
Reis, L. A., et al. (2012). "Bone marrow-derived mesenchymal stem 
cells repaired but did not prevent gentamicin-induced acute kidney 
injury through paracrine effects in rats." PLoS One 7(9): e44092.

This study evaluated the effects of bone marrow-derived 
mesenchymal stem cells (BMSCs) or their conditioned medium (CM) on the 
repair and prevention of Acute Kidney Injury (AKI) induced by 
gentamicin (G). Animals received daily injections of G up to 20 days. 
On the 10(th) day, injections of BMSCs, CM, CM+trypsin, CM+RNase or 
exosome-like microvesicles extracted from the CM were administered. In 
the prevention groups, the animals received the BMSCs 24 h before or 
on the 5(th) day of G treatment. Creatinine (Cr), urea (U), FENa and 
cytokines were quantified. The kidneys were evaluated using 
hematoxylin/eosin staining and immunohystochemistry. The levels of Cr, 
U and FENa increased during all the periods of G treatment. The BMSC 
transplantation, its CM or exosome injections inhibited the increase 
in Cr, U, FENa, necrosis, apoptosis and also increased cell 
proliferation. The pro-inflammatory cytokines decreased while the 
anti-inflammatory cytokines increased compared to G. When the CM or 
its exosomes were incubated with RNase (but not trypsin), these 
effects were blunted. The Y chromosome was not observed in the 24-h 
prevention group, but it persisted in the kidney for all of the 
periods analyzed, suggesting that the injury is necessary for the 
docking and maintenance of BMSCs in the kidney. In conclusion, the 
BMSCs and CM minimized the G-induced renal damage through paracrine 
effects, most likely through the RNA carried by the exosome-like 
microvesicles. The use of the CM from BMSCs can be a potential 
therapeutic tool for this type of nephrotoxicity, allowing for the 
avoidance of cell transplantations.

van Koppen, A., et al. (2012). "Human embryonic mesenchymal stem cell-
derived conditioned medium rescues kidney function in rats with 
established chronic kidney disease." PLoS One 7(6): e38746.

Chronic kidney disease (CKD) is a major health care problem, 
affecting more than 35% of the elderly population worldwide. New 
interventions to slow or prevent disease progression are urgently 
needed. Beneficial effects of mesenchymal stem cells (MSC) have been 
described, however it is unclear whether the MSCs themselves or their 
secretome is required. We hypothesized that MSC-derived conditioned 
medium (CM) reduces progression of CKD and studied functional and 
structural effects in a rat model of established CKD. CKD was induced 
by 5/6 nephrectomy (SNX) combined with L-NNA and 6% NaCl diet in Lewis 
rats. Six weeks after SNX, CKD rats received either 50 microg CM or 50 
microg non-CM (NCM) twice daily intravenously for four consecutive 
days. Six weeks after treatment CM administration was functionally 
effective: glomerular filtration rate (inulin clearance) and effective 
renal plasma flow (PAH clearance) were significantly higher in CM vs. 
NCM-treatment. Systolic blood pressure was lower in CM compared to 
NCM. Proteinuria tended to be lower after CM. Tubular and glomerular 
damage were reduced and more glomerular endothelial cells were found 
after CM. DNA damage repair was increased after CM. MSC-CM derived 
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exosomes, tested in the same experimental setting, showed no 
protective effect on the kidney. In a rat model of established CKD, we 
demonstrated that administration of MSC-CM has a long-lasting 
therapeutic rescue function shown by decreased progression of CKD and 
reduced hypertension and glomerular injury.

Dorronsoro, A. and P. D. Robbins (2013). "Regenerating the injured 
kidney with human umbilical cord mesenchymal stem cell-derived 
exosomes." Stem Cell Res Ther 4(2): 39.

Transplantation of adult stem cells is being used to 
facilitate repair or regeneration of damaged or diseased tissues. 
However, in many cases, the therapeutic effects of the injected stem 
cells are mediated by factors secreted by stem cells and not by 
differentiation of the transplanted stem cells. Recent reports have 
identified a class of microvesicles, termed exosomes, released by stem 
cells that are able to confer therapeutic effects on injured renal and 
cardiac tissue. In this issue of Stem Cell Research & Therapy, Zhou 
and colleagues demonstrate the ability of exosomes derived from human 
umbilical cord mesenchymal stem cells (hucMSCs), but not non-stem 
cell-derived exosomes, to improve acute kidney injury induced by 
cisplatin in rats. The authors demonstrate that hucMSC exosomes can 
reduce cisplatin-mediated renal oxidative stress and apoptosis in vivo 
and increase renal epithelial cell proliferation in culture. These 
results suggest that stem cell-derived exosomes, which are easy to 
isolate and safer to use than the parental stem cells, could have 
significant clinical utility.

Morigi, M. and A. Benigni (2013). "Mesenchymal stem cells and kidney 
repair." Nephrol Dial Transplant 28(4): 788-793.

Acute renal failure (ARF; acute kidney injury-according to the 
more recent classification) is emerging as a public health problem. 
Despite major advances in supportive therapy, the mortality and 
morbidity among patients remain dismally high. In the attempt to yield 
innovative interventions fostering the limited capability of 
regeneration of the kidney, several studies have tested stem cell-
based technology mainly employing mesenchymal stem cells (MSC) of 
different origins. The results of this approach provide the exciting 
prospect of a powerful treatment to repair acutely damaged organs by 
virtue of the unique MSC tropism for the damaged tissue, as well as 
their paracrine action. In the present review, we discuss the 
mechanisms underlying the regenerative processes triggered by MSC 
therapy in preclinical models of ARF by analysing modalities of cell-
to-cell communication through the release of soluble factors and 
microvesicles/exosomes by MSC into the damaged renal tissue. Key 
receptors involved in MSC homing, engraftment and survival at the 
sites of injury are also elucidated. A translation of basic 
discoveries of MSC biology into effective care is still limited to the 
preliminary data of a phase I clinical trial, and further studies are 
needed to definitively assess the efficacy of MSC-based therapy in 
humans.



Zhou, Y., et al. (2013). "Exosomes released by human umbilical cord 
mesenchymal stem cells protect against cisplatin-induced renal 
oxidative stress and apoptosis in vivo and in vitro." Stem Cell Res 
Ther 4(2): 34.

