
Pascucci, L., et al. (2014). "Membrane vesicles mediate pro-angiogenic 
activity of equine adipose-derived mesenchymal stromal cells." Vet J 
202(2): 361-366.

Multipotent mesenchymal stromal cells (MSCs) have attracted a 
great deal of interest, due to several distinctive features, including 
the ability to migrate to damaged tissue and to participate in tissue 
regeneration. There is increasing evidence that membrane vesicles 
(MVs), comprising exosomes and shedding vesicles, represent a key 
component, responsible for many of the paracrine effects of MSCs. The 
aim of the present study was to establish whether equine adipose-
derived MSCs (E-AdMSCs) produce MVs that are capable of influencing 
angiogenesis, a key step in tissue regeneration. A morphological study 
was performed using MSC monolayers, prepared for transmission and 
scanning electron microscopy and on ultracentrifuged MSC supernatants, 
to identify production of MVs. The ability of MVs to influence 
angiogenesis was evaluated by means of the rat aortic ring and scratch 
assays. The results demonstrated that MVs, constitutively produced by 
E-AdMSCs, are involved in intercellular communication with endothelial
cells, stimulating angiogenesis. Although many questions remain
regarding their formation, delivery, content and mechanism of action,
the present study supports the concept that MVs released by MSCs have
the potential to be exploited as a therapeutic tool for regenerative
medicine.

Zhang, B., et al. (2015). "Human umbilical cord mesenchymal stem cell 
exosomes enhance angiogenesis through the Wnt4/beta-catenin pathway." 
Stem Cells Transl Med 4(5): 513-522.

Human umbilical cord mesenchymal stem cells (hucMSCs) and 
their exosomes have been considered as potential therapeutic tools for 
tissue regeneration; however, the underlying mechanisms are still not 
well understood. In this study, we isolated and characterized the 
exosomes from hucMSCs (hucMSC-Ex) and demonstrated that hucMSC-Ex 
promoted the proliferation, migration, and tube formation of 
endothelial cells in a dose-dependent manner. Furthermore, we 
demonstrated that hucMSC-Ex promoted wound healing and angiogenesis in 
vivo by using a rat skin burn model. We discovered that hucMSC-Ex 
promoted beta-catenin nuclear translocation and induced the increased 
expression of proliferating cell nuclear antigen, cyclin D3, N-
cadherin, and beta-catenin and the decreased expression of E-cadherin. 
The activation of Wnt/beta-catenin is critical in the induction of 
angiogenesis by hucMSC-Ex, which could be reversed by beta-catenin 
inhibitor ICG-001. Wnt4 was delivered by hucMSC-Ex, and the knockdown 
of Wnt4 in hucMSC-Ex abrogated beta-catenin nuclear translocation in 
endothelial cells. The in vivo proangiogenic effects were also 
inhibited by interference of Wnt4 expression in hucMSC-Ex. Taken 
together, these results suggest that hucMSC-Ex-mediated Wnt4 induces 
beta-catenin activation in endothelial cells and exerts proangiogenic 
effects, which could be an important mechanism for cutaneous wound 
healing.

ANGIOGENISIS



Anderson, J. D., et al. (2016). "Comprehensive Proteomic Analysis of 
Mesenchymal Stem Cell Exosomes Reveals Modulation of Angiogenesis via 
Nuclear Factor-KappaB Signaling." Stem Cells 34(3): 601-613.

Mesenchymal stem cells (MSC) are known to facilitate healing 
of ischemic tissue related diseases through proangiogenic secretory 
proteins. Recent studies further show that MSC derived exosomes 
function as paracrine effectors of angiogenesis, however, the identity 
of which components of the exosome proteome responsible for this 
effect remains elusive. To address this we used high-resolution 
isoelectric focusing coupled liquid chromatography tandem mass 
spectrometry, an unbiased high throughput proteomics approach to 
comprehensively characterize the proteinaceous contents of MSCs and 
MSC derived exosomes. We probed the proteome of MSCs and MSC derived 
exosomes from cells cultured under expansion conditions and under 
ischemic tissue simulated conditions to elucidate key angiogenic 
paracrine effectors present and potentially differentially expressed 
in these conditions. In total, 6,342 proteins were identified in MSCs 
and 1,927 proteins in MSC derived exosomes, representing to our 
knowledge the first time these proteomes have been probed 
comprehensively. Multilayered analyses identified several putative 
paracrine effectors of angiogenesis present in MSC exosomes and 
increased in expression in MSCs exposed to ischemic tissue-simulated 
conditions; these include platelet derived growth factor, epidermal 
growth factor, fibroblast growth factor, and most notably nuclear 
factor-kappaB (NFkB) signaling pathway proteins. NFkB signaling was 
identified as a key mediator of MSC exosome induced angiogenesis in 
endothelial cells by functional in vitro validation using a specific 
inhibitor. Collectively, the results of our proteomic analysis show 
that MSC derived exosomes contain a robust profile of angiogenic 
paracrine effectors, which have potential for the treatment of 
ischemic tissue-related diseases.

