
Geiger, A., et al. (2015). "Human fibrocyte-derived exosomes 
accelerate wound healing in genetically diabetic mice." Biochem 
Biophys Res Commun 467(2): 303-309.

Diabetic ulcers represent a substantial societal and 
healthcare burden worldwide and scarcely respond to current treatment 
strategies. This study was addressed to evaluate the therapeutic 
potential of exosomes secreted by human circulating fibrocytes, a 
population of mesenchymal progenitors involved in normal wound healing 
via paracrine signaling. The exosomes released from cells sequentially 
stimulated with platelet-derived growth factor-BB and transforming 
growth factor-beta1, in the presence of fibroblast growth factor 2, 
did not show potential immunogenicity. These exosomes exhibited in-
vitro proangiogenic properties, activated diabetic dermal fibroblasts, 
induced the migration and proliferation of diabetic keratinocytes, and 
accelerated wound closure in diabetic mice in vivo. Important 
components of the exosomal cargo were heat shock protein-90alpha, 
total and activated signal transducer and activator of transcription 
3, proangiogenic (miR-126, miR-130a, miR-132) and anti-inflammatory 
(miR124a, miR-125b) microRNAs, and a microRNA regulating collagen 
deposition (miR-21). This proof-of-concept study demonstrates the 
feasibility of the use of fibrocytes-derived exosomes for the 
treatment of diabetic ulcers.

Shabbir, A., et al. (2015). "Mesenchymal Stem Cell Exosomes Induce 
Proliferation and Migration of Normal and Chronic Wound Fibroblasts, 
and Enhance Angiogenesis In Vitro." Stem Cells Dev 24(14): 1635-1647.

Although chronic wounds are common and continue to be a major 
cause of morbidity and mortality, treatments for these conditions are 
lacking and often ineffective. A large body of evidence exists 
demonstrating the therapeutic potential of mesenchymal stem cells 
(MSCs) for repair and regeneration of damaged tissue, including 
acceleration of cutaneous wound healing. However, the exact mechanisms 
of wound healing mediated by MSCs are unclear. In this study, we 
examined the role of MSC exosomes in wound healing. We found that MSC 
exosomes ranged from 30 to 100-nm in diameter and internalization of 
MSC exosomes resulted in a dose-dependent enhancement of proliferation 
and migration of fibroblasts derived from normal donors and chronic 
wound patients. Uptake of MSC exosomes by human umbilical vein 
endothelial cells also resulted in dose-dependent increases of tube 
formation by endothelial cells. MSC exosomes were found to activate 
several signaling pathways important in wound healing (Akt, ERK, and 
STAT3) and induce the expression of a number of growth factors 
[hepatocyte growth factor (HGF), insulin-like growth factor-1 (IGF1), 
nerve growth factor (NGF), and stromal-derived growth factor-1 
(SDF1)]. These findings represent a promising opportunity to gain 
insight into how MSCs may mediate wound healing.

Zhang, B., et al. (2015). "HucMSC-Exosome Mediated-Wnt4 Signaling Is 
Required for Cutaneous Wound Healing." Stem Cells 33(7): 2158-2168.

Mesenchymal stem cell-derived exosomes (MSC-Ex) play important 
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roles in tissue injury repair, however, the roles of MSC-Ex in skin 
damage repair and its mechanisms are largely unknown. Herein, we 
examined the benefit of human umbilical cord MSC-derived exosome 
(hucMSC-Ex) in cutaneous wound healing using a rat skin burn model. We 
found that hucMSC-Ex-treated wounds exhibited significantly 
accelerated re-epithelialization, with increased expression of CK19, 
PCNA, collagen I (compared to collagen III) in vivo. HucMSC-Ex 
promoted proliferation and inhibited apoptosis of skin cells after 
heat-stress in vitro. We also discovered that Wnt4 was contained in 
hucMSC-Ex, and hucMSC-Ex-derived Wnt4 promoted beta-catenin nuclear 
translocation and activity to enhance proliferation and migration of 
skin cells, which could be reversed by beta-catenin inhibitor ICG001. 
In vivo studies confirmed that the activation of Wnt/beta-catenin by 
hucMSC-Ex played a key role in wound re-epithelialization and cell 
proliferation. Furthermore, knockdown of Wnt4 in hucMSC-Ex abrogated 
beta-catenin activation and skin cell proliferation and migration in 
vitro. The in vivo therapeutic effects were also inhibited when the 
expression of Wnt4 in hucMSC-Ex was interfered. In addition, the 
activation of AKT pathway by hucMSC-Ex was associated with the 
reduction of heat stress-induced apoptosis in rat skin burn model. 
Collectively, our findings indicate that exosome-delivered Wnt4 
provides new aspects for the therapeutic strategy of MSCs in cutaneous 
wound healing. Stem Cells 2015;33:2158-2168.

Zhang, J., et al. (2015). "Exosomes released from human induced 
pluripotent stem cells-derived MSCs facilitate cutaneous wound healing 
by promoting collagen synthesis and angiogenesis." J Transl Med 13: 
49.

BACKGROUND: Human induced pluripotent stem cell-derived 
mesenchymal stem cells (hiPSC-MSCs) have emerged as a promising 
alternative for stem cell transplantation therapy. Exosomes derived 
from mesenchymal stem cells (MSC-Exos) can play important roles in 
repairing injured tissues. However, to date, no reports have 
demonstrated the use of hiPSC-MSC-Exos in cutaneous wound healing, and 
little is known regarding their underlying mechanisms in tissue 
repair. METHODS: hiPSC-MSC-Exos were injected subcutaneously around 
wound sites in a rat model and the efficacy of hiPSC-MSC-Exos was 
assessed by measuring wound closure areas, by histological and 
immunofluorescence examinations. We also evaluated the in vitro 
effects of hiPSC-MSC-Exos on both the proliferation and migration of 
human dermal fibroblasts and human umbilical vein endothelial cells 
(HUVECs) by cell-counting and scratch assays, respectively. The 
effects of exosomes on fibroblast collagen and elastin secretion were 
studied in enzyme-linked immunosorbent assays and quantitative 
reverse-transcriptase-polymerase chain reaction (qRT-PCR). In vitro 
capillary network formation was determined in tube-formation assays. 
RESULTS: Transplanting hiPSC-MSC-Exos to wound sites resulted in 
accelerated re-epithelialization, reduced scar widths, and the 
promotion of collagen maturity. Moreover, hiPSC-MSC-Exos not only 
promoted the generation of newly formed vessels, but also accelerated 



their maturation in wound sites. We found that hiPSC-MSC-Exos 
stimulated the proliferation and migration of human dermal fibroblasts 
and HUVECs in a dose-dependent manner in vitro. Similarly, Type I, III 
collagen and elastin secretion and mRNA expression by fibroblasts and 
tube formation by HUVECs were also increased with increasing hiPSC-
MSC-Exos concentrations. CONCLUSIONS: Our findings suggest that hiPSC-
MSC-Exos can facilitate cutaneous wound healing by promoting collagen 
synthesis and angiogenesis. These data provide the first evidence for 
the potential of hiPSC-MSC-Exos in treating cutaneous wounds.

Fang, S., et al. (2016). "Umbilical Cord-Derived Mesenchymal Stem 
Cell-Derived Exosomal MicroRNAs Suppress Myofibroblast Differentiation 
by Inhibiting the Transforming Growth Factor-beta/SMAD2 Pathway During 
Wound Healing." Stem Cells Transl Med 5(10): 1425-1439.

