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RESUMO

Introducdo: a doenga hepatica gordurosa ndo alcodlica (DHGNA) afeta 25,24% da
populagdao mundial. A obesidade ¢ o principal fator de risco. A perda de peso expressiva através
de cirurgia bariatrica pode melhorar ou reverter a esteatose, inflamacao e fibrose hepatica. Em
processos fibrogénicos ha aumento do depodsito de fibras elasticas na matriz extracelular. O
aumento da elastina tem sido associado a pior prognéstico entre portadores de hepatopatia
cronica. Nao sabemos se o grau de fibrose hepatica esta diretamente relacionado a densidade
de fibras elasticas. Também nao hé estudo prévio avaliando se ha redugdo na quantificacdo
dessas fibras durante o processo de reversao de DHGNA. Objetivos: quantificar fibras elasticas
em diferentes graus de fibrose hepatica; avaliar densidade de fibras elasticas em biopsia
hepatica de pacientes obesos com DHGNA e comparar com um ano de pds-operatorio de
cirurgia bariatrica. Métodos: realizados dois estudos, o primeiro transversal, compreendendo
individuos portadores de virus C, apresentando diferentes graus de fibrose hepatica em bidpsias
efetuadas entre 2011-2017; o segundo, corte retrospectiva de individuos portadores de DHGNA
submetidos a cirurgia baridtrica entre marco de 2016 e junho de 2017. Ambos grupos
provenientes de nossa instituigdo (Hospital de Clinicas de Porto Alegre). Os fragmentos
hepaticos foram analisados histologicamente através das coloracdes hematoxilina-eosina e
picrosirius para avaliagcdo histoldgica de Metavir e Brunt, € com orceina, para andlise digital
morfométrica através do ImageJ®, para avaliar fibras elasticas. A quantificagdo foi realizada
por densidade integrada corrigida. Resultados: vinte e sete pacientes com virus C foram
avaliados. A densidade de fibras clasticas foi maior em fibrose avangada e houve correlagcao
positiva com escore de Metavir (Spearman r=0,609, p<0,001). Trinta e sete pacientes
submetidos a cirurgia bariatrica foram inclusos no segundo estudo. Indice de massa corporal,

marcadores metabodlicos, escore NAS e fibrose melhoraram significativamente apos um ano do
1



procedimento. A densidade de fibras elasticas reduziu significativamente: 239,3x103
absorbancia-micrometro? (141,08 — 645,32) para 74,62 x10° absorbancia-micrémetro® (57,42 —
145,17), p=0.007. Conclusdes: a deposicao de elastina acompanha a progressdo da fibrose e

reverte em obesos portadores de DHGNA submetidos a cirurgia bariatrica.

Palavras-chave: fibras elésticas; doenca hepatica gordurosa ndo alcoolica; obesidade; hepatite

C; fibrose hepatica.



ABSTRACT

Introduction: nonalcoholic fatty liver disease (NAFLD) affects 25,24% of worldwide
population. Obesity is the biggest risk factor. Weight loss through bariatric surgery can improve
or even reverse steatosis, inflammation and liver fibrosis. During fibrogenic processes, there is
increase of elastic fibers deposition in extracellular matrix. The elastin increase has been
associated to worse prognosis among chronic hepatopathy patients. It is not known if fibrosis
stage is associated to elastic fibers density. Also, there is no previous study that evaluates if
there is reduction of these fibers’ quantification in reversal of NAFLD. Aims: to quantify elastic
fibers in different stages of fibrosis; to evaluate elastic fibers density in liver biopsy of obesity
patients with NAFLD and to compare with one-year later biopsy. Methods: two studies were
conducted. The first transversal, comprising hepatitis C patients with different stages of fibrosis
whose liver biopsies were effectuated between 2011-2017. The second, a retrospective cohort
of individuals submitted to bariatric surgery between March 2016 and June 2017. Both groups
of patients were from our institution (Hospital de Clinicas de Porto Alegre). Liver samples were
assessed with hematoxylin-eosin and Sirius red to Metavir and Brunt’s classification, and with
orcein to digital morphometric analysis with ImageJ® to evaluate elastic fibers. Quantification
was accomplished by corrected integrated density. Results: twenty-seven patients hepatitis C
patients were evaluated. Elastic fibers density was higher in advanced fibrosis patients and there
was positive correlation with Metavir score (Spearman r=0,609, p<0,001). In the second study,
thirty-seven bariatric patients were included. Body mass indexed, metabolic markers, NAFLD
activity score and fibrosis improved after one year of the procedure. The elastic fibers density
showed significant decrease: 239.3x10* absorbance-micrometer? (141.08 — 645.32) to 74.62

x10? absorbance-micrometer® (57.42 — 145.17), p=0.007. Conclusions: the elastin deposition



accompanies the fibrosis progression and reverse among NAFLD obese patients submitted to

bariatric surgery.

Keywords: elastic fibers; nonalcoholic fatty liver disease; obesity; hepatitis C; liver fibrosis.
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INTRODUCAO

A doenca hepatica gordurosa nao alcoolica (DHGNA) ¢ uma hepatopatia frequente e
com aumento de incidéncia nos ultimos anos. A possibilidade de evolugdo para cirrose e

carcinoma hepatocelular tem gerado intensa busca por conhecimento sobre sua fisiopatologia.

Os processos hepaticos inflamatérios e fibroticos levam a produgdo e deposito de
elastina, que ¢ um marcador de irreversibilidade e mau prognostico. No entanto, esta proteina
tem sido negligenciada em pesquisa sobre o tema e, consequentemente, na pratica clinica. Este
estudo busca quantificar fibras elasticas no figado em portadores de DHGNA, além de analisar

a evolugdo em pacientes que a trataram: obesos submetidos a cirurgia bariatrica.



REVISAO BIBLIOGRAFICA

1 DOENCA HEPATICA GORDUROSA NAO ALCOOLICA

Denomina-se doenga hepéatica gordurosa nao alcodlica (DHGNA, ou NAFLD, do inglés

nonalcoholic fatty liver disease) a patologia relacionada ao acumulo de lipidio intra-

hepatocitario, ndo relacionado ao uso de alcool, em mais de 5% dos hepatodcitos. O espectro

inclui: esteatose; esteato-hepatite ndo alcoodlica (EHNA, ou NASH, do inglés "nonalcoholic

steatohepatitis"), fibrose hepatica com cirrose(1). Alguns termos sdo fundamentais para a

discussdo do tema, descritos na tabela a seguir baseada em guideline da AASLD(2).

Tabela 1. DHGNA e Termos Correlatos

DHGNA: compreende todo espectro de individuos sem consumo de alcool significativo, desde esteatose a
cirrose.

Esteatose: presenca de >5% de hepatocitos com esteatose, sem evidéncia de injuria celular na forma de
balonizagdo de hepatdcitos ou fibrose.

Esteato-hepatite: presenca de >5% de hepatdcitos com esteatose, com inflamagao e evidéncia de injuria celular
na forma de balonizagio de hepatdcitos ou fibrose.

Cirrose por esteato-hepatite: cirrose com evidéncia atual ou biopsia prévia evidenciando esteatose ou esteato-
hepatite.

Escore NAS: escore composto por esteatose (0-3), inflamacdo lobular (0-3), balonizagdo (0-2) e fibrose
(0,1a,1b,1c,2,3) indicado para acompanhamento de individuos com DHGNA

Escore SAF escore de quantificagdo de esteatose (0-3), atividade (0-2), fibrose (0-4).

Classificagdo de Kleiner e Brunt: avaliagdo histopatologica com vistas ao diagndstico e estadiamento da

DHGNA.
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O diagnostico da DHGNA requer a exclusdo das causas secundarias de esteatose
hepatica como nutrigdo parenteral, hepatite C gendtipo 3, toxinas, apolipoproteinemia,
medicagdes (mais comuns amiodarona, corticoide, tamoxifeno, metotrexate, acido valproico e
anti-retrovirais) e erros inatos do metabolismo. Além disso deve haver um consumo didrio de

alcool <30 g para o sexo masculino e <20 g para o sexo feminino(3).

1.1 EPIDEMIOLOGIA E ASPECTOS CLINICOS

A DHGNA ¢ uma importante causa de doenga hepatica cronica incluindo cirrose; a
prevaléncia global em uma meta-andlise recente ¢ de 25,24% (95% IC: 22.10-28.65)(4). Sua
fisiopatologia esta estreitamente ligada a sindrome metaboélica; 51,34% dos portadores de
DHGNA s3o obesos; 22,5% diabéticos e 69,1% dislipidémicos(4). A prevaléncia tem

aumentado, acompanhando o crescimento da obesidade(5). No Brasil, quase 20% da populacao

¢ obesa(6).
19,6
12,1 . - S ——
P 155 18,1
11,4

Masculino ==Feminino
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* IMC = 30kg/m?2 cosefls NSRS ﬂ&t\.

Figura 1. A epidemia de obesidade no Brasil. Fonte: Vigitel, Ministério da Saude.