Liang, X., et al. (2016). "Exosomes secreted by mesenchymal stem cells 
promote endothelial cell angiogenesis by transferring miR-125a." J 
Cell Sci 129(11): 2182-2189.

Angiogenesis plays crucial roles in various physiological 
processes including wound healing and tissue repair. It requires a 
tight interaction between endothelial cells and their surrounding 
environment. Mesenchymal stem cells (MSCs), one of the non-endothelial 
cell types present in the perivascular environment, have been shown to 
secret exosomes to modulate intercellular communications between MSCs 
and their target cells. In this study, we initially isolated exosomes 
secreted by human adipose-derived MSCs (adMSC-Exo) and examined their 
roles in angiogenesis. We found that adMSC-Exo could be taken up by 
endothelial cells and significantly promote angiogenesis in vitro and 
in vivo Further study showed that miR-125a was enriched in adMSC-Exo, 
and repressed the expression of the angiogenic inhibitor delta-like 4 
(DLL4) by targeting its 3' untranslated region. Additionally, adMSC-
Exo and its exosomal transferred miR-125a could repress DLL4 
expression and modulate endothelial cell angiogenesis through 



promoting formation of endothelial tip cells. In conclusion, our study 
indicates that adMSC-Exo can transfer miR-125a to endothelial cells 
and promote angiogenesis by repressing DLL4. adMSC-Exo, as a pro-
angiogenic factor, might be a promising candidate for therapeutical 
tissue repair.

Merino-Gonzalez, C., et al. (2016). "Mesenchymal Stem Cell-Derived 
Extracellular Vesicles Promote Angiogenesis: Potencial Clinical 
Application." Front Physiol 7: 24.

Mesenchymal stem cells (MSCs) are adult multipotent stem cells 
that are able to differentiate into multiple specialized cell types 
including osteocytes, adipocytes, and chondrocytes. MSCs exert 
different functions in the body and have recently been predicted to 
have a major clinical/therapeutic potential. However, the mechanisms 
of self-renewal and tissue regeneration are not completely understood. 
It has been shown that the biological effect depends mainly on its 
paracrine action. Furthermore, it has been reported that the secretion 
of soluble factors and the release of extracellular vesicles, such as 
exosomes, could mediate the cellular communication to induce cell-
differentiation/self-renewal. This review provides an overview of MSC-
derived exosomes in promoting angiogenicity and of the clinical 
relevance in a therapeutic approach.

Ohyashiki, J. H., et al. (2016). "Exosomes promote bone marrow 
angiogenesis in hematologic neoplasia: the role of hypoxia." Curr Opin 
Hematol 23(3): 268-273.

PURPOSE OF REVIEW: To review the data on angiogenesis related 
to exosomes secreted by tumor cells in hematologic neoplasia and to 
elucidate the role of exosomes and exosomal miRNA in the bone marrow 
microenvironment, especially under hypoxic conditions. RECENT 
FINDINGS: Cross-talk between bone marrow tumor cells and surrounding 
cells, including endothelial cells, is important for tumor growth in 
hematologic neoplasia. In addition to conventional signaling pathways, 
exosomes, which are small endosome-derived vesicles containing miRNAs, 
can help to modulate the microenvironment without directly contacting 
nontumorous cells. The human myeloid leukemia cell line K562 secretes 
exosomes containing a large amount of miR-92a that enhances 
angiogenesis under normoxic and hypoxic conditions. With chronic 
hypoxia, exosomes secreted by multiple myeloma cells also enhance 
angiogenesis by targeting factor-inhibiting hypoxia-inducible factor-1 
via miR-135b. SUMMARY: Intercellular communication between tumor cells 
and a heterogeneous population of bone marrow stromal cells is 
mediated by exosomes containing various functional proteins, mRNA, and 
miRNA. Hypoxia is a major regulator of exosomal content and affects 
angiogenesis in various types of hematologic neoplasia. Functional 
analysis of exosomes and exosome-mediated cell-cell interactions not 
only clarifies molecular pathogenesis but also suggests new treatment 
strategies for hematologic neoplasia through targeting exosomes.

