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OBJECTIVE: To evaluate the antitumor activities against 
hepatocellular carcinoma induced by bone marrow mesenchymal stem 
cells(MSCs) from BALB/c mice pulsed with tumor-derived exosomes. 
METHODS: Exosomes derived from malignant ascites of hepatocellular 
carcinoma were isolated and purified by ultrafiltration centrifugation 
and sucrose gradient ultracentrifugation from BALB/c mice. Bone marrow 
MSCs from BALB/c mice were obtained using adherent culture method 
combining with magnetic cell sorting (MACS). IFN-gamma stimulated MSCs 
were pulsed with tumor-derived exosomes, Then the stimulated MSCs 
cocultured with H22 hepatocellular carcinoma for 72 hours, the 
proliferation of H22 hepatocellular carcinoma cells were evaluated. 
RESULTS: The proliferation of H22 hepatocellular carcinoma cells 
cocultured with MSCs plused with tumor-derived exosomes, were 
significantly inhibited (P < 0.05). CONCLUSION: When bone marrow MSCs 
were pulsed with tumor-derived exosomes, MSCs showed enhanced 
antitumor activities against hepatocellular carcinoma. Therefore, MSCs 
combined with TEX may offer an effective method to induce antitumor 
activities.

Cho, J. A., et al. (2011). "Exosomes from ovarian cancer cells induce 
adipose tissue-derived mesenchymal stem cells to acquire the physical 
and functional characteristics of tumor-supporting myofibroblasts." 
Gynecol Oncol 123(2): 379-386.

OBJECTIVE: Most tumor tissue is composed of parenchymal tumor 
cells and tumor stroma. Mesenchymal stem cells (MSCs) can function as 
precursors for tumor stromal cells, including myofibroblasts, which 
provide a favorable environment for tumor progression. A close 
relationship between tumor cells and MSCs in a tumor microenvironment 
has been described. Exosomes are small membrane vesicles that are 
enriched with a discrete set of cellular proteins, and are therefore 
expected to exert diverse biological functions according to cell 
origin. METHODS: In the current study, we determined the biological 
effect of exosomes from two ovarian cancer cell lines (SK-OV-3 and 
OVCAR-3) on adipose tissue-derived MSCs (ADSCs). RESULTS: Exosome 
treatment induced ADSCs to exhibit the typical characteristics of 
tumor-associated myofibroblasts, with increased expression of alpha-
SMA, and also increased expression of tumor-promoting factors (SDF-1 
and TGF-beta). This phenomenon was correlated with an increased 
expression of TGF-beta receptors I and II. Analysis of TGF-beta 
receptor-mediated downstream signaling pathways revealed that each 
exosome activated different signaling pathways, showing that exosomes 
from SK-OV-3 cells increased the phosphorylated form of SMAD2, which 
is essential in the SMAD-dependent pathway, whereas exosomes from 
OVCAR-3 cells increased the phosphorylated form of AKT, a 
representative SMAD-independent pathway. Taken together, exosomes from 
ovarian cancer cells induced the myofibroblastic phenotype and 
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functionality in ADSCs by activating an intracellular signaling 
pathway, although the activated pathway could differ from exosome-to-
exosome. CONCLUSION: The current study suggested that ovarian cancer-
derived exosomes contribute to the generation of tumor-associated 
myofibroblasts from MSCs in tumor stroma.

Grange, C., et al. (2011). "Microvesicles released from human renal 
cancer stem cells stimulate angiogenesis and formation of lung 
premetastatic niche." Cancer Res 71(15): 5346-5356.

Recent studies suggest that tumor-derived microvesicles (MV) 
act as a vehicle for exchange of genetic information between tumor and 
stromal cells, engendering a favorable microenvironment for cancer 
development. Within the tumor mass, all cell types may contribute to 
MV shedding, but specific contributions to tumor progression have yet 
to be established. Here we report that a subset of tumor-initiating 
cells expressing the mesenchymal stem cell marker CD105 in human renal 
cell carcinoma releases MVs that trigger angiogenesis and promote the 
formation of a premetastatic niche. MVs derived only from CD105-
positive cancer stem cells conferred an activated angiogenic phenotype 
to normal human endothelial cells, stimulating their growth and vessel 
formation after in vivo implantation in immunocompromised severe 
combined immunodeficient (SCID) mice. Furthermore, treating SCID mice 
with MVs shed from CD105-positive cells greatly enhanced lung 
metastases induced by i.v. injection of renal carcinoma cells. 
Molecular characterization of CD105-positive MVs defines a set of 
proangiogenic mRNAs and microRNAs implicated in tumor progression and 
metastases. Our results define a specific source of cancer stem cell-
derived MVs that contribute to triggering the angiogenic switch and 
coordinating metastatic diffusion during tumor progression.

Cho, J. A., et al. (2012). "Exosomes from breast cancer cells can 
convert adipose tissue-derived mesenchymal stem cells into 
myofibroblast-like cells." Int J Oncol 40(1): 130-138.

Exosomes are small membrane vesicles secreted into the 
extracellular environment by various types of cells, including tumor 
cells. Exosomes are enriched with a discrete set of cellular proteins, 
and therefore expected to exert diverse biological functions according 
to cell origin. Mesenchymal stem cells (MSCs) possess the potential 
for differentiation into multilineages and can also function as 
precursors for tumor stroma including myofibroblast that provides a 
favorable environment for tumor progression. Although a close 
relationship between tumor cells and MSCs in a neoplastic tumor 
microenvironment has already been revealed, how this communication 
works is poorly understood. In this study, we investigated the 
influence of tumor cell-derived exosomes on MSCs by treating adipose 
tissue-derived MSCs (ADSCs) with breast cancer-derived exosomes. The 
exosome-treated ADSCs exhibited the phenotypes of tumor-associated 
myofibroblasts with increased expression of alpha-SMA. Exosome 
treatment also induced increased expression of tumor-promoting factors 
SDF-1, VEGF, CCL5 and TGFbeta. This phenomenon was correlated with 



increased expression of TGFbeta receptor I and II. Analysis of SMAD2, 
a key player in the TGFbeta receptor-mediated SMAD pathway, revealed 
that its phosphorylation was increased by exosome treatment and was 
inhibited by treatment with SB431542, an inhibitor of the SMAD-
mediated pathway, resulting in decreased expression of alpha-SMA. 
Taken together, our results show that tumor-derived exosomes induced 
the myofibroblastic phenotype and functionality in ADSCs via the SMAD-
mediated signaling pathway. In conclusion, this study suggests that 
tumor-derived exosomes can contribute to progression and malignancy of 
tumor cells by converting MSCs within tumor stroma into tumor-
associated myofibroblasts in the tumor microenvironment.

