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Abstract

Kidney diseases have recently become one of the major global health problems with high incidence and death risk. Extracellular

vesicles (EVs), which are released from most cell types and human body fluids, have recently attracted extensive attention as

the important carriers of protective cargos such as microRNAs and proteins that may contribute to promoted renal function.

Therefore, we conducted this systematic review to investigate the renoprotective potential of EVs. We performed a compre-

hensive search of Medline (via PubMed), Embase, Cochrane and Proquest on August, 2019 for English papers. Of 2887 articles

met the search criteria, 80 included in this systematic review and classified into several groups based on source of EVs. We then

evaluated the EV research through screening their isolation method, size, marker, main effector, and potential mechanisms to

induce renal protection. Taken together, EVs from various sources including mesenchymal stem cells, human liver stem cells,

endothelial progenitor cells, endothelial colony-forming cells, serum and some other sources might have positive impacts on

treatment of human kidney diseases in the future.

1. Introduction

kidney diseases including acute kidney injury (AKI) and chronic kidney disease (CKD), are one of the most
important health issues and account for an appreciable morbidity and mortality worldwide1. AKI is defined
by a rapid (hours to days) deterioration in kidney function and remains a clinical concern impacts approxi-
mately 5% of hospitalized patients 2. It has been reported that ischemia/reperfusion injury (IRI), sepsis and
nephrotoxic drugs are potential causes of this disorder3. CKD, which affects 8-16% of the population in the
world, is a progressive process that is related to a high risk of diabetics, hypertension, and cardiovascular
disorders and eventually results in end-stage renal disease (ESRD) 4,5. AKI is also recognized as an inde-
pendent contributive factor to ESRD, increasing the incident CKD 6. End-stage CKD is often treated with
dialysis or kidney transplantation, which are limited to cost restraints and availability of donor kidneys 7.
Accordingly, exploring potent approaches for prevention and treatment of kidney diseases and regeneration
of this tissue is imperative.

In this regard, extracellular vesicles (EVs) have achieved considerable attention as promising renoprotective
candidates. EVs are nano-sized vesicles which are secreted by almost all human cell types and act as impor-
tant mediators of cell-cell communication and many biological process such as tissue repair and regeneration
via transferring of cell-specific cargos, including proteins, lipids, miRNAs and RNAs8,9. Exosomes are a
subtype of EVs (30–150 nm in diameter), which are produced in microvesicular bodies and then secreted
into the extracellular space 10. The next subclass is microvesicles (MVs) which are larger than exosomes
(100–1000 nm in diameter) and are produced via direct budding from the plasma membrane11. In compar-
ison with treatments based on whole cells, EVs display a higher safety profile and can be stored without
missing function, showing their potential as cell-free therapeutic paradigm 8. According to the literature,
the therapeutic potential of EVs have been revealed in treatment of various kidney diseases 12.
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To the best of our knowledge, no systematic review article has already been published in this field. Therefore,
we conducted this systematic review of the literature to investigate the beneficial effects of EVs and their
cargo in protection and treatment of renal diseases.

2. Methods

The study protocol was developed according to the Cochrane Collaboration13.

2.1. Criteria for considering studies for this review

2.1.1. Types of studies

All experimental studies which assessed the EVs (exosomes, microvesicles, and apoptotic bodies) in in vitro
or in vivo models (animal and human) were included in this review.

2.1.2. Types of interventions

All publications which studied the renoprotective potential of EVs or EV-derived components were included.

2.2. Search methods for identification of studies

Databases including MEDLINE via PubMed, Embase, Cochrane library (CENTRAL), and Proquest (for
dissertation) were searched for papers from inception to the August 2019, using the identified keywords and
index terms. Trials published in English were eligible for this review. Full details of the search strategies for
PubMed is reported in Appendix I. The reference lists of all included articles were also checked to retrieve
remaining relevant studies.

