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Abstract: Mesenchymal stem cells (MSCs) can be recruited to damaged tissues directly for regeneration. Exosomes,
acting as an important ingredient of MSCs-involved intercellular communication through paracrine actions, also
play significant roles in tissue damage repair and have a prospect of potential clinical application. It is generally
recognized that MSC-derived exosomes (MSC-exosomes) enhance tissue regeneration and repair through reducing inflammatory responses, promoting proliferation, inhibiting apoptosis and facilitating angiogenesis. This review
summarizes the positive effects of human umbilical cord mesenchymal stem cells (hucMSCs) and hucMSC-derived
exosomes (hucMSC-exosomes) on tissue damage and the specific mechanisms of repair action.
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Introduction
Recently, mesenchymal stem cells (MSCs) and
MSCs-exosomes have aroused widespread
concern in the field of tissue repair and regeneration. As pluripotent stem cells, MSCs possess self-renewal and multi-directional differentiation potential [1]. MSCs can be easily
obtained from a variety of tissue organs, such
as bone marrow, adipose tissue and umbilical
cord [2]. Compared with other MSCs, human
umbilical cord mesenchymal stem cells (hucMSCs) are of interest for tissue injury repair
because of low cost, minimal invasiveness,
convenient isolation, large cell content, high
gene transfection efficiency and low immunogenicity [3]. On account of their bioactive
advantages, hucMSCs are likely to become a
promising new approach for tissue repair and
regeneration. Nevertheless, increasing evidence shows that hucMSCs exert their therapeutic
effects mainly through the extracellular vesicles (EVs) produced by paracrine actions [4].
EVs have emerged as important mediators of
intercellular communication to regulate a diverse range of biological processes [5].
Studies have shown that the EVs secreted by
cells are generally referred to as microvesicles,

apoptotic bodies and exosomes [4]. Exosomes
are naturally present in body fluids including
blood, saliva, urine and cerebrospinal fluid [6,
7]. Exosomes, acting as an integral component
of the interaction between cells, are being increasingly valued in the cellular microenvironment. Exosomes can regulate the biological
activities of the recipient cell through shuttling
bioactive molecules including proteins, nucleic
acids and lipids [8]. HucMSC-exosomes, acquired by extensively expanding hucMSCs in
vitro, are convenient to extract, store and transport, lower in immunogenicity and better in biocompatibility [9, 10]. Simultaneously, hucMSCexosomes have been shown to be therapy targets for tissue injury repair.
In this paper, the recent status of studies on
hucMSCs and hucMSC-exosomes in animal
models such as renal, hepatic and heart failure
is reviewed. The problems in the clinical application of exosomes and their application prospects are evaluated.
Biological characteristics of hucMSCs and
hucMSC-exosomes
When culturing the hucMSCs in suitable conditions, it can be found that the cells appear to be
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long spindle-shaped and adherently fibroblastic
under a microscope. In 2008, our laboratory
has succeeded in isolating MSCs from human
umbilical cord tissue, demonstrating that their
general biological characteristics are similar to
those of bone marrow MSCs [11]. HucMSCs
have the ability to differentiate into bone, fat,
cartilage, liver, epithelium, muscle and various
other types of cells [12-15]. Thanks to the availability and easy separation of and the fewer
ethical restrictions on hucMSCs, more and
more attention has been paid to hucMSCs
worldwide. With the exhaustive investigation on
hucMSCs, a great many studies are focused on
their paracrine products, especially on exosomes.
The membrane of the late endosome sprouts
inward to form a lumen structure and then
gradually separates from the basement membrane to form vesicular structure called multivesicular bodies (MVBs). MVBs fuse with cell
membranes and then release exosomes extracellularly so that exosomes exert positive
effects on cell-to-cell communication [16]. Exosomes are a lipid membrane vesicle with a
diameter of 30-150 nm and a density of about
1.13-1.19 g/ml [17, 18]. The structure under
the transmission electron microscope is like
“cup” or “disk”. Exosomal surface, which carries specific markers such as CD9, CD63,
CD81, Alix and TSG101, contains a variety of
biologically active substances such as proteins,
nucleic acids (DNA, mRNA, non-coding RNA)
and lipids [16, 19]. More importantly, exosomes
from different sources contain specific biological substances relating to the original cells,
which can not only reflect the cell types of the
source, but also closely mirror the physiological
function or pathological changes of the original
cells [20].
