fenotipo tipico de Fenotipo tipico de
doenga especifica doenca especifica

Andlise de Analise de Andlise de

. . . . . Diagnostico
atividade Sequenciamento atividade Sequenciamento atividade g

o . " o . " . .- diferencial com
enzimatica ou de painel genético enzimatica ou de painel genético enzimatica ou

sequenciamento ou de exoma sequenciamento ou de exoma sequenciamento
de gene especifico de gene especifico de gene especifico

sindromes nao-

DCG

Figura 9. Algoritmo diagnostico para a abordagem inicial de um paciente com suspeita
de DCG. Algoritmo de abordagem inicial de um paciente que tenha fenétipo clinico
sugestivo de um DCG. A andlise de glicosilacdo de Tf pode ser realizada por IEF ou por
espectrometria de massa. Adaptado de (FRANCISCO; MARQUES-DA-SILVA; BRASIL;
PASCOAL; et al, 2019).

O fendtipo hepético dos DCGs ¢ de dificil defini¢do, devido a presencga de multiplas
doencas heterogéneas incluidas nesse grupo. Alguns DCGs possuem fendétipo hepatico grave
que foi definido principalmente através de relatos de casos: a ALG8-CDG (deficiéncia de a-
1,3-glicosiltransferase) é um DCG do tipo | que pode causar dano hepatico com fibrose de
inicio na infancia ou na adolescéncia, levando a cirrose com hipertensdo portal proeminente

(MARQUES-DA-SILVA; DOS REIS FERREIRA; MONTICELLI; JANEIRO etal., 2017);
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a MPI-CDG (deficiéncia de fosfomanose-isomerase) é um DCG do tipo | que pode
apresentar inicio neonatal ou mesmo intrauterino de perda de funcdo hepatica e fibrose
hepatica rapidamente progressiva, levando a cirrose e perda de funcdo hepatica
(MARQUES-DA-SILVA; DOS REIS FERREIRA; MONTICELLI; JANEIRO et al., 2017
MENTION; LACAILLE; VALAYANNOPOULOS; ROMANO et al., 2008); a CCDC115-
CDG (deficiéncia de proteina contendo dominio em mola 115) ¢ um DCG do tipo Il que
apresenta inicio neonatal de hepatoesplenomegalia, colestase, e deposicdo de cobre nos
hepatocitos, com progressao rapida a cirrose e a perda de funcdo hepatica (GIRARD;
POUJOIS; FABRE; LACAILLE et al., 2018; JANSEN; CIRAK; VAN SCHERPENZEEL;
TIMAL et al., 2016; MEDRANO; VEGA; NAVARRETE; ECAY et al., 2019). Estudos
sistematicos do fenotipo hepaticos dos DCGs, sdo, no entanto, raros. Em 2017, Marques-da-
Silva e colaboradores (MARQUES-DA-SILVA; DOS REIS FERREIRA; MONTICELLLI,
JANEIRO et al., 2017) realizaram uma revisdo sistematica da literatura cientifica,
descrevendo achados hepaticos ja relatados em 16 tipos de DCG, e dividindo os pacientes
em dois grupos: os DCGs com envolvimento predominantemente hepatico, e os DCGs com
envolvimento hepatico “associado”. No entanto, exceto a tentativa de classificacdo, pouco
foi abordado nesse estudo a identificacdo de padrbes hepaticos comuns aos diferentes DCGs,
que possam levar a um maior entendimento da histéria natural e da biologia dessas doencas

e assim contribuir ao cuidado clinico que esses pacientes recebem.

Em 2019, Witters e colaboradores (WITTERS; HONZIK; BAUCHART,;
ALTASSAN et al., 2019) publicaram um estudo de historia natural de pacientes com
PMM2-CDG, mostrando pela primeira vez de forma sistematica o comportamento dos
marcadores de dano hepatico inespecifico (ver secdo 1.3.1) nessa doenca, que segue um
padrdo de grande elevacdo até os 5 anos de idade, com melhora gradual ap6s, atingindo
niveis proximos a normalidade durante a adolescéncia na maioria dos pacientes. Esse estudo,
no entanto, ndo analisou outros aspectos do fenotipo hepatico — como esteatose, colestase,
marcadores histoldgicos ou imaginoldgicos —, e restringiu o escopo do estudo aos pacientes
com PMM2-CDG. Né&o hé, assim, na literatura cientifica, estudo abrangente de fenotipo

hepatico em DCGs, especialmente considerando outros DCGs além da PMM2-CDG.
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B. Justificativa

Tanto a DG quanto os DCGs sdo doencas genéticas que afetam multiplos sistemas
organicos e que causam grande impacto na vida dos pacientes afetados. Sdo doencas
monogénicas do metabolismo, mas que ndo incluem, em sua maioria, na sua descri¢cao
classica a presenca de alteracdes hepaticas complexas, sejam primarias ou secundarias,
apesar de as rotas metabdlicas que afetam estarem presentes em grande atividade no figado.
Essa falta se reflete na auséncia de recomendacdes clinicas precisas que levem em conta o
acometimento hepéatico nesses pacientes. Assim, assumindo-se que Seja necessario
compreender por completo e em detalhes o fen6tipo de uma doenca para que o paciente
portador possa ser cuidado por completo, e para que tratamentos eficazes possam ser
descobertos, faz-se premente a exploracdo aprofundada do fenétipo hepético da DG e dos
DCGs.

Essa linha de pesquisa expande a linha de pesquisa do grupo da professora Dra. Ida
Vanessa Doederlein Schwartz, que estuda, dentre outros topicos relacionados, o fenétipo de
pacientes com DG em multiplos niveis, tendo trabalhos prévios explorado: as manifestacfes
neuroldgicas; imunoldgicas; nutricionais e metabdlicas; do metabolismo do ferro; e
esqueléticas nessa doenca. Esta é a primeira vez que o fenotipo hepético da DG, e que
qualquer aspecto dos DCGs, séo estudados neste grupo de pesquisa.
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C. Objetivos

Objetivos gerais

1. Delinear o fendtipo hepético da doenca de Gaucher;
2. Delinear o fendtipo hepatico dos distarbios congénitos da glicosilacao.

Obijetivos especificos

1. Descrever e analisar o aspecto clinico do fenotipo hepético da doenca de Gaucher,
com foco na histdria natural dos achados clinicos e em exames laboratoriais de pratica
clinica, e na resposta ao tratamento especifico.

2. Descrever e analisar de forma quantitativa o fenotipo hepéatico da doenca de
Gaucher a nivel histoldgico.

3. Propor fatores de modificacdo do fendtipo hepatico da doenca de Gaucher.

4. Investigar ativamente a presenca de fibrose hepatica em pacientes com doenca de
Gaucher, e estudar métodos ndo-invasivos e de baixo custo para a deteccdo dessa
anormalidade nesses pacientes.

5. Descrever e analisar o aspecto clinico do fendtipo hepéatico dos distarbios
congénitos da glicosilagdo, com foco na histdria natural dos achados clinicos e em exames
laboratoriais de préatica clinica, e na resposta ao tratamento especifico.
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D. Métodos e Resultados
e Objetivo especifico 1

Artigo 1: “Liver involvement in patients with Gaucher disease types I and III”’. Rodrigo
Tzovenos Starosta, Filippo Pinto e Vairo, Alicia Dorneles Dornelles, Suélen Porto
Basgalupp, Marina Siebert, Maria Lucia Alves Pedroso, Carlos Thadeu Schmidt Cerski,
Mario Reis Alvares-da-Silva, Ida Vanessa Doederlein Schwartz.

Artigo publicado no periédico Molecular Genetics and Metabolism Reports, 2020; 22:
100564.
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ARTICLE INFO ABESTRACT

Fepeand: Bockgroond & oime Gaocher disoase (GD) & a meitisystomic dsmse Liver Svolvemest in GO & not well
Caucher dseam chararterisad and ranges from hepeinmegaly io cirhosts mmd hepatomihilsr Gernoma. We aim io-describe, znd
Fazyme =rpl hrmapy ez the: effert of watment, on B hepatic phenciype of a cohort of patients with GO types 1 and L

L sivsisa Mahods: Rotrospoctive study besod on B review of the modical flles of the Gaucher Reference Contre of th
::“""“"‘ . Blospital de (Hnices de Porio Alegre, Bmad] Deds from all GI types | and Of patonts saen af the centre snee 3003
ﬂ'ﬁﬂ: . were analysal. Variables wene compared as pro- (*bessling™) and post-retmend (=follow-zp7).

Resul Forty-two petients (hypes I 39, - 3; fumle 22, medan age 35 §; enzyme rmeplacesent theepy: 37;
sulstmiz Teduction Berpy: Z non-bwmid: 3 meda B 00 fostment MTT: 124 months) wire indndad,
Liver exoyme abnormalites, hepatomegaly, and stmbosis at busing wire sem in 19,23 (68%), 20742 [67%),
! 325 patients (9], Tespectivaly; at follow-up, Z1/38 (55%), 15/38 (30%) and 15/38 [39%). MRI fron
quaniification showsd overioad In 773 patients (rated: 7; MTT: 55 months), being seveme i 27 (tostad 203
MTT: 44.5 months). Fight patieni= bad liver biopsy (teaied: & MTT: 58 months], with fbrosis tn 3 (tastad: 1;
tme on ireatmenit 106 momths) and steabohapatits i T {ireatsd: & Hme on babment: 62 and 185 months). Tne
ptiont devslopad hepainceular cancinoma.

Conchesions I 15 2 heterogensous s Bat cises Hfment paitems of Bver damags oven during beament.
Although Eraatment Improves e bepaiocelular drmags, [t s amocaied with 2n Incresed mbe of soaioss. This

study highlights the Importnce of a follow-up of Hver integriy i thes patonts.

1. Introduction (GlcCer) to bulld up Inio the lysosomes of the reticuloendotheltal
sysiem cells, mainly macrophages that become engorged and dysfanc-

Gawcher dissase (GI) (OMIM 2230800, #Z30900 and #Z3100) 15 ticnal belng thus called “Gaucher cells™ [1]. The incldence of GI ranges
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RT. Siorosz, of al

type 1, or “non-neuronopathic”; type I, or “zoste neuronopathic”; and
type 11, or “chronic meEronopathic®.

The manifestattons of GO} are multisystemic with a complex pa-
thophysiologic process that arses from the mfiltatton of crgans by
Gawcher cels, the low-grade Inflammation promoted by cells whose
Intracellalar signalling 15 disnupied by the acoamulation of GlcCer
[3,4], and nither factors such as abermant complement activity [5,6] and
dysfunctional astophagy [7,8]. The main signs and symptoms of G0
Include hepatosplenomegaly, anaemia, thrombocytopenta, bone defor-
mities and pain, osteonecrosis, resificive pulmonary disease, and
neurological compromise o pattents with GO type 0 and 10 [1,2] which
cause sgmificant impatrment In Ufe quality and redwction of Hfe ex-
pectancy [9,10]. Treatment of GD 15 currently avatlable In two mod-
altttess enryme replacement therapy (ERT) and ssbsirate redwction
therapy (FRTL The former Is the most established trestment, consisting
In the forimightly Infusbon of recomblnent GCase which 15 wptaien by
the macropbages’ hysosomes, decreasing the GloCer badldup [1,2,11)
[mighicerass [Sanofl Genzyme Corporation, Cambridge, MA, USA), t2-
ltglucerase alfa (Protallx Blothemapewtics, Carmiel, Ismel), and we-
laglucerase alfx (Takeda Pharmaceutical Company, Tokyo, Japan) are
the currently avallzhle enzymes with no detectable difference In efl-
cacy or ety profile imown betwesn them (1,12, 13-16]. 38T Is ad-
minisiered orally once or twice dally and works decreasing the pro-
duction of GlcCer which consequently decreases bis stomage [17). The
currently SET FIM-approved compounds are miglustat and sbglostat.
ERT and<or SET are not indicated for GO type 11 patlents.

The extent of Bver damage In GD 15 sl subjent of debate — frst
reports were limited to hepatomegaly, however it s camently known
that patlents are at Incressed risk for focal fibrosis, cholbsithlass,
steatosis, haemosidercsls, overt cirrhosis, and hepatocelular carcinoma
[HCC) [1E,19). Hecent stidies [20,21] have shown that lver stiffress 1s
Increased In a large proportion of patients with G, suggesting that
fibrosis may be a pervasive process even In pailents with apparent
oonirolled disease, and alsy that Bt 1s correlated to dissass severty,
maldng It an important cause of morbidity to be addressed In this po-
pulation.

In this study, we almed at characberising the Bver nvolvement Ina
cohoet of pattents with GD type | and 11, and the effect of ERT/SRT o
those variables.

L. Methods

This 15 3 retrospective sudy, based on the review of the medical
records of the GI types 1 and I pabents followed at the Gaucher
Reference Centre of the Hospital de Clinicas de Porto Alegre, Brarl
[GRC-HCPA) from 2003 to 3018 HCPA 1s a public, university hospital
located tn Southern Brazl Inclesion critesia were: a) having bilo-
chemical or genetic diagmosts of GIY b) not having amy other pimary
Itver disease, ax determined by clindcal and laborstory features and
serological screening for hepatitis B and ©.

At the GRCHCPA, pattenis hawve regular appolniments every
14 months and mest exams are made In an anmual basis emless an
acube event prompis 2 more frequent evaliation. The following exams
were performed at baseline for most patlents: complete blood cownt,
chitotricsidase activity, asparfate-transaminass (AST), alanine-iransa-
minase (ALT), and abdominal ultrasomography (US). The following
rxams are performed yearly: AST, ALT, y-glutamylimnsierase (pGT),
diresct bilrubin (DR), indirsct bilinshin (18], prothrombin time, alkaline

total and fractional cholesterol, triglycerdes, serum
creatimine, blood wrea, calctum, phosphorus, UE, serum proteln elec-
trophoresls, ssram  Immunoglobuling, transferrin sturationiron-
binding pacity, and senam Iron. The following exams are performed
every three months: complets blood count, senem ferritin, and chito-
triosidase activity. All patients are tested for serological markers of wiral
hepatitls at Intiation of treatment and agalm according to clindcal in-
dication. Alpha-foetoprotein [(AFF) is not ordered for pattents without

Moleculer Conefics e Micscholive: Peparts 23 (20000 DO0SS4

cimteosis due to Its dubdows efficacy as a screening test for hepatood-
lular carcinoma [22]. The presence of hepatomegaly was ascenained by
US ar by physical sxam {when US was not avallsble). The presenos of
steatosls was assessed by US. Elastography for flbrosls assessment 15 not
roatinely performed. Other scams are periormed according bo cinlcal
Indication [22]. All padents had genociyping of GEA and HFE by next-
generation sequencing.

Immunolegiml amd irmon metabollsm findings of our cohort have
already been described by Valro et 2l [24] and Eoppe et al. [15], re-
spectively.

Statistical analyses were performed using the PSS software (IHM
Inc., .18}, for comparison of frequencies of categorical variables, the
3” test was used. Patlents were companed regarding the findings before
the onset of treatment (*baseline” data polnts] and durlng treatment
umtil ket follow-wup (*follow-ap™ data points). Findirgs were considered
atmormal at basedine or at folbow wp B altered 1o at least bwo mea-
surements for each datapoint, or one measurement when It was the only
cne avallzble

3. Fthics statement

This study was approved by the Institutional Review Board of HCPA
(CEP/HCPA), Porto Adegre, RS, Brazfl (projects #13-0537 and
#150083). All studies were conducted acoording to the Declamtion of
Helstnkl. Writien Informed consent was obtalmed from all subsjects or,
when « 1B years-old, from thedr parenis.

4, Results
4.1. Subjeces

Farty-two patients were included (n = 39, ype L n = 3, type I
fremale = 21; medlan time on treatment: 124 months). One patlent with
G type [ (pt 260¥) was excluded from the follow-up data analysis dee to
diagnosls of adive chronic hepatitis B One patent with GD type 1 (pt
26A) had serclogical evidence of spontanecusly cured hepatitts B No
other patients bad signs of other llver dissases, such 2 drog-relaied
tver Injury, autolmmune bepatitts, or vimal bepatits,

Mo pattent had a history of blood tansfisions In the past. A total of
36 patients had measurements of serum transfemin saturation afer
treatment; of these, & had decreased values and 5 had increased values
(Gupplementary Table 1). Four patients had wsed ferrous sulphate
spplements In the past, ome of them only during pregnamcy
(Bupplementary Table). Mo patlent was homorygous or compound
beterozygous for pathogenic vadants in the HFE gene, miling owt the
concomltant dizgnosts of HFE-assoclated haemochromatosts (MIB:
& 235 300,

4.2 Labhoramry findings

Laboratory findings of all pattents are shown in Table 1

Chut of the 28 patients with liver eneymies (5T, ALT, or yGT) data at
baseline, 19428 (66%) had abnormal bver enrymes In at least two
mezsuremenis. At folbow-mp, 2138 (68%) had abnormalities 0 at least
coe liver enxyme in a1 beast two measurements. History was positfve for
excessive alcobol intake In two patients (198 and 26H).

Senmm trapsfermin saturation, Immauncg kobulies, and serum protetn
elecirophoresis results during treatmend can be found In the supple-
mentary tzble. Immunoglobulin measurements and s=nam  protein
elecirophorests results were avatlable for 36 patients during treatment;
of thess, 26 had an abnormal sensm Immmmoglobulin meassrement at
least twice and 20 had Increased y-globulins In senmm electrophorests at
lbeast twice.
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Tabie 2
US findings from GO patents at bassling.
Pazemi gr BMI & i fre— Chelelitbiast Ferin M Liver sizpry
i ingdL)
1A 7 159 Ma Ma Ko am Ma e
18 B 161 Ma Vi Ko - Ma e
3 1 169 Ma Vi Ko - Ma e
3 15 w3 T Ma Ko 1745 Ma e
A 16 118 Mo ha ¥n 4K B =
48 26 ik T Vi Tex 11 Ma e
4 B 151 Ma Y Ko - Ma e
& 20 TR Mo Vi Ko N9 Mo Y
T & & Ma Vi Ko - Ma e
E 7 12 Ha Vi Ko .4 Ha =
9 i 183 Ma Vi Ko 166 Ma e
10 0 E Ha Y ¥n - Ha =
114 - 141 - Vi Ko - Ma e
11E - - - Y Ko - Ma e
12 12 w3 Ma Ma Ko - Mo e
13 4 i Ma Ma Ko - Ma e
1] 4 162 Mo Vi Ko - Mo =
15 11 125 Ma Y Ko - Ma e
16 - 152 - T ¥n - Ha Bs
7 1 168 Ma Vi Ko - Ma e
18 i 216 Ma Vi Ko - Ma e
194 ] 30.2 Ha Vi Tex TEAS Ha =
198 28 pil] Ma Vi Ko - Ma e
190 a3 5 Ha Ha ¥n 561 Ha Bs
m 18 1.9 Ma Vi Ko - Ma e
i 13 ek Ma Vi Ko - Ma e
el 30 M Ma Vi Ko AL Ma e
= ol 253 Ma Y Ko 133 Ma e
n 1 =3 Ha Ha Ko B35 T ¥
1] 22 23 Ma Ma Ko - Ma e
58 £ 254 Ha T Trx TEAZ Ha B=
5 a5 30.2 T Y Tex BT Ma e
) “ = Ma Ma Ko A1 Ma e
HE 5D 3.4 Ma Ma Ko 1809 T e
0 &7 5 Ma Ma Ko 1203 Ma e
0 1 193 Ha Y ¥n - Ha s
el “ - Ma Vi Ko - Ma e
| E2 M Ma Y Ko 3302 T Y
T 5L 1 Mo Ma Tex 1698 T e
e &1 o3 Ma Ma Tex Tra Ma e
1] &0 T Ha Vi Ko 102 T =
31 &2 wr Ma Ma Ko 1343 Ma e

¥ = years-cid; US = oitmsonography; EM] = body-mass index; Mets - metsbaolic syndrome. Ferritin BY < 150 ngAdL for women, <300 mg/dl for men.
" Mntabcllc syndrome is defined as the presnce of at least thros of the fllowssg: obasity, high trigiprerides level, inoassed Wood presure, and devated fsting
hincd glucces: (mdund HOL level was not consderad 25 2 aiterion beouss: i |5 2 fasture of GI.

4.3 Liver nirresonmd findings

Liver US reports were avallable from 39 patients (bassiine = 3%
follow-up = 3E) {Tables 2 and 3. Hepatomegaly was present In 28742
(7%} of patients at baseline and In 1538 (399 of patients at follow-
up.

Steatosis was pressnt in 3739 (§%) of patients at hassline and In 155
I8 (39%5) at follow-op. In 6 patlents, there was regression of steaiosls
within 2 years of US detection. O thess, none had any significant
change In body-mass Index (BMI)} but two had changes In the ERT re-
gimen (for patlent 15, there was an Increase in the Imiglucerass dosmge
from 45 1Ky to 60 IU/Kg; for pattent 190, there was a switch from
taliglucerase alfa to Imiglucerass]). Twelve oot of the 16 patients [755%)
with sieatosis were cveraelght or obese, with 4 patlents (fwo whose
steabnsls regressesd, ome that malntains the finding, and one that denisd
treatment and further follow-up) baving 2 nommal BML A significant
difference was found betwesn the frequency of overwelght/‘obesity In
patlents with and without persistent steatosls (7. B% v 409, p = 047,
F‘eamu":]:lfl. Elocd lipid levels were avatlable for 7 of the 9 patents
[7E%) with non-regressing steatosls during treatment. All 7 pabents
had dysbipidasmia (four with high triglycerides, three with high total

cholesterol and LIN., and fve with low HDLL Levels were avatlable for
3] patients without non-regressing steatosls — of these, 2B (90.3%:) had
dyslipidaemia (10 with high triglycerides, 5 with high total cholesterol
and LIM., and 25 with bow HOL). No significint difference was found
between patients with and without non-regressing steatosls and the
presence of dysiptdarmia (p = _E14, Pearson's 370

Twelve patients in the cohont had cholelithiasis, and 7 of them
underwent cholecystectomy (pes. 13, 18, 194, 20, 23, 254 and 258).
Pattent X3 had cholecystectomy before Initlation of treatment for GI.
Eight out of the patients with cholelithlasis were overmelight or obess,
bt no significant difference in the prevalence of overwelghtfobesity
was found betwesn the patients with and withcut cholelithiasts (66, 7%
vs 40.7%, p = 115, Prarson's ]'_:].

(her US findings ohserved In the cohort were: cysts, haemangloma,
solld nodule compatible with an adenoma or a haemangioma, portal
hypertension that resolved with initlation of ERT, and drrhosis with
HOC. The two cysts of unknown diagmosis wers present In a palr of
brothers with GD type [ who also had steatosis (pts 294 and 258). The
clder brother passed away at the age of 65 due to mulitple myeloma.
The cyst In the younger brother, mow aged 65, 15 5 mm in diameter and
Is stable since it was diagnossd 2 years ago. The patient with crrbosis
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Table =

L= froem GID patients al follow-up.
Pazami Aps Tims an E Hag galy  Cheolelithiaxh  HMI Ferstits MeS Suring Lives blopey Suring

iyh ‘mrearsar) (=g/dLi =ratmemt® srrarmem

1A - Ty - ] - 174 e T Ha
18 il W1EH]) T ] Ko IBE A T Ha
2 k1] K100 Tyl) Widl) e Yo T nr i | Ha Ha
] - - - - - - - - -
4 - - - ] Ko 144 122 Ha Ha
48 3 K13 Tl 3m Ko Yo T e 3 Ko i
5 ') K177} Ha Ko Ko ny 7 Ha Ha
& Fal 33 T ] Ko Iz4 1716 T Ha
T 7 EEH) Na ] Ko 10z BBkl Na Na
E .} K15E) e Yo Ko 0L RIA3 Ha Ha
2 I K112} Ha ] Ko T L5 Ha Ha
10 .} {200} Ha Yo Ko T tr Ha Ha
114 I, K174 T Yo T 1EE MIE Ko i
1E 0 H14E) N Yo Ko ITE . LAl N i
12 ) K126} T Yo Ko 251 = | T Ha
13 i L2005 Ty Bdy Eq41) KE) B K" ] T 288 ElLE Na T
14 ra | K137} Ko Yo Ko 49 (AL Ha Ha
15 .| KIZLE) e Yo Ko 2k 111 Ha Ha
16 .} A1) ) Ha ] Ko 20E RE0A Ha Ha
7 .| LD T2y B635 THERE) Ko Ko Ko 30E LR Ko i
18 = MiT K113 N Yo Tex s I'RE Tm i
194 a5 KET) Tr* ] T = 5 Na Na
1= el KMy Na ] Ko ITE . L | Na Na
19C | e T(L) ey e Yo Ko IEE Tied T Ha
k1] 3 K207} Ha ] T InE Eraz Ha Ha
i = ISy W3H) T jay Ha ] Ko T 4157 Ha Ha
¥l ] 3 k%) TQES) Ha Yo Ko LE &38R Ha Ha
¥ &0 723 Tez) K14y BfhD T ] Ko = = Tm i
Fa | = K3E) Tr* ] T nr 072 Na Na
4 4 L) T3y B29) Ty, Ha Yo Ko BT MTa Ha Ha
A E] W11} Ti1) KES) T ] T InE 611.9 Ha T
*E | MR T3 T ] T 318 1253 Ha T
IR, ) IEO) Ha ] Ko 241 B Ha Ha
HE tH ETE) T Ko Ko 323 1457 T T
i H ] KE6) T ] Ko FiES 348 T Ha
i &l L2y T2y iEy T L) T ] Ko 2LE 1053 T Na
A &2 K34y T2 (28] Ha ] Ko ik} = kB Ha T
A 5 K105 T2y 99 TE1) T ] T 45 &7 T Ha
TE 5 K193 T2 @) T(14) T Yo T T BB T Ha
= & LT M) KET) Ha Yo Ko 305 1108 T T
iy | - - - - - - - - -

¥ = yarscid; BMI = body mas index; | = imiglucerss T = Qiiglocemse alfs ¥= = veagocres: iy E - siglusat A = algoomss; M - mighstt
* Mitzbolic yndrome is defined as the presmcs of at lsast thiee of the Gllowing: obesity, high tHgiyerdes level, mouesed biood presure, and devaled fsting
Tinod giucoss {meduced HDL Il was not comsidered 25 a oriterium becauss i &5 2 Sature: of GO,

" Stostosds regressad within two Fears of US detection.
© Stoainsis at Uver blopsy only.

(pt 2B) Is a £Z-yearcld male spleneciomised GD type | patient de-
scribed elsewhere ™,

4.4, Magnenc resonance tron quandficadon
Liver tron guantificetion by magnetic resonance had  been

Tabls 4
Pationix scroenid for hepatic tron overinad wikh Magnaic eSOnane.

pesformed in 7 patients with GD type | on treatment with ERT
(Table 4). ron cverboad was observed tn &7 (B5%:) patlents, mnging
from 50 to 280 pmol/g (reference value (RV): «36) All the patients
with tron overload bad high fermitin values, mnging ffom 244 to
3011 ng/ml. Two pattents had a high level of tron overload
(79 pmolg [27]) - one was a 55-yearold male patient whose MR1

Pasemi  Agmdyl Gender FFE penciype Forisa (agfdly T = T st mxn Tine oz extnerd (Booiln] e cooosabon pmalfe
10 Fi 3 M PO BI Ty wi LA - 1 W19 T
15 4 F wiwd 34 1y A 1 160} 5
ra | =4 F 5 HaEdn s :c1 oK Moo - 5
A 44 F i i | 1 3 1 ML) T3 K] [~
IE L7 M P G2 BI Ty wi TELE AT T, 1 KRRy 2
ki L] F W T e T B2, Ty 108 Tid1) 5
M| &3 F Wi 3011 17.4%, M K125 My2Z) o

Al paticnts anz fype L Ferritin and tressferrin mibomtion walues given am approdmaicdy from e me of the MR iron quentficton. Aeferemce s fritn
{males) <300 ng/ml; feritin (femaks) ~ 150 ng/ml; manseTin sumbon 25-45%; on cncnbmbon < & pmol/g. § = pes-okk HFE = homeostatic fron
Tegulabor geme; F = fomale; M = mals; wi = wikd-types | = imiglucemss; T = liglooemss M - mighsist

5
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Fig. 1. A Heemaforylin and oosin, 300 = maged-
mtion. Liver biopsy of patient J6E showing mao-
wesicular stoatrels in approdmaicly 5% of hepato-
cytes, 5 wall 2 2 small focus of mizad inflasmation
(mppser liaft cormer). Fiz. 1R Hammaboxyln and cosdn,
400 = magnificaton Livir biopsy of pabmmt 28
showing thick bridging Mbrosks chamcieristic of
dirhisss, as well 25 substistion of the Jocl hepatic
parmchyma by modemicly diffemtstad hepato-
nllular carrinoma cals.

Table 5
Findings in the Hver blopsy.
Pazi=mi Age [y as Treasnent = blopeoy Time on Srmicaty  Sdeods  Grsckes el Flbezaty Other Ansinge
biory (ALK Lmantka)
& i Moz - Ha Nz Nz Yex Perienmoida . 53
13 r E W20 Til) &) B 3y E St beatitis [, F] Ko N . 53
(L]
Fal i 34 Moz - Ha Nz Nz Yex Exidging . 53
b a4 I (3] M1 Ti0) 14y Miid Mad g Yex N Theleraats
EE &5 M M1y Ha Mad g Ko N . 53
IE GE I (3] KET Stmsobezatitis Ermzr Ko N . 53
A 154 I[15] I34) T(Z) K72 Ha Nz Ermzr Yex Chrrheain HLC
1 B3 M K12y MCET) Miid Nz Moderuix Yex N Fudes
Eeyoaprmads

¥ = years-old; 51 = splemectomy; E = elighsiak [ = imighooemss; M = mighstst; BOC = hepatocelilr mrcnoma. In patent 28, HOC was nobed iy in 2 seond
biopesy, perfiormad @ months afier e first one. *patients with normal Hver enoymes: sae Tabiz 1.

showed a concentration of Z80 pmol/g of 1ron in the liver, with ferritin
at 1E13 ng/ml and trarsferdn saturation at £7.3% (AW 20-45%),
steatosts, and a heteroeygous cB456 A, p. Cy=2BZTyr variant tn HFE
gene. The other patlent with high iron levels (210 pmol/g) 1s 2 Gd-year-
old female who had fermitin at 3011 ng/dl and low transferin satura-
tion at 17.4%. There were no sgns of seaosis and she doeso't harbour

any pathogenic vartant In HFE gene

4.5 Liver Biopsy

Six pattents with GI type 1 had a ltver blopsy done (Fig. 1; Table 5)
when on-ireatment. (ne patient was found to kave Gaucher cells in the
Itwver parenchyma; (e patient had atypical Gaucher cells in a drmhotic
parenchyma with severe Iron overicad in hepatocytes and Ewpiier cells,
and, In a sulsequent biopsy, a moderstely differentiated HCC [26]. Two
patients who have had mild to moderate steabosis on ultrasound had a
kopsy macrovesioalar steatosis — one also with evidence of
cholestasls and a few foct of Inflammaiton, and the other with mild
haemosiderosls. Two patients had steatohepatitls with mild adivity: a
37 yearcld female with 2 BMI of 238 Eg/m* who did not show any
sign of steabesis In the ulirasound, had mormal serom blood gleoos: and
ltpid profile except for a bow HIOL {which Is expected tn G0 and that
was on SET with eliglustal at the ime of the blopsy; and a 58 year-old
man had moderate-to-severe haemosidercsls of hepatocyies and
Kupiter cells, elevated triglycerides and total and LDL cholestercd, and
low HDL, albeft a normal blood ghecose, amd signs of steatosis In the
ltwer ulrasound, and that was on ERT at the time of biopsy.

Two patlents with GIY type | underwent liver blopsy before treat-
ment Initladon. & 34-year-cld female's biopsy showed bridging (stage
1) fibrosts and scattered Gaucher cells In the ctber, 2 20-year-obd
woman, perl-sicmsoidal fibrosis was noted together with high serum
AST, ALT, and ¥GT, and a normal liver oltrasound.

E. Discussion

Far the past few decades, the llver Imvolvement 1o GIF has beoome
suhject of great Importance In the patients” manegement. It s now re-
cognised that hepatomegaly is only one of the manifestations of hepatic
compromise In G0, and more attention s needed io 2l the possible
comarbidibes that may arses from it Im our cohort, we observed that a
significant mamber of patients have mildly Increased mariers of hepatic
and biltary damage before the treatment intitation and throughout the
clinical follow-up, Indicating that a low-grade process of [iver damage 15
mot folly correcied by the treatment. This finding resembles the study
by James et al. from when effective treatment for GD was not avatlable
[2E], In which most patients with GD had mild-tc-moderate transami-
mase elevators. In more recent cohocts, these alieratons have also been
found Im 2 lesser proportibon of patients [20,21]. However, the Impact of
these aliematons s still unclear. Nascimbenl et al. have shown that le-
vels of llver enzymes are not correlated with liver flbrosis [20]. The
contribution of chronic lbver damage to the development of other
complications such as iron depositbon, since chromic hepatitls and liver
disease are sirongly assodaied with hemosidernsis [29], has not been
fully explored io date. The high frequency of patients with elevations in
T may also be redaded io the known biltary alberations caused by GD
[30] mach as changes In bille composition, Incresssd incldence of cho-
l=dithlasis, or with the chronic Inflammatory process that happens o the
disemse [3,4,24)] cansing biltary damage.

& significant proportion of patients bad billmsbin elevations, both
before and durng treatment. Most elevated biltrobin waloes corre-
sponded to direct bilirubin, which points toward a billary cause rather
than overproduction (e, haemolysisl [t s difficult to establish a
clinical signtficance of this fnding, [t 15 known that GloCer and gluco-
sylsphingosine (GlcSph) [31,32) Interact with a series of transporters of
the ABC [ATP-binding cassette) family, including ABCE] [33]; [t &s also
ko that the bile of patients with GD Is different than In the general
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population, belng compesed of lower total Bpid concendration and, in
some patients, kigh relative concentmtion of sphingolipids [30]; and
finally, that ABC trarsporters such 2s ARCH] are capable of transporiing
GlcCer and GicSph [34] across cell membraness, and are modulated by
these complex Npdds [33]. ABCR] is locallzed at the canalboular mem-
brame contdbuting to the bl formation and xencbiotic excretton [35] -
It Is possible that, due to ABC-mediated efflux, the higher levels of
GlcCer present In bile [36]) lead to canalioular disturbances that may
cause an Impalred flow of bilirubin, kading to the siightly high levels of
8 observed.

[ron homecsiasis is belng Increasingly recognlsed as a key factor of
GIrs pathogemests [25]. In a recent article by Lefebyre et al [37], It was
reported that a bocal oversttmulation of hepddin related to the lower
mrymatic adivity of GCase muses fron to be sequestersd within
macrophages and other cell types, beading to a lower level of fres o,
transfesrrin-bound 1ron and a higher production of ferdtn by the Beer.
[n our study, we observed that several pattents with GD have high
hepatic Iron levels & measured by magnetic resonance, two of the
tested pattents with levels consistent with severe Iron overboad — whillst
In one patient It may be caused by other dsk factors such as aloohiollsm,
steatobepatiiis, and a pathogenic HFE varant, In the other patient the
only obvious risk facior Is obesity, and the low transfermin value with
exceedingly high fermitin confirm the predicions by Lefsbrne et al
Otheer stndies have observed Increase Bver ron concentration 1o G0
patlents [35], with a positive correlation with seam fermitin con-
cepiration. On Bver biopsy, positive fnon stalming has been described
extenshvely [2E8,35] both In Kupifer cells and in hepatocytes, smilar to
what was observed in our cobort. Data on pre- (median = 199, r = 8
patients) and post-treatment (mesdlan = 25%, n = 13 patients) values
fior senem transferrin saturation Im this cobort have been desoribed by
Koppe &t o [25], with no significant difference {p = 138)L

The maln ulirasound finding in our cobort was steatosis, with pre-
dominance In overwelght/obese patienis. Cur findings differ from the
[sraed] cobort, which has a much lower prevalence: of Gty liver and a
hizher prevalemor of focal lesions [40]. In the lsraell study, 500 padents
were evaluated by US, of which 39 had uitrsonographic evidenoe of
hepatic disease - of these, two-thirds were on ERT and cne-fourth was
splenectomised. ERT Is a potent Inducer of weight galn due to slowing
the Increased basal metabolic mte of patients before treatment [12,41];
thus, It may be difficolt bo establish whether the kigh prevalence of
steabosts 1s a mantfestation of GI 1tself, a complication of is treatment,
or a comorbddity. & stgnificant proportion of our patbents bad dysbipl-
daemia, which indicates that metabolic syndrome may play 2 role 25 a
oonfounder in the development of steatosis In these patients [42]. Re-
mariahly, & young patlent belng treated with eliglustat that bsd 3 e
patic biopsy dome during cholecystectomy was diagnosed with sbeato-
hepatitls, regardless of having mo signs of sbeatosis. This case ralses two
questions: whether ultrasound can be relled upon as a mean of
screening for Bver disease in GD pattents; and whether steatohepatiils
may be a mandfestation of GO, since the only known fsk factor that the
patient had for sesichepatiits (a BMI of 288 Eg/m®) s hardly con-
sidered enough for a sole causal factor; and, & the biood gluooss and
lipid levels of this patlent were normal except for a low HDL, which 1s.a
marker of GO, dyslipidarmia and metabolic syndrome are not stroogly
suspected. Another possible canse for the seaiohepatitls in this patlent
oould be what Is becoming known 25 “lean fatty lver disease™ - that bx,
noo-abooholic steatests (NAFLD) or steatchepatitls (WASH) in patents
with few or no sk factors for such [43]. Although In the classical de-
finttton of “lman MASH® the patient's BMI Is normally =25 Eg/m® [43],
despite some asthors advomting for the uses of a BMI of « 30 Kg/m®
Western populations [44], 1t is expecied that patients with “non-lean
NASH™ are male, of older age, and have hypertension, nsulln re-
slstance, or b 1a - mone of which Is present in this
patlent [42]. [t 15 speculated that lean NASH arises from “metabeolic
obesity™ Im non-obese people, which is reflected by the higher dis-
tribwtbon of fat to the visceral ntraabdomine] crgans [44,45], along
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with cla=sical risk factors such 2= Insulin resistance and hypercholes-
terolaemia [44] - none of which were present in this patient — and
genestic predisposition due to polymorphlsms In genes assoclabed with
liptd metabolism [44,46].