Wang, J., et al. (2016). "Multiple myeloma exosomes establish a 



favourable bone marrow microenvironment with enhanced angiogenesis and 
immunosuppression." J Pathol 239(2): 162-173.

Multiple myeloma (MM) pathogenesis and progression largely 
rely on the cells and extracellular factors in the bone marrow (BM) 
microenvironment. Compelling studies have identified tumour exosomes 
as key regulators in the maintenance and education of the BM 
microenvironment by targeting stromal cells, immune cells, and 
vascular cells. However, the role of MM exosomes in the modification 
of the BM microenvironment and MM progression remains unclear. Here, 
we explored the functions of MM exosomes in angiogenesis and 
immunosuppression in vitro and in vivo. Murine MM exosomes carrying 
multiple angiogenesis-related proteins enhanced angiogenesis and 
directly promoted endothelial cell growth. Several pathways such as 
signal transducer and activator of transcription 3 (STAT3), c-Jun N-
terminal kinase, and p53 were modulated by the exosomes in endothelial 
and BM stromal cells. These exosomes promoted the growth of myeloid-
derived suppressor cells (MDSCs) in naive mice through activation of 
the STAT3 pathway and changed their subsets to similar phenotypes to 
those seen in MM-bearing mice. Moreover, MM exosomes up-regulated 
inducible nitric oxide synthase and enhanced the immunosuppressive 
capacity of BM MDSCs in vivo. Our data show that MM exosomes modulate 
the BM microenvironment through enhancement of angiogenesis and 
immunosuppression, which will further facilitate MM progression. 
Copyright (c) 2016 Pathological Society of Great Britain and Ireland. 
Published by John Wiley & Sons, Ltd.

Gong, M., et al. (2017). "Mesenchymal stem cells release exosomes that 
transfer miRNAs to endothelial cells and promote angiogenesis." 
Oncotarget 8(28): 45200-45212.

Mesenchymal stem cells (MSCs) have been found to benefit 
patients with a variety of ischemic diseases via promoting 
angiogenesis. It is also well established that exosomes secreted from 
MSCs deliver bioactive molecules, including microRNAs (miRs) to 
recipient cells. Therefore, we hypothesized that exosomes secreted 
from MSCs deliver miRs into endothelial cells and mediate 
angiogenesis. The pro-angiogenic stimulatory capacity of exosomes was 
investigated using tube-like structure formation and spheroid-based 
sprouting of human umbilical vein endothelial cells (HUVECs), and in 
vivo Matrigel plug assay. The secretion of pro-angiogenic miRs (pro-
angiomiRs) from MSCs into culture medium and transfer of the miRs to 
HUVECs were confirmed using real-time quantitative PCR. 
Supplementation of the exosome secretion blocker GW4869 (10 muM) 
reduced the pro-angiomiRs in the MSC-derived conditioned medium 
(CdMMSC). Addition of exosomes isolated from CdMMSC could directly 1) 
promote HUVEC tube-like structure formation in vitro; 2) mobilize 
endothelial cells into Matrigel plug subcutaneously transplanted into 
mice; and 3) increase blood flow inside Matrigel plug. Fluorescence 
tracking showed that the exosomes were internalized rapidly by HUVECs 
causing an upregulated expression of pro-angiomiRs in HUVECs. Loss-
and-gain function of the pro-angiomiRs (e.g., miR-30b) in MSCs 



significantly altered the pro-angiogenic properties of these MSC-
derived exosomes, which could be associated with the regulation of 
their targets in HUVECs. These results suggest that exosomal transfer 
of pro-angiogenic miRs plays an important role in MSC mediated 
angiogenesis and stem cell-to-endothelial cell communication.

Gonzalez-King, H., et al. (2017). "Hypoxia Inducible Factor-1alpha 
Potentiates Jagged 1-Mediated Angiogenesis by Mesenchymal Stem Cell-
Derived Exosomes." Stem Cells 35(7): 1747-1759.