INTRODUCTION: Administration of bone marrow mesenchymal stem 
cells (MSCs) or secreted microvesicles improves recovery from acute 
kidney injury (AKI). However, the potential roles and mechanisms are 
not well understood. In the current study, we focused on the 
protective effect of exosomes derived from human umbilical cord 
mesenchymal stem cells (hucMSC-ex) on cisplatin-induced nephrotoxicity 
in vivo and in vitro. METHODS: We constructed cisplatin-induced AKI 
rat models. At 24 h after treatment with cisplatin, hucMSC-ex were 
injected into the kidneys via the renal capsule; human lung fibroblast 
(HFL-1)-secreted exosomes (HFL-1-ex) were used as controls. All 
animals were killed at day 5 after administration of cisplatin. Renal 
function, histological changes, tubular apoptosis and proliferation, 
and degree of oxidative stress were evaluated. In vitro, rat renal 
tubular epithelial (NRK-52E) cells were treated with or without 
cisplatin and after 6 h treated with or without exosomes. Cells 
continued to be cultured for 24 h, and were then harvested for western 
blotting, apoptosis and detection of degree of oxidative stress. 
RESULTS: After administration of cisplatin, there was an increase in 
blood urea nitrogen (BUN) and creatinine (Cr) levels, apoptosis, 
necrosis of proximal kidney tubules and formation of abundant tubular 
protein casts and oxidative stress in rats. Cisplatin-induced AKI rats 
treated with hucMSC-ex, however, showed a significant reduction in all 
the above indexes. In vitro, treatment with cisplatin alone in NRK-52E 
cells resulted in an increase in the number of apoptotic cells, 
oxidative stress and activation of the p38 mitogen-activated protein 
kinase (p38MAPK) pathway followed by a rise in the expression of 
caspase 3, and a decrease in cell multiplication, while those results 
were reversed in the hucMSCs-ex-treated group. Furthermore, it was 
observed that hucMSC-ex promoted cell proliferation by activation of 
the extracellular-signal-regulated kinase (ERK)1/2 pathway. 
CONCLUSIONS: The results in the present study indicate that hucMSC-ex 
can repair cisplatin-induced AKI in rats and NRK-52E cell injury by 
ameliorating oxidative stress and cell apoptosis, promoting cell 
proliferation in vivo and in vitro. This suggests that hucMSC-ex could 
be exploited as a potential therapeutic tool in cisplatin-induced 
nephrotoxicity.

Fleig, S. V. and B. D. Humphreys (2014). "Rationale of mesenchymal 
stem cell therapy in kidney injury." Nephron Clin Pract 127(1-4): 
75-80.

Hundreds of clinical trials are currently investigating the 
potential for mesenchymal stem cells (MSC) to treat human disease, 
including kidney disease. There is tremendous excitement over the 
therapeutic potential of this form of stem cell therapy and an 
improving understanding of how MSC act. This review will summarize our 



current knowledge concerning the mechanisms by which MSC accelerate 
kidney repair after acute injury. It will also survey the current MSC 
clinical trial landscape in nephrology. Finally, future challenges to 
a widespread application of MSC therapies for patients with kidney 
injury will be outlined.

Morigi, M. and P. De Coppi (2014). "Cell therapy for kidney injury: 
different options and mechanisms--mesenchymal and amniotic fluid stem 
cells." Nephron Exp Nephrol 126(2): 59.

BACKGROUND: Acute kidney injury (AKI) is emerging as a public 
health problem in developing and developed countries. It affects up to 
7% of hospitalized patients, with a higher prevalence in critical care 
units. Despite major advances in preventive strategies and support 
measures, the mortality rate among patients remains higher than 50%. 
Several pharmacological approaches to improve renal function and 
survival after an AKI episode have been largely unsuccessful in 
clinical practice. SUMMARY: Stem cell-based therapy has provided new 
hopes of innovative interventions to enhance the limited capability of 
kidney regeneration in AKI. An important target for cell therapy is 
represented by tubular epithelial cells which after acute ischemic or 
toxic insults undergo dysfunction and detachment. Among adult stem 
cells, mesenchymal stromal/stem cells (MSC) are an attractive 
therapeutic tool by virtue of their unique biological properties, 
tropism for damaged tissues, and proregenerative capacity. In the 
present review, we discuss the mechanisms underlying the 
renoprotective effects of therapies with stem cells of different 
origins in preclinical models of AKI by evaluating new modalities by 
which MSC interact with damaged cells via the release of soluble 
factors and exosomes/microvesicles. Several biological effects, 
including antiapoptotic, promitogenic, immunomodulatory, and anti-
inflammatory activities, have been analyzed in renal tissue of AKI 
animals receiving stem cell treatments. The mechanisms of stem cell 
homing and engraftment to sites of tissue damage have also been 
discussed. KEY MESSAGES: The translation of preclinical data on stem 
cells into effective and safe new modalities of care is still limited, 
and further studies are needed before their application in patients 
with AKI.

Salih, M., et al. (2014). "Urinary extracellular vesicles and the 
kidney: biomarkers and beyond." Am J Physiol Renal Physiol 306(11): 
F1251-1259.

Extracellular vesicles have been isolated in various body 
fluids, including urine. The cargo of urinary extracellular vesicles 
(uEVs) is composed of proteins and nucleic acids reflecting the 
physiological and possibly pathophysiological state of cells lining 
the nephron. Because urine is a noninvasive and readily available 
biofluid, the discovery of uEVs has opened a new field of biomarker 
research. Their potential use as diagnostic, prognostic, or 
therapeutic biomarkers for various kidney diseases, including 
glomerulonephritis, acute kidney injury, tubular disorders, and 



polycystic kidney disease, is currently being explored. Some 
challenges, however, remain. These challenges include the need to 
standardize isolation methods, normalization between samples, and 
validation of candidate biomarkers. Also, the development of a high-
throughput platform to isolate and analyze uEVs, for example, an 
enzyme-linked immunosorbent assay, is desirable. Here, we review 
recent studies on uEVs dealing with kidney physiology and 
pathophysiology. Furthermore, we discuss new and exciting developments 
regarding vesicles, including their role in cell-to-cell communication 
and the possibility of using vesicles as a therapy for kidney 
disorders.

Wang, R., et al. (2014). "[Bone marrow mesenchymal stem cell-derived 
exosome protects kidney against ischemia reperfusion injury in rats]." 
Zhonghua Yi Xue Za Zhi 94(42): 3298-3303.

