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Introduction 
• Kidney failure  can be  acute or chronic 

• Both AKI and CKD may progress to ESRD a condition with very few 
effective therapies, except for supportive care

• Several strategies have been developed over the time:
• Artificial kidney in the 1940s

• Outpatient dialysis in the 1960s

• kidney transplantation from a living  and cadaveric donor

• Discovery of drugs that delay the progression of disease, such as ACEi

• Nevertheless, further strategies that  remove patients from the transplant queue 
are still needed. 

• Therefore, the development of new therapeutic strategies is crucial and 
regenerative therapy has  a promising field to achieve this goal





Stem Cells and the Kidney:
Where Do We Go from Here?

• The kidney undergo mesenchymal-epithelial transition during 
development. 

• kidney arise from reciprocal interactions between UB and  MM.

• Contains more than 24 mature cell types arranged in distinct 
location.

• Unique organogenesis and structural complexity

J Am Soc Nephrol 18: 2018–3020, 2007





Different strategies toward replenishing the 
damaged renal parenchyma

• Harnessing the kidneys intrisic growth potential for renal cell therapy
• Adult mammalian kidney is devoid of true regenerative potential, and ability to generate 

new nephrons 

• Exhaustion of the fetal pool of renal stem cells, which is depleted soon after (mice) or 
several weeks before (humans) birth.

• Transplantation of Fetal kidney grafts 

• Fetal kidney stem cells 

• Directed differentiation of pluripotent stem cells into kidney 

• Establishment of renal progenitors from the adult kidney

• Genetic reprogramming of mature cells into a progenitor state. 

• use of novel techniques : three dimensional developmental environment and 
organoid technology Stem Cells International

Volume 2020, Article ID 8894590, 9 pages



Stem Cells and the Kidney:
Where Do We Go from Here?

• The use of embryonic stem cells for organ regeneration is limited by 
formation of teratoma in the host. 

• More differentiated stem cells may be safer for therapeutic use because 
lack of teratoma frmation. 

J Am Soc Nephrol 18: 3018–3020, 2007



J   Stem Cell Res Ther. 2020;6(1):1‒9



Clinical trials with cell-based therapy: embryonic and adult stem cells. (A) Pie chart showing the relative numbers of clinical trials 
using different types of stem cells as listed on the U.S. NIH website   Int. J Int. J. Mol. Sci. 2019, 20, 2790



Adult stem cells as a tool for kidney regeneration

• MSCs are effective to repair the kidney in various animal models; however, 
their beneficial effects can be due to paracrine factors that are secreted 
from MSCs. 

• MSCs release EVs that contain mRNA and micro RNA as well as proteins.

• EV-derived molecules may play beneficial roles in the repair of the kidney.

• Ideal combinations of :
• Use of molecules released from MSCs for stimulation of kidney repair without using 

stem cells.

• Strategies to reprogram somatic cells to kidney progenitor cells to regenerate the 
kidney.

World J Nephrol 2016 January 6; 5(1): 43-52 .ISSN 2220-6124 



Int. J. Mol. Sci. 2019, 20, 2790





Urine-derived stem/progenitor cells: A focus on their
characterization and potential

World J Stem Cells 2020 October 26; 12(10): 1080-1096



•Pluripotent stem cells:
• Are self-renewing
• Clonogenic, and
• Able to  commitment into the three different embryonic germ lines: 

• Ectoderm, 

• Mesoderm

• Endoderm

• Source of these cells is human embryos at blastocyst phase, namely, 
embryonic stem cells (ESCs
• Use of ESC for cellular therapy is  complex, considering:

• Ethical conflicts concerning manipulation of human embryos 

• Safety concerns related to their immunogenicity

• Risk of uncontrolled growth and teratoma formation 

iPSC against PSC



iPSC
• In an attempt to overcome these issues, a new reprogramming technology has 

led to the generation of iPSC from somatic cells :

• iPSC share with ESCs many features including :
• Pluripotency and high differentiation capacity

• Representing a promising alternative as a source of pluripotent stem cells without
• Ethical concerns 

• Immunorejection

• Since they can be generated from patient derived adult cells
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iPSC New Approach to Treat 
Kidney disease

