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Abstract
As a particularly important mediator of intercellular communication, extracellular vesicles (EVs) have been proved to be
extensively involved in various system diseases over the past two decades, including in renal diseases. As is well-
known, renal fibrosis is the common pathological process of any ongoing renal disease or adaptive repair of kidney
injury based on current knowledge. Although much work has been performed focusing on EVs in various renal
diseases, the role of EVs in renal fibrosis has not been described in detail and summarized. In this review, we provide a
brief overview of the definition, classification and biological process of EVs. Then, the potential mechanisms of EVs in
renal fibrosis are illustrated. Lastly, recent advances in EVs and the implications of EVs for diagnosis and therapy in renal
fibrosis disease are introduced. We look forward to a more comprehensive understanding of EVs in renal fibrosis,
which could be a boon to patients with renal fibrosis disease.

Facts

● EVs carry proteins, lipids, and RNAs that deliver
molecular information between cell communication,
thereby affecting the physiological and pathological
states of receptor cells.

● Since the lipid bimolecular structure can be isolated
from the extracellular environment, the content of
EVs can be used as a tool for the diagnosis of renal
fibrosis.

● EVs mediates the communication between different
renal cells and is associated with the progression of
renal fibrosis.

Open questions

● How is EV localized and transported to target cells
during renal cell–cell communication?

● What are the main components that mediate the
function of EVs?

● Do we focus on whether RNA in EVs is reasonable in
the process of renal fibrosis?

Introduction
The main physiological function of extracellular vesicles

(EVs) was believed to be the excretion of cell waste in
earlier years1. However, we know today that the role of
EVs is more than eliminating unneeded compounds
nowadays. A mountain of reliable evidence has shown
that EVs are important vehicles of intercellular commu-
nication2–4. EVs carry proteins, lipids, and RNAs that
deliver molecular information between cell communica-
tion, thereby affecting the physiological and pathological
states of receptor cells5,6. We often use EVs as the
umbrella term for all types of vesicles in extracellular
fluid, and they are generally classified into three categories
(exosomes, microvesicles, and apoptotic bodies) based on
their size and biological origin. With the evolution of the
study of EVs, they have been found to be exist in many
different biological fluids in addition blood, such as latex,
saliva, urine, and cerebrospinal fluid7. This discovery laid
the foundation for the clinical application of EVs. For
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example, the extraction of EVs from body fluids can act as
biomarkers for renal diseases8–10. Furthermore, metabolic
EV contents can serve as the response of cells to external
pressures, including hypothermia, hypoxia, oxidative
stress, and infectious pathogens. These facts suggest that
EVs are involved in intracellular and intercellular signal-
ing transmission and mediated a complex and multi-
farious mechanism to maintain physiological balance11.
In recent years, mounting evidence of the potential role

of EVs in human diseases were unearthed12–16, and renal
disease is no exception17–20. As is known, renal fibrosis is
a common ultimate outcome of almost all chronic and
progressive kidney diseases at the histological level.
Therefore, it could be very meaningful to clarify the role
of EVs in renal fibrosis. As people become more familiar
with EVs, their value has been increasingly explored.
Researchers have found that the contents of the EVs can
be used as a diagnostic tool in renal fibrosis because the
lipid bimolecular structure can be isolated from the
extracellular environment5,21. Recently, the treatment of
chronic kidney disease (CKD) to improve the degree of
renal fibrosis by blocking EVs has been received great
attention and has great prospects. Thus, EVs could be
used as a diagnostic tool and for drug delivery22–24.
As mentioned above, although the pathophysiological

roles for EVs have begun to be recognized in renal dis-
eases, including DN, IgA nephropathy (IgAN) and so
on25,26, there are still no reviews to specify the patho-
physiological role of EVs in renal fibrosis. Therefore, we
first briefly introduce EVs and then describe in detail how
EVs participate in the renal fibrosis process at the cellular
and molecular levels. In addition, the clinical application
of EVs in renal fibrotic diseases, including their diagnostic
value and therapeutic potential, is described.

EVs
EVs are a heterogeneous family of membrane-bound

vesicles released from the surface of cells originating from
the endosome or plasma membrane27. From disposing of

cell waste to being an important carrier28, the recognition
of EVs is becoming increasingly mature. According to
their size, biological origin and secretion mechanisms,
three basic types of generalized EVs have been proposed,
including exosomes, microvesicles (MVs), and apoptotic
bodies29 (Table 1). In fact, the narrow sense EVs only
refers to first two types. Therefore, the present review
focuses mainly on exosomes and MVs. Exosomes are the
most characteristic of EV subtypes and are produced by
endosomal pathways30. MVs, sometimes called micro-
particles (MPs), are produced directly through outward
budding and shed from the plasma membrane27 (Fig. 1).
Apoptotic bodies are formed at the late stage of cell
contraction/collapse, after the externalization of phos-
phatidylserine, the increase of cell membrane permeability
and nuclear fragmentation31. Several abbreviations of EVs
in this review, including EVs, MVs, and MPs. EVs are the
collective names of several types of vesicles. Both MVs
and MPs refer to the abbreviation of EVs that sprout
directly from the plasma membrane.

Methods of isolation
In recent years, EVs have been extensively explored in

various diseases. Therefore, the isolation and purifica-
tion of EVs has become a research hotspot. In various
studies on the role of EVs in renal fibrosis, the most
common EVs extract is urine32,33. At present, there is no
general method to isolate and purify EVs for all studies.
In the current study, commonly used methods for iso-
lation EVs include ultracentrifugation, immunoisola-
tion, and ultrafiltration34,35. It is well known that
ultracentrifugation is a classical method and gold stan-
dard for obtaining and separating EVs. Immunoisolation
is another method for isolation and purification of EVs.
It uses magnetic beads coated with antibodies to
recognize certain proteins on the lipid bilayer mem-
branes of EVs, thus separating them from other sub-
stances. Ultrafiltration is a simple and easy method to
isolate EVs depending on size. The advantages and

Table 1 Main differences among three common EVs

Exosomes Microvesicles/Microparticles Apoptotic vesicles

Size 50–100 nm 100–1000 nm 100–5000 nm

Origin Endosomal pathway (viable cells) Budding of the PM (viable cells) Apoptotic cells (at apoptotic stage)

Composition mRNAs, miRNAs, other ncRNAs, proteins, lipids mRNAs, miRNAs, other ncRNAs,

proteins, lipids

DNA, rRNAs, organelles, proteins, lipids

Release Formation by endosomal pathway, budding after

fusion of MVBs and plasma membranes

Cell skeleton reorganization, outward

budding of the PM

Outward blebbing of apoptotic cell

membrane

Markers Lamp1,TSG101, membrane protein CD63 Membrane protein CD40 A large amount of phosphatidylserine
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disadvantages of the three methods are shown in Table
2. Nowadays, most researchers use one or more other
techniques after the main steps, such as washing in EV-
free buffer, ultrafiltration, and further purification by
density gradient36. Although these methods can be used
for the isolation of EVs, the purification of exosomes
remains a great challenge, especially in the isolation of
EVs from liposomes, proteins and RNA contamination.

EVs in renal fibrosis diseases
Renal fibrosis is an inevitable pathological process in

which all types of CKD progress to end-stage nephro-
pathy37. Renal fibrosis can occur in a variety of common

kidney diseases. For example, polycystic kidney disease
(PKD) is characterized by the continuous accumulation of
cysts caused by renal tubular epithelial cells (RTECs),
leading to renal parenchymal damage and non-cystic
renal tissue fibrosis38. In addition, other common dis-
eases, including DN, LN, and IgAN, can lead to renal
fibrosis38–43. Several studies have suggested that EVs may
be mediators of inflammation, immunosuppression or
growth and regeneration. In the kidney, they can originate
from blood cells, endothelial cells, podocytes, or tubular
epithelial cells, and can be detected in circulation, urine,
or inflammation. Here, we describe the contribution of
EVs to various renal fibrosis diseases.