Liver fibrosis Is shown to be Increased in a significant proportion of
pattents [20], especially in those whi wene spleneciomisssd [18], and B
Is & major risk factor for HOC [39]. Liver fibrosis 15 commedated with
Increased severity of GO [20], although s oormedation with biomarkers
of disease activity Is sl controversial [20,38]. In the pre-ERT em,
when no specific treatment for GD was avallable, liver flbrosis was a
commnon finding [28], and often culminated in a massive central ares of
bypocellular fibrotic tissme [47,4E] that led to portal hypertension and
other cliniml manifestations of cirmhosts [2E].

Cholelithlasls = a frequent comorbid process of GO with abowt
30455 [45,50] lfetme Incldence In these patlents. Althowugh the
causes for this Increased Incldence are not completedy elucidated, some
awthors speculate that the ercretion of GloCer in the bile may Increase
tis Hthogentcity, predisposing o the formation of gallstones [30,%55,49].
In our cohort, we have observed a Smilary incressed prevalence of
cholelithiasts in G} patlents compared to the general population, with
12 patienis affected in a total of 41.

6. Conclusion

In this stusdy, we presented a comprehenstee summary of the hepattc
manifestations In a2 wellchamciersed cohort of patients with G,
showing that several patients have lingering alterations that may -
dicair 2 smouldering process of llver damage which 1s not completely
avodded by standard themapy. [t is also moticeable that many patients
bave lver steatosls or steatchepatiils, with a notlceable Incease In
prevalence during treatment with ERT, but b s still unclear whether it
reflects a consequence from the treatment, a frature of the disease, or a
coincidental finding.
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Hepatocellular carcinoma in Gaucher disease: Reinforcing the proposed guidelines
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Editzr: Maria Mohandas

To the Edtior,

A recent Intemational collzborative case seres [1] of 16 patients
with GI type 1 (GD1) showed a clear asoctation of bepatocellular
carcinoma (HCC) with splepectomy and Bver clirrhasis. In a previoos
artick [Z], Regenboog and colleagues reported a high prevalence of
focal hepattc lesions In GO patients (25%:), with an apparent asso-
clation with splemectomy. In that cobart, four patents were diagmosed
with HOC, and etghteen with gaucheroma, malking the diagnosis of the
latier 4.5-fcld more comman than the former. However, there was one
case In which the wltrasonographic Image was suggesttve of HOC (a
hypoechiolc and hypermscular module) st patholbogical sxamimation
confirmesd that i was a gaucheroma, showing that It Is possible for
these tumours o smulate the maging of HOC. Comverssly, two con-
firmed cases of HOC did not present with the complete ==t of typlcal
findings of antertal wash-1n and venowus wash-out on comtrast-ephanced
computed tomography (CECT). Based on thess findings, the austhors
suggested an algorithm for the evalmation of focal hepatic leslons In
G, in which splenpciomizsd pattents with lesions = 1 cm presenting
artertal wash.in and venous wash-out on CECT should be diagnosed
Immediately as having an HCC. In the Gawcher Reference Centre of the
Hospital de Clinlcas de Porto Alegre (HCPA), we follow a G2-year-nld
male pattent of mon-Jewish descent who was dlagnosed with GO by
enzrymatic and genetic assays (genotype NI3705Recdl). He had be-

patosplenomegaly and thrombocytopenta since age 4Z, and a sple-
necioay at age 49 yiedded the suspicton of G upon the histologiczl
Identification of Gawcher cells. Durng that tme, a liver blopsy showed
micronodular cirhosls {cassfled = Child-Pugh AL His first appotnt-
ment at the Gaucher dinic was at 50 years of age, and he had no
thrombocytopenta {231,000 plateles/mm’, KRV 150, 000400, 000)
nor anaemia (Hb 14.7 g/dl, MRY 125-16.0), a mildly elevated AST
(53 UsdL, KRV « 42), normal ALT and high yGT (363 05dL, NEY «
40), chitotricsidase (7271 nmol'h/ml, KRV B.E-132), and fermitin be-
vels (3392 mgddl, NEV 30-30{). Enzyme replacement thermapy (ERT)
with imighicerass was Intlated at 15 [UAkg 2 weeks when be was 52
When he was 58, a routine abdominal ntrasomography (AUS) showed a
ltwer nodule of 1.2 cm In diameter, which was confirmed by a CECT to
have an areral wash-in withowst venous washout pattern that dis-
appeared two years later. After two years, another nodule seen on AUS
followed by an abdominal CECT showed two llver nodules, the bigger
measuring 1B x 1.4 an with both antedal wash-in and vencus wash-
out, suggpesting HOC. A CECT pediormed three months later did not
detest the smaller nedules bt confirmed the characterdstics of the bigger
ome (Fig. 1) Meanwhile, the patient had unintertionally lost 3.1kg

hitpe/dol.org, 10,101 6,7. band. 20T H 10000
Recpivesd 15 Joly 2018, Arcepind 17 Octobear 20018
Awvallable onling 18 Ocipber 200E

10776, 3 2018 HRsevier Inc. All dghis reserved

(5.7% of his body welght]), what was attributed to his recent dlagnosis
of symptomatic primary hypolactasta. By the time of the second CT,
laboratory exams showed a mildly Increased AST (57 USdL), a highly
Increased yET (196 UL a slightly Increased alpha-fetoprobein
(11.5pg/ml, KRV -z 10), 2 normal transferrin sturaton (36. 8%, NEY
I5-45%), and a high, although lower than at the diagmosls, s=mam
fermitin beved (627 mgfdl). Other swams, Including 2 comprehensie
viral hepatittdes panel amd genotyping for hereditary bemochroma-
tosts, were negative. Due to the absence of tumour growth in the thnes
maonths between the CTs and that Bver gaucheromas may mimic HOC
[2], we declded to perform a percutaneous core nesdls blopsy of the
lestion.

The blopsy showed a drrhotlc lver with muldpls engorged, micro
vacuclar Gaucher cells, some clumped together In groups of appooad-
mately fiwe cells (Fig. 2), gmilar, sxcept for the microvacuclatian, to
the aspect described by Eomla and coll=agues [1]. Perls stalning was
srongly pesitive In hepatocytes and Gauncher calls. Mo meoplastic Hssue
was found. Based on these findings amd a previcus report of micro va-
cunlar Gaucher cells in an motmosseows gaucheroma [4], the leston was
diagnossd as gawcheroma, and imiglicerase dosage was Increased to
30 kg biweekly. In the subsequent months, the mass continoed to
grow, reaching 24 cm after 9 months. 4s alpha-fetoprobein also rose to
35,7 pg/ml;, a new biopsy was performed which showed a moderabedy-
differentiated HOG, The pattent was staged with CTs and 2 bone =can
which detected a ssbpleural nodule {diagnosed by biopsy as fungal
gramuloma) and a 1.4 cm Intrahepatic metastasls. He has now nucoes-
fully undergone transarterial chemoembolization and 1s Bsted for liver
transplantation.

In a core peedle liver biopsy, only about one-fifty-thowsandth of the
total ltver volume Is sampled [5], which Implicates that Inevitable
mmpling errors tend to oocur. Because of this, we advocate that any
module in patlents with GID1 and at high risk of developing HOG, such as
spleneciomy and dimhesls 25 In our patient's should be mamaged as
HCC, regardless the possibility of being a gascheroma. Therefore, we
sypport the algorthm propossd by Regenboog and colleagues, hoping:
that It may help to avold unnecessary delay In the management of such
pailents,
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Fig. 1. CECT findings. A arterial phase showing a3 discrete lesion &n the Soft Jobe of he iver (rod 2mmow) with contrast wasddn. B: venous phase showing complete
wash-out of contrast & the sume ksion (red arrow). (For Interpretation of the reforences 0 colour &n this figure kegend, tha reader Is refemed to tha web version of this

artscle.)
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Fig. 2. Photomscrograph, haematoxylin and eostn, 400 x. Fibrotic Uver tsoe with Individual and grooped plomp, microvaceolar macrophages (biadk armows)
diagnosad as atypical Gancher cells In a gaachorom.
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Abstract: Gaucher disease (GD) 15 an autosomal recessive lysosomal disorder caused by a
dishobance m the metabolism of glucocerebroside m the macrophages. Most of its
manifestations — hepatosplenomegaly, anemia, thrombocytopenia, and bone pain — are amenable
to a macrophage-target therapy such as enzyme replacement However, there 1s increasing
evidence that abnommalities of the liver persist despite the specific GD treatment In this work,
we adapted nstomorphometry techmaues to the study of hepatocytes m GD usmg liver fissue of
treated pabents. We were able to find distmct absorbance and fractal dimension m hepatocellular
nucler, as well as thinner, less branching, and less abundant bibary canalicubh m GD patients
when compared to healthy controls. Thus mdicates that hepatocytes mught be affected m GD even
dunng treatment.

Eey Ponts

Histomorphometry can provide a way of quantfymg canaheular damage mm IHC-stained liver
biopsies.

Liver tiopsy samples from freated patients with Gaucher disease type 1 show thinner, less
branching, less abundant hepatic canabiculi than healthy controls.

Liver biopsy samples from treated patents with Geaucher disease type 1 show distmct
hepatocellular miclear charactenshics than healthy controls.

Introduction

Gancher disease (GD) 15 one of the most common lysosomal disorders with an estimated
prevalence of 1:60.000 m the general population and 1:800 m the Ashkenaz Jewnsh population!.
The pathophysiclogy of GD is classically defined as a distwbance in the processmg of
sphingolipids mside the macrophages!2, being the main mamfestations of GD a function of
dysregulated macrophagic activation™ and invasion of tissues by Gaucher cells*’. Macrophage-
targeted therapy through mfiisions of recombinant glucocerebrosidase {(GCase) winch 15 uptaken
via the mannose receptor pathway® has been successful m alleviating the key climcal findngs m
GD — anenua, thrombocytopema, osteonecrosis, hepatosplenomegaly — and improving quality of
life m these patents”. However, there are stll features of GD that are not fully explained by the
mvolvement of macrophages. It 15 known that patients with GD, even after long-term treatment,
have a higher liver stiffness (which 1s a surrogate measurement for fibrosis) than controls®-iL.
Moreover, the bihary phenotype of GD has been subject of mereasing focus: pabents with GD
have an mecreased meidence of gallstones!*15 and an abnormal bile composiion with mereased
level of glucocerebroside (glucosylceranmde; GlcCer) and other sphingohpds such as
glucosylsphingosine (GlcSph, abas lyso-GL1)*%€. Bihary excretion of GlcCer 15 beng
suggested as a protective factor agamst hepatocellular storage of this substance'® 7, however,
this export of lysosomal GleCer into the bile canaliculi may be one of the possible mechamams
of myury to the biliary system i GD through interference with the composition of bile and the
funchion of transporters m the hepatocytc apical membrane. This mteraction between GleCer

33'W. Monroe, Suite 1600, Chicago, IL 60603
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and bile transporters has been demonsirated m studies of the same transporters in cancer
multdmig resistancel 8.1,

Histomorphometry, or lustological morphometry, 15 the quantification of merphology n
the oissue level It 15 a well-established techmque with apphcatons m the research of many
tissues, including the liver, where it has been used for the quantification of charactenistics such as
fibrosis®®*!, immumokistochenmcal markers®*, and steatosis=. It has also been used as a grading
and prognostic marker in a vanety of tumors?*25. Here, we adapted istomorphometry to the
study the nuclear and canabiculi parameters m liver biopsies of patents with GD.

Methodology

Samples

We analyzed liver biopsies of patients with GD followed. The samples were preserved
paraffin and were reimneved from the archove of the Service of Surmcal Pathology (55P). The
archuve of the Service of Surgical Pathology was also searched for liver biopsy samples with a
diagnosis of “healthy liver fissue”™ by an expert bver patholomst (CTSC).

Samples were processed and stamed with hematoxyln and ecsin (H&E) and wath
mmmmohistochemstry (IHC) for CD10 (to hoghlisht the bile canalicull) according to the S5P
protocol. Bnefly, samples were cut mto 3 pm-thick sectons m a mucrotome and then
deparaffimized using the EZ Prep Sclution (Ventana Medical Systems, Tucson, Anzona, USA)
according to the manufacturer’s protocol Antigen recovery was performed with CC1 buffer at
pH 9.0 and 95°C for 2 mumites followed by peroxidase blocking with OptiView Peroxidase
Inlibitor (Ventana Medical Systems). The pnmary rabbit anti-liman anti-CD10 monoclonal
antibody (clone SP67; Foche Dhagnostics, Tucson, Anzona, USA) was mcubated for 28 numites
at 36°C. After primary antibody incubation, reaction was detected with the OptiView DAB IHC
Detection Kit (Ventana Medical Systems) and shides were counterstamed with hematosxylin and
bluing reagent (Li,CO; + NapCOy).

Imaging

Stamed and mounted shides were mucrophotographed on an Olympus BX41 mucroscope
{(Olympus Corporation, Tokyo, Japan) using Carl Zeiss lenses (Carl Zeiss AG, Oberkochen
Germany) and an Olympus DP73 mucroscope-attached camera (Olympus corporation) and the
CellSens software (Olympus Corporation) at a magnification of 1000x. Each shide had 6 random
high-power fields captured and saved as tagged mage file format (tff) images to allow for
better resolution.

Histomorphometry

Each H&E-stammed image was converted from the native E.GB color format to 3-bit using
the Image] software?”. The pixel-to-pm conversion was calculated from the scale provided by
CellSens. For muclear morphometric analysis, all hepatocytes nuclel m each image were selected
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and saved as discrete remons of mierest (FOIs). Each ROI was analyzed for muclear area mm pm?”,
nuclear permmeter in pm mean gray value (MGV), Feret diameter in pm and  usmg the FracLac
pluzin  (hitps-/image) mh govi)/plumnsfraclac), mean fractal dimension (Davg). For
normalization of MGV, mndom background BOIs were selected m each image, averaged and,
after cormmection of MGV to absorbance (yielding the “comrected MGV, or “cMGV™, vanable)
with the formmla MGV = 233 — MGV, were subiracted from MGV to yield the “nommalized
cMGV™ (n-cMGV) vanable.

For canalicular listomorphometry, IHC-stained FGB mmages were treated with the IHC
Toolbox plugin (https:/image] nih gow'ij)/plugms/the-toclbox) to 1solate IHC-positive areas (1e.,
hepatic canabiculi). Images were then converted from native F.GB color format to 8-bat. Mamal
thresholding was used to select all [HC-positive BOIs. FOIs with <10 pixels of area were
considered to be artefactual and were excluded from the histomorphometric analysis. Each ROIL
was then analyzed for area m pm®, MGV, penmeter in pm  Feret diameter m pm. and sohdity.
The penmeter-to-Feret ratio was calculated from obtamed values and was used as a measure of
canalicular branching, as detailled m Figure 1. MGV was comrected to absorbance (cMGV) with
the formmla MGV = 255 — MGV. Due to the background comection obtained with the THC
Toolbox plugin, canalicular MGV was not normalized Because of the pattem smmlanty
between the hepallc canaliculi and the bone trabeculae, we used the Map BoneMicrostructure
plugin s-/image) mh govi)plusms/'microstmichure) to obtain mean canaliculi thickness m
nm for whole mmages.

Statistical analysis

For determmaton of parametneity, Q-0 plots were used In the muclear morphometnc
analysis, Davg values were found to follow a normal distmbution. All other data (nuclear area,
nuclear perimeter, Feret diameter, corrected-nommalized mean gray value) were found to be non-
parametnic. All mommobistochenustry particle analysis canalicub data obtamed by parhicle
analysis (i.e, excluding the concatenated data obtamed by Map BoneMicrostruchire) were
found to be non-parametric. Descniptive statistics are Eﬁ:l:u'essed as median = IQE for non-
parametnic vanables and as mean = 5D for parametnc vanables. Differences were considered
significant when p=0.03; p-value comection was performed as descnibed below.

For companson of contiomous vanables with dependent observations (7.2, except the data
obtamed with the Map BoneMicrostructure plogin), generalized linear models were generated
using a gamma log-lmk dismbubon m a mam effects model The response was adjusted to
account for mmtra-subject vanation and the predictors were factored by group (Gaucher vs
control).

Data obtamed by Map BoneMicrostruchure are concatenated automatically before
analysis, overcoming the problem of dependency of observations. These data were analyzed with
a Smdent’s T-test. Sigmificance values were not corrected due to the small sample size =

To account for vanation of morphometry among GD pabents, a parwise analysis
between controls and each GD pabent was performed with Mann-Whitney U-test for non-
parametnic data and with Student T-test for parametnic data. This companson was not performed
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for canalicuh data obtamed usmg the Map BoneMicrostructure plugin due to the small sample
size. Significance values obtamed in this analysis were corected according to Bonferrom's post-
hoc procedure.

Results
Patients

Liver hiopsy samples of four GD patents were retmeved Pahent charactenstics are
displayed in Table 1.

Nuclear morphometry and canaliculi histomorphometry

Nuclear morphometry and canaliculi nstomorphometry were performed on samples from
four pattents and four gender-matched healthy confrols. There was a sigmficant difference
between patents and controls for muclear area (respectively, m pm®, 2816 £ 945 v 2683 =
942 p=0.008), Feret diameter (respectively, m pm_ 6.58 £1.08 vs 650 = 1.17, p=0.004), Davg
(respectively 1.11 = 0.06 vs 1.09 = 0.09, p=0.005), and n-cMGV (respectively 4.88 = 252 v
7.68 = 460, p=0.014). No significant difference was observed in muclear penmeter. When
comparing each patent to the conirols, both the nuclear Davg and the n-cMGV were
signaficantly different m all compansens with p=0.005.

There was a sigmficant difference between patients and controls m canaheuh MGV
(B8.24 = 59.80 vs 173.53 = 76.78, p=0.001) and permmeter-to-Feret ratio 2.70 £ 056 w5 2.79 =
0.66, p=0.006). No difference was cbserved for canahculi area, penmeter, Feret diameter, or
solidity. The companson between each patient and the confrel group is detaled mn Table 2.

Discussion

Histomorphometry 15 a digital image analysis approach that relies on the identification
and analysiz of morphological elements in a histological section®. It iz a techmigque used for
diagmosis of neoplasms and fo aid mn tarlonng cancer treatment®. We used histomorphometry to
analyze hepatocytes, includmg nuclear and canaliculi parameters. n a population of patients with
GD type 1.

In the mclear analyzis, we found that patients’ cells had lower absorbance and fractal
dimension mdicating that there 15 more enchromatin and differences in the micler orgamzaton
than healthy mdividuals. Since euchromatin 15 associated with lugher tramscnptonal status,
possible explanations may be the higher basal metabolic rate presented by GD patients in
companson fo general populaton®®?!, as the liver 15 a known regulator of metabolism™?; or the
chrome low-grade mflammation that takes place m these patients changmg hepatocyte
transcriptional activity>* — however, more specific experiments nmst be carried on before we
can affirm that these events are truly correlated.

In the canaliculi analysis, we found that the patients with GD had thinner. less branclhing
canaliculi than the controls. In contrast with the common cholestatic pattern of many diseases

33'W. Monroe, Suite 1600, Chicago, IL 60603
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which consists of canabiculi dilation®, canaliculi thinning and reduced branching have not been
studied as nmch due to the lack of methods fo perform a detailed analysis of these struchures. It 15
known that patients with GD have increased secretion of GleCer m bile, leading to physiological
changes such as upregulation of GBA2, a ile acd 3-O-glucesidase that can also metabolize
GleCer and GleSph*®, producing toxic compounds such as sphingosmed”. It 15 possible that this
process leads to bihary myury, thus mmpacting on the normal canalicub stuctore. Engorgement of
hepatocytes could also be a potental cause for thinming of canabeuh; however, this was not
assessed in this study.

A lmutation of this study 15 the small sample size. GD 15 a rare metabolic disorder, and
with the cumrent techmology available m climical practice for follow-up of these patients — such as
transient elastography and magnetic resonance mmaging — hiver biopsies are seldom performed
because of the mvasiveness of the procedure and the mereased bleeding nsk m thas group.

In sumomary, this 1s the first report of the application of histomorphometry in the study of
liver cells iIn a metabolic disorder. GD 15 commonly seen as a disorder associated with
macrophages dishwbance. Here, we provided evidence of the mvolvement of hepatocytes, with
both maclear and canaliculi changes. We hope that more stodies will ensue from the development
of this maging techmgue m GD and other metabolic diseases so a better understanding of the
pathophysiclogy of these diseases may anse.

313 'W. Monroe, Suite 1600, Chicago, IL 60603
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Figure 1: The upper panel depicts a scheme of a less-branching canaliculus, for clanfication of
the penimeter-to-Feret ratio. The solid red line 15 the canaliculus perimeter (Py). The sohd green
line represents the projechion of the canaliculus on the Y axs of the image field whach 15 the
Feret ¥ (Y} measure. The sclid blue lme represents the projection of the canaheulus on the X
axis of the image field whoch 15 the Feret X measure (X;). The Feret diameter of a canahculus
(Fy) 15 the anthmetic mean of X; and Y,. The lower panel depicts a more-branchmg canaliculus.
The solid red hine 15 the canaliculus penmeter (P2). The projection of this canaliculus m the Y
(Y3} and X (X;) axes are depicted as the sohid green and blue lines, respectively, and the Feret
diameter of this canaliculus (Fz2) 15 the anthmetic mean of X and Y2 As shown, the mereasze
branching affects more the penmeter than the Feret diameter of a canabeulus: Py =P, Fy=F,. In
thus way, Py/F; = PyF,. These images are theoretical simplified schemes for clanficabion and are

per s not representative of elther group.

Table 1. Charactenstics of GD patients

Age at

- . = Treatment at . :
Patent  Sex GBA Genotype blgglsjr biopey ( hs) Biopsy diagnosis

1 F p.Ghu388Lysp.Serd05Asn 48 Miglustat (11) Macrovesicular steatosis

2 F o pAmd0SerpLendS3Arz 63 Mighswmt(Q) - opieross. presence

Imiglucerase . S :
3 M pAsnd09SerRecei 56 30ULKghbiweekly Etﬂmﬂ:ﬁh‘_’"ﬂ‘m‘m
(69) g
4 M p. Asnd(95er RecNeil 61 Imiglucerase Ciurrhosis, hemosiderosis,
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J0ULKgbiweekly presence of Gaucher cells
(72)

All patients are diagnosed with GD type 1. Y = years-old; F = female; M = male; RecNeil =
recombinant allele with the GBAI psendogene, mcludes the pLeud83Are. p Alad95Pro, and
p-Val499% al vanants.
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27 Table 2. Individual patient companson of histomorphometric canaliculi vanables obtamed by
particle analysis

Ferst Penmeter-

3 Sample  Area(umd) MGV P“-'{ﬂ“‘;‘ﬂ diameter Solidity to-Feret
3 - (um) ratio

34 Patentl 0242222  7060=35054 223695 (086=216 O077=015¥ 268=06"
35  Patient? 18423199 11574+3891* 653+694° 242:257 (081+013 270=041°
36 Patent3 062+743  9236+682% 411+1352 142+413 080+0.14 277060
37 Patientd 113=872 862326840  523+£1449 1814466 079+017 2722056
Controls 068+1132 811527793 400=1665 142+52%8 079015 279+066

a0 Values shown as median + IQF. P-values are comected according to Bonferrom’s procedure and reflect the
41 output of a Mann-Whitney U-test between the patient and the confrol group for the miven vanable. P-vahies
42 above (.05 are not shown mn this table. 3p=0.006; *p=0.006; p=0.018; 4p=0.024; *p=0.03; p=0.034. MGV =
corrected mean gray value.
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Abstract

Introduction: Gaucher disease (GD) is an inborn error of metabolism with multi-system
pathology leading to visceral, skeletal, hematological, and neurological manifestations. It is
caused by bi-allelic pathogenic variants in GBA, which codes for glucosylceramidase
(GCase). The phenotype of GD is heterogeneous, with limited genotype-phenotype
correlation, and a role for a disturbance in the metabolism of iron has been proposed as part
of the pathogenic process in GD. There is a current need to investigate modifier factors of
genetic and environmental origin that may account for the observed heterogeneity.
Objective: To identify modifying effects of variants in genes related to the metabolism of
iron or to the direct functioning of GCase on the phenotype of GD patients.

Methods: A cross-sectional study with retrospective collection of clinical data. Patients
were categorized into 12 categorical phenotypic clusters reflecting the phenotypical
spectrum of GD. Sixteen genes associated with the metabolism of iron and 3 genes
associated biologically with GCase were sequenced by next-generation sequencing with
primers designed to include all exons and intron-exon borders. Variants that were in Hardy-
Weinberg disequilibrium and private variants were excluded from further analysis. Allelic
frequencies in the genes of interest were compared to the populational cohorts ABraOM and
gnomAD and according to their segregation into the phenotypic clusters.

Results: Thirty-three patients (GD type | = 30; GD type Il = 3) were included in the study.
Median age was 37 years (range: 7-67 years), and 17 were male. Thirty-two patients were
on treatment (enzyme replacement therapy = 30; eliglustat = 2). Ninety-five variants in the
19 sequenced genes were found (novel variants = 4). A significant difference in cluster
segregation of osteonecrosis and in populational frequency was found for the CYBRD1
rs10455 variant, with an odds ratio = 0.08 (95% confidence interval 0.01-0.64), implying a
protective factor of this variant for osteonecrosis. The A2M rs3832852 and the TF rs12769
variants were significant for the cluster segregation but did not have a differential
populational frequency in our cohort.

Conclusions: the CYBRD1 rs10455 variant may show a protective effect against
osteonecrosis in patients with GD, making it a putative modifier gene. Other variants were
identified as segregating in phenotypic clustering but did not achieve differential
populational significance.

Keywords: modifier genes; iron metabolism; phenotype; next-generation sequencing;
CYBRD1.
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Introduction

Gaucher disease (GD; OMIM #230800, #230900, #231000) is one of the most
common lysosomal storage diseases, with an incidence of approximately 1:60,000 live births
(STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al., 2017). It is caused by
bi-allelic pathogenic variants in GBA, the gene responsible for encoding glucocerebrosidase
(GCase; EC.3.2.1.45), leading to accumulation of glucosylceramide (GlcCer) inside the
lysosomes of reticuloendothelial cells such as macrophages (AERTS; KUO; LELIEVELD;
BOER et al., 2019; STIRNEMANN; BELMATOUG,; CAMOU; SERRATRICE et al.,
2017). GD is characterized by hematological, visceral, skeletal, and neurological
manifestations — however, there is a broad variability in phenotype among patients that is
not fully explained by GBA genotype alone (DAVIDSON; HASSAN; GARCIA; TAYEBI
et al., 2018; RYAN; SEEHRA; SIDRANSKY, 2019). In this way, there is a search for

factors that might explain and predict phenotypical variation in GD.

Modifier genes are defined as genes that do not directly cause a given disease but
that contribute to the expression and quality of its manifestations through changes in the
penetrance, expressivity, dominance, or pleiotropy (NADEAU, 2001). Several approaches
can be used to search for modifier effects, each with its own advantages and shortcomings.
Broad screening methods such as genome-wide association studies (GWAS) rely on
searching for variants in a high number of genes and associating them to phenotypes —
however, due to the huge amount of data that is generated by this method, statistical
correction procedures are necessary, which decreases accuracy. On the other hand, directed
methods such as gene panel testing rely on searching for variants in a small number of genes
chosen by their biological significance in the pathway affected by the disease, allowing for
greater specificity (DAVIDSON; HASSAN; GARCIA; TAYEBI et al., 2018).

Several studies have indicated that disturbances in iron metabolism play a major role
in the pathophysiology of GD: while ferritin has been known to be a biomarker of GD
activity for a long time (BOHTE; VAN DUSSEN; AKKERMAN; NEDERVEEN et al.,
2013; KOPPE; DONEDA,; SIEBERT; PASKULIN et al., 2016), it was not until recently
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that iron entrapment inside macrophages has come up as a consistent abnormality in GD
patients (LEFEBVRE; REIHANI; DAHER; DE VILLEMEUR et al., 2018; REGENBOOG,;
BOHTE; AKKERMAN; STOKER et al., 2017). This points to a disturbance of iron
metabolism in the pathological process of GD(LEFEBVRE; REIHANI; DAHER; DE
VILLEMEUR et al., 2018; REGENBOOG; BOHTE; AKKERMAN; STOKER et al., 2017;
REGENBOOG; VAN KUILENBURG; VERHEIJ; SWINKELS et al., 2016) and therefore
to a possible modification of phenotype by variants that affect the pathways involved in the

processing of iron.

In this study, we aim at identifying putative modifier genes for GD through
sequencing of genes related to iron metabolism and to the activity of GCase and the use of

populational and clinical data.

Methodology
Patients

Patients from the cohort of the Gaucher Reference Centre of Hospital de Clinicas de
Porto Alegre (GRC-HCPA) were invited to participate. All patients had a confirmed
diagnosis of GD based on enzyme activity in leukocytes and sequencing of the GBA gene.

All patient data were obtained from the patient’s medical records.
Genotyping of candidate genes and variant curation

Blood samples were collected in EDTA vacuum container. DNA was extracted with
Easy-DNA Purification kit (Invitrogen™). Samples quantification was performed in
NanoDrop 1000 (Thermo Fisher Scientific) and Qubit dsSDNA HS Assay Kit (Invitrogen™).

A customized gene panel amplicon-based was designed using lon AmpliSeq
Designer software (Thermo Fisher Scientific) and included the exons and flanking 40 bp into
introns of 19 genes involved in GD and iron metabolism (A2M, BMP6, CP, CYBRD1, FTL,
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GBA2, HAMP, HEPH, HFE, HJV, NEO1, PSAP, SCARB2, SLC11A2, SLC40Al, TF, TFR2,
TFRC, and TMPRSS6). This panel includes 326 amplicons, which were divided in two pools.

Libraries were amplified using Ion AmpliSeq™ Library kit 2.0 (Thermo Fisher
Scientific) according to the manufacturer’s recommendations, starting from 10 ng of gDNA
per pool using the customized AmpliSeq panel. After cycling, the samples were ligated with
adapters using Ion Xpress™ Barcode Adapters kit (Thermo Fisher Scientific). Unamplified
libraries were purified with Agencourt AMPure XP kit (Beckman Coulter) and the final

product of library preparation was quantified using Qubit® dsDNA HS Assay kit in the

Qubit® Fluorometer 2.0 (Thermo Fisher Scientific). All barcoded libraries were pooled in
equimolar concentration (100 pM) and subsequently amplified through emulsion PCR using
the lon PGM Hi-Q Template kit (Thermo Fisher Scientific) in the OneTouch2™ Instrument
(Thermo Fisher Scientific). Next, positive ISPs were enriched by the OneTouch™ ES
Instrument (Thermo Fisher Scientific). Finally, enriched ISPs were loaded onto an lon 316
chip v2 (Thermo Fisher Scientific) and sequenced using the lon PGM Hi-Q Sequencing kit
(Thermo Fisher Scientific) on the lon Personal Genome Machine (Thermo Fisher Scientific),
according manufacturer’s instructions. A minimal overall depth of 200x per sample was

considered.

The sequencing raw data was processed by Torrent Suite Software Suite v5.0
(Thermo Fisher Scientific) and coverage analysis and variant caller (VC) v.5.0 plugins were
used. Processed reads were aligned to the hg19 reference genome (GRCh37.p13).

The software Enlis Genome Research (LLC), Variant Effect Predictor (Ensembl) and
lon Reporter (Thermo Fisher Scientific) were used to detect and classify variants.
Validations of next-generation sequencing (NGS) results were performed by Sanger
sequencing in patients and in their parents when the sample was available. The unbiased
capture and depth of coverage of each coding exon and adjacent intronic region of all genes

in this panel ensures the accuracy of variant detection.
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Variants that were in Hardy-Weinberg disequilibrium at p<0.05 and variants that
were present in only one patient were excluded from further statistical analysis.

Phenotypic clustering

Based on a review of the patient’s medical records, patients were classified as to
twelve dichotomous phenotypical characteristics (presence/absence of characteristic):
altered liver enzymes (high levels of aspartate-transaminase, alanine-transaminase, or
gamma-glutamyltransferase for at least six months during treatment); evidence of iron
overload (increased transferrin saturation during treatment or iron deposition on liver biopsy
or MRI); steatosis (according to liver biopsy or abdominal ultrasonography); cholelithiasis;
anemia during treatment; thrombocytopenia during treatment; hypergammaglobulinemia
during treatment; bone marrow burden (BMB) score >8; osteonecrosis before or during
treatment; cardiac hypertrophy during treatment; restrictive pulmonary disease during
treatment; overall severe disease (DS3 >3 (WEINREB; CAPPELLINI; COX; GIANNINI et
al., 2010) or Zimran Severity Score >9 (ZIMRAN; KAY; GELBART; GARVER et al.,
1992)) during treatment. Differences in allelic frequencies of each variant between patients
with presence or absence of each phenotypical characteristic (i.e., segregation within
phenotypic clusters) were assessed in a chi-square test and an odds ratio (OR) was calculated
when the difference was significant. Because of the small sample size, differences were

considered to be significant when p<0.01.
Comparison of populational frequency

Because GD is a disorder largely undiagnosed and is not regularly screened in
neonates in most populations, it is estimated that the patients who are diagnosed tend to sit
in the more severe end of the phenotypic spectrum. We assessed whether there are any
variants more frequent in our cohort than in the general population that could be contributing
towards a more severe phenotype. The genomic databases ABraOM (NASLAVSKY;
YAMAMOTO; DE ALMEIDA; EZQUINA et al, 2017) and gnomAD

(https://gnomad.broadinstitute.org/) were used for obtaining populational allelic frequencies.
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ABraOM (“Arquivo Brasileiro Online de Mutagdes™) is a repository of variants found by
whole-exome sequencing (WES) in a cohort of 609 healthy elderly people in Brazil.
gnomAD (“Genome Aggregation Database”) is a repository of variants found by WES and
whole-genome sequencing (WGS) in 141,456 individuals of several ethnicities. A Fisher’s
exact test was used to compare the allelic frequency of each SNP obtained through NGS to
the two databases. For variants not reported in the ABraOM database, only the allelic
frequency reported in the gnomAD database was used for statistical purposes. Novel variants
were excluded from the burden test. Differences were considered significant when p<0.0011,
according to Bonferroni’s correction procedure. Variants with a significantly higher allelic
frequency in our cohort than in the general population are hypothesized to contribute to a
more severe phenotype, and variants with a significantly lower allelic frequency in our

cohort are hypothesized to contribute to a less severe phenotype.
Ethical approval

This study was approved by the Research Ethics Committee of Hospital de Clinicas

de Porto Alegre - number 2013-0537. All subjects or their tutors provided written consent.

Results

Thirty-three patients (GD type | = 30; GD type 11l = 3) were included in the study.
Median age was 37 years (range: 7-67 years), and 17 were male. There were 6 sibling pairs
and 1 family with three siblings and one cousin. All patients except one received treatment
(enzyme replacement therapy (ERT) = 30; substrate reduction therapy (SRT-eliglustat) = 2).
Patient characteristics have been recently described by Starosta et al. (STAROSTA; VAIRO;
DORNELLES; BASGALUPP et al., 2020).

Ninety-five variants were found in the cohort, including six novel variants (see
Supplementary Table 1 for a complete list of the variants found in the cohort). The following

variants were in Hardy-Weinberg disequilibrium and were excluded from further analysis:
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GBA2 rs3833700 (p=0.006), NEO1 rs1131854 (p=0.048), TF rs2692696 (p=0.002), and
TFRC rs419059 (p=0.003). The following variants were not reported in the ABraOM
database: SLC11A2 rs17216051 and TFR2 rs1478674823. The variant TMPRSS6
rs60484081 was not reported in either ABraOM or gnomAD.

For the distribution of phenotypical characteristics, see Table 1. Three variants were
found to have a significantly different distribution in patients according to the phenotypical
characteristics: A2M rs3832852 (alias rs1799759) was only present in patients that had
hypergammaglobulinemia (OR not calculable, p=0.008); CYBRD1 rs10455 was present in
14.2% of the patients with osteonecrosis and in 75.0% of the patients without osteonecrosis
(OR = 0.08, 95% confidence interval [95% CI] 0.01-0.64, p=0.004), appearing to be
associated to protection against osteonecrosis; TF rs12769 was present in 80.0% of the
patients with cardiac hypertrophy and in 37.5% of the patients without cardiac hypertrophy
(OR =7.54, 95% CI 2.20-25.86, p=0.002).

When comparing variant frequencies against public databases, eight variants had an
allelic frequency significantly different in our cohort than in the reference population (Table
2). All variants found to have a significant difference had a lower frequency in our cohort

than in the general population cohorts.

Discussion

GD, as many Mendelian disorders, has a wide variability of clinical manifestations,

even in patients sharing the same GBA genotype. Modifier genes have been regarded as a
potential explanation for phenotypical heterogeneity, and great effort has been put in the last
decade in the search for candidate genes to fulfill this role. In the present study, we have
investigated in a systematic way several genes related to iron metabolism or to the pathway
of GlcCer degradation by GCase, and we have been able to identify variants that are
candidate for modifiers of GD phenotype. One of the most promising genes identified is
CYBRD1, which encodes cytochrome b reductase 1. Two variants in this gene (rs10455 and
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rs3731976) had a significantly lower prevalence in our cohort than in the general population,
indicating that these may confer a generally milder phenotype. The rs10455 also had a
significantly lower prevalence in patients with osteonecrosis compared to patients with no
history or signs of osteonecrosis in our cohort, indicating that it might be associated with
protection against osteonecrosis. CYBRDL regulates intestinal iron absorption by reducing
non-absorbable Fe*® to absorbable Fe*? and is a known modifier of hereditary
hemochromatosis type 1(CONSTANTINE; ANDERSON; VULPE; MCLAREN et al.,
2009; PELUCCHI; MARIANI; CALZA; FRACANZANI et al., 2012). The rs10455 variant
has been shown to increase CYBRD1 activity in vitro (SCHLOTTMANN; VERA-AVILES;
LATUNDE-DADA, 2017) — this leads to the hypothesis that patients harboring this variant
would have an increased absorption of iron. This might be protective against osteonecrosis
in untreated patients with GD through reducing levels of anemia, which is the main risk
factor for osteonecrosis in this population (KHAN; HANGARTNER; WEINREB;
TAYLOR et al., 2012).