2.3. Data collection and analysis

2.3.1. Selection of studies

All identified citations were loaded into EndNote X9 (https://endnote.com) software and duplicate studies
were eliminated. Titles and abstracts were screened for inclusion by two individual authors (F.G. and H.A.).
Then, the same two authors independently retrieved and evaluated the full text of potentially relevant
articles. A third review author (M.T.) was available to achieve an agreement if required. Search results are
presented in a PRISMA flow diagram14.

2.3.2. Assessment of risk of bias in included studies

The quality of the eligible articles was evaluated in duplicate by independent authors (F.G. and H.A.) using
an appraisal tool adapted from Wendt et al. (2018) study to clarify EV characteristics9. Any unresolved
discrepancy was referred to a third author (M.T.).

2.3.3. Data extraction

Two reviewers independently (F.G. and H.A.) extracted the following data from the eligible studies: The
first author’s name, publication year, injury model as well as EV source, isolation method, size, EV-derived
cargo as the main effector, investigated markers, and the renoprotective results achieved in each study. In
case of doubt, a third reviewer was consulted (M.T.).

3. Results

3.1. Study selection

The combined database searches yielded a total of 2887 publications including 1026 articles for PubMed,
1739 articles for Embase, 33 article for Cochrane library and 89 article for Proquest. The 986 duplicates
were discarded and after screening the title and abstract of the remaining references, 128 related studies were
retrieved. Further evaluation of the full text of remaining citations resulted in the inclusion of 80 articles
for qualitative assessment in this systematic review. The flowchart of study selection process and number of
publications at each stage is depicted in Figure 1.
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3.2. Quality of EV research

As summarized in Table 1, the quality assessment of the EV research was evaluated via screening the
EV isolation procedure, their associated markers and availability of electron microscopy (EM) pictures.
Ultracentrifugation was the most commonly procedure used for the purification and four studies employed
precipitation to purify the EVs15-18. Of all the publications, 22 studies did not employ EM examination
of the isolated EVs and 19 studies did not determine the typical markers of the purified EVs. We further
determined if the expressed methods were reported in the results part (reporting bias) and whether any
statement about disclosure/conflict of interest might have affected the results (other bias).

3.3. Characteristics of the included studies

In the following sections, we summarized the studies matching our search criteria and evaluating the potential
effects of EVs originated from different sources in renal protection.

3.3.1. Mesenchymal stem cells

Mesenchymal stem cells (MSCs) are self-renewing multipotent progenitors with differentiation ability into
various cell types19. It has been revealed that the majority of regenerative effects of MSCs are related to
their capacity in secretion of EVs as critical mediators of paracrine action 20. As summarized in Table 2,
We have found 48 studies investigated the renoprotective effects of MSC-EVs which are discussed in the
following parts.