Gu, J., et al. (2012). "Gastric cancer exosomes trigger 
differentiation of umbilical cord derived mesenchymal stem cells to 
carcinoma-associated fibroblasts through TGF-beta/Smad pathway." PLoS 
One 7(12): e52465.

BACKGROUND: Mesenchymal stem cells (MSCs) promote tumor growth 
by differentiating into carcinoma-associated fibroblasts (CAFs) and 
composing the tumor microenvironment. However, the mechanisms 
responsible for the transition of MSCs to CAFs are not well 
understood. Exosomes regulate cellular activities by mediating cell-
cell communication. In this study, we aimed to investigate whether 
cancer cell-derived exosomes were involved in regulating the 
differentiation of human umbilical cord-derived MSCs (hucMSCs) to 
CAFs. METHODOLOGY/PRINCIPAL FINDINGS: We first showed that gastric 
cancer cell-derived exosomes induced the expression of CAF markers in 
hucMSCs. We then demonstrated that gastric cancer cell-derived 
exosomes stimulated the phosphorylation of Smad-2 in hucMSCs. We 
further confirmed that TGF-beta receptor 1 kinase inhibitor attenuated 
Smad-2 phosphorylation and CAF marker expression in hucMSCs after 
exposure to gastric cancer cell-derived exosomes. CONCLUSION/
SIGNIFICANCE: Our results suggest that gastric cancer cells triggered 
the differentiation of hucMSCs to CAFs by exosomes-mediated TGF-beta 
transfer and TGF-beta/Smad pathway activation, which may represent a 
novel mechanism for MSCs to CAFs transition in cancer.

Ma, B., et al. (2012). "Murine bone marrow stromal cells pulsed with 
homologous tumor-derived exosomes inhibit proliferation of liver 
cancer cells." Clin Transl Oncol 14(10): 764-773.

BACKGROUND: Increasing evidence shows that bone marrow stromal 
cells (BMSCs) have antitumor activities both in vitro and in animal 
models. Further studies fleshed out the supportive data that the 
antitumor activity of BMSCs could be markedly enhanced by cytokines 
such as IL-2 and IFN-beta (interferon). However, powerful strategies 
to activate BMSCs other than by genetically engineering interventions 
are still required. METHODS: In this study, new methods of generating 
antitumor activities of murine marrow-originated MSCs pulsed with 
homologous tumor-derived exosomes (TEX) were explored to yield potent 
immune effectors against hepatocellular carcinoma cells in vitro. 
RESULTS: The results showed that BMSCs pulsed with exosomes and IFN-



gamma exhibited increased migration ability with a result of 163.22 
+/- 26.90 versus 129.89 +/- 29.28 cells/HP by transwell determination 
(p < 0.05). The inhibition of homologous hepatocellular carcinoma 
cells line H(22) cells by exosomes pulsed BMSCs was significantly 
increased by 41.9 % compared with control (p < 0.05), and flow 
cytometry analysis showed that the cell cycle of H(22) cells was 
arrested in G(0)/G(1) phase. Meanwhile, western blot analysis showed 
that PCNA protein expression in the supernatant of H(22) cells was 
significantly decreased. CONCLUSIONS: This study demonstrated that 
BMSCs pulsed with TEX could enhance its antitumor activities, which 
might be regarded as a novel promising antitumor treatment.

Zhu, W., et al. (2012). "Exosomes derived from human bone marrow 
mesenchymal stem cells promote tumor growth in vivo." Cancer Lett 
315(1): 28-37.

Mesenchymal stem cells (MSCs) can promote tumor growth in a 
mouse xenograft model, but the exact mechanism remains unclear. In 
this study, we investigated the effects of bone marrow MSC-derived 
exosomes (MSC-exosomes) on tumor growth in vitro and in vivo. Our 
results showed that MSC-exosomes promoted tumor growth in vivo. MSC-
exosomes enhanced vascular endothelial growth factor (VEGF) expression 
in tumor cells by activating extracellular signal-regulated kinase1/2 
(ERK1/2) pathway. Inhibition of ERK1/2 activation reserved the 
increase of VEGF level by MSC-exosomes. Our findings demonstrate a new 
mechanism through which MSC-exosome-mediated cell-cell interactions 
may contribute to tumor progression.

Collet, G., et al. (2013). "Trojan horse at cellular level for tumor 
gene therapies." Gene 525(2): 208-216.

Among innovative strategies developed for cancer treatments, 
gene therapies stand of great interest despite their well-known 
limitations in targeting, delivery, toxicity or stability. The success 
of any given gene-therapy is highly dependent on the carrier 
efficiency. New approaches are often revisiting the mythic trojan 
horse concept to carry therapeutic nucleic acid, i.e. DNAs, RNAs or 
small interfering RNAs, to pathologic tumor site. Recent 
investigations are focusing on engineering carrying modalities to 
overtake the above limitations bringing new promise to cancer 
patients. This review describes recent advances and perspectives for 
gene therapies devoted to tumor treatment, taking advantage of 
available knowledge in biotechnology and medicine.