Other candidate variants found in the differential phenotypical analysis were A2M
rs3832851 and TF rs12769. The rs3832851 variant was associated with a higher prevalence
of hypergammaglobulinemia in this cohort; this variant has been previously associated with
a higher risk for Alzheimer disease (BLACKER; WILCOX; LAIRD; RODES et al., 1998),
but no functional evidence is available about it. It can be hypothesized that the association
with hypergammaglobulinemia may be due to the protease inhibitor function of alpha-2-
macroglobulin (A2M) (SOTTRUP-JENSEN, 1989) and its involvement with the regulation
of several inflammatory processes (LARIONOV; DEDECK; BIRKENMEIER; THAL,
2007; LI; XIANG; WEI; SUN et al., 2019) — however, it might be too early still to presume
a causal link between this variant and hypergammaglobulinemia in GD. The rs12769 variant
has been associated with lower serum iron levels in post-mortem samples of previously
healthy subjects (FUJIHARA; YASUDA; KIMURA-KATAOKA; TAKESHITA, 2019).
Although there have been studies associating anemia to cardiac remodeling and hypertrophy
(HIGGINS; OTERO; JEFFERIS KIRK; PAK et al., 2017; NAITO; SAWADA; OBOSHI,

IWASAKU et al., 2015), iron overload itself is a well-known cause of cardiac hypertrophy
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(GUJJA; ROSING; TRIPODI; SHIZUKUDA, 2010; ROZWADOWSKA; RACZAK;
SIKORSKA; FIJALKOWSKI et al., 2019; SUKUMARAN; CHANG; HAN; MINTRI et
al., 2017). This paradoxical situation leads to the necessity of a deeper investigation of the
role of the TF rs12769 variant in cardiac hypertrophy before it can be proposed as a modifier
in GD.

Besides CYBRD1, we found variants in several genes that have a lower prevalence
in our sample when compared to the general population. However, no phenotypical
difference could be observed within our cohort in association with such variants. Due to the
low specificity inherent to population prevalence comparisons, still more confirmation is

necessary before suggesting a role of these variants as modifiers.

Two recent GWAS have explored genetic modifiers of GD. Zhang et al.(ZHANG;
STEIN; LIU; WANG et al., 2012) found that a CLN8 variant correlated with overall disease
severity in patients with GD. Klein et al.(KLEIN; FERREIRA; BEN-DOR; DUAN et al.,
2016) have performed GWAS in several mice strains treated with conduritol--epoxide
(CBE) and identified variants in non-coding regions of 17 genes associated with lifespan,
none of which was studied in our panel. There are several putative reasons for the lack of
overlap of the variants found in our study and the ones identified by the GWAS: i) it is
possible that the SNPs found in association with a differential phenotype in our study were
not contemplated by the Zhang and the Klein studies; ii) due to the huge number of analysis
in a GWAS, the value for significance according to Bonferroni’s correction procedure is
exceedingly low, which increases specificity but decreases sensibility, that being a major
issue in studies with small populations as tend to be studies on rare diseases; iii) the biology
of mice treated with CBE does not necessarily reflect the biology of patients with GD; iv)
the genomic landscape of a Brazilian population is quite possibly different from the

population in the Zhang study, potentially altering the effect of single variants.

An important limitation of this work is the lack of functional confirmation of the
modifying effects found. This could be achieved by insertion of the variants in cellular and/or

animal models of GD and studying of the differential phenotype. On the other hand, it is
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important to note that in vitro or in vivo experimental studies also need confirmation of
clinical relevance, which can only be demonstrated by patient-based studies as the one

described in this article.

Conclusion

We have identified variants in several genes with a potential for a modifier effect in
GD. An especially promising variant is CYBDR1 rs10455, with a protective effect against
osteonecrosis on the differential phenotypic analysis and a lower frequency in our GD cohort
than in the general population. Studies in bigger populations and functional experiments

need to be conducted in order to validate and further delineate these findings.
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Table 1. Distribution of patients according to phenotypical characteristic.

Phenotypical characteristic Presence (n) Absence (n) Not available (n)
Altered liver enzymes 17 15 1
Evidence of iron overload 9 23 1
Steatosis 14 18 1
Cholelithiasis 10 23 0
Anemia 8 22 3
Thrombocytopenia 15 17 1
Hypergammaglobulinemia 18 12 3
Severe BMB (>8) 16 13 4
Osteonecrosis 7 24 2
Cardiac hypertrophy 10 22 1
Restrictive pulmonary disease 5 27 1
Overall severe disease 8 21 4

Not available = number of patients which did not have available data on the
characteristic.
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Table 2. Comparison of variant frequencies identified in GD patients using the
customized gene panel with NGS approach.

. Cohortallelic  ABraOM  ABraOM (p-  gnomAD gnomAD (p-
Gene Variant "
reguency frequency value) frequency value)
A2M rs2228222 6.06% 4.51% 0.5455 4.89% 0.6621
A2M rs55761427 7.57% 2.62% 0.0119 0.000057% 0.0000
A2M rs3832852 16.67% 15.35% 0.7671 13.90% 0.5161
A2M rs669 34.84% 32.10% 0.6326 31.30% 0.5344
BMP6 rs17558 3.03% 4.59% 0.5431 3.92% 0.7075
BMP6 rs537332654 3.03% 1.94% 0.5236 0.000043% 0.0000
BMP6 rs61733611 4.54% 5.09% 0.8404 3.18% 0.5277
CP rs16861582 3.03% 28.40% 4.84-10° 30.05% 1.68 - 10°
CP rs61733458 3.03% 3.28% 0.9078 2.76% 0.8934
CP rs1053709 10.60% 4.96% 0.0347 4.37% 0.0133
CYBRD1 rs3731976 3.03% 45.31% 5.20 - 102 42.14% 1.23-10%°
CYBRD1 rs10455 48.48% 68.71% 0.0003 64.92% 0.0051
FTL rs2230267 68.18% 55.17% 0.0335 50.15% 0.0034
GBA2 rs34312177 4.54% 6.48% 0.5219 4.25% 0.9072
HFE rs1800562 4.54% 1.97% 0.1322 3.37% 0.5992
HFE rs1799945 9.09% 12.72% 0.3755 10.82% 0.6511
NEO1 rs2680348 6.06% 8.45% 0.4841 6.95% 0.7742
NEO1 rs3736510 54.54% 41.54% 0.0320 45.07% 0.1218
PSAP rs4747203 4.54% 32.92% 9.31-107 34.18% 3.86- 107
SLC11A2 rs17216051 4.54% 0.00% N/A 0.24% 1.25-10%2
SLC40A1 rs2304704 62.12% 56.32% 0.3421 61.52% 0.9200
TF rs1049296 7.57% 14.12% 0.1267 15.71% 0.0693
TF rs1130459 4.54% 59.03% 2.24-10% 59.77% 5.73-10%
TF rs12769 25.75% 28.24% 0.6537 32.78% 0.2242
TF rs1799852 21.21% 10.75% 0.0061 12.94% 0.0452
TF rs1799899 3.03% 4.02% 0.6814 5.29% 0.4108
TF rs8177232 3.03% 4.76% 0.5088 1.85% 0.4786
TF rs8649 16.67% 23.97% 0.1643 22.31% 0.2708
TFR2 rs1478674823 3.03% 0.00% N/A 6.5 - 10%% 0.0000
TFR2 rs141968146 3.03% 0.04% 0.0008 0.01% 2.96-10°
TFR2 rs34242818 3.03% 1.88% 0.4954 1.98% 0.5426
TFRC rs3817672 45.45% 46.71% 0.8372 44.66% 0.8966
TFRC rs4130359 3.03% 0.90% 0.0677 0.60% 0.0114
TMPRSS6  rs115270691 4.54% 3.20% 0.5352 2.10% 0.1680
TMPRSS6 rs11704654 13.63% 16.17% 0.5755 16.27% 0.5621
TMPRSS6 rs2111833 37.87% 31.42% 0.0258 31.88% 0.2956
TMPRSS6 rs2235321 37.87% 38.09% 0.9711 36.50% 0.8160
TMPRSS6 rs2543519 15.15% 23.39% 0.1135 22.95% 0.1319
TMPRSS6 rs2543520 16.67% 21.61% 0.3285 21.04% 0.3833
TMPRSS6 rs4820268 66.67% 56.40% 0.0926 54.13% 0.0409
TMPRSS6 rs855791 57.58% 62.06% 0.4518 57.55% 0.9966
TMPRSS6 rs881144 13.63% 9.11% 0.2016 8.92% 0.1794
TMPRSS6 rs2235324 33.33% 38.34% 0.4027 38.37% 0.4001
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N/A = not applicable. Bold values were significant considering the corrected statistical
(Bonferroni procedure) significance level of p < 0.0011.
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Supplementary table 1. All variants found by NGS of the target genes.

Gene Variant c.DNA impact  Protein impact Allele countt
CYBRD1 rs10455 C.797G>A p.Ser266Asn 39
rs3731976 5" UTR N/A 3
SLC40A1 rs2304704 €.663T>C p.Val221= 46
rs768744143 €.993C>T p.Tyr331= 1
rs1453956325 C.657G>A p.Glu219= 1
TF rs12769 C.624G>A p.Ser208= 17
rs2692696 €.1342A>G p.lle448Val 60
rs1049296 c.1765C>T p.Pro589Ser 6
rs1799852 c.739C>T p.Leu247= 14
rs8649 €.1572G>C p.Leu524= 11
rs1799899 €.829G>A p.Gly277Ser 2
rs8177232 c.804T>C p.His268= 2
rs1130459 5’ UTR N/A 3
CP rs61733458 €.1652C>T p.Thr551lle 3
rs701753 C.1632A>T p.Glu544Asp 64
rs1053709 €.1950A>C p.Gly650= 8
novel c.37_38insA p.Leul2* 1
rs16861582 splicing N/A 2
rs139633388 €.2684G>C p.Gly895Ala 1
rs34394958 €.2991T>G p.His997GIn 1
rs56033670 €.2522C>G p.Thr841Arg 1
rs1250117082 c.2075G>C p.Glu692Asp 1
rs757188970 5" UTR N/A 1
rs17847017 splicing N/A 1
TFRC rs3817672 c.424G>A p.Gly142Ser 33
rs1805051 C.2124G>A p.Thr708= 8
rs41301359 c.312C>T p.Thrl04= 2
rs386670122 splicing N/A 4
rs419059 splicing N/A 4
SCARB2 rs143655258 c.475A>G p.Met159Val 1
rs143558324 c.382C>T p.Pro128Ser 1
BMP6 rs17557 €.1104G>C p.Val368= 32
rs17558 €.1062C>T p.Asp354= 2
rs537332654 €.335_337del p.GIn118del 2
rs61733611 €.1029C>T p.Ala343= 3
HAMP rs146776859 €.92C>T p.Thr31Met 1
HFE rs2071303 splicing N/A 2
rs1800562 c.845G>A p.Cys282Tyr 3
rs1799945 c.187C>G p.His63Asp 6
HJV rs782681137 c.305C>T p.Alal02Val 1




TFR2

GBA2

PSAP

A2M

SLC11A2

NEO1

FTL
TMPRSS6

novel
rs2075674
rs748376968
rs41295942
novel
rs141968146
rs139178017
rs1478674823
rs34242818
rs3833700
novel
novel
rs754147042
rs779358452
rs150861266
rs34312177
rs759556759
rs762050153
rs1407593392
rs669
rs226405
rs369574498
rs3832852
s2228222
rs761812812
rs55761427
rs2229298
novel
rs161044
rs1048230
rs17216051
rs146202526
rs115874705
rs3736510
rs2623989
rs1131854
rs118087147
rs2680348
rs2230267
rs2235321
rs855791
rs200434923
rs4820268

€.1606-8T>G

c.1851C>T
C.2277C>T
C.2255G>A
c.2086C>A
c.135G>T
c.1473G>A
€.2092A>G
€.714C>G
splicing
c.32C>A
c.34G>T
splicing
splicing
c.964C>T
c.33C>T
€.354G>C
c.337A>C
5’ UTR
€.2998A>G
c.1915G>A
c.521G>T
splicing
€.1296C>T
splicing
€.2531C>T
c.1079G>A
€.2370C>G
splicing
c.1341T7>C
€.980T>C
c.1584C>A
Cc.712G>A
c.1719A>G
splicing
€.2943C>T
€.3388C>T
€.2676C>T
c.163T>C
€.2256C>T
€.2246T>C
splicing
€.1536C>T

N/A
p.Ala6l7=
p.Pro759=

p.Arg752His
p.Ser695Leu
p.Ala45=
p.Glu491=
p.Arg698Gly
p.lle238Met
N/A
p.ThrllAsn
p.Gly12Cys

N/A

N/A
p.Leu322=

p.Thrll=
p.Leull8=
p.Tyrl113Asp

N/A

p.lle1000Val
p.Asp639Asn
p.Argl74Leu

N/A
p.Tyrd32=

N/A

p.Ala844Val
p.Arg360GIn
p.GIn790His

N/A
p.lledd7=

p.11e219Thr
p.Val528=

p.Ala238Thr
p.Lys573=

N/A
p.Ser981=

p.Arg1130Cys
p.Thr892=
p.Leu55=
p.Tyr752=
p.Val749Ala

N/A

p.Asp512=

I w w el o = o N =
obhrgoRrrwnirRrRrowrRronRrRRRPRPENMNRPRPRPRRPONNNERENNNR R R R

AR BEDN
wWw o O
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rs881144 €.1227C>T p.Tyrd09= 9
rs2111833 €.1056G>C p.Ser352= 22
rs2235324 c.730A>G p.Lys244Glu 21

rs11704654 c.72G>A p.Pro24= 8

rs115270691 c.15C>T p.Phe5= 3
rs2543519 splicing N/A 10

rs2543520 splicing N/A 11

rs1261398165 splicing N/A 1
rs201148397 c.838G>T p.Val280Leu 1

HEPH rs5919015 c.1167T>A p.Val39Glu 35
rs806607 €.2457T>C p.Tyr819= 22

rs809363 €.2541A>G p.Thr847= 22

All description of impact based on the canonical transcript, except rs115270691. fn=66
except for HEPH, which is in the X chromosome, having a n=49. Novel variants are

highlighted in bold.
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Artigo 5: “The use of transient hepatic elastography to validate prediction scores for liver
fibrosis in treated patients with Gaucher disease type 1.”. Rodrigo Tzovenos Starosta,
Lethicia Campos Ferraro, Fabiano de Oliveira Poswar, Mario Reis Alvares-da-Silva, Ida
Vanessa Doederlein Schwartz.

Artigo em elaboracéo, a ser submetido para o periodico Molecular Genetics and Metabolism.
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Abstract

Gaucher disease (GD) is a rare genetic disorder with multi-system involvement. One of its
long-term consequences, even during treatment, is liver fibrosis, which may progress to
cirrhosis and end-stage liver disease. The detection of liver fibrosis in this population is
commonly performed by liver biopsy or by elastography — however, because of the risks
associated with the former and the inter-observer variability and lack of global availability,
fibrosis detection is oftentimes hindered in patients with GD. In this study, we aim at
assessing the validity of fibrosis-predicting scores developed for hepatitis C and non-
alcoholic liver disease (NAFLD) for the use in GD, using transient elastography as a gold-
standard. We enrolled patients with GD type 1 who had been on treatment for a minimum
of 1 year on enzyme replacement therapy or substrate reduction therapy and who had no
evidence of any other liver disease except GD or NAFLD, which is a common comorbidity
of GD. Laboratory tests necessary to calculate the fibrosis prediction scores APRI, FIB-4,
and NFS were performed. Twelve patients were enrolled, and, after one exclusion due to
consent withdrawal, eleven patients were analyzed for the fibrosis prediction scores. The
score with a higher AUC for detection of significant fibrosis (F2 or higher) was APRI, with
0.701. This score showed 100% sensitivity for significant fibrosis at the cut-off of 0.201 and
100% specificity for significant fibrosis at the cut-off of 0.604. In this way, we recommend
the use of the APRI score for screening of fibrosis in treated patients with GD type 1.

Keywords: liver fibrosis; cirrhosis; APRI; Gaucher disease; transient hepatic elastography
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Introduction

Gaucher disease (GD) is an inborn error of metabolism characterized by a broad and
variable phenotype of multi-systemic organic compromise. It is caused by bi-allelic
pathogenic variants in GBA (STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et
al., 2017) or in the saposin C portion of PSAP (TYLKI-SZYMANSKA; GROENER;
KAMINSKI; EUGOWSKA et al., 2011), leading to insufficient activity of the
glucosylceramidase enzyme (GCase). GD manifestations include mainly four systems:
hematological (anemia, thrombocytopenia, hypergammaglobulinemia, predisposition to
develop multiple myeloma) (LINARI; CASTAMAN, 2016; NGUYEN; STIRNEMANN;
LAUTREDOUX; CADOR et al., 2020; STIRNEMANN; BELMATOUG; CAMOU,;
SERRATRICE et al., 2017), visceral (hepatosplenomegaly, liver fibrosis, biliary damage,
pulmonary fibrosis, cardiac valve calcification and cardiac hypertrophy, predisposition to
develop hepatocellular carcinoma) (LINARI; CASTAMAN, 2016; STAROSTA; VAIRO;
DORNELLES; BASGALUPP et al., 2020; STIRNEMANN; BELMATOUG,; CAMOU,;
SERRATRICE et al., 2017), skeletal (bone pain and crises, skeletal deformations,
osteonecrosis, scoliosis) (KHAN; HANGARTNER; WEINREB; TAYLOR et al., 2012;
STIRNEMANN; BELMATOUG; CAMOU; SERRATRICE et al., 2017), and neurological
(epilepsy, oculomotor apraxia, dysphagia, peripheral neuropathy, predisposition to develop
Parkinson disease) (GARY; RYAN; STEWARD; SIDRANSKY, 2018; SCHIFFMANN;
SEVIGNY; ROLFS; DAVIES et al., 2020; STIRNEMANN; BELMATOUG; CAMOU,;
SERRATRICE et al., 2017), leading to a phenotype continuum that can be categorized as
GD type 1 (with no overt neurological symptoms), GD type 3 (chronic, slowly progressive
neurological symptoms such as myoclonic epilepsy and motor dysphagia), and the extremely
severe GD type 2 (acute neurological symptoms leading to death before 2 years of age)
(SCHIFFMANN; SEVIGNY; ROLFS; DAVIES et al., 2020; SIDRANSKY, 2004).

Two types of liver fibrosis have been described in GD. In the pre-treatment era, a

relatively common complication of GD was the rapid development of massive hepatic areas
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of confluent acellular fibrosis mostly in the central parts of the liver, which became known
as “stellate fibrosis” (HILL; DAMASKA; LING; PATTERSON et al., 1992; JAMES;
STROMEYER; CHANG; BARRANGER, 1981; LACHMANN; WIGHT; LOMAS;
FISHER et al., 2000). With the advent of enzyme replacement therapy (ERT) — and later
substrate reduction therapy (SRT) — no new cases of stellate fibrosis have been reported, the
last one described being in 2002 (PEREL; BIOULAC-SAGE; CHATEIL; TRILLAUD et
al., 2002). However, after almost two decades in which ERT had changed the common
phenotype of GD towards a more chronic and benign disorder, reports of increased liver
stiffness (a surrogate measure of fibrosis) in treated patients with GD as measured by
transient elastography (TH) (BOHTE; VAN DUSSEN; AKKERMAN; NEDERVEEN et al.,
2013; NASCIMBENI; CASSINERIO; DALLA SALDA; MOTTA et al., 2018), with
correlations to markers of disease severity such as chitotriosidase levels (BOHTE; VAN
DUSSEN; AKKERMAN; NEDERVEEN et al., 2013; NASCIMBENI; CASSINERIO;
DALLA SALDA; MOTTA et al, 2018) and severity scores (NASCIMBENI,
CASSINERIO; DALLA SALDA; MOTTA et al.,, 2018; SERAI; NAIDU; ANDREW
BURROW:; PRADA et al., 2018) that suggest that an indolent pathogenic process of liver
injury still happened. Strikingly, a recent study (LOLLERT; HOFFMANN; LACHE;
KONIG et al., 2020) using acoustic radiation force impulse point shear-wave elastography
(which is more sensitive to fibrosis than TH) showed that up to 70% of patients with GD
type 1 have fibrosis of METAVIR (BATTS; LUDWIG, 1995) stage F2 or higher. In this
way, measurements of liver fibrosis are becoming standard practice in the routine follow-up
of patients with GD. However, elastographic techniques are subject to inter-observer,
positional, and technical differences (SHIHA; EL-ETREBY; BAHGAT; HAMED et al.,
2018; ZELBER-SAGI; YESHUA; SHLOMAI; BLENDIS et al., 2011; ZELESCO;
ABOTT; O'HARA, 2017); furthermore, this technology may not be available in resource-

limited settings such as developing countries.

Clinical-laboratorial scores for the prediction of liver fibrosis have been proposed
and used for many liver pathologies. For people with hepatitis C the APRI (AST-to-platelets

ratio index) (WAI; GREENSON; FONTANA; KALBFLEISCH et al., 2003) and the FIB-4
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(Fibrosis 4) (VALLET-PICHARD; MALLET; NALPAS; VERKARRE et al., 2007) have
high sensitivity (at a lower cut-off value) and high specificity (at a higher cut-off value) for
fibrosis of METAVIR grade F3 or higher (i.e., with bridging fibrotic bands or cirrhosis),
although they are unreliable to detect patients with lesser grades of fibrosis. Similarly, for
people with non-alcoholic fatty liver disease (NAFLD), the NFS (NAFLD fibrosis
score)(ANGULO; HUI; MARCHESINI; BUGIANESI et al., 2007) can distinguish with
high accuracy patients with higher degrees of fibrosis by using a sensitive lower cut-off value
and a specific higher cut-off value. GD, despite being a cause of liver fibrosis and its
complications (STAROSTA; PINTO E VAIRO; DORNELLES; CERSKI et al., 2019;
STAROSTA; VAIRO; DORNELLES; BASGALUPP et al., 2020), has not seen the
development of a disease-specific fibrosis score; moreover, all existent scores use in their
equations the platelet count, which is lower in patients with GD independently of liver

disease.

In this article, we aim at investigating the validity of existent liver fibrosis scores for

the use in treated patients with GD.

Methods

Subjects

Patients with GD with follow-up at the Gaucher Reference Center (GRC) of the
Hospital de Clinicas de Porto Alegre (HCPA) were enrolled according to the significant
inclusion criteria: diagnosis of GD by leukocyte enzyme activity and sequencing of GBA
with identification of biallelic pathogenic variants; treatment with ERT or SRT for at the
least 12 months; written consent to participate in the study. Exclusion criteria were: younger
than 18 years-old; presence of concomitant, unrelated liver diseases such as viral hepatitis,
hypothyroidism, or alpha-1-antitripsin disease. NAFLD was not considered an exclusion
criteria because of its high prevalence in patients with GD (STAROSTA; VAIRO;
DORNELLES; BASGALUPP et al., 2020).
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Laboratory tests and anthropometric variables

Serum laboratory tests were performed in the same day as TH after a minimum 3
hour fast and consisted in: alanine-transaminase (ALT), aspartate-transaminase (AST),
albumin, alpha-1-antitrypsin, anti-HBs IgM and 1gG, anti-HCV 1gG, transferrin saturation,
serum free iron, total and fractional cholesterol, ferritin, y-glutamyltransferase (GGT),
glucose, insulin, hepatitis B surface antigen (HBsAQ) , thyroxine (T4), thyroid-stimulating
hormone (TSH), triglycerides, platelets, mean platelet volume. All tests were performed in
the HCPA as per standard protocol. Height, weight, and age from the last consultation at the
GRC, which was a maximum of three months. Body mass index (BMI) was calculated as

weight in kilograms divided by the square of the height in meters.
Transient elastography

TH was performed by an experienced investigator (MRAS, >500 valid tests
performed) with a FibroScan machine (Echosens, Paris, France) and an M (medium) probe.
Ten measurements were performed by patient, with the probe located on the 5" intercostal
space at the mid-clavicular line. Patients with an interquartile range (IQR) higher than 30%
were considered to have low-quality scores and were excluded from further analysis. VValues
lower than 5.3 kPa were considered as FO; values of 5.3 to 6.9 kPa were considered as F1;
values of 7.0 to 13.9 kPa were considered as F3; values of 14.0 kPa or higher were considered
as F4.

Statistical analysis

Descriptive statistics were described as mean * standard deviation. TH was used as
a gold-standard for liver fibrosis for the calculation of receiver-operator characteristics
(ROC) curves for the APRI, FIB-4, and NFS scores, with estimation of area under the curve
(AUC) for each ROC curve. All statistics were performed in SPSS v.18.0 (SPSS Inc., IBM).

Ethical considerations
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This study was approved by the Institutional Review Board (Comité de Etica em
Pesquisa) of HCPA, number 2018-0639. All subjects provided written consent.

Results

Twelve patients were included in the study (mean age = 37 + 11.2 years; female =
8). Eleven patients were on ERT (imiglucerase = 8; taliglucerase alfa = 3) and one patient
was on SRT with eliglustat. One patient withdrew consent for a blood draw and was excluded
from the score analysis. No patient was positive for viral hepatitis, hypothyroidism, or alpha-
1-antitrypsin disease.

Mean liver stiffness measured by TH was 5.25 kPa (range: 4.3 — 22.0 kPa). Six
patients had scores in the FO range; three patients had scores in the F1 range; two patients
had scores in the F2 range; and one patient had a score in the F4 range. IQRs ranged from

5% to 23%. The patient with an F4 score was the only one splenectomized.

The APRI, FIB-4, and NFS were calculated for 11 patients. Mean APRI score was
0.293 £ 0.203, ranging from 0.09 to 0.818 (lower cut-off = 0.500; higher cut-off = 1.500).
Mean FIB-4 score was 0.836 + 0.677, ranging from 0.361 to 2.814 (lower cut-off = 1.450;
higher cut-off = 3.25). Mean NFS was -2.392 + 0.686, ranging from -3.568 to -1.442 (lower
cut-off = -1.455; higher cut-off = 0.675). For the detection of fibrosis stage F2 or higher
(“significant fibrosis™), the AUCs were respectively 0.708, 0.625, and 0.375 for APRI, FIB4,
and NFS, as shown in the ROC curve in figure 1. For the detection of significant fibrosis
using the APRI score, which showed the higher AUC, a lower cut-off value of 0.201 had a
sensitivity of 100% and a higher cut-off value of 0.649 had a specificity of 100%.
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Discussion

Liver fibrosis is an important complication of GD, leading to cirrhosis, portal
hypertension, and hepatocellular carcinoma (ADAR; ILAN; ELSTEIN; ZIMRAN, 2016;
REGENBOOG; VAN DUSSEN; VERHEIJ; WEINREB et al., 2018; STAROSTA; VAIRO;
DORNELLES; BASGALUPP et al., 2020). Although there is not to date a therapy to reverse
fibrosis, understanding when it arises is vital in the follow-up of a patient with GD because
it may allow for early interventions that decrease its symptoms and its complications, such
as prevention of variceal bleeding by the use of beta-blocking medications (TSOCHATZIS;
BOSCH; BURROUGHS, 2014) or the screening of hepatocellular carcinoma (KANWAL,;
SINGAL, 2019).

Traditionally, liver biopsy was the only reliable method for detection of liver fibrosis
(StatPearls, 2020); it is, however, subject to sampling mistakes, and may cause
complications such as intra-abdominal bleeding and pain (BOYD; CAIN; CHAUHAN;
WEBB, 2020). With the advent of elastography (SANDRIN; FOURQUET;
HASQUENOPH; YON et al., 2003) it became possible to detect fibrosis non-invasively,
improving quality of care for patients with liver diseases. Nonetheless, elastography is
operator-dependent (SHIHA; EL-ETREBY; BAHGAT; HAMED et al., 2018), and because
of the elevated price of the equipment and the necessity of a trained operator it is not
available in all contexts. In this article, we have tested three common non-invasive,
inexpensive scores of liver fibrosis for the use in patients with GD. We have found that the
APRI score, developed initially for the use in patients with hepatitis C, shows a good
accuracy for screening for significant fibrosis (F2 or higher) in treated patients with GD —
however, with a substantial difference from the cut-off values used for hepatitis C patients.
This difference probably stems from the unique pathophysiological aspects of both diseases,

which show little overlap.

The major limitation of this study is the limited sample size, which limits the fine-
tuning of the cut-off points and tends to distort the estimates of AUC in the ROC curves. We

expect to counter this limitation by the expansion of the sample size. A second limitation is
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the use of elastography instead of liver biopsy as the gold standard — liver biopsy being the
most accurate measurement, it is possible that the limitations of elastography are a source of
bias. However, since liver biopsy presents significant risks (including bleeding, to which
patients with GD are already prone), we believe that elastography is the only viable solution

in the current technological development.

Conclusion

A significant proportion of patients with GD have detectable liver fibrosis by
elastographic investigation. The APRI score is accurate for the screening of significant liver

fibrosis in treated patients with GD when the adequate cut-off values are used.
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Figure 1. ROC curve showing accuracy for the APRI (green line), FIB-4 (blue line), and
NFS (yellow line) scores.
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(FCOGE) natural history shusdy. We aralyzed clinksl history, molecular geratics, sarum
markars of lhvar injury, lver ulrasonography and elestography, ver histopathology {when
avmllable), and dinical scores of 42 patlants with 17 diffarent COG subtypes [PRIM2-C00E,
n=18), with a madian age of 7 yeam (range: 10 months to 65 years). Our rmain findings
are [ thare Is o dear patiern In the evolufion of the markemns of hepatoceliular Injury
markars alanine aminotrarsferass (ALT) and aspariote aminctransfarase (AST)
according 1o age, especially in PMM2-CDGE patiants but also In other type | COGs, and
that tha cholangiocyta Injury marker gamma-glutamyliransferesa (GGET) s not alovated In
most patients, palnting io an axciushvs hapaioaslular orgin of injurny; 1) thers s
dissodiation betwean lver ulirasound and trarsient slastography regarding signs of wer
fibrasis; 1) histopatholgical findings in ver Sssus of FMM2-CDHG patiants indude
oytoplosmic glyoogen deposits, poinfing to o disnuption of ghcogen metabollsm in thesse
pafisnts; and i) most CDGs manfest with more than one type of Iver Injury. Therafore,
wa recommand hat all CDG patients hove systematic, comprehsnsive soreaning for lhar
dissasa, including physical sxamination (hepatomegaly, signs of lhar fallure), aboratory
feats (ALT, AST), ulirasound (steatosis, tumors), and elastography (brosis).
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Dear Editor,

It 15 with pleasure that we submut our mammscnipt entitled “Liver manifestabions mm a cohort
of 42 patients with congemital disorders of glycosylation: pin-pomnting the charactenstics of bver
mjury and proposing recommendations for follow-up™ for publication m the Joumnal of Inhented
Metabolic Diseases. This mannscript presents our research work to charactenzing m detail the
hepatic phenotype of congenital disorders of glycosylaton (CDG) m a big cohort, outhnine
patterns that can help climcians better predict the prognosis of ther patients. We have also
ulentified potential predictors of liver disease, as well as pitfalls m the follow-up of these patients
— the most mmportant bemng an ultrasound-elastography dissociabon. Based on that, we propose
recommendations for the follow-up patients with CDG that take in consideration the heterogenesty
of mamfestations m these diseases and the lonmtudinal expenence summanzed m this article.

We believe owr manuscript would be a great addibon to your joumal for clanfying the
hepatic phenotype of patients with CD{G and prowiding evidence-based recommendations for their
follow-up. The CDG being mostly ultra-rare disorders, there 1s an wrging need for systemahc
studies that standardize the medical care provided. In using a big cobort with an extensive and
comprehensive follow-up, we hope to contmbute to fill this gap. We are grateful m advance for
your time m reviewmng this manmscript and are happy to answer any questions or concems that
may anse from 1f.

With our best regards,

The Authors
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Abstract

The congemital disorders of glycosylaton (CDG) are a heterogenecus group of rare metabolic
diseases with multi-system mvolvement. The liver phenotype of CDG vanes not only according
to the specific disorder, but also from patient to patient In flus prospective study, we sought to
wentify common pattems of liver mpury among patients with a broad spectnm of CDG, and to
provide recommendations for follow-up in chimcal prachice. Patients were enrolled to the Frontiers
m Congemtal Disorders of Glycosylation (FCDGC) natural lustory study. We analyzed climeal
hustory, molecular genetics, semmm markers of liver myury, liver ultrasonography and transient
elastography. liver nstopatholegy (when available), and climeal scores of 42 patients with 17
different CDG subtypes (PMM2-CDG, r=19), wath a median age of 7 years (range: 10 months to
65 years). Our principal findngs are 1) there 15 a clear pattern n the evolution of the markers of
hepatocellular mjury markers alanme ammotransferase (ALT) and aspartate ammnotransferase
{A5T) according to age. especially n PMM2-CDG patients but also mn other type I CDGs, and that
the cholanmocyte mpuoy marker gamma-glutamyltransferase (GGT) 15 not elevated in most
patients, pointing to an exclusive hepatocellular ongin of mjury; n) there 1s dissociation between
lLiver ulirasound and transient elastography regarding sizms of liver fibrosis; m) listopathological
findings m hver tissue of PMM2-CDG patients mclude cytoplasmuc glycogen deposits, pomnfing
to a distuption of glycogen metabolism in these patients; and iv) most CDGs manifest with more
than one type of liver mpury. Based on these findings, we recommend that all CDG patients have
regular systematic, comprehensive screening for liver disease, mcluding physical exanmnation (for
hepatomegaly and signs of bver falure), laboratory tests (ALT and AST), liver ultrasoumnd (for
steatosis and liver tumors), and hiver elastography (for fibrosis).

Synopsis: Several congemtal disorders of glycosylation have hepatic phenotypes mvolving more
than one liver mamfestaion warmranting a regular mmltmodal follow-up wath screemng for

hepatomegaly, hepatocellular damage, steatosis, and liver fibrosis.
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Introduction

The congemtal disorders of glycosylaton (CDG) are a group of rare mhented metabolic
diseases. mostly autosomal recessive, that affect the complex process of bulldmg. remodeling, and
delivermg glycan chams. There are apprommately 150 known CDG to date, each caused by a
deficiency of a different component of the glycan-assembly and remodeling pathways (Francisco
et al 2019). The current classification dmides CDG according to which of the twe mam
glycosylation sites in protems or lipid 15 affected (Peanne et al 2018): N-lnked (glycosylation of
asparagme residues) or O-linked glycosylabon (glycosylation of senne and threomne residnes).
N-linked CDG are further subdivided based on whether the enzymatic defect mpacts the assembly
and transfer of prmary glycan chans m the endoplasmuc reticulum (type I) or the processmg of
glycan chains m the Golz apparatus (type II). Because of the ubiquty of glycosylation in human
physiclogy (Fisher et al. 2019), CDG tend to be nmltsystem diseases, affecting different organs
and tissues 1n a heterogeneous way (Verhetjen et al. 2020). One of the most commenly affected
organs In many CDG 1s the liver, due to 1ts central role m N-glycosylaton (Vetheijen et al 2020);
however, there 15 lmuted study of the liver phenotype of CDG beyond PMM2-CDG (Wiiters et al.

2019).

PALVM2-CDG I #21 2063) 15 the most common CDG, with more than a thousand cases
reported so far (Altassan et al 2019). Most PMM2-CDG patients have mild liver dysfimetion with
mereased amunotransferases alone, especially durmg the first 5 years of hife, when all-canse
lethality 15 also higher (Witters et al. 2019); however, a proporton of patients develops steatosis,
fibrosis/curhosis, and may die from the complications of bver fadhure (Witters et al. 2019). Other
CDG have more specific hepatic phenotypic charactenistics. For mstance, CCDC113-CDG (MIM-
#6163828) and MPI-CDG (MIM: #602579) have especially severe liver disease (Marques-da-Silva
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et al. 2017). CCDCI15CDG presents with a Wilson disease-like phenotype with
hepatosplenomegaly, elevated ammotransferases. necnatal jamdice, early cirthosis, and elevated
concenirabion of copper in liver issue (Girard et al. 2018, Jansen et al. 2016, Medrano et al. 2019).
MPI-CDG tends to present with severe liver dysfimcton and rapadly progressive (somefimes
congemtal) fibrosis (Marques-da-5ilva et al. 2017, Menfion et al. 2008), although asymptomatic
adults have been reported (Helander et al. 2014, de la Morena-Bamio et al. 2019). Other CDG,
such as ALGE-CDG (MIM: #603147), can present with severe liver disease with cuthosis and

complications of portal hypertension, with high lethahity (Marques-da-Silva et al. 2017).

The hepatic phenotype in CDG 15 complex and imderstanding the mamfestations and the
type of liver injury to be expected in a patient 15 cntical for appropniate management In thas study,
we prospectively evaluate a large cohort of patients with different CDG to systematically explore
the hepatic phenotype of these disorders, seeking to identify common patterns of liver mjury and

to denve recommendations for clmical practice.