Fig. 1 Secretion and transport of exosomes and microvesicles. The biological origin of exosomes can be divided into three stages: endosomes,
multivesicular bodies (MVBs), and exosomes. Early endosomes are formed by the buds of the membrane formed by endocytosis. Subsequently, early
endosomal vesicle membranes bud inward to form intraluminal vesicles, and then they selectively sort the proteins and lipids in the cytoplasm to
form the late endosomes, namely MVBs. All these events are regulated by a so-called ESCRT complex (the endosome complex required for transport).
However, the formation of MVB may also occur in ways that do not depend on ESCRT, such as through the tetraspanin CD63, the lipid metabolism
enzymes sphingomyelinase, and phospholipase D2. The assembled MVBs can fuse with either lysosomes for cargo degradation or bind to the plasma
membrane (PM) to release vesicles. Once released extracellularly, these vesicles are called exosomes (Fig. 1). MVs, sometimes called microparticles
(MPs), are produced directly through outward budding and shed from the plasma membrane. The process is initially triggered by an increase in
intracellular calcium ions in the cells, which activate caloproteinase, separating the membrane protein from the cytoskeleton inside the cells. EVs is
then transported to the target cells, and their contents can be transmitted to cytoplasm through either fuse with the plasma membrane of the target
cell or are internalized into the endocytic network, or by binding to the target cell receptor via EVs surface ligand, thereby modifying the
physiological state of the recipient cell

Table 2 Advantages and disadvantages of three common EVs separation methods

Method Advantages Disadvantages

Ultracentrifugation Low cost;simple operation Time-consuming; easy to be polluted; low yield

Immunoisolation More specific in capturing a small amount of plasma EVs Quite expensive;not suitable for large-scale;

Ultrafiltration A small amount of sample can also get enough quantity Cause some vesicles to deform or rupture
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EVs in cellular and molecular mechanisms of renal
fibrosis
Numerous studies have shown that EVs are supposed to

be potentially active participants in renal fibrosis24,44,45.
However, the exact mechanism of EVs promoting renal
fibrosis remains immature. Further research is needed to
determine how EVs are involved in renal fibrosis. Next,
we briefly summarize of the existing role of EVs in renal
fibrosis at the cellular and molecular levels.

Factors affecting EVs release during renal fibrosis
Various stress conditions, such as hypoxia46,47, acidic

pH48, and oxidative stress49, can increase the secretion of
EVs and cause significant changes in the composition of
EVs29,50. For instance, high glucose stimulates glomerular
endothelial cells to secrete exosomes, thereby activating
glomerular mesangial cells and promoting renal inter-
stitial fibrosis51. A high glucose environment also induces
GEC endothelial-mesenchymal transition (EndoMT),
which can cause podocyte epithelial-mesenchymal tran-
sition (EMT) and dysfunction by releasing exosomes in
cells52. Moreover, the number of exosomes released by
mesangial cells was significantly reduced after high glu-
cose exposure, while the level of miR-145 was increased53.
There are other factors that affect the release of the EVs

such as renin-angiotensin-aldosterone system (RAAS),
vasopressin and uremic toxin. RAAS alters the expression
of urinary exosome proteins, with a significant increase in
γENaC peptide and urinary proteases54. Vasopressin

activates V2 receptors in the main cells of renal collecting
ducts to stimulate endocytosis of exosomes55. In addition,
Experiments have shown that uremic toxin including
indoxyl sulfate and p-cresyl sulfate directly induces the
release of EMPs in vitro56,57.

EVs in cellular mechanisms of renal fibrosis
In the initial stage of renal fibrosis, stimuli lead to an

inflammatory response, which involves recruitment of
inflammatory cells, release of inflammatory cytokines, and
activation of fibrogenic effector cells. All of these results
eventually lead to the deposition of extracellular matrix,
which is an important mechanism of renal fibrosis58,59.
Furthermore, EVs also mediate communication among
various types of cells, related to renal fibrosis progres-
sion60. We next clarify how EVs promote renal fibrosis at
the cellular level from the following aspects (Fig. 2).

EVs in the recruitment of inflammatory cells
The aggregation of inflammatory cells that mediate

exosomes is an important cellular mechanism of renal
fibrosis59. In previous research, it was proved experi-
mentally that MPs from monocytes and endothelial cells
induce the secretion of the cytokine chemokine MCP-1
and the cytokine IL-6, which can lead to glomerular
inflammation. It also confirmed that monocyte MPs lead
to increased podocyte secretion of vascular endothelial
growth factor (VEGF), which can affect glomerular per-
meability in vivo61. Recently, research has found that

Fig. 2 EVs in cellular mechanisms of renal fibrosis. Various stimulants act on cells in the kidney. EVs secreted by damaged kidney cells increases
and their contents also change. EVs induce the release of cytokines and promote the aggregation of inflammatory cells. In addition, EVs secreted by
damaged kidney cells can be transferred to other normal kidney cells and change the phenotype of normal kidney cells and the activation of
fibroblasts, which creates a vicious cycle and thereby promotes renal fibrosis
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increased release of exosomes transferred CCL2 mRNA
from tubular epithelial cells (TECs) in proteinuria renal
disease and then delivered them to mesenchymal mac-
rophages, inducing their activation and autocrine
recruitment of other myeloid cells62. In addition, platelet-
derived EV levels are increased in SLE, and the levels of
immunoglobulins and complements in EVs are also
increased63, while the EV components of SLE have also
been detected in glomerular deposits in LN patients64,
suggesting that EVs might contribute to the deposition of
immune deposits in glomerular deposits.
Furthermore, current knowledge holds that vascular

inflammation is also a common cause of renal interstitial
fibrosis, such as anti-neutrophil cytoplasmic antibody
(ANCA) vasculitis manifesting as glomerular acute
necrotizing vasculitis65. ANCA stimulates the release of
neutrophil MPs, and increased expression of CD54, IL-6,
and IL-8 can be induced by human venous endothelial
cells (HUVECs) in vitro, suggesting that EVs can promote
inflammation of the vessel wall66.

EVs in the activation of fibrogenic effector cells
Fibrogenic effector cells are derived from mesenchymal

cells, including fibroblasts and myofibroblasts. Fibroblasts
are derived from EMT. The release of cytokines also
activates fibrogenic effector cells and leads to the
deposition of extracellular matrix59. Studies have shown
that EVs can play a role in activating fibroblast cells.
Under hypoxic conditions, damaged tubular epithelial
cells produce exosomes containing TGF-β1 and release
them to promote the proliferation of adjacent fibroblasts,
which manifest the production of α-smooth muscle actin
and collagen I67. In addition, researches have confirmed
that the release of miRNA-23a-rich exosomes is derived
from hypoxic TECs that activate macrophages to promote
tubulointerstitial inflammation.
GECs undergoing EndoMT can cause podocyte EMT by

releasing exosomes52, and the role of EMT in renal
fibrosis has been a popular topic in recent years68–71.
Emerging research has confirmed that podocyte MPs
induce pro-fibrotic responses in proximal tubule epithelial
cells characterized by upregulation of fibronectin and
collagen IV expression72.
In the progression of fibrosis, there is a TG2 secretion

pathway, which is driven by vesicular transport. Subse-
quently, the secreted TG2 interacts with the protein
network responsible for ECM dynamics, leading to
fibrosis remodeling and expansion73. Moreover, a study
found elevated levels of ADAM10 in the urinary vesicles
of patients with glomerular nephropathy74. Other studies
have confirmed that overexpressed exogenous ADAM10
leads to E-cadherin loss and increases α-SMA in HK-2
cells. Although these findings indicate that ADAM10
might be involved in renal tubular epithelial EMT and

renal fibrosis75, the exact link between them still requires
further proof.

EVs in damage to resident renal cells
Renal inherent cells mainly include podocytes, mesan-

gial cells, and tubular epithelial cells. The damage to the
cells in the process of renal fibrosis development also
plays a considerable role76. The role of EVs in kidney
inherent cell damage has also been confirmed. Injured
kidney tubular epithelial cells can affect normal cells and
other normal kidney cells by the release of EVs, leading to
a vicious circle of renal fibrosis77,78. Exosomes from high
glucose-treated GECs induce podocyte EMT and barrier
dysfunction52. In high glucose environments, exosomes
derived from GMCs can harm podocytes by inducing
apoptosis and inhibiting the expression of cell adhesion
membrane protein and wt-1, also suggesting that exo-
somes can regulate the crosstalk between GMCs and
podocytes79. Another proof was that the expression of
hypoxia-inducible factors in HK-2 cells was upregulated
by MPs released by vascular endothelial cells80.
Recent research has revealed a new manner of EVs in

damage to resident renal cells. Increased platelet MPs in
the blood of diabetic patients induce reactive oxygen
species production, lower nitric oxide levels, inhibit
endothelial nitric oxide synthase and SOD activity, and
then increase the permeability of the glomerular endo-
thelial barrier and reduce endothelial thickness. The effect
eventually leads to glomerular endothelial function and
structural damage, increased permeability, urinary albu-
min leakage, and DN progression81.