: Excessive scar formation caused by myofibroblast 
aggregations is of great clinical importance during skin wound 
healing. Studies have shown that mesenchymal stem cells (MSCs) can 
promote skin regeneration, but whether MSCs contribute to scar 
formation remains undefined. We found that umbilical cord-derived MSCs 
(uMSCs) reduced scar formation and myofibroblast accumulation in a 
skin-defect mouse model. We found that these functions were mainly 
dependent on uMSC-derived exosomes (uMSC-Exos) and especially exosomal 
microRNAs. Through high-throughput RNA sequencing and functional 
analysis, we demonstrated that a group of uMSC-Exos enriched in 
specific microRNAs (miR-21, -23a, -125b, and -145) played key roles in 
suppressing myofibroblast formation by inhibiting the transforming 
growth factor-beta2/SMAD2 pathway. Finally, using the strategy we 
established to block miRNAs inside the exosomes, we showed that these 
specific exosomal miRNAs were essential for the myofibroblast-
suppressing and anti-scarring functions of uMSCs both in vitro and in 
vivo. Our study revealed a novel role of exosomal miRNAs in uMSC-
mediated therapy, suggesting that the clinical application of uMSC-
derived exosomes might represent a strategy to prevent scar formation 
during wound healing. SIGNIFICANCE: Exosomes have been identified as a 
new type of major paracrine factor released by umbilical cord-derived 
mesenchymal stem cells (uMSCs). They have been reported to be an 
important mediator of cell-to-cell communication. However, it is still 
unclear precisely which molecule or group of molecules carried within 
MSC-derived exosomes can mediate myofibroblast functions, especially 
in the process of wound repair. The present study explored the 
functional roles of uMSC-exosomal microRNAs in the process of 
myofibroblast formation, which can cause excessive scarring. This is 
an unreported function of uMSC exosomes. Also, for the first time, the 
uMSC-exosomal microRNAs were examined by high-throughput sequencing, 
with a group of specific microRNAs (miR-21, miR-23a, miR-125b, and 
miR-145) found to play key roles in suppressing myofibroblast 
formation by inhibiting excess alpha-smooth muscle actin and collagen 
deposition associated with activity of the transforming growth factor-
beta/SMAD2 signaling pathway.



Hu, L., et al. (2016). "Exosomes derived from human adipose 
mensenchymal stem cells accelerates cutaneous wound healing via 
optimizing the characteristics of fibroblasts." Sci Rep 6: 32993.

Prolonged healing and scar formation are two major challenges 
in the treatment of soft tissue trauma. Adipose mesenchymal stem cells 
(ASCs) play an important role in tissue regeneration, and recent 
studies have suggested that exosomes secreted by stem cells may 
contribute to paracrine signaling. In this study, we investigated the 
roles of ASCs-derived exosomes (ASCs-Exos) in cutaneous wound healing. 
We found that ASCs-Exos could be taken up and internalized by 
fibroblasts to stimulate cell migration, proliferation and collagen 
synthesis in a dose-dependent manner, with increased genes expression 
of N-cadherin, cyclin-1, PCNA and collagen I, III. In vivo tracing 
experiments demonstrated that ASCs-Exos can be recruited to soft 
tissue wound area in a mouse skin incision model and significantly 
accelerated cutaneous wound healing. Histological analysis showed 
increased collagen I and III production by systemic administration of 
exosomes in the early stage of wound healing, while in the late stage, 
exosomes might inhibit collagen expression to reduce scar formation. 
Collectively, our findings indicate that ASCs-Exos can facilitate 
cutaneous wound healing via optimizing the characteristics of 
fibroblasts. Our results provide a new perspective and therapeutic 
strategy for the use of ASCs-Exos in soft tissue repair.

Li, X., et al. (2016). "Exosome Derived From Human Umbilical Cord 
Mesenchymal Stem Cell Mediates MiR-181c Attenuating Burn-induced 
Excessive Inflammation." EBioMedicine 8: 72-82.

Mesenchymal stem cell (MSC)-derived exosomes have diverse 
functions in regulating wound healing and inflammation; however, the 
molecular mechanism of human umbilical cord MSC (hUCMSC)-derived 
exosomes in regulating burn-induced inflammation is not well 
understood. We found that burn injury significantly increased the 
inflammatory reaction of rats or macrophages exposed to 
lipopolysaccharide (LPS), increased tumor necrosis factor alpha (TNF-
alpha) and interleukin-1beta (IL-1beta) levels and decreased IL-10 
levels. hUCMSC-exosome administration successfully reversed this 
reaction. Further studies showed that miR-181c in the exosomes played 
a pivotal role in regulating inflammation. Compared to control hUCMSC-
exosomes, hUCMSC-exosomes overexpressing miR-181c more effectively 
suppressed the TLR4 signaling pathway and alleviated inflammation in 
burned rats. Administration of miR-181c-expressing hUCMSC-exosomes or 
TLR4 knockdown significantly reduced LPS-induced TLR4 expression by 
macrophages and the inflammatory reaction. In summary, miR-181c 
expression in hUCMSC-exosomes reduces burn-induced inflammation by 
downregulating the TLR4 signaling pathway.

Rani, S. and T. Ritter (2016). "The Exosome - A Naturally Secreted 
Nanoparticle and its Application to Wound Healing." Adv Mater 28(27): 
5542-5552.

Wound healing is a complex process and often delayed in 



patients with underlying chronic conditions. The cost of wound care is 
a significant burden to the society, warranting new techniques to 
prompt wound healing. Several studies have reported on the beneficial 
effects of mesenchymal stem cells (MSCs) function in recruiting host 
cells, releasing secretory factors and matrix proteins thereby 
increasing wound heal. These secrete bioactive trophic factors from 
MSCs also includes extracellular vesicles (EVs) or exosomes. Recent 
studies have shown that EVs are one of the key secretory products of 
MSCs mediating cell-to-cell communication to enhance wound healing. 
Current knowledge related to the potential use of EVs in wound healing 
is reviewed and the promising future for EVs - a naturally secreted 
nanoparticle - as an alternative to cell-based therapy is discussed.

Ti, D., et al. (2016). "Mesenchymal stem cells-derived exosomal 
microRNAs contribute to wound inflammation." Sci China Life Sci 
59(12): 1305-1312.

Clinical and experimental studies have highlighted the 
significance of inflammation in coordinating wound repair and 
regeneration. However, it remains challenging to control the 
inflammatory response and tolerance at systemic levels without causing 
toxicity to injured tissues. Mesenchymal stem cells (MSCs) possess 
potent immunomodulatory properties and facilitate tissue repair by 
releasing exosomes, which generate a suitable microenvironment for 
inflammatory resolution. Exosomes contain several effective bioactive 
molecules and act as a cell-cell communication vehicle to influence 
cellular activities in recipient cells. During this process, the 
horizontal transfer of exosomal microRNAs (miRNAs) to acceptor cells, 
where they regulate target gene expression, is of particular interest 
for understanding the basic biology of inflammation ablation, tissue 
homeostasis, and development of therapeutic approaches. In this 
review, we describe a signature of three specific miRNAs (miR-21, 
miR-146a, and miR-181) present in human umbilical cord MSC-derived 
exosomes (MSC-EXO) identified microarray chip analysis and focus on 
the inflammatory regulatory functions of these immune-related miRNAs. 
We also discuss the potential mechanisms contributing to the 
resolution of wound inflammation and tissue healing.

Tooi, M., et al. (2016). "Placenta Mesenchymal Stem Cell Derived 
Exosomes Confer Plasticity on Fibroblasts." J Cell Biochem 117(7): 
1658-1670.

