
Regenerative medicine in AKI

Elham Ramezanzadeh
assistant professor of nephrology

GUMS



• The term “regenerative medicine” is used to describe any biomedical approach to the replacement or regeneration of human tissues or 
organs for therapeutic purposes. 

• pluripotent stem cells (PSCs) from human somatic cells,

• the isolation of tissue-specific stem cells, and

• the reprogramming of non stem cells to a stem cell state . 

- Immunomodulation or the administration of biologicals. 



• All of these options can be envisaged for any organ;

• however, the barriers to success increase as histological 
and functional complexity increases.

• Hence, the replacement of skin or the bioengineering of 
simple epithelial structures, such as bladder wall, have 
seen substantial progress. 

• The kidney has been a far greater challenge.

However, the last decade has seen significant changes in 
what we can achieve with this organ.

The kidney is not a static organ, rather it is repairing and 
remodeling itself throughout life. 

• Acute injury can rapidly trigger extensive cellular 
proliferation.

• This endogenous repair potential gives the kidney a 
capacity to repopulate and repair damaged structures, 
even though nephron formation has ceased shortly 
before birth





• Kidney International (2018) 93, 27–40; https://doi.org/10.1016/ j.kint.2017.07.030

• The most commonly used experimental model of AKI is the 
induction of transient ischemia via clamping of the renal 
artery. 

• Performed unilaterally (provides a capacity to investigate 
the contralateral organ as a control) or bilaterally, this 
mimics clinical ischemia reperfusion injury.4 

• This injury model in mice is known to result in a rapid 
inflammatory response with substantial epithelial cell 
death followed by a proliferation repair response that, 
over a 7-day period, results in a return to normal 
histology.

• A more chronic injury, unilateral ureteral ligation, results in 
tubular atrophy, interstitial expansion, and loss of renal 
parenchyma.

• However, once the obstruction is removed, the tissue can 
remodel to repair damaged tubules without forming new 
nephrons. This repair is accompanied by substantial cell 
proliferation within the epithelium.



• Cellular approaches to improving repair:

• A number of cell types are considered to be able to either contribute directly to renal 
repair after injury or substantially ameliorate renal injury without directly contributing to 
the renal epithelium.

• Experimental nephrology has focused on 4 possible origins for cells contributing to 
postnatal renal repair:

• (i) interstitial cell transdifferentiation to epithelium,

• (ii) recruitment of cells from the bone marrow,

• (iii) tubular cell dedifferentiation and proliferation in response to injury, and

• (iv) repopulation of the renal tubules by an adult resident kidney stem/progenitor cell 
population.

• Options (i) and (ii) involve nonepithelial cells presumably transdifferentiating into renal 
epithelium whereas options (iii) and (iv) propose a repair process involving epithelial cells 
within the renal epithelium itself.

• After many years of careful studies, there is little evidence for the first 2 options
occurring. 

• The most definitive proof that renal repair involves cells within the renal epithelium of the 
nephron showing no evidence of dilution of the cap mesenchyme derived (Six2þ) tubular 
epithelium with a nonepithelial cell source.

• This did not resolve whether any cell within the epithelium can contribute to repair or 
whether repair relied on a resident stem cell population within the tubules.

• This debate has become a major focus over recent years. 



KI  
two models have been proposed to explain the capacity for the 
tubular epithelium to repair in response to acute injury.

(a) Tubular stem cell/progenitors exist within the mature tubular 
epithelium. 

These preferentially respond to damage via proliferation to replace 
cells from the epithelium.

As a result, an increasing proportion of the resulting repaired 
epithelium will have been derived from a progenitor.

It is not clear whether these also retain progenitor status. 

(b) Acute injury results in epithelial apoptosis but also promotes the 
proliferation of any mature epithelial cell within the tubule. 

These proliferating cells contribute new epithelial cells to elicit repair 
after injury.
No cell has any preferential contribution to this process.



• Endogenous tubular kidney progenitors:

• the presence of a resident tubular stem cell population (CD133+ and CD24+) within the human 
adult kidney has been proposed, with this viewed as a defined subpopulation resident within the 
tubular compartments.