EVs in the molecular mechanisms of renal fibrosis
The molecular mechanisms of renal fibrosis are quite

complex and expansive82. Various renal diseases develop
into renal fibrosis through complicated signaling path-
ways (Fig. 3)83. However, the direct involvement of EVs in
the signaling pathway of renal fibrosis is very rare. Fur-
thermore, micro-RNA (miRNA) has been a popular
research topic in recent years, and it was proved to be
involved in renal fibrosis84. Many researchers have indi-
cated that miRNA in EVs could directly or indirectly
promote renal fibrosis85. Therefore, we illuminate EVs in
the molecular mechanisms of renal fibrosis from the
above two aspects in this section.

Effect of signaling pathway of EVs on renal fibrosis
TGF-β signaling pathway An ocean of evidence has
shown that TGF-β/Smad plays an important role in renal
fibrosis and is recognized as the main fibrotic factor86,87.
Recently, it was experimentally demonstrated that TGF-
β1 mRNA from glomerular endothelial cell exosomes
could mediate GMC activation. Researchers detected that
exosome-treated GMCs released by high glucose-treated
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GECs increased phosphorylated Smad3. That demon-
strated exosome-induced GMCs activation dependent on
the TGF-β1/Smad signaling pathway51. Moreover, mesan-
gial cell phenotype changes induce cell proliferation and
activation of fibroblasts, leading to renal fibrosis88. In
hypoxic conditions, exosomes released by damaged TECs
can transfer TGF-β1 mRNA to fibroblasts and transform
it into acute/rapid TGF-β1 protein, initiating an
autocrine-signaling loop and ultimately leading to the
proliferation and activation of fibroblasts67,89.
High glucose environments induce an increase in TGF-
β1, while TGF-β1 increased the expression of miR-145 in
mesangial cells and vascular smooth muscle cells via the
Smad pathway, in turn resulting in an increase in miR-145
in exosomes53. Prior research has shown that miR-145
can promote vascular muscle cell phenotypes from
proliferation to contraction changes. Therefore, it was
concluded that increased miR-145 in the exosomes
perhaps promote mesangial cell hypertrophy and cytos-
keletal remodeling, mediated by the TGF-β1 signaling
pathway53,90,91. In summary, EVs-mediated TGF-β signal-
ing pathway is currently recognized as a molecular
mechanism.

Other signaling pathways Recently, remarkable pro-
gress has been made in studying Wnt/β-catenin signaling

in the pathogenesis of various renal fibrosis diseases92,93.
Among these signals, EVs mediated Wnt/β-catenin is
worth considering. Recent studies have also confirmed
that exosomes derived from cells undergoing EMT
increase expression of β-catenin and significantly lead to
β-catenin undergoing nuclear translocation, indicating
the activation of canonical Wnt/β-catenin signaling52.
Currently, the evidence of renal fibrosis via EVs mediating
the Wnt/β-Catenin signaling pathway is limited, but it is a
valuable research direction.
AKT-mediated signaling pathways mediating renal
fibrosis disease deserves special attention in the field of
exosomes. For example, EMT in renal TECs and renal
fibrosis caused by hypoxia are closely related to the
activation of PI3K/AKT

94, which has been demonstrated
to be an important functional pathway in podocyte injury
and renal fibrosis95. For example, researchers have shown
that the exosomes released from high glucose-induced
GMCs can activate the PI3K/AKT signaling pathway in
podocytes through TGF-β179. In addition, recent proofs
have also indicated that increased miRNA-21 levels in
MVs secreted by tubule cells activate the PTEN/AKT
signaling pathway and aggravates renal interstitial fibro-
sis96. However, the exact function and relationship in the
molecular mechanisms of renal fibrosis between EVs and
these signal pathways remain to be explored.

Fig. 3 EVs involved signaling pathways involved in renal fibrosis. Injured kidney cells secrete electric vehicles, and transfer their microRNA to
target cells, promoting the activation of target cell signaling pathways, leading to changes in the physiological state of target cells and promoting
renal fibrosis
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Effect of miRNAs in EVs on renal fibrosis
MiRNAs are short non-coding RNA species that reg-

ulate important functions in cellular events, such as
proliferation, differentiation, and immune responses, as
well as gene regulation associated with human disease8.
Specific expressed miRNAs in the kidney act as effectors
of TGF-β1 in CKD97,98, so their role in renal fibrosis has
also been increasingly explored99–101. Furthermore, EVs
contain miRNAs, mRNAs, proteins and other information
materials102–104, which have been shown to significantly
alter the biological pathways of renal fibrosis disease
(Table 3)32,105.
MiR-21 has undoubtedly undergone the most in-depth

studies in this field. Previous studies have shown that
miR-21-mediated MV transport in TECs could have new
effects on the mechanism of advanced renal fibrosis85.
Zhou et al. excluded the effect of pro-fibrosis factors, and
according to the molecules that mediate intercellular
communication, such communication should be stable
and have the ability to regulate genes, suggesting that the
above molecules may be miRNAs85. In addition, the level
of miR-21 in MVs isolated from the urine of UUO mice
was significantly higher than that of the control group,
and it was also difficult to detect miR-21 in the MV-free
urine of UUO mice. Hence, it was concluded that miR-21
in damaged tubule cells is packaged as MVs and passed to
normal cells, causing subsequent fibrosis85.
There were other miRNAs involved in the mechanism

of EVs mediating renal fibrosis, such as miR-192, miR-
320, miR-34, etc. Studies have shown that miR-192 in EVs
produced by high glucose-treated cells could induce renal
fibrosis77. The combined analysis of urine exosomes-
derived expression levels of miR-192 and TGF-β1 pro-
vides new insights into the pathology of early DKD106.
Moreover, researchers have shown that strong upregula-
tion of miR-320c in the urinary exosomes of patients with
type 2 DN and the upregulation of miR-320c expression
could lead to downregulation of BMP6107, which could, in
turn, improve the damage to HK-2 cells induced by TGF-
β1108. Therefore, it was proposed that the increase in

miR-320c in EVs could promote renal fibrosis. Further-
more, miR-34a was upregulated in the urinary exosomes
of type 2 DN109, and some studies have indicated that
miR-34a plays a role in regulating mesangial proliferation
and glomerular hypertrophy by targeting growth arrest-
specific 1 (GAS1)110. Previous studies have shown that
proteinuria promotes the progression of DN111,112. A
possible mechanism was revealed recently. Endoplasmic
reticulum (ER) stress and EMT are thought to play key
roles in tubulointerstitial fibrosis113,114. MiR-4756 could
induce HK-2 cell damage by promoting EMT and ER
stress, and the expression of miR-4756 in EVs from HAS-
treated HK-2 cells was increased115.

Clinical application of EVs in renal fibrosis disease
In view of the natural characteristics of genetic infor-

mation transfer, the possibility of using EVs for ther-
apeutic purposes is currently being studied. Firstly, the
molecular content of EVs is like the fingerprint of its
primordial cells. The goods of EVs vary with the state of
the disease, and EV is positioned as a potential source of
discovering new disease biomarkers. Urine EVs is a good
diagnostic material because it is easy to collect and reflect
the pathophysiological status of the kidney. They may
replace kidney biopsies in the future. Secondly, stem cell-
derived EVs seem to naturally mediate tissue regeneration
under certain conditions. Here we summarize the latest
advances in the potential application of stem cell-derived
EVs in renal diseases. Third, recent evidence suggests that
EVs can be used as drug delivery vectors to treat and
target specific cell types. Therefore, EVs emerge as an
effective genetic information transfer agent, which sup-
ports a series of biological processes and has therapeutic
potential.