Methods

Subjects

Patients with a molecularly confimmed diagnosis of CDNG and biochenmeal confirmation of
the specific defect were prospectively recnuted to the Frombers of Congemtal Dhsorders of
Glycosylation (FCDGC) natural history study or to the CDG Nuimfional Intervenhon study at
Maye Clme. Pefrospective data collechon was part of the enrollment process, as the patents has
been previously followed-up by standard of care. All patients provided signed informed consent.
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This study was approved by the Institutional Review Board of Mayo Clime under protocols #18-

007276 and #19-005187.
Diata extraction

The followmg vanables for the composite categoncal parameters on exfra-hepahc
phenotype were used being considered as positive when at least one of the vanables m each
parameter was abnormal: hematological abnormahties (hemoglobn, white blood cell count,
platelet count); coagulation abnormalities (prothrombm time, activated partial thromboplastin
time, factor XI activity, antithrombin I activity, chmeally significant bleeding or thrombosis);
dyslipidenuia (low-density Lipoprotein, high-density lipoprotein, total cholesterol, tnglycerides);
hypethyroidism (thyroid-stimulating hormene); glucose homeostasis (bleed glucese, documented

hypoglycemia); seizumes (lustory of seizures, diagnosis of epilepsy).

The Nymegen Pediatne CDG Rating Score (NPCES) was performed in every patient in
the study by the same mvestgator (EM). The NPCES 15 a climical tool developed as a means of
quanfifying chmical seventy of patients with CDG m a global and comprehensive way, and 13
vahdated for all age groups (Achowrtar et al. 2011).

Statistical analysis

Categoncal vanables were compared using Fisher's exact test with a sigmficance level of
p=0.05. QO plots were used to determuine approximate parametncity. Parametnc comfimious
vaniables were compared between groups using Student’s i-test with a sigmificance level of p=0.05.
A lo@stic regression was used to identify correlabons of contmuous vanables with categoncal

outcomes, with a significance level of p=0.05.
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Eesults

Subjects

Forty-two patients were included in the study. Median age was 7 years (range: 10 months
to 63 years), and 64.3% (27/44) were male (table 1}). The most commoen diagnosis was PMM2-
CDG (r=19); followed by ALGL2-CDG (MIM: #607143), ALG13-CDG (MIM: #300824),
DHDDS-CDG (MIM: #613861), PGMI1-CDG (MIM: #614921), PIGT-CDG (MIM: #615393),
and SLC35A2-CDG (MIM: #300896) (n=2 each); and ALGH-CDNG, ALGE-CDG (MIM:
#602104), CCDC115-CDG, DDOST-CDG (MIM: #614507), MPI-CDG, PIGV-CDG (MIM:
#230300), SLC10A7-CDG (MIM: #618363), SLC35C1-CDG (MIM: #£266263), SLC39A8-CDG
(MIM: #616721), TMEM165-CDG (MIM: #614727), and VMA21-CDG (MIM: #310440) (n=1
each).

Clinical findings

Clinical descnptions were available for 42 pahents. Six patients had hepatomegaly on
physical exam (patients 2, 6, 8, 11, 23, and 36). Three patients had necnatal jmmdice requnng
phototherapy (patients 10, 12 and 26), but no patient had jamdice outside of the neonatal penod.
One patient had ascites (patient 6); no patient had other shgmata of liver disease (e.g, capuf
medusae, gynecomasha, or palmar erythema) on physical exam although one patient (patent 7)
had wmexplamed pruntus. Patient § underwent liver transplantation at 4 years of age because of

biver fahore (hyperammonemia, recurrent ascites).

MAMolecular findings




oy 0 =0 o fn e 85 B3

[
oo

[
3

[y
o

in

[
[T Y

i
1a)

5 b5 B3 B3 B3 B3 B3 B3 RS OBY ORI B3
SR T S SR T TR TR s I Y SR P R S S |

[

[
[T

[P
1 o0 0

[E]
0

s
i

15
3

[T
[T

[TE
1 o £

o sia
L)

[T TS U R . (IS [ R SO R T S |

o fnoin i oin dn in in o in £

[t}

]

(R ]
Y By ]

[nt]

4]

A total of 42 patents had genetically confirmed CDG genotypes. The most commeon
genetic vanant found in PAMM? was c422G=A (p.Argl41His), compnsing 13/36 (36.1%) of
alleles reported (table 1). The only homozygous PMM? vanant found was c357C=A
(pPhell9Leu). Two different PAM? vanants were found to anse in the same nuclechde posihon-
c. 710C=G (p.Thr234Arg) and . 710C=T (p. Thr234Met).

Laboratory findings — liver markers

Liver markers for all pabents are shown m detal m table 1. Alamne-aminotransferase
(ALT) values were avalable for 41 patients: of these, 21 (31.2%) had at least one elevated value
(normal <42 IU/L). Aspartate-aminofransferase (AST) values were available for 42 pahents; of
these, 32 (76.2%:) had at least one elevated value (normal <41 IU/L). Elevatons mn both enzymes
were found in 19 patients (48.7%). Gamma-glutamyltransferase (GGT) values were available for
15 pahents; of these, 4 had at least one elevated value (patient 6: 157 IU/L; patient 7: 45 IU/L;
patient 9: 57 IUVL; pattent 27: 56 IU/L; normal =41 IU/L). Alkahne phosphatase (AlkP) values
were avallable for 42 patients; of these, 7 (16.7%) had elevated values (normal <300 IU/L). Total
bilirubm values were available for 41 patients; of these, only 2 had ncreased values (patient 34:
1.5 mg/dl. no direct/indirect differential; patient 42: 2.3 mg/dl. direct bilirubin 05 mg/dl ; normal

total bilimibin <1.3 mg/dl). Aminotransferase values according to age are displayed m figure 1.

In PMM2-CDG patients, no associafion was observed between the frequency of altered
amimotransferase values and presence of the most common PMM? vanant, c422G-A

(p.Arg141His) (ALT, p=0.604; AST. p=0.518).

Liver ultrasound and transient elastography (FibroScan) findings
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Liver ultrasound results were available for 22 patents (table 2). The most commeon finding
was coarse hepatic echotexture (722, 31 8%). Four patients (13.2%) had steatosis and two patents
(9.1%) had focal lesions (one diagnosed with a solitary hemangioma of the liver; the other wath
nmiltiple crcumsenibed echogeme lesions with no blood flow on color imagmg the largest being
subcapsular and measuning § x 7 x 9 mm). 5ix patents had normal liver ulirasounds.

Four patients had transient hepatic elastography (table 2); of these, 3 had had also liver
ulirasounds. One patient who had coarse liver parenchyma on ultrasound had a METAVIE. score
(Frulio and Tnllaud 2013) of FO on elastography, mdicating no fibrosis. On the other hand . two
patents with mo signs of fibrosis on ulirasound had METAVIR. scores of F1 and F2 on

elastography, indicating mcipient fibrosis.
Liver biopsy

Histopathelogical reports for liver issue were avallable for three pabents: two pahents
underwent liver biopsy and one had an explanted liver. The hver explanted from patient & (PAM2-
CD(G) showed micronodular curhosis on gross and microscopic examination (figure 2); there was
mild macrovesicular steatosis and mmld-to-moderate bibary ductular probiferation, as well as
nmiltiple foct of hepatocellular glycogen storage m the cytoplasm: iron stammng was negative.
Patient 7 (PMM2-CTXG) had a liver biopsy at 3 years of age that showed broad, mregular bndzing
fibrosis with mummal muxed (macrovesicular and microvesicular) steatosis and increased
hepatocellular glycogen with no signs of bibhary changes, mon overload, or hepatocellular
regeneration. Patient 36 (CCDC115-CDG) had a liver biopsy at 2 years of age that showed
cirrhosis with extensive portal and penportal bndging fibrosis, nucrovesicular steatosis, positive

glycogen staming with fine hepatocellular cytoplasm vacuclization in a mosaic pattern, with no
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signs of biliary changes or ron overload All glycogen deposits were confirmed by positivity on

peniodic acid Scluff (PAS) staming, with attenmation after diastase freatment.
Treatment effects

Patient 26 wath PGMI1-CDG started treatment with oral galactose 0.5 gkg/day at age 2
vears, with a planned mcrease to 1 gkg/day after 6 weeks of the escalating dose. ALT and AST
were elevated before treatment, with a rapid decrease (3 weeks) after mtroduction of treatment
(figure 3a). Patient 27 with PGMI1-CD{G started treatment with oral galactose 0.3 glkg/day at age
27 years, with a sigmficant decrease in AST and ALT within 6 months after nfroduchon of
treatment (figure 3b). Patient 30 with SLC33A2-CDG started treatment with oral galactose 1.5
gkg/day at age 6 months. AST and GGT were elevated before treatment, which both normalized
on freatment within 4 months, and additionally, sigmificant mprovement was observed mn other
clmical features such as seizure control and motor skalls. Patient 31 wath SLC35A2-CDG started
treatment with oral galactose 1.5 g’kg/day at age 10 years. There was a muld transient elevation n
ALT and AST levels after mmtiahon of treatment (figure 3c). Although transanmnases normalized,
no sigmficant improvement was cbserved m climical feahmres durnng the first 4 months of therapy,
as described elsewhere (Witters et al. 2020). Patient 35 with MPI-CTNG has been on treatment with
oral mannose 1 ghkg/day diided m 6 doses at age 4 years for 2 years. High amunotransferase
values were observed during the whole peniod of 2 years long treatment and the patient needed
additional nuintional imtervention with a complex carbohydrate diet. Patient 39 with SLC35C1-
CDG started treatment with oral fucose 2 g/day at age 10 years, with an mcrease to 4g after 6
months of therapy and § g/day at age 11 years. There was no elevabon m ALT, AST, or AIkP
before or dunng treatment (figure 3d), although chmcal parameters such as tendency to infections
were improved. Patient 40 with SLC39A8-CDG started treatments with oral galactose 1g'kg/day
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at age 2 years and escalating dose of manganese from 3 mg/day to 63 mg/day during a peniod of &
months. No sigmficant change was observed m ALT and AST levels after mfroduction of
treatment; however, the patient had sigmificant climical improvement with respect fo se1zure control
and motor development over the first & months of therapy. Patient 41 wath TMEM165-CDG started
treatment with oral galactose 1.5 gkg/day at age 5 years. No pre-treatment laboratory results are

available. High amimotransferase values were observed dunng treatment.
Nijmegen Pediatric CDG Rating Scale (NPCRS)

A NPCES (Achowtar et al. 2011) score was available for 41 patients (median: 225, range:
3-40). A Q-Q plot determuined the dismbubon of NPCES values to be approximately normal. There
was no difference i the NPCES values between patients with elevated ALT and patents with
normal AT T (Student’s t-test, p=0.215). A sigmficant difference was however found m the NPCES
scores between patients with elevated and normal AST values, with patients with elevated AST
measurements having higher NPCES values (respectively, 23.46 £ 8.04 vs 15.60 = 6.83, p=0.009).
A binary logistic regression between having lugh AST values and the tree sections of the NPCES
showed that this sigmficant association 15 due to the first section (“current fimction™) only, with a

p=0.045, Nagelkerke's r'=0333.

Patients with a diagnosis of coarse liver parenchyma on ultrasound had a sigmficantly
ligher NPCES than patients who did not have this diagnosis (3020 = 7.66 v 20.84 £ 6.79,

p=0.022).

Exira-hepatic associations

Prevalence of exfra-hepatic mamfestations of CDG 15 displayed m fable 3. A sigmificant
assoclation was foumd m the co-dismbution of lugh ALT levels and abnormal coagulation
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parameters (85% of patients with lngh AIT levels had coagulation abnormalites vs 22.7% of
patients with coagulation abnormalities with normal AT, p=0.002) and hypothyroidism (all
patients with hypothyroidism had lugh ATT values vs 41 3% of patients without hypothyroidism
having lugh ALT values, p=0.004). No associabon was found m the co-dismbuhion of ngh AT T
levels and abnormal hematological parameters, dyshipidenma, glucose homeostasis, or serzures.
For lugh AST values, a sigmficant asseciation was found for coagulabon parameters (73.1% of
patients with lugh AST levels had coagulation abnormahties v 13 6% of patients who had normal
AST values, p=0.026) and seizures (65.5% of patients with high AST levels had seizures vs 13.6%

of patients who had normal AST values, p=0.037).

Discussion

The hver 15 one of the main sites of N-glycosylation m the body (Zlm et al. 2014) and 15
responsible for the attachment of glycans to most secreted protems. CDG affect the liver mn a
mumber of ways. In this prospective study, we have described a cohort of patients with 17 different
CDG and confirmed previous findings in the hterature (Marques-da-Silva et al. 2017) that liver
enzymes, which are common reliable markers of hepatocellular mjury, are mostly elevated durmg
the first 5 years of life in most types of CDG, but improve sigmficantly after this age. Exceptions
to this in our study were ALGE-CDG, CCDC115-CDG, MPI-CDG, PGMI1-CDG, and TMEM165-
CD( patients. In confrast to amimotransferases, we found that few patients had an elevation of the
cholangocyte mjury marker GGT, and that most of such elevations were muld Nommal GGT m
the setting of elevated aminotransferases had previously been reported i 1sclated cases of CDG

{(Mention et al. 2008, Girard et al. 2018), but to the best of our knowledge thas 15 the first fime 1t
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has been reported systematically. This lughlights the hepatocellular, rather than global nature of
liver damage in this group of disorders.

The most common finding on liver ulirasound was a coarse liver parenchyma, wiuch 13
usually associated with fibrotic changes. We have found an association of this finding with mere
severe disease, as measured by the NPCRS. However, we have observed a dispanty between hiver
ultrasound and a fibrosis-directed measurement, fransient elastography. Unfortunately, we only
have data from a few patients on liver elastography, because elastography hasn't been considered
as standard-of-care m pediatnc patients with CDG, and these studies were perfonmed pnior to the
study recrmtment. Nonetheless, the dispanty between elastography and hver ultrasound results,
and medical hiterature on the efficacy of elastography mn fibrosis (Frulio and Tnllaud 2013)
mdicates that both biver ultrasound and elastography should be used for follow-up m pahents m
CDG.

When analyzing the relationship between elevations i liver enzymes and extra-hepatic
manifestations, we found that both elevated ALT and AST are associated with the presence of
coagulation abnormalies. Since most coagulation factors are glycosylated m the hver, these
changes nurror the degree of glycosylation abnormality. Thas lughlights the necessity of screeming
for coagulopathy in pahents with high ammetransferases m this population Although we also
found an asseciation of ALT wath hypothyreidism and of AST wath seinure, the lack of a direct
biclogical link makes 1t probable that this associahon comes from pahients with more severe

disease having elevated liver enzymes as well as more extra-hepatic mamfestations.

With advances in imaging technology, liver biopsy in metabolic patients 15 becoming less

common. We had access to specimens of liver hissue from 3 patients. In the two PMM2-CDG
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patients, there was mcreased cytoplasmuc glycogen deposits; although in one of these patients this
findings was in the context of liver curhosis and may be considered as a part of the corhotic
phenotype (Bannasch et al. 1997), the presence of scattered hepatocytes with foe1 of glycogenosis
m the other suggests that a dishwbance of hepahe glycogen breakdown may be part of the
pathophysiolegy of PMM2-CDG.. In the hiopsy of the patient with CCDC115-CDG we could not
observe any s1gns of cholestasis, foamy lnshocytes, or necrotic lesions, as previously descnbed in
the hteratwe (Girard et al 2018, Jansen et al 2016). This lnghhghts the heterogeneity of
mamfestations within a single subtype of CDG, underscormg the need for patholomsts and
clmicians to be aware that findings described in previous pahents are not necessanly required for

We have observed different effects of short-term monosacchande treatment according to
the subtype of CDG. For PGM1-CDG, there was a rapid improvement in ammotransferase levels
after miroduchon of galactose therapy, as expected (Wong et al. 2017, Radenkovic et al. 2019,
Witters, Cassiman and Morava 2017). For SLC35A2-CDAG, although we did notice improvement
m neurological features as expected (Darme et al. 2015, Witters, Cassiman, and Morava 2017),
there was no sigmficant change detected in amunotransferase levels. For MPI-CDG and
TMEMI165-CDG., 1t has been descnbed that mannose and galactose supplementation, respectively,
do not always fully comect or prevent biver damage (Menfion et al. 2008, Janssen et al. 2014,
Morelle et al 2017), and owr observations match this expectation SLC35C1-CDG affects
primarily lenkocytes and the central nervous system (Dauber et al. 2014), and therapeutic goals
with fiscose supplementabon mvelve restoration of mmmme function and newrclogical fimefion

(Brasil et al. 2018). SLC39AR-CDG affects pnmanly bone development and ceniral nervous
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system fimetion, without sigmificant hepatic findings (Park et al. 2018), m Ime wath our laboratory
findings.

Recently, Ferreira et al. proposed a categonzation of metabolic liver disease accordmg fo
type of liver mamfestation (Ferretra, Cassiman and Blau 2019) mmcluding diseases with
hepatomegaly, hepatocellular disease with elevation of ammotransferases or hver falure
cholestasis, steatosis, fibrosis, and liver tumors. Accordng to this classification. most CD{Gs span
more than one category (table 4). Thos warrants the recommendation that every patient with CDG
be systematically evaluated for different types of liver disease with a combmation of physical
exam laboratory testing, ulirasonography, and elastography.

In summary m owr prospective data set of CDG patients we detected spontaneous
mprovement of hepatocellular mpury markers AST and ALT m fype I CDG, but not m type II
CDG. There was dissociation between liver ultrasound and transient elastography results in several
patients necessitating prospective liver elastography i CD{G patients to survey for possible liver
fibrosis. The cytoplasmic glycogen deposits found m liver biopsy specimens suggest a dishubance
of glycogen metabolism and needs more dietary attention/mtervention. Based on our findings, we
recommend, that all CDG patients have regular systematic, comprehensive screenmg for liver
disease, mcludmg climical laboratory and magmg techmques that detect both steatosis and
fibrosis.
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Table 1. Patient characteristics and markers of liver injury.

Patent Age Sex CDG Genotype Protein change AIT AST ALLP
iY) range range range
1 1 M PMM2 cdG=C; p-Glyl5Ala; 15-145  10-147  172-301
cd422G=A p-ArgldlHs
2 1 M PMM2 c357C=4A; p-Phell9Ley; 103-571 93-829  172-304
cd422G=A p-ArgldlHs
3 2 M PMM2 c337C=4A; p-Phell%Leu; 33-159%  54-1222 222454
cd422G=A p-ArgldlHs
4 3 M PMM2 c42G=A; p-Argldlts; 48-66 54-57 173-182
c.691G=A p-Val23 1Met
5 5 M PMM2 cA2G=A; p-Argldlts; 3441 23 156
c348T=C p-Phel835er
6 5 F FMMD c.338C=T; p-Phell3leu; 2-745 13678  17-2%3
c.710C=G p-Thr234Arg
I & M PMM2 c357C=4A; p-Phell9eu; 25-1366 25-1986 115-1083
cd422G=A p-ArgldlHs
8 & F FMM2 c415G=A; p-Glul39Lys; 19-31 3148 157-250
c422G=A p-ArgldlHs
9 & M PMM2 c.338C=T; p-Prol13Le; 32-2524 264789 60-292
c422G=A p-Aspl48Asn
10 & M PMM2 c42G=A; p-Argl41Hs; 37-71 45-69 104-155
c.647A-T p-Asn216lle
11 7 F FMM2 c363A-G; p-Aspl88Gly; 38-556 31457 228299
c.691G=A p-Val231Met
12 7 M PMM2 unknown unknown 28 42 225-242
13 g M FMM2 c98A=C; p-Gln33Pro; 15-20) 2934 130-149
c.140C=T p-Serd TLen
14 1 M FPMM2 c42G=A; p-Argldlts; 17-18 25-26 154-172
c.122G=C p-Cys2415er
15 12 M PFMM2 c4T0T=C; p-Phel375er; 44.68 456-38 187-240
c. 710C=T p-Thr237Met
16 15 M FPMM2 c42G=A; p-Argl41Hs; 30-117 30244 94215
c438T=C plel53Thr
7 23 M PMM2 unknown unknown 19-25 2127 61-75
18 271 M PMM2 c357C=4A; p-Phell9Lex;
cd422G=A p-ArgldlHs
19 33 F FMM2 c357C=4A; p-Phell9Leu; 14-164 21327 4448
c357C=A p-Phel19Len
20 31 M ALGI2 c.671C-T; p-Thr224Met; 18 23 61
c.1001delA p-Asn 334 ThrisX15
21 46 M ALGL2 c.671C=T; p-Thr224Met; 15 22 121
c.1001delA p-Asn 334 ThrisX15
22 1 F ALGI3 cINA-G p-Asnl07Ser 10-18 4049 102-165
23 4 F ALGI3 cINA-G p-Asnl07Ser 17-34 2851 118-405
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24 5 M DHDDS c124A-G; pLys42Glhu; 25.27 37-38 1182
c124A-G p-Lys42Gln

25 63 F DHDDS e 124A-G; pLys42Glu; 20-27 2833 69-82
c124A-G p-Lys42Gln

26 2 M PGMI c265G=A; p-GlyE9Arg, 25 122 168
c.988G=C p-Gly330Arg

27 27 F PGMI1 c 206T-C; pMet6i Arg; 26-61 45-236 53-8
c313A-T p-Lys103X

28 1 F PIGT c1382G=A;  p.Val528Met; 33 44 197
c.1730dup p LenS T8 ThrfsX335

29 7 F PIGT c1382G=A;  p.Val528Met; 18-26 3445 145-167
c.1730dup pLend78ThrisX35

30 1 F SLC35A2 ¢ 340A-T pLlysll4X 8-35 33-78 83-233

31 12 F SLC35A2  cB15G-A p-Tip272X 1287 1761 147177

32 21 F ALGE c908C=T p-Ala33iVal 12-50) 17-31 81-275

33 g M AIGE e 384T=C; pLeul95Pro; 20-165  14-148 73275
c.1334T=C p-Lendd5Pro

34 65 F DDOST e 20C=G; p-AlaiGly, 16-33 13-21 66-123
c1325T=A p-Phedd Tyt

35 & M MPI c488-1G=C; IVS-1G=C; 141-237 6980 141-210
c.636G=A p-Arg219GIn

36 3 M CCDC115  imknown unknown 117-204  120.319 1071-1459

37 11 M SLCI0AT Whole gene 23 50-56 161-203
deletion
(biallelic)

38 12 F SLC35C1 503 _505del p.Phel68del; 17-29 19.29 211-273
TCT; p-Tyr3l4X
e 04200

39 2 M  SLC39A%  c802C-T; p-His268Tyr; 19.23 40-45 200-233
c.802C=T p-His268Tyr

40 14 M TMEMISS c151C-T; p-GInS1X; 51-60 252-309  158-219
c.T5C=A p-Thr242Lys

41 42 M VMA2] cI2A=G p-Argl3Glhy* 2448 39-62 113-160

42 2 M PIGV c.649C=-T, p-GIn?17X; 15-21 69 2300
Cl1012C=A p.Alad1Ghn
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Patients 20-21; 24-23; 28-29 are siblings. Y = years-old; ALT = alanine aminotransferase; AST =
aspartate amunotransferase; AlkP = alkaline phosphatase; M = male; F = female. Age displayed 13

the curent age.
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Table 2. Patients that underwent liver ultrasound or transient elastographsy.

Patient CDG Age at l{:lytjrasnmd Ultrasound findi Trmien]t? \i?.lsi[tngaph}'
1 PMM2 1 Coarse liver parenchyma FO (3.8 kPa)
2 PNV 1 Coarse hver parenchyma -

3 P2 1 Steatosis® -
6 PMM2 4 Coarse liver parenchyma -
7 PMM2 5 Coarse liver parenchyma -
Central mfrahepatic bile duct _
g FMAD 6 dilation. otherwise normal F2({24kPa)
9 PMM2 6 Normal -
10 PNV 1 Normal -
11 PN 5 Hemangoma, otherwise normal F1(73kPa)
13 PMM2 6 “Stamry sky” parenchvma -
14 PMAD 10 Normal -
16 PMAD 15 Steatosis
18 PMAD 22 Coarse liver parenchyma -
n ALGI13 1 Geographic steatosis -
Multiple well-circumscnbed
3 ALGL 4 ugchngenic lesions )
4 DHDDS 63 Normoal -
27 PGM1 2 Increased echogemicity
LY SLC33A2 4 days Normal -
32 ATGE 6 Steatosis -
35 MPI - - F2(8.0kPa)
36 CCDC115 2 Mildly mcreased echogematy -
39 SLC39A8 2 Coarse liver parenchyma -
40 TMEMI163 12 Normoal -
41 VMA21 34 Normoal -
"Resolved subsequently.




Table 3. Prevalence of exira-hepatic manifestations in CD{G patients.
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Values are displayed as the mmber of patents with the mamfestation divided by the mmber of
patients for whom there was available data regarding the mamifestation.



Table 4. Dizstribution of liver manifestations per CDG in this study.,

LES TN ST B P Y S FE EV I B

[
S R ]

'

[y
o

i

4]

[
-1 i

[

| ESCHN USUI EN I EN N PN UV U S R B

CDG Hepatomegaly oo "' Cholestasis  Steatosis  Fibrosis  Liver fumor
PMMD + + + + + +
ALGS : + : NA N/A i
ATGE - + - + - -
ALGI - - - NA N/A i
ALGI3 + + - ¥ - ;
CCDC115 + + - + ; i
DDOST : ) + NA NA i
DHDDS - - : : : i
MPI - + - NA ¥ i
PGMI - + - NA NA i
PIGT - ) N NA NiA i
PIGV - + + N/A N/A -
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Classification adapted from Ferreira ef al. (Ferrerra, Cassiman and Blau 2019). Hepatomegaly
was defined as an enlarged hver on physical exam or ultrasonography. Hepatocellular disease was
defined as elevated ALT or AST. Cholestasis was defined as jaumdice, elevated bilmubm, or
lustopatholomcal evidence of bile accummulaton Steatosis was defined as ultrasonographic or
histopathological evidence of hepatocellular lipid accummilation. Fibrosis was defined as transient
elastography score equal or greater than F1 or nstopathological evidence of fibrosis. Liver tumor
was defined as any imaging evidence of tumoral growth (neoplastic or non-neoplastic) m the hver.
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Fizure 1: Aminotransferase values m all CTXG patients according to subtype (PMM2-CDG; Type
L Non-PMM?2; Type II). There 15 a notable mflexion point around 5 years of age m the PMM2
ALT and AST values, after which most values tend to be normal or near-normal. A less defined
mflexion point vean be noted m the Type I, Non-PMM?2, and mn the Type [T ALT and AST curves
at around 8 years of age, although there are still many patients with elevated values after this age.

Fizure 2: A — liver, hematoxyln and eosin, 20x. Ciurhotic liver issue with extensive bndging and
enlarged portal ract. There 15 focal glycogen deposition m the cytoplasm of hepatocytes of a
nodule (black ammow). B — liver, hematoxylin and eosin, 200x. Hepatocellular nodule wath
cytoplasmuc glycogen deposihon (black amow). C — liver, hematoxylin and eosm, 200x.
Hepatocellular nodule wath discrete macrovesicular steatosis.

Fizure 3: evolubon of ALT and AST values in treated patients. Fed line = onset of treatment; green
line =upper hnut of normal. A — mprovement after mihation of oral galactose therapy m a patient
with PGM1-CDG; B — muld transient elevation of amunotransferase values after mmtiahion of oral
galactose therapy in a patient with SLC35A2-CDG, with rapid normalization; C — absence of
sigmificant change from a normal baseline after imbation of oral fiucose therapy m a pahent with
SLC35C1-CDG; D — absence of sigmificant change from a near-normal baselme after imtiation of
oral galactose and manganese therapy in a patient with TMEM165-CDG.
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E. Discussao

1. O que é um fendtipo?

Em 1911, o cientista dinamarqués Wilhelm Johannsen (JOHANNSEN, 2014) prop6s
que a base da hereditariedade de caracteres seria 0 gene — uma particula que conteria, em
porcOes segregaveis, a potencialidade do desenvolvimento do zigoto em questdo; o
conjuntos de todos os genes de um determinado zigoto seria 0 seu genétipo (do grego antigo,
“aquilo que gera”), e o diferenciaria de outros potenciais zigotos. Ao se analisar um
organismo, no entanto, Johannsen propde que tudo que pode ser observado a seu respeito
seja o fendtipo (do grego antigo, “aquilo que se mostra”) — ndo sendo possivel a observacdo
de genes por sequenciamento como o € hoje, tendo sido seu artigo publicado 42 anos antes
da descoberta do DNA por Franklin, Crick, Watson e Wilkins (WATSON; CRICK, 1953).
Essa definicdo foi expandida por Richard Dawkins (DAWKINS, 1976), que definiu o
fendtipo como o efeito diferencial de um determinado alelo em comparagdo com outros
alelos que competem consigo no processo evolutivo. A partir dessa defini¢cdo, pode-se
aplicar a ideia de um fenédtipo ndo somente a uma espécie ou a um organismo, mas também
ao efeito diferencial exercido por variantes patogénicas sobre um sistema — isso €, a
totalidade de diferencas encontradas na comparacgdo de um organismo (ou mesmo de uma
subunidade deste, como um drgdo ou um tecido) que possam ser atribuidas a essa variante.
Dawkins ainda estabelece o conceito de “fenotipo estendido” (DAWKINS, 1978), que nada
mais é que a extensdo da ideia de um fendtipo diferencial: o fenétipo referir-se-ia ao efeito
de um alelo ndo somente sobre o que é diretamente afetado por si dentro do organismo que
0 porta, mas também as modificacdes causadas pelo organismo sobre o meio, pelo meio
sobre 0 organismo, se essas ndo tivessem sido causadas em um contexto em que o alelo

estivesse ausente.

Aplicando esse entendimento do que seja o fenotipo, e incluindo nessa definicdo o
fenotipo estendido, pode-se passar para o seu estudo especifico. Para o fen6tipo hepatico, é
atil, a fins descritivos, que esse seja categorizado conforme o nivel em que seja observado:
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na “superficie”, de facil observagao devido a magnitude de seus fendmenos ser proporcional
aquela de seu observador — isso €, do cientista — encontra-se o fendtipo clinico, que pode ser
estudado por meios simples como a anamnese e 0 exame fisico, e por meios indiretos como
marcadores laboratoriais e imaginologicos. Mais profundamente, encontra-se o nivel
histoldgico, caracterizado pelo estudo do funcionamento de tecidos a um nivel ndo-
sisttmico, a partir principalmente de ferramentas morfoldgicas e funcionais. Por fim,
encontra-se o nivel celular e molecular, correspondendo a unidade basica de funcionamento
de qualquer 6rgdo — o figado, no entanto, por possuir populacdo celular heterogénea e
dindmica, deve ter seu fendtipo celular entendido como a soma e a cooperacdo entre 0s
diferentes tipos celulares que o compdem, o que faz com que os niveis histoldgico e celular

sobreponham-se em parte.

2. O fendtipo hepético da DG
2.1. Dano hepatocelular inespecifico

O dano hepatocelular inespecifico foi abordado no artigo 1, no qual foi mostrado que,
mesmo apds a introducdo do tratamento (realizado principalmente com TRE), uma grande
parte dos pacientes com DG tem indicios indiretos de dano hepéatico de natureza tanto
hepatocelular quanto biliar através da medida com marcadores laboratoriais, significando
que existe um processo patoldgico em atividade apesar da terapia. Esse achado destoa do
conhecimento prévio da DG, que prega que o envolvimento hepatico pela doenca seria de
natureza predominantemente infiltrativa, causando hepatomegalia devido ao numero de
células de Gaucher presentes no parénquima hepatico, com cessa¢do ou mitigacdo do
processo apds o inicio da TRE (a qual é direcionada aos macrofagos); mas pode explicar
achados recentes de comprometimento hepatico, como os valores de rigidez hepatica
aumentados durante o tratamento descritos em diversos estudos (ver Introducdo, segédo
3.5.3), ja que € possivel que essa fibrose hepatica ocorra devido (a0 menos em parte) ao dano

hepéatico misto descrito no artigo 1.
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A nivel histolégico, o dano hepatocelular foi abordado no artigo 3, que descreve a
identificacdo histomorfométrica de alteracbes no nucleo dos hepatdcitos de pacientes com
DG comparados com controles saudaveis. Os achados estatisticamente significativos de
maior &rea nuclear, maior dimensdo fractal, e menor absorbancia dos nucleos
hepatocelulares dos pacientes com DG s&o indicios de que esses nucleos se encontram mais
eucromaticos. O significado direto da presenca de maior eucromasia hepatocelular é ainda
pouco compreendido, devido a falta de estudos na area e a ainda parca utilizacdo da
histomorfometria como ferramenta de pesquisa e diagnostico em hepatologia e
hepatopatologia; sabe-se que a entropia (medida de textura de imagem proporcional a
dimenséo fractal (ZMESKAL,; DZIK; VESELY, 2013)) do nucleo hepatocelular € maior em
nucleos de caracteristicas malignas (JAGOE; SOWTER; SLAVIN, 1984), mas hd um
siléncio na literatura sobre o significado de diferencas de tamanho e cromasia nuclear no
figado fora do contexto de lesdes neoplésicas (HORAI; KAKIMOTO; TAKEMOTO;
TANAKA, 2017) — séo explicacdes possiveis que os nucleos hepatocelulares na DG1
reflitam o estado metabdlico basal aumentado observado nesses pacientes (DONEDA,
LOPES; OLIVEIRA; NETTO et al., 2011; DONEDA; VAIRO; LOPES; REISCHAK-
OLIVEIRA et al., 2014) (ja que o figado € um dos reguladores do metabolismo sistémico),
ou que mostrem uma resposta a inflamacdo crénica de baixo grau (AFLAKI; BORGER;
MOAVEN; STUBBLEFIELD et al., 2016); no entanto, ndo ha dados suficientes atualmente
na literatura para apoiar quaisquer dessas hipoteses. Assim, a principal implicacdo desse
achado no momento € desafiar a nogdo previamente reconhecida do envolvimento hepético
na DG como exclusivamente macrofagico, trazendo atencdo também para o envolvimento

hepatocelular.
2.2. Esteatose

A esteatose foi abordada de forma clinica no artigo 1, que mostrou sua alta
prevaléncia (estimada por US) em pacientes em tratamento, especialmente naqueles em uso
de TRE, e a sua associagdo com a sindrome metabdlica. A prevaléncia de esteatose é um

assunto controverso na DG, com estudos conflitantes sobre a presenca de uma prevaléncia
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aumentada (ver Introducdo, secdo 3.5.1). E reveladora a diferenca de prevaléncia de
esteatose e de sindrome metabdlica nos mesmos pacientes antes e depois da instituicdo da
TRE, o que leva a reflexao de que possa haver alguma correlagéo causal entre esta e aquelas.
Estudos prévios sugeriram que pacientes com DG que néo recebem tratamento tenham um
metabolismo basal aumentado, e que com o uso de TRE haveria reducdo da taxa metabolica
novamente aos niveis normais ou mais proximos do normal (DONEDA; NETTO; MOULIN;
SCHWARTZ, 2013; NASCIMBENI; DALLA SALDA; CARUBBI, 2016), levando a um
aumento da prevaléncia da sindrome metabolica devido aos pacientes terem tido sua
educacdo nutricional intuitiva no contexto de metabolismo aumentado e assim ndo se
adaptarem completamente a um metabolismo a niveis mais baixos. A esteatose hepaética,
assim, seria uma consequéncia nao do processo patologico priméario da DG, mas da corre¢édo
desse processo pela terapia, podendo ser considerada como parte do fenotipo estendido da
DG.

Histologicamente, a esteatose na DG foi descrita em 4 pacientes no artigo 1. A
esteatose foi em todos os casos do tipo macrogoticular, ndo coocorreu com fibrose, e ndo
esteve presente em pacientes que nao tivessem recebido tratamento, apesar de que devido ao
baixo tamanho amostral de BHs nédo seja possivel concluir correlacGes da esteatose com
nenhum desses fatores; em dois casos, a esteatose fez parte de um quadro de esteato-hepatite

(ver proxima secao).
2.3. Inflamacéo

A inflamacdo hepatica foi abordada apenas de forma histoldgica, devido a
impossibilidade de métodos clinicos usuais em detectar, qualificar ou quantificar a hepatite
de etiologia ndo-viral (ver Introducdo, se¢do 1.3.3). No artigo 1, foram descritos 4 pacientes
com evidéncia de inflamacéo na BH, sendo dois com infiltracdo leve e difusa por células
inflamatdrias (polimorfonucleares e linfdcitos) e dois com critérios para esteato-hepatite. De
forma bastante interessante, enquanto foram encontradas células de Gaucher no parénquima
hepatico dos dois pacientes com inflamacdo leve, essas células ndo foram encontradas,

mesmo apoOs extensiva revisdo por dois médicos patologistas, nas amostras dos pacientes
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com esteato-hepatite. 1sso faz com que seja necessario investigar causas concomitantes a DG
que possam causar esse achado: em um dos pacientes, descrito no artigo 1 como “paciente
26B”, foi encontrada siderose significativa (ver se¢do a seguir) tanto no estudo com RNM
quanto na propria BH, além da presenca de sindrome metabdlica e consumo excessivo de
alcool — causas possiveis de EHNA e de hepatite alcodlica que podem explicar a esteato-
hepatite encontrada & BH. No entanto, a segunda paciente, descrita no artigo 1 como
“paciente 13, ndo apresentava sindrome metabdlica, marcadores de dano hepatico alterados,
siderose, ou consumo de alcool, ndo estando assim em risco para EHNA ou hepatite alcodlica
— desse modo, deve-se considerar a possibilidade de que a esteato-hepatite encontrada na
BH seja parte do fendtipo hepéatico da DG, como consequéncia direta do processo patolégico
dessa doenca ou mesmo como parte do fenédtipo estendido devido a efeito do tratamento, ja
que essa paciente estava em tratamento com a mais nova modalidade de TRS, o eliglustate

(ver Introducdo, secédo 3.6).