Insufficient vessel growth associated with ischemia remains an 
unresolved issue in vascular medicine. Mesenchymal stem cells (MSCs) 
have been shown to promote angiogenesis via a mechanism that is 
potentiated by hypoxia. Overexpression of hypoxia inducible factor 
(HIF)-1alpha in MSCs improves their therapeutic potential by inducing 
angiogenesis in transplanted tissues. Here, we studied the 
contribution of exosomes released by HIF-1alpha-overexpressing donor 
MSCs (HIF-MSC) to angiogenesis by endothelial cells. Exosome secretion 
was enhanced in HIF-MSC. Omics analysis of miRNAs and proteins 
incorporated into exosomes pointed to the Notch pathway as a candidate 
mediator of exosome communication. Interestingly, we found that 
Jagged1 was the sole Notch ligand packaged into MSC exosomes and was 
more abundant in HIF-MSC than in MSC controls. The addition of 
Jagged1-containing exosomes from MSC and HIF-MSC cultures to 
endothelial cells triggered transcriptional changes in Notch target 
genes and induced angiogenesis in an in vitro model of capillary-like 
tube formation, and both processes were stimulated by HIF-1alpha. 
Finally, subcutaneous injection of Jagged 1-containing exosomes from 
MSC and HIF-MSC cultures in the Matrigel plug assay induced 
angiogenesis in vivo, which was more robust when they were derived 
from HIF-MSC cultures. All Jagged1-mediated effects could be blocked 
by prior incubation of exosomes with an anti-Jagged 1 antibody. All 
together, the results indicate that exosomes derived from MSCs stably 
overexpressing HIF-1alpha have an increased angiogenic capacity in 
part via an increase in the packaging of Jagged1, which could have 
potential applications for the treatment of ischemia-related disease. 
Stem Cells 2017;35:1747-1759.

Komaki, M., et al. (2017). "Exosomes of human placenta-derived 
mesenchymal stem cells stimulate angiogenesis." Stem Cell Res Ther 
8(1): 219.

BACKGROUND: The therapeutic potential of mesenchymal stem 
cells (MSCs) may be attributed partly to humoral factors such as 
growth factors, cytokines, and chemokines. Human term placental 
tissue-derived MSCs (PlaMSCs), or conditioned medium left over from 
cultures of these cells, have been reported to enhance angiogenesis. 
Recently, the exosome, which can transport a diverse suite of 
macromolecules, has gained attention as a novel intercellular 
communication tool. However, the potential role of the exosome in 
PlaMSC therapeutic action is not well understood. The purpose of this 
study was to evaluate PlaMSC-derived exosome angiogenesis promotion in 



vitro and in vivo. METHODS: MSCs were isolated from human term 
placental tissue by enzymatic digestion. Conditioned medium was 
collected after 48-h incubation in serum-free medium (PlaMSC-CM). 
Angiogenic factors present in PlaMSC-CM were screened by a growth 
factor array. Exosomes were prepared by ultracentrifugation of PlaMSC-
CM, and confirmed by transmission electron microscopy, dynamic light 
scattering, and western blot analyses. The proangiogenic activity of 
PlaMSC-derived exosomes (PlaMSC-exo) was assessed using an endothelial 
tube formation assay, a cell migration assay, and reverse 
transcription-PCR analysis. The in-vivo angiogenic activity of PlaMSC-
exo was evaluated using a murine auricle ischemic injury model. 
RESULTS: PlaMSC-CM contained both angiogenic and angiostatic factors, 
which enhanced endothelial tube formation. PlaMSC-exo were 
incorporated into endothelial cells; these exosomes stimulated both 
endothelial tube formation and migration, and enhanced angiogenesis-
related gene expression. Laser Doppler blood flow analysis showed that 
PlaMSC-exo infusion also enhanced angiogenesis in an in-vivo murine 
auricle ischemic injury model. CONCLUSIONS: PlaMSC-exo enhanced 
angiogenesis in vitro and in vivo, suggesting that exosomes play a 
role in the proangiogenic activity of PlaMSCs. PlaMSC-exo may be a 
novel therapeutic approach for treating ischemic diseases.

Liu, X., et al. (2017). "Exosomes Secreted from Human-Induced 
Pluripotent Stem Cell-Derived Mesenchymal Stem Cells Prevent 
Osteonecrosis of the Femoral Head by Promoting Angiogenesis." Int J 
Biol Sci 13(2): 232-244.