EVs as potential biomarkers in renal fibrosis
EVs have been found to be novel, non-invasive markers

that hold the promise of being tools for mechanical
research, including disease progression and the possible
monitoring of therapeutic effects116. Recent studies have

Table 3 Effect of miRNAs in EVs on renal fibrosis

Injured cells/Urine of kidney disease patient miRNAs in EVs Proven Target protein Outcomes

High glucose-treated HK-2 cells miRNA-192 ↑ yes GLP1R ↓ Renal cell autophagy and apoptosis

Obstructive tubular cells miR-21 ↑ yes PTEN ↓ Tubular phenotype transition

Type 2 DN patients (urine) miR-320c ↑ no BMP6 ↓ Hk-2 cell injury

Type 2 DN patients (urine) miR-34a ↑ no GAS1 ↓ Mesangial proliferation and glomerular

hypertrophy

HSA treated HK 2 cells/DKD patients with

macroalbuminuria (urine)

miR-4756 ↑ no Sestrin 2 ↓ TECs EMT and endoplasmic reticulum stress
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found that the RNAs and proteins contained in EVs not
only reflect the biological information of the mother cells,
but they also reflect their physiological and pathological
status, related to the occurrence and development of renal
fibrosis (Table 4)117.

DN
As the most common CKD in western countries118,

approximately 20–40% of diabetic patients eventually
develop diabetic kidney disease (DKD)119. Today, the
function of EVs in the diagnosis of DN has been exten-
sively studied. MiRNAs in EVs are most commonly used
to diagnose early DN. It was reported that urinary exo-
somal miRNA levels were altered in patients with type 1
DN, and miR-145 in urinary exosomes could be a new
candidate biomarker53. Studies have also shown that
miRNA-192 in urinary exosomes could be used to diag-
nose early DN120. Upregulation of miR-15b, miR-34a, and
miR-636 in urinary exosomes was also found in patients
with type 2 DN109. There have also been experiments
showing that upregulation of miR-320c in urinary exo-
somes might be a new potential marker for the progres-
sion of type 2 DN disease107. In addition, there are distinct
differences in the levels of miRNA-215 and miRNA-494
in diabetic rats with severe kidney injury or high glo-
merular sclerosis, compared to diabetic rats with only
moderate pathology121.
In addition to miRNAs, the level of Wilms tumor 1

(WT1) also changes in the urinary exosomes of patients
with DN, which might reflect potential damage122.

Moreover, WT1 mRNA levels reflect the damage to the
diabetic glomeruli in podocyte-derived signal transduc-
tion factors (PDSTFs) from urinary exosomes, which in
exosomes can predict the decline of eGFR in patients with
DN over the next few years123. Furthermore, studies have
demonstrated that urinary podocyte MPs are early and
sensitive markers of diabetic podocyte/glomerular
injury124,125.

Other kidney diseases
As far as we know, other common renal fibrosis diseases

include PKD, LN, and IgA. The urine exosomal PC1/
TMEM2 or PC2/TMEM2 ratio could have utility in the
diagnosis and monitoring of PKD126. Recently, experi-
ments showed for the first time that there is a significant
difference in the expression of urinary-exosomal activator
of G-protein signaling 3 (AGS3) between PKD patients
and healthy individuals. Therefore, AGS3 in urinary exo-
somes was considered to be a good biomarker for PKD127.
Moreover, studies have shown that miR-29C in urinary
exosomes could be used as novel, non-invasive markers of
LN progression128,129. At the same time, studies have
confirmed that the level of miR-26a in the urinary exo-
somes of LN patients is significantly higher than that in
healthy groups130. Recently, significant downregulation of
let-7a and miR-21 in the urinary exosomes of active LN
patients was also confirmed131. Furthermore, experiments
also confirmed that, compared with a healthy control
group, the expression of miR-29c and miR-205 in urinary
exosomes in IgAN patients was significantly down-regu-
lated, while miR-146a was significantly upregulated132. In
addition, two proteins, α-1-antitrypsin (Serpina1) and
ceruloplasmin (CP), could act as biomarkers of IgAN
because they are increased in urinary exosomes133.

Application of stem cell-derived EVs in renal fibrosis
In recent years, there has been an unprecedented

increase in research on improving renal fibrosis by stem
cell-derived EVs. A growing body of evidence supports
the impact of mesenchymal stem cells (MSCs) on repair
fibrosis in ureteral obstruction by releasing EVs (Fig.
4)23,134. Unilateral ureteral obstruction (UUO) is a classic
model for studying renal parenchymal inflammation and
fibrosis135. EVs derived from MSCs can alleviate renal
tubular injury and fibrosis at 2 weeks after UUO and
improve renal function, and EVs also reverse morpholo-
gical changes induced by TGF-β1, resulting in upregula-
tion of E-cadherin expression and decreased α-SMA
secretion in HK2 cells136. Similarly, MPs derived from
kidney-derived MSCs reduce endothelial cell-to-
mesenchymal transition, promote endothelial cell pro-
liferation, and inhibit inflammatory macrophage infiltra-
tion, further reducing renal fibrosis in mice within 7 days
after UUO137. In another study, a UUO mouse

Table 4 Summary of pathological candidate EV
biomarkers for common renal disease

Renal

diseases

Biomarkers Model Type of EVs

Type1 DN miR-145

WT-1

Mice; human

human

Exosomes

Exosomes

Type2 DN miR-15b; miR-34a;miR-

636

miR-192

miR-320c

Human

Human

Human

Exosomes

EVs

Exosomes

PKD AGS3 Human Exosomes

LN miR-29c

miR-26a

let-7a;miR-21 (during

disease flare)

Human

Mouse

Human

Exosomes; MVs

Exosomes

Exosomes

IgA miR-29c; miR-205

miR-146a

α-1-antitrypsin;

ceruloplasmin

Human

Human

Human

Exosomes

Exosomes

Exosome
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experimental model was used to demonstrate that MSCs
exogenously transferred miR-let7c to the injured kidney
through exosomes, resulting in up-regulation of miR-let7c
and reduction of collagen IVα1, α-SMA, and TGF-βR1
expression, ultimately improving kidney structure138.
These studies confirmed the important anti-fibrotic and
renal protective effects of MSCs in obstructive
nephropathy (ON).
Moreover, for AKI induced late fibrosis, adipose-derived

mesenchymal stem-derived exosomes upregulate the
expression of renal tubular SOX9, promote tubular
regeneration, attenuate ischemia-induced AKI, and
reduce subsequent renal fibrosis139. It was also found that
exosomes derived from MSCs could improve the apop-
tosis of renal tubule cells induced by cisplatin and pro-
mote the recovery of renal tubular function and
morphology140. Furthermore, MVs derived from human
adult mesenchymal stem cells could play a renal protec-
tive role by inhibiting apoptosis of renal tubular epithelial
cells and promoting their proliferation141.

EVs as a drug delivery
EVs, as a biologically active system for substance

transfer between cells, have great potential as therapeutic
drug carriers. In addition, they can be used to deliver
specific substances or to improve their uptake capacity
through engineering142. Although current studies have
proved that EVs can be used as delivery vectors for
therapeutic drugs143, there are still many challenges to

overcome before they can be directly applied in clinical
practice. Since the properties of EVs are directly related to
the conditions under which they are produced and the
cells that produce them, it is essential to establish the
characteristics of EVs from different sources for the
repeatability and safety of subsequent applications.
Establishing a large number of methods for preparing EVs
is the precondition for clinical trials of EVs. Currently,
there are few studies on EVs as a drug delivery in renal
fibrosis, but there is no doubt that this is a promising
research direction.