O screening de esteatose ¢ realizado através de exames de imagem como ecografia e
ressonancia. O diagnostico definitivo, em especial no caso de esteato-hepatite, € histologico(7).

Cerca de 20% dos individuos com esteatose desenvolvem NASH, e destes 15-20% irao evoluir
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para fibrose, o que aumenta progressivamente o risco de cirrose e carcinoma hepatocelular(8),

em especial entre diabéticos, conforme as figuras 2 e 3. Nos Estados Unidos ja ¢ a segunda

causa de transplante hepatico entre casos de carcinoma hepatocelular(9). Descobriu-se que

muitos individuos que eram considerados portadores de cirrose criptogénica teriam em

realidade apresentado DHGNA nao documentada como etiologia(10).

Pacientes nao Diabéticos

DHGNA (cerca de 25% da populacdo dos EUA)

10-20%
v
NASH
0,
0.27% —
|
\ I v
g 12.9%
e CIRROSE —
2.6%
v
> »  CHC
13.7%
v

TRANSPLANTE HEPATICO

Figura 2. Histdria natural da DHGNA em individuos ndo diabéticos. Adaptado de Younossi, 2018(11).

MORTALIDADE =

42.7%

21%
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Pacientes Diabéticos

DHGNA (cerca de 38% da populacdo com DHGNA tem DM)

NASH

45% 20-25% MORTALIDADE «

e

| v | 2s% | 4
|157% CIRROSE —

2.6% 42%
85%

> »  CHC

13.7%

v
TRANSPLANTE HEPATICO

Figura 3. Historia natural da DHGNA em individuos diabéticos. Adaptado de Younossi, 2018(11).

Pelo risco de mau progndstico em uma doenga tao prevalente, ha uma mobilizacao para
melhor conhecimento e manejo clinico dos portadores. A EASL (European Association for the
Study of The Liver) recomenda screening em pacientes com fatores de risco (sindrome
metabolica e diabetes) através de exames de imagem e laboratoriais — provas de funcgao
hepatica(1). Se houver altera¢des, devem ser excluidas patologias hepaticas associadas e
procedida a avaliagdo de fibrose hepatica, podendo ser inicialmente por métodos nao invasivos.

A biopsia hepdtica ¢ reservada para casos graves e em especial de duvida diagndstica.
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Tabela 2. Protocolo para uma avaliacdo abrangente dos doentes com suspeita de DHGNA

Consumo de alcool: <20 g/dia (mulheres), <30 g/dia (homens)

Antecedentes pessoais e familiares de diabetes, hipertensdo e DCV

IMC, circunferéncia abdominal, alteragdes no peso corporal

Infecdo pelo virus da hepatite B/hepatite C

Historia de farmacos associados a esteatose

Enzimas hepaticas - aspartato e alanina transaminases, gama-glutamil transpeptidase
Glicemia em jejum, HbAlc, PTGO - insulina em jejum, HOMA

Hemograma

Niveis séricos colesterol total e HDL, triglicérides, acido urico

Ecografia (se existir suspeita por aumento das enzimas hepaticas)

Observagao, em casos selecionados:

1. Ferritina e saturagdo de transferrina

2. Testes para a sindrome do ovario policistico, doenga celiaca e tireoideia

3. Testes para doengas hepaticas raras (Wilson, doenga autoimune, deficiéncia de alfa-1

antitripsina)
Adaptado de Normas de Orientagdo Clinica, EASL(1). DCV: doenc¢a cardiovascular; IMC: indice de massa
corporal; HbAlc: hemoglobina glicosilada; PTGO: prova de tolerancia a glicose oral; HOMA: homeostase,

modelo de avaliagao.

1.1.1 ESTADIAMENTO DA DHGNA

Além de avaliar a funcdo hepatica, deve ser verificado se o individuo ja desenvolveu
fibrose. Existem métodos ndo invasivos (imagem e escores) € invasivos (para casos graves ou

de duvida diagnostica procede-se biopsia e histopatologia).
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O NASH fibrosis score baseia-se em 6 variaveis prontamente disponiveis (idade, IMC,
glicemia, contagem de plaquetas, albumina, relagdo AST:ALT). Aplicando-se o cuttoff -1.455,
fibrose avancada (em ponte ou cirrose) pode ser excluida com alta acuracia (valor preditivo

negativo de 88%)(12).

O indice FIB-4 ¢ um algoritmo baseado em dados clinicos: plaquetas, idade, AST e
ALT. Oferece valores de corte duplos (os pacientes com escore <1.45 sdo improvaveis com
valor preditivo negativo de mais de 90%, enquanto pacientes com escore >3,25 provavelmente

apresentam fibrose avancada)(2, 13).

O fibroscan ¢ um método ndo invasivo para caracterizar fibrose, porém nos obesos
morbidos a ressonancia magnética com elastografia tem melhor acurécia, sendo o método de

escolha(14).

1.1.2 TRATAMENTO

A primeira linha de tratamento para melhora do dano em DHGNA ¢ a perda de peso.

No entanto, estudos ja demonstram beneficio de alguns farmacos:

- pioglitazona: ensaio clinico randomizado com evidéncia de melhora no escore NAS de

inflamacao sem resposta em fibrose(15), no entanto indicacdo de subgrupo diabéticos;

- antioxidante vitamina E: em ensaio clinico classico evidenciou diminui¢ao no escore NAS,

porém sem resposta em fibrose e com necessidade de dose elevada a longo prazo(16);

- acido obeticolico: agonista do receptor nuclear famesoide X, envolvido no metabolismo
glicidico. Previamente ja aprovado para colangite esclerosante priméria com contraindicagao

ou sem resposta ao acido ursodesoxicolico. O FLINT trial em 72 semanas demonstrou
15



resolugdo do NASH (22% e 13% placebo) e melhora da fibrose (35% e 19% placebo), tendo

como possiveis paraefeitos discreta piora do perfil lipidico e prurido(17);

- elafibranor: age no receptor ativado de peroxissomos do metabolismo lipidico, o PPAR.
evidenciou melhora em apenas alguns parametros histolégicos do NASH, sem beneficio na

fibrose, a ser melhor esclarecido em novos ensaios clinicos(18).

- cenicriviroc: um antifibrotico que atua a nivel de célula estrelada, em um ano resolugao do

NASH (8% e 6% placebo) e melhora da fibrose (20% e 10% placebo)(19).

- selonzertib: apds 24 semanas, melhora da fibrose em até 43% dos pacientes(20);

- liraglutida: apos 48 semanas, este analogo do GLP1 (peptideo andlogo ao glucagon) aumenta
sensibilidade a insulina e perda de peso, evidenciou resolu¢do de NASH em 39% dos individuos

tratados em comparacao com placebo de 9%(21).

A EASL recomenda como alicerce tratamento das comorbidades, mudancga no estilo de
vida e perda de peso — ao menos 7%(1). A perda sustentada de 10% ¢ capaz de regredir algum
grau de fibrose em até 45% dos individuos(22). Em estudo com obesos morbidos submetidos a
bariatrica, 85% dos individuos obtiveram resolu¢do de NASH apos 1 ano, e entre os casos com
fibrose mais de um ter¢o obtiveram melhora. Esta resposta ¢ maior que qualquer fArmaco até

hoje estudado(23).

No mundo ocidental, apenas 17% dos casos de DHGNA ocorrem em individuos com
indice de massa corporal (IMC) normal. Cerca de metade dos pacientes sdo obesos no
diagnostico (IMC acima de 30 kg/m?)(24). Nestes casos apenas modificagdes na dieta e
exercicio podem nao ser suficientes para emagrecimento significativo. Como vimos, a cirurgia
bariatrica € o tratamento de melhor resposta nestes individuos, trouxe importante avango na

perda de peso. Indica-se o procedimento quando o IMC esta acima de 40 kg/m? ou entre 35-40

16



kg/m? com comorbidades associadas(25). Os pacientes atingem uma média de perda de até 70%

do excesso de peso corporal(26).

A cirurgia bariatrica pode ser restritiva, com reducdo da capacidade volumétrica gastrica
(exemplo banda géstrica, gastrectomia vertical ou Sleeve e gastrectomia vertical com ou sem
banda) ou disabsortiva, com reducdo da area de absorcao intestinal (derivagdo biliopancreatica
com gastrectomia horizontal ou Scopinaro e deriva¢do biliopancredtica com gastrectomia
vertical e preservagdo pildrica ou switch duodenal). Ainda existe a técnica mista, ou
predominantemente restritiva, com derivagao gastrica (gastroplastia) com derivagdo jejunal em

Y de Roux, com ou sem anel de contenc¢do gastrica(27, 28), figura 4.