Mesenchymal stem cell (MSC)-conditioned medium (MSC-CM) has 
been reported to enhance wound healing. Exosomes contain nucleic 
acids, proteins, and lipids, and function as an intercellular 
communication vehicle for mediating some paracrine effects. However, 
the function of MSC-derived exosomes (MSC-exo) remains elusive. In 
this study, we isolated human placenta MSC (PlaMSC)-derived exosomes 
(PlaMSC-exo) and examined their function in vitro. PlaMSCs were 
isolated from human term placenta using enzymatic digestion. PlaMSC-
exo were prepared from the conditioned medium of PlaMSC (PlaMSC-CM) by 
ultracentrifugation. The expression of stemness-related genes, such as 



OCT4 and NANOG, in normal adult human dermal fibroblasts (NHDF) after 
incubation with PlaMSC-exo was measured by real-time reverse 
transcriptase PCR analysis (real-time PCR). The effect of PlaMSC-exo 
on OCT4 transcription activity was assessed using Oct4-EGFP reporter 
mice-derived dermal fibroblasts. The stimulating effects of PlaMSC-exo 
on osteoblastic and adipocyte-differentiation of NHDF were evaluated 
by alkaline phosphatase (ALP), and Alizarin red S- and oil red O-
staining, respectively. The expression of osteoblast- and adipocyte-
related genes was also assessed by real-time PCR. The treatment of 
NHDF with PlaMSC-exo significantly upregulated OCT4 and NANOG mRNA 
expression. PlaMSC-exo also enhanced OCT4 transcription. The NHDF 
treated with PlaMSC-exo exhibited osteoblastic and adipocyte-
differentiation in osteogenic and adipogenic induction media. PlaMSC-
exo increase the expression of OCT4 and NANOG mRNA in fibroblasts. As 
a result, PlaMSC-exo influence the differentiation competence of 
fibroblasts to both osteoblastic and adipocyte-differentiation. It 
shows a new feature of MSCs and the possibility of clinical 
application of MSC-exo. J. Cell. Biochem. 117: 1658-1670, 2016. (c) 
2015 Wiley Periodicals, Inc.

Zhang, B., et al. (2016). "HucMSC Exosome-Delivered 14-3-3zeta 
Orchestrates Self-Control of the Wnt Response via Modulation of YAP 
During Cutaneous Regeneration." Stem Cells 34(10): 2485-2500.

Numerous studies showed that mesenchymal stem cells derived 
exosome (MSC-Ex) markedly enhanced tissue regeneration, however, the 
issue of whether MSC-Ex could control stem cells expansion after a 
regenerative response to prevent tissue from overcrowding and 
dysplasia remains to be established. Herein, we found that human 
umbilical cord MSC (hucMSC)-exosomal14-3-3zeta mediated the binding of 
YAP and p-LATS by forming a complex to promote the phosphorylation of 
YAP, which orchestrate exosomal Wnt4 signal in cutaneous regeneration. 
First, we assessed deep second-degree burn rats treated with hucMSC-Ex 
and discovered that hucMSC-Ex promoting self-regulation of Wnt/beta-
catenin signaling at the remodeling phase of cutaneous regeneration. 
HucMSC-Ex restricted excessive skin cell expansion and collagen 
deposition at 4 weeks. Under high cell density conditions, hucMSC-Ex 
inhibited Wnt/beta-catenin signaling through induction of YAP 
phosphorylation. Second, hucMSC-Ex proteomic analysis revealed that 
14-3-3 proteins could be transported by exosome. Using gain- and loss-
of-function studies, our results showed that hucMSC-exosomal 
14-3-3zeta controlled YAP activities and phosphorylation at Ser127 
site, and were required for the binding of YAP and p-LATS. Further 
studies revealed that 14-3-3zeta recruited YAP and p-LATS to form a 
complex under high cells density status and 14-3-3zeta other than YAP 
or p-LATS was the key regulatory molecule of this complex. These 
findings collectively indicate that hucMSC-Ex functions not only as an 
"accelerator" of the Wnt/beta-catenin signal to repair damaged skin 
tissue but also as a "brake" of the signal by modulating YAP to 
orchestrate controlled cutaneous regeneration. Stem Cells 
2016;34:2485-2500.



El-Tookhy, O. S., et al. (2017). "Histological Evaluation of 
Experimentally Induced Critical Size Defect Skin Wounds Using Exosomal 
Solution of Mesenchymal Stem Cells Derived Microvesicles." Int J Stem 
Cells 10(2): 144-153.

Background and Objectives: The present study investigated 
whether MSCs derived microvesicles (MVs) or (Exosomes) can exert 
therapeutic effects on an experimental model of cutaneous injury and 
explored the underlying involving mechanisms. Methods and Results: 
Three bilateral full thickness circular wounds were created on the 
back of two groups of dogs using 2-cm dermal punch. The wounds were at 
least 2.5 cm apart. Saline was subcutaneously injected in 4 places 
around each wound area in group-I (control), whereas an equal volume 
of exosomal solution of MSCs derived MVs was similarly injected in 
group-II. The findings demonstrated that MSCs derived MVs had 
significantly promoted cutaneous wound healing, collagen synthesis, 
and vascularization at wound sites. The application of the exosomal 
solution had not only promoted the generation of newly formed vessels, 
but also have accelerated their development and maturation leading to 
a faster healing process. Conclusions: MSC-Exosomes appeared to be a 
superior candidate for treating cutaneous wounds than their originator 
cells, and may represent a promising opportunity to develop a novel 
cell-free therapy approach that might overcome the obstacles and risks 
associated with the use of native or engineered stem cells 
transplantation therapy.

Kim, Y. J., et al. (2017). "Exosomes derived from human umbilical cord 
blood mesenchymal stem cells stimulates rejuvenation of human skin." 
Biochem Biophys Res Commun 493(2): 1102-1108.

Human umbilical cord blood-derived mesenchymal stem cells 
(UCB-MSCs) play an important role in cutaneous wound healing, and 
recent studies suggested that MSC-derived exosomes activate several 
signaling pathways, which are conducive in wound healing and cell 
growth. In this study, we investigated the roles of exosomes that are 
derived from USC-CM (USC-CM Exos) in cutaneous collagen synthesis and 
permeation. We found that USC-CM has various growth factors associated 
with skin rejuvenation. Our in vitro results showed that USC-CM Exos 
integrate in Human Dermal Fibroblasts (HDFs) and consequently promote 
cell migration and collagen synthesis of HDFs. Moreover, we evaluated 
skin permeation of USC-CM Exos by using human skin tissues. Results 
showed that Exo-Green labeled USC-CM Exos approached the outermost 
layer of the epidermis after 3 h and gradually approached the 
epidermis after 18 h. Moreover, increased expressions of Collagen I 
and Elastin were found after 3 days of treatment on human skin. The 
results showed that USC-CM Exos is absorbed into human skin, it 
promotes Collagen I and Elastin synthesis in the skin, which are 
essential to skin rejuvenation and shows the potential of USC-CM 
integration with the cosmetics or therapeutics.

Li, M. Y., et al. (2017). "[Advances in the research of effects of 



exosomes derived from stem cells on wound repair]." Zhonghua Shao 
Shang Za Zhi 33(3): 180-184.

Exosomes are nano-vesicles released by many kinds of cells. 
Exosomes play a significant role in cell-to-cell communication and 
substance transportation through direct effect of signaling molecules 
on the cell membrane surface, intracellular regulation of cellular 
content during membrane fusion, or regulation of release of various 
bioactive molecules. Several studies have reported that culture 
supernatant of stem cells has some related exosomes to take part in 
wound repair. The secretion of exosomes is depended on the source and 
the physiological and pathological condition of deriving cells. How to 
stimulate the stem cells to produce exosomes maximally and their 
clinical application are worthy to explore. In this review, we 
summarize the biological function and application of exosomes derived 
from stem cells in wound repair.

McBride, J. D., et al. (2017). "Bone Marrow Mesenchymal Stem Cell-
Derived CD63(+) Exosomes Transport Wnt3a Exteriorly and Enhance Dermal 
Fibroblast Proliferation, Migration, and Angiogenesis In Vitro." Stem 
Cells Dev 26(19): 1384-1398.