Background: Local ischemia is the main pathological 
performance in osteonecrosis of the femoral head (ONFH). There is 
currently no effective therapy to promote angiogenesis in the femoral 
head. Recent studies revealed that exosomes secreted by induced 
pluripotent stem cell-derived mesenchymal stem cells (iPS-MSC-Exos) 
have great therapeutic potential in ischemic tissues, but whether they 
could promote angiogenesis in ONFH has not been reported, and little 
is known regarding the underlying mechanism. Methods: iPS-MSC-Exos 
were intravenously injected to a steroid-induced rat osteonecrosis 
model. Samples of the femoral head were obtained 3 weeks after all the 
injections. The effects were assessed by measuring local angiogenesis 
and bone loss through histological and immunohistochemical (IHC) 
staining, micro-CT and three-dimensional microangiography. The effects 
of exosomes on endothelial cells were studied through evaluations of 
proliferation, migration and tube-forming analyses. The expression 
levels of angiogenic related PI3K/Akt signaling pathway of endothelial 
cells were evaluated following stimulation of iPS-MSC-Exos. The 
promoting effects of exosomes were re-evaluated following blockade of 
PI3K/Akt. Results: The in vivo study revealed that administration of 
iPS-MSC-Exos significantly prevented bone loss, and increased 
microvessel density in the femoral head compared with control group. 
We found that iPS-MSC-Exos significantly enhanced the proliferation, 
migration and tube-forming capacities of endothelial cells in vitro. 
iPS-MSC-Exos could activate PI3K/Akt signaling pathway in endothelial 



cells. Moreover, the promoting effects of iPS-MSC-Exos were abolished 
after blockade of PI3K/Akt on endothelial cells. Conclusions: Our 
findings suggest that transplantation of iPS-MSC-Exos exerts a 
preventative effect on ONFH by promoting local angiogenesis and 
preventing bone loss. The promoting effect might be attributed to 
activation of the PI3K/Akt signaling pathway on endothelial cells. The 
data provide the first evidence for the potential of iPS-MSC-Exos in 
treating ONFH.

Xu, Q. Q., et al. (2017). "[Research Advance on Promoting Angiogenesis 
of Mesenchymal Stem Cells-Review]." Zhongguo Shi Yan Xue Ye Xue Za Zhi 
25(4): 1267-1270.

Mesenchymal stem cells (MSC) possess important biological 
characteristics of tissue repair and regeneration. MSC exert the 
properties promoting endogenous angiogenesis and have been widely 
applied in treatment of ischemia diseases. The therapeutic potency of 
MSC for ischemia diseases is owing to their secretion of angiogenic 
growth factors and release of exosomes. MSC promote angiogenesis 
stronger in hypoxia environment, and their miRNA played an important 
role in mediating regulation. This review summarizes recent advances 
in treatment of angiogenesis using MSC and their mechanisms. The 
angiogenic activities of MSC under hypoxia condition and their 
regulation by a miRNA network were discussed.

Bian, S. Y., et al. (2018). "[Mesenchymal Stem Cells Stimulated by 
Growth Factors Release Exosomes with Potent Proangiogenic Activity]." 
Zhongguo Shi Yan Xue Ye Xue Za Zhi 26(5): 1538-1542.

OBJECTIVE: To explore the proangiogenic activity of exsomes 
released by human umbilical cord mesenchymal stem cells (MSCs) 
stimulated by erythropoietin and platelet-derived growth factor BB 
(PDGF-BB). METHODS: Human umbilical cord-derived MSCs were seeded and 
maintained in culture overnight. The media were then replaced by 
alpha-MEM containing EPO (1 U/ml) and/or PDGF-BB (50 ng/ml), and the 
culture was maintained for 72 hours. The exosomes from the culture 
supernatants were isolated with a routine ultra-catrifagation method. 
Flow cytometric analysis was performed to identify the origin of the 
exosomes, and their morphological features were observed by using a 
transmission electron microscopy. The exosomes were added at a 
concentration of 10 microg/ml into the culture system of human 
umbilical cord vein endothelial cells. MTT assay was used to evaluate 
the proliferative status. The Matrigel assay was used to observe the 
formation of net-work structures which were calculated after culture 
for 12 hours. RESULTS: Flow cytometric analysis showed that 
microparticles released by human umbilical cord MSCs expressed CD9, 
CD63 and CD81, which was in accordance with the surface molecular 
features of exosomes. Under an electron microscope, the exosomes took 
the featured cystic shape. The protein contents of exosomes released 
by untreated, EPO-stimulated, PDGF-BB-stimulated and EPO plus PDGF-BB 
stimulated MSCs (10(8) cells) were 256+/-124 microg, 1021+/-392 
microg, 830+/-265 microg and 2207+/-733 microg, respectively. The 



