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Non‐Alcoholic Fatty Liver Disease (NAFLD)

• Spectrum of disease

– NAFL: fatty liver (steatosis)

– NASH: steatosis + inflammation + liver injury 

– Fibrotic NASH: steatosis + inflammation + liver injury + fibrosis

Angulo P et al. N Engl J Med 2002;346:1221‐31

Angulo P et al. Gastroenterology. 2015 Aug;149(2):389‐397

NAFLD Pathogenesis: complex interaction and crosstalk between 
environmental factors, host genetics and gut microflora
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Modified from Feldstein. Semin Liver Dis. 2010 Nov;30(4):391-401.
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Extracellular Vesicles (EVs) in Fibrotic NASH

Lipotoxicity Induce EVs Release by HepatocytesLipotoxicity Induce EVs Release by Hepatocytes

HepG2 HepG2-EVs

Primary mouse 
hepatocytes (pmHep)
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Hepatocyte-derived EVs under Lipotoxic Stress are Pro-angiogenicHepatocyte-derived EVs under Lipotoxic Stress are Pro-angiogenic

Endothelial Cells Stained in Plug Number of Cells Migrated  into Plug
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Circulating EVs Isolated from NASH Models Induce Angiogenesis 
ex vivo

Circulating EVs Isolated from NASH Models Induce Angiogenesis 
ex vivo
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EVs are Internalized in Endothelial Cell-forming TubesEVs are Internalized in Endothelial Cell-forming Tubes

The Angiogenic Effects of EVs Involved Fusion with Endothelial 
Cells

The Angiogenic Effects of EVs Involved Fusion with Endothelial 
Cells

EVs

Control EV-Vanin1 interacts w/ lipid raft 
on EC plasma membrane 
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Chemotaxis 
(Boyden’s chamber assay)

EVs Located in Plasma & 
Liver Tissue of NASH Mouse Models

H: Hepatocyte; Ld: Lipid Droplet; m: microtubule; DS: Disse space

EV in Plasma

EV in Liver 
Tissue

Povero D. PLoS One. 2014 Dec 3;9(12):e113651.

EVs as New NASH Biomarkers
“Liquid Liver Biopsy”

Extracellular Vesicles (EV)
(hepatocyte derived)

EV Derived Proteins 
(panel & specific)

EV Derived RNA (ncRNA)
(panel & specific)
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Increase EVs Detected in Blood 
of NASH Mouse Model

FSC-A/FITC+ EVs
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Steatosis NASH

Mouse model

Steatosis NASHControl

Povero D. PLoS One. 2014 Dec 3;9(12):e113651.

EV-Derived Protein Profile from Blood 
as a “barcode” to Discriminate NASH

NASHSteatosis
Chow: Control
CSAA: Steatosis
CDAA: NASH

Blood EVs Contain Liver-Specific MicroRNAs

Chow: Control
CS-CSAA: Steatosis
CD-CDAA: NASH
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Increase EVs in Mouse NASH Model 
Over Time and Correlation with Liver Biopsy

Chow: Control

CD: Experimental NASH
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Depleting miRNAs reduces EV-mediated HSC pro-fibrogenic
responses

Depleting miRNAs reduces EV-mediated HSC pro-fibrogenic
responses
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Novel Molecular Targets in NASH

Mir-128-1/2 is upregulated in liver in experimental models of 
NASH

Mir-128-1/2 is upregulated in liver in experimental models of 
NASH
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Blocking miR-128a resulted in reduced HSC activation mediated 
by EVs

Blocking miR-128a resulted in reduced HSC activation mediated 
by EVsPPAR-γ α-SMA Collagen-Iα1

Migration Proliferation

Anti miR-128a

HSC

Loss of 
function

EV

miRNAs
Protein/Lipids

miRNAs
Protein/Lipids
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EVs
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- Proliferation
- Migration
- Pro-fibrogenic

activation

Internalization

Modulation

miR-128a

Hepatic Stellate Cell

miR-128a MIMIC

Anti miR-128aSilencing 
Dicer/Drosha

Protein/Lipids
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• NAFLD Pathogenesis involves a complex interaction between 
environmental factors, host genetics and gut microflora and 
depends on both intrahepatic and extrahepatic events

• Lipid accumulation in hepatocytes may result in lipotoxicity

• A key consequence of lipotoxicity is the formation and release of 
extracellular vesicles (EVs)

• EVs may act on neighboring cells and trigger angiogenic and fibrotic 
responses. 

• EVs also carry a footprint of the cell/tissue of origin and are release 
into the bloodstream suggesting that monitoring EVs in circulation 
as a promising novel disease biomarker

Summary / Conclusion
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