Wnts are secreted glycoproteins that regulate stem cell self-
renewal, differentiation, and cell-to-cell communication during 
embryonic development and in adult tissues. Bone marrow mesenchymal 
stem cells (BM-MSCs) have been shown to stimulate dermis repair and 
regeneration; however, it is unclear how BM-MSCs may modulate 
downstream Wnt signaling. While recent reports implicate that Wnt 
ligands and Wnt messenger RNAs (such as Wnt4) exist within the 
interior compartment of exosomes, it has been debated whether or not 
Wnts exist on the exterior surface of exosomes to travel in the 
extracellular space. To help answer this question, we utilized flow 
cytometry of magnetic beads coated with anti-CD63 antibodies and 
found, for the first time, that Wnt3a protein is detectable exteriorly 
on CD63(+) exosomes derived from BM-MSCs over-secreting Wnt3a into 
serum-free conditioned media (Wnt3a CM). Our data suggest that CD63(+) 
exosomes significantly help transport exterior Wnt3a signal to 
recipient cells to promote fibroblast and endothelial functions. 
During purification of exosomes, we unexpectedly found that use of 
ultracentrifugation alone significantly decreased the ability to 
detect exteriorly bound Wnt3a on CD63(+) exosomes, however, 
polyethylene glycol (PEG)-mediated exosome-enrichment before exosome-
purification (with ultracentrifugation into a sucrose cushion) 
resulted in exosomes more likely to retain exterior Wnt3a 
detectability and downstream Wnt/beta-catenin activity. Our findings 
indicate the important role that purification methods may have on stem 
cell-derived Wnt-exosome activity in downstream assays. The ability 
for BM-MSC Wnt3a CM and exosomes to stimulate dermal fibroblast 
proliferation and migration, and endothelial angiogenesis in vitro, 
was significantly decreased after CD63(+)-exosome depletion or 
knockdown of Wnt coreceptor LRP6 in recipient cells, suggesting both 
are required for optimal Wnt-exosome activity in our system. Thus, BM-



MSC-derived CD63(+) exosomes are a significant carrier of exterior 
Wnt3a within high Wnt environments, resulting in downstream fibroblast 
proliferation, migration, and angiogenesis in vitro.

Shi, H., et al. (2017). "3,3'-Diindolylmethane stimulates exosomal 
Wnt11 autocrine signaling in human umbilical cord mesenchymal stem 
cells to enhance wound healing." Theranostics 7(6): 1674-1688.

Human umbilical cord-derived mesenchymal stem cells (hucMSCs) 
are suggested as a promising therapeutic tool in regenerative 
medicine, however, their efficacy requires improvement. Small 
molecules and drugs come up to be a convenient strategy in regulating 
stem cells fate and function. Here, we evaluated 3,3'-diindolylmethane 
(DIM), a natural small-molecule compound involved in the repairing 
effects of hucMSCs on a deep second-degree burn injury rat model. 
HucMSCs primed with 50 muM of DIM exhibited desirable repairing 
effects compared with untreated hucMSCs. DIM enhanced the stemness of 
hucMSCs, which was related to the activation of Wnt/beta-catenin 
signaling. beta-catenin inhibition impaired the healing effects of 
DIM-primed hucMSCs (DIM-hucMSCs) in vivo. Moreover, we demonstrated 
that DIM upregulated Wnt11 expression in hucMSC-derived exosomes. 
Wnt11 knockdown inhibited beta-catenin activation and stemness 
induction in DIM-hucMSCs and abrogated their therapeutic effects in 
vivo. Thus, our findings indicate that DIM promotes the stemness of 
hucMSCs through increased exosomal Wnt11 autocrine signaling, which 
provides a novel strategy for improving the therapeutic effects of 
hucMSCs on wound healing.

Shi, Q., et al. (2017). "GMSC-Derived Exosomes Combined with a 
Chitosan/Silk Hydrogel Sponge Accelerates Wound Healing in a Diabetic 
Rat Skin Defect Model." Front Physiol 8: 904.

Background: Delayed wound healing in diabetic patients is one 
of the most challenging complications in clinical medicine, as it 
poses a greater risk of gangrene, amputation and even death. 
Therefore, a novel method to promote diabetic wound healing is of 
considerable interest at present. Previous studies showed that 
injection of MSC-derived exosomes has beneficial effects on wound 
healing. In current studies, we aimed to isolate exosomes derived from 
gingival mesenchymal stem cells (GMSCs) and then loading them to the 
chitosan/silk hydrogel sponge to evaluate the effects of this novel 
non-invasive method on skin defects in diabetic rats. Methods: GMSCs 
were isolated from human gingival connective tissue and characterized 
by surface antigen analysis and in vitro multipotent differentiation. 
The cell supernatant was collected to isolate the exosomes. The 
exosomes were characterized by transmission electron microscopy, 
Western blot and size distribution analysis. The chitosan/silk-based 
hydrogel sponge was prepared using the freeze-drying method and then 
structural and physical properties were characterized. Then, the 
exosomes were added to the hydrogel and tested in a diabetic rat skin 
defect model. The effects were evaluated by wound area measurement, 
histological, immunohistochemical and immunofluorescence analysis. 



Results: We have successfully isolated GMSCs and exosomes with a mean 
diameter of 127 nm. The chitosan/silk hydrogel had the appropriate 
properties of swelling and moisture retention capacity. The in vivo 
studies showed that the incorporating of GMSC-derived exosomes to 
hydrogel could effectively promote healing of diabetic skin defects. 
The histological analysis revealed more neo-epithelium and collagen in 
the hydrogel-exosome group. In addition, the hydrogel-exosome group 
had the highest microvessel density and nerve density. Conclusions: 
The combination of GMSC-derived exosomes and hydrogel could 
effectively promote skin wound healing in diabetic rats by promoting 
the re-epithelialization, deposition and remodeling of collagen and by 
enhancing angiogenesis and neuronal ingrowth. These findings not only 
provide new information on the role of the GMSC-derived exosomes in 
wound healing but also provide a novel non-invasive application method 
of exosomes with practical value for skin repair.

Tao, S. C., et al. (2017). "Chitosan Wound Dressings Incorporating 
Exosomes Derived from MicroRNA-126-Overexpressing Synovium Mesenchymal 
Stem Cells Provide Sustained Release of Exosomes and Heal Full-
Thickness Skin Defects in a Diabetic Rat Model." Stem Cells Transl Med 
6(3): 736-747.

There is a need to find better strategies to promote wound 
healing, especially of chronic wounds, which remain a challenge. We 
found that synovium mesenchymal stem cells (SMSCs) have the ability to 
strongly promote cell proliferation of fibroblasts; however, they are 
ineffective at promoting angiogenesis. Using gene overexpression 
technology, we overexpressed microRNA-126-3p (miR-126-3p) and 
transferred the angiogenic ability of endothelial progenitor cells to 
SMSCs, promoting angiogenesis. We tested a therapeutic strategy 
involving controlled-release exosomes derived from miR-126-3p-
overexpressing SMSCs combined with chitosan. Our in vitro results 
showed that exosomes derived from miR-126-3p-overexpressing SMSCs 
(SMSC-126-Exos) stimulated the proliferation of human dermal 
fibroblasts and human dermal microvascular endothelial cells (HMEC-1) 
in a dose-dependent manner. Furthermore, SMSC-126-Exos also promoted 
migration and tube formation of HMEC-1. Testing this system in a 
diabetic rat model, we found that this approach resulted in 
accelerated re-epithelialization, activated angiogenesis, and 
promotion of collagen maturity in vivo. These data provide the first 
evidence of the potential of SMSC-126-Exos in treating cutaneous 
wounds and indicate that modifying the cells-for example, by gene 
overexpression-and using the exosomes derived from these modified 
cells provides a potential drug delivery system and could have 
infinite possibilities for future therapy. Stem Cells Translational 
Medicine 2017;6:736-747.

Wang, L., et al. (2017). "Exosomes secreted by human adipose 
mesenchymal stem cells promote scarless cutaneous repair by regulating 
extracellular matrix remodelling." Sci Rep 7(1): 13321.