Garnier, D., et al. (2013). "Qualitative changes in the proteome of 
extracellular vesicles accompanying cancer cell transition to 
mesenchymal state." Exp Cell Res 319(17): 2747-2757.

Transitions of the cancer cell phenotype between epithelial 
and mesenchymal states (EMT) are likely to alter the patterns of 
intercellular communication. In this regard we have previously 
documented that EMT-like changes trigger quantitative rearrangements 
in exosomal vesicle emission in A431 cancer cells driven by oncogenic 



epidermal growth factor receptor (EGFR). Here we report that 
extracellular vesicles (EVs) produced by these cancer cells in their 
epithelial and mesenchymal states exhibit profound qualitative 
differences in their proteome. Thus, induction of the EMT-like state 
through blockade of E-cadherin and EGFR stimulation provoked a 
mesenchymal shift in cellular morphology and enrichment in the CD44-
high/CD24-low immunophenotype, often linked to cellular stemness. This 
change also resulted in reprogramming of the EV-related proteome 
(distinct from that of corresponding cells), which contained 30 unique 
protein signals, and revealed enrichment in pathways related to 
cellular growth, cell-to-cell signaling, and cell movement. Some of 
the most prominent EV-related proteins were validated, including 
integrin alpha2 and tetraspanin CD9. We propose that changes in 
cellular differentiation status translate into unique qualitative 
rearrangements in the cargo of EVs, a process that may have 
implications for intercellular communication and could serve as source 
of new biomarkers to detect EMT-like processes in cancer.

Katakowski, M., et al. (2013). "Exosomes from marrow stromal cells 
expressing miR-146b inhibit glioma growth." Cancer Lett 335(1): 
201-204.

Exosomes are 30-150 nm vesicles secreted by a wide range of 
mammalian cells that can contain microRNA (miRNA). To test if marrow 
stromal cell (MSC) exosomes could be used as a vehicle for delivery of 
anti-tumor miRNAs, we transfected MSCs with a miR-146b expression 
plasmid, and harvested exosomes released by the MSCs. Intra-tumor 
injection of exosomes derived from miR-146-expressing MSCs 
significantly reduced glioma xenograft growth in a rat model of 
primary brain tumor.

Lee, J. K., et al. (2013). "Exosomes derived from mesenchymal stem 
cells suppress angiogenesis by down-regulating VEGF expression in 
breast cancer cells." PLoS One 8(12): e84256.

Exosomes are small membrane vesicles released by a variety of 
cell types. Exosomes contain genetic materials, such as mRNAs and 
microRNAs (miRNAs), implying that they may play a pivotal role in 
cell-to-cell communication. Mesenchymal stem cells (MSCs), which 
potentially differentiate into multiple cell types, can migrate to the 
tumor sites and have been reported to exert complex effects on tumor 
progression. To elucidate the role of MSCs within the tumor 
microenvironment, previous studies have suggested various mechanisms 
such as immune modulation and secreted factors of MSCs. However, the 
paracrine effects of MSC-derived exosomes on the tumor 
microenvironment remain to be explored. The hypothesis of this study 
was that MSC-derived exosomes might reprogram tumor behavior by 
transferring their molecular contents. To test this hypothesis, 
exosomes from MSCs were isolated and characterized. MSC-derived 
exosomes exhibited different protein and RNA profiles compared with 
their donor cells and these vesicles could be internalized by breast 
cancer cells. The results demonstrated that MSC-derived exosomes 



significantly down-regulated the expression of vascular endothelial 
growth factor (VEGF) in tumor cells, which lead to inhibition of 
angiogenesis in vitro and in vivo. Additionally, miR-16, a miRNA known 
to target VEGF, was enriched in MSC-derived exosomes and it was 
partially responsible for the anti-angiogenic effect of MSC-derived 
exosomes. The collective results suggest that MSC-derived exosomes may 
serve as a significant mediator of cell-to-cell communication within 
the tumor microenvironment and suppress angiogenesis by transferring 
anti-angiogenic molecules.

Lin, R., et al. (2013). "Exosomes from human adipose-derived 
mesenchymal stem cells promote migration through Wnt signaling pathway 
in a breast cancer cell model." Mol Cell Biochem 383(1-2): 13-20.

Human mesenchymal stem cell (MSC)-conditioned medium (CM) was 
previously reported to affect the biology of tumor cells; however, the 
precise mechanisms remain unclear. Here, we show that MSCs secreted 
40-100 nm particles, which have the typical characteristics of 
exosomes, and these MSC-derived exosomes promoted migration of the 
breast cancer cell line MCF7. Global gene expression profiling 
revealed that several cancer-related signaling pathways were 
upregulated after exosome treatment in MCF7, and the Wnt signaling 
pathway was further confirmed to be activated. Our findings 
demonstrated a new mechanism through which MSC-CM may contribute to 
tumor cell migration.

Munoz, J. L., et al. (2013). "Delivery of Functional Anti-miR-9 by 
Mesenchymal Stem Cell-derived Exosomes to Glioblastoma Multiforme 
Cells Conferred Chemosensitivity." Mol Ther Nucleic Acids 2: e126.

Glioblastoma multiforme (GBM), the most common and lethal 
tumor of the adult brain, generally shows chemo- and radioresistance. 
MicroRNAs (miRs) regulate physiological processes, such as resistance 
of GBM cells to temozolomide (TMZ). Although miRs are attractive 
targets for cancer therapeutics, the effectiveness of this approach 
requires targeted delivery. Mesenchymal stem cells (MSCs) can migrate 
to the sites of cancers, including GBM. We report on an increase in 
miR-9 in TMZ-resistant GBM cells. miR-9 was involved in the expression 
of the drug efflux transporter, P-glycoprotein. To block miR-9, 
methods were developed with Cy5-tagged anti-miR-9. Dye-transfer 
studies indicated intracellular communication between GBM cells and 
MSCs. This occurred by gap junctional intercellular communication and 
the release of microvesicles. In both cases, anti-miR-9 was 
transferred from MSCs to GBM cells. However, the major form of 
transfer occurred with the microvesicles. The delivery of anti-miR-9 
to the resistant GBM cells reversed the expression of the multidrug 
transporter and sensitized the GBM cells to TMZ, as shown by increased 
cell death and caspase activity. The data showed a potential role for 
MSCs in the functional delivery of synthetic anti-miR-9 to reverse the 
chemoresistance of GBM cells.Molecular Therapy-Nucleic Acids (2013) 2, 
e126; doi:10.1038/mtna.2013.60; published online 1 October 2013.