HucMSCs and hucMSC-exosomes were confirmed to produce measurable beneﬁts in tissue damage repair when administered to different animal models. 15-LOX-1, an enzyme secreted by macrophages, could be inhibited by
hucMSCs resulting in repairing the dextran sulfate sodium (DSS)-induced inﬂammatory bowel
disease (IBD) [21]. In ischemia-induced brain
injury, hucMSCs contributed to the Th17/Treg
differentiation through modulating the production of TGF-β1 on peripheral immune response
significantly [22]. A novel finding provided a per-
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spective that hucMSC-exosomes improved the
functional recovery in spinal cord injury (SCI)
mice in the way of down-regulating the inflammatory cytokines such as TNF-α, IFN-γ, IL-6
[23]. In addition, this review summarizes the
functions of hucMSCs and hucMSC-exosomes
in the main tissue organs damage, especially
the kidney, skin, liver, lung, and heart.
HucMSCs and hucMSC-exosomes in kidney
injury repair
In China, the incidence of kidney injury is increasing year by year and the types of injury are
various. The number of patients with nephropathy has been growing by 100 million a year [24].
Over the past decades, nephrologists have
divided kidney failure into two distinct syndromes--acute renal failure and chronic renal
failure according to serum creatinine (Scr) concentration or glomerular filtration rate (GFR)
[25]. At present the clinical treatments of kidney injury are confined to drugs, surgery and
renal transplantation [26]. With the deepening
of stem cell research, the protective effects of
hucMSC and hucMSC-exosomes on renal tissue injury have been demonstrated.
Roles of hucMSCs and hucMSC-exosomes in
acute kidney injury repair
Acute kidney injury (AKI) refers to the clinical
syndrome that occurs due to the rapid decline
of renal function caused by multiple factors.
The diverse causes of acute kidney injury can
be divided into three categories according to its
anatomical location: pre-renal, renal and postrenal AKI [27].
Common causes of pre-renal acute kidney injury include decreased blood volume (such as
fluid loss and bleeding due to various causes),
reduction in effective arterial blood volume and
changes in intrarenal hemodynamics. Sepsis
that can cause AKI is a new research hotspot.
Song et al. established a sepsis model by cecal
ligation and puncture (CLP) and then treated it
with hucMSCs [28]. The evidence showed that
hucMSCs significantly improved the general
condition of septic mice, facilitated kidney function and reduced tissue damage. It is reported
that when pretreating hucMSCs with IL-1β, the
immunomodulatory efﬁcacy of MSCs could be
highly improved. MiR-146a, a well-known anti-

Am J Transl Res 2019;11(3):1230-1240

Roles of hucMSCs and exosomes in tissue injury repair

Figure 1. The processes of hucMSCs and hucMSC-exosomes take part in the kidney recovery in three categories of
acute kidney injury.

inﬂammatory microRNA, was strongly upregulated by IL-1β stimulation and packaged into
exosomes selectively. This exosomal miR-146a
was transferred to macrophages, resulting in
M2 polarization, and ﬁnally leading to the amelioration of kidney damage in septic mice [29].