Opinions on open questions
Our opinions on open questions are as follows. In view

of the first problem, the current research is more believed
that in vivo, proteins on the surface of EVs can be
recognized by receptors of distant cells, thus inducing
signal transduction similar to intercellular communica-
tion. Other proteins, such as enzymes or transcription
factors, can be absorbed by cells and play a role in target
cells. The second question is about the discussion of the
main components that mediate the functions of EVs.
According to a large number of studies, EVs can transmit
the genetic information from donor cell to recipient cell.
Therefore, the content of EVs has attracted the attention
of researchers. Current studies have found that the con-
tents of EVs may include RNAs, DNAs, and proteins.
However, after reading a lot of literature, we found that
most researchers focused on RNAs in EVs-mediated

Fig. 4 EVs secreted by MSCs reduce renal fibrosis. EVs secreted by MSCs can transfer its contents to target cells, thereby reducing the expression
of fibrosis genes in damaged renal cells and ultimately improving renal fibrosis. There are summarizes several classical approaches in the progress
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function. We believe that with the improvement of iso-
lation methods and the increasing understanding of EVs,
proteins, DNAs and even other undetected contents in
EVs may be excavated in terms of function mediation. For
the third issue, we analyze the current researches and
believe that it is promising to focus more attention on
RNAs in EVs in renal fibrosis. Undoubtedly, a large
number of studies have confirmed that RNAs in EVs plays
an important role in renal fibrosis. Based on a large
number of experimental results, we can say that it is
reasonable to pay attention to RNA in EVs. However, with
the progress of the times and the maturity of research
methods, we believe that in renal fibrosis, more eyes will
be transferred to other EVs contents.

Conclusion
EVs, characterized by dynamic, stable carrying of biolo-

gical information, are expected to be a very good biomarker
for lesion degree or targeted therapeutic vectors for renal
fibrosis disease. Although the prospects are very promising,
we still have an arduous and lengthy road to travel to realize
this potential. The contributions of EVs to normal kidney
physiology and their ability to regulate pathophysiological
processes remain to be confirmed. We still do not know the
action mechanism of EVs and how to manipulate them
effectively. How to obtain exosomes on a large scale for
clinical treatment will also be a focus of future studies.
Regardless, the function of EVs, and their changes to the
quality and quantity in renal fibrosis diseases are being
increasingly understood with a now rapidly expanding body
of evidence. Through further in-depth research into the
roles of EVs in the development of renal fibrosis, we will
provide a more theoretical basis and additional intervention
targets for anti-fibrotic therapy. In short, the challenge
persists, requiring us to explore more in this field.

Conflict of interest
The authors declare that they have no conflict of interest.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 27 January 2019 Revised: 11 April 2019 Accepted: 16 April 2019

References
1. Johnstone, R. M., Adam, M., Hammond, J. R., Orr, L. & Turbide, C. Vesicle

formation during reticulocyte maturation. Association of plasma membrane
activities with released vesicles (exosomes). J. Biol. Chem. 19, 9412–9420
(1987).

2. Camussi, G., Deregibus, M., Bruno, S., Cantaluppi, V. & Biancone, L. Exosomes/
microvesicles as a mechanism of cell-to-cell communication. Kidney Int. 78,
838–848 (2010).

3. Mathivanan, S., Ji, H. & Simpson, R. J. Exosomes: extracellular organelles
important in intercellular communication. J. Proteomics 73, 1907–1920
(2010).

4. Simons, M. & Raposo, G. Exosomes--vesicular carriers for intercellular com-
munication. Curr. Opin. Cell. Biol. 21, 575–581 (2009).

5. Colombo, M., Raposo, G. & Thery, C. Biogenesis, secretion, and intercellular
interactions of exosomes and other extracellular vesicles. Annu. Rev. Cell. Dev.
Biol. 30, 255–289 (2014).

6. Record, M., Carayon, K., Poirot, M. & Silvente-Poirot, S. Exosomes as new
vesicular lipid transporters involved in cell-cell communication and various
pathophysiologies. Biochim. Biophys. Acta. 1841, 108–120 (2014).

7. Shah, R., Patel, T. & Freedman, J. E. Circulating extracellular vesicles in human
disease. N. Engl. J. Med. 379, 958–966 (2018).

8. Kim, Y. K. Extracellular microRNAs as biomarkers in human disease. Chonnam.
Med. J. 51, 51–57 (2015).

9. Ranghino, A., Dimuccio, V. & Papadimitriou, E. Bussolati, B. Extracellular
vesicles in the urine: markers and mediators of tissue damage and regen-
eration. Clin. Kidney J. 8, 23–30 (2015).

10. Roy, S., Hochberg, F. & Jones, P. Extracellular vesicles: the growth as diag-
nostics and therapeutics; a survey. J. Extracell. Vesicles. 7, 1438720 (2018).

11. Kalra, H., Drummen, G. P. & Mathivanan, S. Focus on Extracellular Vesicles:
Introducing the Next Small Big Thing. Int. J. Mol. Sci. 17, 170 (2016).

12. Zhang, Z. G. & Chopp, M. Exosomes in stroke pathogenesis and therapy. J.
Clin. Invest. 126, 1190–1197 (2016).

13. Li, Z. et al. Emerging role of exosomes in the joint diseases. Cell. Physiol.
Biochem. 47, 2008–2017 (2018).

14. Terrasini, N. & Lionetti, V. Exosomes in critical illness. Criti. Care Med. 45,
1054–1060 (2017).

15. Li, K.,Chen, Y.,Li, A.,Tan, C. & Liu, X. Exosomes play roles in sequential pro-
cesses of tumor metastasis. Int. J. Cancer Preprint at https://doi.org/10.1002/
ijc.31774 (2018)

16. Minciacchi, V. R., Freeman, M. R. & Di Vizio, D. Extracellular vesicles in cancer:
exosomes, microvesicles and the emerging role of large oncosomes. Semin.
Cell. Dev. Biol. 40, 41–51 (2015).

17. Zhang, W. et al. Extracellular vesicles in diagnosis and therapy of kidney
diseases. Am. J. Physiol. Renal. Physiol. 311, F844–F851 (2016).

18. Karpman, D., Ståhl, A. & Arvidsson, I. Extracellular vesicles in renal disease. Nat.
Rev. Nephrol. 13, 545–562 (2017).

19. Pomatto, M., Gai, C., Bussolati, B. & Camussi, G. Extracellular vesicles in renal
pathophysiology. Front. Mol. Biosci. 4, 37 (2017).

20. Bruno, S., Porta, S. & Bussolati, B. Extracellular vesicles in renal tissue damage
and regeneration. Eur. J. Pharmacol. 790, 83–91 (2016).

21. Miranda, K. et al. Nucleic acids within urinary exosomes/microvesicles are
potential biomarkers for renal disease. Kidney Int. 78, 191–199 (2010).

22. Lv, L. et al. Therapeutic application of extracellular vesicles in kidney disease:
promises and challenges. J. Cell. Mol. Med. 22, 728–737 (2018).

23. Aghajani Nargesi, A., Lerman, L. & Eirin, A. Mesenchymal stem cell-derived
extracellular vesicles for kidney repair: current status and looming challenges.
Stem. Cell. Res. Ther. 8, 273 (2017).

24. Nastase, M. V., Zeng-Brouwers, J., Wygrecka, M. & Schaefer, L. Targeting renal
fibrosis: Mechanisms and drug delivery systems. Adv. Drug. Deliv. Rev. 129,
295–307 (2018).

25. Lu, C. C., Ma, K. L., Ruan, X. Z. & Liu, B. C. The Emerging Roles of Microparticles
in Diabetic Nephropathy. Int. J. Biol. Sci. 13, 1118–1125 (2017).

26. Pocsfalvi, G. et al. Urinary extracellular vesicles as reservoirs of altered proteins
during the pathogenesis of polycystic kidney disease. Proteomics Clin. Appl. 9,
552–567 (2015).

27. D’souza-Schorey, C. & Schorey, Jeffreys Regulation and mechanisms of
extracellular vesicle biogenesis and secretion. Essays Bioche. 62, 125–133
(2018).

28. Tkach, M. & Thery, C. Communication by extracellular vesicles: Where we are
and where we need to go. Cell 164, 1226–1232 (2016).

29. Raposo, G. & Stoorvogel, W. Extracellular vesicles: exosomes, microvesicles,
and friends. J. Cell. Biol. 200, 373–383 (2013).

30. Van Der Pol, E., Boing, A. N., Harrison, P., Sturk, A. & Nieuwland, R. Classifi-
cation, functions, and clinical relevance of extracellular vesicles. Pharmacol.
Rev. 64, 676–705 (2012).

31. Burger, D. et al. Microparticles: biomarkers and beyond. Clin. Sci. (Lond) 124,
423–441 (2013).

Jing et al. Cell Death and Disease          (2019) 10:367 Page 10 of 13

Official journal of the Cell Death Differentiation Association

https://doi.org/10.1002/ijc.31774
https://doi.org/10.1002/ijc.31774


32. Merchant, M., Rood, I., Deegens, J. & Klein, J. Isolation and characterization of
urinary extracellular vesicles: implications for biomarker discovery. Nat. Rev.
Nephrol. 13, 731–749 (2017).