OBJECTIVE: To explore the protective effects and mechanism of 
exosomes derived from bone marrow mesenchymal stem cells (BM-MSC) on 
ischemia reperfusion injury (IRI) in rats. METHODS: Rat-MSC were 
isolated, cultured and identified.Exosome was extracted from BM-MSC 
and observed under transmission electron microscope (TEM). The 
expression of surface molecular marker CD63 was tested by flow 
cytometry. Male Sprague-Dawley rats were randomly grouped into sham-
operated (Sham), ischemia reperfusion (IR), MSC-treated (IR+MSC), MSC-
derived exosome-treated (IR+MSC-ex) and fibroblast-derived exosome-
treated (IR+F-ex) groups. The model for ischemia reperfusion injury 
was constructed. The serum levels of creatinine and blood urea 
nitrogen (BUN) were tested in each group. The histomorphological 
changes in of renal tissue samples were examined by hematoxylin and 
eosin-stained tissue samples. Cellular apoptosis was examined by 
terminal deoxynucleotidyl transferase-mediated nick-end labeling 
(TUNEL) staining. The expression levels of proinflammatory cytokines 
interleukin 1beta and tumor necrosis factor alpha were examined by 
reverse transcription (RT)-PCR. And the expression level of caspase-3 
was examined by Western blot. RESULTS: Rat BM-MSCs were successfully 
isolated and cultured. Dectection of surface markers revealed high 
expression levels of CD29 and CD44 and a low expression level of CD34. 
MSC differentiated successfully into osteoblasts and lipocytes after 
growing in osteoblast- and lipocyte-inducing media respectively. 
Typical appearances of exosome were observed under transmission 
electron microscope. CD63 was positive on flow cytometry. Compared 
with the IR group, the IR+MSC and IR+MSC-ex groups showed low levels 
of serum creatinine and BUN, mild pathological injury, decreased 
number of apoptotic cells and low expression of inflammatory factors 
and caspase-3 (IR group, 4 310 +/- 616;IR+MSC group, 2 569 +/- 530; 
IR+MSC-ex group, 3 144 +/- 343, both P < 0.05). CONCLUSION: Rat BM-
MSC-derived exosome protects against ischemia reperfusion injury with 
decreased inflammatory response and apoptosis in rats.

Bruschi, M., et al. (2015). "The human urinary exosome as a potential 
metabolic effector cargo." Expert Rev Proteomics 12(4): 425-432.



Exosomes are nanovesicles, derived from the endocytic pathway, 
released by most cell types and found in many body fluids, including 
urine. A variety of exosomal functions have been reported, including 
transfer of RNA, cell communication, control of apoptosis and protein 
lifespan. Exosomes from mesenchymal stem cells can rescue 
bioenergetics of injured cells. Here the urinary exosome proteome, 
non-urinary exosome proteome and urinome are compared. A consistent 
number of identified proteins cluster to metabolic functions. 
Cytoscape software analysis based on biological processes gene 
ontology database shows that metabolic pathways such as aerobic 
glycolysis and oxidative phosphorylation have a high probability (p </
= 0.05) of being expressed and therefore functional. A metabolic 
function appears to be associated with human urinary exosomes, whose 
relevance experimental studies can assess.

Bruno, S., et al. (2016). "Extracellular vesicles in renal tissue 
damage and regeneration." Eur J Pharmacol 790: 83-91.

Extracellular vesicles (EVs) appear as important actors in 
cell-to-cell communication. EV content is characterized by proteins 
and RNA species that dynamically reflect cell and tissue state. 
Urinary EVs in particular may act in inter-nephron communication with 
possible beneficial or detrimental effects. Increasing interest is 
addressed to the pharmacological properties of EVs as a cell-free 
therapy, since several of the effects crAQ/tgqcedited to stem cells 
have been recapitulated by administration of their EVs. Preclinical 
data in models of renal damage indicate a general regenerative 
potential of EVs derived from mesenchymal stromal cells of different 
sources, including bone marrow, fetal tissues, urine and kidney. In 
this review we will discuss the results on the effect of EVs in repair 
of acute and chronic renal injury, and the mechanisms involved. In 
addition, we will analyse the strategies for EV pharmacological 
applications in renal regenerative medicine and limits and benefits 
involved.

Lin, K. C., et al. (2016). "Combination of adipose-derived mesenchymal 
stem cells (ADMSC) and ADMSC-derived exosomes for protecting kidney 
from acute ischemia-reperfusion injury." Int J Cardiol 216: 173-185.

BACKGROUND: In this study, we tested the hypothesis that a 
combined adipose-derived mesenchymal stem cell (ADMSC) and ADMSC-
derived exosome therapy protected rat kidney from acute ischemia-
reperfusion (IR) injury (i.e., ligation of both renal arteries for 1h 
and reperfusion for 72h prior to euthanization). METHODS AND RESULTS: 
Adult-male SD rats (n=40) were equally categorized into group 1 (sham 
control), group 2 (IR), group 3 [IR+exosome (100mug)], group 4 
[IR+ADMSC (1.2x10(6) cells)], and group 5 (IR-exosome-ADMSC). All 
therapies were performed at 3h after IR procedure from venous 
administration. By 72h, the creatinine level and kidney injury score 
were the lowest in group 1 and the highest in group 2, significantly 
higher in group 3 than in groups 4 and 5, and significantly higher in 
group 4 than in group 5 (all P<0.0001). The protein expression of 



inflammatory (TNF-alpha/NF-kappaB/IL-1beta/MIF/PAI-1/Cox-2), 
oxidative-stress (NOX-1/NOX-2/oxidized protein), apoptotic (Bax/
caspase-3/PARP), and fibrotic (Smad3/TGF-beta) biomarkers showed an 
identical pattern, whereas the anti-apoptotic (Smad1/5, BMP-2) and 
angiogenesis (CD31/vWF/angiopoietin) biomarkers and mitochondrial 
cytochrome-C showed an opposite pattern of creatinine level among the 
five groups (all P<0.001). The microscopic findings of glomerular-
damage (WT-1), renal tubular-damage (KIM-1), DNA-damage (gamma-H2AX), 
inflammation (MPO/MIF/CD68) exhibited an identical pattern, whereas 
the podocyte components (podocin/p-cadherin/synaptopodin) displayed a 
reversed pattern of creatinine level (all P<0.0001). CONCLUSION: 
Combined exosome-ADMSC therapy was superior to either one for 
protecting kidney from acute IR injury.