Roccaro, A. M., et al. (2013). "BM mesenchymal stromal cell-derived 
exosomes facilitate multiple myeloma progression." J Clin Invest 
123(4): 1542-1555.

BM mesenchymal stromal cells (BM-MSCs) support multiple 
myeloma (MM) cell growth, but little is known about the putative 
mechanisms by which the BM microenvironment plays an oncogenic role in 
this disease. Cell-cell communication is mediated by exosomes. In this 
study, we showed that MM BM-MSCs release exosomes that are transferred 
to MM cells, thereby resulting in modulation of tumor growth in vivo. 
Exosomal microRNA (miR) content differed between MM and normal BM-
MSCs, with a lower content of the tumor suppressor miR-15a. In 
addition, MM BM-MSC-derived exosomes had higher levels of oncogenic 
proteins, cytokines, and adhesion molecules compared with exosomes 
from the cells of origin. Importantly, whereas MM BM-MSC-derived 
exosomes promoted MM tumor growth, normal BM-MSC exosomes inhibited 
the growth of MM cells. In summary, these in vitro and in vivo studies 
demonstrated that exosome transfer from BM-MSCs to clonal plasma cells 
represents a previously undescribed and unique mechanism that 
highlights the contribution of BM-MSCs to MM disease progression.

Yoshizaki, T., et al. (2013). "Pathogenic role of Epstein-Barr virus 
latent membrane protein-1 in the development of nasopharyngeal 
carcinoma." Cancer Lett 337(1): 1-7.

Undifferentiated nasopharyngeal carcinoma (NPC) is an Epstein-
Barr virus-associated malignant tumor. A consistent elevation in EBV 
antibody titers is a well-established risk factor for the development 
of NPC. The pathophysiological relationship and molecular mechanisms 
of EBV-mediated carcinogenesis have not been fully elucidated. While 
NPC tumors are known to express three EBV-encoded proteins, EBNA1, 
LMP1, and LMP2, they also express a large number of virus-encoded 
small RNAs (EBERs) and microRNAs (miRNAs). Among them, LMP1 may be a 
central player in the development of NPC. LMP1, an EBV-encoded primary 
oncogene, functions as a viral mimic of the TNFR family member, CD40, 
and engages in a number of signaling pathways that induce 
morphological and phenotypic alterations in epithelial cells. LMP1 
upregulates EMT, and contributes to the highly metastatic features of 
NPC. Moreover, LMP1-associated EMT is accompanied by the expression of 
cancer stem cell (CSC)/cancer progenitor cell (CPC) markers (CD44high/
CD24low) and the acquisition of stem cell/progenitor cell-like 
properties. BART miRNAs, encoded from the BamHI-A region of the viral 
genome, are the most abundant transcripts. They modulate apoptosis and 
host innate immune defense mechanisms. Some BART1 miRNAs are 
considered to negatively regulate LMP1 protein expression. LMP1 is 
secreted via exosomes, is incorporated into EBV-uninfected cells by 
endocytosis, and affects the environment surrounding the tumor. Here 
we reviewed the contribution of EBV gene products to NPC pathogenesis 
in relation with LMP1.

Abd Elmageed, Z. Y., et al. (2014). "Neoplastic reprogramming of 
patient-derived adipose stem cells by prostate cancer cell-associated 



exosomes." Stem Cells 32(4): 983-997.
Emerging evidence suggests that mesenchymal stem cells (MSCs) 

are often recruited to tumor sites but their functional significance 
in tumor growth and disease progression remains elusive. Herein we 
report that prostate cancer (PC) cell microenvironment subverts PC 
patient adipose-derived stem cells (pASCs) to undergo neoplastic 
transformation. Unlike normal ASCs, the pASCs primed with PC cell 
conditioned media (CM) formed prostate-like neoplastic lesions in vivo 
and reproduced aggressive tumors in secondary recipients. The pASC 
tumors acquired cytogenetic aberrations and mesenchymal-to-epithelial 
transition and expressed epithelial, neoplastic, and vasculogenic 
markers reminiscent of molecular features of PC tumor xenografts. Our 
mechanistic studies revealed that PC cell-derived exosomes are 
sufficient to recapitulate formation of prostate tumorigenic mimicry 
generated by CM-primed pASCs in vivo. In addition to downregulation of 
the large tumor suppressor homolog2 and the programmed cell death 
protein 4, a neoplastic transformation inhibitor, the tumorigenic 
reprogramming of pASCs was associated with trafficking by PC cell-
derived exosomes of oncogenic factors, including H-ras and K-ras 
transcripts, oncomiRNAs miR-125b, miR-130b, and miR-155 as well as the 
Ras superfamily of GTPases Rab1a, Rab1b, and Rab11a. Our findings 
implicate a new role for PC cell-derived exosomes in clonal expansion 
of tumors through neoplastic reprogramming of tumor tropic ASCs in 
cancer patients.

Cook, L. M., et al. (2014). "Integrating new discoveries into the 
"vicious cycle" paradigm of prostate to bone metastases." Cancer 
Metastasis Rev 33(2-3): 511-525.