Bruno and coworkers showed for the first time that mRNA from bone marrow-derived MSC-EVs (BM-
MSC-EVs) contribute to kidney protection in AKI animal model by stimulating the proliferation of tubular
epithelial cells (TECs) and inhibiting apoptosis 21. Gatti et al. (2011) have also found that BM-MSC-EVs
can protect IRI rat model from AKI via reducing apoptosis and increasing TEC proliferation22. These EVs
also shown to favor kidney repair in experimental model of nephrectomy 23. Furthermore, BM-MSCs were
indicated to have ability to minimize the renal injury through RNAs carried by their EVs 24. Another
in vitro and in vivo experiments also indicated that BM-MSC-EVs exert a pro-survival effect on renal
cells by inhibiting apoptosis25. Tomasoni et al. (2013) suggested that transfer of growth factor receptor
(IGF-1R) mRNA by BM-MSC-EVs favoring renal protection 26. In another in vitro model of IRI, BM-
MSC-EVs were enhanced the recovery process in proximal TECs through transferring and modulating of
the expression of multiple microRNAs 27. It has been also evidenced that microRNAs have crucial role
in regenerative effects of BM-MSCs in AKI28. He et al. (2015) proposed that EVs isolated from BM-
MSCs led to the recovery of injured kidney both in in vitroand unilateral ureteral obstruction (UUO) mice
model through microRNA-dependent repairing 29. Moreover, it was reported by Wang and coworkers that
BM-MSC-EVs treated with erythropoietin have superior effect in protection against UUO renal injuries in
comparison with MSC-EVs 30. Another research conducted by Nagaishi et al. (2016) proved that intravenous
administration of BM-MSC-derived EVs could ameliorate diabetic nephropathy (DN). They showed that
these EVs reduced abnormal BM-derived cells infiltration into the kidney, prevented the expression of pro-
inflammatory cytokines and fibrosis, suppressed epithelial-mesenchymal transformation (EMT) of TECs,
exerted an anti-apoptotic potential and protected tight junction structure in TECs15. Shen et al. (2016)
highlighted that the C-C motif chemokine receptor-2 (CCR2) positive EVs secreted by BM-MSCs can play
as decoys to suppress CCL2 activity and subsequently result in inhibition of macrophage activation and
IRI alleviation 31. Engineered BM-MSCs deliver miR-let7 via EVs were also confirmed to have anti-fibrotic
effects in kidney 16. It has been observed that exosomes originated from BM-MSCs have more proliferative
potentials to promote AKI recovery in comparison with microvesicles32. Additionally, the activity of different
sub-populations of EVs isolated from BM-MSCs using the gradient separation technique, was analyzed on
renal TECs 33. The authors indicated that the medium-density CF2 fraction enriched in exosomes had the
best activity on renal TECs proliferation and inhibition of apoptosis. Wang and coworkers have revealed
that miR-199a-5p from BM-MSC-EVs can protect against renal IRI in vitro and in vivo through significant
suppressing of endoplasmic reticulum stress 34. Similarly, Zhu et al. (2019) have recently showed that
miR-199a-3p released from BM-MSC-EVs can protect against IRI via inducing anti-apoptotic effect 35. BM-
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MSCs derived EVs can also contribute to renoprotection in an animal model of DN through their anti-fibrotic
potential and by autophagy induction related to the down-regulation of mTOR 36. A similar animal study
also demonstrated that these EVs could attenuate DN via preventing fibrosis 37. Tapparo et al. (2019) have
additionally postulated that BM-MSC-EVs engineered with miRNAs are more effective than EVs originated
from näıve MSCs in renal regeneration of AKI model 38. A recent study also found that melatonin can
improve therapeutic potential of BM-MSC-EVs against IRI in rat models 39.

Zhou et al. (2013) indicated that EVs from human umbilical cord-derived MSCs (HUC-MSC-EVs) protect
against cisplatin-induced AKI via enhancing oxidative stress and apoptosis, and improving proliferation in
vivo and in vitro 40. Another research by Ju et al. (2015) showed that HUC-MSC-EV-induced hepatocyte
growth factor (HGF) can facilitate TEC dedifferentiation and proliferation41. Administration of these EVs
have also yielded promising results in alleviating kidney injury in IRI rat model via promoting angiogenesis
effects in HIF-1α independent manner42. Moreover, another study elucidated that HUC-MSC-EVs may
ameliorate renal IRI by down-regulating NK cells by spleen independent manner 43. In 2016, Nassar et
al. conducted the first clinical trial to investigate the safety and therapeutic potential of HUC-MSC-EVs
in treatment of grade III & IV CKD patients. administration of the EVs was safe and ameliorated the
inflammatory reaction and enhanced the overall kidney function in the patients 44. The beneficial therapeutic
effects of HUC-MSC-EVs have been also shown in DN mice model 45. The authors reported that miR-451a
shuttled by these vesicles could successfully ameliorate DN by improving EMT and regulating cell cycle
via targeting p15 and p19. Additionally, three studies have found that 14-3-3ζ delivered by HUC-MSC-
EVs may prevent the cisplatin-induced nephrotoxicity by activation of autophagy 46-48. Li et al. (2019),
tested the protective effect of HUC-MSC-EVs against oxidative stress and EMT induced by oxalate and
calcium oxalate monohydrate crystals in human renal TECs. The results suggested that these EVs reduce
the oxidative damage and EMT of proximal tubular epithelial (HK-2) cells that may associated with the
up-regulation of TGF-β 49.