Morigi, M., et al. (2016). "Mesenchymal Stem Cells in Kidney Repair." 
Methods Mol Biol 1416: 89-107.

Every year 13.3 million people suffer acute kidney injury 
(AKI), which is associated with a high risk of death or development of 
long-term chronic kidney disease (CKD) in a substantial percentage of 
patients besides other organ dysfunctions. To date, the mortality rate 
per year for AKI exceeds 50 % at least in patients requiring early 
renal replacement therapy and is higher than the mortality for breast 
and prostate cancer, heart failure and diabetes combined.Until now, no 
effective treatments able to accelerate renal recovery and improve 
survival post AKI have been developed. In search of innovative and 
effective strategies to foster the limited regeneration capacity of 
the kidney, several studies have evaluated the ability of mesenchymal 
stem cells (MSCs) of different origin as an attractive therapeutic 
tool. The results obtained in several models of AKI and CKD document 
that MSCs have therapeutic potential in repair of renal injury, 
preserving renal function and structure thus prolonging animal 
survival through differentiation-independent pathways. In this 
chapter, we have summarized the mechanisms underlying the regenerative 
processes triggered by MSC treatment, essentially due to their 
paracrine activity. The capacity of MSC to migrate to the site of 
injury and to secrete a pool of growth factors and cytokines with 
anti-inflammatory, mitogenic, and immunomodulatory effects is 
described. New modalities of cell-to-cell communication via the 
release of microvesicles and exosomes by MSCs to injured renal cells 
will also be discussed. The translation of basic experimental data on 
MSC biology into effective care is still limited to preliminary phase 
I clinical trials and further studies are needed to definitively 
assess the efficacy of MSC-based therapy in humans.

Nagaishi, K., et al. (2016). "Mesenchymal stem cell therapy 
ameliorates diabetic nephropathy via the paracrine effect of renal 
trophic factors including exosomes." Sci Rep 6: 34842.

Bone marrow-derived mesenchymal stem cells (MSCs) have 
contributed to the improvement of diabetic nephropathy (DN); however, 
the actual mediator of this effect and its role has not been 



characterized thoroughly. We investigated the effects of MSC therapy 
on DN, focusing on the paracrine effect of renal trophic factors, 
including exosomes secreted by MSCs. MSCs and MSC-conditioned medium 
(MSC-CM) as renal trophic factors were administered in parallel to 
high-fat diet (HFD)-induced type 2 diabetic mice and streptozotocin 
(STZ)-induced insulin-deficient diabetic mice. Both therapies showed 
approximately equivalent curative effects, as each inhibited the 
exacerbation of albuminuria. They also suppressed the excessive 
infiltration of BMDCs into the kidney by regulating the expression of 
the adhesion molecule ICAM-1. Proinflammatory cytokine expression 
(e.g., TNF-alpha) and fibrosis in tubular interstitium were inhibited. 
TGF-beta1 expression was down-regulated and tight junction protein 
expression (e.g., ZO-1) was maintained, which sequentially suppressed 
the epithelial-to-mesenchymal transition of tubular epithelial cells 
(TECs). Exosomes purified from MSC-CM exerted an anti-apoptotic effect 
and protected tight junction structure in TECs. The increase of 
glomerular mesangium substrate was inhibited in HFD-diabetic mice. MSC 
therapy is a promising tool to prevent DN via the paracrine effect of 
renal trophic factors including exosomes due to its multifactorial 
action.

Shen, B., et al. (2016). "CCR2 Positive Exosome Released by 
Mesenchymal Stem Cells Suppresses Macrophage Functions and Alleviates 
Ischemia/Reperfusion-Induced Renal Injury." Stem Cells Int 2016: 
1240301.

Mesenchymal stem cells (MSCs) derived exosomes have been shown 
to have protective effects on the kidney in ischemia/reperfusion-
induced renal injury. However, the key components in the exosomes and 
their potential mechanisms for the kidney protective effects are not 
well understood. In our current study, we focused on the abundant 
proteins in exosomes derived from MSCs (MSC-exo) and found that the C-
C motif chemokine receptor-2 (CCR2) was expressed on MSC-exo with a 
high ability to bind to its ligand CCL2. We also proved that CCR2 
high-expressed MSC-exo could reduce the concentration of free CCL2 and 
suppress its functions to recruit or activate macrophage. Further, 
knockdown of CCR2 expression on the MSC-exo greatly abolished these 
effects. Finally, we also found that CCR2 knockdown impaired the 
protective effects of MSC-exo for the renal ischemia/reperfusion 
injury in mouse. The results indicate that CCR2 expressed on MSC-exo 
may play a key role in inflammation regulation and renal injury repair 
by acting as a decoy to suppress CCL2 activity. Our study may cast new 
light on understanding the functions of the MSC-exo and these receptor 
proteins expressed on exosomes.

Wang, B., et al. (2016). "Mesenchymal Stem Cells Deliver Exogenous 
MicroRNA-let7c via Exosomes to Attenuate Renal Fibrosis." Mol Ther 
24(7): 1290-1301.

The advancement of microRNA (miRNA) therapies has been 
hampered by difficulties in delivering miRNA to the injured kidney in 
a robust and sustainable manner. Using bioluminescence imaging in mice 



with unilateral ureteral obstruction (UUO), we report that mesenchymal 
stem cells (MSCs), engineered to overexpress miRNA-let7c (miR-let7c-
MSCs), selectively homed to damaged kidneys and upregulated miR-let7c 
gene expression, compared with nontargeting control (NTC)-MSCs. miR-
let7c-MSC therapy attenuated kidney injury and significantly 
downregulated collagen IValpha1, metalloproteinase-9, transforming 
growth factor (TGF)-beta1, and TGF-beta type 1 receptor (TGF-betaR1) 
in UUO kidneys, compared with controls. In vitro analysis confirmed 
that the transfer of miR-let7c from miR-let7c-MSCs occurred via 
secreted exosomal uptake, visualized in NRK52E cells using cyc3-
labeled pre-miRNA-transfected MSCs with/without the exosomal 
inhibitor, GW4869. The upregulated expression of fibrotic genes in 
NRK52E cells induced by TGF-beta1 was repressed following the addition 
of isolated exosomes or indirect coculture of miR-let7c-MSCs, compared 
with NTC-MSCs. Furthermore, the cotransfection of NRK52E cells using 
the 3'UTR of TGF-betaR1 confirmed that miR-let7c attenuates TGF-beta1-
driven TGF-betaR1 gene expression. Taken together, the effective 
antifibrotic function of engineered MSCs is able to selectively 
transfer miR-let7c to damaged kidney cells and will pave the way for 
the use of MSCs for therapeutic delivery of miRNA targeted at kidney 
disease.