Gastric —=
pouch

| Subcutansous
N port

Gaztric

Pancreas

Jejuno—jejunal
anastomosis

Alimentary
limb

T — lleal_ilaatl

anastomosis

Figura 4. Procedimentos de cirurgia bariatrica mais comuns: a. gastroplastia redutora com bypass em Y de Roux;
b. banda gastrica; c. gastrectomia vertical ou Sleeve; d. gastrectomia vertical com derivagdo biliopancreatica ou

switch duodenal. Adaptado de Nguyen, 2017.
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Os portadores de DHGNA apresentam importante melhora e até resolu¢do do dano
hepatico apos a cirurgia bariatrica. Recente meta-analise reportou resolugdo de esteatose em
66% dos casos (IC 95%, 56%—75%), esteato-hepatite em 50% (IC 95%, 35%—64%) e fibrose
em 40% dos casos (IC 95%, 29%—-51%)(29). Além disso a intervengdo melhora outros
parametros metabolicos, com remissdo de diabetes em até 60% dos pacientes(30). Por esta

razdo a intervengdo também ¢ denominada cirurgia metabolica(31).

1.2 ETIOLOGIA E FISIOPATOGENIA

A fisiopatogenia da DHGNA ndo estd totalmente esclarecida. Acredita-se que um
importante fator que inicie o processo seja a resisténcia a insulina(32). Nesta situag@o o tecido
adiposo torna-se resistente ao efeito antilipolitico da insulina. Com isto hé lip6lise e aumento
da liberagdo dos acidos graxos(33). Estes sdo transportados e acumulados no figado. A
distribuicdo corporal do excesso de gordura ¢ um outro fator importante, pois com o excesso de
gordura visceral aumenta a fonte de lipidios. A “quebra” da gordura (lipdlise do tecido adiposo)
fornece cerca de 60% dos acidos graxos usados para a sintese de triglicérides hepaticos. Os
acidos graxos nao esterificados proveniente do tecido adiposo sdo transportados através da
corrente sanguinea e absorvidos pelo figado, com deposicdo nos hepatocitos, justificando a
associacdo entre a obesidade e a maior probabilidade de desenvolver esteatose hepatica.
Ademais, quando héa consumo elevado de carboidratos e gorduras ha acimulo de energia sob a

forma de acido graxo hepatocitario(34).

O acido graxo hepatico entra em rota metabdlica com beta-oxidacgdo, para geragao de

energia. Se nao houver capacidade mitocondrial de utilizacdo destas substancias, ocorre
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liberagdo de 4cidos graxos na célula, ativacao de inflamossomos, liberacao de espécies reativas
de oxigénio e stress oxidativo hepatocitario. Entre os fatores que prejudicam a atuagdo
mitocondrial estdo a sobrecarga de lipidios e o supercrescimento bacteriano intestinal. Neste
ultimo ha acimulo e contato de lipopolissacaridios com circulagio porta e estimulo do Toll-like

receptor 4, presente nos hepatocitos e que gera ainda mais resposta inflamatoria(35).

Com a disfun¢@o mitocondrial também héa em paralelo o acimulo de colesterol livre e
ceramidas que ativam as células de Kupffer e estreladas, gerando resposta inflamatoria e

fibrose(36).

Alguns fatores individuais predispdem ao desenvolvimento de DHGNA:

- fatores genéticos: polimorfismos do PNPLA3 (patatin-like phospholipase domain—containing
3) (exemplo [148M) e TM6SF2 (transmembrane 6 superfamily) sdo estreitamente relacionados
a esteatose, inflamagao, fibrose e carcinoma hepatocelular. O PNPLA3 codifica adiponutrina,
uma lipase que regula metabolismo de triglicerideos e retinol intra-hepatocitario(37) e o
TM6SF2 codifica uma proteina que regula o conteudo lipidico hepatocitario(38);

- fatores epigenéticos: modificagdes no DNA com tendéncia a obesidade(39);

- fatores ambientais: microbioma intestinal (eixo intestino-figado), sendo a disbiose associada
ao ganho de peso e os LPS bacterianos com processo fisiopatologico da esteato-hepatite(40);
alteragdes no ciclo sono-vigilia, que modificam vérias rotas metabolicas e identificado como
fator de risco para DHGNA e complicagdes(41, 42); capacidade aerdbica, sendo o sedentarismo

portanto um fator de risco aquém do aciimulo de gordura visceral(43, 44).

1.3 HISTOPATOLOGIA
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1.3.1 HISTOLOGIA HEPATICA

O figado ¢ composto por inumeras unidades basicas chamadas 16bulos hepaticos,
organizados formando uma estrutura similar a um hexagono. Em cada vértice encontramos uma
estrutura chamada trato portal, que ¢ composta por um ramo da veia porta, um ramo da artéria
hepatica e um ramo de um ducto biliar. Estas estruturas se apoiam em um tecido conjuntivo, e

no centro do hexdgono existe uma veia, chamada de veia centro lobular.

Entre o trato portal e a veia centro lobular encontram-se os hepatocitos. Eles sdo
divididos por zonas, de acordo com sua relagdo com o trato portal e a veia centro lobular, os
que estdo em volta do trato portal sdo os hepatdcitos da zona 1, os que estdo em volta da veia

central s3o os da zona 3, e os que ficam no meio sdo os da zona 2(45).

O figado ¢ vulneravel a insultos devido a sua fun¢do de metaboliza¢ao de substancias.

A lesdo hepatica pode gerar os seguintes achados:

- inflamac¢ao ou hepatite: presenca de células inflamatérias especialmente em espago porta,

quando progride e atinge os hepatocitos no lobulo hepatico denomina-se hepatite de interface;

- apoptose: morte de hepatocitos, podendo haver achados de necrose;

- degeneragdo hidrdpica ou balonizagdo: as células possuem um mecanismo de regulacdo da
entrada de agua dentro delas, quando por algum motivo ele fica prejudicado pode haver um

influxo excessivo;

- regeneracdo: ao sofrerem qualquer tipo de agressdao os hepatocitos se regeneram, e podem

assumir alguns padrdes, como o pseudoacinar (imitando uma formagao de glandula);

- esteatose: acumulo de triglicérides e colesterol dentro dos hepatocitos;
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- corpusculos de Mallory: sdo condensagdes grosseiras de proteinas do citoesqueleto da célula,

normalmente sdo vistos em hepatdcitos na zona 3 em agressao ao figado por alcool;

- fibrose: ap6s um insulto o figado comeca a se regenerar, ha deposicdo de matriz extracelular

e uma substitui¢do dos hepatdcitos necrosados por tecido fibrotico(46).

1.3.2 HISTOPATOLOGIA DA DHGNA

A esteatose hepatica € caracterizada microscopicamente pela presenga de triglicerideos
intra-hepatocitarios, formando vesiculas grandes que deslocam o nucleo (esteatose
macrovesicular). Pequenas e multiplas vesiculas (esteatose microvesicular) ¢ menos comum.
Na DHGNA os hepatocitos sofrem balonizagdo por degeneragdo hidropica e apoptose. A
presenca de corpusculos de Mallory, agregados intracitoplasmaticos de filamentos
intermediarios de citoqueratina, ndo ¢ necessaria para o diagndstico da esteato-hepatite, mas
pequenos, escassos € inconspicuos podem estar presentes. Inclusdes eosinofilicas, que
correspondem na microscopia eletronica a megamitocondrias, com perda das cristas e contendo
inclusdes sdo ocasionalmente observadas no citoplasma dos hepatocitos(47).

O processo de hepatite (esteato-hepatite) ¢ a presenca de achados inflamatorios
associados a presenca de gordura, em especial infiltrado polimorfonuclear perilobular em torno
dos hepatocitos alterados(7).

Em estdgios mais avangados da doenga se encontra a fibrose, localizada proximo a veia
centrolobular. E o principal fator prognostico a ser observado(48). O processo de fibrose se
inicia pelo depdsito de matriz extracelular e colageno no espaco perissinusoidal da zona 3. A
fibrose periportal pode surgir em obesos morbidos, € o avango da doenga progride para fibrose

em ponte e nodulos de cirrose(49).
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A avaliacdo histopatoldégica de DHGNA ¢ realizada conforme classificagdo baseada no

estudo de Kleiner e Brunt(50), vide tabela 3. Considerando-se grau de esteatose, balonizacao e

inflamacao lobular temos o escore NAS. Pontuagdo acima de 5 tem alta correlagdo com esteato-

hepatite.

Tabela 3. Classificaciao de Kleiner e Brunt para DHGNA

Grau de Esteatose

Quantificacio aproximada/hepatdcitos

Balonizacio

0

1

2

Inflamacao Lobular
0

1

2

3

Grau de Fibrose
0

la

1b

1c

2

3

4

<5%

5-33%

34-66%

66%
Quantificacao
Nenhuma
Algumas células
Muitas células
Focos de Inflamagdo Lobular
Nenhum
0-2/20X
2-4/20X

>4/20X

Ausente

Fibrose leve, perissinusoidal zona 3
Fibrose moderada, perisinusoidal zona 3
Fibrose portal/periportal

Fibrose perissinusoidal e portal

Fibrose em ponte

Cirrose

Escore NAS 0-8 (grau de esteatose 0-3 + balonizagdo 0-2 + inflamagdo lobular 0-3); >5 NASH provavel; <3

improvavel.
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2 FIBRAS ELASTICAS

O tecido elastico esta presente em diversos tecidos humanos, em especial em locais onde
ha necessidade de maior elasticidade. E composto por duas proteinas, a elastina e a fibrilina,
que compoem fibras elésticas, caracterizadas por serem separadas umas das outras, ndo

constituindo feixes, como ¢ o caso das fibras colagenas(51).