Renal AKI features renal parenchymal damage,
including damage caused by renal tubules,
renal interstitial, renal blood vessels and glomerular diseases. Ischemia/reperfusion injury
(IRI) will lead to the dysfunction of renal cells as
a result of extensive apotosis and inﬂammation
[30]. In 2010, on the basis of the successful
establishment of an IRI rat model, we made it
clear that hucMSCs could ameliorate ischemia/
reperfusion-induced acute renal failure in rats
via a paracrine action [31]. In the following year,
HGF-hucMSCs (HGF transduction to hucMSCs
by using adenovirus-HGF) transplantation has
been found to efficiently accelerate the recovery of IRI-induced AKI via anti-apoptotic and
anti-inﬂammatory mechanisms [32]. There is a
research indicating that hucMSCs can not only
reduce the infiltration of macrophages into
injured kindeys, but also increase the proportion of M2-like macrophages during repairing
process, resulting in the amelioration of mouse
renal IRI effectively [33].
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The kidney is an important organ for drug
metabolism and excretion. The clinical use of
cisplatin is limited by its side effects of nephrotoxicity. Our previous research findings have
shown that hucMSCs could accelerate the
recovery of renal function by reducing the production of inflammatory cytokines and promoting the proliferation of renal tubular cells. Then
we further discovered that hucMSCs transplantation reduced the content of MDA in renal tissues, indicating that hucMSCs could protect
renal cells from mitochondrial dysfunction and
oxidative damage [34]. Afterwards, we found
that cisplatin-induced nephrotoxicity was mainly caused by oxidative stress, which could be
inhibited by hucMSC-exosomes through suppressing p38MAPK (p38 mitogen-activated
protein kinase) pathway [35]. In other words,
our research group pretreated cisplatin-induced AKI with hucMSC-exosomes and renal
damage could be alleviated by reducing the
number of apoptotic cells, increasing the expression level of PCNA and activating autophagy both in vitro and in vivo [36]. 14-3-3ζ, a protein transported by hucMSC-exosomes may upregulate the autophagic level in HK-2 (human
renal proximal tubular) cells, which could prevent the cisplatin-induced nephrotoxicity [37].
On the basis of previous researches, we further
Am J Transl Res 2019;11(3):1230-1240
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indicated that hucMSC-exosomes-delivered
14-3-3ζ interacted with ATG16L to activate
autophagy. Further data confirmed that hucMSC-exosomes increased ATG16L expression
and that 14-3-3ζ interacted with ATG16L, promoting the localization of ATG16L at autophagosome precursors [38].
Post-renal acute kidney injury originates from
acute urinary tract obstruction that may occur
from the renal pelvis to any level of the urethra.
Unilateral ureteral obstruction (UUO) is a kidney
injury characterized by progressive renal interstitial fibrosis [39]. HucMSCs conditioned medium (hucMSC-CM) significantly reduced the expression of TGF-β1, α-SMA, TNF-α and Collagen-I in UUO kidney, promoted the proliferation
of renal tubular epithelial cells (RTEs) and inhibited their apoptosis [40]. In another research, it
is suggested that hucMSC-CM had protective
effects against UUO-induced renal fibrosis and
exhibited its anti-inflammatory effects through
inhibiting TLR4/NF-κB signaling pathway [41]
(Figure 1).
Roles of hucMSCs and hucMSC-exosomes in
chronic kidney injury repair
Diabetic nephropathy has become the main
cause of chronic kidney diseases in worldwide.
The incidence rate of diabetic nephropathy is
second to that of primary glomerulonephritis,
but it has also increased significantly in recent
years [42]. The changes of podocytes in morphology and function can play important roles
in the occurrence and development of diabetic
nephropathy. Hepatocyte growth factor (HGF),
which is secreted by hucMSCs through paracrine pathway, may ameliorate podocytic apoptosis and injury [43]. Renal fibrosis is a common pathway leading to end-stage renal failure
in chronic kidney disease (CKD). In the issue of
kidney failure, Huang et al. provided insight into
a phenomenon, that is, infused mesenchymal
stem cells could reach damaged kidney tissues
with obstructive chronic progressive renal interstitial fibrosis (RIF) after a vein graft [44].
