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Metabolic “Stress” and the Metabolic Syndrome

Predisposing factors:

» Obesity/overweight

+ High calorie/high

carbohydrate diet

Sedentary lifestyle

+ Sleep apnoea

Gut dysbiosis

» Epigenetic and genetic
influences
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Metabolic Inflexibility Leads to Dysregulated Glucose and Lipid Metabolism
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NASH Occurs in a Context of Multi-tissue Involvement

FFA overload

l

ER stress

l

Cytokines/chemokines
4 TNFa, IL1B, MCP-1
+ Adiponectin

Metabolic
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4 TCA cydle flux

V Ketogenesis

¥ Long-chain acylcarnitine
¥ ATP production
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NAFLD: Natural History
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Adapted from Diehl AM. NEJM 2017;377:2063-72



NAFLD: Natural History
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NASH Fibrosis: Stage-dependent Mechanisms
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Type of Fibrosis Pattern Histology MPercerY :rlleis?r%s
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Pathways of Stellate Cell Activation in Liver Injury
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Pathways of Lipotoxic Liver Injury
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Pathways of Lipotoxic Liver Injury
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Cellular Responses Following Increased Intracellular ROS

Growth Factors and
Cytokines

NADPH mitochondria
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Adapted from Novo E & Parola M, Fibrogenesis and Tissue Repair 2008



NASH Fibrosis: Stage-dependent Mechanisms
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PNPLA3 and NAFLD

Severity of liver disease
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Genotypes for PNPLA3 rs738409 (minor allele: G)
Variables OR (95% Cl) P-value
PNPLA3 rs738409 2.26(1.23-4.14) 0.0082
Age 1.24(1.17-1.32) <0.0001
Gender (Male) 11.11(4.17-33.33) <0.0001
BMI 0.94(0.87-1.02) 0.148
Diabetes 2.33(0.93-5.81) 0.070
Cirrhosis 9.37(3.82-23.00) <0.0001

Liu et al. ) Hep 2014



PNPLA3 is required for HSC activation and its genetic variant 1148M potentiates the

pro-fibrogenic phenotype of human HSC
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PNPLA3 (148M) SNP promotes the activation of human HSC through a

dysregulated oxidative stress response
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Cellular Cross-Talk in Liver Fibrogenesis

Biliary Liver
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Outcomes

NAFL

* Cardiovascular

* Non-hepatic
malignancies

* Renal disease

* Cerebrovascular disease

NASH without fibrosis NASH with F1 and F2 NASH with F3 and F4

e Cardiovascular e Liver disease e Liver disease

* Non-hepatic e Cardiovascular disease e Cardiovascular disease
malignancies * Hepatic and non-hepatic * Hepatic and non-hepatic

e Liver disease malignancies malignancies

* Renal disease * Renal disease * Renal disease

Liver-specific
Metabolic benefits

[
Lifestyle modification

I
Drugs that can resolve steatohepatitis

[
Drugs that improve glycaemic control
Drugs that can improve dyslipidaemia or decrease cardiovascular disease
Drugs that can induce weight loss
Drugs that can lower the risk of malignancy

Drugs that prevent progression of fibrosis

L

[
Drugs that reduce fibrosis

VuppalanchiR at al., 2021

NATURE REVIEWS | GASTROENTEROLOGY & HEPATOLOGY



PPAR agonist Thyroid hormone

receptor agonist

Mechanisms of action
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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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