results revealed that MSCs treated by EPO and PDGF-BB released 
significantly higher amounts of exosomes (P<0.01). MTT assay proved 
that the exosomes from EPO and PDGF-BB treated MSCs had more potent 
proliferation-promoting activity on human umbilical cord vein 
endothelial cells than those from untreated MSCs. The Matrigel assay 
showed that the numbers of capillary-like structures in untreated, 
EPO-, PDGF-BB and EPO plus PDGF-BB-treated groups were 2.6+/-0.84, 
4.6+/-1.57, 4.2+/-0.78 and 6.3+/-1.34 per high power objective. 
Treatment with EPO or PDGF-BB dramatically enhanced the numbers of 
capillary liue structure, compared with that of untreated group 
(P<0.01) and those in EPO and PDGF-BB combination group was 
significantly greater than those of EPO or PDGF-BB group (P<0.01). 
CONCLUSION: EPO and PDGF-BB can stimulate MSCs to release exosomes 
with more potent proangiogenic activity.

Chen, J. Q. and L. H. Huang (2018). "[Advances of Researchs on 
Molecular Mechanisms of Mesenchymal Stem Cells and Their Exosomes in 
Angiogenesis--Review]." Zhongguo Shi Yan Xue Ye Xue Za Zhi 26(6): 
1858-1862.

Mesenchymal stem cells (MSC) have the potential of multi-
directional differentiation, and can recruit endothelial cells, 
promote their proliferation, migration and angiogenesis, improve blood 
perfusion and oxygen suppliment, and repair damaged tissue. Exosome 
secreted by MSC contain mother cell-specific proteins, lipids and 
nucleic acids, and acts as signaling molecule, playing an important 
role in cell communication, thereby altering target cell function. In 
this review, the biological characteristics of MSC and its exosome, 
the mechanism of promoting vascular regeneration in patients with 
ischemic diseases, and the mechanism of hypoxia-inducible 
factor-1alphaHIF-1alpha in the vascular ischemia of ischemic diseases 
are all summarized briefly.

Ju, C., et al. (2018). "Transplantation of Cardiac Mesenchymal Stem 
Cell-Derived Exosomes for Angiogenesis." J Cardiovasc Transl Res 
11(5): 429-437.

We demonstrated the effects of exosomes secreted by cardiac 
mesenchymal stem cells (C-MSC-Exo) in protecting acute ischemic 
myocardium from reperfusion injury. To investigate the effect of 
exosomes from C-MSC on angiogenesis, we injected C-MSC-Exo or PBS 
intramuscularly into ischemic hind limb. Blood perfusion of limb was 
evaluated by laser Doppler Imaging. We observed that ischemic limb 
treated with C-MSC-Exo exhibits improved blood perfusion compared to 
ischemic limb treated with PBS at 2 weeks and 1 month after induction 
of limb ischemia. To explore the potential mechanisms underlying C-
MSC-Exo's angiogenetic effect, we performed microRNA array analysis 
and identify mmu-miR-7116-5p as the most abundant enriched miRNA 
detected in C-MSC-Exo. Bioinformatics' analysis shows that miR-7116-5p 
negatively regulates protein polyubiquitination. In conclusion, our 
study demonstrated that intramuscular delivery of C-MSC-Exo after limb 
ischemia improves blood perfusion, and we identified the most abundant 



miRNAs that are preferentially enriched in C-MSC-Exo.

Xiong, Z. H., et al. (2018). "Protective effect of human umbilical 
cord mesenchymal stem cell exosomes on preserving the morphology and 
angiogenesis of placenta in rats with preeclampsia." Biomed 
Pharmacother 105: 1240-1247.