33. Cheruvanky, A. et al. Rapid isolation of urinary exosomal biomarkers using a
nanomembrane ultrafiltration concentrator. Am. J. Physiol. Renal. Physiol. 292,
F1657–F1661 (2007).

34. Rood, I. M. et al. Comparison of three methods for isolation of urinary
microvesicles to identify biomarkers of nephrotic syndrome. Kidney int. 78,
810–816 (2010).

35. Théry, C., Amigorena, S. & Raposo, G. Clayton, A. Isolation and characterization
of exosomes from cell culture supernatants and biological fluids. Curr. Protoc.
Cell. Biol. 3, 22 (2006). Ch.3, Unit.

36. Konoshenko, M., Lekchnov, E., Vlassov, A. & Laktionov, P. Isolation of extra-
cellular vesicles: general methodologies and latest trends. Biomed. Res. Int.
2018, 8545347 (2018).

37. Liu, Y. Renal fibrosis: new insights into the pathogenesis and therapeutics.
Kidney int. 69, 213–217 (2006).

38. Patel, V., Chowdhury, R. & Igarashi, P. Advances in the pathogenesis and
treatment of polycystic kidney disease. Curr. Opin. Nephrol. Hypertens. 18,
99–106 (2009).

39. Ferenbach, D. A. & Bonventre, J. V. Mechanisms of maladaptive repair after
AKI leading to accelerated kidney ageing and CKD. Nat. Rev. Nephrol. 11,
264–276 (2015).

40. Fiorentino, M., Grandaliano, G., Gesualdo, L. & Castellano, G. Acute Kidney
Injury to Chronic Kidney Disease Transition. Contrib. Nephrol. 193, 45–54
(2018).

41. Maroz, N. & Ms., S. Lupus Nephritis and End-stage Kidney Disease. Am. J. Med.
Sci. 346, 319–323 (2013).

42. Roberts, I. S. Pathology of IgA nephropathy. Nat. Rev. Nephrol. 10, 445–454
(2014).

43. Soares, M. F. & Roberts, I. S. IgA nephropathy: an update. Curr. Opin. Nephrol.
Hypertens. 26, 165–171 (2017).

44. Francois, H. & Chatziantoniou, C. Renal fibrosis: Recent translational aspects.
Matrix Biol. 68-69, 318–332 (2018).

45. Efstratiadis, G., Divani, M., Katsioulis, E. & G, V. Renal fibrosis. Hippokratia 13,
224–228 (2009).

46. King, Hw, Michael, Mz & Jm, G. Hypoxic enhancement of exosome release by
breast cancer cell. BMC. Cancer. 12, 421 (2012).

47. Salomon, C. et al. Hypoxia-induced changes in the bioactivity of
cytotrophoblast-derived exosomes. PLoS ONE 8, e79636 (2013).

48. Parolini, I. et al. Microenvironmental pH is a key factor for exosome traffic in
tumor cells. J. Biol. Chem. 284, 34211–34222 (2009).

49. Hedlund, M., Nagaeva, O., Kargl, D., Baranov, V. & Mincheva-Nilsson, L.
Thermal- and oxidative stress causes enhanced release of NKG2D ligand-
bearing immunosuppressive exosomes in leukemia/lymphoma T and B cells.
PLoS ONE 6, e16899 (2011).

50. De Jong, O. G. et al. Cellular stress conditions are reflected in the protein and
RNA content of endothelial cell-derived exosomes. J. Extracell. Vesicles. 1,
1–12 (2012).

51. Wu, X., Gao, Y., Cui, F. & Zhang, N. Exosomes from high glucose-treated
glomerular endothelial cells activate mesangial cells to promote renal
fibrosis. Biol. Open 5, 484–491 (2016).

52. Wu, X. et al. Exosomes from high glucose-treated glomerular endothelial
cells trigger the epithelial-mesenchymal transition and dysfunction of
podocytes. Sci. Rep. 7, 9371 (2017).

53. Barutta, F. et al. Urinary exosomal microRNAs in incipient diabetic nephro-
pathy. PLoS ONE 8, e73798 (2013).

54. Qi, Y. et al. Activation of the endogenous renin-angiotensin-aldosterone
system or aldosterone administration increases urinary exosomal sodium
channel excretion. J. Am. Soc. Nephrol. 27, 646–656 (2016).

55. Oosthuyzen, W. et al. Vasopressin regulates extracellular vesicle uptake by
kidney collecting duct cells. J. Am. Soc. Nephrol. 27, 3345–3355 (2016).

56. Erdbrügger, U. & Le, T. Extracellular vesicles in renal diseases: more than novel
biomarkers? J. Am. Soc. Nephrol. 27, 12–26 (2016).

57. Faure, V. 1 et al. Elevation of circulating endothelial microparticles in patients
with chronic renal failure. J. Thromb. Haemost. 4, 566–573 (2006).

58. Lv, W., Booz, G. W., Wang, Y., Fan, F. & Roman, R. J. Inflammation and renal
fibrosis: Recent developments on key signaling molecules as potential
therapeutic targets. Eur. J. Pharmacol. 820, 65–76 (2018).

59. Rockey, D. C., Bell, P. D. & Hill, J. A. Fibrosis--a common pathway to organ
injury and failure. N. Engl. J. Med. 372, 1138–1149 (2015).

60. Okada, H. A new look at tubulointerstitial communication with exosomes. J.
Am. Soc. Nephrol. 24, 330–332 (2013).

61. Eyre, J. et al. Monocyte- and endothelial-derived microparticles induce an
inflammatory phenotype in human podocytes. Nephron. Exp. Nephrol. 119,
e58–e66 (2011).

62. Lv, L. et al. Exosomal CCL2 from Tubular Epithelial Cells Is Critical for Albumin-
Induced Tubulointerstitial Inflammation. J. Am. Soc. Nephrol. 29, 919–935
(2018).

63. Christoffer, T. & Nielsenet, al Increased igg on cell-derived plasma micro-
particles in systemic lupus erythematosus is associated with autoantibodies
and complement activation. Arthritis. Rheum. 64, 1227–1236 (2012).

64. Nielsen, C. et al. Galectin-3 binding protein links circulating microparticles
with electron dense glomerular deposits in lupus nephritis. Lupus 24, 1–11
(2015).

65. Jennette, J. C. & Falk, R. J. Pathogenesis of antineutrophil cytoplasmic
autoantibody-mediated disease. Nat. Rev. Rheumatol. 10, 463–473
(2014).

66. Hong, Y. et al. Anti-neutrophil cytoplasmic antibodies stimulate release of
neutrophil microparticles. J. Am. Soc. Nephrol. 23, 49–62 (2012).

67. Borges, F. T. et al. TGF-beta1-containing exosomes from injured epithelial
cells activate fibroblasts to initiate tissue regenerative responses and fibrosis.
J. Am. Soc. Nephrol. 24, 385–392 (2013).

68. Carew, R. M., Wang, B. & Kantharidis, P. The role of EMT in renal fibrosis. Cell.
Tissue. Res. 347, 103–116 (2012).

69. Allison, S. J. & Fibrosis Targeting EMT to reverse renal fibrosis. Nat. Rev.
Nephrol. 11, 565 (2015).

70. Lovisa, S. et al. Epithelial-to-mesenchymal transition induces cell cycle
arrest and parenchymal damage in renal fibrosis. Nat. Med. 21, 998–1009
(2015).

71. Menon, M. C. & Ross, M. J. Epithelial-to-mesenchymal transition of tubular
epithelial cells in renal fibrosis: a new twist on an old tale. Kidney int. 89,
263–266 (2016).

72. Munkonda, M. N. et al. Podocyte-derived microparticles promote proximal
tubule fibrotic signaling via p38 MAPK and CD36. J. Extracell. Vesicles. 7,
1432206 (2018).

73. Furini, G. et al. Proteomic Profiling Reveals the Transglutaminase-2 Externa-
lization Pathway in Kidneys after Unilateral Ureteric Obstruction. J. Am. Soc.
Nephrol. 29, 880–905 (2018).