As shown in Table 2, six other studies examined the beneficial of EVs from adipose-derived MSCs (AD-MSCs)
in this field. For instance, Lin et al. (2016) indicated that combined AD-MSCs and AD-MSCs-derived EVs
therapy have superior renoprotective properties in IRI rat models than EVs alone 50. Moreover, AD-MSCs
derived EVs can prevent AKI-CKD transition by TEC dependent Sox9 activation in in vitro and IRI mice
models 51. Eirin et al. (2017) established that intrarenal delivery of EVs derived from autologous AD-MSCs
led to the elevation of interlukin-10 (IL-10) and number of reparative macrophages, reduction of renal fibrosis,
and thereby ameliorated renal injury in pig model of renal artery stenosis (RAS) complicated by metabolic
syndrome (MetS) 52. A similar study was also confirmed the renoprotective potential of AD-MSC-EVs in
swine model of renovascular disease (RVD) + MetS. The results showed that these EVs could ameliorate
renal injury through promoting angiogenesis and microvascular repair 53. Additionally, healthy AD-MSC-
derived EVs were shown to have superior ability in suppressing inflammatory responses and preventing renal
damage in rats with sepsis-induced kidney injury in comparison with apoptotic AD-MSC-EVs 54. A recent
study has also indicated the remarkable ability of hypoxia preconditioned AD-MSC-EVs in improvement of
IRI 55.

The renoprotective ability of EVs from human Wharton’s Jelly MSCs (HWJ-MSC-EVs) was also explored
in seven studies. Intravenous administration of EVs isolated from HWJ-MSCs immediately after unilateral
IRI improved kidney function and reduced oxidative stress, apoptosis, and fibrosis 56. Similarly, the EVs
was able to ameliorate IRI in rats through suppression of CX3CL157. Moreover, two other studies have
found that HWJ-MSC-EVs can recover IRI-induced AKI via decreasing oxidative stress through activating
Nrf2/antioxidant response element and inhibition of mitochondrial fission 58,59. Chen et al. (2017) further
supported this notion by indicating the ability of HWJ-MSC-EVs in protection against IRI-induced renal
fibrosis 60. Injection of these EVs immediately post renal transplantation can also significantly ameliorate
IRI via enhancing proliferation and decreasing inflammation, apoptosis and renal fibrosis 61. According to
Zhang et al. (2019), HWJ-MSC-EVs have also ability to ameliorate cyclosporin A-induced renal fibrosis in
rats through their anti-oxidative properties.
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EVs isolated from kidney-derived MSCs (KMSCs) significantly improved renal function in mouse model of
IRI and stimulated proliferation and inhibited apoptosis in vitro 62. Another study by Choi et al. (2015)
also evaluated the renoprotective effects of KMSC-EVs in UUO murine model. Findings revealed that the
EVs can improve the real function by rarefaction of peritubular capillaries through inhibition of endothelial-
to-mesenchymal transition, their anti-fibrotic effects, and ameliorating inflammation 62.

Ranghino et al. (2017) determined that administration of MSC-EVs within the glomeruli could improve renal
function and decrease the ischemic damage after IRI through activation of TEC proliferation. Furthermore,
Yuan et al. (2017) reported the anti-necroptosis potential of human-induced pluripotent stem cell-derived
MSC-EVs against IRI in vitro and in vivo.

3.3.2. Tubular epithelial cells

TECs are the most abundant cell population in the kidney, and carry out various regulatory functions in both
physiological and pathological situations 63. To the best of our knowledge, 10 research articles concerning
TEC-derived EVs and kidney diseases have been published so far (Table 3).

Intravenous administration of renal TEC-EVs was significantly enhanced renal function after IRI in rats 64.
The TEC-derived EVs also play a critical role in preventing damage in hypoxic AKI model65. Zhang and
coworkers additionally supported the therapeutic effects of EVs derived from hypoxic preconditioned HK-2
cells in kidney IRI 66. More recently, it was reported by Zhang et al. (2019) that hypoxia induced renal
TEC-EVs protected against IRI potentially through different EV-microRNAs67.