Scar formation is an intractable medical problem that appears 



after skin wounds have healed. Recent research has shown that exosomes 
secreted by human adipose mesenchymal stem cells (ASC-Exos) can 
benefit wound healing. To further explore the therapeutic potential of 
ASC-Exos, we investigated their effects on mitigating scar formation, 
and the underlying mechanisms of these effects. We found that 
intravenous injection of ASC-Exos decreased the size of scars and 
increased the ratio of collagen III to collagen I in murine incisional 
wounds. Exosome treatment also prevented the differentiation of 
fibroblasts into myofibroblasts and increased the ratio of 
transforming growth factor-beta3 (TGF-beta3) to TGF-beta1 in vivo. 
Additionally, we found that ASC-Exos increased the matrix 
metalloproteinases-3 (MMP3) expression of skin dermal fibroblasts by 
activating the ERK/MAPK pathway, leading to a high ratio of MMP3 to 
tissue inhibitor of matrix metalloproteinases-1 (TIMP1), which is also 
beneficial for the remodelling of extracellular matrix (ECM). In 
conclusion, our results demonstrated that ASC-Exos promote ECM 
reconstruction in cutaneous wound repair by regulating the ratios of 
collagen type III: type I, TGF-beta3:TGF-beta1 and MMP3:TIMP1, and by 
regulating fibroblast differentiation to mitigate scar formation. 
Therefore, the application of ASC-Exos may be a novel therapeutic 
approach for scarless wound repair.

Zhao, B., et al. (2017). "Exosomes derived from human amniotic 
epithelial cells accelerate wound healing and inhibit scar formation." 
J Mol Histol 48(2): 121-132.

Wound healing is a highly orchestrated physiological process 
consisting of a complex events, and scarless wound healing is highly 
desired for the development and application in clinical medicine. 
Recently, we have demonstrated that human amniotic epithelial cells 
(hAECs) promoted wound healing and inhibited scar formation through a 
paracrine mechanism. However, exosomes (Exo) are one of the most 
important paracrine factors. Whether exosomes derived from human 
amniotic epithelial cells (hAECs-Exo) have positive effects on 
scarless wound healing have not been reported yet. In this study, we 
examined the role of hAECs-Exo on wound healing in a rat model. We 
found that hAECs, which exhibit characteristics of both embryonic and 
mesenchymal stem cells, have the potential to differentiate into all 
three germ layers. hAECs-Exo ranged from 50 to 150 nm in diameter, and 
positive for exosomal markers CD9, CD63, CD81, Alix, TSG101 and HLA-G. 
Internalization of hAECs-Exo promoted the migration and proliferation 
of fibroblasts. Moreover, the deposition of extracellular matrix (ECM) 
were partly abolished by the treatment of high concentration of hAECs-
Exo (100 mug/mL), which may be through stimulating the expression of 
matrix metalloproteinase-1 (MMP-1). In vivo animal experiments showed 
that hAECs-Exo improved the skin wound healing with well-organized 
collagen fibers. Taken together, These findings represent that hAECs-
Exo can be used as a novel hope in cell-free therapy for scarless 
wound healing.

Cho, B. S., et al. (2018). "Exosomes derived from human adipose 



tissue-derived mesenchymal stem cells alleviate atopic dermatitis." 
Stem Cell Res Ther 9(1): 187.

Exosomes are nano-sized vesicles (30-200 nm) constantly 
released by almost all cells. The ability of exosomes to travel 
between cells and deliver their cargo, which includes lipids, 
proteins, and nucleic acids, makes them an appealing cell-free therapy 
option to treat multiple diseases. Here, we investigated for the first 
time whether human adipose tissue-derived mesenchymal stem cell-
derived exosomes (ASC-exosomes) can ameliorate atopic dermatitis (AD) 
in an in vivo mouse model. When injected either intravenously (IV) or 
subcutaneously (SC) into NC/Nga mice treated with house dust mite 
antigens, ASC-exosomes were found to reduce pathological symptoms such 
as clinical score, the levels of serum IgE, the number of eosinophils 
in blood, and the infiltration of mast cells, CD86+, and CD206+ cells 
in skin lesions. ASC-exosomes also significantly reduced mRNA 
expression of various inflammatory cytokines such as interleukin 
(IL)-4, IL-23, IL-31, and tumor necrosis factor-alpha (TNF-alpha) in 
AD skin lesions of Nc/Nga mice. Taken together, these results suggest 
that ASC-exosomes can be a novel promising cell-free therapeutic 
modality for AD treatment.

Farhadihosseinabadi, B., et al. (2018). "Amniotic membrane and its 
epithelial and mesenchymal stem cells as an appropriate source for 
skin tissue engineering and regenerative medicine." Artif Cells 
Nanomed Biotechnol: 1-10.

One of the main goals of tissue engineering and regenerative 
medicine is to develop skin substitutes for treating deep dermal and 
full thickness wounds. In this regard, both scaffold and cell source 
have a fundamental role to achieve exactly the same histological and 
physiological analog of skin. Amnion epithelial and mesenchymal cells 
possess the characteristics of pluripotent stem cells which have the 
capability to differentiate into all three germ layers and can be 
obtained without any ethical concern. Amniotic cells also produce 
different growth factors, angio-modulatory cytokines, anti-bacterial 
peptides and a wide range of anti-inflammatory agents which eventually 
cause acceleration in wound healing. In addition, amniotic membrane 
matrix exhibits characteristics of an ideal scaffold and skin 
substitute through various types of extracellular proteins such as 
collagens, laminins and fibronectins which serve as an anchor for cell 
attachment and proliferation, a bed for cell delivery and a reservoir 
of drugs and growth factors involved in wound healing process. 
Recently, isolation of amniotic cells exosomes, surface modification 
and cross-linking approaches, construction of amnion based 
nanocomposites and impregnation of amnion with nanoparticles, 
construction of amnion hydrogel and micronizing process promoted its 
properties for tissue engineering. In this manuscript, the recent 
progress was reviewed which approve that amnion-derived cells and 
matrix have potential to be involved in skin substitutes; an enriched 
cell containing scaffold which has a great capability to be translated 
into the clinic.



Golchin, A., et al. (2018). "The exosomes released from different cell 
types and their effects in wound healing." J Cell Biochem 119(7): 
5043-5052.

Despite important advances in regenerative medicine and tissue 
engineering, still, wound healing remains a challenging clinical 
problem. Cell therapy has opened a new viewpoint in medicine as well 
as wound management, although it has some limitations. On the other 
hand, there are some hopes for the eliminated of cellular therapies 
limitations by "exosomes." The term "exosome" has been frequently used 
to describe all vesicles released by different cells into the 
extracellular environment and can influence tissue responses to 
injury, infection, immune system, and healing. Exosomes contain 
cytokines and growth factors, signaling lipids, mRNAs, and regulatory 
miRNAs that have been found in some body fluids and can be transferred 
between cells to mediating cell-to-cell communication and 
interactions. Recently, several studies have demonstrated that 
exosomes are one of the key secretory products of various cell type 
especially mesenchymal stem cells (MSCs) to regulate many biological 
processes such wound healing. Hence, understanding these exosomes 
effects may help to improve wound management and highlight a new 
therapeutic model for cell-free therapies with decreased side effects 
for the wound repair.

Goodarzi, P., et al. (2018). "Mesenchymal Stem Cells-Derived Exosomes 
for Wound Regeneration." Adv Exp Med Biol.

Wound healing is a complex process with the considerable 
burden on healthcare system. There are several cellular therapy 
methods that have been introduced to treat different types of wounds. 
Despite the advantages of cellular therapy, it is needed to overcome 
different limitations of this method such as; tumorigenicity and 
immune rejection. Accordingly, scientists have suggested cell-based 
vesicles and exosomes. Exosomes can promote proliferation, migration, 
and angiogenesis process in the wound environment. They have also some 
advantages such as the potential for drug and gene delivery, easy to 
storage, and stability in the body. These advantages make them as a 
novel approach in regenerative medicine without the limitations of 
cellular therapy. In this review, the authors emphasize on biological 
properties of MSC-exosomes and their therapeutic effects as a new 
strategy for wound regeneration.