E importante ressaltar que a inflamac&o hepéatica na DG é ainda pouco estudada
devido a necessidade de BH para o sua evidenciacdo. O fato de termos identificado a
presenca de esteato-hepatite em dois pacientes submetidos a BH manda que se considere a
possibilidade de que possivelmente alguns pacientes diagnosticados com esteatose por
métodos ndo-invasivos (ver secdo anterior) sejam na verdade acometidos por esteato-

hepatite, ja que métodos ndo-invasivos ndo podem diferenciar entre essas duas condicdes.
2.4. Siderose

A siderose foi abordada de forma clinica no artigo 1, que descreveu a presenca de
depdsitos de ferro mensuraveis por RNM em pacientes com DG. Apesar de todos 0s
pacientes com hemossiderose hepética terem tido valores elevados de ferritina sérica, 0s
valores de saturagdo de Tf foram deveras varidveis, sem associa¢do aparente com o grau de
depdsito de ferro ou com variaveis ligadas ao tratamento (como tempo de tratamento ou
modalidade terapéutica). Uma possivel influéncia modificadora de variantes do gene HFE
foi também explorada no artigo 1, e de forma mais aprofundada no artigo 4 (ver se¢éo 3),
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porém sem achados que corroborem um efeito modificador desse gene no fenétipo hepatico
da DG.

De forma histoldgica, a siderose foi descrita em BHs de pacientes com DG no artigo
1: dos 8 pacientes com BHs disponiveis, foi observada siderose em 5, todos em biopsias
realizadas durante o tratamento. Nos dois pacientes com siderose considerada grave
(DEUGNIER; TURLIN, 2007), essa foi de distribuicdo mista (ver Introducéo, secéo 1.3.4),
e outros achados de hepatopatia estavam presentes: um dos pacientes foi também

diagnosticado com esteato-hepatite, o outro com cirrose e HC.
2.5. Dano biliar

O fendtipo biliar clinico foi abordado no artigo 1. A nivel canalicular e
colangiocelular, foi descrito aumento da GGT (marcador inespecifico de dano em ambas
estruturas) e aumento leve dos valores séricos de bilirrubina direta. O aumento da GGT é de
extremo interesse por sinalizar que na DG haja dano ndo sé dos hepatécitos, mas também de
canaliculos e potencialmente do epitélio biliar, o que até hoje nédo foi estudado ou descrito.
A presenca de aumento da bilirrubina direta sinaliza, por sua vez, que possa haver
comprometimento no fluxo biliar fisiolégico, levando a um grau leve de colestase intra-
hepética e ao consequente extravasamento de bilirrubina direta para o meio intravascular.
Sabe-se que a colestase € uma consequéncia grave e rara da DG2 (ELIAS; JOHNSON;
BOITNOTT,; VALLE, 2012; SOUDEK; SIDDIQUI; GUERIN; SONDHEIMER et al.,
2020), o que significa que exista uma via fisiopatoldgica possivel que conecte ambos
processos patologicos. Desse modo, a presenca de alteracdes biliares em pacientes com DG1
pode significar que 0 mesmo processo que leva a colestase na DG2 possa estar presente,
porém em niveis proporcionais a gravidade da doenca. Essa hipdtese é corroborada pelos

achados histologicos de dano biliar, discutidos a seguir.

A nivel de VB, foi relatado no artigo 1 uma elevada prevaléncia de colelitiase, com
aproximadamente 29% dos pacientes positivos. Esse achado corrobora os relatos recentes

de uma prevaléncia aumentada de colelitiase em pacientes com DG (ver Introducéo, secdo
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1.3.5); interessantemente, n&o foi encontrada uma correlacéo entre a presenca de sobrepeso
ou obesidade e a colelitiase, apesar de a obesidade ser um dos principais fatores de risco para

o desenvolvimento de calculos biliares.

Histologicamente, o fenotipo biliar da DG foi abordado no artigo 1 superficialmente,
mas em detalhe no artigo 3. Colestase ja fora relatada em pacientes com DG2, e foi observada
na BH de uma paciente com DG1, relatada no artigo 1. Para melhor compreender o padréo
do dano biliar, fez-se necessario estudar em mais detalhes os canaliculos biliares, os quais
sdo de dificil estudo devido a seu diminuto tamanho (aproximadamente 0,5um de didmetro)
e a auséncia de epitélio de revestimento proprio que os identifique. Estudos prévios
realizaram medidas quantitativas de canaliculos biliares com o uso de tecnologias como a
microscopia eletronica (HALL; LE; ARNOLD; BRUNTON et al., 2018) ou a reconstrucao
tridimensional com microscopia confocal (DAMLE-VARTAK; BEGHER-TIBBE;
GUNTHER; GEISLER et al., 2019) — no entanto, essas ndo sdo técnicas vidveis para o
estudo de espécimes histoldgicos humanos de forma retrospectiva, ja que a preservacao em
parafina padrdo para os procedimentos histolégicos ndo permite que a amostra seja usada
para técnicas de microscopia eletrdnica e que as BHs realizadas por agulha grossa (a técnica
mais comum e menos invasiva) ndo possuem espessura suficiente para a reconstrucao;
outrossim, ambas técnicas sdo de alto custo, ndo sendo aplicaveis de maneira facil para a
pesquisa cientifica no Brasil devido a exiguidade de recursos financeiros. Desse modo, uma
técnica de baixo custo e facil execucdo foi desenvolvida, conforme relatado no artigo 3, para
a quantificacdo de parametros canaliculares: a histomorfometria (isso é, a quantificacdo de
caracteres morfologicos a nivel tecidual) de canaliculos biliares com uso de imuno-
histoquimica e de analise digital de imagem. Essa técnica mostrou-se bem sucedida em
diferenciar canaliculos biliares de pacientes com DGL1 de pacientes saudaveis, e mostrou,
através de parametros convencionais como largura e contagem e de um parametro novo, a
ramificacdo canalicular (representada pela relagcdo perimetro-Feret, conforme delineado no
artigo 3), que pacientes com DG1 em tratamento tém canaliculos menos ramificados e menos
densos que suas contrapartes saudaveis, levando a crer que haja um processo de dano

canalicular na DG1.
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Uma hipdtese a ser levantada para explicar as alterac6es biliares encontradas na DG
é a da interacdo da GlcCer e da GlcSph com os transportadores da membrana canalicular.
Os hepatdcitos sdo células de alta atividade metabdlica, com reciclagem constante de
componentes de membranas utilizados em processos vesiculares como exocitose e
transcitose (SCHULZE; SCHOTT; CASEY; TUMA et al., 2019) — no entanto, até hoje nao
foi possivel observar acimulo de qualquer desses produtos em hepatdcitos na DG. Foi-se
proposto como explicacdo para essa auséncia de acimulo a excrecdo desses componentes
para a bile através dos canaliculos biliares, onde seriam metabolizados por enzimas como a
GCase2 e excretados no lumen intestinal, em consondncia com achados de aumento de
litogénese e diferente composicdo biliar ja& relatados (ver introducéo, secdo 3.5.4). Sabe-se
que a GlcCer e a GlcSph séo substratos do transportador ABCB1 (RAGGERS; VAN
HELVOORT; EVERS; VAN MEER, 1999; RAGGERS; VOGELS; VAN MEER, 2002),
presente na membrana canalicular, onde realiza a funcéo de efluxo de xenobioticos (PIRES;
EMMERT; CHMIELEWSKI; HRYCYNA, 2011); sabe-se também que esses lipideos
complexos interagem com os transportadores ABCB1 e ABCCL1 (este ultimo presente na
membrana basolateral hepatocelular (PIRES; EMMERT; CHMIELEWSKI; HRYCYNA,
2011)), interferindo em suas distribui¢do na compartimentalizagéo celular e na formacéo de
jangadas lipidicas de membrana (LEE; KOLESNICK, 2017). Assim, é possivel que o
aumento da concentracdo de GlcCer e GlcSph leve a alteragdes ultraestruturais e funcionais
dos canaliculos biliares que participem da formacédo do fendtipo observado nos artigos 1 e
3.

2.6. Fibrose

A fibrose foi abordada de uma perspectiva clinica nos artigos 1, 2 e 5. Nos artigos 1
e 2, foi descrita a presenca de cirrose em um paciente com DG1 com esplenectomia prévia,
ressaltando a j& descrita relagdo entre uma maior gravidade da doenca apds a remocéao do
baco (ver Introducédo, secdo 3.5.3). No artigo 5, ainda em elaboracdo, foi estudada a
prevaléncia de fibrose na coorte de pacientes com DG do HCPA e explorada a capacidade

de predicéo de fibrose por relacbes entre marcadores simples através de escores clinico-
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laboratoriais (ver Introducéo, se¢do 1.3.6). Uma alta prevaléncia de fibrose foi encontrada
nessa coorte, apesar de que, devido aos nimeros ainda incompletos de pacientes analisados,
conclus6es definitivas ndo possam ser tomadas a esse respeito atualmente. No entanto, 0s
numeros encontrados estdo em ressonancia cos 0s mais recentes artigos, discutidos na se¢ao
1.3.6 da Introducdo, que mostram alta prevaléncia de fibrose hepéatica em pacientes tratados

a longo prazo.

Apesar do recrutamento ainda incompleto para o estudo 5, essa amostra ja se mostrou
suficiente para a anélise de preditores, com destaque do escore APRI para o rastreio de
fibrose hepética nesses pacientes: para fibrose de grau F2 ou maior, houve sensibilidade de
100% com o ponto de corte de APRI =0.201 e especificidade de 100% com o ponto de corte
de APRI = 0.640. Desse modo, esse escore € promissor para 0 uso na pratica clinica,
potencialmente podendo suprir parte da demanda para uso de ETH, a qual ndo estd
disponivel no momento no Brasil através do Sistema Unico de Salde, sendo um exame

inacessivel para a maior parte dos pacientes do pais devido a seu elevado preco.
2.7. Lesoes focais

Quanto as lesdes focais hepaticas da DG, tanto o artigo 1 quanto o artigo 2 trazem a
tona a importante questdo da diferenciacdo das lesdes hepéticas benignas — entre elas o0s
Gaucheromas — e 0 HC. Devido a raridade da DG, e consequentemente dos Gaucheromas,
h& poucas evidéncias para a realizagéo do diagnostico diferencial entre essas duas lesdes; no
entanto, o correto diagnostico é de vital importancia, haja vista que o Gaucheroma seja uma
lesdo benigna e 0 HC uma leséo altamente maligna, de crescimento rapido e alta letalidade,
com tratamento especifico. O caso do paciente relatado em ambos os artigos (no artigo 1,
como “paciente 28”) se desenrolou concomitantemente a publicacdo de um artigo de
colaboracdo internacional em 2018 (REGENBOOG; VAN DUSSEN; VERHEI;
WEINREB et al., 2018), o qual sugere que todos os pacientes com DG sejam rastreados para
a presenca de fibrose, e que pacientes com esplenectomia prévia, cirrose hepatica,
hiperferritinemia grave, ou comorbidades hepaticas como hepatites virais cronicas fossem

rastreados para a presenca de HC — sendo portando aplicavel ao caso do paciente em questdo
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a recomendacdo de rastreio. Esse caso também reforca com um exemplo real a
recomendac&o recente feita em um artigo prévio do mesmo grupo (REGENBOOG; BOHTE;
SOMERS; VAN DELDEN et al., 2016) de que lesdes hepéaticas com caracteristicas
imaginologicas de HC devam ser tratadas como HC, mesmo que possam se tratar de um
Gaucheroma — devido a possibilidade de erro amostral inerente a BH, e a gravidade do
progndstico da lesdo maligna, a perspectiva de que seja tratada como um HC uma lesdo que
na verdade seja um Gaucheroma torna-se menos grave gque a perspectiva inversa: de que seja
tratada como Gaucheroma uma lesdo que seja na verdade um HC. Tragicamente, o paciente
relatado nesses artigos apresentou progressdo rapida do HC para uma doenga metastatica e
intratavel apds a publicacédo, e ha aproximadamente 3 meses pereceu devido a ela.

3. A modificacdo de fenétipo na DG

As manifestacdes clinicas da DG sdo extremamente heterogéneas, com grande
variabilidade mesmo entre pacientes com o0 mesmo gendtipo GBA, o que faz com que devam
existir fatores modificadores de fendtipo em acdo, sejam esses de origem genética ou
ambiental (DAVIDSON; HASSAN; GARCIA; TAYEBI et al., 2018). Estima-se que 0s
fatores modificadores genéticos (isso €, “genes modificadores™) ajam através da modificacdo
da penetrancia, da expressividade, da dominancia, ou da relacdo de pleiotropia dos genes
causadores de uma determinada patologia (NADEAU, 2001). A busca por esses fatores €
um tema de grande interesse atual no entendimento cientifico da DG, devido a possibilidade
de que a sua identificacdo ajude para o estabelecimento de conduta terapéutica e tracado de
progndstico para os pacientes, individualizando o cuidado que esses recebem (RYAN;
SEEHRA; SIDRANSKY, 2019). No entanto, a maior parte dos modificadores tem se
mostrado elusiva, com poucos genes tendo sido identificados até hoje apesar do emprego de
diferentes técnicas de analise como estudos de associacdo gendmica ampla (GWAS, na sigla
em inglés) — os quais sdo capazes de detectar variantes comuns — e estudos de
sequenciamento de genes candidatos — 0s quais sdo capazes de detectar efeito modificador

de variantes de efeito forte (DAVIDSON; HASSAN; GARCIA; TAYEBI et al., 2018).
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No artigo 4, foi utilizada uma técnica de identificacdo de modificadores genéticos
por sequenciamento de genes candidatos envolvendo especificamente genes diretamente
envolvidos no metabolismo do ferro (ver Introducdo, secdo 1.2), além dos genes GBA2,
SCARB2 e PSAP, os quais interagem diretamente com a funcdo da GCase e ja foram
propostos anteriormente como modificadores (RYAN; SEEHRA; SIDRANSKY, 2019;
TAMARGO; VELAYATI; GOLDIN; SIDRANSKY, 2012; VELAYATI; DEPAOLO;
GUPTA,; CHOl etal., 2011; YILDI1Z; HOFFMANN; VOM DAHL; BREIDEN et al., 2013).
Nesse artigo, a analise das variantes encontradas foi baseada na sua segregacdo conforme o
fendtipo (tanto de caracteristicas hepaticas quanto extra-hepéticas) e no conceito de “teste
de carga” (burden test, em inglés), o qual consiste na comparacdo de frequéncias alélicas
entre a populacdo de interesse e a populacdo em geral com a finalidade de identificar
diferengas na frequéncia (denominadas “cargas”) de determinados alelos (ou variantes) que
possam explicar a diferenca na frequéncia de fendtipos (GUO; PLUMMER; CHAN;
HIRSCHHORN et al., 2018). Essa abordagem nos levou a identificacdo de 3 variantes com
distribuicdo significativamente distinta de acordo com o fenétipo (isso €, com segregacao
fenotipica): CYBRD1 rs10455, A2M rs3832852, TF rs12769; e de 5 variantes com diferenca
de carga estatisticamente significativa na comparacao de nossa coorte com duas populagdes
de referéncia: CYBRD1 rs3731976, CP rs16861582, PSAP rs4747203, TF rs1130459, TFR2
rs141968146, sendo que a variante CYBRD1 rs10455 teve diferenca significativa com uma
das populacdes de referéncia, e quase-significativa com a outra populacdo (o que deve ser
levado em consideracdo, ja que o método estatistico de correcdo de significancia pelo
procedimento de Bonferroni foi aplicado, levando ao aumento do limiar de detecgédo de
diferencgas estatisticamente significativas). Na interseccdo entre as duas analises (segregacdo
e teste de carga), dois genes despontam: CYBRDL1 e TF, sendo a variante CYBRD1 rs10455
especialmente promissora como um modificador devido a estar presente em niveis
significativos nos resultados de ambos os testes, enquanto que as variantes CYBRD1
rs3731976, TF rs12769 e TF rs1130459 foram significativas somente em um teste cada.
Qualitativamente, a CYBRD1 rs10455 mostrou-se mais presente em pacientes sem episodios

prévios de osteonecrose, e uma frequéncia 25,32% a 29,44% menor na coorte de pacientes
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com DG comparativamente as duas populacBes gerais estudadas. A frequéncia menor na
coorte é condizente com o aparente efeito protetor para osteonecrose, com base no fato de
que a DG é bastante subdiagnosticada no Brasil (FERREIRA; DA SILVA; ARAUJO;
TANNUS et al.), e que pacientes com DG sem osteonecrose tém menor chance de serem
diagnosticados devido a osteonecrose ser um dos principais sintomas que levam pacientes a
serem testados para essa doenca (BOUAYADI; LYAGOUBI; AARAB; LAMRABAT etal.,
2019; MEHTA; BELMATOUG; BEMBI; DEEGAN et al., 2017). O mecanismo proposto
para a protecdo a osteonecrose promovida pela variante CYBRD1 rs10455 é o aumento da
funcdo da ferriredutase do epitélio intestinal, com maior absor¢cdo de ferro
(SCHLOTTMANN; VERA-AVILES; LATUNDE-DADA, 2017) — em um paciente com
DG1 nao tratado, o ferro tende a acumular-se intracelularmente (ver Introducéo, secao 3.4),
levando a anemia e, consequentemente, a estimulacéo da eritropoiese na medula 6ssea, com
aumento do volume ocupado por células de progenitores eritrociticos. No contexto da DG1,
essas células competem por espaco com as células de Gaucher, levando ao aumento da
infiltracdo da medula 6ssea e assim a osteonecrose (HUGHES; MIKOSCH; BELMATOUG,;
CARUBBI et al., 2019). O papel protetor de um ganho de funcdo da ferriredutase seria dado
através de diminuir a necessidade de eritropoiese, por aumentar os niveis circulantes de ferro.
Essa hipotese é corroborada pelo fato de a anemia ser o principal fator de risco para o
desenvolvimento de osteonecrose em pacientes com DG (KHAN; HANGARTNER;
WEINREB; TAYLOR et al., 2012) — no entanto, mais dados experimentais sd0 necessarios
para comprovar a associacdo entre CYBRD1 e osteonecrose, e entre CYBRD1 e predisposicao
a anemia em pacientes com DG antes do inicio do tratamento, o que ndo foi investigado

nesse estudo.

Apesar do envolvimento direto do figado com o metabolismo corporal do ferro, ndo
foi encontrada nenhuma associacao entre componentes do fendtipo hepatico da DG e genes
participantes das rotas de metabolismo do ferro. Uma explicacdo imediata para a auséncia
de achados se encontra nas limitagOes desse estudo: apesar de ter sido utilizada uma coorte
relativamente grande de pacientes com DG, o nimero absoluto de pacientes na amostra ainda

é pequeno comparado com as populacbes de referéncia, o que limita a sensibilidade da
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anélise estatistica. E possivel também que, mesmo que haja envolvimento do metabolismo
do ferro na modificacdo de fendtipo da DG, esse processo aconteca ndo a nivel génico, mas
sim a niveis de maior complexidade, como por exemplo por modulacdo epigenética ou por
fatores ambientais ou nutricionais. Para a elucidacdo completa dessa influéncia, fazem-se
necessarios mais estudos que investiguem a nivel experimental e clinico aspectos finos da
deposicdo hepética de ferro e da modulagdo das fungdes hepaticas por niveis de ferro

hepatocelulares e macrofagicos na DG.

4. O fendtipo hepético dos DCGs

No artigo 6, o fenotipo hepéatico de 42 pacientes com 18 diferentes DCGs foi
delineado de forma longitudinal e comparativa. Primariamente, os dados dos pacientes foram
divididos conforme o grupo de DCG (ver Introducdo, secdo 4), devido a diferenca na
biologia subjacente ao processo patoldgico nesses pacientes. Os pacientes do grupo I,
conforme mostrado na figura 1 do artigo, tiveram de modo geral grande aumento dos
marcadores hepatocelulares inespecificos nos primeiros anos de vida, com declinio gradual
apos, excetuando-se os pacientes portadores de MPI-CDG e PGM1-CDG (deficiéncia de
fosfoglicomutase-1) — a MPI-CDG é um dos poucos DCGs com acometimento
predominantemente hepatico e gastrointestinal, conhecida por levar precocemente a cirrose
hepatica (CECHOVA; ALTASSAN; BORGEL ; BRUNEEL et al., 2020) mesmo na vigéncia
de tratamento especifico com suplementacdo de manose (MENTION; LACAILLE;
VALAYANNOPOULOS; ROMANO et al., 2008), apesar de que 0 mecanismo para esse
dano hepético ainda ndo seja elucidado; a PGM1-CDG, apesar de ter sido incluida nos DCGs
de grupo I, é na verdade o Unico CDG de acometimento tanto do RE quanto do CG, e com
achados também caracteristicos de doencas de deposito de glicogénio, o que faz com que
sua ndo-adequacdo ao padréo observado na maior parte dos DCGs do tipo seja esperado
(MORAVA, 2014; WONG; GADOMSKI; VAN SCHERPENZEEL; HONZIK et al., 2017).
Quanto aos DCGs do grupo Il, ndo foi possivel observar padrdo comum na evolucédo dos

marcadores de dano hepético, refletindo a natureza diversa das doencas que fazem parte
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desse grupo. Interessantemente, ndo foram observados aumentos consistentes dos
marcadores canaliculares (FA e GGT) em pacientes de qualquer dos grupos, apontando que

o fenotipo hepético dos DCGs é predominantemente hepatocelular.

Ainda no nivel de analise do fendtipo clinico dos DCGs, sdo de grande interesse 0s
dados obtidos por US abdominal: um achado comum nos pacientes com DCG foi a
heterogeneidade de ecotextura hepatica (coarse liver parenchyma), especialmente em
pacientes diagnosticados com PMM2-CDG. Apesar de ser geralmente um achado
ultrassonografico associado a fibrose hepatica (PARTANEN; PIKKARAINEN;
PASANEN; ALHAVA et al., 1990), foi observada uma dissociacdo completa entre esse
achado e os resultados da ETH; com a devida ressalva de que o tamanho amostral de
pacientes com US e ETH foi bastante baixo, esse descompasso indica que processos nédo-
fibréticos que alterem macroscopicamente a estrutura hepatica possam estar ocorrendo,
sendo necessarios estudos com enfoque histologico e experimental para a determinacgdo de
sua natureza. Outrossim, esses achados reforcam o fato de que a acurécia da US ¢ baixa para
a fibrose hepatica, e que técnicas especificas como a ETH devem ser utilizadas

rotineiramente em pacientes com doencgas que aumentem o seu risco — como 0s DCGs.

A analise histoldgica do fendtipo hepatico dos DCGs, por sua vez, foi limitada pelo
baixo nimero amostral: conforme descrito no artigo 6, apenas 3 pacientes tinham resultados
histoldgicos disponiveis, sendo 2 pacientes com BHSs prévias e 1 paciente com um explante
hepético total. Em todos esses pacientes, fibrose avancada (F3 ou F4) foi detectada,
indicando que eles estivessem na parte mais grave do espectro fenotipico hepatico. Focos de
glicogénio hepatocelular foram detectados nos 3 pacientes, sugerindo que um distdrbio
secundario do metabolismo do glicogénio possa estar em curso, potencialmente contribuindo
com a patogénese da hepatopatia conforme ja descrito por Choi e colaboradores (CHOI;
WOO; CHOE; PARK et al., 2015).

E de grande interessante também a identificacio de fatores associados com um
fenotipo hepatico mais grave: houve correlagdo do primeiro dominio (que trata do quadro

atual do paciente) da escala de gravidade NPCRS (Nijmegen Paediatric CDG Rating Scale,
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na sigla em inglés) com o marcador de dano hepatocelular inespecifico AST. Isso pode
significar que ha contribuicdo do dano hepatocelular em curso para a gravidade geral da
doenca, possivelmente através da diminuicdo da funcdo hepéatica ou da liberacdo de
substancias intra-hepatocelulares para a circulacdo sisttmica. Essa hipotese é corroborada
pela associagdo também encontrada entre AST e distUrbios da coagulagdo, ja que quase todos
os fatores de coagulacdo (com a excecdo do fator de von Willebrand) sdo produzidos no
figado, sendo mesmo por vezes utilizados como marcadores da funcédo hepatica (SENZOLO;
BURRA; CHOLONGITAS; BURROUGHS, 2006). No entanto, mais estudos, inclusive o
estabelecimento de relagdo causal, sdo necessarios antes que essas hipdteses possam ser
confirmadas ou descartadas.

5. Convergéncias e divergéncias fenotipicas entre DG e DCGs

Nos trabalhos apresentados acima, foi utilizado conceito de fen6tipo hepético para a
determinacdo do conjunto de manifestacfes ligadas ao figado em pacientes com DG e em
pacientes com DCGs. Desse modo, obtém-se uma base comum para o entendimento do
comprometimento e do processo patoldgico em vigor em ambos contextos, permitindo a sua
comparagdo. Sabe-se atualmente que os lisossomos sdo reguladores da glicosilagdo devido
a seu papel na reciclagem de glicanos (WINCHESTER, 2005) — a prépria DG €, em Gltima
analise, um defeito da de-glicosilacdo, sendo a GCase a Ultima enzima a remover 0s
componentes glicidicos dos esfingolipidios (transformando GlcCer em glicose e ceramida).
Essa visdo é corroborada e expandida pelo achado, ainda ndo publicado, de que o soro e a
urina de pacientes com DG apresentam um perfil de glicoproteinas truncadas similar ao de
diversos DCG do tipo Il (comunicacao pessoal com a dra. Kimiyo Raymond, do Biochemical
Genetics Laboratory da Mayo Clinic). Desse modo, a identificacdo das similitudes e
diferengas entre o fendtipo hepéatico da DG e dos DCGs contribui para a compreensdo dos

processos patoldgicos subjacentes a ambos.
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O primeiro ponto a ser analisado € a elevacdo dos marcadores de dano hepatico:
enquanto que na DG ha aumento cronico e de baixo grau desses marcadores, incluindo
hepatocelulares e biliares, o observado nos DCGs de um modo geral (e especialmente nos
DCGs de tipo 1) é o aumento extremo de marcadores hepatocelulares durante os primeiros
anos de vida, com arrefecimento do dano hepético apds e relativa preservagdo de valores
normais dos marcadores biliares. Essa diferenca reflete a natureza bioldgica distinta entre as
duas entidades: enquanto que a DG ¢é caracterizada por um acumulo e um déficit de funcdes
metabolicas progressivos que afetam tanto hepatocitos quanto vias biliares devido a sua
natureza inespecifica (inflamacdo crénica), com possivel contribuicdo de um dano direto
conforme discutido na sec¢do 2.5, os DCGs sdo caracterizados por uma falha metabdlica
evidente principalmente no inicio da vida, quando o processo de glicosilacao de proteinas é
mais intenso e ocorre principalmente nos hepatécitos, levando a um dano iniciado
internamente (WIDE; ERIKSSON, 2019; ZHU; SUN; CHENG; CHEN et al., 2014).

A esteatose parece a primeira vista ser mais evidente na DG que nos DCGs — no
entanto, deve ser lembrado que as duas populagdes diferem quanto a sua composicao
demografica, tendo os pacientes com DG média de idade mais avancada que 0s pacientes
com DCGs, os quais tendem a ser pediatricos em sua maioria. Também deve-se levar em
conta que a esteatose parece fazer parte principalmente do fenétipo estendido da DG, com
pacientes sem tratamento tendo baixa prevaléncia desse fenbmeno e da sindrome metabdlica
que contribui ao seu aparecimento: no artigo 1, apenas 7,6% dos pacientes com DG
apresentaram esteatose previamente ao tratamento. Por fim, a US 4 pacientes com DCGs
apresentaram esteatose, e a realizacdo de BH, 3 pacientes com DCG e fibrose avancada
apresentaram concomitancia de esteatose, que foi macrovesicular, microvesicular, e mista
respectivamente em um caso cada. I1sso nos da uma prevaléncia maior de esteatose em DCGs
que em pacientes ndo-tratados com DG, levando a conclusdo de que a esteatose € parte do

fenotipo “primario” dos DCGs, mas do fendtipo estendido da DG.

Outro ponto de grande divergéncia entre o fendtipo hepatico da DG e dos DCGs é a

siderose: enquanto a deposicdo andmala de ferro parece ser uma das principais
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caracteristicas do fenotipo hepético da DG, sendo frequentemente conspicua a BH, esse
processo foi ausente do fenotipo hepético dos DCGs, com pesquisa de ferro negativa em
todas as 3 BHs de pacientes nos quais, devido ao fendtipo grave que apresentaram, seria

esperado gque essa manifestacdo fenotipica, se existente, fosse demonstrada.
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F. Conclusoes

Obijetivo especifico 1: o fendtipo hepatico clinico da DG inclui dano hepatocelular e
biliar crébnico com hemossiderose. Ha evidéncia de que esse processo possa ser
acompanhado de inflamacdo do parénquima hepatico (hepatite). Uma grande parte
dos pacientes apresenta evidéncias de fibrose hepatica, sendo possiveis todos os
graus de fibrose. Aproximadamente um terco dos pacientes com DG apresenta
colelitiase. O fenotipo hepatico estendido inclui esteatose hepatica e possivelmente
esteato-hepatite. O aumentado risco para o desenvolvimento de HC nos pacientes
com DG reforca a recomendacéo proposta na literatura de que lesdes hepaticas com
caracteristicas compativeis com o diagndstico de HC devam ser tratadas como HC,
sem confirmacdo por bidpsia, mesmo que o diagndstico diferencial de um

Gaucheroma seja considerado.

Objetivo especifico 2: o fendtipo hepatico histologico quantitativo de pacientes com
DG1 em tratamento inclui: aumento de caracteristicas eucromaticas dos nucleos
hepatocelulares e diminuicdo da ramificagdo dos canaliculos biliares. O fenétipo
hepatico histoldgico descritivo de pacientes com DG1 inclui hemossiderose
parenquimatosa e mesenquimal, fibrose perissinusoidal, fibrose portal com formacéo
de pontes e progressdo a cirrose, colestase canalicular, esteatose macrogoticular e
esteato-hepatite. A presenca local de células de Gaucher ndo parece ser necessaria
para o desenvolvimento das manifestagdes histologicas.

Objetivo especifico 3: ndo foram encontrados, entre 0s genes estudados,
modificadores do fenotipo hepatico. Um gene candidato a modificador do fenétipo
geral da DG encontrado é o CYBDR1, especificamente a variante rs10455, com efeito

protetor contra osteonecrose.

Objetivo especifico 4: em uma investigagdo ativa, aproximadamente metade dos

pacientes com DG1 em tratamento tém fibrose hepatica detectavel ao uso de ETH,
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sendo a maior parte dos pacientes portadores de fibrose hepética leve (F1). O escore
clinico-laboratorial APRI apresentou maior acuracia entre os escores estudados, com

sensibilidade adequada para o rastreio de fibrose significativa (F2 ou maior).

Objetivo especifico 5: o fendtipo hepéatico dos DCGs inclui: aumento especifico de
marcadores de dano hepatocelular, mas ndo de dano biliar, com tendéncia a
diminuicdo em direcdo ao valor de normalidade apds os 5 anos de idade em DCGs
do grupo I, mas sem tendéncia observavel em DCGs do grupo II; esteatose
macrogoticular, microgoticular e mista; fibrose hepética de todos os graus, incluindo
cirrose; depoésito hepatocelular de glicogénio em pacientes com cirrose.

Hemossiderose ndo € parte do fen6tipo hepéatico dos DCGs estudados.
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G. Perspectivas

Os estudos conduzidos durante essa tese respondem a diversas questdes, mas

suscitam outras ainda mais numerosas. Algumas perspectivas de pesquisa para 0s assuntos

levantados s&o imediatas — isso &, ja se encontram em andamento ou serdo iniciadas dentro

de pouco tempo — enquanto outras perspectivas séo de longo prazo, e provavelmente daréo

origem a diversos outros projetos e linhas de pesquisa.

Séo perspectivas imediatas para a continuagao da linha de pesquisa aqui explorada:

1. A expansdo amostral do estudo detalhado no artigo 5, a fim de refinar os

pontos de corte e os valores de sensibilidade e especificidade encontrados;

A finalizacdo de um estudo, j& em andamento, para o delineamento do
fenotipo hepético de pacientes brasileiros com DCGs, a fim de identificar
fatores especificos da nossa populacdo e expandir os achados fenotipicos

descritos no artigo 6;

A realizacdo de novos estudos de histomorfometria de hepatdcitos e
canaliculos biliares em doencas e condicdes diversas, a fim de expandir e

refinar os usos dessa nova técnica analitica.

Sdo perspectivas de longo prazo para a exploracao de questdes levantadas nesta tese:

1.

2.

A investigagdo experimental de transtornos canaliculares e hepatocelulares
na DG, com uso de modelos experimentais (modelos animais, cultura de
células), a fim de testar a hipotese do envolvimento do transportador ABCB1

na patogénese das manifestacdes canaliculares da DG;

A investigacdo sistemética de fibrose hepéatica em pacientes com DCGs e o
estudo da acuracia de escores clinico-laboratoriais de fibrose hepética para

essa populacéo de pacientes;
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. A realizagdo de estudos experimentais para confirmar o efeito modificador
da variante rs10455 do gene CYBDR1 sobre a ocorréncia de osteonecrose na
DG;

. A busca por genes modificadores de fen6tipo hepético e de fendtipo geral em
pacientes com DCGs;

Uso de técnicas histomorfométricas para a quantificacao de fen6tipo hepatico
histoldgico em pacientes com DCGs.

Expansao da técnica histomorfométrica de bidpsias hepaticas para estudo de

outras doengas e novos parametros.

. A expansdo do estudo do fendtipo hepatico para doengas relacionadas a DG,
como a deficiéncia de esfingomielinase acida, a doenca de Niemann-Pick tipo

C, ou a doenca de Krabbe.

. A investigacdo do papel da inflamacdo no desenvolvimento do fendtipo
hepatico da DG, haja vista a presenca de esteato-hepatite em pacientes

biopsiados, com identificacdo de citocinas e rotas envolvidas nesse processo.
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PARECER CONSUBSTANCIADO DO CEP

DADODS DA EMENDA

Titule da Pesquisa: Validacdo de escores clinico-laboratoriais de fibrose hepatica para pacientes com
doenga de Gaucher atrawés do use da elastoprafia transitdria hepatica

Pesquisador: |da Vanessa Doederdein Schwarz

Area Tematica: Genética Humana:
(Trata-se de pesquisa envolvendo Genética Humana que n3o necessita de analise
ética por parte da CONEP;):

Versio: 3

CAAE: 887846818.3.0000.5327

Instituigao Proponente: Hospital de Clinicas de Porto Alegre
Patrocinador Principal: Hospital de Clinicas de Poro Alegre

DADODS O PARECER

Mumere do Parecer: 3.312.740

Apresentagio do Projeto:

A doenga de Gaucher (N3] & uma doenga genética autossdmica recessiva & uma das mais frequentes
patologias de acumulo Esossomal. Ela & caracterizada pelo acimulo de lipideos complexos, especialments a
glicosikceramida/glicocerebrosiden, em macrofagos, que passam a ser chamados entdo de “células de
Gaucher”. A DG pode se apresentar na forma n3o-neuronopatica {tipe 1), para a qual as alternativas
terapéuticas atuais oferecem bom prognostico, ou nas formas neurcnopaticas (tfipos 1l e [Il), que possuem
prognostice reservado devido 3 auséncia de resposta ac tratamento existente. 0 fendtipo de deenca
hepatica na DG, tanto em suas formas neuronopaticas quanto na ndo-neurcpatica, & ainda, devido a sua
heterogeneidade, bastante mcompreendido, indo desde hepatomegalia até cimose hepatica. Desse modo, o
manejo clinico hepatologico dos pacientes com DG & complexo & pouco preciso, sendo necessarias mais
ferramentas validadas para essa doenga a fim de melhorar a assisténcia aos pacientes que apresentam
ess5a patologia. A bidpsia hepatica € o teste padrdo na avaliag3o do comprometimente do figado, mas &
invasiva £ apresenta riscos, o que tem tomado mais populares os métodos ndo invasivos. O FLI {Fatty Liver
Index - indice de gondura hepatica) pode ser usado na predicio de esteatose. Existern diversas ferramentas
de calculo da probabilidade e da gravidade de fibrose hepatica, como NFS (NAFLD fibrosis score - escore
de fibrose da doenca hepatica gordurosa nio
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alcoolica), AFRI {indicador da razdo AST-plaguetas), BARD = FIB4 [escore de fibrose, wersao 4). Essas
ferramentas ("escalas”) sdo amplamente utifizadas para balizar o manejo clinico de diversas doengas, como
as hepatites virais e a doenga hepatica gordurosa nac-alcodlica. Mo entanto, provavelmente por utilizarem
em seus cdleulos a concentragdo de plaguetas no sangue periférico, medida alterada tanto pela doenga
hepatica quanta pela propria DG, nenhurna dessas escalas pode ser utiizada para pacientes com DG, A
elastografia hepatica (EH), atraves de FibroScan, ARFI, shear-wave ou ressonancia magnetica, & um
método n3c-invasivo que estima a fibrose hepatica e que tem sido usado com sucesso em varias doengas
do figado. Mo entanto, o uso de EH em pacientes com DG ainda & muito limitade & merece ser mebhor
investigado, tendo o5 estudos anteriores realizados no tema se limitade & mera andlise descritiva ou 3
andlise da relagdo entre depdsito hepatico de ferro, esplenectomia e fibrose hepatica. Até hoje, nenhum
estudo usow a EH em conjunto com escalas olinico-laboratoriais de fibrose e esteatose hepdticas. Messe
estudo & proposto o uso da EH concomitante & avaliagio clinico-laboratorial de fibrose e esteatose
hepaticas com o uso das escalas MAFLD-FS, APRI, FIE4, BARD & FLI em pacientes com 03, a fim de tanto
caracterizar o fendtipo de doenga hepatica da coorte de pacientes com DG do Hospital de Clinicas de Porto
Alegre. guanto para avaliar a acuracia do use das respectivas escalas para a predigSo do fendtipo de
doenga hepdtica dos pacientes com DG,

Objetivo da Pesquisa:

Objetivo Geral

1. Caracterizar o grau e a prevaléncia de fibrose hepatica dos pacientes da coorte de Doenga de Gaucher
do Centro de Referéncia em Gaucher do Hospital de Clinicas de Porto Alegre baseado em técnica ndo
INWasiva.

2. Avaliar a acuracia de escalas clinico-laboratoriais para predice de fibrose hepdtica, ja utilizadas em
oufras patologias, na doenga de Gaucher.