74. Gutwein, P. et al. ADAM10 is expressed in human podocytes and found in
urinary vesicles of patients with glomerular kidney diseases. J. Biomed. Sci. 17,
3 (2010).

75. Hou, L., Du, Y., Zhao, C. & Wu, Y. PAX2 may induce ADAM10 expression in
renal tubular epithelial cells and contribute to epithelial-to-mesenchymal
transition. Int. Urol. Nephrol. 50, 1729–1741 (2018).

76. Djudjaj, S. & Boor, P. Cellular and molecular mechanisms of kidney fibrosis.
Mol. Aspects. Med. 65, 16–36 (2018).

77. Jia, Y. et al. Exendin-4 ameliorates high glucose-induced fibrosis by inhibiting
the secretion of miR-192 from injured renal tubular epithelial cells. Exp. Mol.
Med. 50, 56 (2018).

78. Fang, D., King, H., Li, J. & Gleadle, J. Exosomes and the kidney: blaming the
messenger. Nephrology (Carlton) 18, 1–10 (2013).

79. Wang, Y., Tang, L. & Wei, W. Berberine attenuates podocytes injury caused by
exosomes derived from high glucose-induced mesangial cells through
TGFβ1-PI3K/AKT pathway. Eur. J. Pharmacol. 824, 185–192 (2018).

80. Fernandez-Martinez, A. B., Torija, A. V., Carracedo, J., Ramirez, R. & De Lucio-
Cazana, F. J. Microparticles released by vascular endothelial cells increase
hypoxia inducible factor expression in human proximal tubular HK-2 cells. Int.
J. Biochem. Cell. Biol. 53, 334–342 (2014).

81. Zhang, Y. et al. Platelet microparticles mediate glomerular endothelial injury
in early diabetic nephropathy. J. Am. Soc. Nephrol. 29, 1–25 (2018).

82. Lan, H. Y. & Nikolic-Paterson, D. J. Editorial: Advances in Mechanisms of Renal
Fibrosis. Front. Physiol. 9, 284 (2018).

83. Liu, M. et al. Signalling pathways involved in hypoxia-induced renal fibrosis. J.
Cell. Mol. Med. 21, 1248–1259 (2017).

84. Moghaddas Sani, H., Hejazian, M., Hosseinian Khatibi, S. M., Ardalan, M. &
Zununi Vahed, S. Long non-coding RNAs: An essential emerging field in
kidney pathogenesis. Biomed Pharmacother 99, 755–765 (2018).

Jing et al. Cell Death and Disease          (2019) 10:367 Page 11 of 13

Official journal of the Cell Death Differentiation Association



85. Zhou, Y. et al. miR-21-containing microvesicles from injured tubular epithelial
cells promote tubular phenotype transition by targeting PTEN protein. Am. J.
Pathol. 183, 1183–1196 (2013).

86. Meng, X. M., Nikolic-Paterson, D. J. & Lan, H. Y. TGF-beta: the master regulator
of fibrosis. Nat. Rev. Nephrol. 12, 325–338 (2016).

87. Meng, X. M., Tang, P. M., Li, J. & Lan, H. Y. TGF-beta/Smad signaling in renal
fibrosis. Front. Physiol. 6, 82 (2015).

88. Makino, H. 1 et al. Phenotypic changes of the mesangium in diabetic
nephropathy. J. Diabetes. Complications 9, 282–284 (1995).

89. De Wever, O. & Mareel, M. Role of tissue stroma in cancer cell invasion. J.
Pathol. 200, 429–447 (2003).

90. Rangrez, A. Y., Massy, Z. A., Metzinger-Le Meuth, V. & Metzinger, L. miR-143
and miR-145: molecular keys to switch the phenotype of vascular smooth
muscle cells. Circ. Cardiovasc. Genet. 4, 197–205 (2011).

91. Cordes, K. R. et al. miR-145 and miR-143 regulate smooth muscle cell fate
and plasticity. Nature 460, 705–710 (2009).

92. Dai, C. et al. Wnt/beta-catenin signaling promotes podocyte dysfunction and
albuminuria. J. Am. Soc. Nephrol. 20, 1997–2008 (2009).

93. Surendran, K., Schiavi, S. & Hruska, K. A. Wnt-dependent beta-catenin sig-
naling is activated after unilateral ureteral obstruction, and recombinant
secreted frizzled-related protein 4 alters the progression of renal fibrosis. J.
Am. Soc. Nephrol. 16, 2373–2384 (2005).

94. Zhang, X. et al. Zinc Attenuates Tubulointerstitial Fibrosis in Diabetic
Nephropathy Via Inhibition of HIF Through PI-3K Signaling. Biol. Trace. Elem.
Res. 173, 372–383 (2016).

95. Huang, G. et al. Notoginsenoside R1 ameliorates podocyte injury in rats with
diabetic nephropathy by activating the PI3K/Akt signaling pathway. Int. J.
Mol. Med. 38, 1179–1189 (2016).

96. Zheng, S.-B., Zheng, Y., Jin, L.-W., Zhou, Z.-H. & Li, Z.-Y. Microvesicles con-
taining microRNA-21 secreted by proximal tubular epithelial cells are
involved in renal interstitial fibrosis by activating AKT pathway. Eur. Rev. Med.
Pharmacol. 22, 707–714 (2018).

97. Tian, Z., Greene, A. S., Pietrusz, J. L., Matus, I. R. & Liang, M. MicroRNA-target
pairs in the rat kidney identified by microRNA microarray, proteomic, and
bioinformatic analysis. Genome Res. 18, 404–411 (2008).

98. Choi, W. Y., Giraldez, A. J. & Schier, A. F. Target protectors reveal dampening
and balancing of Nodal agonist and antagonist by miR-430. Science 318,
271–274 (2007).

99. Dewanjee, S. & Bhattacharjee, N. MicroRNA: A new generation ther-
apeutic target in diabetic nephropathy. Biochem. Pharmacol. 155, 32–47
(2018).

100. Ichii, O. & Horino, T. MicroRNAs associated with the development of kidney
diseases in humans and animals. J. Toxicol. Pathol. 31, 23–34 (2018).

101. Bhatt, K., Mi, Q. & Dong, Z. microRNAs in kidneys: biogenesis, regulation, and
pathophysiological roles. Am. J. Physiol. Renal. Physiol. 300, F602–F610 (2011).

102. Zaborowski, M., Balaj, L., Breakefield, X. & Lai, C. Extracellular Vesicles: Com-
position, Biological Relevance, and Methods of Study. Bioscience 65, 783–797
(2015).

103. Hu, G., Drescher, K. & Chen, X. Exosomal miRNAs: Biological Properties and
Therapeutic Potential. Front. Genet. 3, 56 (2012).

104. Valadi, H. et al. Exosome-mediated transfer of mRNAs and microRNAs is a
novel mechanism of genetic exchange between cells. Nat. Cell. Biol. 9,
654–659 (2007).

105. Record, M., Subra, C., Silvente-Poirot, S. & Poirot, M. Exosomes as intercellular
signalosomes and pharmacological effectors. Bioche. Pharmacol. 81,
1171–1182 (2011).

106. Xie, Y. et al. Urinary exosomal microRNA profiling in incipient type 2 diabetic
kidney disease. J. Diabetes. Res. 2017, 6978984 (2017).

107. Delic, D. et al. Urinary Exosomal miRNA Signature in Type II Diabetic
Nephropathy Patients. PLoS ONE 11, e0150154 (2016).

108. Yan, J. D., Yang, S., Zhang, J. & Zhu, T. H. BMP6 reverses TGF-beta1-induced
changes in HK-2 cells: implications for the treatment of renal fibrosis. Acta.
Pharmacol. Sin. 30, 994–1000 (2009).

109. Eissa, S., Matboli, M., Aboushahba, R., Bekhet, M. M. & Soliman, Y. Urinary
exosomal microRNA panel unravels novel biomarkers for diagnosis of
type 2 diabetic kidney disease. J. Diabetes. Complications 30, 1585–1592
(2016).

110. Zhang, L. et al. Down-regulation of miR-34a alleviates mesangial proliferation
in vitro and glomerular hypertrophy in early diabetic nephropathy mice by
targeting GAS1. J. Diabetes. Complications 28, 259–264 (2014).