Han, Y. D., et al. (2018). "Co-transplantation of exosomes derived 
from hypoxia-preconditioned adipose mesenchymal stem cells promotes 
neovascularization and graft survival in fat grafting." Biochem 
Biophys Res Commun 497(1): 305-312.

BACKGROUND: Adipose-derived stromal cells (ADSCs)-derived 
exosomes (ADSC-Exos) account for the proangiogenic potential of stem 
cell. This study aimed to investigate the effect of ADSC-derived 
exosomes (ADSC-Exos) on the survival in fat grafting. METHODS: A nude 
mouse model of subcutaneous fat grafting was adopted. Hypoxic 



preconditioned ADSC-Exos and ADSC-Exos were injected around the 
grafted tissue. The fat graft sample was weighed and examined by 
hematoxylin and eosin (H&E) staining and immunohistochemistry. Laser 
Doppler flowmetry and CD31 immunofluorescence staining were used to 
analyze neovascularization. RESULTS: ADSC-Exo and hypoxic ADSC-Exo 
groups had a significantly higher weight of fat graft and more 
perilipin-positive adipocytes than the control groups from 2 to 8 
weeks after grafting, and the hypoxic ADSC-Exo group had better 
outcomes (all P<0.05). H&E staining showed that ADSC-Exos attenuated 
infiltration of inflammatory cells around the fat grafts. Laser 
Doppler flowmetry showed that the two ADSC-Exo groups had better blood 
perfusion in the graft tissue than the control groups (all P<0.05). 
Immunofluorescence demonstrated that the hypoxic ADSC-Exo group had 
significantly more CD31-positive cells than the ADSC-Exo group. In 
vitro study showed that hypoxic ADSC-Exos treatment significantly 
increased the migration (at 12 and 24h) and in vitro capillary network 
formation (at 12h) in the human umbilical vein endothelial cells 
(HUVECs) as compared with the ADSC-Exo group and control group (all 
P<0.05). CONCLUSIONS: Co-transplantation of ADSC-Exos can effectively 
promote the survival of graft, neovascularization and attenuated 
inflammation in the fat grafts. Hypoxia treatment can further enhance 
the beneficial effect of ADSC-Exos.

Harting, M. T., et al. (2018). "Inflammation-Stimulated Mesenchymal 
Stromal Cell-Derived Extracellular Vesicles Attenuate Inflammation." 
Stem Cells 36(1): 79-90.

Extracellular vesicles (EVs) secreted by mesenchymal stromal 
cells (MSCs) have been proposed to be a key mechanistic link in the 
therapeutic efficacy of cells in response to cellular injuries through 
paracrine effects. We hypothesize that inflammatory stimulation of 
MSCs results in the release of EVs that have greater anti-inflammatory 
effects. The present study evaluates the immunomodulatory abilities of 
EVs derived from inflammation-stimulated and naive MSCs (MSCEv(+) and 
MSCEv, respectively) isolated using a current Good Manufacturing 
Practice-compliant tangential flow filtration system. Detailed 
characterization of both EVs revealed differences in protein 
composition, cytokine profiles, and RNA content, despite similarities 
in size and expression of common surface markers. MSCEv(+) further 
attenuated release of pro-inflammatory cytokines in vitro when 
compared to MSCEv, with a distinctly different pattern of EV-uptake by 
activated primary leukocyte subpopulations. The efficacy of EVs was 
partially attributed to COX2/PGE2 expression. The present study 
demonstrates that inflammatory stimulation of MSCs renders release of 
EVs that have enhanced anti-inflammatory properties partially due to 
COX2/PGE2 pathway alteration. Stem Cells 2018;36:79-90.

Kim, S., et al. (2018). "Exosomes Secreted from Induced Pluripotent 
Stem Cell-Derived Mesenchymal Stem Cells Accelerate Skin Cell 
Proliferation." Int J Mol Sci 19(10).

Induced pluripotent stem cell (iPSC)-derived mesenchymal stem 



cells (iMSCs) serve as a unique source for cell therapy. We 
investigated whether exosomes from iMSCs promote the proliferation of 
human keratinocytes (HaCaT) and human dermal fibroblasts (HDFs). iPSCs 
were established from human Wharton's jelly MSCs and were allowed to 
differentiate into iMSCs. Exosomes were collected from the culture 
supernatant of MSCs (MSC-exo) and iMSCs (iMSC-exo), and their 
characteristics were investigated. Both exosome types possessed basic 
characteristics of exosomes and were taken up by skin cells in vitro 
and in vivo. A significant increase in HaCaT proliferation was 
observed with iMSC-exo, although both exosomes increased the viability 
and cell cycle progression in HaCaT and HDFs. No significant 
difference was observed in the closure of wound scratch and the 
expression of reparative genes between cells treated with the two 
exosome types. Both exosomes enhanced the secretion of collagen in 
HaCaT and HDFs; however, an increase in fibronectin level was observed 
only in HaCaT, and this effect was better with iMSC-exo treatment. 
Only iMSC-exo increased the phosphorylation of extracellular signal-
regulated kinase (ERK)-1/2. Our results indicate that iMSC-exo promote 
the proliferation of skin cells by stimulating ERK1/2 and highlight 
the application of iMSCs for producing exosomes.

Kou, X., et al. (2018). "The Fas/Fap-1/Cav-1 complex regulates IL-1RA 
secretion in mesenchymal stem cells to accelerate wound healing." Sci 
Transl Med 10(432).

Mesenchymal stem cells (MSCs) are capable of secreting 
exosomes, extracellular vesicles, and cytokines to regulate cell and 
tissue homeostasis. However, it is unknown whether MSCs use a specific 
exocytotic fusion mechanism to secrete exosomes and cytokines. We show 
that Fas binds with Fas-associated phosphatase-1 (Fap-1) and 
caveolin-1 (Cav-1) to activate a common soluble N-ethylmaleimide-
sensitive factor (NSF) attachment protein receptor (SNARE)-mediated 
membrane fusion mechanism to release small extracellular vesicles 
(sEVs) in MSCs. Moreover, we reveal that MSCs produce and secrete 
interleukin-1 receptor antagonist (IL-1RA) associated with sEVs to 
maintain rapid wound healing in the gingiva via the Fas/Fap-1/Cav-1 
cascade. Tumor necrosis factor-alpha (TNF-alpha) serves as an 
activator to up-regulate Fas and Fap-1 expression via the nuclear 
factor kappaB pathway to promote IL-1RA release. This study identifies 
a previously unknown Fas/Fap-1/Cav-1 axis that regulates SNARE-
mediated sEV and IL-1RA secretion in stem cells, which contributes to 
accelerated wound healing.

Kucharzewski, M., et al. (2018). "Novel trends in application of stem 
cells in skin wound healing." Eur J Pharmacol 843: 307-315.

The latest findings indicate the huge therapeutic potential of 
stem cells in regenerative medicine, including the healing of chronic 
wounds. Main stem cell types involved in wound healing process are: 
epidermal and dermal stem cells, mesenchymal stem cells (MSCs), 
endothelial progenitor cells (EPCs) and hematopoietic stem cells 
(HSCs). In the therapy of chronic wounds, they can be administrated 



either topically or using different matrix like hydrogels, scaffolds, 
dermal substitutes and extracellular matrix (ECM) derivatives. Stem 
cells are proven to positively influence wound healing by different 
direct and indirect mechanisms including residing cells stimulation, 
biomolecules release, inflammation control and ECM remodelling. MSCs 
are especially worth mentioning as they can be easily derived from 
bone-marrow or adipose tissue. Apart from traditional approach of 
administering living stem cells to wounds, new trends have emerged in 
recent years. Good healing results are obtained using stem cell 
secretome alone, for example exosomes or conditioned media. There are 
also attempts to improve healing potential of stem cells by their co-
culture with other cell types as well as by their genetic 
modifications or pretreatment using different chemicals or cell media. 
Moreover, stem cells have been tested for novel therapeutic purposes 
like for example acute burns and have been used in experiments on 
large animal models including pigs and sheep. In this review we 
discuss the role of stem cells in skin wound healing acceleration. In 
addition, we analyse possible new strategies of stem cells application 
in treatment of chronic wounds.

