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Cells can communicate via exosomes, ~100-nm extracellular 
vesicles (EVs) that contain proteins, lipids, and nucleic acids. Non-
adherent/mesenchymal mammary epithelial cell (NAMEC)-derived 
extracellular vesicles can be isolated from NAMEC medium via 
differential ultracentrifugation. Based on their density, EVs can be 
purified via ultracentrifugation at 110,000 x g. The EV preparation 
from ultracentrifugation can be further separated using a continuous 
density gradient to prevent contamination with soluble proteins. The 
purified EVs can then be further evaluated using nanoparticle-tracking 
analysis, which measures the size and number of vesicles in the 
preparation. The extracellular vesicles with a size ranging from 50 to 
150 nm are exosomes. The NAMEC-derived EVs/exosomes can be ingested by 
mammary epithelial cells, which can be measured by flow cytometry and 
confocal microscopy. Some mammary stem cell properties (e.g., mammary 
gland-forming ability) can be transferred from the stem-like NAMECs to 
mammary epithelial cells via the NAMEC-derived EVs/exosomes. Isolated 
primary EpCAM(hi)/CD49f(lo) luminal mammary epithelial cells cannot 
form mammary glands after being transplanted into mouse fat pads, 
while EpCAM(lo)/CD49f(hi) basal mammary epithelial cells form mammary 
glands after transplantation. Uptake of NAMEC-derived EVs/exosomes by 
EpCAM(hi)/CD49f(lo) luminal mammary epithelial cells allows them to 
generate mammary glands after being transplanted into fat pads. The 
EVs/exosomes derived from stem-like mammary epithelial cells transfer 
mammary gland-forming ability to EpCAM(hi)/CD49f(lo) luminal mammary 
epithelial cells.

Lin, M. C., et al. (2017). "PGE2 /EP4 Signaling Controls the Transfer 
of the Mammary Stem Cell State by Lipid Rafts in Extracellular 
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Prostaglandin E2 (PGE2 )-initiated signaling contributes to 
stem cell homeostasis and regeneration. However, it is unclear how 
PGE2 signaling controls cell stemness. This study identifies a 
previously unknown mechanism by which PGE2 /prostaglandin E receptor 4 
(EP4 ) signaling regulates multiple signaling pathways (e.g., PI3K/Akt 
signaling, TGFbeta signaling, Wnt signaling, EGFR signaling) which 
maintain the basal mammary stem cell phenotype. A shift of basal 
mammary epithelial stem cells (MaSCs) from a mesenchymal/stem cell 
state to a non-basal-MaSC state occurs in response to prostaglandin E 
receptor 4 (EP4 ) antagonism. EP4 antagonists elicit release of 
signaling components, by controlling their trafficking into 
extracellular vesicles/exosomes in a lipid raft/caveolae-dependent 
manner. Consequently, EP4 antagonism indirectly inactivates, through 
induced extracellular vesicle/exosome release, pathways required for 
mammary epithelial stem cell homeostasis, e.g. canonical/noncanonical 
Wnt, TGFbeta and PI3K/Akt pathways. EP4 antagonism causes signaling 
receptors and signaling components to shift from non-lipid raft 
fractions to lipid raft fractions, and to then be released in EP4 
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antagonist-induced extracellular vesicles/exosomes, resulting in the 
loss of the stem cell state by mammary epithelial stem cells. In 
contrast, luminal mammary epithelial cells can acquire basal stem cell 
properties following ingestion of EP4 antagonist-induced stem cell 
extracellular vesicles/exosomes, and can then form mammary glands. 
These findings demonstrate that PGE2 /EP4 signaling controls 
homeostasis of mammary epithelial stem cells through regulating 
extracellular vesicle/exosome release. Reprogramming of mammary 
epithelial cells can result from EP4 -mediated stem cell property 
transfer by extracellular vesicles/exosomes containing caveolae-
associated proteins, between mammary basal and luminal epithelial 
cells. Stem Cells 2017;35:425-444.
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Extracellular vesicles (EVs) have been shown to transport 
miRNA, mRNA and protein, suggesting that they are new communication 
mediators. Diffusible mesenchymal factors determine the fate of 
Mullerian epithelial cells into oviductal ciliated cells. In the 
present study, we investigated whether EVs mediate the communication 
in the epithelial-mesenchymal interaction during oviductal 
ciliogenesis. EVs were isolated from cells of oviductal mesenchymal 
cell line (S1 cells) and characterized by TEM and expression of 
exosomal marker CD81. CD81 protein was also detected in oviductal 
mesenchyme, suggesting that CD81-expressing exosomes may be secreted 
from oviductal mesenchyme, as well as S1 cells. beta-actin, Gapdh and 
Vimentin mRNAs and miRNAs were detected in the exosomes. mRNA in S1 
cells was able to be transported into cells of Mullerian epithelial 
cell line (E1 cells) via the exosomes. The effects of exosomes derived 
from S1 cells on ciliogenesis of E1 cells were analyzed by in vitro 
models. Culture with exosomes increased the number of ciliated cells 
in E1 cells. These results suggest that exosomes derived from 
mesenchymal cells modulate the oviductal ciliogenesis and open new 
avenues for developmental study of EVs.