AIM: This study aims to investigate the effect of human 
umbilical cord mesenchymal stem cell exosomes (hucMSC-Ex) on placental 
tissue and angiogenesis in rats with preeclampsia (PE). METHOD: The 
expression of MSC surface markers were identified by flow cytometry. 
Alizarin red staining and oil red O staining were used to examine 
osteogenic and adipogenic differentiation of hucMSCs. Western blotting 
was used to determine expressions of CD63 and CD81 in hucMSC-Ex. PE 
rat models were established using endothelial nitric oxide synthase, 
eNOS)N(G)-Nitro-l-arginine Methyl Ester, which were then treated with 
exosome (Exo) of low dosage (L-Exo), Exo of medium dosage (M-Exo) and 
Exo of high dosage (H-Exo). The blood pressure at the 15d, 17d and 19d 
of pregnancy and 24-h urinary protein were measured. TUNEL staining 
and immunohistochemistry were applied to detect the cell apoptosis and 
micro-vascular density (MVD) in placental tissues, respectively. 
Enzyme-linked immunosorbent assay (ELISA) was used to examine serum 
levels of vascular endothelial growth factor (VEGF) and soluble fms-
like tyrosine kinase receptor-1 (sFlt1). RESULTS: In vitro cultured 
hucMSCs showed expression of MSC surface markers (CD29, CD90 and 
CD105), and no expression of CD34 and CD45. Besides, the isolated 
exosomes expressed the exosome markers (CD63 and CD81). In response to 
the treatment of L-Exo, M-Exo and H-Exo, the blood pressure of PE rat 
models on the 17 d and the 19 d as well as the 24-h urinary protein 
were substantially decreased. Moreover, at the 21 d, PE rat models 
treated with L-Exo, M-Exo and H-Exo exhibited an increase in the 
number and quality of fetuses, placenta quality, MVD and VEGF 
expression, but substantial decreased cell apoptosis and expression of 
sFlt1. The influence of Exos was exerted in a dosage dependent manner. 
CONCLUSION: hucMSC-Ex, in a dose-dependent manner, can improve the 
morphology of placental tissue in rats with PE, by inhibiting cell 
apoptosis and promoting angiogenesis in placental tissue.

Xue, C., et al. (2018). "Exosomes Derived from Hypoxia-Treated Human 
Adipose Mesenchymal Stem Cells Enhance Angiogenesis Through the PKA 
Signaling Pathway." Stem Cells Dev 27(7): 456-465.

Angiogenesis is a complicated and sequential process that 
plays an important role in different physiological processes. 
Mesenchymal stem cells (MSCs), which are pluripotent stem cells, are 
widely used for the treatment of ischemic and traumatic diseases, and 
exosomes derived from these cells can also promote angiogenesis. 
Therefore, we aimed to uncover mechanisms to improve MSC exosome-
mediated angiogenesis. For this study, we isolated human adipose-
derived MSCs (hAD-MSCs) and assessed differentiation ability and 
markers. Cells were divided into hypoxia-treated MSCs (H-MSCs) and 
normoxia-treated MSCs (N-MSC), and exosomes were extracted by 



ultrafiltration. Exosomes (100 mug/mL) from H-MSCs and N-MSCs were 
added to human umbilical vein endothelial cells (HUVECs). Exosome 
uptake and the ability of endothelial cells to form tubes were 
detected in real time. Protein samples were collected at different 
time points to detect the expression of inhibitors (Vash1) and 
enhancers (Angpt1 and Flk1) of angiogenesis; we also assessed their 
related signaling pathways. We found that exosomes from the hypoxia 
group were more easily taken up by HUVECs; furthermore, their 
angiogenesis stimulatory activity was also significantly enhanced 
compared to that with exosomes from the normoxia group. HUVECs exposed 
to exosomes from H-MSCs significantly upregulated angiogenesis-
stimulating genes and deregulated angiogenesis-inhibitory genes. The 
expression of vascular endothelial growth factor (VEGF) and activation 
of the protein kinase A (PKA) signaling pathway in HUVECs were 
significantly increased by hypoxia-exposed exosomes. Moreover, a PKA 
inhibitor was shown to significantly suppress angiogenesis. Finally, 
we concluded that hypoxia-exposed exosomes derived from hAD-MSCs can 
improve angiogenesis by activating the PKA signaling pathway and 
promoting the expression of VEGF. These results could be used to 
uncover safe and effective treatments for traumatic diseases.

Yang, Y., et al. (2018). "Exosomes Secreted by Adipose-Derived Stem 
Cells Contribute to Angiogenesis of Brain Microvascular Endothelial 
Cells Following Oxygen-Glucose Deprivation In Vitro Through 
MicroRNA-181b/TRPM7 Axis." J Mol Neurosci 65(1): 74-83.