111. Liang, S., Cai, G. Y. & Chen, X. M. Clinical and pathological factors associated
with progression of diabetic nephropathy. Nephrology (Carlton) 22(Suppl 4),
14–19 (2017).

112. Jefferson, J. A., Shankland, S. J. & Pichler, R. H. Proteinuria in diabetic kidney
disease: a mechanistic viewpoint. Kidney int. 74, 22–36 (2008).

113. Maekawa, H. & Inagi, R. Stress Signal Network between Hypoxia and ER Stress
in Chronic Kidney Disease. Front. Physiol. 8, 74 (2017).

114. Ravindran, S., Kuruvilla, V., Wilbur, K. & Munusamy, S. Nephroprotective
effects of metformin in diabetic nephropathy. J. Cell Physiol. 232, 731–742
(2017).

115. Jia, Y. et al. MiR-4756 promotes albumin-induced renal tubular epithelial cell
epithelial-to-mesenchymal transition and endoplasmic reticulum stress via
targeting Sestrin2. J. Cell Physiol. 234, 1–11 (2018).

116. De Palma, G., Sallustio, F. & Schena, F. Clinical application of human urinary
extracellular vesicles in kidney and urologic diseases. Int. J. Mol. Sci. 17, 1–14
(2016).

117. Van Balkom, B., Pisitkun, T., Verhaar, M. & Knepper, M. Exosomes and the
kidney: prospects for diagnosis and therapy of renal diseases. Kidney Int. 80,
1138–1145 (2011).

118. Locatelli, F. et al. Clinical practice guidelines for anemia in chronic kidney
disease: problems and solutions. A position statement from Kidney Disease:
Improving Global Outcomes (KDIGO). Kidney int. 74, 1237–1240 (2008).

119. Sun, J. et al. Role of epigenetic histone modifications in diabetic kidney
disease involving renal fibrosis. J. Diabetes Res. 2017, 7242384 (2017).

120. Jia, Y. et al. miRNAs in Urine Extracellular Vesicles As Predictors Of Early-stage
Diabetic Nephropathy. J. Diabetes Res. 2016, 7932765 (2016).

121. Xu, W., Qian, G., Liu, A., Li, Y. & Zou, H. Urinary extracellular vesicle: a potential
source of early diagnostic and therapeutic biomarker in diabetic kidney
disease. Chin. Med. J. 131, 1357–1364 (2018).

122. Kalani, A. et al. Wilm’s tumor-1 protein levels in urinary exosomes from
diabetic patients with or without proteinuria. PLoS ONE 8, e60177 (2013).

123. Abe, H. 1 et al. Urinary exosomal mRNA of WT1 as diagnostic and prognostic.
J. Med. Invest. 65, 208–215 (2018).

124. Lytvyn, Y. et al. Assessment of urinary microparticles in normotensive patients
with type 1 diabetes. Diabetologia 60, 581–584 (2017).

125. Burger, D. et al. Urinary podocyte microparticles identify prealbuminuric
diabetic glomerular injury. J. Am. Soc. Nephrol. 25, 1401–1407 (2014).

126. Hogan, M. et al. Identification of biomarkers for PKD1 using urinary exo-
somes. J. Am. Soc. Nephrol. 26, 1661–1670 (2015).

127. Keri, K., Regner, K., Dall, A. & Park, F. Urinary exosomal expression of activator
of G protein signaling 3 in polycystic kidney disease. BMC Res. Notes 11, 359
(2018).

128. Solé, C., Cortés-Hernández, J., Felip, M., Vidal, M. & Ordi-Ros, J. miR-29c in
urinary exosomes as predictor of early renal fibrosis in lupus nephritis.
Nephrol. Dial. Transplant. 30, 1488–1496 (2015).

129. Lv, L. et al. MicroRNA-29c in urinary exosome/microvesicle as a biomarker of
renal fibrosis. Am. J. Physio.l Renal. Physiol. 305, F1220–F1227 (2013).

130. Ichii, O. et al. Decreased miR-26a expression correlates with the progression
of podocyte injury in autoimmune glomerulonephritis. PLoS ONE 9, e110383
(2014).

131. Tangtanatakul, P. et al. Down-regulation of let-7a and miR-21 in urine exo-
somes from lupus nephritis patients during disease flare. Asian Pac. J. Allergy
Immunol. preprint at: http://apjai-journal.org/wp-content/uploads/2018/08/
AP-130318-0280.pdf (2018)

132. Min, Q. H. et al. Differential expression of urinary exosomal microRNAs in IgA
nephropathy. J. Clin. Lab. Anal. 32, 1–9 (2018).

133. Moon, P. G. et al. Proteomic analysis of urinary exosomes from patients of
early IgA nephropathy and thin basement membrane nephropathy. Pro-
teomics 11, 2459–2475 (2011).

134. Nargesi, A. A., Lerman, L. O. & Eirin, A. Mesenchymal Stem Cell-derived
Extracellular Vesicles for Renal Repair. Curr. Gene. Ther. 17, 29–42 (2017).

135. Ucero, A. C. et al. Unilateral ureteral obstruction: beyond obstruction. Int Urol
Nephrol 46, 765–776 (2014).

136. He, J. et al. Micro-vesicles derived from bone marrow stem cells protect the
kidney both in vivo and in vitro by microRNA-dependent repairing.
Nephrology (Carlton) 20, 591–600 (2015).

137. Choi, H. Y. et al. Mesenchymal stem cell-derived microparticles ameliorate
peritubular capillary rarefaction via inhibition of endothelial-mesenchymal
transition and decrease tubulointerstitial fibrosis in unilateral ureteral
obstruction. Stem. Cell. Res. Ther. 6, 18 (2015).

Jing et al. Cell Death and Disease          (2019) 10:367 Page 12 of 13

Official journal of the Cell Death Differentiation Association

http://apjai-journal.org/wp-content/uploads/2018/08/AP-130318-0280.pdf
http://apjai-journal.org/wp-content/uploads/2018/08/AP-130318-0280.pdf


138. Wang, B. et al. Mesenchymal stem cells deliver exogenous MicroRNA-
let7c via Exosomes To Attenuate Renal Fibrosis. Mol. Ther. 24, 1290–1301
(2016).

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

140. Bruno, S. et al. Mesenchymal stem cell-derived microvesicles protect against
acute tubular injury. J. Am. Soc. Nephrol. 20, 1053–1067 (2009).

141. Gatti, S. et al. Microvesicles derived from human adult mesenchymal stem
cells protect against ischaemia-reperfusion-induced acute and chronic kid-
ney injury. Nephrol. Dial. Transplant. 26, 1474–1483 (2011).

142. Van Der Meel, R. et al. Extracellular vesicles as drug delivery systems: lessons
from the liposome field. J. Control. Release 195, 72–85 (2014).

143. Ha, D., Yang, N. & Nadithe, V. Exosomes as therapeutic drug carriers and
delivery vehicles across biological membranes: current perspectives and
future challenges. Acta. Pharm. Sin. B. 6, 287–296 (2016).

Jing et al. Cell Death and Disease          (2019) 10:367 Page 13 of 13

Official journal of the Cell Death Differentiation Association


	The role of extracellular vesicles in renal fibrosis
	Facts
	Open questions
	Introduction
	EVs
	Methods of isolation
	EVs in renal fibrosis diseases

	EVs in cellular and molecular mechanisms of renal fibrosis
	Factors affecting EVs release during renal fibrosis
	EVs in cellular mechanisms of renal fibrosis
	EVs in the recruitment of inflammatory cells
	EVs in the activation of fibrogenic effector cells
	EVs in damage to resident renal cells

	EVs in the molecular mechanisms of renal fibrosis
	Effect of signaling pathway of EVs on renal fibrosis
	TGF-&#x003B2; signaling pathway
	Other signaling pathways
	Effect of miRNAs in EVs on renal fibrosis


	Clinical application of EVs in renal fibrosis disease
	EVs as potential biomarkers in renal fibrosis
	DN
	Other kidney diseases

	Application of stem cell-derived EVs in renal fibrosis
	EVs as a drug delivery

	Opinions on open questions
	Conclusion
	ACKNOWLEDGMENTS




