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TREATMENT STRATEGIES IN 

MANAGEMENT OF CHRONIC 

KIDNEY DISEASE FROM 

PERSPECTIVE OF BIOLOGICAL 

REGENERATIVE MEDICINE



Progressive loss of  the number of  functional 

nephrons leads to chronic kidney disease 

(CKD) and eventually end stage renal 

disease(ESRD), requiring renal replacement 

therapy.

CHRONIC KIDNEY DISEASE



• Numerous etiological factors have been 

attributed to the pathogenesis of  CKD, leading 

the list would be the non-communicable diseases 

namely hypertension and diabetes mellitus. 

ETIOLOGY



 compensatory renal hypertrophy

 cell proliferation

 reprogramming of  endogenous renal cells

 renal progenitor cell differentiation

 mesangial cell proliferation and migration

 neoangiogenesis

ADAPTATION MECHANISMS OF THE 

CELLS OF THE KIDNEYS TOWARDS 

VARIOUS INSULTS 



DISEASE BURDEN



It is estimated that 6% of  total global medical 

expenses are being spent on CKD and related 

conditions.

DISEASE BURDEN

Klokol D, Nallenthiran L, Nalapko Y, et al. Treatment strategies in management of  chronic 

kidney disease from perspective of  biological regenerative medicine. J Stem Cell Res Ther. 

2020;6(1):1‒9.



Up to date there is no specific method of  treatment 

in severe CKD such as grade more than 3b, but 

trying conservative measures such as ACE 

inhibitors or ARB, antihypertensive medicine, 

kalium lowering agent, phosphate lowering agent, 

until fall into CKD stage 5, when RRT such as 

dialysis or kidney transplantation are mandatory.

CURRENT STATUS OF THERAPEUTIC 

STRATEGIES FOR KIDNEY REGENERATION 

Kidney International Reports (2020) 5, S1–S392



The advent of  regenerative therapies that support repair, 

regeneration, and restoration of  damaged tissues emerged 

as promising approaches to preserve the structure and 

function of  the kidney.



SUMMARY OF KIDNEY REGENERATIVE 

MEDICINE STRATEGIES

Osafune K. Regenerative treatments for kidney diseases: The closest and fastest strategies to 

solving related medical and economic problems. Artif  Organs. 2021;45:447– 453



 bone-marrow-derived cells (BMDCs) 

 embryonic stem (ES) cells

 autologous adipose-derived mesenchymal stem 

cells (ADMSCs)

 induced pluripotent stem (iPS) cells 

 renal progenitor cells

TYPES OF STEM CELLS USED IN CKD



 ADMSCs possess anti-inflammatory and 
immunomodulating functions and are easily 
accessible for harvesting and culturing in high 
volume. 

• Unfortunately, these cells have not been proven 
to actively regenerate into renal cells, hence 
rendering it not beneficial in treating chronic 
kidney disease.

ADIPOSE-DERIVED MESENCHYMAL 

STEM CELLS



 The bone-marrow-derived mesenchymal stem 

cells (MSCs) have been the most widely used cell 

in the treatment of  chronic kidney disease and 

end stage renal failure.

BONE-MARROW-DERIVED 

MESENCHYMAL STEM CELLS



• A number of  experiments have established that ES cells 

can differentiate into renal epithelial cells and once 

introduced directly into developing metanephros can 

differentiate to tubular epithelia with nearly absolute 

efficiency. 

• Unfortunately, studies have also confirmed that this can 

also give rise to spontaneous teratomas as ES may 

differentiate into all three types of  germ lines.

EMBRYONIC STEM CELLS

Klokol D, Nallenthiran L, Nalapko Y, et al. Treatment strategies in 

management of  chronic kidney disease from perspective of  biological 

regenerative medicine. J Stem Cell Res Ther. 2020;6(1):1‒9. 



Induced pluripotent stem cells constitute a newly defined 

stem cell type with similar properties to those displayed by 

embryonic stem cells (ESCs), in terms of  self-renewal and 

differentiation.

Blocking the proliferative ability of  iPSCs with antimitotic 

agents, such as mitomycin C (MMC) and/or differentiating 

them into RPCs might be a safer strategy for CKD 

treatment. 

INDUCED PLURIPOTENT STEM CELLS (IPSCS) & 

RENAL PROGENITOR CELLS 

Ribeiro et al. Stem Cell Research & Therapy         

(2020) 11:530 



CELL-FREE 

APPROACH



MESENCHYMAL STEM/STROMAL CELL–DERIVED EXTRACELLULAR 

VESICLES



It is now well accepted that MSCs exert their para-

crine activity partly by releasing extracellular vesicles

(EVs), lipid bilayer-delimited particles. 

These include microvesicles (0.1–1 μm diameter, shed by 

outward blebbing of  the plasma membrane) and exosomes

(30–100nm released by the fusion of  multivesicular bodies 

with the plasma membrane).

MESENCHYMAL STEM/STROMAL CELL–DERIVED 

EXTRACELLULAR VESICLES



Hypertension. 2021;78:261–269



In recent years, the renoprotective effects of  MSC-
derived EVs have been investigated in several in vivo 
models of  CKD, including:

 diabetic and hypertensive nephropathy,

 ischemia-reperfusion injury (IRI),

 unilateral ureteral obstruction (UUO), 

 environmental exposure to
heavy metals, and

 subtotal nephrectomy

MSC-DERIVED EVS IN CKD 

MODELS



Nassar et al. Biomaterials Research (2016) 20:21 



Hypertension. 2021;78:261–269



STROMAL VASCULAR FRACTION 

(SVF)



Evidence suggests that mitochondrial dysfunction is a 

key contributor to the pathogenesis of  CKD.

Functional significance of  mitochondrial dysfunction 

in promoting inflammation and fibrotic responses in 

the pathogenesis of  tubulointerstitial fibrosis and 

various forms of  CKD, including diabetic nephropathy , 

IgA nephropathy, membranous nephropathy, and 

polycystic kidney disease.

MITOCHONDRIA AND CKD



In a mouse model of  type 1 diabetes, MitoQ treatment 
reduced albuminuria and attenuated both interstitial fibrosis 
and glomerular damage .
(Chacko BK, Reily C, Srivastava A, et al. Prevention of  diabetic nephropathy in Ins2(+/)-(AkitaJ) mice by the 

mitochondria-targeted therapy MitoQ. Biochem J. 2010;432:9–19.)

MitoQ also inhibited cyst formation in an ADPKD mouse 
model.
(shimoto Y, Inagi R, Yoshihara D, et al. Mitochondrial abnormality facilitates cyst formation in autosomal 

dominant polycystic kidney disease. Mol Cell Biol. 2017;37:e00337–17. )

MitoQ is being investigated in a Phase IV controlled, 
double-blind clinical trial in patients with stage 3-5 CKD.
(ClinicalTrials.gov Identifier:NCT02364648)

MITOCHONDRIA AND CKD



KIDNEY BIOENGINEERING

Tissue and Cell

Volume 74, February 2022, 101699



KIDNEY BIOENGINEERING

Regenerative Engineering and Translational 

Medicine volume 6, pages 433–441 (2020)



CLINICAL TRIALS

Cytotherapy

Volume 20, Issue 5, May 2018, Pages 

660-669



Either We Will Find A Way Or WeWill Make 
One!


