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Introduction

Acute kidney injury (AKI) remains an independent predictor of in-hospital 

mortality. 

In-hospital mortality rates can approach 50% to 70%.

AKI survivors are at 

9-fold risk of progression to CKD

3-fold risk of progression to ESKD

2-fold increased risk of mortality.



KDIGO guidelines suggest patients be evaluated 3 months after an 

episode of AKI and an early nephrology follow-up of patients who 

recovered from severe AKI has been associated with lower all-

cause mortality.

Studies show that nephrologists see less than half of these patients 

at 90 days.

KDIGO. KI Suppl. 2012; 2: 1–138



Am J Respir Crit Care Med, 2017
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ESKD in >50% with eGFR 

<30 vs.

<15% with eGFR 45–69 &  

<1% when eGFR >60
(Am J Kidney Dis. 2011;58(2):206-213)



CELLULAR AND MOLECULAR FACTORS

ASSOCIATED 

WITH RENAL REGENERATION



Kermann et al. NDT (2015) 30: 903–910

Ischemia reperfusion injury (IRI) in most animal models induces the most severe 

injury in the S3 segment of the proximal tubule, whereas, in humans, a controversy 

exists whether the extent of injury is more severe in proximal or distal tubular 

epithelial cells. 

Growing evidence suggests that, in human AKI, both the proximal and distal

tubular cells are injured with urinary increase of biomarkers for proximal tubular 

epithelial cells as kidney injury molecule-1 (KIM1) and distal tubule markers such 

as neutrophil gelatinase-associated lipocalin (NGAL).
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Healing Phenotype!

• IL-22

• Wnt pathway 

ligand Wnt7b

• IL1 Receptor 

Antagonist

Macrophage CSF-1

Able to protect the 

kidney from injury!
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Rayego Mateos. S.Int.J Mol. Sci. 2022, 23, 1542

After DNA repair, cells abandon this 

growth arrest state and re-enter the cell 

cycle. 

However, in pathological conditions, 

DDR and CCA are permanent, thus 

provoking cellular senescence

Proximal tubular 

cells

Podocytes & endothelial 

cells

Immune system cells



Marquez-Exposito L,Front Pharmacol. 2021; 12: 662020.



Regulated Cell Death

Apoptosis

Regulated necrosis: 

Necroptosis 

Ferroptosis

Pyroptosis

Unlike cells dying from apoptosis, which display cell surface “eat-
me” signals and are rapidly engulfed by macrophages or adjacent 
healthy cells, cells dying from regulated necrosis release DAMPs and 
alarmins that amplify tissue injury, in a process termed 
necroinflammation that interferes with kidney repair.

Rayego Mateos. S.Int.J Mol. Sci. 2022, 23, 1542



A Mázló. Cell Death and Disease (2022) 13:423



A Mázló. Cell Death and Disease (2022) 13:423



Martin Sanches D., Neftologia. 2018;3 8(2):125–135 



The Cell Source for Regeneration

Surviving renal epithelium cells now prevail as the most relevant source for 
the regenerating tissue

The renal ECs seem to possess poor regenerative capacity: Angiogenesis ?

Bone marrow derived cells

Scattered tubular cells with stem cell properties? 
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Witzgall R. J Clin Invest.1994 May; 93(5): 2175

https://pubmed.ncbi.nlm.nih.gov/?term=Witzgall R[Author]


Chang-Panesso, M., Nat.Rev.Neph,2016;13:39–46.



Cellular Plasticity

1. Dedifferentiation: reversion of a differentiated cell to a more primitive form
encountered within that lineage during development (with progenitor
characteristics).

2. Transdifferentiation: direct conversion of one differentiated cell type into
another differentiated cell type without the need for an intermediary
progenitor-like step.

Both also occur in vivo as part of the injury response.

The amphibian axolotl, for example, has been studied for decades owing to its
ability to fully regenerate amputated limbs

Chang-Panesso, M., Nat.Rev.Neph,2016;13:39–46.