In prostate to bone metastases, the "vicious cycle" paradigm 
has been traditionally used to illustrate how metastases manipulate 
the bone forming osteoblasts and resorbing osteoclasts in order to 
yield factors that facilitate growth and establishment. However, 
recent advances have illustrated that the cycle is far more complex 
than this simple interpretation. In this review, we will discuss the 
role of exosomes and hematopoietic/mesenchymal stem/stromal cells 
(MSC) that facilitate the establishment and activation of prostate 
metastases and how cells including myeloid-derived suppressor cells, 
macrophages, T cells, and nerve cells contribute to the momentum of 
the vicious cycle. The increased complexity of the tumor-bone 
microenvironment requires a system level approach. The evolution of 
computational models to interrogate the tumor-bone microenvironment is 
also discussed, and the application of this integrated approach should 
allow for the development of effective therapies to treat and cure 
prostate to bone metastases.

Corrado, C., et al. (2014). "Exosome-mediated crosstalk between 
chronic myelogenous leukemia cells and human bone marrow stromal cells 
triggers an interleukin 8-dependent survival of leukemia cells." 
Cancer Lett 348(1-2): 71-76.

Chronic myelogenous leukemia (CML) is a myeloproliferative 



disorder characterized by the Bcr-Abl oncoprotein with constitutive 
tyrosine kinase activity. Exosomes are nanovesicles released by cancer 
cells that are involved in cell-to-cell communication thus potentially 
affecting cancer progression. It is well known that bone marrow 
stromal microenvironment contributes to disease progression through 
the establishment of a bi-directional crosstalk with cancer cells. Our 
hypothesis is that exosomes could have a functional role in this 
crosstalk. Interleukin-8 (IL 8) is a proinflammatory chemokine that 
activates multiple signalling pathways downstream of two receptors 
(CXCR1 and CXCR2). We demonstrated that exosomes released from CML 
cells stimulate bone marrow stromal cells to produce IL 8 that, in 
turn, is able to modulate both in vitro and in vivo the leukemia cell 
malignant phenotype.

De Wever, O., et al. (2014). "Carcinoma-associated fibroblasts provide 
operational flexibility in metastasis." Semin Cancer Biol 25: 33-46.

Malignant cancer cells do not act as lone wolves to achieve 
metastasis, as they exist within a complex ecosystem consisting of an 
extracellular matrix scaffold populated by carcinoma-associated 
fibroblasts (CAFs), endothelial cells and immune cells. We recognize 
local (primary tumor) and distant ecosystems (metastasis). CAFs, also 
termed myofibroblasts, may have other functions in the primary tumor 
versus the metastasis. Cellular origin and tumor heterogeneity lead to 
the expression of specific markers. The molecular characteristics of a 
CAF remain in evolution since CAFs show operational flexibility. CAFs 
respond dynamically to a cancer cell's fluctuating demands by shifting 
profitable signals necessary in metastasis. Local, tissue-resident 
fibroblasts and mesenchymal stem cells (MSCs) coming from reservoir 
sites such as bone marrow and adipose tissue are the main progenitor 
cells of CAFs. CAFs may induce awakening from metastatic dormancy, a 
major cause of cancer-specific death. Cancer management protocols 
influence CAF precursor recruitment and CAF activation. Since CAF 
signatures represent early changes in metastasis, including formation 
of pre-metastatic niches, we discuss whether liquid biopsies, 
including exosomes, may detect and monitor CAF reactions allowing 
optimized prognosis of cancer patients.

Garcia-Contreras, M., et al. (2014). "Therapeutic potential of human 
adipose-derived stem cells (ADSCs) from cancer patients: a pilot 
study." PLoS One 9(11): e113288.

Mesenchymal stem cells from adipose tissue (ADSCs) are an 
important source of cells for regenerative medicine. The therapeutic 
effect of culture-expanded adipose derived stem cells has been shown; 
however, optimal xeno-free culture conditions remain to be determined. 
Cancer patients, specifically those undergoing invasive surgery, 
constitute a subgroup of patients who could benefit from autologous 
stem cell transplantation. Although regenerative potential of their 
ADSCs could be affected by the disease and/or treatment, we are not 
aware of any study that has evaluated the therapeutic potential of 
ADSCs isolated from cancer patients in reference to that of ADSCs 



derived from healthy subjects. Here we report that ADSCs isolated from 
subabdominal adipose tissue of patients with urological neoplasms 
yielded similar growth kinetics, presented equivalent mesenchymal 
surface markers and showed similar differentiation potential into 
distinct mesodermal cell lineages: adipocytes, chondroblasts and 
osteoblasts than ADSCs isolated from adipose tissue of age-matched 
non-oncogenic participants, all under xeno-free growth culture 
conditions. Molecular karyotyping of patient expanded ADSCs genomes 
showed no disease-related alterations indicating their safety. In 
addition, vesicles <100 nm identified as exosomes (EXOs) which may be 
at least partly responsible for the attributed therapeutic paracrine 
effects of the ADSCs were effectively isolated from ADSCs and showed 
equivalent miRNA content regardless they were derived from cancer 
patients or non-oncogenic participants indicating that the repair 
capabilities of xeno-free expanded ADSCs are not compromised by 
patient condition and therefore their xeno-free culture expanded ADSCs 
should be suitable for autologous stem cell transplantation in a 
clinical setting.

Ilmer, M., et al. (2014). "Two sides of the same coin: stem cells in 
cancer and regenerative medicine." Faseb j 28(7): 2748-2761.

Multipotent stromal cells (MSCs) derived from bone marrow, 
adipose tissue, cord blood, and other origins have recently received 
much attention as potential therapeutic agents with beneficial 
immunomodulatory and regenerative properties. In their native tissue 
environment, however, such cells also appear to have essential 
functions in building and supporting tumor microenvironments, 
providing metastatic niches, and maintaining cancer hallmarks. Here, 
we consider the varied roles of these tissue-resident stroma-
associated cells, synthesize recent and emerging discoveries, and 
discuss the role, potential, and clinical applications of MSCs in 
cancer and regenerative medicine.-Ilmer, M., Vykoukal, J., Recio 
Boiles, A., Coleman, M., Alt, E. Two sides of the same coin: stem 
cells in cancer and regenerative medicine.