Objetivos especificos

1. Caracterizar o fendtipo de doenga hepatica dos pacientes com doenga de Gaucher da coorte do Hospital
de Clinicas de Porto Alegre com o uso da elastografia fransitoria hepatica.

Z. Avaliar a comelag3o entre os resultades obtidos com a elastografia transitoria hepatica e os provenientes
dos escores NAFLD-FS, APRI, FIB4, FLI e BARD nos pacientes com doenga de Gaucher.

3. Determinar valores de sensibdidade e especificidade dos escores para fibrose hepética na doenca de
Gaucher, com formulagdo de curvas ROC, usando como padrdo a elastografia transitdria hepatica.

4. Comrelacionar valores obtidos com a elastografia transitoria hepatica & dados clinicos,
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Iaboratoriais, genéticos e anatomopatologicos dos pacientes.

Avaliagio dos Riscos e Beneficios:

s riscos dessa pesquisa sao baixes, advindo principalmente de: coleta de sangue wenoso periférico, que
pode causar dor local leve temporaria, equimoses de pequena monta, ou hemorragia controlavel em
pacientes com condigdes de sadde predisponentes, como hemofilia; aplicagio de questionario de
rastreamento para alcoolisme, gue pode levar a algum desconforto psiquico; elastografia hepatica
fransitoria, que, apesar de n3o apresentar nenhum risco biolagico, quimico ou fisico, pode levar a algum
desconforto leve local transitdrio durante a sua realizagde. Os beneficios dessa pesquisa 5300 maior
compreens3o do comprometimento hepatico dos pacientes com doenga de Gaucher; possibilidade de uso
futurn de escores pouco nvasives para predicSo de fibrose hepatica nos pacientes com doenca de Gaucher,
o que levard 3 menor necessidade de realizagdo de bidpsias hepaticas, que sio procadimentos invasivos e
de risco nac-neghgencizvel.

Comentarios e Consideragdes sobre a Pesquisa:

Emenda 1 com a seguinte justficativa: Solicitamos a modficag3e do local de realizagdo do exame de
elastografia transitoria para o consultorio privado do professor doutor Maric Reis Alvares-da-Silva.

0 exame de elastografia transitoria @ realizado com equipamento especializade de alto custo e pouca
portabilidade. Mo Hospital de Clinicas de Porto Alegre (HCPA), kocal em que originalmente fora planejada a
sua realizacdo neste projeto, o exame ndo & atualmente realizado para atividades de pesquisa, sendo,
portanto, inacessivel para a realizacie deste estudo.

O professor doutor Marie Rieis, participante do estudo desde sua concepgdo, possui consultbrio particular de
pratica medica especializada; neste consultorio, localizado a aproximadaments 10 mnutos de carme do
HCPA, o professor tem acesso a aparedho de elastografia transitonia j& por si adquirido, que disponibiliza
para o uso no projeto de pesquisa sem cusios associados.

O transporte dos sujeitos de pesquisa sera realizade do HCPA ao consultorio e de wolta, junie com
pesquisador, em t3xi ou camo de aplicativo (Uber, Cabify), sem custos para o5 sujgitos de pesguisa.
Portanto, se justfica a inclus3o dos pesquisaderes do servico de Radiologia & Diagndstico por imagem no
presente projeto.

O projeto & relevante pois pretends avaliar 3 acuracia de escalas clinico-laboratoriais nao-
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nvasivas através da comparagdo com a Elastografia hepatica. Além da contribuizdo na complementagdo da

caracterizagio do fendtipo de doenca em estudo e talvez fomecer alguma ferramenta clinica segura que

permita o melhor manejo da doenga.

Consideragoes sobre os Termos de apresentagdo obrigatdria:
Apresentados,

Recomendagdes:

Embora os pesquisadores infarmem na carta de emenda que "Portanto, se justifica a inclusao dos

pesquisadores do servige de Radiologia e Diagndstico por imagem no presente projeto”, ndo localizamos
nenhuma inclus3o ou exclusio. Permanecem os mesmo pesquisadores do projeto inicial no registro do

projeto na Flataforma Brasil.

Conclusdes ou Pendéncias e Lista de Inadequagtes:
M3 apresenta pendéncias.

Consideragoes Finais a critério do CEP:

Emenda 1 aprovada.

Projeto e TCLEs de 2000472019 aprovados.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Docurnents Arquive Postagem Aurtor Situagao
Informagoes Basicas | PE_INFORMACOES_BASICAS_133203) 20/04/2018 Aeito
do Projeto 9 E1.pdf 000122
Cutros carta_emenda_fibroscan.doc 2000472018 | RODRIGO Aceito

00:0100 (TZOVENOS

STAROQSTA

TCLE ! Termos de | TCLE fibroscan_gaucher_emenda.doc | 140452018 (RODRIGO Aceito
Assentimento | 205846 (TZOVENOS
Justificativa de STAROSTA
Ausenca
TCLE ! Termos de | TCLE_fibroscan_controles_emendadoc | 14042018 (RODRIGO Aceito
Assentimento | X 205808 (TZOVENOS
Justifizativa de STAROSTA
Auséncia
Projeto Detalhade /| Projeto_Fibroscan_Gaucher_emendado| 14042018 [RODRIGO Aceito
Brochura cx 205750 (TZOVENOS
Imyestigador STARDSTA
Cutros emenda PB_|da pdf 12042018 (RODRIGO Aceito

206737 (TZOVENOS

STARDSTA
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESGUISA

Titulo da Pesquisa: Analise digital histomorfomética e imuno-histoquimica de imagem em Doenga de
Gaucher.

Pesquisador: CARLOS THADEU SCHMIDT CERZKI]

Area Tematica: Gendtica Humana:
(Trata-se de pesquisa envolvendo Genstica Humana que n3o necessia de analise
&tica por parte da CONER;):

Versio: 2

CAAE: 952B6518.1.0000.5327

Instituigao Proponente: Hospitalde Clinicas de Porto Alegre
Patrocinador Principal: Hospital de Clinicas de Poro Al=gre

DADOS O PARECER

Numero do Parecer: 2,210,033

Apresentagao do Projeto:

& doenca de Gaucher & uma patologia lisossdmica autossdmica recessiva caracterizada pela baixa
atividade da enzima glicocerebrosidase levande ao acimule do lipideo complexo ghcosilceramida nos
lisessomos de diversos fipos celulares, principalmente macrofagos. As manifestacies da doencga de
Gaucher s3o diversas, incluinds hepatomegalia, esplenomegalia, anemia, plaguetopenia, deformidades &
dores dsseas, necroses osseas avasculares, doenga pulmonar restritiva e, em poucos casos (chamados de
tipos newonopaticos), envolvimento neunologico. Com o advento de formas eficazes de tratamento para a
doenca de Gaucher, especialmente a terapia de reposigdo enzimatica, o tempo de seguimento dos
pacientes com essa patologia aumentow, e diversas manifestagies menores puderam ser chservadas: no
figado, notou-se gue ha aumento de esteatose, fibrose, depasito de ferro, sintomas biliares e
hepatocarcinoma. Mo entanto, essas manifestagies crinicas ainda nao s3o totalmente elucidadas, sendo
necessanos mais estudos para a compreens3o e posterior elaboracde de planos terapéuticos. Objetivos:
caracterizar o perfil histomorfométrico de amostras de tecido hepatico de pacientes com doenga de
Gaucher, com foco no padrao de deposito de fermo, na arquitetura da cromatina nudear, e na anquitetura dos
canalicules biliares, comparando com controles normais, esteatdticos e cirrdticos. Metodologia: estudo
transversal com avaliacSo histomorfométrica prospectiva e coleta retrospectiva de
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informagdes clinicas, laboratoriais e genéticas de prontuario e bancos de dados do Servico de Genética
Médica do HCPA. A execucdo desse projeto ocomerd apds aprovagao no Comité de Etica em Pesquisa do
HCPA. As analises histomorfomeétricas serdo realizadas em amostras de tecido hepatico de biopsias
hepaticas que tenham sido realizadas na assisténcia dos pacientes. Sera usada estatistica analitica &
descritiva com intervalo de confianga de 85% e significancia menor de 5%.

Objetivo da Pesquisa:

Objetivo Primario: Caracterizar o a arquitetura dos canaliculos biliares, o depasito hepatocitanio de fermo. e a
heterogeneidade nuclear hepatocitaria, macrofagica e de outros tipos celulares em bidpsias hepaticas ou de
outros tecidos realizadas por motives assistenciais em pacientes com DG acompanhados no ambulatoro de
Genética Médica do Hospital de Clinicas de Porto Alegre.

Objetivo Secundario:

- Descrever os parametros histomarfometricos (heterogeneidade de cromatina, arquitetura canalicular,
deposito de ferro) de biopsias de pacientes com DE;

» Buscar associacdo enfre os parimetros histomorfométricos & as caracteristicas clinicas, laboratoriais ou
genotipicas dos pacientes;

-Comparar os parametros histomorfométricos dos pacientes com D{E com os parametros de controles do
amuive do Servico de Patologia Ciningica do HCPA, a fim de descrever alteragdes que possam ser proprias
da DiG;

» Aperfeigoar as técnicas de histomorfometria utiizadas.

Avaliagdo dos Riscos e Beneficios:
Segundo os pesguisadones,

0= riscos desse estudo 530 0s inerentes 3 analise de informacies sigilosas contidas em prontuarios & em
amuivos, isto &, a quebra incidental de sigilo de tais informagdes - esse risco, ne entante. sera minimizado
pelo cuidado zeloso que os participantes da pesquisa terdo para com essas informacdes. Sendo um estudo
que utilzara amostras de tecido ja coletadas e estocadas em arguivo, nSo ha nenhum risco conhecido a
saude dos pacientes. Como cada [amina utliza uma quantidade de material da ordem de milesimos de cada
amostra, & 530 necessarias somente trés laminas por amostra, o risco de esgotaments do material &
praticamente nulo.
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Os beneficios esperados com o projeto s3o: - melhor caracterizagdo e compreensao da patologia e
patogénese do acometimento hepatico na doenga de Gaucher; - aperfeigoamento de técnicas de baixo
custo de andlise de imagens e histomorfometria, especialmente as incipientes quantificagio de femo e
analise de canaliculos biliares: - possibilidade de, com base nos achados desse projeto, serem elaboradas
novas linhas de pesquisa direcionadas a oppdes terapEuticas de alvo preciso para o acometimento hepatico
na doenca de Gaucher.

Comentarios e Consideragoes sobre a Pesquisa:

Projeto de doutorado académico com objetive de realizar anilises histomorfométricas e de
munchistoguimica de imagem em biogsias ja realizadas em pacientes com Deenga de Gaucher. A amostra
& de convenitneia & esta prevista a inclus3o de 7 pacientes.

Consideragoes sobre os Termos de apresentagdo obrigatoria:

Apresenta TCLE, TCUD e TCUMEBIA.

Recomendagtes:

Nada a recomendar.

Conclustes ou Pendéncias e Lista de Inadequagtes:

As pendéncias emitidas para o projeto no parecer 2840222 foram adequadaments respondidas pelos
pesquisadores, conforme carta de respostas adicionada em 11002018, Mo apresenta novas pendéncias.

Consideragoes Finais a critério do CEP:
Lembramos que a presente aprovagdo (versdo projeto 11/02/2018 TCLE 11/08/2018 e demais documentos
gue atendem 3s solicitagies do CEP) refere-se apenas aos aspectos éticos & metodoldgicos do projeto.

O pesquisadores devem atentar 30 cumprimento dos seguintes itens:

a) Este projeto esta aprovado para inclusdo de 32 participantes no Centro HCPA, de acordo com as
informagdes do projeto. Qualquer alteracio deste nimero devera ser comunicada a0 CEF e ao Servigo de
Gestdo em Pesquisa para autorizagdes e atualzagies cabiveis.

b) O projeto devera ser cadastrade no sistema AGHUse Pesguisa para fins de avaliagdo logistica e
financeira & somente podera ser iniciado apas aprovacdo final do Grupo de Pesquisa e Pos-
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Graduagao.

¢} Qualquer altzragdo nestes documentos devera ser encaminhada para avaliagio do CEP. Informames que
obrigatoriamente a vers3o do TCLE a ser utilizada devera corresponder na integra 3 versao vigente
aprovada.

d) Deverao ser encaminhados ao CEP relatorios semestrais & um relatono final do projeto.

€] A comunicagdo de eventos adverses classificados come séries e inesperados, ccomidos com pacientes
incluidos no centro HCPA, assim como os desvios de protocolo gquando enwolver diretamente estes
pacientes, devera ser realizada atraves do Sistema GEQ (Gestio Estratégica Operacional) disponivel na
intranet do HCPA.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquive Postagem Autor Silag3o
Informagoes Basicas | PB_INFORMACOES_BASICAS DO P | 11DR/2018 Aceito
do Priojeto ROJETO 1180064 pdf 12:00:16
Qutros carta_ao_cep_hmm_gaucher_1.docx 11/0Br2018 |RODRIGD Aceito

12:08:38 |TZOVENOS
STAROSTA
TCLE { Termos de | TCLE_histormmorfometria_gaucher w2.doe | 11/0802018 |RODRIGO Aceito
Assentimento | [ 12:08:15 |TZOVENOS
Justificativa de STAROSTA
Ausencia
Progeto Detalhado /| histometria_gauwcher_w2.docx 110872018 |RODRIGOD Aceito
Brochura 12:0802 |TZOVENOS
Investigador STAROSTA
Folha de Rosto folha_de_rosio_def pdf 0a/08/2018 |RODRIGO Aceito
184720 |TZOVENOS
STAROSTA
Cutros termio_utl_dados_himm. pdf 3072018 |RODRIGOD Aceito
17:650:32  |TZOVENOS
STAROSTA
Decaragao de delegacan_funcoes_gaucher_hmmpdf | 31072018 |[RODRIGO Aceito
Pesquisadores 176822 |TZOVENOS
STAROSTA
Dedaag.a'u de termo_materal biologico_gaucher hmm| 31072018 |ROCRIGO Aceito
Manuseio Material | .pdf 17:6B0E | TZOVENOS
Bickgico J STAROSTA
Biorepositario f
Biokbanco
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TERMO DE TN ZENTIMENTD LIWRE E ESCLARECIID

N oy propeboy U310 ow L ASE: ETEHE LN TELT

Titule da Prajeta: Validacio de escores clinioo-laboratoniais de fibrose hepdtica
para pacentes cam daenga de Gaucher afrais do uma da alasbagradio
Sransitona hepdtica.

Vack estd sends comdidads a paticipar de uma pesquisa cuja abjetieg &
aralear =& podemos usar exames de sangue pam ssher apraximadameanba
oama @sld o fipada de pacientes com doenca de Gaucher sem gue
necessitemos farer exameas invasivos. Esta pesguisa estd sendo realizada pela
Servign de Genélica Madica em conjunto com o Servign de Gasiroentemlogia
do Haspital de Clinicas de Poro Alegre (HCPA]

A daenca de Gawdher & uma condicio de angem genética (hardsda das
pais] em oque algumas células, conheddas como macrdfagos, acumulam
substhncas gue nomalmente seriam destruidas pela organsmo, causanda
aumento de Gmdos como o baco & o figedo, anemia, nsco de sangramenbas
por diminuicka das plaguetas ma oormente sanguinea, alberacies dsseas
jenfraquecimento das ossos, fraluas, deformacdes). Algumas pesquEas
rmstram que o figado, além de estar aumentado de solume, pode ser alacada
sutilmente pelas cdlulas anormais, causando, apos muitas anos de alagues,
manifestaches cama esheata-hepadse (inflimacida do figads com acimulo de
gredura) & fibeoss [endurecmento do igado com diminoicio da sus funcda
normal). O fratameanto para & doenca de Gaucher oferece bons resultades para
A prevencio da maioria, =endo odas, as manfestapies,

f elastografa transidra, Bambém conbecida pelo nome comercial de
FibroScan, @ um exame parecida exfernaments com uma ecografis, mas que
amia andas mechnicas ao ineds de andas sonoras. Ele @ wutilizada para
desarminar o grau de endurecimento do figada, que coresponde a0 grau de
flrase.

S wacd aceilar participar da pesquisa, os procedimentas emvabidas @m
=us partidpacks sio os sequinies: colela de axames de sangue, realizacio de
elastografoy irarsitdna {que & um exame inddar & 2eam risces conhecidos 3
saide, assemelbado a uma  uiressonografaiecogradia), aplicacio  de
quesiiondna, @ consulta & dados de proniudno.

Os possives reoos o desconfortas decorrentes da paricipacio na
pesquisa sio decorrantes da caleba de sangue, gue, apasar de sar oum
pracedimenta de roting, possul ums ks (ainda que basianie baixa) de
camplcaptes cama hemomagia ("sangramenta”™) @ lormacho de eguimosas
(“hemalomas™). Descarfarios associados 3 pesguisa sdo of decomentes da
tempo de realizacio da elasiografia ransildria (aprodmadamente 10 minwas),
die aplicachs da questondnio (spradimadameants & minules), & dor lave &
remparania devida 4 colela de sanpue

Os possiveis benedicios decorrenies da paricipasio na pesquisa 5o a
presibiidade de saber com um grag de confianca maiar que o alual se um
paciente com doenga de Gawcher eskh tende lesia do tipo “fibross” em seu
fipado sem que sEEm neceinos sEames imvasivos, como & bidosia hepabics,

{ubno do perte purhe |Ezbnce do pesgunsdor dpnE 1 de 2
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au caras & demorados, como a ressondncia magnética. Uma das poesieeis
manifesiaches da doenca de Gaucher & a fibrose hepdlica, & =aber 22 um
pacente 3 esld desenvolvenda & imparanie para ajustar a dose do iratamenta
e lormar medidas preventivas. 05 beneficdos dessa pesquisa também
inchiem o auments da conhedamenio sobre a doenca de Gaucher, podenda
fuburamente bensficar de maneina direta ou ndreta oulos pacenbes com a
rmesrma condicda.

Sua paricipacio na pesouisa & fotalmente voluntéia, au =eja, ndo &
abrigattria. Caso voolt decida ndo paricipar, ouw ainda, desistir de participar &
redicar seu oonsentimenta, ndo haverd nenfium prejuizo sa atendimenta gues
wact recebe ou possa vir & recaber na nstiluicio.

A alasiografia frargibdna serd realzada no consubdna privads da
prafessar gy, Mano Reis Alvamms-da-Silva, localizada progimae a0 HCPS (R
Mesianieim, TA0L O transporie abéd 1 serd provido pela equips de pesguisa,
Sy cushas 50 participante,

Mo e=d previsto nenhum bpe de pagamento pela sua paticipacda na
pesquiss & vosd nda ferd renbum ousho com espailc aos procedimenbas
anvalvidos, porém, poderd ser ressanrids por despesas dasorrentes de sus
pardicipacio (e despesys de ranspare @ alimenbacda), cujos cusics serda
ab=arddos pelo orcamenio da pesquisa.

Cosa acoms alguma indercomdnca oo dano resullanies de Swa
paricipacio na pesquiss, vool recabard todo o alendimento necessinio, sam
nenhum custo pessoal.

Os dadas coletadas duranbe a pesquss serdo seampre  ratadas
canfidencialmenta, Os resuliados serio apresentadas de forma conjunta, sem
a denfificacds dos participantes, ou Seja, o ssu nome ndo aparecerd na
pubilicacdo das resubadas.

Caso wack banha dividas, poderd anfrar em conlalo com o pesquisasdor
responsdvel Rodrigo Trovenos Slarceta, paks ielefone 51 98172 4748, ou com
a Comitd de Efica sm Pesquisa do Hospital de Clinicas de Pora Alegre
(HCPA], pelo telefone (51) 33597640, aw no 2° andar da HCPA, sala 2227, de
sapunda & seata, das Bk ds 1Th.

E==e Terma & F=inade am duas viss, sendo uma para o participanbs &
aUTA para o% pesqusaons,

Maomie de paricioanie da pesgulsa Momie do pesquissdar gue aniood o
T

AREinalura AsEinalura

Liaal & Diala:
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Titulo do Projeto: ValidacSo de escores dinico-laborstoriais de fibrose hepética para
pacientes com doenca de Saucher afraves do uso da elastografia fransitaria hepatica.

Vocé esta sendo convidado a participar de uma pesquisa cujo objetivo & analisar
e podemos usar exames de sangue para saber aproximadamente como esta o figado
de pacientes com doenca de Gaucher sem que necessitemos fazer exames invasivos.
Viooé esta sendo convidado como um grupo de comparacdo, chamado de controle, pois
ndo posswi & doenca de Gaucher. Esta pesquisa ests sendo realizada pelo Servico de
Genetica Madica em conjunto com o Servico de Gasfroenterclogia do Hospital de
Clinicas de Porto Alegre (HCPA).

A doenca de Gaucher & uma condicdo de origem genetica (herdada dos pais)
em que slgumas células, conhecidas como macrofagos, acumulam substdncias que
normalmente seriam destruidas pelo organismo, causando aumento de orgdos como ©
baco e o figado. anemia, risco de sangramentos por diminuicio das plaquetas na
corrents  sanguinea, sheracdes dsseas [(enfraguecimento dos ossos,  frafuras,
deformagdes). Algumas pesquisas mostram gue o figado, slem de estar aumentado de
volume, pode ser stacado sutiimente pelas ceélulas anormais, causando, apos muitos
anos de stagues, manifestagdes como estesto-hepatite (inflamacdo do figado com
acumulo de gordura) e fibrose (endurecimento do figedo com diminuicdo da sua funcéo
normal}. O tratamento para a doenga de Gaucher oferece bons resuliados pars a
prevencdo da maioria, sendo todas, as manifestagies.

A elastografia transitoria, também conhecida pelo nome comercial de FibroScan,
€ um exame parecidc extermaments com uma ecografia, mas gue emda ondas
mecanicas a0 inves de ondas sonoras. Ele 2 ufiizado para determinar o grau de
endurecimento do figado, que comesponde 20 grau de fibrose.

Za vocé aceitar paricipar da pesguisa, os procedimentos envobidos em sua
participacdo sao os seguintes: coleta de exames de sangue, realizacao de elastografia
tfransitoria {(que & um exame indolor e sem riscos conhecidos & salde. assemelhado a
uma ulrassonografia’ecografia), aplicacso de guestionario, & consulia a dados de
prontudrio.

D= possiveis riscos ou desconfortos decomentes da participac@o na pesquisa
s&0 decorrentas da colets de sangue, gue, spesar de ser um procediments de rofing,
possui uma taxa (ainda gue bastante baics) de complicagdes como hemomagis
[*sangramentc”) & formacac de equimoses (“hematomas”). Desconfortos associados &
pesquisa S80 os decomentes do tempo de reslizacdo da elastografia transitoria
{aproximadamente 10 minutos), de aplicacdo do questionario (aproceamadamente 5
minutos), e dor leve e temporaria devida a coleta de sangue.

D= possiveis beneficios decomentes da paricipac@o na pesquisa sdo &
possibilidade de sjudser & saber com um grau de confisnces maior gque o afusl se um
paciente com doenca de Gaucher esta tendo lesdo do tipo “fibrose” em seu figado sem
que Sejam necessancs exames invasivos, como = biopsia hepatica, ou caros e
demorados, como a ressonancia magnetica. Uma das possiveis manifestagdes da



doenca de Gaucher & a fibrose hepatica, e saber se um paciente & esté deservolvendo
& importante para ajustar a dose do fratamento elou tomar medidas preventivas. Para
que possamos estabelecer os valores mormais da populacdo e compars-los com os
pacientas com doenca de Gaucher, mecessitamos de “confroles”, gque sdo individuos
que néc tenham a doenca sendo estudada — o seu papel na pesquisa, portanto, sera
senvir de comparacao para os pacientes com doenca de Gaucher.

Sua participacac na pesquiss & totaslmente voluntaria, ou seja, ndo & cbrigataria.
Caso vocé decids ndo participar, ou ainda, desistir de participar e refirar seuw
consentimento, ndo havera menhum prejuizo & atendimento que vood possa vir a
receber nessa instituicso.

A elastografia transitoriz sers realizads no consultdrio privado do professor gp
Mario Reis Alvares-da-Silva, localizado précamo a0 HCFA (Rua Mostardeirn 7801 O
fransporte afé |3 serd provido pela equips de pesquisa, sem custos ao paricipante.

M&o esta previsto nenhum tipo de pagamento pela sua participacso na pesquisa
& voo2 ndo ters nenhum custo com respeito sos procedimentos envohados, porém,
poders ser ressarcido por despesas decomrantes de sus parficipacdo (ex: despesas de
fransporte e alimentacdo), cujos custos serdo absorvidos pebo orcamento da pesquisa.

Caso ocorrs slguma intercorréncia ou dano, resultante de sus participacdo na
pesguisa, voos recebera todo o stendimenio necessario, sem nenhum custo pessoal.

D5 dados coletsdos durante = pesquisa serSoc sempre  tratados
confidencislmente. Os resultados serdo apresentados de forma conjunta, sem =
identificagdo dos participantes, ou seja, o seu nome néo aparecera na publicacdo dos
resultadios.

Caso wvocé tenha dividas, podera enfrar em contsto com o pesquisador
responsavel Rodrige Tzovenos Starosts, pelo telefone 51 83172 4749, ou com o
Comité de Efica em Pesguisa do Hospital de Clinicas de Forto Alegre (HCPA), pelo
telefone (51) 335087640, ou no 2° andar do HCPA, sala 2227, de segunda a sexta, das
Bh &= 17h.

Esse Termo & assinado em duas vias, sendo uma para o parficipante e outra
pars o5 pesguisadores.

MWome do participanis da pesguisa Mome do pesquissdor gue aplicou o Termo

Acsinztura Assinatura

Local e Cata:
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Autopsy =t
CaseReports

Article / Autopsy Case Report

Misdiagnosis of Streptococcus gallolyticus endocarditis

Rodrigo Tzovenos Starosta’, Raguel Rivero®, Francine Hehn de Oliveira®,
Eron Lopes®, Marcelle Reesink Cerski®

Starosta AT, Rivero R, Olrseira FH, Lopes E, Cerski MR. Misdiagnosis of Strephooooows gallblyious endocardits. Autopsy
Caza Rep [Intemet]. 2016;6(3:29-33. httpo¥dx doi.org/1 0432 2/80r 2016042

ABSTRACT

Death certificate inacouracy is of major concem both in the public health domain and im individual heskth care, since it
may yield untruthful data on the incidence, prevalence, and lethality of medical entities, and may hamper prophylactic
measures among thoss who share, with the decsased, the common genetic, enwvircnmental, or behavioral risk factors.
An effective way to seftle this haziness relies on the increase of autopsy performance, increasing manifold the exaditude
aswell &= facing surprising diagnoses. In this report, the authors presant the case of a middle-aged woman whio sought
madical care becauss of back pain acocompanied by weight loss. She died suddenly and urexpeciedly in the Emergency
Room. In this case, due to the unusual dinical presentation and the patient’s unexpected death, the causs martis would

riot have been eluddated if the autopsy had not been undertaken.

Keywords

Emdocardifis, Subacute Bacteral; Streptococous; Leridve Symdrome

CASE REPORT

A S53-year-old Caucasian woman came to the
hospital with a 1 month history of lower back pain
radiating to the right lower limb, hampering her
ncrmal gait. Im the same period, she referred weight
loss (10 kg) accompanied by permanent tiredness
and weakness. In the week before the admission,
petachiae in the lower limbs overspread to the trunk
and a reported fever (39°C) ensued. A laboratory
wiork-up was undertaken before her admission, which
showed high C-reactive protein and erythrocyte
sedimentation rate; and high determinations of serum
alkaline phosphatase, bilirubin, and gamma-glutamyl
transferase. The platelet count was 37,000 per mm”,
and leukocytosis of 14,800 per mm” without a shift to
the left. The lumbar spine magnetic resonance imaging

(MRI) showed vertebral disc degensration with a hernia
at L5-51 space. The Doppler ultrascnography of the
lower limbs did not reveal any signs of venows flow

disturbance.

The physical examination at admission revealed
bleod pressure of 90746 mmHg; a respiratory rate
of 17 breaths per minute; a heart rate of 96 beats
per minute, blood cxygen saturation of 38%:; and
an axillary temperature of 35.7°C. Jaundice and
palpable purpura at the lower limbs were evident, but
pulmonary and heart auscultation were unremarkable.
The abdominal examination showed hepatomegaly,
with the liver edge palpable up to 2 cm below the rib
cage. Mo signis of edema or ischemia at the extremities
were present
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Misdiagnasts of Strepococcus gallolyticus endocavdits

During the observation pericd, the patient
started complzining of pain in the left leg. She was
re-examinad, and, in the face of an unchanged physical
examination, codeine was prescribed. During the
following hours, the patient’s condition evolved and
she began to complzin of uneasiness, anxiety, and
shortness of breath. Her heart rate rose to 120 beats
per minute, and on auscultation 2 pericardial friction
bruit was detected. The electrocardiogram showed
right bundle block, supraventricular tachycardia, and
deviation of the electrical axis to the right. Serum
troponin | was of 2.01 ng/mL {reference value:
<0.16 ng/mL). Soon after, she presented cardiac arrest
in asystole. Advanced cardiac life support maneuvers
were unsuccessful and the patient died. She was then
referrad to the pathology service for an autopsy.

AUTOPSY FINDINGS

At autopsy, the patient was icteric and had
szveral cozlescing elevated petechiae bilaterally at
the lower limbs, characterizing a palpable purpura.
At the opening of the abdominal cavity, abscesses were
found in the left adrenzl gland, the liver parenchyma,
the spleen, and the cortex of the left kidney, and
hepatomegaly was confirmed. In the right internal
iliac artery, there was an embolization resulting in
subtotal occlusion of the lumen, which was likely to
be the cause of the patient’s leg pain. No thrombus
or embolus was found at the lower limbs or the iliac
veins. On microscopic examination, the abscesses of

the adrenazl, liver, spleen, and kidnay were of s=ptic
origin, since bacterial clumps of Gram-positive cocci
wers found. The same findings were also present at the
iliac artery embolus and in the glomerular capillaries—
all of which yielded the diagnosis of systemic septic
embolism.

In the thoracic cavity several bilateral pulmonary
subpleural hemorrhagic infarctions, a focus of acute
bronchopneumoenis, and edema were depictad. Mitral
and aortic valves had vegetations (Figure 1A), and a
thrombus of 6 cm in length extended from the right
ventricle until the second-generation bifurcation of
the right pulmonary artery (Figure 1B). The pulmonary
thromboembolism was considered as the immediate
causa mortis. The right atrium had a large-sized
thrombus adhered to the free wall.

Histology of the pulmonary embelus showed
Zahn lines (alternating between erythrocyte and
plateslet-fibrin aggregates deposition) (Figure 2),
confirming the diagnosis of an embolus, and ruling
out the suspicion of a postmortem clot.

The lung parenchyma showed alveoli filled
with plasma and several foci of hemosiderin-laden
macrophages, which, along with the sinusoidal dilation
and the hepatomegaly, were consistent with the

diagnosis of cardiac insufficiency. The heart failure
was interpretad to be much more a consequence of
the valvular destruction than of the acute pulmonary
embolism. There was a focus of bronchopneumonia in
the right lung lower lobe, with a mixed inflammatory

Py
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Figure 1. Gross findings of: A - Mitral valve with protruding vegetations; B - The op=ned pulmonary artery with

saddle embolus.
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infiltrate (both mononuclear and polymorphonuclear
cells), engorged micro vessels, a low amount of
alveolar and interstitial hemorrhage, and eosinophilic
transudation material (Figure 3A). Gram stains were
made but the results were inconclusive. Several micro
emboliwere found at the pulmonary microvasculatures
(Figure 3B), indicating an “embolic shower” and
explaining the subpleural infarctions.

In the cardiac muscle, we observed stretched, pale
pink myocardial fibers with the infiltration of a faw
polymorphonuclear inflammatory cells, which were
consistent with a subacute ischemic myocardial injury.
The vegetations of the affected valves were sent for
microbiological analysis, which revealed the growth
of Streptococcus gallolyticus in both, confirming the

Figure 2. Photomicrography of an intralobar pulmonary
artery with the end of the saddle embolus.

B - Peripheral pulmonary micro vessel with embolus.

Autopsy and Case Reports 2016,6(3):25-33

Figure 3. Photomicrography of the lung. A - Pulmonary alveoli filled with inflam

Starosta RT, Rivero R, Oliveira FH, Lopes £, Cerski MR

septic origin of the embaoli (pathogen identification by
Vitek-2 compact). A thorough search was undertaken
for microscopic signs that could point towards the
diagnosis of the chronic rheumatic valvular disease,
but thers wers none. Previous history for rheumatic
fever evaluation was unavailable.

At the cut surface of the brain, several reddish
spots scatterad on the white matter were found to be
microemboli at histology (Figure 4). The pinzal gland
was enlarged, measuring about 1.2 cm at its longest
axis and weighed less than 1 g. Four distinct nodular
gray matter heterotopias wers spotted in the cerebral
white matter of the temporal and parietal lobes.

In the colonic lumen, thers was 3 polypoid mass
measuring 1.0 x 0.6 cm, which was diagnosed as a

hyperplastic polyp at histology (Figure 5).

DISCUSSION

The microorganism 5. gallolyticus, previously
known as a subspedss of Streptococcus bovis biotype
I.' is a common cause of infectious endocarditis
in individuals with colonic neoplasia. In a recent
systematic review and meta-analysis,’ 64% of the
patients with 5. bovis endocarditis simultaneously
prasented gastrointestinal disease, although only 6%
of all infectious endocarditides are caused by this
pathogen,’ which is associated with a low mortality
rate whan compared with other bacteria.* Although
S. gallolyticus endocarditis and septicemiz are classically
associated with colonic necplasia or dysplasia, there is

matory cells and hyaline transudate;
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Figure 4. Photomicrography of the brain showing
capillary vessel destroyed by micro thrombus. The
pineal gland showed numerous full-formed cysts filled
with amomhous, acellular, eosinophilic material of
unknown origin, which is consistent with the diagnosis
of simple pineal cysts. The central nervous system
(CNS) microemboh, in contrast with those in the renal
glomeruli, were of fibrinous origin and showed no
bacteriz or inflammatory celks.

Figure 5. Phatomicrography of the hyperplastic colonic
polyp.

no evidence in the |iterature to support the hypothesis
that hyperplastic polyps are also associated with it;
thersfore, in our case, we regarded the sole hyperplastic
polyp to be an incidental finding. Several other findings
in this autopsy could be attributed to the septicemia,
including jaundice, bronchopneumonia, disseminated
intravascular coagulztion (especially in the brain and
the lung), petechias, bone marrow hypercellularity,
and splanchnic abscesses. The bronchopnsumonia
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was assumed also to be due to 5. gailolyticus, but
unfortunately we could not substantiate it even with
the zid of the Gram stain and the culture.

The lack of fever at the time of the emergency
consultation may likely account for the misdiagnosis;
however, the patient presented fever in her madical
history. The low back pain (her main complaint)
was likely attributed to degenerative causes, such
as osteoarthritis and osteoporosis, considering the
epidemiological data. However, in the setting of the
autopsy findings. her back pain could have been due
to infectious discitis, vertebral osteomyelitis—both
complications of infectious endocarditis—or distention
of the renzl capsule. At gross postmortem inspection
there were no signs of disatis, and at microscopy of
the vertebral bone marrow there were no signs of
osteomyelits. The vertebral hernia spotted on the MRI
was very small and did not interfere with any adjacent
structure. Hence, the distention of the renal capsule
of the left kidney by the presencs of the renal abscess
remains the probable czuss of her back pain.

Embolic events occur in nearly 27% of patients
with infectious endocarditis; however, this rate is
smaller in 5. bovis endocarditis.* The main site of
embolism involves the CNS, followed by the spleen,
the kidney, the lungs, the peripheral arteries, the
mesentery, and the eyz.* Our patient had saveral
septic emboli to the kidneys’ microvasculature and
one semi-occlusive septic embolus into the iliac
artery, besides the less obvious septic microemboli
in the pulmonary and cerebral microvasculature.
Pulmonary embolism is a potentially lethal condition
characterized by the impaction of an embolus in
some part of the pulmonary arterial tree, which is
called “saddle embolism” or Leriche’s syndrome when
the it impacts at the pulmonary artery bifurcation.
Sometimes, the diagnosis of 2 pulmonary embolism is
not straightforward, and estimates ars that between
100,000 and 120,000 deaths occur each year in the
Unitad States because of this missed diagnosis.®

It is remarkable, in this case, that the clinical
features and the final event were not enough to
furnish a precise diagnosis. If the autopsy had not been
performed, the case would have remained unclarified
and certainly an inaccurate death certificate would
have been reported. Death certificate information is a
useful tool for epidemiclogic and public health studies.
The relizbility of such certificates may be put under

Autopsy and Case Reports 20166(2):29-33




suspicion when they are not endorsed by postmortem
examination, sspedally in the case of unexpected
death.’ The 5. gallolyticus infection and the pulmonary
thromboembolizm would not have been diagnosed
withowt the autopsy. This information & important
both to the family regarding the eventual colon
cancer scresning procedures,® and to the public health
statistics, allowing more precise data of mortality by
this infectious agent.

CONCLUSION

Although infectious endocarditis is a relatively
comman disorder, this case was atypical because no
colonic neoplasia or dysplasia was associated with the
infection by 5. bovisigaliclyticus. Moreover, the massie
pulmonary thromboembolism is also not classically
associated with 5. gallolyticus endocarditis and sepsis.
Also remarkable is the fact that the patient presented
to the Emergency Room with vague complaints, which
highlights the importance of being aware of signs of
maore severe, acute conditions in patients who seem
ctherwise stabls in svery scenario.
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The specific impact of uremic toxins upon cognitive domains:

a review

O impacto especifico de toxinas urémicas em dominios cognitivos:
uma revisao

AssTRACT

Ome of the mechasisms proposed for
chronic kidoey  disease (CED|-relazed
cognitive impairment 15 the accomulation
of mremic toxins due to the deterioration
of the renal clearance fuwnchon. Cogm-
tion can be categorized into five major
domain: according to its information pro-
cesing fnncnons: memory, attention, lan-
guage, vismal-spatal, and execotive. We
performed a review msing the terms “woe
acid’, “ladexyl sulfate’, “p-cresyl sulfase’,
‘homocysteins’, “inteclenkin:’ and “para-
thyroid hormone’. Thess are the com-
pouads that were found to be strongly
associated with cognifive impairment n
CED i1n the Lteratore. The 26 selected
articles poiet towards as associotios be-
tween higher levels of wno acid, bomecys-
teine, and interlenkin & writh lower cogm-
tive performasce 1n exsontive, atteanonal,
and memeory domains. We alio reviewed
the hemodialysiy effects on cognition. He-
modialysis seems to costnbute to a8 ame-
hioration of CED-related sncephalopathic
-ﬂ}l:i'uu.-r:ﬁnu., .:]I:]m‘ng]l thas imp:n'r:mﬂ.l'
oocours more in tome cogaiive domaims
than 1n other.