A fibrilina ¢ a proteina que forma as microfibrilas, o “molde” das fibras elasticas, cujo
centro ¢ composto por elastina. Este polimero ¢ derivado do polipeptideo linear

tropoelastina(52): figura 5.

POLIMEROS DE ELASTINA MICROFIBRILA
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Figura 5. Representac@o esquematica de fibra elastica. Polimeros de elastina sdo depositados sucessivamente nas

microfibrilas até a formacgdo de fibra madura.
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As fibras sdo diferentes entre si, qualitativamente. Dessa forma sdo classificadas em trés

tipos de acordo com o nivel da elastogénese:

* Fibras oxitalanicas: sdo as precursoras do processo de elastogénese. Sdo compostas por feixes
de microfibrilas agregadas entre si sem material amorfo de permeio, medindo de 10 a 12nm de
diametro. Sao secretadas por fibroblastos encontrados no meio extracelular e que se dispdem

paralelamente entre si.

* Fibras elauninicas: sdo fibras mais espessas quando comparadas a fibra oxitalanica, ja que

resultam da jun¢do de material elastina amorfa as microfibrilas.

* Fibras elasticas maduras: decorrem do acumulo de elastina no processo de elastogénese,

originando fibras mais espessas(51).

2.1 FIBROSE HEPATICA E FIBRAS ELASTICAS

A matriz extracelular (MEC) forma uma espécie de malha fibrosa em volta das células
teciduais. Fornece uma superficie para adesdo e espaco para crescimento celular e migracao.
Atua como reservatorio para moléculas de sinalizacdo. No tecido hepatico ¢ composta por
quatro classes de compostos: colageno, gligosaminoglicanos, proteinoglicanos e elastina, a

proteina mais estavel da MEC(53).

No tecido hepatico a elastina encontrada em pequenas quantidades em estados
fisiologicos na zona periportal, junto a veia centrobular e subcapsular(54). Possui as trés fases
de desenvolvimento: fibras oxitalanicas compostas de microfibrilas e que conferem resisténcia;

fibras elauninicas compostas por microfibrilas e material amorfo; elastica madura, em que este
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material amorfo acumular e forme um core central, conferindo resisténcia e encontrada

principalmente na parede de vasos sanguineos(55).

Em condigdes patoldgicas as células estreladas hepaticas, localizadas no espago de
Disse, sdo ativadas por citocinas e radicais livres liberados no processo inflamatério. Tais
células se diferenciam e adquirem propriedades semelhantes as do miofibroblasto e iniciam a
produzir maior quantidade de matriz extracelular. Inicialmente predomina o depdsito de
proteoglicanos (fibronectina) e colagenos tipo IIl e IV. Com a progressao da fibrose ha aumento
dos colageno fibrilar (tipo I e IV) e elastina(56). Se ndo houver decomposicao suficiente pelas
metaloproteinases teciduais, os componentes da MEC evoluem para o tecido da cicatriz e

fibrose(57).

De fato, o remodelamento continuo da MEC durante lesdes hepaticas cronicas leva a
um actimulo alterado e excessivo de proteinas extracelulares levando a fibrose, responsavel pela
morbimortalidade associada com insuficiéncia hepatica. A elastina no tecido hepatico normal
corresponde a apenas 7% do volume da matriz extracelular. No entanto estudo evidenciou que
em fibrose avangada por virus C aumenta em 4x sua concentragdo, em comparagao a pequenos

incrementos na quantificacdo do colageno(58).

Em casos de hepatectomia, o figado se regenera com multiplicagdo de hepatdcitos e
aumento de MEC. A quantidade e localizacdo de tecido elastico neste 6rgao regenerado € a
mesma que de um figado normal, ao contrario do que ocorre na injuria histolégica em doencas

cronicas acima descritas(59).

A fibra elastica ¢ um elemento de alta estabilidade, acumulando-se tardiamente no
processo de fibrose, e sendo degrada tardiamente em processos de reversao do quadro(60). Este

trabalho ¢ realizado pelas metaloproteinases, secretadas por células mesenquimais, macréfagos
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e leucdcitos, e que sdo reguladas pelos inibidores teciduais de metaloproteinases ou TIMPs

(61).

2.1.1 HEPATITE C CRONICA

A hepatite C cronica atinge cerca de 71 milhdes de individuos no mundo, sendo a
segunda maior causa de cirrose(62). O virus da hepatite C ¢ um RNA-virus pertencente a
familia Flavivirdae(63). A transmissdo ¢ via parenteral (procedimentos sem correta
desinfecc¢do), uso de drogas injetaveis, transmissdo vertical e sexual (relatos em homens que
realizam sexo com homens)(64). O diagnostico ¢ realizado pela presenca do anticorpo anti-
HCYV por mais de 6 meses com confirmacao por PCR(65). O tratamento ¢ realizado atualmente
com antivirais de a¢do direta, de acordo com o gendtipo(66). Sdo bem tolerados e com taxa de

resposta viroldgica sustentada (cura) de cerca de 90%(67).

Em hepatites virais cronicas o processo fibrotico se inicia no espaco porta. Com a
deposicao progressiva de matriz na zona 1 dos acinos hepaticos ha formacao de septos que
interconectam espacos-porta. Com a progressao da doenga os septos se tornam mais espessos €
vascularizados, distorcendo a arquitetura e originando nodulos. A classificagdo mais difundida
para fibrose por infecgao viral cronica ¢ o Metavir. Classificam-se os estadios de fibrose em FO
(auséncia de fibrose), F1 (alargamento dos espagos portais com septos curtos), F2 (septos
conectando espagos porta-porta ou porta-veia centrolobular), F3 (septos numerosos) ¢ F4

(cirrose)(68).

As fibras eldsticas acompanham estas areas de inflamagdo e fibrose. Até alguns anos

atrds, a biopsia hepatica era necessaria para guiar o tratamento(69). Com isso material
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histopatologico era amplamente disponivel para trabalhos cientificos. Os principais estudos em

fibras elasticas avaliaram sua distribuicao e correlagdo clinica em hepatite C cronica(70-72).

2.1.2 DHGNA E OUTRAS HEPATOPATIAS

Na DHGNA a fibrose se inicia junto a veia centro-lobular, em seguida no espago porta

e apos na zona 3 do acino(50). As fibras elasticas acompanham esta distribui¢cao(73).

Na fibrose por hepatite alcodlica, fibras oxitalanicas sdo encontradas na zona
perivenular. Em extensdes fibréticas portais sao encontradas fibras oxitalanicas e maduras(74).

Outras hepatopatias ainda nao foram avaliadas.

2.2 ESTUDO HISTOLOGICO DA ELASTINA

Na histologia, quando os tecidos que contém colageno sao corados com hematoxilina e
eosina (HE), as fibras elasticas quase nao se distinguem do colageno tipo I. Reagem com maior
intensidade a eosina do que a fibra colagena, porém a diferenciacao ¢ sempre dificil. Deste
modo, para a evidenciagdo das fibras elasticas sdo necessarios métodos seletivos, como a
orceina. Quando oxidada previamente por acido peracético ou permanganato, cora

predominantemente as oxitalanicas. Sem oxidagao, as elauninicas e elasticas maduras(54).

As fibras elasticas coradas com orceina sdo visualizadas em vermelho-acastanhado; se

for procedida a oxidacdo da lamina de histologia com é4cido peracético ou permanganato de
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potéssio antes da aplica¢do de orceina, podemos evidenciar as fibras oxitalanicas(75). Podem

ser também avaliadas por imuno-histoquimica, utilizando anticorpo monoclonal especifico(74).

Recentemente patologistas desenvolveram uma nova abordagem, a morfometria, que
pode ser usada para quantificar a quantidade de elastina por area. Morfometria ¢ descricao
quantitativa dos achados geométricos de estruturas de qualquer dimensao. Os escores de fibrose
sdo semiquantitativos e ndo podem ser definidos em valores lineares em testes estatisticos, ao
contrario da morfometria que analisa de forma mais fidedigna a deposi¢cdo de estruturas da

MEC em processos fibrogénicos(76).

Quando obtemos uma foto exportada a um computador, estamos realizando um
processamento digital de imagens (PDI). Existem dois tipos de imagens digitais: vetorial e
bitmap. A imagem vetorial ¢ geométrica e definida por meio de vetores matematicos e permite
o redimensionamento da imagem em qualquer escala sem perda de qualidade, usada por
exemplo no AutoCAD®. Fotografias e imagens sao digitalizadas em bitmap. A imagem bitmap
¢ aquela mapeada por codigo binario ou bits, ou seja, a imagem estd organizada em uma série
de linhas e colunas (matriz). A imagem de 8-bits ocupa espago de um byte, possui 8 linhas e
colunas, cada uma com valor 0 ou 1, sendo assim ha 256 possibilidades de tom (28 = 256), ou

seja, de zero (preto absoluto) a 255 (branco absoluto ou auséncia de cor).