Mimeault, M. and S. K. Batra (2014). "Molecular biomarkers of cancer 
stem/progenitor cells associated with progression, metastases, and 
treatment resistance of aggressive cancers." Cancer Epidemiol 
Biomarkers Prev 23(2): 234-254.

The validation of novel diagnostic, prognostic, and predictive 
biomarkers and therapeutic targets in tumor cells is of critical 
importance for optimizing the choice and efficacy of personalized 
therapies. Importantly, recent advances have led to the identification 
of gene-expression signatures in cancer cells, including cancer stem/
progenitor cells, in the primary tumors, exosomes, circulating tumor 
cells (CTC), and disseminated cancer cells at distant metastatic 
sites. The gene-expression signatures may help to improve the accuracy 
of diagnosis and predict the therapeutic responses and overall 
survival of patients with cancer. Potential biomarkers in cancer cells 
include stem cell-like markers [CD133, aldehyde dehydrogenase (ALDH), 



CD44, and CD24], growth factors, and their cognate receptors 
[epidermal growth factor receptor (EGFR), EGFRvIII, and HER2], 
molecules associated with epithelial-mesenchymal transition (EMT; 
vimentin, N-cadherin, snail, twist, and Zeb1), regulators of altered 
metabolism (phosphatidylinositol-3' kinase/Akt/mTOR), and drug 
resistance (multidrug transporters and macrophage inhibitory 
cytokine-1). Moreover, different pluripotency-associated transcription 
factors (Oct3/4, Nanog, Sox2, and Myc) and microRNAs that are involved 
in the epigenetic reprogramming and acquisition of stem cell-like 
properties by cancer cells during cancer progression may also be 
exploited as molecular biomarkers to predict the risk of metastases, 
systemic treatment resistance, and disease relapse of patients with 
cancer.

Ono, M., et al. (2014). "Exosomes from bone marrow mesenchymal stem 
cells contain a microRNA that promotes dormancy in metastatic breast 
cancer cells." Sci Signal 7(332): ra63.

Breast cancer patients often develop metastatic disease years 
after resection of the primary tumor. The patients are asymptomatic 
because the disseminated cells appear to become dormant and are 
undetectable. Because the proliferation of these cells is slowed, 
dormant cells are often unresponsive to traditional chemotherapies 
that exploit the rapid cell cycling of most cancer cells. We generated 
a bone marrow-metastatic human breast cancer cell line (BM2) by 
tracking and isolating fluorescent-labeled MDA-MB-231 cells that 
disseminated to the bone marrow in mice. Coculturing BM2 cells with 
bone marrow mesenchymal stem cells (BM-MSCs) isolated from human 
donors revealed that BM-MSCs suppressed the proliferation of BM2 
cells, decreased the abundance of stem cell-like surface markers, 
inhibited their invasion through Matrigel Transwells, and decreased 
their sensitivity to docetaxel, a common chemotherapy agent. 
Acquisition of these dormant phenotypes in BM2 cells was also observed 
by culturing the cells in BM-MSC-conditioned medium or with exosomes 
isolated from BM-MSC cultures, which were taken up by BM2 cells. Among 
various microRNAs (miRNAs) increased in BM-MSC-derived exosomes 
compared with those from adult fibroblasts, overexpression of miR-23b 
in BM2 cells induced dormant phenotypes through the suppression of a 
target gene, MARCKS, which encodes a protein that promotes cell 
cycling and motility. Metastatic breast cancer cells in patient bone 
marrow had increased miR-23b and decreased MARCKS expression. 
Together, these findings suggest that exosomal transfer of miRNAs from 
the bone marrow may promote breast cancer cell dormancy in a 
metastatic niche.

Pascucci, L., et al. (2014). "Paclitaxel is incorporated by 
mesenchymal stromal cells and released in exosomes that inhibit in 
vitro tumor growth: a new approach for drug delivery." J Control 
Release 192: 262-270.

Mesenchymal stromal cells (MSCs) have been proposed for 
delivering anticancer agents because of their ability to home in on 



tumor microenvironment. We found that MSCs can acquire strong anti-
tumor activity after priming with Paclitaxel (PTX) through their 
capacity to uptake and then release the drug. Because MSCs secrete a 
high amount of membrane microvesicles (MVs), we here investigated the 
role of MVs in the releasing mechanism of PTX. The murine SR4987 line 
was used as MSC model. The release of PTX from SR4987 in the 
conditioned medium (CM) was checked by HPLC and the anti-tumor 
activity of both CM and MVs was tested on the human pancreatic cell 
line CFPAC-1. MVs were isolated by ultracentrifugation, analyzed by 
transmission (TEM) and scanning electron microscopy (SEM), and the 
presence of PTX by the Fourier transformed infrared (FTIR) 
microspectroscopy. SR4987 loaded with PTX (SR4987PTX) secreted a 
significant amount of PTX and their CM possessed strong anti-
proliferative activity on CFPAC-1. At TEM and SEM, SR4987PTX showed an 
increased number of "vacuole-like" structures and shed a relevant 
number of MVs, but did not differ from untreated SR4987. However, 
SR4987PTX-derived-MVs (SR4987PTX-MVs) demonstrated a strong anti 
proliferative activity on CFPAC-1. FTIR analysis of SR4987PTX-MVs 
showed the presence of an absorption spectrum in the corresponding 
regions of the PTX marker, absent in MVs from SR4987. Our work is the 
first demonstration that MSCs are able to package and deliver active 
drugs through their MVs, suggesting the possibility of using MSCs as a 
factory to develop drugs with a higher cell-target specificity.

Shimbo, K., et al. (2014). "Exosome-formed synthetic microRNA-143 is 
transferred to osteosarcoma cells and inhibits their migration." 
Biochem Biophys Res Commun 445(2): 381-387.