• Over the last decade, many studies have investigated the existence, location, and contribution of 
these renal progenitor cells (RPCs) to epithelial repair.

• The delivery of such cells has also been reported to act as a successful therapy for both acute 
and chronic animal models.

• Based on specific markers, it has also been possible to isolate and culture RPCs from human 
urine, providing a pathway for personalized disease modeling and drug screening.

• As well as progenitors involved in tubular turnover, there is also evidence for progenitors with 
overlapping protein signatures that can contribute to the turnover of podocytes within the 
glomerulus. 



• Some view the RPC population of the postnatal renal tubules as potentially representing a
retained tubular progenitor, in part based on expression of markers such as Pax2 seen in the 
developing organ.

• Although it is clear that RPCs do not have a capacity to regenerate an entire nephron, the 
concept is that each segment might contain a distinct tubular progenitor able to selectively 
contribute to repair via differential proliferation in response to injury.

• Indeed, there is an ongoing debate around whether RPCs correspond to a stable subpopulation 
within the tubular epithelium or a transient cell state that appears in response to a homeostatic 
imbalance within the kidney (Figure 1).

• The confusion has come in part from an inability to directly compare between human and 
mouse.

• The CD24 epitope used in association with CD133 to identify a specific double positive population 
in humans is not present in the mouse.

• Conversely, the capacity to lineage trace, though available in the mouse, is not in the human.

• It is also possible that mouse and human kidneys are not using the same



• MSC therapy:

• adult stem cells, in particular msCs, have now been shown to exert complex paracrine and endocrine actions 
when administered after organ injury, including the secretion of growth factors and cytokines, modulation of 
the immune response, mitogenic, antiapoptotic and anti-inflammatory effects, and stimulation of 
vasculogenesis and angiogenesis.

• msCs are fibroblast-like cells generated within the bone marrow that can be induced to differentiate into 
osteocytes, chondrocytes and adipocytes , varying degrees of reproducibility, into a variety of different cell 
types, such as neuronal cells, hepatocytes, and lung cells. 

• Furthermore, msCs have prominent immunomodulatory functions including the ability to suppress t-cell and 
B-cell responses in vivo and in vitro. of note, these cells do not express blood-group antigens, mHC class ii 
antigens, or co-stimulatory factors, facilitating their use in allogeneic protocols. 

• msCs can be readily generated from a small-volume bone-marrow aspirate, which is obtained via a minimally 
invasive and safe procedure. 

• the cells can subsequently be isolated by their adherence to plastic dishes and can then be readily expanded in 
culture on a large scale, enabling the production of a standardized and potentially marketable cell product that 
is suitable for use in various potential therapeutic applications.





Currently, there are multiple clinical trials(CT) using hMSCs for therapeutic purposes in a large number of clinical settings.

Material and Methods. 

The search strategy on clinicaltrials.gov has focused on the key term ‘‘Mesenchymal Stem Cells’’, and the inclusion and exclusion criteria were separated into two stages.

Stage 1, CT on phases 1e4: location, the field of application, phase, and status.  

For stage 2, CT that have published outcome results: field of application, treat-ment, intervention model, source, preparation methods, and results.

Results.By July 2020, there were a total of 1,138 registered CT. 

Most studies belong to either phase 2 (61.0%) or phase 1 (30.8%); most of them focused in the fields of traumatology, neurology, cardiology, and immunology. 

Only 18 clinical trials had published results:

the most common source of isolation was bone marrow; 

all of them have similar preparation methods;

all of them have positive results with no serious adverse effects.

Conclusions. There appears to be a broad potential for the clinical use of hMSCs with no reported serious adverse events. 





msCs effectively improve outcome after aKi in different experimental animal 
models.

• infusion of msCs improved recovery after

• cisplatin-induced aKi,

• after aKi induced by ischemia–reperfusion injury, and 

• after glycerol-induced aKi. 

• msCs that were administered into the suprarenal aorta or intravenously were 
subsequently found predominantly in glomerular and peritubular capillaries 
and disappeared from the kidney and other organs within 72 h after infusion.
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• Cell-based therapies in human AKI – perspectives and current 
limitations:

• The first problem that needs to be addressed is related to the exact timing of cell 
administration.