Ooul | Ooul | Ooul | Ooul

Ooul |Ooul ([Ooul Ooul

Figura 6. Representacdo de 8 bits. Cada bit com duas possibilidades de cor 28= 256 tons.
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Seleciona-se uma imagem no microscopio e abre-se o arquivo em processador de
imagem como o /mageJ®, desenvolvido pelo National Institutes of Health dos Estados Unidos
(77). Este ¢ um software aberto de processamento e analise de imagens escrito em Java.
Informa-se a cor do elemento a ser avaliado ao programa. Em geral para simplificagdo, a

imagem pode ser convertida para escala de cinza de 8 bits.

O software capta as areas que determinado corante ou anticorpo marcou, podendo-se
obter pardmetros como: drea em pixels, perimetro das captacdes, coeficiente de arredondamento

e alongamento (referente a forma) e densidade(78).

2.3 ELASTINA HEPATICA E RELEVANCIA CLINICA

A elastina ¢ o componente mais estavel e de menor turnover da MEC por ser mais
resistente a degradacdo de metaloproteinases(53). Por isso ¢ um “marcador” de processos de

fibrose cronicos e de mau progndstico, podendo até indicar a irreversibilidade do processo(52).

A elastina ¢ quimiotatica para mondcitos e polimorfonucleares, por tal razdo promove
aumento o processo inflamatorio e fibrose(79). As fibras elasticas sdo resistentes as
metaloproteinases, sendo degradadas tardiamente se houver processo bem-sucedido de reversao
de fibrose. Além disso, estudos evidenciam que acumulo de fibras elasticas ¢ um preditor de

desenvolvimento de carcinoma hepatocelular, independente das fibras de colageno(80).

Kendaal e colaboradores(72) evidenciaram em coorte com portadores de virus C, sem
resposta aos antivirais, uma associa¢ao de quantifica¢ao hepatica de elastina com complicagdes
por cirrose. Entre os que apresentavam inicialmente uma mediana menor que 3.4%

(quantificacdo por morfometria) houve 40% de complicagdes hepaticas em comparagdo com
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73% entre os individuos com mediana acima deste corte. Assim se observa a heterogeneidade
clinica dentro do subgrupo de pacientes F4. Metavir e Brunt sdo uma andlise patoldgica
qualitativa(81). J4 a morfometria ¢ mais abrangente e traz informacdes adicionais as
classificagdes usuais da pratica clinica. Ainda ndo foi possivel relacionar a quantificacao

morfométrica de elastina de forma linear conforme o grau de fibrose(70).

Evidenciamos que a quantifica¢do de elastina traz informagdes além da morfologia e
estrutura da MEC. Estudos recentes parecem evidenciar teorias de sua relagdo com aspectos
clinicos e prognodsticos. Ja ¢ bem documentada a melhora dos pardmetros histologicos na
DHGNA em pacientes submetidos a bariatrica, porém as fibras eldsticas ainda ndo foram

avaliadas(29).
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JUSTIFICATIVA DO ESTUDO

A fibrose ¢ o mais importante fator prognostico conhecido de DHGNA(48). A
fibrogénese envolve deposicdo de MEC, sendo que um de seus elementos, a elastina, ainda é

negligenciada pelos estudos atuais.

A deposicao de elastina hepatica pode representar um processo de fibrose irreversivel
e, portanto, com desfecho reservado. Assim o patologista pode trazer informagdes adicionais
sobre o progndstico do individuo. Ademais, o uso de métodos quantitativos como a morfometria

sdo pouco explorados, apesar de conferirem objetividade a analise histologica.

Esses dados indicam a importancia de quantificar as fibras elasticas no figado de
pacientes com a tdo prevalente DHGNA. Para estudarmos esta questdo, utilizamos uma
populacdo homogénea, constituida por individuos obesos com DHGNA submetidos a
bariatrica. Entre estes individuos com condi¢des de cirurgia, sdo raros casos de fibrose
avangada. Faz-se necessario estuda-la em uma populagdo heterogénea e com maior frequéncia

de cirrose: portadores de hepatite C cronica.
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QUESTOES DE PESQUISA

Diferentes graus de fibrose hepatica sao associados a maior densidade de fibras elasticas

e oxitalanicas?

A melhora histologica na reversdo da DHGNA ¢ acompanhada de redugdo na densidade

de fibras elasticas?
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HIPOTESES

Hé maior densidade de fibras eldsticas hepaticas em pacientes com avancados graus de

fibrose por hepatite C cronica.

A perda de peso ap0s cirurgia bariatrica leva a melhora histoldgica de caracteristicas de

DHGNA, em conjunto com a redu¢@o na densidade de fibras elésticas hepaticas.
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OBJETIVOS

1 OBJETIVO GERAL

Avaliar a densidade de fibras eldsticas em diferentes graus de fibrose hepatica.
Posteriormente avaliar as fibras eldsticas em biopsia hepatica de pacientes obesos com DHGNA

e comparar com um ano de pds-operatorio de cirurgia bariatrica.

2 OBJETIVOS ESPECIFICOS

- Descrever dados clinicos e epidemiologicos de individuos obesos com DHGNA submetidos

a cirurgia bariatrica.

- Quantificar fibras elasticas hepaticas em DHGNA, comparando com achados de um ano apds

cirurgia bariatrica.

- Descrever dados clinicos e epidemiologicos de individuos portadores de hepatite C cronica.

- Quantificar fibras elasticas e oxitalanicas hepaticas em hepatite C cronica com diferentes graus

de fibrose pelo Metavir.

- Descrever evolucao clinica dos pacientes com virus C e comparar com achados

histopatologicos.
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ASSOCIATION BETWEEN HEPATIC FIBROSIS IN CHRONIC HEPATITIS C AND

ELASTIC FIBERS

ABSTRACT

Background. Elastic fibers deposition is triggered during liver fibrosis process. They are related
to worse clinical prognosis in chronic hepatitis C patients. This study aimed to verify if there is
association between fibrosis stage and elastic fibers quantification in chronic hepatitis C.
Methods. Individuals presenting with different degrees of fibrosis in liver biopsy were included.
Slides of liver samples were stained with orcein with and without prior oxidation.
Morphometric analysis was proceeded, and quantification accomplished by corrected
integrated density. Results. Twenty-seven patients, mean age 52 years-old, 59% women, were
included. Elastic fibers density was higher in advanced fibrosis patients and there was positive
correlation with Metavir score (Spearman r=0,609, p<0,001), as well as with noninvasive
scores Fib-4 (Pearson r=0.46, p=0.029) and APRI (=0.52, p=0.01). Conclusion. In fibrosis

and extracellular matrix deposition, elastic fibers density is higher in advanced stage of fibrosis.

Keywords: liver fibrosis; chronic hepatitis C; elastic fibers.

BACKGROUND

Chronic hepatitis C affects 71 million people worldwide, and is a leading cause of
cirrhosis and liver transplantation in most countries (Collaborators 2017). The grade of hepatic
fibrosis is an important prognostic factor (Manns, Buti et al. 2017). To this purpose noninvasive

methods have been developed, such as elastography, magnetic resonance and scores based on
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laboratory test (Paranagua-Vezozzo, Andrade et al. 2017). However, histological analysis of
liver biopsy is the gold standard and allows better staging, through the evaluation of fibrosis by
the Metavir score (Bedossa and Poynard 1996).

During fibrosis process, new elastic fibers are deposited in the extracellular matrix,
conferring tissue resistance. Elastin is an amorphous protein highly resistant to degradation and
is believed to be the most stable component among the extracellular matrix. It is degraded
slowly and late in reversion of fibrosis, and may even cause irreversibility of the process (Chen,
Yan et al. 2019).

Elastic tissue is already present in several human tissues, especially in places where
there is a need for greater elasticity. In the healthy liver it is observed in small amounts, in the
wall of arterioles and in portal tracts (Kanta 2016). In these locations it exerts a structural
function, providing stability to the bile ducts and vessels under conditions of high ductal
pressure (Mederacke, Hsu et al. 2013).

Elastic fibers are composed of two proteins, elastin and fibrillin, which are separated
from each other instead of constituting bundles, as is the case of collagen (Kielty, Sherratt et al.
2002). Fibrillin forms microfibrils, the mold to elastic fibers; elastin forms the fibers’ core
(Houghton, Quintero et al. 2006). Chronic hepatitis C causes a cellular inflammatory response
as a result of oxidative stress and immune response to hepatocytes expressing viral epitopes
(Neumann-Haefelin and Thimme 2013). This response generates release of cytokines and
growth factors that activate stellate cells in myofibroblasts, which synthesize extracellular
matrix (Geerts 2001, Franceschini, Del Porto et al. 2012). In this matrix small amounts of elastic
fibers are found(Burt, Griffiths et al. 1990). So fibrogenesis results deposition of elastin
(Baiocchini, Montaldo et al. 2016). The immature or oxytalan fibers present only microfibrils,
but during the elastogenesis they undergo deposition of elastin, generating mature elastic fibers

in late process. On histopathology, orcein is one of the selective methods for staining these

42



fibers. When oxidation by peracetic acid or permanganate is accomplished, oxytalan fibers are
visible (Nakayama, Itoh et al. 2008, Kanta 2016).