Liu, Y., et al. (2018). "Exosomes as a novel pathway for regulating 
development and diseases of the skin." Biomed Rep 8(3): 207-214.

Exosomes are one of the most potent intercellular 
communicators, which are able to communicate with adjacent or distant 
cells. Exosomes deliver various bioactive molecules, including 
membrane receptors, proteins, mRNA and microRNA, to target cells and 
serve roles. Recent studies have demonstrated that exosomes may 
regulate the functions and diseases of the skin, which is the largest 
organ of the human body. The abnormal functions of the skin lead to 
the progression of scleroderma, melanoma, baldness and other diseases. 
A previous study has demonstrated that epithelial progenitor cells are 
rich in several subunits of exosomes that may maintain the 
proliferative capacity of these epithelial progenitor cells, which is 
essential for the development of the epidermis. Exosomes derived from 
human adipose mesenchymal stem cells accelerate skin wound healing by 
optimizing fibroblast properties; this is beneficial for the recovery 
of postoperative and other wounds. Exosomes derived from adipocytes 
promote melanoma migration and invasion through fatty acid oxidation; 
therefore, in the clinic, it may be possible to improve the prognosis 
of patients with melanoma by reducing their body fat content. Exosomes 
derived from keratinocytes modulate melanocyte pigmentation, which has 
been utilized as a novel mechanism for the regulation of pigmentation 
in conditions including Moynahan syndrome and albinism. Meanwhile, 
scleroderma patients with vascular abnormalities may experience 
decreased serum exosome levels; it may therefore be possible to detect 
the exosome content in sera in order to diagnose and treat 
scleroderma. In addition, the use of exosomes has been suggested to 
promote or enhance hair growth, which has been demonstrated to be 
highly effective. These studies have provided new opportunities and 
therapeutic strategies for understanding how exosomes regulate 



intercellular communication in pathological processes of the skin.

Narayanan, K., et al. (2018). "Lineage-specific exosomes could 
override extracellular matrix mediated human mesenchymal stem cell 
differentiation." Biomaterials 182: 312-322.

Lineage specification is an essential process in stem cell 
fate, tissue homeostasis and development. Microenvironmental cues 
provide direct and selective extrinsic signals to regulate lineage 
specification of stem cells. Microenvironmental milieu consists of two 
essential components, one being extracellular matrix (ECM) as the 
substratum, while the other being cell secreted exosomes and growth 
factors. ECM of differentiated cells modulates phenotypic expression 
of stem cells, while their exosomes contain phenotype specific 
instructive factors (miRNA, RNA and proteins) that control stem cell 
differentiation. This study demonstrates that osteoblasts-derived (Os-
Exo) and adipocytes-derived (Ad-Exo) exosomes contain instructive 
factors that regulate the lineage specification of human mesenchymal 
stem cells (hMSCs). Analyses of exosomes revealed the presence of 
transcription factors in the form of RNA and protein for osteoblasts 
(RUNX2 and OSX) and adipocytes (C/EBPalpha and PPARgamma). In 
addition, several miRNAs reported to have osteogenic and adipogenic 
differentiation potentials are also identified in these exosomes. 
Kinetic and differentiation analyses indicate that both osteoblast and 
adipocyte exosomes augment ECM-mediated differentiation of hMSCs into 
the respective lineage. The combination of osteoblast/adipocyte ECM 
and exosomes turned-on the lineage specific gene expressions at 
earlier time points of differentiation compared to the respective ECM 
or exosomes administered individually. Interestingly, the hMSCs 
differentiated on osteoblast ECM with adipogenic exosomes showed 
expression of adipogenic lineage genes, while hMSCs differentiated on 
adipocyte ECM with osteoblast exosomes showed osteogenic lineage 
genes. Based on these observations, we conclude that exosomes might 
override the ECM mediated instructive signals during lineage 
specification of hMSC.

Rosca, A. M., et al. (2018). "Mesenchymal stromal cells derived 
exosomes as tools for chronic wound healing therapy." Rom J Morphol 
Embryol 59(3): 655-662.

In modern society, the healing of chronic wounds is still a 
major cause of discomfort for the patients and a financial burden for 
the care system. Current approaches use either organic tissue-
engineered skin substitutes or stem cells based therapy. It has been 
shown that mesenchymal stem cells (MSCs) are able to improve the wound 
healing process by secreting factors with anti-inflammatory, anti-
fibrotic and pro-angiogenic activities either as soluble molecules 
(growth factors, cytokines) or encapsulated within membrane vesicles 
(microparticles, exosomes). It has been shown that exosomes, the small 
membrane vesicles originating from the endocytic pathway, are the main 
mediators of MSCs paracrine effect. Their complex cargo (mRNA, 
microRNA and various anti-apoptotic and pro-angiogenic factors) has 



been found to induce migration and proliferation of fibroblasts as 
well as collagen synthesis. Thus, the combination of MSCs derived 
exosomes and organic biomaterials in order to enhance the healing 
process represents a novel approach for chronic wounds therapy, 
involving a cell-free use of MSCs paracrine activity.

Wang, L., et al. (2018). "Author Correction: Exosomes secreted by 
human adipose mesenchymal stem cells promote scarless cutaneous repair 
by regulating extracellular matrix remodelling." Sci Rep 8(1): 7066.

A correction to this article has been published and is linked 
from the HTML and PDF versions of this paper. The error has been fixed 
in the paper.

Zhang, X., et al. (2018). "Effects of mesenchymal stem cells and their 
exosomes on the healing of large and refractory macular holes." 
Graefes Arch Clin Exp Ophthalmol 256(11): 2041-2052.

PURPOSE: To assess the efficacy of mesenchymal stem cells 
(MSCs) and MSC-derived exosomes (MSC-Exos) to promote the healing of 
large and refractory macular holes (MHs). METHODS: Seven patients (age 
51-75 years old) with large and long-standing idiopathic MHs underwent 
vitrectomy, internal limiting membrane peeling, MSC (two patients) or 
MSC-Exo (five patients) intravitreal injection, and heavy silicon oil, 
air, 20% SF6, or 14% C3F8 tamponade. The MSCs were isolated from human 
umbilical cord tissue, and MSC-Exos were isolated from the 
supernatants of cultured MSCs using sequential ultracentrifugation. 
RESULTS: Five eyes underwent pars plana vitrectomy (PPV) only, while 
two underwent PPV combined with cataract surgery. Six MHs were closed, 
while one remained in a flat-open state. The best-corrected visual 
acuity (BCVA) was improved in five patients with MH closure and 
remained unchanged in one patient with MH closure who had a 4-year 
history of MH. A fibrotic membrane was observed on the surface of the 
retina in one patient who underwent MSC therapy. One patient who 
received a higher dose of MSC-Exos exhibited an inflammatory reaction. 
CONCLUSIONS: MSC and MSC-Exo therapy may promote functional and 
anatomic recovery from MH. MSC-Exo therapy may be a useful and safe 
method for improving the visual outcomes after surgery for refractory 
MHs.

Dalirfardouei, R., et al. (2019). "Promising effects of exosomes 
isolated from menstrual blood-derived mesenchymal stem cell on wound 
healing process in diabetic mouse model." J Tissue Eng Regen Med.