HucMSCs and hucMSC-exosomes in cutaneous wound healing
Wound healing refers to the healing process
after the external force, and thus the skin
appears to be broken or defective. There are
three basic stages of wound healing: acute
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inflammation phase, cell proliferative phase
and epidermal and other tissue regeneration
phase [45]. In order to summarize the important roles of hucMSCs and hucMSC-exosomes
in each phase of the wound healing process
brieﬂy, novel researches and their underlying
mechanisms will be reviewed below. It is reported that hucMSCs enhance wound healing and
establish a foundation for the role of a potential
therapeutic modality for skin wound healing
[46].
Functioning of hucMSCs and hucMSC-exosomes in acute inflammation phase
Early changes in wounds: there are different
degrees of tissue necrosis and vascular rupture
in the wound and inflammatory reactions occur
within a few hours [47]. The acute inflammation
phase is characterized by the accumulation of
white blood cells mainly composed of neutrophils and then after 3 days, it is converted into
macrophage-based enrichment [48]. MiR-21
induced cell proliferation in macrophages, which subsequently promoted efferocytosis progression. Studies have shown that miR-21 controlled the inflammatory response and promoted wound healing through silencing PTEN and
GSK3β, dampening NF-κB activation and promoting c-Jun/AP1 activities [49]. In addition,
when enhancing the transcription of miR-146a
in macrophages, the intracorporal pro-inflammatory macrophage responses could be inhibited in order to suppress NF-κB-mediated inflammation reactions [50]. Besides, miR-181c
is an essential noncoding RNA derived from
hucMSC-exosomes, which could take part in
anti-inflammation treatment. It is highlighted
that miR-181c regulated the burn-induced inflammation through decreasing TLR4 expression and reducing NF-κB/p65 activation [51].
Functioning of hucMSCs and hucMSC-exosomes in cell proliferative phase
Proliferation of endothelial cells and fibroblasts
promotes angiogenesis and new extracellular
matrix (ECM) synthesis during cell proliferative
phase. In the model of diabetic-induced wound
closure, with the injection of hucMSCs and their
conditioned media (CM), amounts of KGF (keratinocyte growth factor) and PDGF (plateletderived growth factor) increased in the wounds.
What’s more, VEGF (vasculoendothelial growth factor), the representation of angiogenesis,
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Figure 2. This graphic indicates that hucMSCs and hucMSC-exosomes play important roles in cutaneous wound
healing through various mechanisms.

was more expressed in both groups. In a word,
injection of hucMSCs and CM increased the
angiogenesis of wounded tissue [52].
As far as we know, Wnt4 is the key factor in activating β-catenin signaling pathway. In our laboratory, Zhang et al. have found that hucMSCexosomes had the ability to deliver Wnt4 in
order to enhance wound healing and to inhibit
heat stress-induced skin cell apoptosis via the
activation of AKT pathway [53]. Later in 2016,
our novel research supported the perspective
on both the key regulators of the Hippo pathway: YAP (YES-associated protein) and p-LATS
(Large Tumor Suppressor) were involved in
cutaneous repair. HucMSC-exosomal 14-3-3ζ
protein recruited p-LATS to induce Ser127
phosphorylation of YAP by forming a complex,
which contributed to the regulation of skin cell
proliferation through coordinating the self-control of Wnt4 activity effectively [54]. Analogously,
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it is noteworthy that in the second-degree burn
injury rat model, 3,3’-diindolylmethane (DIM)
enhanced the stemness of hucMSCs and their
proliferation through increased exosomal Wnt11 autocrine signaling pathway, which was
related to the activation of Wnt/β-catenin signaling [55].