MicroRNAs (miRNAs) have emerged as potential anticancer 
agents, but their clinical application is limited by the lack of an 
effective delivery system to tumors. Exosomes are small vesicles that 
play important roles in intercellular communication. Here, we show 
that synthetic miR-143 introduced into cells is released enveloped in 
exosomes and that the secreted exosome-formed miR-143 is transferred 
to osteosarcoma cells. The delivery of exosome-formed miR-143 
significantly reduced the migration of osteosarcoma cells. The 
delivery efficiency of exosome-formed miR-143 was less than that 
achieved with lipofection, but the migratory potential of osteosarcoma 
cells was similarly inhibited after both strategies. Our results 
suggest that exosomes can deliver synthetic miR-143 and are a 
potentially efficient and functional delivery system.

Wang, M., et al. (2014). "Deregulated microRNAs in gastric cancer 
tissue-derived mesenchymal stem cells: novel biomarkers and a 
mechanism for gastric cancer." Br J Cancer 110(5): 1199-1210.

BACKGROUND: MicroRNAs (miRNAs) are involved in gastric cancer 
development and progression. However, the expression and role of 
miRNAs in gastric cancer stromal cells are still unclear. METHODS: The 
miRNAs differentially expressed in gastric cancer tissue-derived 
mesenchymal stem cells (GC-MSCs) relative to adjacent non-cancerous 
tissue-derived MSCs (GCN-MSCs) and in cancer tissues relative to 



adjacent non-cancerous tissues were screened using miRNA microarray 
and validated by quantitative RT-PCR. The impact of GC-MSCs on HGC-27 
cells was observed in vitro using colony formation and transwell 
assays, and these cells were subcutaneously co-injected into mice to 
assess tumour growth in vivo. Exogenous downregulation of miR-221 
expression in cells was achieved using an miRNA inhibitor. RESULTS: 
miR-214, miR-221 and miR-222 were found to be commonly upregulated in 
GC-MSCs and cancer tissues. Their levels were tightly associated with 
lymph node metastasis, venous invasion and the TNM stage. Gastric 
cancer tissue-derived mesenchymal stem cells significantly promoted 
HGC-27 growth and migration and increased the expression of miR-221 
via paracrine secretion, and the targeted inhibition of miR-221 in GC-
MSCs could block its tumour-supporting role. GC-MSC-derived exosomes 
were found to deliver miR-221 to HGC-27 cells and promoted their 
proliferation and migration. CONCLUSIONS: Gastric cancer tissue-
derived mesenchymal stem cells favour gastric cancer progression by 
transferring exosomal miRNAs to gastric cancer cells, thus providing a 
novel mechanism for the role of GC-MSCs and new biomarkers for gastric 
cancer.

Ye, J., et al. (2014). "The cancer stem cell niche: cross talk between 
cancer stem cells and their microenvironment." Tumour Biol 35(5): 
3945-3951.

Despite recent progresses in tumor therapy and increased 
knowledge in tumor biology, tumor remains a common and lethal disease 
worldwide. Cancer stem cells (CSCs) are a subset of cancer cells with 
a stem cell-like ability, which may drive tumor growth and recurrence 
and are resistant to many current anticancer treatments. Solid tumors 
are regarded as "organs" which are comprised of cancer cells and the 
tumor stroma. The tumor microenvironment makes up the stroma of the 
tumor, which occupies the majority of the tumor mass, including the 
extracellular matrix (ECM), mesenchymal stem cells (MSCs), endothelial 
cells, immune cells, and, what is more, networks of cytokines and 
growth factors. The microenvironment or niche surrounding CSCs largely 
governs their cellular fate. Recent work has revealed that the 
microenvironment supports CSC self-renewal and simultaneously serves 
as a physical barrier to drug delivery. The tumor microenvironment 
plays pivotal roles in each stage of tumor development. Knowledge 
about the interactions of CSCs with their microenvironment would seem 
to be of most importance for developing new treatment strategies.

Banyard, J. and D. R. Bielenberg (2015). "The role of EMT and MET in 
cancer dissemination." Connect Tissue Res 56(5): 403-413.

Metastatic cancer cells are lethal. Understanding the 
molecular mechanisms that bolster the conversion from benign to 
malignant progression is key for treating these heterogeneous and 
resistant neoplasms. The epithelial-mesenchymal transition (EMT) is a 
conserved cellular program that alters cell shape, adhesion and 
movement. The shift to a more mesenchymal-like phenotype can promote 
tumor cell intravasation of surrounding blood vessels and emigration 



to a new organ, yet may not be necessary for extravasation or 
colonization into that environment. Lymphatic dissemination, on the 
other hand, may not require EMT. This review presents emerging data on 
the modes by which tumor cells promote EMT/MET via microRNA and 
prepare the pre-metastatic niche via exosomes.

Chang, A. I., et al. (2015). "Involvement of mesenchymal stem cells in 
cancer progression and metastases." Curr Cancer Drug Targets 15(2): 
88-98.

Mesenchymal stem/stromal cells (MSCs) are known to be the 
helpers for the healing of tissue damage, often referred to as 
ambulatory cells. However, MSCs are also recruited by cancer cells to 
similarly aid in tumor growth and progression. In this review, some of 
the key steps in cancer progression and metastases are described 
including the various steps in which MSCs participate and may play 
important roles. MSCs aid in cancer cells' ability to evade immune 
attack, while promoting tumor angiogenesis, even being counter-acting 
against chemotherapeutics and other drugs used to fight various 
cancers. Furthermore, MSCs participate in many of the crucial steps in 
invasion and metastasis, including stimulating the epithelial-
mesenchymal transition (EMT) and induction of stem-like properties 
that allow cancer stem cells to increase their survivability through 
the circulation. These steps are described in detail. Differences 
between circulating tumor cells (CTCs) and cancer stem cells (CSCs) 
are discussed, along with descriptions of the formation of a pre-
metastatic niche, the role of exosomes from both cancer cells and MSCs 
in metastasis and tumor reseeding (self-seeding). More and more, MSCs 
are being proposed as a promising tumor targeting drug-delivery tool. 
In order to fulfill this promise, further understanding of the precise 
roles that MSCs play in the process of cancer metastases must be 
achieved, in attempting to create remedies that will improve the 
outcome of available therapeutics.

