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• NAFLD encompasses a wide spectrum for 

conditions ranging from simple accumulation of 

fat (NAFL or steatosis), to steatohepatitis 

(NASH) with increasing levels of fibrosis, and 

ultimately cirrhosis

Healthy Liver

Nonalcoholic Fatty Liver

(NAFL)

 Deposition of  fat as TG in hepatocytes

 Little to no evidence of  cell death, liver inflammation or 

fibrosis

 Often self-limited, but can progress to NASH

Nonalcoholic steatohepatitis 

(NASH)
 Hepatocellular damage in the form of  hepatocytic

ballooning and Increased hepatocyte death 

 Inflammatory infiltrate, 

 collagen deposition (fibrosis)

Advanced Fibrosis (F3/F4)
 Fibrogenesis

 Activation of  stellate cells and replacement of  hepatocytes 
by scar tissue 

 Cirrhosis can ultimately progresses  to hepatocellular 
cancer, liver failure, liver transplant and death

NAFL
~70%-75%

of  all patients with 
NAFLD 

NASH
~25%-30%

of  all patients with 
NAFLD

F3/F4
~20%

of  all patients 
with NASH

Rinella ME, et al. JAMA. 2015;313(22):2263-227.





• Retrospective study 2002-2012 (OPTN/UNOS)
• 61.868 LT
• 10.061 HCC
• 2th cause of LT  in US
• NASH - 2° cause of HCC
• Hepatitis C increased  2x since 2002 
• NASH increased  4x since 2002

Wong RJ, et al Gastroenterology 2015



HCC and NAFLD

Zoller H & Tilg H. Metabolism 2016; 65:1151-60.



From January 2010 until (to) April 2012, 42 patients with HCC accomited by (in the setting of) NASH were evaluated at

the Department of Gastroenterology of São Paulo School of Medicine by São Paulo Clínicas Liver Cancer Group.(, São

Paulo.)



• Hospital das Clínicas da FMUSP (Junho/2010 a 
Março/2017)

• n = 764 cases
HCC

VHC
414/764 

54% 

Others
251/764

33% 

NASH /Criptogenic
99/764

13% 

HCC and NAFLD



NAFLD 

Bertot LC & Adams LA. Int J Mol Sci 2016; 17:774-85
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Genetic Polymorphisms and Micro RNAs

• Genetics Markers Potential Clinical Utility

• Micro RNAs



GENETIC POLYMORPHISMS

• Genetic variation found in less than 1% of the

population

• Deletions, mutations, single base substitutions

• Contribution to Phenotypic traits (skin color, blood type)

and Susceptibility to diseases

• Genetic markers

• Transmitted associated with other genes located in the

chromosomal region close to them

Shastry, BS. Int J Mol Med, 2003

Corrêa-Giannella & Vieira. Bras Endrocrinol Metab, 2008



GWAS SNP- Trait Discovery Timeline

Visscher PM, et al. Am J Hum Genet. 2017 Jul 6;101(1):5-22



GWAS- PNPLA3

Romeo S, et al. Nat Genet. 2008 Dec;40(12):1461-5



INFLUENCE OF PNPLA3 POLYMORPHISM IN 

NAFLD

Dongiovanni et al. World J Gastroenterol 2013 November 7; 19(41): 6969-6978



Xu R. et al. Scientific Reports 2015 March 20; 5 : 9284. DOI: 10.1038/srep09284   



Younossi Z, et al. Nat Rev Gastroenterol Hepatol. 2017 Sep 20.]
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GENETIC NAFLD/NASH NAFLD

Genetic Variants

PNPLA3

TM6SF2

MBOAT7

GSKR

FNDC5

MERTK

HSD17813

IFNL3

NADPHOXIDASE

MTP

UCP3



Annals of  Hepatology, 2019



Results

Genotype frequency

% (n)

Total %

CC CG GG

PNPLA3

Control

(n=13)

49.25 (66) 41.04 (55) 9.7 (13) 100

NAFLD

(n=24)

31.05 (77) 47.18 (117) 21.77 (54) 100

CC CT + TT

TM6SF2

Control

(n=13)

93.28 (125) 6.72 (9) 100

NAFLD

(n=248)