Functioning of hucMSCs and hucMSC-exosomes in epidermal and other tissue regeneration phase
During this process, the matrix is continuously
reconstituted under the action of myofibroblasts. The proportion of type I collagen increases and the proportion of type III collagen
decreases. Fibroblasts give up space to further
strengthen the ECM [56]. As mentioned above,
it is undeniably clear that exosomal protein
14-3-3ζ controlled YAP activities and phosphorylation, so that it combined p-LATS with YAP at
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high cell density and the complex thus formed
restricted excessive ﬁbroblast expansion and
collagen deposition during cutaneous remodeling. In brief, hucMSC-exosomes functioned as
a “brake” of the signal by modulating YAP to
orchestrate controlled cutaneous regeneration
[54]. It is demonstrated that hucMSC-exosomes derived specific microRNAs such as
miR-21, miR-23a, miR-125b and miR-145 were
essential for suppressing myofibroblast formation by inhibiting the TGF-β/Smad2 pathway
[57]. In a word, hucMSC-exosomes might provide a strategy to prevent scar formation during
wound healing. More importantly, hucMSCs
were comfirmed to be a tool that exhibited significantly better wound-healing capabilities and
promoted the deposition of collagen, even
reducing scar formation and avoiding the occurrence of scar [58] (Figure 2).
HucMSCs and hucMSC-exosomes in liver injury repair
Due to the lack of liver tissue and hepatocyte
source, in recent years, researches on stem
cell therapy have begun [59]. HucMSCs may be
an ideal source of cells that can be transplanted for the treatment of liver diseases. In our
research team, Yan et al. have succeeded in
founding a model of CCl4-injured mouse liver
failure [60]. HucMSCs could not only differentiate into hepatocyte-like cells through activating
ERK1/2 signaling pathway [61], but also weaken mouse hepatic injury in vivo by decreasing
inﬂammation, apoptosis and denaturation and
by enhancing proliferation and recovery [62].
On the basis of previous studies on hucMSCs
and liver injury, hucMSC-exosomes attenuated
CCl4-induced acute liver injury/fibrosis through
decreasing oxidative stress and apoptosis [63].
HucMSCs could obviously inhibit liver fibrosis,
which might be related to the downregulation of
TGF-β1 expression and the induction of HGF
and IL-10 productions.
On the one hand, hucMSC-exosomes could
ameliorate liver ﬁbrosis by inhibiting EMT, which
was activated through TGF-β1/Smad pathway
in vivo; on the other hand, hucMSC-exosomes
were able to reduce the surface ﬁbrous capsules to soften liver textures and to alleviate
hepatic inﬂammation [64]. It is demonstrated
that glutathione peroxidase1 (GPX1), derived
from hucMSC-exosomes, was related to the
reduction of hepatic oxidative stress and apop1235

tosis caused by CCl4 and H2O2 [65]. Any liver
injury has a process of liver fibrosis during
repairing. If the damage factor remained for a
long time, the process of fibrosis will be developed into cirrhosis. Other researchers drew a
conclusion that SB-431542, TGFβ-1 receptor
inhibitor, improved the potential of hucMSCs in
antifibrosis process through TGF-β1/Smad
pathway [66].
HucMSCs and hucMSC-exosomes in cardiomyopathies
Cardiomyopathies, one of the most dangerous
diseases all over the world, has a very high
fatality rate. The traditional view is that cardiomyocytes cannot be regenerated, but with the
development of medical research, it is confirmed that in some pathological conditions,
cardiomyocytes can be regenerated [67]. However, there is still a long way to go before cardiomyocyte regeneration is popularized in clinical
trials. The differentiative potential of hucMSCs
was extensively explored in cell therapy. It is
widely known that 5-Azacytidine (5-Aza) induced the differentiation of hucMSCs into cardiomyocytes, which led to changing their morphology and expressing cardiac specific proteins irrespective of the presence of bFGF [68].
However, we also have found that 5-Aza could
induce hucMSCs to differentiate into cardiomyocytes in vitro through sustained ERK phosphorylation in 2012 [69]. A recent finding has
demonstrated that injected hucMSCs improved
cardiac function in a way of attenuating myocardial fibrosis and dysfunction via the downregulation of TGF-β1 and TNF-α expression in
dilated cardiomyopathy (DCM) rats [70]. In the
animal models of acute myocardial infarction
(AMI), our data showed that hucMSC-exosomes
could improve cardiac systolic function by protecting myocardial cells from apoptosis and by
promoting angiogenesis, which was associated
with the expression of Bcl-2 family [71]. What’s
more, the exosomes might exhibit protective
effects on acute myocardial infarction and promote cells repair through regulating Smad7 in
cardiomyocyte [72].