Yao, K. and S. D. Ricardo (2016). "Mesenchymal stem cells as novel 
micro-ribonucleic acid delivery vehicles in kidney disease." 
Nephrology (Carlton) 21(5): 363-371.

MicroRNAs (miRNAs) are short single strands of RNA responsible 
for post-transcriptional regulation of gene expression and have been 
implicated in the pathogenesis of chronic kidney disease (CKD). 
Emerging evidence reports that miRNAs can reduce kidney fibrosis 
through regulation of targets associated with collagen and 
extracellular matrix accumulation. However, the development of miRNA 
therapies has been hampered by the lack of targeted and sustainable 
methods of systemic miRNA delivery. Mesenchymal stem cells (MSCs) 
provide a promising miRNA delivery platform to overcome toxicity, the 
potential for insertional mutations and the low efficiency of previous 
methods. MSCs are endogenously immunoprivileged and home to sites of 
inflammation. They also release trophic growth factors to modulate the 
immune system, alter the polarization of macrophages and provide renal 
protection and repair. The potential to engineer MSCs to express or 
overexpress miRNAs, released by exosomes, may enhance their natural 
functions. Clinical studies are already being conducted individually 
for the use of miRNAs in cancer and MSCs in diseases associated with 
CKD. Hence, the combination of miRNAs and MSCs may provide an 
unparalleled cell-based therapy for treating CKD.

Aghajani Nargesi, A., et al. (2017). "Mesenchymal stem cell-derived 
extracellular vesicles for kidney repair: current status and looming 
challenges." Stem Cell Res Ther 8(1): 273.

Novel therapies are urgently needed to address the rising 
incidence and prevalence of acute kidney injury (AKI) and chronic 



kidney disease (CKD). Mesenchymal stem/stromal cells (MSCs) have shown 
promising results in experimental AKI and CKD, and have been used in 
the clinic for more than a decade with an excellent safety profile. 
The regenerative effects of MSCs do not rely on their differentiation 
and ability to replace damaged tissues, but are primarily mediated by 
the paracrine release of factors, including extracellular vesicles 
(EVs), composed of microvesicles and exosomes. MSC-derived EVs contain 
genetic and protein material that upon transferring to recipient cells 
can activate several repair mechanisms to ameliorate renal injury. 
Recent studies have shown that MSC-derived EV therapy improved renal 
outcomes in several animal models of AKI and CKD, including ischemia-
reperfusion injury, drug/toxin-induced nephropathy, renovascular 
disease, ureteral obstruction, and subtotal nephrectomy. However, data 
about the renoprotective effects of EV therapy in patients with renal 
failure are scarce. This review summarizes current knowledge of MSC-
derived EV therapy in experimental AKI and CKD, and discusses the 
challenges that need to be addressed in order to consider MSC-derived 
EVs as a realistic clinical tool to treat patients with these 
conditions.

Bruno, S., et al. (2017). "Renal Regenerative Potential of Different 
Extracellular Vesicle Populations Derived from Bone Marrow Mesenchymal 
Stromal Cells." Tissue Eng Part A 23(21-22): 1262-1273.

Extracellular vesicles (EVs) derived from human bone marrow 
mesenchymal stromal cells (MSCs) promote the regeneration of kidneys 
in different animal models of acute kidney injury (AKI) in a manner 
comparable with the cells of origin. However, due to the heterogeneity 
observed in the EVs isolated from MSCs, it is unclear which population 
is responsible for the proregenerative effects. We therefore evaluated 
the effect of various EV populations separated by differential 
ultracentrifugation (10K population enriched with microvesicles and 
100K population enriched with exosomes) on AKI recovery. Only the 
exosomal-enriched population induced an improvement of renal function 
and morphology comparable with that of the total EV population. 
Interestingly, the 100K EVs exerted a proproliferative effect on 
murine tubular epithelial cells, both in vitro and in vivo. Analysis 
of the molecular content from the different EV populations revealed a 
distinct profile. The 100K population, for instance, was enriched in 
specific mRNAs (CCNB1, CDK8, CDC6) reported to influence cell cycle 
entry and progression; miRNAs involved in regulating proliferative/
antiapoptotic pathways and growth factors (hepatocyte growth factor 
and insulin-like growth factor-1) that could explain the effect of 
renal tubular cell proliferation. On the other hand, the EV population 
enriched in microvesicles (10K) was unable to induce renal 
regeneration and had a molecular profile with lower expression of 
proproliferative molecules. In conclusion, the different molecular 
composition of exosome- and microvesicle-enriched populations may 
explain the regenerative effect of EVs observed in AKI.

Collino, F., et al. (2017). "Exosome and Microvesicle-Enriched 



Fractions Isolated from Mesenchymal Stem Cells by Gradient Separation 
Showed Different Molecular Signatures and Functions on Renal Tubular 
Epithelial Cells." Stem Cell Rev 13(2): 226-243.

Several studies have suggested that extracellular vesicles 
(EVs) released from mesenchymal stem cells (MSCs) may mediate MSC 
paracrine action on kidney regeneration. This activity has been, at 
least in part, ascribed to the transfer of proteins/transcription 
factors and different RNA species. Information on the RNA/protein 
content of different MSC EV subpopulations and the correlation with 
their biological activity is currently incomplete. The aim of this 
study was to evaluate the molecular composition and the functional 
properties on renal target cells of MSC EV sub-populations separated 
by gradient floatation. The results demonstrated heterogeneity in 
quantity and composition of MSC EVs. Two peaks of diameter were 
observed (90-110 and 170-190 nm). The distribution of exosomal markers 
and miRNAs evaluated in the twelve gradient fractions showed an 
enrichment in fractions with a flotation density of 1.08-1.14 g/mL. 
Based on this observation, we evaluated the biological activity on 
renal cell proliferation and apoptosis resistance of low (CF1), medium 
(CF2) and high (CF3) floatation density fractions. EVs derived from 
all fractions, were internalized by renal cells, CF1 and CF2 but not 
CF3 fraction stimulated significant cell proliferation. CF2 also 
inhibited apoptosis on renal tubular cells submitted to ischemia-
reperfusion injury. Comparative miRNomic and proteomic profiles reveal 
a cluster of miRNAs and proteins common to all three fractions and an 
enrichment of selected molecules related to renal regeneration in CF2 
fraction. In conclusion, the CF2 fraction enriched in exosomal markers 
was the most active on renal tubular cell proliferation and protection 
from apoptosis.