• In an ideal situation, cells would be applied at the moment of AKI onset, e.g. shortly after 
renal ischemia. 

• Unfortunately, acute kidney dysfunction does neither cause any typical symptoms, 
comparable to cardiac ischemia for instance nor are any marker molecules available that 
allowed a fast and early detection of AKI.

• From the clinicians´ perspective it is impossible to define the exact moment at which AKI 
evolves. Even if it became possible to predict the moment, cells for therapeutic 
administration should be available more or less immediately.



• MSC-EVS ARE SUPERIOR TO MSCS AND 
CAN BE MODIFIED ARTIFICIALLY AS 
MEDICATION CARRIERS, WITH RARE 
ADVERSE REACTIONS

•



• HOW TO ADMINISTER MSC-EVS: 

• When administered via peripheral intravenous injection, 
most MSCs or MSC-EVs distribute to the lung, spleen, or 
celiac lymph nodes, thus, reducing their therapeutic 
efficacy .

• Moreover, the homing ability of EVs is lower than that of 
MSCs.

• However, a recent study showed that renal artery 
administration could transport more EVs and generate 
better therapeutic effects to injured kidney tissue with 
greater precision compared with other administration 
routes .

• However, although EV injection via the renal artery 
provides a possible approach, this administration route is 
more difficult and is associated with ethical concerns in 
clinical practice .

• Bruno et al. utilized MSC-derived microvesicles, a kind of 
EVs, in lethal cisplatin-induced AKI and showed that 
increased administration times improved the therapeutic 
effects due to anti-apoptosis in AKI. 

• They also found that using multiple injections of EVs 
significantly reduced the mortality of mice, and mice 
surviving at day 21 showed normal histology and renal 
function



• A meta-analysis using serum creatinine (Scr) as an indicator of 
efficacy compared the timing of administration in various 
studies (between 1 h and 3 days after the occurrence of AKI), 
and showed a better treatment effect following administration 
of MSC-EVs within 1 h after the occurrence of AKI, suggesting 
that they should be administered as early as possible .

• Current research mainly focuses on EVs secreted by MSCs 
derived from adipose tissue, bone marrow, and cord blood. 
However, the source tissue also has an impact on MSCEVs .

• For example, compared with cord blood-derived MSCs, signals 
mediated by EVs derived from bone marrow MSCs had greater 
effects on bone growth and differentiation .

• In addition, adipose-derived MSCs had similar immune 
regulation effects to bone marrow-derived MSCs .

• The EV source should be selected flexibly according to the 
type of kidney injury and treatment needs.

• Meanwhile, because MSC from different sources have 
different characteristics, the EVs secreted by them will also 
differ. 

• The therapeutic effects of EVs from other sources of MSCs in 
AKI are still unclear, and there is much need for further 
research,
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• Genome engineering is an emerging technology that enables the insertions or deletions of 
DNA using engineered nucleases.

• The present study aimed

• (i) to generate hUC-MSCs secreting angiogenic factors VEGF or angiopoietin-1 or anti-
inflammatory factors (erythropoietin [EPO] or a-melanocyte–stimulating hormone [aMSH]) 
via zinc finger nuclease (ZFN)–mediated genome engineering technology;

• AKI is induced by clamping of bilateral renal pedicles for 30 min and then release. During 
occlusion of the renal pedicle (at 20 minutes after the occlusion of both renal pedicles), cell 
sheets of genomeengineered hUC-MSCs are applied to the decapsulated kidney surface. At 30 
minutes after renal pedicle occlusion, both clamps are removed (i.e., bilateral renal ischemia-
reperfusion [I/R] injury). 



This suggests that the strategy of systemic administration of 
MSCs may be inefficient in other organs, especially in the lung, 
and the number of cells reaching the kidney may not be 
sufficient to result in a therapeutic effect. 
Thus, local administration of a cell sheet may be a better choice 
for the treatment of kidney diseases. 

This approach clearly resulted in amelioration of renal 
dysfunction both physiologically and histopathologically.

however, this comes with an increased risk of side effects. 
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