Eeywords: Uremiz; Cognitive Dysfune-
tion; Knowledge; Resal Isinfficiescy,
Chronie; Renal Dhalyuis; Toxss, Biolog:-
cal; Memory; Executive Pusctios; Atten-

tron.

Resumo

Um do: mecasiimo: propostor para ex-
phear o comprometimesto cognitive rels-
. ! S
cipmado 3 doesga renal cronica (DRE) 2 o
acumule de tooimzs mremicas devido @ de-
- - -
tenoragiao da fungio de deporagio renal
A cognigio pode ser categonzada em os-
oo dominios poscipas de scordo com soas
fungoes de processaments de imformogoes:
memaria, atesgao, lnguagem, visual-espa-
cual ¢ executiva. Realizamos oma revide

mtando ou termos "dodo wreo”, "indexil
sulfate”, "p-cresd splizte”, "homooirte-
ina", "imterlemcinas” ¢ "paratoomdnio”.

Este: 5do o1 comportos gue se mostraram
fortemests atsociador oo comprometimes-
to cogarive ma DRC na hteratura. O 26
artigos selecionador apontam para nma as-
sociagdo entre aiveis mas elevados de doido
arco, homociteing ¢ intedlencina-f com
mesor desempenho cogninve sor dominios
exeontive, atengio ¢ de memona. Tambem
revisarnos o5 efertos da hemodidhe na cog-
axgao. A hemodiiline parece cosmbuir para
nma melbona da diufnag@o encetalopatica
relacionada & DRC, embora ez melhora
ooorra mais em algens dominior cognibvos
do gue em owtros.

Palavras—chave: Uremia; Dhsfungdo Cog-
artiva: Conbeoimesto: Insnfcigncia Beaal
Cronioa; [halise Resal; Toxinas Biologs-
cay, Memona; Fungao Execwtva; Aten-
gao.

InTRODUCTION

Many potennally toxic compound: build
up 1= patents with chroaic kidaey dizease
(CEL; the biologically acove ones are
called mremie toxins (UTsj*t. UT: com-
prse around 150 componsds that may

camte many deleternions effects, soch as

systemic inflammation, cardiac failore,

amemia, immuone dyifunction, anorex-
a!, neurological damage, asd cognitive
Umpalrment.

CED patieats have a higher rsk of
developiag cognitive impairmess (CI) re-
lated to CEI} [CED-CI| even 12 the ear-
Lier stages™, which affects thewr daily life

azd work capacity, and camses ncreased

@0




Uramia ard cognition

penods of hespitalizatioa’. Most impoctantly, CED-
CIis an independent predictor of mortality 1n patieats
sobmitted to dialysis and 13 asocated with as almost
three times greater moctalicy sk 1 7 vears'. Moce
thaa 70% of hemodialysis (HIY patients older or
egual to 55 years have moderare-to-severe CERD-CT'

CED-CT's hypothescal mechanizm can be divided
into sesprodegeseranve’ " aad cerebro-vasonlar®t
compoasnts. Lhe former accomats for UTi' direct
ﬂ:umtuxicit{.’, res n.lti.ng iz the alteration of the bran's
redox snvironment, aloag with the promonon of cea-
tral nervous system excitotoxioity through the acova-
tion of the glutamatergic pathways aad the inkibion
of the GABAergic ones'”. The latter states that UTs'*
along wath systemic bemodynamic impawrment relat-
ed to CED* also cawie a dicect effect on the cerebral
endotheliom, resnliag in oxidanive stzess, choonic 1s-
flammatnion, bypercoagulabilicy’ !, and disroption
of the blood-brain barner aad cellular water trans-
port' . This corroborates the fact thar CED patients
have a higher iacidesce of cerebral microblesds®*tf
ulest brain infarcts, and white master lewions (len-
kamous|*, even whes adjusted for commes sk fac-
tors [e.g.c Bypertemsion and diabetes mellizos|**4
Wewvertheless, the impact of specibic UT: wpon cog-
nitios asd the exact mechanisms by whichk they oo-
cur are itill not completely understood, despice the
increasing necessisy for a spstematic charactenzation
that could improve the idestification and mazage-
meat of CED-CTH.

Therefore, we reviewed literature data regarding
the mechazims by whick homocysteine and wremic
toxins with a higher impact on the emergesce of
CED-CILY - ane acd, imdoxyl sulphate, g-cresyl sul-
phate, 1aterlenkazs 1-f and 6, asd parathyroid Bor-
moae - can produce deleterionm: effects on cogaition
{data shown in Table 1). We conducred an analyus
oa the poumible relanonship berween the maia nremic
toxin: on one side, and the basic cogmitive domains
oa the other (data shown tn Table 2), which reveal a
consistent :ug—ni.ti\'t deterioration paktern associated
with CED-CI. Finally, we alio reviewed the influence
of HI} upon eack different cogmitive domain among
CEID patients, ideatifying which domazias beaefit the
most from this treatmest.

UREMIC TOMINS AND COGMITIVE DOMAINS

The :.it-:gnri:.:tinl of :ug—nitiun into discrete oo~

nitive domain: it 2 redwctionist approack wsed in

Brag. . Mrphrel (J. Bean, Nrfrel], T0LD

neurocogninive study and pracoce. Thi method al-
lows researchers and cliniclans to decompose the
high-order feature called ‘cogmimon’ 1mte less com-
plex taformation processing waits 10 order to 1dentify
pattern: of impairmest that can be amociated with a
certain disease, process, or toxin. Heace, the descrip-
tice of major cognitve domains - memory, execu-
tive fmnctions, attention, laaguage, aad visuval-ipanial
function - affected by a partionlar toxin cas be nsed to
establizh a sp:c'ifu: cagliﬁu imp;in'n ent pattern aad
ideatify it target areas. This cam be achieved by the
associaton between ity serumm levels and standardized

specific asnropsychological tests.

LURic AciD

High uric acid levels in the blood are asiociated with
poorer atientios, visual-procesiag speed, and cogni-
tive :I']::-:i'hiﬁl:}' 12 adolesceat suoavon: of childhood
acwte lymphoblasoic lsnkemia, bot not in adult ones ™.
Iscreased mrc seid in baseline levels war alio asvoei-
ated with paorsr wn.rl-:.ing mEmory 1= a cohort sto ||:|r
with cogaitvely healthy community-dwelling oldec
womes'!, as well as with white matter aophy, poor-
er information-processing speed, decreased executive
functionality™ and cerebral ixchemic burden™. It 3
also assocated with faster cogaiove decline 12 vismal
memory and visme-construction skill in the baselise
levels, although increased servm woe acid over-tme
was ansociated with a potential benefit for the atten-
tioe domain zasd the processing :peed amosg older
mea™. The authors of this study determined that this
pa.r.:d exical sitnatios ru.i.;g ht be attnbuted to oric acd
antiexidant {primarily 12 plaima) and oxidant (pn-
maxnly 1atracellolar) funcoen 10 newrons™. Aimiag to
resolve ths pnssil:i]i.tg.f, Schretlen of sl prrfum:d a
stndy that showed as associatios between woc aod
and poor verbal and workiag memories, svea after

controlliag for confonading facear:™.

INDOXCYL SULPHATE AND P-CRESYL SULPHATE
High serum isdoxyl sulphate levels are associated
with 3 poorer executive function 1s the early stages of

CED, dexpite the lack of a sigaibcant astociation be-

tween p-oresyl sulphate and cogminive impairmesz™™.

HomocysTEINE
Izcreased homocysteine (HCy| levels in the blood
are related to greater cugliti\'r and motor im-

pawment, especially regardisg frontal-execonive




Liramia and cognition

CURRENT MECHANISTIC DATA ON SOME OF THE MOST MEANNGFUL UREMIC TooOMS, A5 STATED By Watanaes
AMD COLLEAGUEEZE wWitH THE Apomion ofF HCy

Antioxidant and pro-ceadant effects, white matter atrophy, and cerebral Echemic burden. Uric scid
is 3 magor alamin that induces prodnflammatory cytokine expression and secretion, as well as
inflammation; the undedying mechanism for these functions i the activation of the nudlear factorx

B by tolHike receptor 4. This response was activated more in neurons than in ghal cells when rat
hippocampl were studied. The promction of glicsis has also been chsered.

Uric acad is slso sssociated with stherosclerosis, endothelal and cardiovascular disesse burden,
rrecrovascutar renal disease, glomerular hypertensacn, glomenuloscerosis, and renal mterstitial fibrosis.

Direct neurctaxicity of indowyl sulphate is suggested, but not proven. Indoxyl sulphate possibly causes
a disnuption of the brain efflux transport systems. Some of the transporters found in brain capillary
endothelsm are the same sacretory fransport molecules found in the basclateral membrane of
prowimal tubular cells; for instance, the orgamic anion transporter 3 {0AT3). Indoioyd sulphate was found

Indoyl sulphate also causes nephrotomic renal fibrosis through the accumulstion in renal tubudar calls,
production of free radicals, inflammation, endothelial cell dysfunction, endothelial and proximal tubukar
cell senascence, atherosclencsis, and the disnupticn of rhythmicity regulation of ciock genes (ifard).

HCy increases owidative stress, DMA damapge, induction of apoptosis, production of homocysteic
acad, excitotowicity (mediated by MMDA glutamate receptor activetionl, white matter hypenntensities,
cerebrovescular disease, and brain atrophy. Hyperhomooysteinemiz is linked to cerebral mecrovascular
rarefaction and dysfunction of the methyiation of DMA, proteins, and phospholipids dus to the
infibition of methyltransierasa. This can lead to abnormal epigenetic regulstion. Supercads and
hydrogen peroxide are formed by the oxidation of homocysteine, whoss increased levels could cause
a reduction in glutathione peroxidase actiaty and antiomidant potentisls. Hyperhomooysteinemis also
5EEME to cause alterations in the monoamene neurctransmitier system throwgh mechanisms imvolving
the inhibetion of mettyltransferase resctions and changes in the cellular redox state. wolving these
same mechanisms, hyperhomocysteinemia also promaotes the reduction of brain-derived newotrophic
factor [BDNF levels in cerebrospinal fluid. BOMNF s 2 protein relzted to cell maintenance, plasticty,

Hyperhomocysteinaemia slso causes: endothelial dysfunction, prothrombogenic sctivity and

Thase interleukins causs brain inflammation, particulsrdy through mecroglizl cells and astrocytes; DA
damage; oxidative stress; the upregulation of glutamate resulting in excitotoxicity; and brain and

PTH promotes mineral bone disorder, metastatic calcfication, incressed brain circulsting and neuronal

Uric acid
203032 B4 65 66

Invdizieyl

sulphata

and presyl

sulphata
to accurmulate in uremic patients’ brains,
26 BT BB

Homocysteina

(HCyl
growth and death.
candiovascular disease.
131819266070

Interleukin 1-f

and interleukin

G systemic aging-related changes.
26 b1

Parathyroid

hormona {PTHI

cytosod calcium levels causing changing in brain functon, the induction of apoptosis due to calcium
overloading, reduced regional carebral blood flow, and somatic, behawvioural and motor abnomalites.

26 5O

fllu.-l:ti.nn, nl‘t:u.tin-l”, verbal mEmGry, fine motor
speed™, processiag speed, epliodic memory™, vism-
al, :p.:.ti.:.l and constructional =.|::i|it_l,", and pProcess-
g speed™. High HCy levels impact negatively on

task performance that assesses execntive functios-
- FhL

10E
impact of HCy on memory i costroversial: while

and executive-language fosctiosing™. The

rome ttomdier have thown none, others have re-
ported poorer memory, motor speed, dextenty, and
visno-spatial function with higher HCy levels®.

Executive fuactions and verbal expression®, attes-
tion, and vismoperception asd ceastroctiont are
alse :i.rlpnil::ll h}' HC}'. Iz another 1.tl.d.3,", HC]," was
fouwnd to be significastly inversely cocrelated with
atteation, and delayed but not immediate memory
recall. When assessing memory, the mixed results
found might smggest 2 more specific tubcomponest
impairmest of this core cognitive domain. There 15

a significast positive correlation between HCy asd
inteclenkan (IL|-6 levels®.

Beaz J. Wiephrel (. Besw. MafaL, 1011
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Taps 2 Coammve DOMAINS AFFECTED BY EACH OF THE SEARCHED LITs. THE REFERENCES N THE TABLE CORRESFOND TO
THE 26 SELECTED ARTICLES
E:ﬁ_ﬂ::_f Uric acid E!Eﬁ::ll'ﬂlt Homocysteine  Interdeukin 1-f  Interleukin & FTH
Executive X X | X b
27 3 35 50 =]
24 <T) 52
29 38 53
K| 1] B4 =
40
41
41
43
Diurbious
44
Attention X X X
7 35 52
24 44 54
45
Memory X X ! X
N a L1 AR
a5 42 a7 55
43 48 Dubicees:
A Epass
45
Diurbious
35
36
Language X
41
43
Diurbious
35
42
Visual-spatial X X MA
27 2]
N 42
44

Brag. J. Nrphrel (J. Beran. Nrfral], 1021
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Dubiges: WA
28

hdiotor

MA A

X - Bignificant negativa assooations - poll0E

Dubinws - Azcocotion lost sgnificanca sfter afjusting for other factors.

A, - Mot assessed.
PTH - Parattwyroid hormona.

¥ Bssociation with procassing speed in cross-sectional, but not in prospective analysis.

13 Axsociation onfy I prospactie, but not in oross-sachonal arekysis.

¥4 heconiation with suditory recognition mamory befone comacting for damographio chamctanstios! but not with general meamany.

InTERLELKIN 1§

There i1 some svideace relaniag IL-1f to aging pro-
cesses 10 the Bippocampus, cogaitive impairmest 10
multiple domaiz:, and to Alzheimer dizease®. IL-1f
also impain spanal learning and memory 13 azimal
medel stodies™ 4 higher IL-1f levels hamper the
consolidanion proceier of costextmal fear coadi-
tioniag and have a particular effect in the ratr doral
hippocampus*’, which counld be explaised by the oy-
tokine's iaterference with hippocampal losg-rerm

potentation’.

INTERLELEM 6

Higher IL-6 levels are awsociated with poorer execn-
tive function’, agiag processes, and degeneration of
GABAergic interaenrons, which are sszential for sor-
mal information proceming, encoding, and retmeval
in the hippocampus and the cortex™. IL-6 levels also
correlate inversely with performasce in tests @zsess-
ing anditory recogaition memaory, atteationworking
memory, and execwiive function, bor swrposgly
not with general memory™. This cytokize 15 alio as-
soctated with poorer sxecutive fonction n Afmean
Amencans, but not in Evropean Amencans'’, with
worie sxecotive, attentiozal, and memory function,
indepeadent of cardiovasonlar disease aad risk fac-

tors™, and with low performasce 1n memory tests .

PARATHYROID HOAMONE

Parathyroid hormone (FTH| crosses the blood-brain
barmer and bar a wide receptor distmbotios in the
ceatral nervem: swvitem'”, which probably explains
why alterations 13 calciom metabolism and, comue-
gueatly, 10 the serom tonized caleinm level [the main

regularor of PTHI, alio impact brain tuncneon. A stody

has fonad significant negative associatios: hetween
vernm FTH levels and wocking memory capacity, asd
the speed of 1aformatios procesmag’. A 2015 syuee-
matic review concloded that, despite mixed resmlis,
there 1 the suggestion of a Lok between FTH high
vernrm levels aad inereased odd: of poor cogainon or
dementia, althongh the evidence available offers weak
support”. In this way, studies that cosclusively diffe-
rentiate the effects of FTH from those of the meta-

bolites it modulates (2.3, caleinm| are still necessary.

HEmODIALYSIS AND THE COGNITIVE DOMAINS

Ewvidence about the effecnvesss: of dialysns ia redoe-
ing CED-CT i tItl:EIItI}' relevant when con sidﬂ'ing it
ai & treatmeat af the fint ugnals of CL Althoungh di-
alysis canses great morkidity and 15 a aoizance to the
pa.l:i.rlt, an natreated CED-CI for a lnng pﬂ.‘]ud will
lower the patient’s guality of life and may resolt 1n
increased periods of bospitalizanion and a bigher nsk
of mortality™. This is a very relevant topic becanse of
the high prevalence of CED-CI®, maisly amoag those
older than 55 year:¥.

The amnociation of CKD with the impairment of
target cognitive domains s mow being elweadazed.
Feople weated with HD bave significantly lower cog-
nitive test scores than the general popolation 12 all
the domains evalvated |(omentatios asd attestion,
memory, language, constroction and motor function,
conceptualization and reasoning, executive function,
and global cogamtion| except for oae [perception), as
concluoded by a vpstematic review asd meta-amalyss
of 42 randomized controlled trial:, aad both cobort
and cross-iectional stodies. Tests assesmag onesta-
tiom and attention, memory, and executive fmaction

woored the pooress in HD' patient: compared to the
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general population. However, compared to chronic
kidsey disease patiests sot nndergoing dialysi, lim-
ited evidence suggests that HI) patieats may pecform
better 12 memory asd attestion®.

A cohoos of Duwch CEIY patients pecformed the
warst 1n qu estoms that demanded IMLEMLOCY and atten-
tion, aad presented a low verbal Hoency. They were
born before 1979 and kad started chronic renal replace-
ment therapy at age 0-14 vear: berwees 1972 and 1952
However, this study'" made wie of the Wechsler Aduls
Intelligesce Seale, theretare, the cognitive domains conld
not be evaloated by mndividual tesss. The anthors con-
cluded that the |C|£IE duration nl."di.aJ}'sis would eshasos
Cl, a cosdition that conld sot be ceversed even after
renal wansplantatios, and that ead-stage renal disease
ia childhood s asiocated with CEID-CI aad impaired
educational attaisment levels in adulthood.

Starosta aad colleagues™ in a pilot study, matched
CED} paneatns’ cogmition before HIDY with measnre-
meat: taken afer the begianing of the secuons. The
results snggest thar HIY 13 an effective treatmear for
CEI-CI, evea thongh cognitos 11 not fully recovered
to the level of 2 noa-CKD Il.il:-lt'.ﬂl' [1e. CED-CI prr-
susted, bot was less severe|. Cogatoive domaims were
not asessed indmduoally n thi study. In another
stody, Schaeider and colleagues®” concloded that a
single dialysas session (wath testieg pecformed 1 hounr
before and 19 bowrs after dialyss| improved the re-
sults 1a memory, attention, asd executive fosctioas.
Diecpire the improvement, the performance of dialynic
patiests in post-dialysis assessmests was signibicantly
smaller than that of son-CKI} patieats, which high-
light: the lingering arpect of CKI-CL

Interestingly, executive functions, memory, and at-
teation are the cogamve domains most aftected by the
UTs thas we researched in onr review. This convergeas
pattern of cognitive domain impairments oadeclines
the role aad importance of there toxins 12 the geneus
of CED-CL The fact that HI} treatmest ameliocates
memary aad atteatio n, i camp;.r]ml with noa-dia-
lyzed CEI} patients, indicares thar these removed UTs
may affect some brain areas differently thas other:.
We wnggest that it would be beneficial for further
stadier to collect biochemical data about the aremic
state of sach panent and that cognitios be aszeized
by doman-specific tests. In this way, specihic factors
may be matched moce precizely wath their impact on
cogariion, which would provide a better naderstand-
ing of the mechanism of zach toxic molecule aad the

CAnEE Iﬂ." l'hl' imp.:i.n'unt iﬂ EJEL coEn i.ti".'l dDI.'H.I.i.II..
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All these .Ei.ndilgl., tug:th:: with the continual de-
scoption of alterations 1n discrete domains, provide
a bner resolution of the pattern of cognitive impair-
meat fonnd ie wremic patiests. Ultimately, these ef-
forts Bave clinical significasce as wremic encephalopa-
tl}' nesds to be disting'ﬂis hed from nenro ﬂ:gt—nuiti\'r
diseases, deliriom, cerebro-vascolar diseates, zad
non-related pivchiatoe disordens, especaally in a pop-
nlatios of CKI patients, who exhibit mulaple comoc-

bidities many mes.

STRENGTHS AND LIMITATIONS

The main stresgth of our review 15 the extensive and
comprehensive szarch on the topic of interest, which
allowed us to gather a significant amonst of data r=-
gardiasg the interaction between wremic toxins asd
specific cognitive domains. To the best of our knowl-
edge, no study has reviewed swch a relationship to
sock depth. We have alio provided a strong body of
evidesce linkiag at least three UT: to three speaibfic
cogainve domains.

There are varions limitations with this review: (1|
the articles’ biases were sot systematically revised oc
graded after being selected for the review. Studies pre-
sentizg patiests with comorbidities [whick make 1t
difficalt to attnbote o= isolated correlation between
a UT aed CEID} or with cognitive domain meaimre-
mests made via telephone, were excloded o the e
lection process; (2| oaly articles 12 Eaglich were 1n-
cluded; (3| only the Pobbled database was searched;
and (4] the data synthesis was aot based directly on
the tests nied, but rather on their interpretations.

ConCLUSIONS

Higher levels of ure aoid, HCy and IL-& are ugnib-
cantly associated with lower cognitive performance 1n
execmtive, attentional, aad memory domains. These
same three cogarive domains are the most impaired
in patients sader HD treaoment; conversely, among
the cogmitive domains, they present the grearest per-
formasce immprovement after HD treatment, accord-
ing to oo lweratore ceview. This suggests a protec-
tive etfect derived from the removal of nremic toxiaz,
and kigklights the imporiast role of these three com-
pu:luu.ds 12 the onset of CED-CI. In I.".in:'t, when 51:'!-["5"‘-
ing uwremic escephalopathy, it s important to keep 1n
mind thzt different uwremic toxins may have differ-
eat effects vpon different parts of the brain, which

reflects the alteratioss in distisct cogaiave domaias.




This 13 important because it broadens the possibility
of future symptomatc treatment based oa the speofic
features 2 patient might preseas; it also helps to shed
light an the biochemical backgronad nadeclyiag each
tusctioa. We bope thar proper naderstandiag of the
patkopkyuiclogy of wremic encephalopathy wall 1m-
prove the diagnosis of cognitive impairment (which
will become more clearly recognizable with the nie of
tests| and allow for appropriate treatmeat and care.
As ooounrred 1 the 20¢h century wath cascer - a
uizgle entity that was fouad to be composed of a
myriad of different mechanism: and types - cogni-
tive dysfuncton s bowad to, in the present century,
suffer the same process of deep wnderstasding asd
enlightenmess, since each of s facets 10 1ndeed com-
poted of wnigue, distizct, nndeslying neoral suhstraze.
Furthermore, 1t 15 possble that each dysfuactos may
need a differeanial, mechasiim-based approach in or-
der to be tackled. Witk thiz :r'ritw. we aimed to pres-
ent a panorama of the intricate relanonship between

renal failwre’s wremic syndrome and the loss of full

cogaitive fusctios - a1 both are 15soes to be solved pec
se - and to pm\'idr a wizdow to the even most myste-

nons aad istrigmiag ways of the brain.
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1. Introduction 15 mtegorised mnfo thres types accarding to nenmalog cl oom pnom i ng:

G type 1 s charactenised by no ovent neunalo gieal symphomes, GO type

Gancher dissage (GD) & one of the most common lysosomal dis-
arders with an overall frequency of ane i S0,000 6 bomes warkded de
[1); it is camsed by deficient activity of GHATcoded 1ysosomal ghoom-
cearehrosidess (add betaghnonsidase), which leads to a bullding up of
ghmerebresds in macrophages thereby Imown as “Gancher cells®.
Acmmulation inside the macrophages camses malfonabon and shifts
thedr activation pro file [ 2], ol mately leading to sysiemic nflammatory
response [3] and symptoms soch as hepadnsplenomegaly, Sirombooy-
topema, osheonecnosts, and, in some patients, nenrologiml defictts. G0

2 (amie newonopathic), by an acme and fial nenrologial compro-
mise at sarly age; and GD fype 3 choonde neoronopathic), by neons
logical compromdse with onset at late childhood or at adulthood. The
first specific treptment for GO was erzyme replacement terapy (ERT
with biwesldy infosors of imighemnse, velagloeerase alfy, or faligh-
cerase alfy. FRT aoffers a signifimnt mprovement fior all chinical para-
meiders, enept nenrologial impadmment. Subsirate redoction theragy
(SRT) with mighsiat, a daily oral dmog, also showed some fmprove
ment, bt not a5 great as ERT. Eliglostat is aleo a SHT, and has heen
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meed a5 a first line dherapy for GO [4,5]. GO presents a broad range of
phenotypes that are partially explamed by the different GHAT geno-
types; therefore, we harein report on two sishars with a novel genotype
amsociated with severe bone dissase and mild or no hemabol ogical

phenatype.
2. Case TepOTES

Patient 1 i5a 47year-old female dagnosed with GD type 1 af the
age of 42 years. Shewas bom o &non-oon sangn ineous aouple and has 4
siblings of whom 3 were healthy and soreened negative for GD, and one
sister was sympinmatic, described below as patient 2, see Fig. 1. There
s no history of Paridnsondsm or other newralogic sympioms in the fa
mily.

Ehe was refermed i the GD Reference Center af the Hospital de
Chindcas de Porio Alegre (HEPA), Brazdl, becamse of hyperfermtineemia
{mitin = 588 ng/ml) resisant to phisbotomy trestment, chromic
hmbar pain (Visml Analogoe Scale = 8 and remoment epistas
lahoratory exams at admizsion showed hemoglobin of 13 gadl, leo
kocyte count at 2320 cellk/mm’, platelsts at 143,000/mm”, and chit
otmicer dase activity & 9609 nmolhy/ml. (NRY = 8.8-132) Abdominal
ulirsonography revealsd nommal liver and splemn volmmes. She had
normal hone metabolism markers (parathyroid hormone, alialine
phosphatse, calefum, phosphade, and vitamin 1), bone mineral density
(BMD ) with normal £ scores, however #he bone mamow burden scome
(BME) was 1416 [Fig. 2] [4) . Ghooo ceretbnosd dase acthvity was 5 nmaly
h'mg prot @ lenkocyies (MRV = 10-45 nmoldy/mg prot) and
132 nmal /hvmg prot in fibrobless (MY = 257 <6588 nmalhy'meg o)
confirming the dagnosts of GD type 1. At dagnosts, the Disease e
verity Scoring Sysem [7] (DE3) was 3419 (sorng only in bome
subsmre) and the Sevenity Sore ndex [9] (551) was 5/89. The patient
staried treatment with miglustat 300 mg day and folowed a low car-
bobhydrate dist. Soon after, due o darrhes and uniniended & kg weight
loss (10% of ioil body weight], the patient was found o ako hawe
linse intolerance {(adase non-persistence {C-genotype) and stron-
grhoidiasis, and recdved treatment with ladosefres dist and alhen-
daral Due to persistence of gastro ntestingl symptoms and shight din
ical improvement {see Table 1), mighstat was swiiched after one year
to talighcerass all 30015z biwedly; sinee the patient presented an
allergic reachion after 2 months of nfodons i falighcerase, it was
switched to miglocease 3001 kg biwealdy G Table 1) - which re-
gimen has been kept uneven tfolly, with improvement of the sympinms
(Tahl= 1L

Patient 2 is a S0-yearald female diagnosed with GO type 1 when
she was &5 years old. Foor years before he first appoindment with
Medical Genetics, the patient underwent a prosthetic replacement aof
the left femoral acetabular joint for ccheonecrosis, and, one year after,
mderwent total hysterectomy for uncontrollable bleeding during

wierne palyp removal surgery. Laboratory fests af admission fo ouor
Center showed hemoglobin at 115 g /1, leuko oyte count at 87 10 cells/
mm', plaelts at 195 000 /mm”, ferritin of 980 ng/ml. and chito-
imosidase activity of 2970 mmalshyml (MRY = 88-132). Further in-
vestigation revealsd mild hepaies plenomegaly and hepatic stestosis by
abdominal uhrasono graphy. She had normal bone meatabal tsm marioers,
BMD with normal T scores and BMB of 14716 [Fig. 3] Ghocer-
ebrosidase activity of 2.8 mmalsh smg protein in leokooyies (MRY = 10-
45 mmal/h/mg proten) and &0 mmal/h'mg profein @ fibroblass
(HHYV = 2574588 mmal'hmg protem) aonfirmed the diagnosis of GIL
The severity scores were [53 = 2/19 (scoring only in bone sohsonne)
and 851 = 1749, Beramse of needle phobia, she shrfed on trestment
with miglustat 300 mg/day ingether with a low.carhoh ydrate dia.

After 3 years of treatment with miglostat with omsabisfadtory ne-
sparse (Tahle 1), tresment was swiiched to taligl neerase alfa 15014z
hiweskly, After 2 years of treatment with ERT, the hemainlogical
parameiers and chitotr esdase activity fmproved, however faritin re-
mained high and bone mammow mnfil radion remadned severe

Upon genotyping with nevi-generation saquencing (MGE) both pa-
tients 1 and 2 were dismovered 0 be compound heberoeygoies o
11626 > A (pGhIsElys) (EM9K) and o 12146 = A {pSerd05 Am)
(536N ) GEA] pathogenic varants. Both patients iested negative dor
the chitoiriosidass gene (CHIT1) mll varant Patients are also het-
erczygote for the HFET pathogendic varant 187G = G (pHish 3Asp].

3. Discussion

3.1 Gemotype

The patients described heredn were compoun d heteroeygo ies fortwo
uncomman GHA 1 pathogemc varanis, E399K and S366N. The former
has been previously desoribed by Grabowsid and colleagoes in 2006
[4]; however, no clinical phenotype description nar if it was in hoamo-
ryposis or compound helerorygosis with a different vanant was pro-
vided The latter, was desoribed In componnd heterozygosis with R4 5W
(pArgF Trp) by Demina and Beutler in 1998 [10] @ an Afrcan-
American famale type Npatient whose sister had anemda, mild
thrombocytopenia, mild nentropenda, and moderate hepaiosp lenome.-
galy = however, no more defaiks on the patienfs phenotype are pro-
vided The 349K residoe is on & aoil motif at the eighth exon, ina
region of newiral hydropathy. This varant & predicied fo camse a e-
duction of 84% of the normal enzyme adivity [11]. The S364N varant
lays on an alphahdix at the 3 end of the eighth exon, in & region of
nentral hydropathy, and tmpairs a phosphorylation site OF note, the
combination of thess varan® in our patients camsed enmme acdivity
higher than expected for dascical GO patients.

Baoth variants are cons dered pathogenic when apphying the ACMG
[12] chesification ariieriac they are ahsent from gnomAD PMI), were
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previously detected in trans with a pathogenic variant (PM3), multple
m silico algorthms Guch as DANN, FATHMM-MEL, SIFT, LRT, Muta
tion Taster) predit both varants © be deletenions (PP3), patient's
phenotype and family history are highly specific for GD (PP4), Um Prot
clazsifies this varant as ‘disease” (PPS), and fhe variant segregates with
the phenotype ina gene definitively known © cause the disease (PP1)

4. Phenotype

Much 15 being studied about secondary modi fier genes in Mendehan
disarders, icluding GD [13-15]; however, stll Inde & kmown about
how strong & the genofypephamotype association i GD. In the pro
sented case, both patients harboured the same variants in GHAJ, and
although quite similar overall, there were some differences between the
two sisers phenotypes: while patient 2's bone phenofype may be
considered somewhat more severe, patient 1's chittriosidase - a bio
marker for GD activity - was more than three tmes higher at admission
than patent Zs. Liver and metabalic profiles, on the other side, were
quite similar. This perhaps may be explained by the action of an uni
dent fied modifier gencharboured by only one of e patients, or tmay
be dos © environmental factors.

Osteoneaasis is 2 common manfestation of GD, with wp to one

affected is the femaral head [18], 25 was hecaseof patient 2 In a study
published by fhe Intermational Callaborative Gaucher Group (10GG)
searching for nsk fcors for oseonecrosss [ 10), tieonly identified ones
were anemia and splenectmy. Being thar genotype for GEAT the same
and neither having been submitted to splenectamy, we cannot but
wonder whether patient 2 baing anemic at ad mission was reled to her
having had osteonecrosis, and her sister, which was not anemic at ad-
mission, having it not

Another common hallmark of GD % bone marrow infiltraton, which
can be best assensed through fhemethod of Dixon quantititive chemical
shift (Dixon's QCSI) [19], butunfortunatdy s method s not avai lable
worldwide. Berause of that, diff ent other semiquantitative methods
are workiwide msed to measure the bone marrow mfiltraton [6,201
The method that correlates e best with the Divon's QCSI method, and
evaluawes both the avial and the perpheral skeleton 5 the MR) based
BME score published by Mass et al, which relies on signal intensity asa
measure of fat substimtion for Gaucher cells in the bone mamow of
femmurs and kmmbar spine [6]. Bone manifestations of GD are secondary
to Gaucher celks infiltration iIn the bane mamrow, © gether with possihle
phenotype modifiers genes [21]. What constitutes severe bone disease
in GD 15 open © debate. Although both sisters presented with 2 narmal
BEMD and no fractures, and anly ane had hip necrosis, both had a severe
BME score, which may tmply a more savere bane phenotype caused by
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Chitcs ity femdy 1551 43 the mnusoa combination of e E349K5300N GEAT vananits. Besides
hmd) that, as the [E3 snhscores show, for both patients the compromise of
1) e hone i maore severe than the compromis: of viseral and hemadn logical
Ema 38 2 systems. Abao, the patiern of decrease of the BMB soore during treat-
::':“‘h ) : : ment shows fhat patient 1, who was being trested with ERT for
= 24 months, presenied a fst respomse with a signifimntly drop i the
A 1 e of S ttal seore when compared to pabent 2, who was bedgn treated with
Dy Myhos Wimy! e I0 myiday SHT for 24 months and only 1 month with ERT. This is I acordaee
¥
. it T;"' - with previons stodies that hawve shown that BMB end to decrease
. = R during thefirst yearsof EFRT, bot thiscannof be observed with SRT, and,
[P N S 19 14 alsa, the responss i not nown io reflect disease severtty [2023]).
Hamogiaban {grdll) 14 s Atsdmission, netther patient was profoun dly #hrambooptopenic nor
et (L) 172 HK 27,100 anemic. Mor did the pabents present overt hepatosplen omegaly, al-
:;::_';h:‘l Py ::L :: thongh patient 2 had mild hepatosplenomegaly and mild hepatic stea-
b/mi] toeis. Owerall, the patients conld be desoibed as having predo mi nantly
IED) subwerres severe bone dissase and few, mild viseral and hemaiol ogical mam-
s 38 2 festations. Whather this i doeto emdronmental Beinrs or indesd io the
:““‘_ . : : patiens’ raregenotypeis sill under, and more repars of patients with
—— the same GHAT genotype are neadad befors o condosion may be aon-
Y S P— fidently drawn. Response in sobstrate redoetion therapy with migl ustat
ey ey uceme A Mgimee 100 mpiday was not satisbeinry for both sisters, whereas responss o snzyme ne
. o :"’1‘3"'“! . plaement therapy wa satisfadtary regarding hemadological and vise-
- -':__:_ eral pamameters; both patens reached ther goak kllowing the
B M Bk mxm A i HramHan Goideline [24] and the Foropean Workdng Group on Gancher
Hamoginlan (gl 145 8 Disease im 2018 [25]).
i et (L) 234 1 L4 Mehta ef ol published n 2019 [20] the presenting signs and patent
femen (g /fmll) = L co-varizhles in Gancher dismse, and highlighted #hat physicianscan fadl
-r.t:;:.:--.d-- ylmcy & = to recogrise e mrly siges of GI, which can lead 1o sigrdficant &i-
T agnoetic delays and sometimes imeversible but avod dable moorddities.
Eams 18 : When it comes to & classic G phenotype with massive splenomegaly,
Temmd . . bome pain and cytopenias, diagnosis & more mbmdive Om dhe other
Hmmirhypcs . . hand, if the patient has mild sympioms, ar, & @ our patients’ cmes only
P S P— bome disease, the dagnosis becomes trickder and less inbutive, me
ey | w0 Ty 1518y quiring greater expentise in be defined.
Ulepyind lgim
T = mosils o & 14 1
. R 5. Conclusions
Bz Moo Bumdn wom 3 14
Hamoginkan {grdl) 145 1.4 This 15 the first GD family with the E3SEEI0N GEAL genotype
Pl e /L) 255 (I 212, G which & associated with severe bone disease and mild visceral and
Femza img fml) _ B " hematalogial maniestations. More genotype-phenotype stodies ane
L:‘"_ﬂ':"'d-'m':m""' b e needed i fally establish a owationl rehimshp betwem this rae
1) sndwcore genanvpe and the patients woque phenaype.
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[ Abstract

Keywaords: Lher fibrosts, Chronic hepatitls O Flastic fibes

Background: Elastic fibers deposition & tiggesd duning Ihver fibrosks and & relaed 1o worse clinical prognosis in
chiranlc hepatitis C patients. This study aimed 1o venfy if a new method for elastic fiber quantification can be wed
1o discriminate betwesn different degrees of fibrosis in lver blopsies of patients with hepatitis C

Methods: Indivduals presenting with different degrees of fibrosks in lver blopsy were included. Slides of lver
samiples were stained with arcein with and withowt prior cxidation. Momhometric analysis was proceeded, and
quantification accomplished by coreced integrated density

Results: Twenity-z2ven patients, mean age S2yeas-old, 59% women, were included. Flastic fibers densiny was
higher in advanced fibmas patients and there was a positive comelation with Metavir score {Spearmen r= QE0E,
o< Q001), as wall as with the noninvasive scoes Fibd Pegmon r= 046 p=000% and AFRI (r=052, p=001)
Conduskon: MMarphometric analyss by comrectad infegrated densty demanstrates that elastic fibes abundance b
highear in advanced stage of fibrosts in patients with hepatits O

Background
Chronic bepatitis C allecs 71 million people worldwide,
and is a leading cavse of cimhosis and liver transplani-
atiim in most countries (Colbborators 2007) The grade
of hepatic fibrosds is an impodant prognostic facior
(Manme e al 20170 To this purpess noninvasive
methods have boen developed, such & transient slho-
graphy, magnetic resoranmos ebhsography, and scores
bosed o labomtory tests (Paranagud-Vesoso o al
017, Higological amabsis of liver biopsy is the gold
dandard and allows for better daging, through the
envaluation of fbross by the Meiavir soom (Bedossa and
Povnand 1446

During the development of liver fibrosis, new eladic G-
b ame deposited in the extracellubar mathx, conferdng

O o ekt ool g oarrial oo

Frez-Grackane Froaca o Emncanaonology ard Hiope noicagy, Linivorschacks
Rkl oo Rio Granck: oo Sl YRRES), Fiomo Magie, BS, Bzl

Full lisz of aucho infioemadon i ailabic an o ond oF B ol

M BMC

lisse resistance. Fagin is an amorphows protein highly
mesigant o degradation; it & believed to be the most
dable component among the exdracellular matre I i
degraded dowly and late in the mversion of lbrosis, and
may lead o irreversibility of the process (Chen e al
AN

Elstic tisuee i physologically present in several ho-
man liswes, especially where graier shdicity is needed.
[n the healthy liver it & observed in small amounts
mainly in the wall of arerioles and in poral iacs
[E".':.nl.: NG In these locations it exeds 3 sirocieral
fenction, providing stability to the bile decis and vesssls
under conditions of high duclal pressum (Meode e ke
el al 2013

Eldlic Bbers are composed of two proBing elastin and
fbrillin, which are separted Fom each other insead of
conailuting bundles 2 i the case of colagen (Kielty « al.
AN ). Fibrillin fsrms micmflbris, the mold to sbstic fibems;
ebwtin forms the fbers’ come (Hosghton et al 2006)
Chonic hepatitis C cases a collular inflamomsiory reguomss

o Thae Aaschwas LA D A i i Thi 5 aarmicer (5 o sovibsonend o o nervn s of ohee Creamiae Corvamons A Bud on 410
I Cia il L (e v gl Coms enboe L), wich poena 05 unrerricTind s, it ad
o o | iy ey Erovidend you ghve apgnoEriane cadin oo the origingl auhen) and the Souice, provde a ink o

e Croaths Cormmes ioana, and ind e iF changes. wire imade. The Creatha Corn imcns Pubiic Do n Dedicamio n wil vor
g o s o B i Sy LW appl e oo the dts e avd ke inothe Gl cle, il s ofenal s Tatod
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a3 mesull of ooddative stres and immune Espose o he-
praliey s expresing viral @ ppbopes (Mewmnn-Haelelin and
Thimme 20013}, This msponse genensles mlase of cvio-
kines and growth Betors that activate stelbie cells in myali-
brollass, which smihesiee eximcellular matric (Geers
AWM, Franceschini o al 2003 In this maldx anall
arments of eladic Blers am Gond (Burt ot al 19900 There-
fore, fbmgeneds msulis in deporition of elagin (Baioochin
el al XM16). The immature (or ooodabm ) Gles are present
only & micmdibels in physiological conditions however,
during bite shsogenesis, they generale matuee sbatic B-
bem. On histoquthology, omein i one o the selaclive
methds for siaining thess fibers When acidation by pera-
cetic acid or perm ngmats s scoomplished, codtalan fibers
are visible (Makayvama el al A8, Kanta 2006}

An amocation of hepatic elastin with poor prognosis
in patients with chmmic hepatitis © has been Gomnd by
some awthors (Kendall o al. 30180 I s not well esiab-
lisheed il queantification of the Gbers is directly related 1o
filmsis stage [Yaswi el al 2019,

e hypothesize that the hepatic infammat ory damags
cased by the hepatitis C vires might kad o the depos-
itiom of elastin in the exiracelubr matric. In this study,
we aim al msesming whether a new method br elwstic
Blbser queantification can be wed 1o discriminate betwesn
different degress of fibrsis in liver biopdes of patients
with hepatitis C, thus confrming the quantitative ml-
tioreship betwesn elastin and fibrosis.