Authors found association of hepatic elastin with poor prognosis in patients with
chronic hepatitis C (Kendall, Dolman et al. 2018), but it is not well defined if deposition of the
fibers accompanies the fibrosis process in a progressive fashion (Yasui, Abe et al. 2019).

We hypothesize that the hepatic inflammatory damage caused by C virus leads to the
deposition of elastin in the extracellular matrix in a progressive fashion. This study aims to
verify if there is an association between histological stage and amount of elastic fibers in
patients with chronic hepatitis C. For this purpose, we evaluate elastic fibers density in liver

biopsies through morphometric analysis.

METHODS

Patients

This was a retrospective study. Inclusion criteria were: chronic hepatitis C confirmed
with positive hepatitis C virus PCR and anti-HCV test lasting for more than six months; fibrosis
from FO to F4 by the Metavir classification; ultrasound-guided liver biopsy performed between
January 2010 and December 2012 at the Hospital de Clinicas de Porto Alegre (HCPA).
Individuals with another liver disease or current alcohol abuse were excluded, as well as cases
with samples measuring less than 0.7 cm (which are considered nondiagnostic). Total of thirty-

three cases were included.

This study was approved by Ethics Committee of the HCPA number 3.227.637 that
waived informed consent due to its retrospective design, but authors signed a term to keep

patients’ data safe. The study was performed according to the guidelines of the Declaration of

Helsinki, 1975.
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Study Variables

Demographic data, clinical history and biochemical tests were obtained from electronic
records. Non-invasive fibrosis scores were calculated as follows: FIB-4 (Fibrosis-4) = age
(years) x AST (IU/L) / platelets (10°/L) x vV ALT (IU/L); APRI (AST to platelets Ratio Index)

= AST (UI/L)/ ALT upper limit of normal x 100 / platelets (10°/L) (Trang, Petersen et al. 2008).
Histopathology procedures

The paraffin-embedded liver samples were sectioned into 4um-thick sections,
deparaffinized and stained: one slide with hematoxylin-eosin, the other with Sirius Red
staining, for Metavir score. They were reviewed by a second expert pathologist. The blocks
were reprocessed for staining with orcein to verify mature elastic fibers, and a second slide was
submitted to oxidation by potassium permanganate to highlight oxytalan fibers.

Morphometric analysis

The slides were analyzed with Olympus BX41 microscope in a magnification of 200X.
Following microscope calibration, each fragment was photographed in its entire length with the
Olympus DP73 microscope-attached camera and the CellSens® software. Five hundred images
were generated and saved in TIFF format to allow for better resolution. The images were
converted on ImageJ 1.8.0 112 to grayscale 8-bit images (Schneider, Rasband et al. 2012) and
analyzed morphometrically as follows: to find the optical density of the elastic fibers, the gray
value threshold was determined manually for each image to distinguish the particles (that is,
the areas with gray values within the threshold range) from the background. The micrometer-
to-pixel scale was calculated from the scale generated by CellSens® when each image was

obtained.

Area and mean gray value (MGV) of each particle were obtained with ImageJ. The

corrected density in absorbance-micrometer? per particle was obtained by the formula (255-
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MGYV)*area(Hartig 2013). Artifacts and white areas were manually removed. The sum of the
corrected densities of all particles (corrected integrated density, CID; also known as corrected
absorbance) corresponds to the quantification of elastic fibers in that region of the fragment,
and the sum of CIDs of all the photographs corresponds to the sum of all densities in that
individual slide. The division of the summed CIDs by the number of photographs informs the

mean CID of elastic fibers per photograph, which was used in our analysis.

Statistical Analysis

Categorical 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
performed. To assess correlation between two continuous or ordinal variables, Pearson or

Spearman’s rank-test were performed. Statistical significance was defined as p<0.05.

RESULTS

A total of 33 patients were included, 5 were excluded due to insufficient sample (scarce
material after reprocessing), and 1 due to the presence of concomitant hepatocellular carcinoma,
comprising 27 individuals with ultrasound-guided needle biopsy. The mean age was 52 years,
with a predominance of women. Arterial hypertension was the most frequent comorbidity

(Table 1).
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Table 1. Baseline sample characteristics

Total 27
Age (years) 52.3(11,15)
Female (%) 16 (59%)
White (%) 25 (92.5%)
Hypertension (%) 7 (26%)
Former alcohol abuse (%) 8 (29.6%)
Genotype
1 12
2 2
3 11
4 0
Coinfection 1+3 1
FIB-4 2.58 (1.77)
APRI 1.3 (0.9)
Platelets (103/mm?) 191.11 (66.97)
INR 1 (0.07)
Total bilirrubin (mg/dL) 0.74 (0.22)
Albumin (mg/dL) 4.23 (0.26)
Fibrosis Grade - Metavir
FO 4
F1 5
F2 6
F3 5
F4 7

* INR: international normalised ratio; FIB-4: Fibrosis-4;, APRI: AST to platelets Ratio Index.

Elastin quantification was verified in orcein-stained slides as described in methods

(Fig. 1). It was observed that the mean elastic fibers density was significantly higher in the

group with advanced fibrosis (Metavir F3-F4) compared to other individuals (Fig. 2). A higher

mean was also observed in this group when analyzing oxytalan fibers, p = 0.027 (Fig. 3).
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Fig. 1 Representative case of F4 fibrosis, stained with orcein, without and with prior oxidation (above and below

respectively). Elastic fibers are observed in large numbers in the vessel wall as the upper right corner and in small

bundles in the portal tract (orcein, 200x magnification).
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Fig. 2 Elastic fibers density in groups of early and advanced fibrosis. FO-F2: 536721.853 absorbance-micrometer?

(438828.37) X F3-F4: 1641047.78 absorbance-micrometer? (1202749.82), p= 0.001.
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Fig. 3 Oxytalan fibers density in groups of early and advanced fibrosis. F0-F2: 683868.1 absorbance-micrometer?
(404352.03) X F3-F4: 1254394.33 absorbance-micrometer? (714087.19), p= 0.027.

The Metavir fibrosis stage correlated linearly with the elastic fibers’ density (Fig. 4).
There was no significant correlation between oxytalan fibers and degree of fibrosis (Spearman
correlation coefficient »=0.38 p=0.063). Actity score and genotype did not correlate to elastic

fibers density.
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Fig. 4 Correlation of stage fibrosis and elastic fibers density, Spearman test, »=0,609, p<0,001.

We also analyzed noninvasive markers of fibrosis. The Fib-4 score showed a positive
significant correlation with the elastic fibers quantification (Pearson correlation coefficient

r=0.46, p=0.029), as well as APRI (= 0.52, p=0.01).There was a correlation in the limit of
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significance between Fib-4 and oxytalan fibers (#=0.453, p=0.052), but it was not observed for

APRI (7=0.366, p=0.12).

Only four cohort patients had cirrhosis with complications (three cases of medium or
large esophageal varices and one hepatocellular carcinoma). The mean elastic fibers density of
this subgroup compared to others with advanced fibrosis were higher, but not significant:
2214964.367 absorbance-micrometer? (standard deviation = 1845734.588) versus 1449742.256

absorbance-micrometer? (standard deviation = 986260.9395), p=0,1.

DISCUSSION

This study revealed a positive correlation between the grade of hepatic fibrosis and
density of elastic fibers, especially those with amorphous material (elastin). We found that
noninvasive scores may also presume the degree of deposition of hepatic elastin. Fibrosis scores
such as Metavir are ordinal or semi-quantitative. Morphometric analysis allows a more reliable
evaluation of the deposition of extracellular matrix structures in fibrogenic processes, since it
is quantitative (Goodman, Becker et al. 2007). Also it has several advantages over conventional
visual assessment because of objectivity, reproducibility, and the ability to detect changes not
apparent to the naked eye (Hamilton and Allen 1995). In hepatitis C treatment nonresponders,
morphometric analysis demonstrated relevant worsening in fibrosis (80% increase of collagen
content) in 4 years (Goodman, Stoddard et al. 2009). Only by direct measurement of fibrosis
this change can become apparent, because histological stages are neither a continuous function
nor a sensitive measure.

Hepatic elastic fibers have been first evaluated in non-alcoholic fat liver disease, with

a higher amount found in the zone three of patients with advanced fibrosis (Nakayama, Itoh et
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al. 2008). These fibers have emerged as new focus of research due to its possible relationship
with worse prognosis in chronic hepatitis C and advanced fibrosis (Houghton, Quintero et al.
2006, Kendall, Dolman et al. 2018). Contrary to what was previously assumed, elastic fibers
have been found in greater quantity in liver biopsies with F3 fibrosis in relation to F2, but there
was no evidence of a linear relation with a fibrosis score by Metavir (Yasui, Abe et al. 2019).
In these work, authors have quantified elastic fibers by measuring the percentage in which they
occur in the total area of the fragment (Abe, Hashiguchi et al. 2013). In our work, on the other
hand, we measure the corrected absorbance. This measure is more reliable and accurate because
it verifies not only the affected area, but also the elastic fiber concentration or density, which
may explain the difference of our findings. As in previous published literature, we found a
positive correlation between non-invasive fibrosis scores and the fibers quantification (Masugi,
Abe et al. 2018, Yasui, Abe et al. 2019).