Eiro, N., et al. (2018). "Non Pregnant Human Uterus as Source of 
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Stem/progenitor cells for cell therapy and regenerative 
medicine should ideally be available in large numbers, after having 
been isolated using minimally invasive or non-invasive methodologies. 
Also, they should exhibit wide differentiation potential into multiple 
lineages, as well as capability to be used successfully in autologous 
or allogeneic transplantation, and all this in accordance with the 
applicable guidelines of good manufacturing practice. Thus, the 
identification and characterization of alternative sources of 
mesenchymal stem cells (MSCs) is of great importance. The human uterus 
emerges as an interesting source of MSCs. Both endometrial MSCs 
(eMSCs) and human uterine cervical stem cells (hUCESCs) were easily 
obtained with minimal morbidity. Both eMSCs and hUCESCs show a high 



proliferation rate, which allows for the harvesting of high amounts of 
these cells, both for research studies and potential therapeutic uses. 
It has been demonstrated that eMSCs have wide capability of 
differentiation into many cellular lineages, as well as potential 
therapeutic effects in several pathological processes. Similarly, 
hUCESCs'secretome (conditioned medium) shows potent antiinflammatory, 
anti-tumor, anti-bacterial and regenerative properties.

Huang, B., et al. (2018). "Exosomes derived from human adipose 
mesenchymal stem cells improve ovary function of premature ovarian 
insufficiency by targeting SMAD." Stem Cell Res Ther 9(1): 216.

BACKGROUND: Although many reports show that various kinds of 
stem cells have the ability to recover the function of premature 
ovarian insufficiency (POI), few studies are associated with the 
mechanism of stem cell treatment of POI. We designed this experimental 
study to investigate whether human adipose stem cell-derived exosomes 
(hADSC-Exos) retain the ability to restore ovarian function and how 
hADSC-Exos work in this process. METHODS: A POI mouse model was 
established and human ovarian granule cells (hGCs) collected from 
individuals with POI were prepared to assess the therapeutic effects 
and illuminate the mechanism of hADSCs in curing POI. The hematoxylin 
and eosin assay method was employed to assess the number of follicles. 
Enzyme-linked immunosorbent assay (ELISA) was used to detect the serum 
levels of sex hormones. The proliferation rate and marker expression 
levels of hGCs were measured by flow cytometry (fluorescence-activated 
cell sorting). Real-time PCR and western blot assays were used to 
determine the mRNA and protein expression levels of SMAD2, SMAD3, and 
SMAD5. Western blot assays were used to test the protein expression 
levels of apoptosis genes (Fas, FasL, caspase-3, and caspase-8). 
RESULTS: After the hADSC-Exos were transplanted into the POI mice 
model, they exerted better therapeutic activity on mouse ovarian 
function, improving follicle numbers during four stages. ELISA results 
showed that hADSC-Exos elevated the hormone levels to the normal 
levels. In addition, after hADSC-Exos were cocultured with POI hGCs, 
our results showed that hADSC-Exos significantly promoted the 
proliferation rate and inhibited the apoptosis rate. Furthermore, 
hADSC-Exos also increased the marker expression of hGCs to the normal 
level. Besides, mRNA and protein assays demonstrated that hADSC-Exos 
downregulated the expression of SMAD2, SMAD3, and SMAD5 in vivo and in 
vitro. Western blot assay demonstrated that hADSC-Exos inhibited 
expression of the apoptosis genes in POI hGCs, and SMAD knockdown 
increased the protein expression of apoptosis genes. CONCLUSIONS: 
These findings demonstrate for the first time the molecular cascade 
and related cell biology events involved in the mechanism by which 
exosomes derived from hADSCs improved ovarian function of POI disease 
via regulation of the SMAD signaling pathway.
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development in miniature swine via endogenous apoptosis." Bone Res 6: 
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Signal transduction between different organs is crucial in the 
normal development of the human body. As an important medium for 
signal communication, exosomes can transfer important information, 
such as microRNAs (miRNAs), from donors to receptors. MiRNAs are known 
to fine-tune a variety of biological processes, including 
maxillofacial development; however, the underlying mechanism remains 
largely unknown. In the present study, transient apoptosis was found 
to be due to the expression of a miniature swine maxillofacial-
specific miRNA, ssc-mir-133b. Upregulation of ssc-mir-133b resulted in 
robust apoptosis in primary dental mesenchymal cells in the 
maxillofacial region. Cell leukemia myeloid 1 (Mcl-1) was verified as 
the functional target, which triggered further downstream activation 
of endogenous mitochondria-related apoptotic processes during tooth 
development. More importantly, mandible exosomes were responsible for 
the initial apoptosis signal. An animal study demonstrated that 
ectopic expression of ssc-mir-133b resulted in failed tooth formation 
after 12 weeks of subcutaneous transplantation in nude mice. The tooth 
germ developed abnormally without the indispensable exosomal signals 
from the mandible.