89.47 (221) 10.53 (26) 100

PNPLA3 p-valor OR IC95%

CG x CC 0.0044 1.757 1.037-2.977

GG x CC 0.0044 3.296 1.504-7.225

Razão de Chances (OR) para NAFLD

P=0.0044

P=0.0821

Análise ajustada para gênero e idade

Ananals Hepatology , 2019







Seko Y et al Hepatology Research 2017



Ratziu, EASL 2019



Conclusion: Although the PNPLA3 

GG confers increase risk of  NAFLD, 

these patients are more sensitive to 

the beneficial effects of  lifestyle 

modification





Genes and Pathways involved in the Progression of

NAFLD

Hooper AJ, Adams LA , Burnett JR, 2011





Gluthatione Metabolism

CELLULAR MEMBRANE

Amino acid transportation
-glutamate-cysteína ligase

glutamate cysteína

-glutamilcysteine

glycine

gluthatione synthase

Gluthatione

GSH

H2O2 +  2GSH                GSSG +2H2O

Gluthatione 

peroxidase

H2O2

ROS

Gluthatione 

reductase

ROS - Espécies reativas de O2; GHS - Glutationa reduzida; GSSG - Glutationa oxidada



Variables OR 95% CI P value

Age 1.05 1.00 – 1.11 0.066

Type 2 Diabetes 5.35 1.62 – 17.65 0.006*

Fasting glucose 1.01 0.99 – 1.04 0.362

HOMA >2.5 2.5 0.66 – 9.53 0.180

AST 1.02 0.99 – 1.05 0.182

GGT 1.00 0.99 – 1.02 0.830

At least one

T allele

12.14 2.01 – 73.35 0.007*

Table 3: Binary logistic regression analysis assessing the independent association of  the -129 

C/T polymorphism of  the GCLC gene and the presence of  NASH.





Adaptado de Kuroda & Sadoshima. Journal of  Cardiovascular Translational Research. 2010

Estímulo

CITOSOL

NADPH oxidase 4 System

CYBA

Nox 4



NAFL NASH OR (IC 95%) p-value

N (n=47) (n=141)

*CYBA

TT 0.907 0.822

TA 0.093 0.156 5.06 (1.03 – 24.82) 0.0455

AA 0.000 0.022

Polymorphisms in CYBA gene according NAFL or 
NASH



• Mitochondrial Uncoupling Proteins (UCPs)

– UCP1, UCP2, UCP3, UCP4, UCP5

• Gene UCP3

• Mitochondrial anniotic carrier protein

• Located not cromossomo 11q13

• Expressão highly seletiva no skeletal muscle

• Highest thermogenic site in humans

• Alvo atrativo  studies of body weight regulation

• 57% homology with UCP1

• 73% homology with UCP2

UCP3 Genomic Location

Busiello et al, Frontiers, 2015



Busiello et al, Frontiers, 2015



UCP3 polymorphisms protect against NASH and metabolic 

syndrome among Brazilian NAFLD patients

Oti KST, Oliveira CP et al, submited 2019



Eslam M, Sevilla, NASH EASL meeting 2019









MicroRNAs - Epigenetic



 Non-coding RNA of 18-25 nucleotides

 They can interfere in all aspects of cellular activity

 They are stable in bodily fluids and are protected from degradation by
RNAases.

 The serum levels of some miRNAs are altered under certain
pathophysiological conditions, which makes them excellent biomarkers;

Csak et al, Dig Dis Sci 2016; Gallego-Durán R et al, 2015

Introduction - MicroRNAs
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more hepatic inflammation
[41]

. Toll Interacting Protein 

(Tollip), another down-regulator of the TLR4-NF-κB 

pathway, is inhibited by miR-291b
[42]

. 

Hepatic stellate cells (HSCs): HSCs, responsible 

for the development of liver fibr osi s, are regulated by 

several miRNAs, including let-7. The downregulation of 

let-7 by LPS and alcohol use causes an increase in HSCs 

activation
[27]

. In addition, chronic alcohol consumption 

has been linked to an overexpression of miR-34a, 

which increases the expression of proteins such as 

transforming growth factor-κ1 (TFG-κ1), leading to a 

higher survival of HSCs through apoptosis inhibition
[43]

. 

Other cell types: In addition to the cell types described 

above, other cells involved in ALD development, such as 

circulating monocytes (by miR-27a
[44]

), and circulating 

neutrophils, (by miR-223
[45]

) are regulated by miRNAs. 

In addition, miR-212 has been shown to increase 

permeability to LPS by altering cells of the intestinal 

mucosa
[46]

.