Adipose-derived stem cells (ADSCs) have been demonstrated to 
promote cerebral vascular remodeling processes after stroke. However, 
the exact molecular mechanism by which ADSCs exert protective roles in 
ischemic stroke is still poorly understood. In this study, we 
identified the role of exosomal microRNA-181b-5p (181b-Exos) in 
regulating post-stroke angiogenesis. The results of migration assay 
and capillary network formation assay showed that exosomes secreted by 
ADSCs (ADSCs-Exos) promoted the mobility and angiogenesis of brain 
microvascular endothelial cells (BMECs) after oxygen-glucose 
deprivation (OGD). Quantitative real-time polymerase chain reaction 
(qRT-PCR) showed that microRNA-212-5p (miR-212-5p) and miR-181b-5p 
were upregulated in BMECs subjected to the brain extract of the middle 
cerebral artery occlusion rats. The migration distance and tube length 
were increased in BMECs cultured with 181b-Exos. Furthermore, we 
identified that transient receptor potential melastatin 7 (TRPM7) was 
a direct target of miR-181b-5p. TRPM7 mRNA and protein levels were 
declined in BMECs cultured with 181b-Exos, but not in BMECs cultured 
with 212-Exos. Overexpression of TRPM7 reversed the effects of 181b-
Exos on migration and tube formation of BMECs. In addition, 181b-Exos 
upregulated the protein expression of hypoxia-inducible factor 1alpha 
and vascular endothelial cell growth factor, and downregulated the 
protein expression of tissue inhibitor of metalloproteinase 3. The 
regulatory effect of 181b-Exos was attenuated by overexpressing TRPM7. 
Altogether, ADSCs-Exos promote the angiogenesis of BMECs after OGD via 
miR-181b-5p/TRPM7 axis, suggesting that ADSCs-Exos may represent a 



novel therapeutic approach for stroke recovery.

Han, Y., et al. (2019). "Exosomes from hypoxia-treated human adipose-
derived mesenchymal stem cells enhance angiogenesis through VEGF/VEGF-
R." Int J Biochem Cell Biol 109: 59-68.

BACKGROUND: We previously reported that co-transplantation of 
exosomes from hypoxia-preconditioned adipose mesenchymal stem cells 
(ADSCs) improves the neoangiogenesis and survival of the grafted 
tissue. This study aimed to investigate the molecular mechanism of 
this protective effect. METHODS: Exosomes were collected from 
normoxia-treated (nADSC-Exo) or hypoxia--treated (hypADSC-Exo) human 
ADSCs, and their pro-angiogenic capacity was evaluated in human 
umbilical vein endothelial cells (HUVECs) and a nude mouse model of 
subcutaneous fat grafting. Protein array was used to compare the 
exosome-derived proteins between nADSC-Exo and hypADSC-Exo. RESULTS: 
Compared with the nADSC-Exo group and untreated control, hypADSC-Exo 
treatment significantly promoted proliferation, migration and tube-
formation capability of HUVECs. Protein array revealed that the levels 
of vascular endothelial growth factor (VEGF), epidermal growth factor 
(EGF), fibroblast growth factor (FGF) and their receptors (VEGF-R2, 
VEGF-R3), and monocyte chemoattractant protein 2 (MCP-2), monocyte 
chemoattractant protein 4 (MCP-4) were significantly higher in the 
hypADSC-Exo than in the nADSC-Exo. In the nude mice model of fat 
grafting, immunofluorescence of CD31 showed that hypADSC-Exo 
dramatically improved neovascularization around the graft. 
Furthermore, compared with nADSC-Exo and control groups, 
cotransplantation of hypADSC-Exo significantly increased the protein 
expression of EGF, FGF, VEGF/VEGF-R, angiopoietin-1(Ang-1) and 
tyrosine kinase with immunoglobulin-like and EGF-like domains 1(Tie-1, 
an angiopoietin receptor) in the grafted tissue at 30 days after 
transplantation. Immunohistochemical analysis demonstrated that 
hypADSC-Exo treatment significantly increased VEGF-R expression in the 
grafted tissue. CONCLUSIONS: Exosomes from hypoxia-treated human ADSCs 
possess a higher capacity to enhance angiogenesis in fat grafting, at 
least partially, via regulating VEGF/VEGF-R signaling.
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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.