The reported association of elastin with poor prognosis (Kendall, Dolman et al. 2018)
might be explained by different stages of fibrosis in cirrhotic patients. The quantification of
elastin allows more information than just the grade in Metavir, which does not reflect the
heterogeneity of patients in the subgroup F4.

Our study has as limitation the non-evaluation by a second laboratory to compare the
findings. However, we believe that the rigorous methodology makes findings reliable. In
addition, due to the small sample, it was not possible to reach statistical significance to evaluate
the prognosis of the individuals, although it was not a primary goal; we plan to conduct these
analyses in another study with an increased sample. In addition, due to the cross-sectional
design, this study does not provide information on more specific aspects of fibrosis triggers and

elastic fibers synthesis.
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CONCLUSION

In this way, in fibrosis and extracellular matrix deposition, the elastic fibers are in
higher concentration in advanced stages of fibrogenesis. The quantification method adds
relevant information to liver pathology study in chronic hepatitis C. Due to its relationship with
worse prognosis and possibly irreversibility of fibrosis, we believe that elastin may play an
important role in understanding the pathogenesis and the predictability of prognosis in viral

cirrhosis.
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ELASTIC FIBERS DENSITY: A NEW PARAMETER OF IMPROVEMENT OF

NAFLD IN BARIATRIC PATIENTS.

Abstract

Introduction. Obesity is a major risk factor for nonalcoholic fatty liver disease (NAFLD), that
affects 25,24% of worldwide population. Weight loss through bariatric surgery can improve
much of the liver steatosis, inflammation and fibrosis. However, it is not known if there is
reversal of elastic fibers deposition process, triggered by hepatic damage, and related to worse
prognosis. Methods. Individuals submitted to bariatric surgery at our institution, from March
2016 to June 2017, with trans-operative liver biopsy confirming NAFLD were approached.
Those who consent were submitted to a second liver biopsy one year later and were included.
Specimens were sliced and stained with hematoxylin-eosin and Sirius red, for histological
assessment according to Brunt’s criteria and with orcein, to digital analysis morphometrics on
Image]®. Quantification of elastic fibers was accomplished by corrected integrated density.
Results. Thirty-seven patients were included. Body mass indexed, metabolic markers, NAFLD
activity score and fibrosis improved after one year of the procedure. The elastic fibers density
showed significant decrease: 239.3x10* absorbance-micrometer? (141.08 — 645.32) to 74.62
x10* absorbance-micrometer® (57.42 — 145.17), p=0.007. Conclusion. Liver elastic fibers
density decreases in the reversal of NAFLD through weight loss.

Keywords: obesity; non-alcoholic fatty liver disease; elastic fibers.
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INTRODUCTION

The (NAFLD) is frequent and affects 25,24% of worldwide population'. Half of patients
have obesity, the major risk factor’. Around 20% of patients with liver steatosis develop
steatohepatitis, of which 15-20% will develop fibrosis, that increases chance of cirrhosis and

hepatocellular carcinoma®.

The mainstay therapy of NAFLD is weight loss. Bariatric surgery has the greater impact
on this scope in obese patients. Recent meta-analysis reported a biopsy-confirmed resolution of
steatosis in 66% of cases (95% CI, 56%—-75%), steatohepatitis in 50% (95% CI, 35%—64%),
and fibrosis in 40% (95% CI, 29%—-51%)*. Besides, the intervention improves other metabolic
parameters. Diabetes remission can be achieved in up to 60% of patients°.

In the healthy liver elastic fibers are observed in small amounts, in the wall of
arterioles and in portal tract®. During inflammatory process of steatohepatitis, activated stellate
cells produce these fibers in perivenular areas’. Inflammatory and fibrotic liver processes lead
to successive deposit of elastic fibers on extracellular matrix”®. They are composed of two
proteins, elastin and fibrillin, which are separated from each other instead of constituting
bundles, as is the case of collagen’. Fibrillin forms microfibrils, the mold to elastic fibers; elastin
forms the fibers’ core!®.

Elastic fibers are biochemically more stable than collagen, so its accumulation may
contribute to irreversibility of fibrosis®. Nonetheless, they can be degraded, mostly in late
phases of this process. This is of clinical relevance since the deposition of elastin has a possible
relationship with worse prognosis in advanced fibrosis. It has been reported the association of

higher elastin area ratio with higher risk of hepatocellular carcinoma and other complications
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in chronic hepatitis C patients'!. This protein is chemotactic to neutrophils, promoting more
inflammatory and fibrotic processes'?.

Elastin increase has been associated with worse prognosis in hepatitis C patients'!.
Elastic fibers are stable and resistant. In experimental studies it was reported that they are

degraded slowly in processes of fibrosis reversion, but it was not evaluated in humans'3.

We hypothesize that bariatric surgery and expressive weight loss might reverse the liver
inflammation and fibrosis process of NAFLD obese patients, thus reducing elastic fibers
density. To test this hypothesis, we have accomplished a cohort of patients that have undergone
bariatric surgery (gastric bypass) and analyzed perioperative and one-year control liver biopsy

using digital morphometric analysis.

METHODS
Patients

This was a retrospective cohort study. Obesity patients submitted to laparoscopic
bariatric surgery (Roux-en-Y gastric bypass) performed between March 2016 and June 2017 at
the Hospital de Clinicas de Porto Alegre (HCPA) were screened, and all that confirmed
diagnosis of NAFLD (intracellular fat in more than 5% of hepatocytes) in liver biopsy
performed during the procedure were approached. Patients with another liver disease were
excluded. High-risk for surgery and alcohol abuse (respectively more than 21 and 14 units of
alcohol per week for men and women) were criteria to contraindicate surgical contraindication.

Those who consent were submitted to a second liver biopsy one year later and were included.

Study Variables
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Demographic data and clinical history such as sex, age, race, alcohol and smoking,
clinical comorbidities, height and weight were obtained during appointments. The body mass
index (BMI) was calculated as the weight (kg) divided by the square of the height (m). Blood
samples were collected after 8 eight-hour fasting no more than six months before surgery and
again at time of control biopsy. Non-invasive fibrosis score was calculated as follows: APRI
(AST to platelets Ratio Index) = AST (UI/L) / ALT upper limit of normal x 100 / platelets

(10°/L)™.
Liver biopsy

It was performed a liver fine-needle (Unigun 18G, 160mm, Medax Medical Devices®)

biopsy, during surgery. The procedure was repeated, ultrasound-guided, one year later.
Histopathology procedures

The paraffin-embedded liver samples were sectioned into 4um-thick sections,
deparaffinized and stained with hematoxylin-eosin and Sirius red. Histopathologic assessment
was performed using Brunt’s criteria. NAFLD/NASH was classified according to the
necroinflammatory activity for the degree of hepatocellular steatosis, ballooning and
inflammation (absent — grade 0; mild - grade 1; moderate - grade 2; severe - grade 3) and to the
extent of fibrosis (no fibrosis — stage 0; zone 3 fibrosis — stage 1; zone 3 and portal fibrosis —
stage 2; zone 3 and portal fibrosis with bridging fibrosis — stage 3; and cirrhosis — stage 4)"°.
They were reviewed by a second expert pathologist. One slide was stained with orcein to verify
elastic fibers by morphometric analysis.

Morphometric analysis

The slides were analyzed with Olympus BX41 microscope in a magnification of 200X.
Following microscope calibration, each fragment was photographed in its entire length with the

Olympus DP73 microscope-attached camera and the CellSens® software. Five hundred images
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were generated and saved in TIFF format to allow for better resolution. The images were
converted on ImageJ 1.8.0 112 to grayscale 8-bit images'® and analyzed morphometrically as
follows: to find the optical density of the elastic fibers, the gray value threshold was determined
manually for each image to distinguish the particles (that is, the areas with gray values within
the threshold range) from the background. The micrometer-to-pixel scale was calculated from

the scale generated by CellSens® when each image was obtained.

Area and mean gray value (MGV) of each particle were obtained with ImageJ. The
corrected density in absorbance-micrometer® per particle was obtained by the formula (255-
MGV)*area'”. Artifacts and white areas were manually removed. Capsule regions were
excluded. The sum of the corrected densities of all particles (corrected integrated density, CID;
also known as corrected absorbance) corresponds to the quantification of elastic fibers in that
region of the fragment, and the sum of CIDs of all the photographs corresponds to the sum of
all densities in that individual slide. The division of the summed CIDs by the number of
photographs informs the mean CID of elastic fibers per photograph, which was used in our

analysis.
Statistical Analysis

Categorical variables were shown as number and proportion in percentage, and
continuous variables were presented as mean and standard deviation. To compare between
groups, Student's' t Test test was performed for parametric quantitative variables and Wilcoxon
to nonparametric. Mcnemar was performed to evaluate paired categorical data. To assess
correlation between quantitative variables, Pearson was performed, and between categorical

and continuous, Spearman. Statistical significance was defined as p<0.05.