In contrast, EVs containing microRNA-21 secreted from injured TECs promoted tubular phenotype transi-
tion in renal fibrosis via targeting depression of phosphatase and tensin homolog (PTEN) protein68. Two re-
cent studies have also noticed that microRNA-21- and microRNA-216a-containing EVs from proximal TECs
participate in renal interstitial fibrosis by enhancing PTEN/AKT signaling pathway 69,70. miRNA-23a-
and miR-19b-3p-enriched EVs from TECs have also shown to promote tubulointerstitial inflammation (TI)
through activation of macrophages71,72. Recently, Garćıa-Pastor et al. (2019) proposed that EVs released
from cisplatin-treated proximal TECs could inhibit proliferation and induce apoptosis in EV-recipient HK-2
cells. Interestingly, second generation of EVs secreted by the EV-recipient HK-2 cells, enhanced proliferation
of näıve HK-2 cells73.

3.3.3. Human liver stem cells

Three other articles have investigated the role of human liver stem cells derived EVs (HLSC-EVs) in this
context (Table 4).

A study conducted by Sanchez et al. in 2014, has examined the effect of HLSC-EVs in promotion of tubular
regeneration post AKI. In vivofindings showed significant improvement in renal function and morphology.
In vitro experiments also indicated their capacity in stimulating proliferation and inhibition of apoptosis74.
In another study, the authors demonstrated the regenerative, anti-fibrotic, and anti-inflammatory impact of
HLSC-derived EVs in an aristolochic acid nephropathy (AAN) mouse model of CKD 75. A recent animal
study has also acknowledged that HLSC-EVs enriched in microRNAs can inhibit fibrosis and its progression
in DN 37.

3.3.4. Endothelial progenitor cells

BM–derived endothelial progenitor cells (EPCs) are circulating precursors possess the ability to migrate
to the areas of vascular injury and induce regeneration 76. We found three publications have studied the
EPC-EVs protective effects on renal diseases (Table 5).

In an experimental model of IRI, intravenous injection of EPC-EVs exerted a microRNA mediated protective
effect through enhancing tubular cell proliferation, inhibiting apoptosis and leukocyte

infiltration 77. In a similar work, Cantaluppi et al. (2015) documented that EVs released by EPCs could
protect against antibody/complement-mediated injury of mesangial cells in Thy1.1 glomerulonephritis 78. A

5
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recent study has also highlighted the efficiency of putative EPC-EVs in reducing UUO-induced renal fibrosis
via inhibiting pericyte–myofibroblast transition without significant promotion of vascular repair 79.

3.3.5. Endothelial colony-forming cells

Endothelial colony-forming cells (ECFCs) are a population of EPCs that have displayed considerable thera-
peutic benefits due to their high proliferative potential and vessel-forming capacity80. Three studies are also
assessed the renoprotective effects of EVs from endothelial colony-forming cells (ECFCs) (Table 6).

Burger and coworkers found the protective effects of human umbilical cord blood-derived ECFC-EVs (exo-
somes, but not microparticles) in IRI mouse model. In vitro experiments also indicated that exosomes are
the main mediator of endothelial protection from apoptosis81. Moreover, Vinas et al. (2016) has reported
microRNA-486-5p transferred by ECFC-EVs as an effective molecule in renoprotection in mouse with IRI
related to their ability in reducing kidney PTEN 82. In another study performed by Vinas et al. (2018), the
ECFC-EVs was shown to selectively target the kidneys post IRI in which exosomal CXC chemokine receptor
type 4 (CXCR4) interaction with stromal cell-derived factor (SDF)-1α was known as a critical process for
transferring of microRNA-486-5p83.