Methods

Patients

This was a retrospective dudy. Incluson criteria wens:
chromic hepatitis C conlimmed with positive hepatitis C
vines PCR and anti-HOV best bsting for more than
& maniths; wlirasound- guided liver biopsy perfomed be-
tween [amsary 2000 and December 2002 at the Hosgpital
de Clinicas de Porto Alegre (HOPAL Individuals with
arwther liver disese or curment aloohol abwse wem ax-
cluded, 28 well as canes with samples measring less than
(L7 em in the longer axis (which are congidered nondiag-
metich. A total of 33 cases were included.

This stwdy was approved by Ethics Commities of the
HCP A number 327637, Informed consnl was waived
e by s metmspective design, but authors signed a data
whags responsibility term. The study was pedormed ac-
cording Lo the guidalines of the Declumtion of Helsinki,
1975,

Study varisbles
Demasgraphic data, cinical history and biochemical tesis
were oblained Fom electronic meonds. Mon-invasive f§-
brmsis soores were calcubited as Bllows: FIB-3 | Fibmosis-
A = age (vears) x AST (IU/L) | plateles {1u".' L) = ¥ ALT
{IULY APRL (AST to plaielets Ratio [ndex) = AST (UL
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L} / ALT upper limit of normal = 100 / pltelets (10°/1)
(Trang et al 2008).

Hist opathol ogica | proced ures
The paraffn-embedded liver samples were sectioned
intiy 4 pm-thick sections, depamfinied and sained ac-
conding bo the standard procedures of the Department
of Surgical Pathology of the HCPA: one slide was sained
with hematoxylin-eosin, the other with Sirins Red stain-
ing, ko Metavir score. They were meviewed by a second
aperl  pathologisi. The Wocks were reprocessed for
saining with oroein to verify mature elastic fbers, and a
woond dide was abmitted 1o coddation by polasiom
permanganate o highlight oxyvialan Bbers The elstic G-
bes distribution (resticied or not o poral racis) was
verilied. Those slicss were submitied to momphometry.

Morphometric anahis
The slides were amalyred with Olimpes BX41 mico-
aoope ina magnification of 2000 Following micmsompse
calibration, asch fragment was photographed in its entire
length with the Clympues DF73 micmsoope -l lached
camera and the Cell%ens® adiware. Five hundred images
were generaled and sved in TIFF frmat 1o allow for
better resolution The images wers comverted on [mags|
LHD 112 to gravecale H-bit images (Schoeider ef al
212} and analyzed morphomet deally a8 follows: o find
the optical density of the eastic fbers, the gray vales
threshadd was delemmined manpally fix esch image 1o
distinguish the paricles (that is, the amas with gry
values within the threshold range) from the backgmund,
The micrometer-to-pixe] scale was aleubied rom the
aale generated by CellSens® when each image was
obiained.

Area and mean gray valee [MGV) of esch particle
were obtained with Image]. The comected density in
absorbance-micrometer” per partick was obtained by
the formub (255-MGVfama (Hadig 2013, ArtiBels
and white areas were manvally memoved wsing the
“wand” ool with a tolerance of 10, The sum of the cor
mected densities of all padicles (corrected integrated
dengity, CI0; also known as correcbed absorbance) cor-
responds o the quantification of elstic fbes in that re-
gion of the fagment, and the am of ClDs of all the
phaotographs corresponds to the sum of all densities in
that individieal slide The division of the summed ClDs
by the number of photographs infsmms the mean CID of
ehadic fibes per photograph, which was wed in ouwr
amalysis. The same procedures were repeaied by a sec-
o blinded obasrver.

Statistical analysis
To detect difference in the presence of eladic libers out-
dde poral tecis, a minimuem of six eady and advanced
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fbrosis patients were needed (Nakayama et al 2008). Cat-
egorical variables were shown as number and proportion in
percentage, and continuous variables were presented as
mean and standard deviation. To compare between groups,
quantitative variables presented symmetric distributions
and Student t-test was pedformed. To ases correlation be-
tween two continuous or ordinal variables, Pearson or
Spearman’s rank-test were performed. A 9%5% interval confi-
dence calculsted by Bland Altman was used to verify
concordance between olnervers. Statistical significance was
defined a5 p < 005.

Results
A total of 33 patients were included, 5 were excluded
due to insufficient sample (scarce material after repro-
cessing), and 1 due to the presence of concomitant he-
patocelular carcinoma, comprising 27 individuals with
ultrasound-guided needle biopsy. The mean age was 52
years, with a predominance of women. Arterial hyper-
tension was the most frequent comorbidity (Table 1).
Ebstin was verified in orcein-stained slides a5 de-
wribed in methods (example in Fig. 1). Elastic fibers

Table 1 8xaine sample chamctadstics
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Flg 1 feprezommve cxe of S £003s, staned with ocan, 400x
magn fiaton Elese fbem ane thin ssucaues (Diack amows),

ford 27

Age (year) 5220019
remale (%) 16 (59%
Whoe (%) 25 (925%
Hypeaandion (%) 7 (X5%)
Former aconal use (% 8 (B6%)
Cerotyne

1 12

2 2

3 n

4 0
Corfecson 143 i
=34 580177
o= 13(09
Favex (0'4mmY) 19131 (8697)
NSt ¥ oan
lotal lirunin (mg/dL) 074 (0232)
Nourmin (mg/dy) 422 {036)

Horosis Gade - Meawr
=0
=
2
£3
X

b LT B - B S I

* NS paemaaral somaioed seo, A8 4 Abealsd, APR AST wplanivy Ree
i, prce el age o Andied dev it oo tedwee s paeeesis

surrounded by colagen (ficker and lighser color)

outsde portal tracts were detected in only one of 15 pa-
tients FO-2 and in 8 of 12 advanced fibrasis (p = 0L12).

The mean elagtic fibers density was significantly higher
in the group with advanced fibrosis (Metavie F3-F4)
compared to other individuaks (Fig 2). A higher mean
was also observed in this group when analyzing oxytalan
fibers, p = 0027 (Fig. 3).

We also graded the quantification according to ter-
ciles. None of the FO-F2 patients was in the highest ter-
cile, while 50% of the F3-F4 patients were in this group
{p= 0003). Descriptive analysis was undertaken. The
group of patients with elastic fbers outside portal tracts
had a higher fibers density than the other individuals
(p= 0.015).

The mean of difference in quantification between ob-
servers was - 414.72x 10" and was not sgnificant (IC
9% -3428 10 25986, p = 03). The Metavir fibrosis Sage
correlated linearly with the elastic fibers” density (Fg 4).
There was no significant correlation between oxytalan fi-
bers and degree of fibrosis (Speaman correlation coelfi-
cient r = 038 p =0.063). Activity score and genotype did
not correlate to elastic fbers dengty.

We also analyzed noninvasive markers of fibrosis. The
Fib-4 score showed a postive sgnificant correlation with
the elastic fberd quantification (Pearson correlation co-
efficient r=046, p=0029, as well as APRI {r =052,
p=001). There was a correlation in the limit of signifi-
cance between Fib-4 and oxytalan fibers (r=0453, p=
Q052), but it was not observed for APRI (r=0366, p=
Q12).

All included cirrhotic individuals were chsified clinic-
ally as Child-Pugh A. Only four among those had cirdho-
ds with complications (three cases of medivm or large
eophageal varices and one hepatocelluler carcinoma).
The mean elastic fibers density of this subgroup com-
pared to others with advanced fbrosis were higher, but
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Blastle fibers density

Fibrasis grade (Metavir)

Fig: 4 Comefazon of sage fbmoss and dastic foars densty, Speamman tes, r=0009, p < 00O

nol dgnificant: 221496 « 107 absorbance- micmmeter”
(andard  devistion = 1845.73)  vemus  1HO.74x 10
abmodban ce-micrometer” (standand  deviation = #&.28),
p =1

Diis cussion
This study revealed a positive cormebtion betwesn the
grade of hepatic fbmsis and dengty of ebstic Glers,
espacially these with amorphows matedal (elasting, We
S| Chat i pvasive soores may also presume the degres
of deposition of hepatic sbsting Fibross scores such
Metivir are ordinal or semi-gquantitative. b -
aralyss allows a more reliable evaluation of the deposition
of axtracellular mainx strochemes in bmgenic prooeses,
smoe il is quantitative (Croodman et al 2607}, Other advan-
tages over conventional visual asesment are the olyectiv-
ity, repmsducibility, and the abiliy 1o detect changes nol
apparent W the maked eye [Hamilton and Allen 199 In
hepatitis O patients who are non-regaondens o treatmenl,
mirphometric analsis demonstmated rlevant wosening
in fibmosis (B0 increse of codlagen content) in dyeas
(Goodman o al A Only by direct messumment of
Blmis this change cn become apparent, becase histo-
ozl sages are meither a contimsows Remclion nor a sensi-
v e e,

Heputic shaic Gbers have been fimst evaluted in mon-
aleohadic Gt liver disease, with a highe r amownt ford in the
wme theee of patients with advanced Blrsis (Makayvama

ol al 20HL These fbes have emerged a5 new loows of -
search dhee to its porslle relationship with worss progiomis
in chonie hepatitis © and advanced fboss (Howghton
et al 2006, Kendall ot 2l 2018). Contrary i what was prev-
sy amumed, elatic fibers have been fomd in grester
aueanility in liver biopsies with F3 Bbrois in melation o F2,
st theere weas: i eviddence of a linear relation with a Blbrois
soine by Metadr (Yaswi ot al. 20019) b these work, authors
have quantified ebetic fbers by messuring the percentage in
which they ooowr in the tolal area of e fragment (Al
el al H13) I owr words oo the other hand, we messune the
alrarbance by cormcled integrated dengity. This messure i
more reliable and sccumte becnse it verifies ot only the
affected ama, but abo the elstc fber concentration or
density, which may eqplain the difernce of our findings As
in previoes publidvsd literature, we fnd 3 positive coreel-
ation betwesn non-invasve lbmss soms and the lbers
uanitilication (Masugi et al 2018, Yaaui o al 2009,

The mpored ssociation of sbstin with poor prsgnoe-
as (Kendall ot al. 2008 might be explined by different
dages of fibross in circhotic patients. The guan tification
of ebstin allows more information than jusd the grade in
Metavir, which does not refllect the heterogensity of pa-
tienis in the subgmoup F4.

Crur study has o limitation the non-sval uation by the
other quantification method, the pereentage of alfected
area, o compare the fndings. This technigue would
make this study more expengive, mosily because of the
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need of 3 scanner. However, we believe that the rigonms
methodology makes our Bndings reliable Alon the de-
seriptive amalysis correlated to owr quantiBeation. Another
limmitation waas the small sample, which did not allow ws o
adequatel y measure statistical sgnifcance to evalisate the
progross of the individuals. However, this was not a po-
mary goak we plan to conduc thess analses in another
study with an increased sample. In addition, due to the
cross-sectional design, this study does not provide infor-
mation on more specific apects of fbrosis triggers and
ebstic fibers synithesis.

Conclusion

The elstic fbes are in higher concentration in advanced
stages of Bbrogenesis. Cur quantification method adds
relevant information to liver pathology study in chronic
hepatitis C. Although labor-intensve, this method has the
adhanbge of being mor precise than simple hisopatho-
Jogical evaheation or les complex methods of quantifica-
tion, mainly becawse it concatenates two dimensions of
elistin depaition — the ama wccupied by ehatic fikes and
the density of these Bbers in ssch amas - thus being a
g fit For maee complex experiments and for predidon
medicing. This metod is alo inexpensive and potentially
applicable Lo other abstanees than sbetin.

Due to its mbtionship with wose prognodis and pos-
sibly irmverability of flbrosis, we belisve that elastin may
ply an important ele in undestanding the pathogen-
eiis and the predictability of prognosis in viral cirdhosis
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il ey Sl op b sl sy aysadinesse (BESOAS) bia recesnly de e bed o el doosl sl sysinoss
of develepatental delay, cortheal Wiked | o with cpike geave @aphy, ol apay, bl ook Spe e dealed
Dt 1 B i iy v gt i e il ¢ it all e ool e iyl ot [ UDREE ), et e i g il
bt i adrders sy be Jilfcal and b on Sedaslr jobelhe Tamisg. We fepodl of o 31-yeisekd
female Eally dhgaeed with ALGSDED baed oa g@yoolabos aeccsabied o ISlorm bocdes.
oot anedl Tawgeied pe el i ek, aned latey diagscaad with BEIDAS by whilecme Egossing (WESL
Pt oo | e vt ool vl O bl i Whe sl Dby s R T PO, i v I il e i T
o pecaykingd 15 sderin el MALIN-TOF gy il b e, desedclied sorssal iyl e i
e i R g, e 6l 1 e ooy e o BSOS it hata o, el e dne-Dociieey el o iy Theis o
b Mbeenra v of the il Bry of wieole Sosee Sy sing bn S gt odjEney, asd ke poiential parall of

redyieg oo oo e ¢ e ating nesmln for dageeci of conditons with comspley overlpping pleseyps.

1. Introducton

Bosch-Boonstra Schaaf optic atrophy syndrome (HBSOAS) & an
amtosomal dominant disonder cansed by pathogenic varlants in the
NR2F] gene, which oodes for the mocksar recepior subfmily 2 group F
member 1, alo kmown as chicken ovalbumin upstream prom ot
trarscription Sector | EOLP-TH)L COUP-TH & a member of the steromd-
tiproid hormone superfmily, and though its fonction heas not been
chicidated, it & loown to paricpate in retinolcadd assodaded cdl
i ffienen tiati on durin g embryo gen esis (Pldeens etal , 201 3% Hamison-Uy
et al, 2013} BES0AS & chamederied by daelopmental delay, contical
vismal impadrment with optic atrophy, onomoior dy sfmotion, sefeones,
and bedand oral abnormalites consi sien t with antism spectnom disonder
(Baosch o al_, 3014 Chen ot al, 20016 Kadwar et al | 2017; Park et al
2019 ALGHCDG (previoosly @lled COGHC) 6 an aofoscmal recessive
disorder camsed by biallelc pathogenic variants in the ALGS gene,
which codes for alpha<1 3-gheogliransferase (Imbach et al, 19%F;

Hamefedd et al., 2000) B &5 a defedt of N-ghycosylation {(Chang =t al,
2018}, characierized by disropted glymn assembly in the endopl asmic
reticulom kading to decreased protan glyosylation = reflegted in a
type | patiemn on serom transfarin iscelearofomnsing (IEF) (Chang
et al, 201 8 The man mandfesttions of ALGS&CDG are developmental
dday, hypotord a, setrures, atada, filoe to thrve, hyperinsolinemic
hypoglyemia, protain losing enteropatiy, hepatopathy, aufim spec-
tren disorder, and visual mpadrment (Morava ot al, 2014 Haeupte
and Hermet, 20090

Phenofypicoverlap is a commeon phenomenon in genetic anditions,
leading o bong diagnestic odysseys and misdiagnosts of rare di sonders.
Im the rement years, with the widespread mee of whol eexome sequen-
cing (WES) for diagnosis in the dindml prachice, previoosly s ohed
rades have bemn resolved, with a high proportion of onexpedted diag-
nises keading to changes in dindcal management (Tan ot al , 2017;
Hignidola = al, 30141 In dhis artide, we report on a case in whddh a
diagnosis made hased on phenotype-direcied metabolic and gene pane]
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testing wan later changed following WES.
2. Climical deatres

A Jlpearald Caocasian femals presmied at infancy with hypo-
torda, developmental delay, hyperinsolindem withoot hypogl premia,
and history of proen-osing enferopathy comfirmed by laboratory
testing of stonl samples. She was bom at foll term by repeat ce<anean
sention afier an wmeventful pregrancy. Birth wedghtwas approd mately
200 g At birth, poor lstching and sodong and genemalived hypotonia
were nofed Dnring dhe first thinee years of lfe, she presented fo the
emergency rooam on more than 30 documenied oocasions with febirile
episodes and dehydration, occasionally with myocloms and general
tred seimnres concomitantly. She displayed marked global develop-
mantal delay, with mdependent walldng at age 3 due o ataxis and
hypotoma, speaddng in sendences ot age 4, and toila tradning at age 7.
Alfhongh the ataxia and the hypotonda Improved gradoaly doring
childhood, vima acuty steadily daclined, and she was comsddersd
legally blind by age 10. There was sohjective improvement @ her
mymptoms with lowfat and lowprotein diet with amitne sppls
manttion. Sarom franskemn boelectrofoonsing was sggestve of a
congerdtal disorder of glyosy laton (type | pattern), and frgeted g=
netic iesting by dired seqoenang of PAIM, MPL, and A LGS identified a
homozygous missense NMO133393:2390T = & piTyrl31Hsk
=35 399149 ) variant in A LGS

raring adal escence she developed aggressve behavdor, depression,
and hallocinations. Pobery was mildly delayed (fhiddandhe at 13 pears,
mananche at 15 years), as described dsewhere (Mller ot 2l 2011 ) She
mmderwent multiple dendal procedures doe o dental abecesses cansing
farial cellulitis, developing mnilateral deep venows thrombosis afier
general anesthesia; and endometrial ablation for control of menaor
rhagia, with recomence of regolar menses afterward Complete blood
comis showed miermittent mild anemia At fhe age of 25, she davel-
opead episodes of ahd oo nal pain, and an abdom na] orasoond showed
multiple gallsiones withom gallhladder wall thickening or peagstic
flmd, with resolotion of syomioms affer dhaleoy sieciomy. On s
pathalogical exammation of the gallbladder, = 75 mixed siomes and
chal esteralosis of the galThladder wall were identified. Bradn MHA] af age
2 showed atrophicoptic nerves, chizem, and traas; atrophic splenfom
of the e callosem; and a complex pitoitary cyst Coagulation,
plaielet aggregation, and fibrinolysis stodies, mchding prothrombin
time, aoiivated partia] thnombopl astin time, Goior B activity, fadtor 23
acifvity, and antithromb in- 01 activity, were normal. Liver fonabon esis
were normal except doring acwte chal = ithisss episodes, with normal-
tration after cholecystartomy. Transthoracic edhocar dingram and bone
mineral density scan were normal

n physical exam, biladeral enophthalmos was noted with mild
malar hypoplasia, bilsteral mverted ni pples, bilsteral fifth finger din-
odactyly, bilsteral pes planns, genealized hypotonda with mildly de-
creased strength in all foor exiremities, and brisk deep fendon reflewes.
Mo other abmnormalit es were noted on the physical exam.

Al age 30, affimdty chromatography-mass specirometry carbolny-
dratedeficient transferrin and apolpoprotein- S0l (* Apo-COF) stody
was nomal with iransferin monoaligo/di-aligo rato of 0,03 (e
farence = 0LOG), a«0ligo/dialigo rato of 0,002 (reference <= 0.011),
trisialo/d-olign rato of 04 Fefermee = 0.05) Apo-Q0-17
Apo={Jll-2 matio of 173 (reference = 291, and Apo-QQ0-0f
Apo={111-2 ratio of 022 (reference = 0L45) A followamp peneti c testing
through Imdtee Gendbics laboradory (San Frandson, CA, USA) was
negative for pathogendc, possibly pathogenic, or unknown signifianoe
varian® i the ALGS gene as the pTyT1 31His) has been recleedfied as
a bemign variant after the 2015 Amenican Caollege of Mediml Genatics
and Genomics variant intapreftion consmnss (Richards et al., 2015)
and the 2017 Imdtee Sherloc al gorithm (Nykamp ot al, 2017), as wel
as the recent finding of this varant in homozygous stade ina oohort of
healthy centenanians (Freodmberg-Hua ot al, 2014) and of i high

Burmpras Jewernal off Medicol (esesic 55 {2000) MO

freqoency in a healthy Croadian popo lation (Gorets ot al, 301 2) Given
the evohing clinical featnnes of the patient and the redass fimtion of
her previons “dissasecansing”™ varant as benign, WES was periommed
and a @ heterorygoos de movn pathogendc varant
NM_0056 54 S{MEZF 1 oc 3194 = & pullys 107 Gho ) was foond .

3. Methods
3.1 Call oubinre

Patient filtwob lasts had previoosly been ool aied friom o sldn b opsy
performed at age 9 years and frozen in DME0 on ligoid nitrogen
Patient and commend al s obtadned conral fitwoblas s (Corel] nstitoe,
Camden, N1, USA) were coliored i Mirdmim Essential Media (MEM;
Giboo Carkshad, CA, USA) suppl emented with 10% Fetal Bovine Samm
(FRE; Gibon ) at 37 5, 5% 002 and 5% 0L

32 Wesen bt

Calls were harvested o 90 confloenee by scraqing with 5 mL e
cold phiosphate- boffered saline (PBE) (for 1CAM-1) ar by tryqei nization
with IL05% TrypsinEOTA (Giboo)l. Cdk were solobilized & domomld
RIPA Buoffer (Sigma, St Lonis, MO, UEA) and cenirifoged for 10 min at
10,000 rpm. Proteln concenfration was determined wsing the Pleree
BCA Kit (ThermoF isher, Waltham, MA, UEAL Lysafes wers incubabed
for 30 min at 70 *C i 1X NoPAGE™ Sample Buoffer (MNowver, Carkohad,
A, LEA) contaimng 1 X NoPAGE™ Sample Redocing Agent {Invitrogen,
Carkhad, CA, LEA )L SDE-PAGE was performed n 10% Movex™ Bis-Trs
geb osing NoPAGE™ MOPE SDE mmming boffer (Novex) at 200V for
&0 min. Protedns were transfarred to 0 45m niftrooee] ol s membranes
{Bio-Rad bhorator=, Gemany) in NoPAGE™ Transfer Buoffer {Mowve)
at 35V for 180 min an ice. Membranss were blocked I SEA Blodk
blocking buoffer (Thermo Sdentific, Rodecford, 0., USAL Membranes
wers ncubated I primary antibody (ICAM-1 moosse monockna anti-
body, Santa Onr Botechnology, 1500 LAMP2 mouse maonocdonal
antibady, HeBS dome, Imdirogen, 1-1000; ACTE rabbit maonodonal
antibody, ABclonal, 1:10,000) dikted in SEA Block overmight at 4 °C,
then washed & = 10 min at room temperatore (RT) @ PES with 0L1%
Tween-20 (Fisher Bioresgents, Fadr Lasem, M1, LEAL Memhranes were
incobated in seondary antibody (donkey anti-mouse onoss-ad sorbed
secondary amtibody, Dyldght 800 conjogate; donlkey antirabbit oo ss-
adsorbed secondary antibody, Dylight 880 confogates; Inviirogen) di-
lnmted 12500 im SEA Block for 1 hat 4 °C, then washed & = 10 mimat AT
with 0.1% Tween-20 in PHS, followed by a final wash with PBS. Blois
were vismalired nsing an Odyssey Fo imager (li<Cor Bios dences,
Lincaln, NE, LISA)L

3.3 Reol dme quonhistve polymerace chain mackio

HMA was olated from fibrohlesks weing the ANeasy Flos Mmi-Kit
((Magen GmbH, Hilden, Germany] cDNA was synthesized using the
SuperSonipt 10 First-Strand  Synthesis System (Imvitrogen) osing the
fall orwing primers {Imegrated DN A& Tedhnologies, Corahville, 1A, USAK
ALGH forward 5-GGACTAACAGTACGATEEACAGTGE", ALGS reverss
SAGAAGETCAGAGACACTGGEAS", ICAM T forward 5.GGEOCTCAGTE
AGTGTGASY, ICAM-T reverss 5-AADODCATTCAGOSTEA-3, and the
houseleeping genes 185 (orward 5GTAAMOIDG TIGAADOCATTS,
reverse SUOCATOCAATOGGTAGTAGOG -3, GAPDH forward 5°G0CA
AAAGGETCATCATETE-F, reverse  SLGGEICATOCACAGTCTICTR3,
and ACTH (Fforward SCATGTACGTTGOTATOCAGEES, reverss
S5UCPETTAATG TCACGCAGAT-3Y in a reversedrarscriptase paly-
menxse chain reaction (HT-PCR) with the following cpdes 65 C for
5 mim, 25 °C for 10 min, 50 °C for 50 sy 85 °C for 5 min. Real-time
guantitative polymease chan reaction (HT-gPCH) was performed in
10l readbions conkimng 1X SYBR Green master mix {Applied
Biosysiems, Warmingion, UK]), 1 pl sach forward and reverse primers,
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and 1 pl ciMA templade, on dhe LightCpder 4580 11 (Hoche Maolsonlar
Systems, Rotloemr, Switzerlnd) using the following cond fhons: pre
monhation at 95 'C for 5 ming 45 avcles of ampl ficabon at 95 °C for
10 &, &0 C far 10 &, 72 *C for 10 & melting corve at 95 *C for 5 sand
85 *C for 1 min; and oo ling at 40 °C for 30 =

3.4 Glyeomics by matrizvasssted laser desorptiondonimation
timee oo flight (MALIN-TOF) analysis in plasma.

MALDL-TOF was parformed as praviowsly described {Baladod shnan
etal , 2019). Bridfly, senmm was dilnied with wader in a 96-well plaie
and heated briefly in a thermal opder. The serom solution is incobated
with PHGase in sodiom. phos phate boffer io seleaively release proten-
bomund Nglymns. The rdesed Noghrans are caphored and porified omn
graphitized carbon carridges. Sohvent is removed mnder a headed flow
on mitrogen and the MNoghean residoe & reconstibobed with DME0,
water, and iodomeathane. This solotion 15 tien applied to & 9wl plae
containing sodom bydroxids beads The slory is sonicated at BT fo
permathylaie the Nglyans Following quendhiing with add the reas
tion solotion & purifised by solid sopported Hgod ewtraction (SLE)L
Exiracts are then further purified nsing reverse phase solid phase ex
traction (SPEL Eubon solvent & evaporaied under heated nitrogen, the
residue reconstitabed, and then spotted onto a MALDL plae. MALDI
matrix i5spotied directly onin the sample and allowed o dry at amibdent
conditiors. The MALD] spots are then recrysiallized in athanal, yielding
a homogenons MALD] sample. The samples are amalyzed mwing the
MALDN TOF-TOF operated in MS reflector mode aoross fierangeofms
00 to 2000 with a lser polee rate of 200 He, collecting 2000 shots per

spectmm.

4. Hesulis

41, Bonjrmsts gl

The MHZFT gene i ininlerant to missense and loss-of funcbion var-
iant hased on consiminmt memos W gnomAD (hibpc/gnomad.
lberyad] fres it gl (Karcrewsld ot al, 20719 The variant is not ne-
poried I general popuolabion dathases soch a5 gnomAD, nor in the
clinical datshasss ClinVar (hitpes/wwnwondhl nlmonih govclimears)
{landrum = al, 2014) and Human Gene Muotaticon Database (HEMD)
(hitpes Swww hgmdef acnks/). & se prediction dook  MLCAP
(Jagadessh et a_, 2016) and REVE. {loammidis et al , 3076 )desmed the
variant deleterions. The aming aod position i highly aonserved among
paralogs and arthologoes and Hes within the DNA-binding domain, a
region soored intol erant to variations by subRVIS (Gussow ot al, 201 6L

This variant was reported as pathogmic by the clindm] laboratory fol-
lowing the ACMG 2015 gudelines (Richards et al., 2015)

42 Wenem Bl and RTgFCR

Western Blat {WE) showed a profoundly decressed abundance of
matore VEAM-1 protein relative io control filroblass (Fig. 1AL How-
ever, no differences in LAMF2 abundance or migration were deteated
compared io contral fibroblasts. RT-gPCH for JCAM-]1 showed a de-
cresse in mANA abundance that mimoned the demeased KAM-1 found
by WB{Fig. 1B], suggesting that the decreased IGAM1 expression is doe
o derreased gene expression, nsiead of deoreased protein transladons
matraton A similar phenomenon has been observed in other CDG
{Hadenkowvic o al, 3019 No differences in LAMP? or ALGS gene ex
pression were detertad compared to contrals.

#3. MALDETOF muzcs speciromaaTy

In the serom sample, N-ghyean, ransiemin, and apoli poprotedn G0

isnform amalyses by MALDITOF mass specrometry were essentially
normal

Furspean Jowmal of Medicod Gesstier 55020200 2031

Fig L A - Weses Hotdsy of ICAM-1 by bu-acks (ACTE) as & boad
cemtmd (prone i boad 20 ], sl o S e o o bassaiae: of s nere JOARE-
1 i e patents calieed Mool cesparal o ol This Moglyaxy kel
Sy Sader e de d e Bk & 1 CIal e, bevvwewes
devnaised I CAMI proteis oipresion cm ol be ba anlry o dar sanad KAM
e aEesies i oapase glyccaplates defeosm B - Ressln foss RT-gPCR
sy o wdeind Naceripd abeslasee of IDAMID i e patents I bnebdos
afier soosalie i Do ke bomdiaspiey wasewipn (ANA1SE CAPDH,
ACTH) i e il bl Mbaobibians ¢ omtpuised 1o bailiby comtsd Mbaoblaam Thi
il Melieg ha b abews 0 gl crylaies Safats and sogpan Sl
e e gahe o Eprenion ke enderlpiag cmmee of OAMD pronss o pal o
C - Weness blonisg of LAMPY misg ACTH b & buad contmd (poolcn kad
20 pal deowisg o dpsdices dfesss B pheosyload LAMPY pross
abatli sy beTwesh palien asd coamel This Nl dos Sl Sappod a @y-
corylibeg dafea

5. Discussion

Hers we desoribe an individual with BESOAS imtially dHagnosed
with ALGHCIG. The clindcal presentation and biocherdmd abnormal-
itles {abmormal CIXG screening by capillary electrophoness, and type |
TIEF pattemn in serom) were in line with the sospected disgnosis of
ALGECDG The detection of homorygons varants, which were pre-
viously suggested io affect ghy aosylation and lead o mild dysfunddon i
a cell mode] system (Milker =t al, 2011) forther supported the dag-
nosis. Mormalizadion of the fansfern ghooplation in edol & with GG
is common and did not soggest a misdiagnosis par se. However, magor
behavioral changes at the adol age lead to a recvaladion of the pri-
mary diagnosis.

This complex phenofype while common @ young individoals with
CDG, inclodes saveral uniqoe feghores indoding proten kosing enteno-
pathy, which is mndesanbed in BESOAS, and atawa, which has been
pravicely describad inonly ane patiant with BESOAS (Al-Kaieh ot 2l
2013 Althoogh it 45 possble that some of thess featomes could be ex-
plained by other concomitant discrders, we believe that the mreful
evalation of whaole-=some segquencing data in this patient makes a
second diagnosis less Heely, and that these mandfestations further ex-
tend the BESOAS phenotype.

In this reported case, a number of featmres common o both dis-
arders can be observed, nduoding febrile sefrures (Hino- Fokoyo o al,
2017 ; Al-Owadn etal , 2010}, visual loss and optic atrophy (Boech ot al,
2014; Al-Kateh of al, 201%; Kahook ot al, 2006), bypoioma, fdkre to
thrive, devdopmental delay and miellectual dissbility (Bosch o al,
2014; Al-Eabsh ot al, 301% Morava =t al |, 2014; Park ot al | 2079)
Maotahly, one of the most commen ly pafarmead screening tests for 00,
serom transferrin [EF, can o ffer false positives mnder centadn onndi tons
(Frandsm ot d., 201% Lefeher ot al., 201 1L 'We believe hat some of
the reasons for the indtial misdisgnosis wene mnspecific phenotypes,
phenotypi c overlap betwesn both syndromes, the hmited avadlability of
Fenatic testing when the patent was first avaluated, and the lade of
easily accessible population databases io chede for vanant frequency.

In disorders withoot a highly compelling clinical pichore, targeted
genatic iesting can become a potential pifall in a dagnostic odyssey.
Alhoogh evidence-hased criteria for varant arabon have deoreassd
the faleeqositive rate of molemlar genetic disgnosts (Mirshahd =t al,
2019}, the finding of & variant that awmld explan e climcal findings
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when analyzing alimited momber of genes still doss not mole oot amone
fitting variant present in non-analyzed genes.

The o 31T > C ALGH vanant has previously besn reported 0 pa-
thents disgnosed with ALGHCDG (Westphal ot al 23000, 2003), sog-
pesting that additona] patients may have been misdiagnoeed hased on
the presence of this vaniant Quoestions regard ing the tmoe pathogencity
of this variant have already been rajsed hased both on dindal pctores
that did not pracisely match the ampected ALGEHCDG phenotype and its
high population frequency (Westphal ot al, 200%; Goreta =t al , 2012
However until now no fonctional evalnation had confimed the be-
migrity of the variant Bamed on Westiern blot, RT-qPCH, mass spectro-
mary of gheoylted transiemin and MALDETOF we proved that the
NM 133393 c391T = & pdTyrl 31 Hs) varant I ALGS doss not
alter the expression of the proiin or induee any defintte gheosylabon
abmormality. Even though KCAM-1 expression is decreased in several
GG types, and deoreased 1EAM-1 gene expression has been observed in
GG {Hadenkodic ot al, 2019), we onclodsd dhat withoot any add-
tional gheosylation dianges I plasma or mbored fibroblass o tis
patient, the kower expression of ICAM-1 & a non-spedfic finding. Ta-
gether with the populational evidence avadlable, we condode that thers
s ompelling addence for fis dassificabon as benign. These findings
radse the concam for reinfhating the dagnostic affarts for other patients
previomsly disgnosed with ALGEIG hased on this variant

We beliave that the patient's phenotype can be folly splaned by
the novel de movo patho ganic variant found in the NR2FT gene and that

profein-dosing enteropathy and tramsient ataxia shoold be proposed as
additiomal phenotypes associated with BESOAS.
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