• Some limitations still persist and include :
• The risk of tumor development following transplantation due to 

their high proliferative potential 
• Use of viral vectors for reprogramming

•Therefore, an alternative approach is to differentiate 
iPSC into a specific cell type before cellular 

transplantation



iPSC-Derived Renal Cells as Cell Therapy for Kidney Diseases

activin A,
retinoic acid (RA), 

Bonemorphogenetic
proteins (BMPs



Clinical and Experimental Nephrology (2021) 25:574–584



iPSC technology-based regenerative medicine for kidney diseases
Reconstruction of kidney structures

Recent advances in the generation of nephron organoids from hiPSCs have enabled the modeling of kidney disorders,
such as :

Nephronophthisis,   congenital nephrotic syndrome , ARPKD
iPSC-EPO cells could be used to discover novel drugs and develop cell therapies against renal anemia

Clinical and Experimental Nephrology (2021) 25:574–584





•As a novel screening tool for renal toxicity, 3D 
organoids were exposed to three widely used 
drugs: aspirin, penicillin G and cisplatin. 

•The study results showed this 3D renal organoid
model can be used as a drug screening tool, a 
new in vitro 3D human kidney model, and provide 
hope for potential regenerative therapies for CKD.





Disease-Modulating Regenerative Therapies in Nephrology
Hickson et al. KIDNEY360 2: 542–557, March, 2021

• promoting disease resolution indirectly through local or systemic 
interactions with a patient’s cells, without permanently integrating 
or directly forming new primary tissue. 

• In four distinct areas of nephrology: 
• Renovascular disease (RVD)

• Sepsis-associated AKI (SA-AKI)

• Diabetic kidney disease (DKD)

• Kidney transplantation (KTx).

• To date (2021), no DMRT has gained market approval for use in 
patients with RVD, SA-AKI, DKD, or KTx, and









Disease-Modulating Regenerative Therapies in Nephrology
Hickson et al.KIDNEY360 2: 542–557, March, 2021

• To date (2021), no DMRT has gained market approval 
for use in patients with RVD, SA-AKI, DKD, or KTx, 
and

• clinical trials demonstrating definitive, cost-effective 
and  patient benefits are needed.



Effect of SVF Derived MSC in DCD Renal 
Transplantation

•Primary outcome :
• Effects of autologous SVF derived MSC transplantation on 

reducing the dosage of CNI by 30% in Kidney Transplantation from 
Chinese Donation after Citizen Death [ Time Frame: 1 years ] 
• Changes of the immunosuppressant by reducing 30% of CNI dosage.

• Secondary outcome:
• Changes in renal function as determined by eGFR and proteinuria 

( Time Frame: 1 year) 





Mitochondrial transplantation

•Kidneys are second to the heart in oxygen 
consumption and mitochondrial number. 

•Mitochondria dysfunction is a key contributor to renal 
tubular cell death during acute kidney injury

•Mitochondrial transplantation as a novel master key 
for treatment of various incurable diseases in the 
future.



Mitochondrial transplantation

•mitochondrial transplantation prolonged cold preservation 
time , might be  improve organ transplantation outcomes

• The isolation of healthy and functional mitochondria is very 
important and crucial.

• Functioning for at least 28 days and had no pro-arrhythmic, 
inflammatory, immune or auto-immune response

•Currently, autologous transplantation is recommended for 
the clinical trial 



Delivery methods of mitochondrial transplantation

•In situ or directly inject in to affected organ
• Surgically in heart or steriotaxis for  nervous system 
• The sonography-guided catheter , carotid system for brain 

and renal artery for kidney might be applicable

• Systemic transplantations
Cytotechnology (2019) 71:647–663



Mitochondrial transplantation practical view

•Recommended to obtain tissue biopsy from non-ischemic 
skeletal muscle mainly from pectoralis major or rectus 
abdominis. 

•Usually, 6 mm tissue biopsy is suitable to take enough 
mitochondria for injection. Approximately, the number of 
mitochondria which can be obtained from a 6 mm biopsy is 
2.4 × 1010 ± 0.1 × 1010

•Currently, the storage of mitochondria is impossible and it 
must be injected immediately after isolation.

Cytotechnology (2019) 71:647–663