Wound healing is a complicated process that contains a number 
of overlapping and consecutive phases, disruption in each of which can 
cause chronic non-healing wounds. In the current study, we 
investigated the effects of exosomes as paracrine factors released 
from menstrual blood-derived mesenchymal stem cells (MenSCs) on wound 
healing process in diabetic mice. The exosomes were isolated from 
MenSCs conditioned media using ultracentrifugation and were 
characterized by SEM and western blotting assay. A full thickness 
excisional wound was created on the dorsal skin of each 



streptozotocin-induced diabetic mouse. The mice were divided into 
three groups as follows: phosphate buffered saline, exosomes and MenSC 
groups. We found that MenSC-derived exosomes can resolve inflammation 
via induced M1-M2 macrophage polarization. It was observed that 
exosomes enhance neoangiogenesis through vascular endothelial growth 
factor A upregulation. Re-epithelialization accelerated in the 
exosome-treated mice, most likely through NF-kappaB p65 subunit 
upregulation and activation of the NF-kappaB signaling pathway. The 
results demonstrated that exosomes possibly cause less scar formation 
through decreased Col1:Col3 ratio. These notable results showed that 
the MenSC-derived exosomes effectively ameliorated cutaneous non-
healing wounds. We suggest that exosomes can be employed in 
regenerative medicine for skin repair in difficult-to-heal conditions 
such as diabetic foot ulcer.

Luo, Z., et al. (2019). "Hypoxia preconditioning promotes bone marrow 
mesenchymal stem cells survival by inducing HIF-1alpha in injured 
neuronal cells derived exosomes culture system." Cell Death Dis 10(2): 
134.

Bone marrow derived stem cells (BMSCs) transplantation are 
viewed as a promising therapeutic candidate for spinal cord injury 
(SCI). However, the inflammatory microenvironment in the spinal cord 
following SCI limits the survival and efficacy of transplanted BMSCs. 
In this study, we investigate whether injured neuronal cells derived 
exosomes would influence the survival of transplanted BMSCs after SCI. 
In order to mimic the microenvironment in SCI that the neuronal cells 
or transplanted BMSCs suffer in vivo, PC12 cells conditioned medium 
and PC12 cell's exosomes collected from H2O2-treated PC12 cell's 
culture medium were cultured with BMSCs under oxidative stress in 
vitro. PC12 cells conditioned medium and PC12 cell's exosomes 
significantly accelerated the apoptosis of BMSCs induced by H2O2. 
Moreover, the cleaved caspase-3, cytochrome (Cyt) C, lactate 
dehydrogenase (LDH) releases, and apoptotic percentage were increased, 
and the ratio of Bcl-2/Bax and cell viability were decreased. 
Inhibition of exosome secretion via Rab27a small interfering RNA 
prevented BMSCs apoptosis in vitro. In addition, hypoxia-
preconditioned promoted the survival of BMSCs under oxidative stress 
both in vivo after SCI and in vitro. Our results also indicate that 
HIF-1alpha plays a central role in the survival of BMSCs in hypoxia 
pretreatment under oxidative stress conditions. siRNA-HIF-1alpha 
increased apoptosis of BMSCs; in contrast, HIF-1alpha inducer FG-4592 
attenuated apoptosis of BMSCs. Taken together, we found that the 
injured PC12 cells derived exosomes accelerate BMSCs apoptosis after 
SCI and in vitro, hypoxia pretreatment or activating expression of 
HIF-1alpha to be important in the survival of BMSCs after 
transplantation, which provides a foundation for application of BMSCs 
in therapeutic potential for SCI.

Ma, T., et al. (2019). "Adipose mesenchymal stem cell-derived exosomes 
promote cell proliferation, migration, and inhibit cell apoptosis via 



Wnt/beta-catenin signaling in cutaneous wound healing." J Cell 
Biochem.

Cutaneous wounds, a type of soft tissue injury, are difficult 
to heal in aging. Differentiation, migration, proliferation, and 
apoptosis of skin cells are identified as key factors during wound 
healing processes. Mesenchymal stem cells have been documented as 
possible candidates for wound healing treatment because their use 
could augment the regenerative capacity of many tissues. However, the 
effects of exosomes derived from adipose-derived stem cell (ADSC-exos) 
on cutaneous wound healing remain to be carefully elucidated. In this 
present study, HaCaT cells were exposed to hydrogen peroxide (H2 O 2 ) 
for the establishment of the skin lesion model. Cell Counting Kit-8 
assay, migration assay, and flow cytometry assay were conducted to 
detect the biological function of ADSC-exos in skin lesion model. 
Finally, the possible mechanism was further investigated using Western 
blot assay. The successful construction of the skin lesion model was 
confirmed by results of the enhanced cell apoptosis of HaCaT cells 
induced by H 2 O 2 , the increased Bax expression and decreased Bcl-2 
expression. CD9 and CD63 expression evidenced the existence of ADSC-
exos. The results of functional experiments demonstrated that ADSC-
exos could prompt cell proliferation and migration of HaCaT cells, and 
repress cell apoptosis of HaCaT cells. In addition, the activation of 
Wnt/beta-catenin signaling was confirmed by the enhanced expression of 
beta-catenin at the protein level. Collectively, our findings suggest 
that ADSC-exos play a positive role in cutaneous wound healing 
possibly via Wnt/beta-catenin signaling. Our study may provide new 
insights into the therapeutic target for cutaneous wound healing.

Rosenberger, L., et al. (2019). "Stem cell exosomes inhibit 
angiogenesis and tumor growth of oral squamous cell carcinoma." Sci 
Rep 9(1): 663.

Recently, exosomes secreted by menstrual mesenchymal stem 
cells have been identified as inhibitory agents of tumor angiogenesis 
and modulators of the tumor cell secretome in prostate and breast 
cancer. However, their direct effect on endothelial cells and 
paracrine mediators have not yet been investigated. Using a carrier-
based cell culture system to test the scalability for exosome 
production, we showed that different types of endothelial cells 
present specific kinetics for exosomes internalization. Exosome-
treatment of endothelial cells increased cytotoxicity and reduced VEGF 
secretion and angiogenesis in a dose-dependent manner. Using the 
hamster buccal pouch carcinoma as a preclinical model for human oral 
squamous cell carcinoma, we demonstrated a significant antitumor 
effect of intra-tumoral injection of exosomes associated with a loss 
of tumor vasculature. These results address up-scaling of exosome 
production, a relevant issue for their clinical application, and also 
assess menstrual stem cell exosomes as potential anti-angiogenic 
agents for the treatment of neoplastic conditions.

Shamili, F. H., et al. (2019). "Corrigendum to "Exosomes derived from 



TRAIL-engineered mesenchymal stem cells with effective anti-tumor 
activity in a mouse melanoma model" [International Journal of 
Pharmaceutics 549 (2018) 218-229]." Int J Pharm 558: 441.

Exosomes are biological nano-sized vesicles (~30-200 nm in 
diameter) that are produced by a wide range of cells and play several 
roles in cell-cell communications. These vesicles contain membrane and 
cytoplasmic components of producing cells. Mesenchymal stem cells 
(MSCs) are the ideal producer of exosomes. The secreted vesicles from 
MSCs are promising biological vehicles for cell-free therapy in 
regenerative medicine, cancer therapy and targeted delivery of 
therapeutic agents to the tumor cells. Tumor necrosis factor-related 
apoptosis-inducing ligand (TRAIL) is a promising member of the TNF 
family with selective effect on cancerous cells. Recent evidences 
showed that the membrane TRAIL-armed exosomes possess anti-tumor 
activity. However, the effect of in vivo administration of TRAIL-armed 
exosomes has not been reported so far. In the current study, 
mesenchymal stem cells expressing TRAIL/GFP proteins were prepared 
with the help of a non-viral vector based on polyethylenimine 25 kDa. 
Then, exosomes containing TRAIL protein (Exo-TRAIL) were isolated from 
the supernatant of genetically engineered MSCs and characterized. 
Antitumor activity of both MSC-derived exosomes and Exo-TRAIL was 
investigated in vitro and in vivo in three models. The results 
indicated that the co-injection of both Exo-TRAIL and tumor cells 
delayed the tumor appearance. Besides, the tumor volume/weight was 
efficiently decreased in tumor bearing mice. Moreover, it was shown 
that multi-dose injections of Exo-TRAIL reduced the tumor size while 
single dose treatment with Exo-TRAIL did not show significant anti-
tumor activity. To conclude, these results suggested that MSC-derived 
Exo-TRAIL has a potential capacity for cancer treatment.


