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Metabolic “Stress” and the Metabolic Syndrome



Metabolic Inflexibility Leads to Dysregulated Glucose and Lipid Metabolism



NASH Occurs in a Context of Multi-tissue Involvement 

NASH



NAFLD NASH F0

HCC

Decompensation

25%

25%,  with progression of  
one stage fibrosis per decade 

> 1-2%/year

RISK FACTORS 
Overweight 

Obesity 
Metabolic syndrome 

Dyslipidemia 
Type 2 diabetes 

Polycystic ovary syndrome

Isolated 
liver 

steatosis

Regression

F1 F2 F3 F4

?

?

?
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NAFLD: Natural History
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NASH Fibrosis: Stage-dependent Mechanisms
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Post-necrotic: 
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Pathways of Stellate Cell Activation in Liver Injury

Changes in ECM quantity 
and relative composition

Increased tissue tension 
and stiffness

ECM as a bio-reservoir of 
pro-inflammatory and 
pro-angiogenic factors



Neuschwander-Tetri Hepatology 2010;52:774C

Pathways of Lipotoxic Liver Injury
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Pathways of Lipotoxic Liver Injury
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NASH Fibrosis: Stage-dependent Mechanisms
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Valenti et al. Hepatology 2010

Severity of liver disease HCC

Liu et al. J Hep 2014

PNPLA3 and NAFLD



PNPLA3 is required for HSC activation and its genetic variant I148M potentiates the 
pro-fibrogenic phenotype of human HSC 

Bruschi F. et al. Hepatology 2017
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Cytoglobin B: HSC quiescence marker VARS2: a mitochondrial enzyme involved in fatty 
acid metabolism

GSTT1, a Glutathione-S-Transferase 

PNPLA3 (148M) SNP promotes the activation of human HSC through a 
dysregulated oxidative stress response

Caon E et al. 2020 unpublished
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Lee et al., Gut 2015

Cellular Cross-Talk in Liver Fibrogenesis



Vuppalanchi R at al., 2021



Vuppalanchi R at al., 2021
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HemoShear has identified and validated a target that impacts several NASH disease pathways to reduce fibrosis, restore 
metabolic signaling and inhibit inflammatory signaling in the REVEAL-TxTM NASH model.
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