HucMSCs and hucMSC-exosomes in lung injury repair
A novel finding indicated that when pretreated
hucMSC with a low concentration of TGF-β1,
the upregulation of fibronectin and other extraAm J Transl Res 2019;11(3):1230-1240
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cellular matrix components could improve the
survival of a rat model of lipopolysaccharideinduced acute lung injury (ALI) [73]. Huang
hypothesized that treatment with hucMSC carrying the Angiopoietin-1 (Ang1) gene could
improve both systemic inflammation and alveolar permeability in ALI [74]. Similarly, in the
model of endotoxin-induced ALI rats, hucMSCexosomes could inhibit mitogen-activated protein kinase phosphorylation [75]. In recent
studies, it is shown that canine radiation-induced lung injury could be reduced in the forms
of reduction in oxidative stress and inflammatory reactions and the activation of TGF-β/
Smad2/3 pathway after transplanting hucMSC
in the models [76]. As far as we know, angiotensin-converting enzyme 2 gene (ACE2) is regarded as a homologue of ACE which may prevent
lung injury resulting from acid inhalation, endotoxin shock and septicemia [77]. The combination hucMSCs with ACE2 will produce the best
therapeutic effect on acute lung ischemiareperfusion injury in rats [78]. So will it work on
the bleomycin-induced lung fibrosis injury animal models [79].
HucMSCs and hucMSC-exosomes in blood glucose level regulation
The regulation of blood glucose balance is a
part of life activity regulation and an important
condition for maintaining the homeostasis of
internal environment [80]. In 2018, our own
research team investigated the relationship
between hucMSC-exosomes and type 2 diabetes mellitus (T2DM) induced hyperglycemia. It
should be made clear that hucMSC-exosomes
characteristically decreased blood glucose levels in high-fat diet (HFD)/streptozotocin (STZ)induced T2DM rats. HucMSC-exosomes enhanced the uptake of ﬂuorescent glucose analogue 2-NBDG in myotubes and hepatocytes,
which provided an evidence for hucMSC-exosomes-related glucose uptake. Similarly, hucMSC-exosomes promoted the muscle uptake
of glucose, increased the glucose-sensitive
transporter (GLUT4) expression in T2DM rats
and restored the glucose homeostasis in liver
through activating insulin signaling. Nothing is
more important than the fact that insulin exerts
an enormous effect on blood glucose regulation. We also confirmed that hucMSC-exosomes
could increase insulin sensitivity both in vivo
and in vitro by activating the insulin/AKTsignaling pathway. Moreover, it has been proved
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that hucMSC-exosomes promoted insulin
secretion and islet regeneration by inhibiting
STZ-induced cell apoptosis in the form of caspase-3 changes [81].
Conclusion and future directions
In summary, hucMSCs and hucMSC-exosomes
participate in many biological processes and
may function as novel targets for medical treatment. HucMSC-based therapeutics hold great
promise for the development of therapy aimed
at repairing damaged human organ tissues,
though impeded by several lingering concerns
[82]. Considering the disadvantages of hucMSCs, exosomes as their paracrine products
are valued in damage repair. Over the past
decades, it has been highlighted that hucMSCexosomes mainly participate in promoting tissue repair and regeneration by transferring proteins, lipids and nucleotides, which boost the
development of “cell-free therapy” [83].
However, given all previous researches on hucMSCs and hucMSCs-exosomes, the therapeutic mechanisms mediated by hucMSCs and
hucMSCs-exosomes still need to be further
explored, especially when the molecules which
play effective roles in diseases have not been
identified [84]. The exact molecular mechanism
involved in the effect of hucMSCs and hucMSCexosomes on tissue repair and regeneration,
requires further investigations before it is actually be available. HucMSCs and hucMSC-exosomes promise to be efﬁciently applied to the
clinic in future [85].
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