Ethics
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This study was approved by Ethics Committee of the HCPA numbers 1.887.117 and

3.227.637. All patients included signed an informed consent.

RESULTS

One hundred eighteen patients were submitted to bariatric surgery, among them 94 had

NAFLD confirmed. Thirty-seven patients had consented a second liver biopsy one year later

and were included in the analysis. Most patients were female (73.7%) with a medium age of

46.2 years (9.4). No patient with alcohol abuse. Eight were former and one active smoker.

Hypertension was the most common comorbidity, see Table 1.

Table 1. Baseline sample characteristics

Variable Total 37
Age years 46.2 (9.4)
Female (%) 28 (75.7%)
White (%) 32 (86.5%)

Hypertension (%)

23 (62.16%)

Diabetes or impaired fast glucose (%)

22 (59.46%)

Dyslipidemia (%)
Depression (%)

Smoking or former smoking
BMI Kg/m?

NAS score

Brunt’s fibrosis*

9 (24.3%)

5 (13.5%)

9 (24.32%)
48.22 (8.43)
3.56 (1.66)

0 19 (51.35%)
1a 8 (21.6%)
1b 9 (24.32%)
4 1(2.7%)

*No case of fibrosis gradelc, 2 or 3.

Abbreviations: NAS, nonalcoholic steatohepatits activity score; BMI: body mass index.
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There was a slightly higher density of elastic fibers among patients with liver fibrosis

(F1) than no fibrosis (F0): 442.76x10° (181.95 — 1144.11) versus 179.43x10° (68.8 - 247.58)

absorbance-micrometer?, without statistical significance (p=0.08). There was a positive

correlation between leukocyte count and elastic fibers density (r’=0.4, p=0.048), but we did not

find with other variables.

Comparing to perioperative status, white blood cells count, APRI score, BMI and fast

blood glucose were significantly reduced, see Table 2.

Table 2. Patient data on inclusion and one-year control.

Variable Perioperative One-year control P value
Hemoglobin (mg/dL) 13.3(1.2) 12.3(1.2) 0.1
WBC count (cells/mm?) 8279.2 (387.2) 6600 (307.81) <0.001
Platelet count (cells/mm®) 255000 (67411.77) 249125 (55745.78) 0.69
ALT (U/L) 26.88 (13.7) 21.12 (6.53) 0.12
AST (U/L) 20.11 (6.72) 20.11 (6.5) 0.99
APRI 0.22 (0.26) 0.07 (0.04) 0.017
Fast blood glucose (mg/DL) 115.32 (35.74) 89.32 (15.88) <0.001
BMI (Kg/m?) 48.22 (8.43) 33.61 (5.44) <0.001

*Student's' t Test

Abbreviations: WBC, White blood cell; AST: aspartate aminotransferase; ALT alanine aminotransferase.

The median of NAS reduced from 3.56 to 0.35, p<0.001 (fig.1). Almost half patients

had fibrosis (45.9% F1 and 2.7% F4). In the control biopsy, the majority (94.6%) of patients

had no fibrosis (fig.2). Among the seventeen F1 patients on inclusion, fifteen became FO

(88.2%, Mcnemar test p<0.001). The F4 individual became F1.
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P<0.001
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NAS1 NAS 2

Fig. 1 NAFLD activity score (NAS), transoperative liver specimen (NAS 1) and one-year control (NAS 2):

the NAS reduced from 3.56 (3-4.75) to 0.35 (0-1), p<0.001, Wilcoxon Test.
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Fig. 2 Fibrosis stage of transoperative liver specimen and one-year control. Most patients (94.6%) had no
fibrosis (FO) one year after surgery. The proportion of F1 reduced from 45.9% to 5.4%.

The elastic fibers density reduced after one year: the median of biopsy in the time of
surgery was 239.3x10? absorbance-micrometer? (141.08 — 645.32) and of control one year later
was 74.62 x103 absorbance-micrometer® (57.42 — 145.17), p=0.007 (fig 3). The reduction in
elastic fibers density was accompanied by a decrease in ALT (r=0.78, p=0.013) and AST

(r=0.63, p=0.067).
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Fig. 3 Elastic fibers density, transoperative liver specimen (1) and one-year control (2): 239.3x10°
absorbance-micrometer? (141.08 — 645.32) versus 74.62x10° absorbance-micrometer? (57.42 — 145.17), p=0.007,

Wilcoxon Test.

DISCUSSION

The majority of obese patients improve NAFLD characteristics during follow-up after
bariatric surgery*, but this is the first time that elastin is also evaluated. This study confirmed
the hypothesis that weight loss can reduce hepatic elastic fibers density. NAS and fibrosis have
significantly reduced one year after the procedure. As steatosis and the consequent
inflammatory cascade resolves, it was expected that fibrotic triggers to elastic fibers secretion
would halt. We have conducted digital morphometric analysis, which allows a reliable
evaluation of the deposition of extracellular matrix structures in fibrogenic processes, since it
is quantitative.

Nakayama et al examined orcein stain liver sections to evaluate the elastic fibers
distribution’. In all twenty F3 Brunt’s fibrosis grade cases, perivenular bundles were observed.
In contrast, they were detected only in one of the six F1 and two of the twenty-two F2 cases.

Masugi et al also studied elastic fibers quantification by morphometry in liver biopsy of lean
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and obese NAFLD patients. The F3 and F4 patients showed a higher amount of fibers,
confirming that there is an increase during fibrotic process'®. It was a transversal study, and
they could not evaluate what would occur in reversal of fibrosis, which our study has conducted.

Patients of this cohort had a significant decrease in leukocyte count. Elevated white
blood cells, even within the normal range, may be a harbinger of increased systemic
inflammation and subclinical disease!®?. They are usually higher among obese individuals than
controls®!. The smaller count one year later may be a marker of a decreased inflammatory
response that was generated by their metabolic syndrome?’. We reported that WBC count
correlates with elastic fibers density, which demonstrates that the more severe is the metabolic
syndrome, the greater is liver inflammation and fibrosis process.

We observed a decrease in liver enzymes after one year. This is already described in
literature and is a consequence of improvement in steatosis and liver inflammation??*, NAS
decrease is an objective indication of this response?’. The fast blood glucose also reduced.
Insulin resistance reduce in weight loss?®. The BMI reduction of our patients is the same as
previously reported®’. Furthermore the bypass influence hormonal secretion, especially in the
proximal part of small bowel, and increase secretion of glucagon-like peptide 1?8, For that
reason bariatric is also named metabolic surgery?’.

One limitation of our work is that it did not include many patients with advanced
fibrosis, since it is not common among individuals considered with adequate clinical condition
for a surgical intervention. Then we could not evaluate elastic fibers density in different grades
(FO-4). It would be possible with a longer cohort. The strengths include its design, allowing
comparison between pre- and post-treatment. Also, we conducted a morphometric analysis, that
is an objective evaluation of the deposition of extracellular matrix structures in fibrogenic

processes>’. In our study we measure the corrected absorbance. This measure is more reliable
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and accurate that percentage of area with elastic fibers, so it is possible to evaluate concentration

or density.

In summary, this is the first cohort that evaluate the elastic fibers density in the

reversal of NAFLD. Also, it adds more information about the benefits of bariatric surgery to

liver histology. Elastin is a marker of prognosis, and its role in liver physiology should prompt

future research.
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CONCLUSOES

- A cirurgia bariatrica traz importantes beneficios metabdlicos aos individuos obesos morbidos.

- A perda de peso leva a melhora de parametros histologicos de DHGNA.

- Em fibrose e deposicdo de matriz extracelular, a densidade de fibras eldsticas ¢ maior em

avangados graus de fibrose.

- A densidade de fibras elésticas reduz em processo de reversao de DHGNA através da perda

de peso pos-bariatrica.
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CONSIDERACOES FINAIS E PERSPECTIVAS FUTURAS

Nossas hipoteses iniciais eram de que haveria maior densidade de fibras elasticas
hepaticas em pacientes com avancados graus de fibrose, € que a perda de peso apos cirurgia
bariatrica gerasse melhora histologica da DHGNA acompanhada de redu¢do na densidade de

fibras elasticas hepaticas. Ambas foram avaliadas e confirmadas em nossos estudos.

Os processos hepaticos inflamatérios e fibroticos levam a produgdo e depodsito de
elastina, que ¢ um marcador de irreversibilidade e mau prognostico. No entanto esta proteina
tem sido neglicenciada em pesquisas sobre o tema. Acreditamos que nossas constatagdes
tragam beneficios a ciéncia. Esperamos que estimulem novos estudos sobre fibras elasticas,

especialmente para avangarmos no manejo de portadores de DHGNA.
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