Grange, C., et al. (2017). "Stem cell extracellular vesicles and 
kidney injury." Stem Cell Investig 4: 90.

Extracellular vesicles (EVs) appear as a new promising cell-
free therapy for acute and chronic renal diseases. EVs retain 
characteristics of the cell of origin and those derived from stem 
cells may mimic their regenerative properties per se. In fact, EVs 
contain many active molecules such as proteins and RNA species that 
act on target cells through different mechanisms, stimulating 
proliferation and angiogenesis and reducing apoptosis and 
inflammation. There are several reports that demonstrate a general 
regenerative potential of EVs derived from mesenchymal stromal cells 
(MSCs) of different sources in kidney injury models. In addition, a 
promising new approach is the use of EVs in the graft perfusion 
solution for kidney conditioning before transplant. Here we summarize 
the application of EVs released by stem cells in preclinical models of 
acute and chronic renal damage, comparing animal models, use of EVs of 
different cell origin and of their sub-fractions, doses, route of 
administration and efficacy of treatment.

Nargesi, A. A., et al. (2017). "Mesenchymal Stem Cell-derived 



Extracellular Vesicles for Renal Repair." Curr Gene Ther 17(1): 29-42.
INTRODUCTION: Transplantation of autologous mesenchymal stem 

cells (MSCs) has been shown to attenuate renal injury and dysfunction 
in several animal models, and its efficacy is currently being tested 
in clinical trials for patients with renal disease. Accumulating 
evidence indicates that MSCs release extracellular vesicles (EVs) that 
deliver genes, microRNAs and proteins to recipient cells, acting as 
mediators of MSC paracrine actions. In this context, it is critical to 
characterize the MSC-derived EV cargo to elucidate their potential 
contribution to renal repair. In recent years, researchers have 
performed high-throughput sequencing and proteomic analysis to detect 
and identify genes, microRNAs, and proteins enriched in MSC-derived 
EVs. CONCLUSION: The present review summarizes the current knowledge 
of the MSC-derived EV secretome to shed light into the mechanisms 
mediating MSC renal repair, and discusses preclinical and clinical 
studies testing the efficacy of MSC-derived EVs for treating renal 
disease.

Wang, B., et al. (2017). "Pre-incubation with hucMSC-exosomes prevents 
cisplatin-induced nephrotoxicity by activating autophagy." Stem Cell 
Res Ther 8(1): 75.

BACKGROUND: The administration of cisplatin is limited due to 
its nephrotoxic side effects, and prevention of this nephrotoxicity of 
cisplatin is difficult. Mesenchymal stem cell (MSC)-derived exosomes 
have been implicated as a novel therapeutic approach for tissue 
injury. In this study, we demonstrated that the pretreatment of human 
umbilical cord MSC-derived exosomes (hucMSC-Ex) can prevent the 
development of cisplatin-induced renal toxicity by activation of 
autophagy in vitro and in vivo. METHODS: In vitro, rat renal tubular 
epithelial (NRK-52E) cells were pre-incubated with exosomes from 
hucMSC or HFL1 (human lung fibroblast cells; as control) for 30 min, 
and 3-methyladenine (an autophagic inhibitor) and rapamycin (an 
autophagic inducer) for 1 h before cisplatin treatment for 8 h, 
respectively. Cells were harvested for apoptosis assay, enzyme-linked 
immunosorbent assay (ELISA), Western blot, and quantitative real-time 
polymerase chain reaction (qRT-PCR). In vivo, we constructed 
cisplatin-induced acute kidney injury rat models. Prior to treatment 
with cisplatin for 0.5 h, hucMSC-Ex or HFL1-Ex were injected into the 
kidneys via the renal capsule. 3-methyladenine and rapamycin were 
injected under the kidney capsule before hucMSC-Ex. All animals were 
sacrificed at 3 days after cisplatin injection. Renal function, 
Luminex assay, tubular apoptosis and proliferation, and autophagy 
response were evaluated. RESULTS: hucMSC-Ex inhibited cisplatin-
induced mitochondrial apoptosis and secretion of inflammatory 
cytokines in renal tubular epithelial cells in vitro. hucMSC-Ex 
increased the expression of the autophagic marker protein LC3B and the 
autophagy-related genes ATG5 and ATG7 in NRK-52E cells. Rapamycin 
mimicked the effects of hucMSC-Ex in protecting against cisplatin-
induced renal injury, while the effects were abrogated by the 
autophagy inhibitor 3-methyladenine in the animals. CONCLUSIONS: Our 



findings indicate that the activation of autophagy induced by hucMSC-
Ex can effectively relieve the nephrotoxicity of cisplatin. Therefore, 
pre-treatment of hucMSC-Ex may be a new method to improve the 
therapeutic effect of cisplatin.

Zhu, F., et al. (2017). "Adipose-derived mesenchymal stem cells 
employed exosomes to attenuate AKI-CKD transition through tubular 
epithelial cell dependent Sox9 activation." Oncotarget 8(41): 
70707-70726.

Acute kidney injury (AKI) predisposes patients to an increased 
risk into progressive chronic kidney disease (CKD), however effective 
treatments are still elusive. This study aimed to investigate the 
therapeutic efficacy of human adipose-derived MSCs (hAD-MSCs) in the 
prevention of AKI-CKD transition, and illuminate the role of Sox9, a 
vital transcription factor in the development of kidney, in this 
process. C57BL/6 mice were subjected to unilateral renal ischemia/
reperfusion (I/R) with or without hAD-MSC treatment. We found that 
hAD-MSC treatment upregulated the expression of tubular Sox9, promoted 
tubular regeneration, attenuated AKI, and mitigated subsequent renal 
fibrosis. However, these beneficial effects were abolished by a drug 
inhibiting the release of exosomes from hAD-MSCs. Similarly, Sox9 
inhibitors reversed these protective effects. Further, we verified 
that hAD-MSCs activated tubular Sox9 and prevented TGF-beta1-induced 
transformation of TECs into pro-fibrotic phenotype through exosome 
shuttling in vitro, but the cells did not inhibit TGF-beta1-induced 
transition of fibroblasts into myofibroblasts. Inhibiting the release 
of exosomes from hAD-MSCs or the expression of Sox9 in TECs reversed 
these antifibrotic effects. In conclusion, hAD-MSCs employed exosomes 
to mitigate AKI-CKD transition through tubular epithelial cell 
dependent activation of Sox9.