3.3.6. Fibroblast

In 2014, Zhou et al. showed that miR-34a-containing EVs originated from fibroblasts contribute to tubular
cell apoptosis in UUO-induced fibrotic kidney 84. Similarly, impaired renal interstitial fibroblast-derived EVs
containing miR-34a promoted TEC apoptosis and involved in renal interstitial fibrosis through suppressing
Bcl-2 expression 85. Bruno et al. (2012) postulated that EVs from fibroblasts couldn’t prevent TEC apoptosis
in lethal model of AKI25. Furthermore, two other studies indicated that fibroblast EVs had no protective
impact on kidney40,77. Grange et al. (2019) also reported that fibroblast derived EVs provided no anti-
fibrotic effects in a mouse model of DN 37 (Table 7).

3.3.7. Platelets

The pathogenic role of Platelet-derived EVs have been recently demonstrated in glomerular endothelial
injury in early DN via secretion of CXCL7 86. Additionally, Wu et al. (2019) proposed that miR-191
released from platelet-EVs induced apoptosis of TECs and involved in development of IRI by inhibiting
Cystathionine-β-synthase87 (Table 8).

3.3.8. Serum

Zhang et al. (2017) suggested that the underlying mechanism of remote ischemic preconditioning (rIPC) in
alleviating kidney IRI is related to their ability in inducing TECs to release functional EVs to the serum66.
It has been also shown that limb rIPC protect mouse renal from septic AKI by elevating miR-21 in EV of
mouse serum88 (Table 9).

3.3.9. Other sources

We have found several other articles studied the benefits of EVs from other sources in kidney diseases
(Table 10). For instance, epithelial cell-derived EVs containing ATF3 RNA reduces IRI by down-regulating
pro-inflammatory gene MCP-1 89. Moreover, TGF-β1-contaning EVs derived from high glucose-treated
glomerular endothelial cells promoted renal fibrosis in DN model through activation of glomerular mesangial
cells 18. Jiang et al. (2016) reported that EVs from urine-derived stem cells could prevent renal injury in rats
with type I diabetic which may be associated with reducing apoptosis in podocyte, enhancing angiogenesis
and cell survival90. Furthermore, the results of a recent animal study indicated that miR-486 enriched in
adipose-derived stem cell-EVs have the potential to attenuate DN by inhibiting podocyte apoptosis and
activating autophagy 91. It has also been reported that EVs secreted by renal scattered tubular-like cells
contribute to repairing damaged TECs in vitro and in vivo by their mitochondria cargo 92. In another UUO
mice model, engineered exosomes enriched in miR-29 attenuated renal fibrosis by suppressing Yin Yang 1
(YY1) and TGF-β pathway proteins93. Pan et al. (2019) also showed that EVs enriched in miR-21 derived
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from cultured myotubes with H/R, exert anti-inflammatory and anti-apoptotic effects and subsequently
attenuate sepsis-induced AKIin vitro 88.

However, according to the study conducted by Mart́ınez et al. (2014), EVs released by vascular endothelial
cells might have either beneficial or harmful properties in different renal diseases through activation of HIF-α
and VEGF-A signaling 94. EVs from T-CD133+ cells (renal tubular CD133+progenitor cells) were shown to
have no significant contribution in renal recovery after IRI 95. It has been also evidenced that podocyte-EVs
induce fibrosis in renal proximal TECs by activation of p38 MAPK and CD36 96. Furthermore, multiple
myeloma cell-EVs play potential role in apoptosis of HK-2 cells and led to renal impairment in these patients
97.

4. Discussion

In this systematic review we overviewed the renoprotective properties of EVs for the first time. Overall
the results provide evidence in support of beneficial properties of EVs from various sources in prevention or
treatment of kidney disorders. However, some EVs secreted by TECs68-73, fibroblasts 84,85, platelets86,87,
podocyte 96, and MM cells97 were found to have adverse effects on renal function. Five other studies also
suggested that EVs from fibroblasts25,37,40,77 and T-CD133+ cells95 may have no beneficial effects on renal
injury protection.

