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Agenda

- The liver & its microcirculation

- Ischemia/Reperfusion Injury (IRI) during liver transplantation

- Therapeutics to improve hepatic IRI

- An overview on liver regeneration
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Liver cells
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Gracia-Sancho J et al, Nature Reviews Gastro & Hepatol 2021
Tsuchida & Friedman, Nature Reviews Gastro & Hepatol 2017

Tacke F. Journal of Hepatology 2017



Liver cells - Hepatocytes
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Hepatocytes
- Main cell type of the liver.
- Synthesis of proteins, metabolism of molecules,

detoxification.

Gracia-Sancho J et al, Nature Reviews Gastro & Hepatol 2021
Tsuchida & Friedman, Nature Reviews Gastro & Hepatol 2017

Tacke F. Journal of Hepatology 2017



Liver Sinusoidal Endothelial Cells (LSEC)
- Discontinuous (fenestrae, lack of basal membrane).
- Haemostasis, inflammation, toxicants clearance

and regulation of vascular tone.

The liver sinusoid - LSEC
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Gracia-Sancho J et al, Nature Reviews Gastro & Hepatol 2021
Tsuchida & Friedman, Nature Reviews Gastro & Hepatol 2017

Tacke F. Journal of Hepatology 2017



Hepatic Stellate Cells (HSC)
- Contractile properties.
- Vitamin A storage

The liver sinusoid - HSC

Liver Sinusoidal Endothelial Cells (LSEC)
- Discontinuous (fenestrae, lack of basal membrane).
- Haemostasis, inflammation, toxicants clearance

and regulation of vascular tone.
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Gracia-Sancho J et al, Nature Reviews Gastro & Hepatol 2021
Tsuchida & Friedman, Nature Reviews Gastro & Hepatol 2017

Tacke F. Journal of Hepatology 2017



Kupffer Cells (KC)
- Resident macrophages: defense, inflammation,

tissue remodelling.

Hepatic Stellate Cells (HSC)
- Contractile properties.
- Vitamin A storage

Liver Sinusoidal Endothelial Cells (LSEC)
- Discontinuous (fenestrae, lack of basal membrane).
- Haemostasis, inflammation, toxicants clearance

and regulation of vascular tone.

The liver sinusoid - KC
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Gracia-Sancho J et al, Nature Reviews Gastro & Hepatol 2021
Tsuchida & Friedman, Nature Reviews Gastro & Hepatol 2017

Tacke F. Journal of Hepatology 2017
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Peralta & Gracia-Sancho, Journal of Hepatology 201310
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Ischemia & Reperfusion Injury – Effects in the parenchyma

Peralta & Gracia-Sancho, Journal of Hepatology 201311



Ischemia & Reperfusion Injury – Effects in the parenchyma

Peralta & Gracia-Sancho, Journal of Hepatology 2013
Peralta, Romero & Gracia-Sancho, Liver Transplantation 201912

Major consequences:

- Acute inflammatory response
- Burst in oxidative stress
- Liver cell dysfunction & death



McGill & Jaeschke, Biomarkers in Liver Disease 2016

Ischemia & Reperfusion Injury – Effects in the parenchyma



McGill & Jaeschke, Biomarkers in Liver Disease 2016

Ischemia & Reperfusion Injury – Effects in the parenchyma



Ischemia & Reperfusion Injury – Effects in the sinusoid

Peralta & Gracia-Sancho, Journal of Hepatology 201315



Ischemia & Reperfusion Injury – Effects in the sinusoid

Peralta & Gracia-Sancho, Journal of Hepatology 2013
Peralta & Gracia-Sancho, Clinical Science 201516

Major consequences:

- Acute endothelial dysfunction + 
inflammatory cells recruitment

- Increase in hepatic vascular resistance
- Reduced parenchymal perfusion
- Portal Hypertension
- Splanchnic congestion



Ischemia & Reperfusion Injury – Effects in the sinusoid – Inflammatory cells recruitment
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Ischemia & Reperfusion Injury – Effects in the sinusoid

Peralta & Gracia-Sancho, Journal of Hepatology 2013
Peralta & Gracia-Sancho, Clinical Science 201518

Major consequences:

- Acute endothelial dysfunction + 
inflammatory cells recruitment

- Increase in hepatic vascular resistance
- Reduced parenchymal perfusion
- Portal Hypertension
- Splanchnic congestion



Ischemia & Reperfusion Injury – Effects in the sinusoid
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Dekker RJ et al., Blood 2002  
Parmar KM et al., J Biol Chem 2005
Gracia-Sancho J et al., Gut 2011
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Ischemia & Reperfusion Injury – Effects in the sinusoid
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Ischemia & Reperfusion Injury – Effects in the sinusoid – Pharmacological strategy
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Liver Sinusoidal Endothelial Cells
KLF2Simvastatin

Gracia-Sancho et al, Journal of Hepatology 2013
Russo & Gracia-Sancho, et al, Hepatology 2012

Hide … Gracia-Sancho, 2014, 2016 & 2018
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Ischemia & Reperfusion Injury – Effects in the sinusoid – Pharmacological strategy



ischemia/reperfusion infection
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Bosch, Gracia-Sancho & Abraldes, Gut 2020

Ischemia & Reperfusion Injury – Effects in the sinusoid – Pharmacological strategy

Evidence of statins-derived protection in:

Renal Tx
Heart Tx
Lung Tx

Liver Tx (ongoing study)
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Ischemia & Reperfusion Injury – Effects in the sinusoid
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Dekker RJ et al., Blood 2002  
Parmar KM et al., J Biol Chem 2005
Gracia-Sancho J et al., Gut 2011
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Take home messages (I)



Take home messages (II)



Liver regeneration
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<5min

Few days/months



Liver regeneration phases

31

0 5
min

15
min

30
min

1h 2h 3h 5h 12h 24h 36h 48h 72h

Increment in urokinase plasminogen activator – ECs in response to PH
ECM remodeling - MMPs
B-catenin translocation – early induction of cyclin D1

Notch pathway activation

NF-kB pathway activation
Release of HGF from ECM - HGFR
Secretion of EGF from Brunner’s glands – EGFR
Release of IL-6

Wnt/b-catenin pathway activation

Hepatocyte synthesis:
- VEGF, FGF, Ang, TNF → ECs
- PDGF → HCSs

NPCs release HGF, HB-EGF

Synthesis and release of new HGF by NPCs

initiation phase inductive phase angiogenic phase

proliferative phase
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Hepatocytes

Cholangiocytes

Endothelial cells

Kupffer and stellate cells

144h

termination phase

ECM reassembly: reduction in TGFb, HGF…
Sinusoidal flow normalization: quiescence of LSECs, KCs, HSCs



Liver regeneration – molecular pathways
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Liver regeneration – take home messages
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- The liver is the unique visceral organ able to regenerate (hepatocytes increase
in size and number)

- Extremely well defined process, involving all liver cells and ECM

- After few days – months of PHx the liver recovers its original size (but not
anatomical structure)

- Liver regeneration also takes place in response to liver injury

- Different factors may influence regenerative capacity (insults, 
immunosupression, steatosis, age…)

- Hepatic progenitor cells also participate in liver regenerative capacity (still not
well understood)


	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33