Ebrahim, N., et al. (2018). "Mesenchymal Stem Cell-Derived Exosomes 
Ameliorated Diabetic Nephropathy by Autophagy Induction through the 
mTOR Signaling Pathway." Cells 7(12).

BACKGROUND: Diabetic nephropathy (DN) is a serious 
complication of diabetes mellitus and a common cause of end-stage 
renal disease. Autophagy has a defensive role against kidney damage 
caused by hyperglycemia. Mesenchymal stem cell (MSC)-derived exosomes 
are currently considered as a new promising therapy for chronic renal 
injury. However, the renal-protective mechanism of exosomes on DN is 
not completely understood. We examined the potential role of MSC-
derived exosomes for enhancement of autophagy activity and their 
effect on DN. In our study, we used five groups of rats: control; DN; 
DN treated with exosomes; DN treated with 3-methyladenine (3-MA) and 
chloroquine (inhibitors of autophagy); and DN treated with 3-
methyladenine (3-MA), chloroquine, and exosome groups. We assessed 
renal function, morphology, and fibrosis. Moreover, ratios of the 
autophagy markers mechanistic target of rapamycin (mTOR), Beclin-1, 
light chain-3 (LC3-II), and LC3-II/LC3-I were detected. Additionally, 
electron microscopy was used for detection of autophagosomes. RESULTS: 



Exosomes markedly improved renal function and showed histological 
restoration of renal tissues, with significant increase of LC3 and 
Beclin-1, and significant decrease of mTOR and fibrotic marker 
expression in renal tissue. All previous effects were partially 
abolished by the autophagy inhibitors chloroquine and 3-MA. 
CONCLUSION: We conclude that autophagy induction by exosomes could 
attenuate DN in a rat model of streptozotocin-induced diabetes 
mellitus.

Feigerlova, E., et al. (2018). "Extracellular vesicles as immune 
mediators in response to kidney injury." Am J Physiol Renal Physiol 
314(1): F9-f21.

Important progress has been made on cytokine signaling in 
response to kidney injury in the past decade, especially cytokine 
signaling mediated by extracellular vesicles (EVs). For example, EVs 
released by injured renal tubular epithelial cells (TECs) can regulate 
intercellular communications and influence tissue recovery via both 
regulating the expression and transferring cytokines, growth factors, 
as well as other bioactive molecules at the site of injury. The 
effects of EVs on kidney tissue seem to vary depending on the sources 
of EVs; however, the literature data are often inconsistent. For 
example, in rodents EVs derived from mesenchymal stem cells (MSC-EVs) 
and endothelial progenitor cells (EPC-EVs) can have both beneficial 
and harmful effects on injured renal tissue. Caution is thus needed in 
the interpretation of these data as contradictory findings on EVs may 
not only be related to the origin of EVs, they can also be caused by 
the different methods used for EV isolation and the physiological and 
pathological states of the tissues/cells under which they were 
obtained. Here, we review and discuss our current understanding 
related to the immunomodulatory function of EVs in renal tubular 
repair in the hope of encouraging further investigations on mechanisms 
related to their antiinflammatory and reparative role to better define 
the therapeutic potential of EVs in renal diseases.

Jia, H., et al. (2018). "HucMSC exosomes-delivered 14-3-3zeta enhanced 
autophagy via modulation of ATG16L in preventing cisplatin-induced 
acute kidney injury." Am J Transl Res 10(1): 101-113.

The clinical application of cisplatin is restricted by its 
side effects of nephrotoxicity. Human umbilical cord mesenchymal stem 
cell-derived exosomes (hucMSC-ex) have an important effect in tissue 
injury repair. Our previous work discovered that pretreatment with 
human umbilical cord mesenchymal stem cell-derived exosomes (hucMSC-
ex) alleviated cisplatin-induced acute kidney injury (AKI) by 
activating autophagy both in vitro and in vivo. In this study, we 
further explored the mechanisms of hucMSC-ex in autophagy for 
preventing cisplatin-induced nephrotoxicity. We discovered that 
14-3-3zeta was contained in hucMSC-ex, and knockdown and 
overexpression 14-3-3zeta reduced and enhanced the autophagic activity 
respectively. Furthermore, Knockdown of 14-3-3zeta alleviated the 
preventive effect of hucMSC-ex. In contrast, overexpression of 



14-3-3zeta enhanced the effect. Further results confirmed that hucMSC-
ex increased ATG16L expression and that 14-3-3zeta interacted with 
ATG16L, promoting the localization of ATG16L at autophagosome 
precursors. In this study, we revealed that hucMSC-ex-delivered 
14-3-3zeta interacted with ATG16L to activate autophagy. Our findings 
suggest that 14-3-3zeta is a novel mechanism for MSC-exosomes-
activated autophagy and provides a new strategy for the prevention of 
cisplatin-induced nephrotoxicity.

Tsuji, K., et al. (2018). "Secretomes from Mesenchymal Stem Cells 
against Acute Kidney Injury: Possible Heterogeneity." Stem Cells Int 
2018: 8693137.

A kidney has the ability to regenerate itself after a variety 
of renal injuries. Mesenchymal stem cells (MSCs) have been shown to 
ameliorate tissue damages during renal injuries and diseases. The 
regenerations induced by MSCs are primarily mediated by the paracrine 
release of soluble factors and extracellular vesicles, including 
exosomes and microvesicles. Extracellular vesicles contain proteins, 
microRNAs, and mRNAs that are transferred into recipient cells to 
induce several repair signaling pathways. Over the past few decades, 
many studies identified trophic factors from MSCs, which attenuate 
renal injury in a variety of animal acute kidney injury models, 
including renal ischemia-reperfusion injury and drug-induced renal 
injury, using microarray and proteomic analysis. Nevertheless, these 
studies have revealed the heterogeneity of trophic factors from MSCs 
that depend on the cell origins and different stimuli including 
hypoxia, inflammatory stimuli, and aging. In this review article, we 
summarize the secretomes and regenerative mechanisms induced by MSCs 
and highlight the possible heterogeneity of trophic factors from 
different types of MSC and different circumstances for renal 
regeneration.