Due to the role of miRNAs in ALD and the modulatory 

effects of alcohol consumption on miRNA expression, 

it is plausible to hypothesize that genetic variations in 

certain miRNAs may lead to altered miRNA function and 

and alterations of enzymatic function in hepatocytes 

are also regulated by miRNAs
[24,34]

. Conversely, miRNAs 

may also have a protective role in ALD. For example 

miR-26a can increase autophagy
[35]

 and miR-21 can 

inhibit alcohol-induced apoptosis
[36,37]

.

Kupffer cells (KCs): miR-155, which is increased by 

chronic alcohol consumption through NF-κB induction, 

has been shown to be the main regulator of KC activation 

and function
[38]

. miR-155 inhibits the expression of 

multiple TLR4/NF-κB inhibitory regulators such as Src 

homology 2 domain-containing inositol phosphatase 

1 (SHIP1) and Suppressor of cytokine signaling 1 

(SOCS1)
[38,39]

 leading to an increase in KC response to 

LPS and ultimately the development of liver fibr osi s
[39]

. 

The Keap1/Nrf2 pathway could also be involved in 

miR-155 role in ALD development and KCs regulation
[17]

. 

Other miRNAs, such as miR-181b-3p, are also linked 

to increased LPS-sensitivity through the TLR4-NF-κB 

pathway
[40]

. In addition, miRNAs have been shown to 

regulate Sirtuin-1-Lipin-1, an inflammatory response 

mediator, leading to the down-regulation of the NF-

κB pathway via de-acetylation. Alcohol consumption 

increases miR-217 expression, which in turn down-

regulates sirtuin-1-Lipin-1
[41]

, consequently leading to 
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Figure 1  MicroRNAs involved in the pathogenesis of alcoholic liver disease. miRNAs preceded by a ↓ symbol are decreased in ALD or inhibit the development 

of ALD. The remainder of miRNAs promotes the development of ALD. TLR4: Toll-like receptor 4; TFG: Transforming growth factor; ALD: Alcoholic liver disease; ROS: 

Reactive oxygen species; NF-κB: Nuclear factor-κB. Figure adapted from Laso et al
[10]

.

Torres JL et al . miRNAs in ALD and NAFLD



ASSOCIATION OF SERUM miRNAS AND POLYMORPHISM IN THE GENE 

PNPLA3 IN THE EVALUATION OF THE DHGNA PROGRAM: FROM THE 

ESTEATOS TO THE HEPATOCELLULAR CARCINOMA

Fernanda Malta1 (femalta@yahoo.com), Ana Paula M. Salles1 (anamoreirasalles@gmail.com), 

Rodrigo V. Lima1 (rodrigovieiracostalima@gmail.com), José Tadeu Stefano1 (jstefano@usp.br), 

Venancio A. F. Alves2 (venancio@uol.com.br), Flair José Carrilho1 (fjcarril@usp.br), João Renato 

R. Pinho1 (jrrpinho@usp.br), Claudia P. Oliveira1 (cpm@usp.br)

1 Departamento de Gastroenterologia (LIM-07) e 2Patologia (LIM-14), Faculdade de Medicina da 

Universidade de São, São Paulo, Brasil 

AASLD, 2018



NASH patients presented a differentiated expression of the following miRNA

miR-29a-3p

miR-122-5p

miR-155-5p

miR-192-5p

miR-375

miR- 451a

miR-1260a

Malta F, Oliveira CP et al EASL 2018



• Modulates the expression of genes
involved in the hepatic metabolism of
lipoproteins and cholesterol;

Patients with genotype CG + GG PNPLA3 presented a higher serum level of miR-

122-5p in relation to patients with CC (p = 0.023)

Malta F, Oliveira CP et al EASL 2018



Bugianesi E, EASL 2018



Genetic variation found in less than 1% of the population is called
polymorphisms

The polymorphism of PNPLA3 increases the risk of developing NAFLD,
NASH, higher levels of fibrosis and hepatocellular carcinoma. If
embragp can respond to weight loss

Other polymorphisms related to oxidative stress increase the risk of
developing NASH, fibrosis and metabolic syndrome

Polygenetic risk score are likely to be very useful diagnostic tool to
predict phenotype

Take Home Messages



The microRNAs are epigenetic alterations, which can interfere in all
aspects of cellular activity

They are stable in bodily fluids and are protected from degradation by
RNAases.

The serum levels of some miRNAs are altered under certain
pathophysiological conditions

Excellent biomarkers

Take Home Messages
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