• Axolotl: Has the ability to fully regenerate amputated limbs.

• During repair, differentiated cells near the site of amputation dedifferentiate to form a cluster of stem cells called

the blastema.

• This group of proliferating progenitor cells ultimately redifferentiates into all of the cell types required to form a

new limb.

Chang-Panesso, M., Nat.Rev.Neph,2016;13:39–46.



M. Kragl. Nature, 2009; 460(7251),60–65.



M. Kragl. Nature, 2009; 460(7251),60–65.



Dedifferentiation and tubular repair 

The potent regenerative response of the kidney to acute injury has been known 
for decades, and historically, dedifferentiation was proposed as a central 
mechanism for proximal tubule repair.

Proliferating cell nuclear antigen (PCNA), c-Fos and the intermediate 
filament vimentin were expressed de novo in the S3 segment of the proximal 
tubule after ischaemic injury in rodents.

These findings were interpreted to reflect dedifferentiation of mature cells that 
re-entered the cell cycle to proliferate, redifferentiate and repair the nephron, as 
vimentin is normally expressed in mesenchymal cells. 

Chang-Panesso, M., Nat.Rev.Neph,2016;13:39–46.



Chang-Panesso, M., Nat.Rev.Neph,2016;13:39–46.



Kermann et al. NDT (2015) 30: 903–
910



Chang-Panesso, M., Nat.Rev.Neph,2016;13:39–46.



Chang-Panesso, M., Nat.Rev.Neph,2016;13:39–46.



Benjamin Humphreys: “All injured PTECs have an 
equivalent capacity to repair, and argue against the existence 

of a fixed intratubular population of progenitor cells”

• Analysis of differential gene expression patterns showed changes in the levels of 1,457 genes 

between day 2 and 7 following IRI, which subsequently returned towards baseline levels by 

day 14. 

• Gene ontology analysis showed upregulation of genes involved in the cell cycle, DNA repair, 

the immune response and cilium assembly at day 7 compared with day 2

• By contrast, genes that were upregulated by day 14 included those involved in cell transport 

and metabolic processes, indicating redifferentiation of these cells.

• The main involving gene/pathway: EGFR–FOXM1 signalling.



The Cell Source for Regeneration

Surviving renal epithelium cells now prevail as the most relevant source for 

the regenerating tissue

The renal ECs seem to possess poor regenerative capacity: Angiogenesis ?

Bone marrow derived cells

Scattered tubular cells with stem cell properties
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Can We Target Inflammation in AKI?



Martin Sanches D., Neftologia. 2018;3 8(2):125–135 



Can We Target Repair in AKI?



• Hepatocyte growth factor (HGF) gene therapy: increased the number of bone 
marrow-derived M2 macrophages and induced kidney repair in diabetic kidneys.

• Cell therapy with M2 macrophages that had been stabilized with Lcn-2 effectively 
reduced kidney fibrosis in murine kidney disease, probably by the modulation of 
the renal inflammatory milieu.

• Senescent Cell Clearance (Senotherapies): Removal of senescent cells with 
senolytics, SASP suppression with senostatics, or boosting blockers of cellular 
senescence triggers:

• Flavonoids have been explored to deplete senescent cells in kidney injury. 

• The combination of Dasatinib, a tyrosine kinase inhibitor which promotes 
apoptosis, and the pro-apoptotic natural flavonoid Quercetin has been tested in 
vitro and in vivo



Conclusions

AKI can lead to CKD/ESKD in a substantial percentage of patients depending on the inciting 

factor and baseline patient characteristics.

The tubules have a high regenerative potential mainly based on surviving tubular cells, which 

achieve progenitor characteristics.

Necroinflammation /Apopotisis are important determinants of the outcome of renal repair.

Innate immunity may lead to progression to fibrosis or regenerative profile.

Cell senescence phenotype is another important determinant of the kidney regenerative pathway.

Future therapies will target these pathways, alongside timely action for  prevention.