Zhang, R., et al. (2018). "Resveratrol improves human umbilical cord-
derived mesenchymal stem cells repair for cisplatin-induced acute 
kidney injury." Cell Death Dis 9(10): 965.

Human umbilical cord-derived mesenchymal stem cells (hucMSCs) 
are a promising tool for damaged tissues repair, especially for the 
kidney. However, their efficacy requires improvement. In order to 
optimize the clinical utility of hucMSCs, we adopted a strategy of 
treating hucMSCs with 20 mumol/L of resveratrol (Res-hucMSCs), 
applying it in a cisplatin-induced acute kidney injury model. 
Interestingly, we found that Res-hucMSCs exhibited a more efficient 
repairing effect than did hucMSCs. Resveratrol-promoted hucMSCs 
secreted platelet-derived growth factor-DD (PDGF-DD) into renal 
tubular cells resulting in downstream phosphorylation of extracellular 
signal-regulated kinase (ERK), which inhibited renal tubular cells 
apoptosis. In contrast, PDGF-DD knockdown impaired the renal 
protection of Res-hucMSCs. In addition, angiogenesis induced by PDGF-
DD in endothelial cells was also involved in the renal protection of 
Res-hucMSCs. The conditioned medium of Res-hucMSCs accelerated 



proliferation and migration of vascular endothelial cells in vitro and 
CD31 was in a high-level expression in Res-hucMSCs group in vivo. 
Nevertheless, the angiogenesis was abrogated when Res-hucMSCs were 
treated with PDGF-DD siRNA. In conclusion, our findings showed that 
resveratrol-modified hucMSCs activated ERK pathway in renal tubular 
cells and promoted angiogenesis in endothelial cells via paracrine 
PDGF-DD, which could be a novel strategy for enhancing the therapy 
efficacy of hucMSCs in cisplatin-induced kidney injury.

Sun, X., et al. (2019). "Application potential of stem/progenitor 
cell-derived extracellular vesicles in renal diseases." Stem Cell Res 
Ther 10(1): 8.

Extracellular vesicles (EVs) are nanometer-sized and membrane-
bound vesicles, including exosomes and microvesicles. EVs can deliver 
bioactive macromolecules such as proteins, lipids, and nucleic acids, 
allowing intercellular communication in multicellular organisms. EVs 
are secreted by all cell types including stem/progenitor cells. Stem/
progenitor cell-derived EVs have been identified to exert 
immunomodulatory effects on target cells through transferring protein 
molecules as well as regulatory effects on the phenotype of target 
cells through fusion with the target cells membrane and/or through 
direct endocytosis by target cells to transfer nucleic acid substances 
(such as mRNA, miRNA) to the target cells. In both human and animal 
models, the use of stem/progenitor cells (such as bone marrow 
mesenchymal stromal cells) has been shown to promote the recovery of 
kidney diseases such as acute kidney injury and chronic kidney 
disease. Stem/progenitor cell-derived extracellular vesicles are an 
important mechanism by which stem/progenitor cells might repair kidney 
injury. Here, this review will discuss the latest advances concerning 
the application potential of stem/progenitor cell-derived 
extracellular vesicles in renal diseases, including the aspects as 
follows: anti-inflammatory, proliferation-promoting and anti-
apoptotic, proangiogenic, antifibrotic and renal cancer progression-
promoting. Therefore, stem/progenitor cell-derived extracellular 
vesicles may be a promising treatment tool for renal diseases.

Wang, C., et al. (2019). "BMSCs protect against renal ischemia-
reperfusion injury by secreting exosomes loaded with miR-199a-5p that 
target BIP to inhibit endoplasmic reticulum stress at the very early 
reperfusion stages." Faseb j: fj201801821R.

Bone marrow-derived mesenchymal stem cells (BMSCs) have been 
recently reported to play a variety of vital roles in organ and tissue 
damage repair, mainly via potent paracrine activity, including 
secreting extracellular vesicles, such as exosomes, that serve as 
mediators facilitating intercellular communication and reprogramming 
recipient cells by delivering their contents to target cells. However, 
the underlying mechanisms are diverse and complex, and the influencing 
characteristics have rarely been studied. Accordingly, we designed 
this study to explore the time dependence of the effects of exosomes 
derived from BMSCs (BMexos) on renal ischemia-reperfusion (I/R) injury 



and the underlying mechanisms associated with the reperfusion time. 
Impressively, our study is the first to find that BMexos protected 
against renal I/R injury in vitro and in vivo at the very early 
reperfusion stages, especially 4-8 h after reperfusion in vitro and 
8-16 h after reperfusion in vivo. Interestingly, we simultaneously 
found that endoplasmic reticulum (ER) stress was significantly 
suppressed following the administration of BMexos in vitro and in vivo 
with a similar time dependence. Additionally, we discovered that 
miR-199a-5p, which was abundant in the BMSCs, was transferred into 
renal tubular epithelial cells (NRK-52E) in a time-dependent manner 
and significantly inhibited I/R-induced ER stress by targeting binding 
immunoglobulin protein (BIP). Cocultivation with miR-199a-5p-
overexpressing BMSCs amplified the suppression of ER stress and 
further protected against I/R injury. However, coculture with 
miR-199a-5p-knockdown BMSCs obviously increased ER stress and reversed 
the BMexos-induced protection, and silencing BIP by small interfering 
RNA-1098 in NRK-52E inhibited these effects. This study provides 
evidence that administering BMexos at the very early reperfusion 
stages significantly protects against renal I/R injury, and ER stress 
is closely linked to this protection. These results suggest a novel 
therapeutic strategy during the very early reperfusion stages of renal 
I/R injury.-Wang, C., Zhu, G., He, W., Yin, H., Lin, F., Gou, X., Li, 
X. BMSCs protect against renal ischemia-reperfusion injury by 
secreting exosomes loaded with miR-199a-5p that target BIP to inhibit 
endoplasmic reticulum stress at the very early reperfusion stages.