Increased number of studies have revealed that MSCs are one of the best candidates to treat human diseases
through their capacity in secretion of EVs 8. According to the literature of this review, MSCs, especially
BM-derived MSCs, are the most abundant type of employed EV sources in protection of kidney injuries.

In the present systematic review, preclinical studies established different models of acute or chronic kidney
injuries induced by IRI, DN, UUO, and nephrotoxicity as well as RAS, RVD, sepsis, and TI. Despite all
the beneficial advantages of EV therapy in various kidney diseases, we have identified only one clinical
trial in this field. According to the literature, EV therapy in most of the cases successfully enhanced
renal function through decreasing apoptosis and elevating proliferation of TECs, suppressing inflammatory
responses, reducing oxidative stress and fibrosis, and promoting angiogenesis.

Most of these renoprotective effects were mediated by EV-derived microRNAs. For instance, miR-let7c, miR-
451a and miR-29 contributed to renal function enhancement through reduction of fibrosis, whereas miR-21,
miR-216a and miR-34a participated in induction of fibrosis. Besides, miR-199a-5p, miR-30, miR-21, miR-
486-5p and miR-451a were shown to have anti-apoptotic or proliferative effects on renal cells, however,
miR-191 and miR-34a induced apoptosis. Some other microRNAs such as miR-23a and miR-19b-3p could
also up-regulate inflammation in kidney diseases. Additionally, miR-21 was able to play renoprotective role
via suppression of inflammatory responses. EVs engineered to alter their microRNA contents revealed to
have potential renoprotective properties. It has been also shown that reduction of renal tubular cell apoptosis
or elevation of their proliferation can mediate with 14-3-3ζ protein secretion from the EVs.

In spite of its beneficial role in renal injury enhancement, EV therapy may increase the risk for developing
renal cancer. For instance, EVs released from HWJ-MSCs promoted renal cancer cell growth and invasiveness
by inducing hepatocyte growth factor (Du et al., 2014). In two separate studies, the role of EVs originated
from 786-0 renal cancer cell line was determined in renal tumor development in vitro98,99. They reported
that application of these EVs result in renal cancer progression by promoting angiogenesis via suppressing
the hepatocyte cell adhesion molecule (hepaCAM), 786-0 cell migration and invasion. Similarly, Jiang and
coworkers suggested EVs released by renal carcinoma OS-RC-2 cell line contribute to the suppression of
hepaCAM expression 100. The impact of renal cancer stem cell (CSC)-derived EVs was also investigated in
phenotypical changes of MSCs which favor tumor progression by Lindoso et al. (2015). The data indicated
that the EV-stimulated MSCs can support tumor progression and vascularization both in in vitro andin
vivo models. In another study, the impact of clear cell renal cell carcinoma (CCRCC) derived CSC-EVs
in the EMT progression and lung metastasis of CCRCC cells was explored. The findings suggested that
CD103+ CSC-EVs can induce EMT promoting metastasis via transferring of miR-19b-3p 101. In contrast,
the antitumor potential of IL-12-anchored renal cancer cell-derived EVs was observed in renal cell carcinoma
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by Zhang et al (2010).

Finally, there are several limitations pertinent to this systematic review. First, due to the heterogeneity in
design and methods evaluating the outcomes in the included publications, conducting a meta-analysis was
not possible. Furthermore, we failed to contact the authors of abstract articles and were able to include
only studies in English. It is also important to acknowledge that systematic reviews of preclinical studies
may present a bias towards an overestimation of positive outcomes since negative results may be less often
published and no information concerning safety is available.

5. Conclusion

Taken together, this systematic review will be the first to provide an estimate on efficacy of EV therapy in
in vitro and in vivokidney injury models. Although EVs from several sources were shown to have adverse
impacts on renal protection, the present systematic review underlined that EVs might represent a promising
therapeutic strategy in treatment of kidney diseases. In addition, future work should aim to better design of
preclinical studies to improve the safety evaluation of the EV therapy before proceeding to human subjects.
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Figure legends:

Figure 1: Study selection flow chart according to the PRISMA guidelines.
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