Zhu, Z., et al. (2018). "Exosomes derived from human umbilical cord 
mesenchymal stem cells accelerate growth of VK2 vaginal epithelial 
cells through MicroRNAs in vitro." Hum Reprod.

STUDY QUESTION: Could human umbilical cord mesenchymal stem 
cell-derived exosomes (hucMSC-Ex) accelerate vaginal epithelium cell 
(VK2) growth? SUMMARY ANSWER: HucMSC-Ex play a significant role in 
promoting proliferation of VK2 cells by accelerating the cell cycle 
and inhibiting apoptosis through exosomal microRNAs in vitro. WHAT IS 
KNOWN ALREADY: Numerous studies have reported that MSC-Ex play an 
important role in tissue injury repair. STUDY DESIGN, SIZE, DURATION: 
hucMSC and exosomes isolated from their conditioned medium were used 
to treat a vaginal epithelial cell line (VK2). Normal human 
fibroblasts (HFF-1) were used as negative control to hucMSC. 
PARTICIPANTS/MATERIALS, SETTING, METHODS: VK2 cells were co-cultured 
with hucMSC whose paracrine effect on the viability, cell cycle and 
cell apoptosis of VK2 vaginal epithelial cells was further assessed by 
the CCK-8 assay and flow cytometry. HucMSC-Ex isolated from culture 
medium by ultracentrifuge were characterized by transmission electron 
microscopy, nanoparticle tracking analysis and Western blot. HucMSC-Ex 
at different concentrations and HFF-1 exosomes were used to treat VK2 
cells. High-throughput RNA sequencing was utilized to reveal the 
profile of microRNAs in hucMSC, hucMSC-Ex, HFF-1 and HFF-1 exosomes 
and GO analysis was applied to demonstrate their functions. To 
evaluate the function of these specific microRNAs in hucMSC-Ex, VK2 
cells were treated with RNA-interfered-hucMSC-Ex (RNAi-hucMSC-Ex) and 
their proliferation was measured by Label-free Real-time Cellular 
Analysis System. MAIN RESULTS AND THE ROLE OF CHANCE: The study showed 
that hucMSC stimulate VK2 cell growth possibly through a paracrine 
route by promoting cell cycle and inhibiting apoptosis. Compared with 
control and low dose groups, hucMSC-Ex of high concentration (more 



than 1000 ng/ml) significantly increased VK2's growth after treatment 
in a dose-depended manner (P < 0.05). HucMSC-Ex raised the proportion 
of cells in S-phase and reduced the percentage of apoptotic cells in 
VK2 cells in comparison with the HFF-1 exosomes and control groups (P 
< 0.05). microRNAs, including miR-100 (16.92%), miR-146a (9.21%), 
miR-21 (6.67%), miR-221 (6.39%) and miR-143 (4.63%), were found to be 
specifically enriched (P < 0.05) in hucMSC-Ex and their functions 
concentrated on cell cycle, development and differentiation. 
Collectively, our findings indicate that hucMSC-Ex may play a 
significant role in accelerating VK2's proliferation by promoting cell 
cycle and inhibiting apoptosis through exosomal microRNAs in vitro. 
LARGE-SCALE DATA: N/A. LIMITATIONS, REASONS FOR CAUTION: Our study did 
not confirm the function of hucMSC-Ex or specifically enriched 
exosomal microRNAs in vivo. miR-100 and miR-146a are well-known 
immunomodulatory miRNAs that participate in the regulation of 
inflammatory disorders and may enhance the therapeutic effect of 
hucMSC-Ex by promoting the surgical injury repair after vaginal 
reconstruction. But whether it acts through anti-inflammatory 
responses needs further study. WIDER IMPLICATIONS OF THE FINDINGS: 
This finding supports the potential use of hucMSC-Ex as a cell-free 
therapy of Meyer-Rokitansky-Kuster-Hauser syndrome (MRKHS) after 
vaginoplasty. STUDY FUNDING/COMPETING INTEREST(S): This study was 
supported by the Chinese National Nature Sciences Foundation (grant 
number 91440107, 81471416 and 81771524) and the Strategic Priority 
Research Program of the Chinese Academy of Sciences (XDB19040102). All 
authors state that there is no conflict of interest to disclose.