Chowdhury, R., et al. (2015). "Cancer exosomes trigger mesenchymal 
stem cell differentiation into pro-angiogenic and pro-invasive 
myofibroblasts." Oncotarget 6(2): 715-731.

Stromal fibroblasts become altered in response to solid 
cancers, to exhibit myofibroblastic characteristics, with disease 
promoting influence. Infiltrating mesenchymal stem cells (MSC) may 
contribute towards these changes, but the factors secreted by cancer 
cells that impact MSC differentiation are poorly understood. We 
investigated the role of nano-metre sized vesicles (exosomes), 
secreted by prostate cancer cells, on the differentiation of bone-
marrow MSC (BM-MSC), and the subsequent functional consequences of 
such changes. Purified exosomes impaired classical adipogenic 
differentiation, skewing differentiation towards alpha-smooth muscle 
actin (alphaSMA) positive myofibroblastic cells. A single exosomes 
treatment generated myofibroblasts secreting high levels of VEGF-A, 
HGF and matrix regulating factors (MMP-1, -3 and -13). Differentiated 
MSC had pro-angiogenic functions and enhanced tumour proliferation and 



invasivity assessed in a 3D co-culture model. Differentiation was 
dependent on exosomal-TGFbeta, but soluble TGFbeta at matched dose 
could not generate the same phenotype. Exosomes present in the cancer 
cell secretome were the principal factors driving this phenotype. 
Prostate cancer exosomes dominantly dictate a programme of MSC 
differentiation generating myofibroblasts with functional properties 
consistent with disease promotion.

de Vrij, J., et al. (2015). "Glioblastoma-derived extracellular 
vesicles modify the phenotype of monocytic cells." Int J Cancer 
137(7): 1630-1642.

Glioblastoma multiforme (GBM) is the most common primary brain 
tumor and is without exception lethal. GBMs modify the immune system, 
which contributes to the aggressive nature of the disease. 
Particularly, cells of the monocytic lineage, including monocytes, 
macrophages and microglia, are affected. We investigated the influence 
of GBM-derived extracellular vesicles (EVs) on the phenotype of 
monocytic cells. Proteomic profiling showed GBM EVs to be enriched 
with proteins functioning in extracellular matrix interaction and 
leukocyte migration. GBM EVs appeared to skew the differentiation of 
peripheral blood-derived monocytes to alternatively activated/M2-type 
macrophages. This was observed for EVs from an established cell line, 
as well as for EVs from primary cultures of GBM stem-like cells 
(GSCs). Unlike EVs of non-GBM origin, GBM EVs induced modified 
expression of cell surface proteins, modified cytokine secretion 
(e.g., an increase in vascular endothelial growth factor and IL-6) and 
increased phagocytic capacity of the macrophages. Most pronounced 
effects were observed upon incubation with EVs from mesenchymal GSCs. 
GSC EVs also affected primary human microglia, resulting in increased 
expression of Membrane type 1-matrix metalloproteinase, a marker for 
GBM microglia and functioning as tumor-supportive factor. In 
conclusion, GBM-derived EVs can modify cells of the monocytic lineage, 
which acquire characteristics that resemble the tumor-supportive 
phenotypes observed in patients.

Del Fattore, A., et al. (2015). "Differential effects of extracellular 
vesicles secreted by mesenchymal stem cells from different sources on 
glioblastoma cells." Expert Opin Biol Ther 15(4): 495-504.

BACKGROUND: Malignant glial tumors, including glioblastoma 
multiforme, account for 15 - 20% of pediatric CNS malignancies. They 
are most resistant to therapy and are associated with a poor 
prognosis. OBJECTIVE: Given the ability of mesenchymal stem cells 
(MSCs) to affect glioma growth, we investigated the effects of 
extracellular vesicles (EVs) derived from MSCs on U87MG glioblastoma 
cells line. METHODS: EVs were isolated from culture media of MSCs from 
different sources, including bone marrow (BM), umbilical cord (UC) and 
adipose tissue (AT) and added to U87MG culture. The internalization 
and the effects of BM-, UC- and AT-MSC-EVs on proliferation and 
apoptosis of tumor cells were evaluated. RESULTS: Both confocal 
microscopy and FACS analysis showed internalization of EVs into tumor 



cells. BM- and UC-MSC-EVs decreased cell proliferation, while an 
opposite effect was observed with AT-MSC-EVs. Moreover, both BM- and 
UC-MSC-EVs induced apoptosis of glioblastoma cells, while AT-MSC-EVs 
had no effect. Loading UC-MSC-EVs with Vincristine further increased 
cytotoxicity when compared both to the free drug and to untreated EVs. 
CONCLUSIONS: Different effects of MSC-EVs on cancer cells were 
observed depending on their tissue of origin. Moreover, MSC-EVs can 
deliver antiblastic drugs to glioblastoma cells.

Enriquez, V. A., et al. (2015). "High LIN28A Expressing Ovarian Cancer 
Cells Secrete Exosomes That Induce Invasion and Migration in HEK293 
Cells." Biomed Res Int 2015: 701390.

Epithelial ovarian cancer is the most aggressive and deadly 
form of ovarian cancer and is the most lethal gynecological malignancy 
worldwide; therefore, efforts to elucidate the molecular factors that 
lead to epithelial ovarian cancer are essential to better understand 
this disease. Recent studies reveal that tumor cells release cell-
secreted vesicles called exosomes and these exosomes can transfer RNAs 
and miRNAs to distant sites, leading to cell transformation and tumor 
development. The RNA-binding protein LIN28 is a known marker of stem 
cells and when expressed in cancer, it is associated with poor tumor 
outcome. We hypothesized that high LIN28 expressing ovarian cancer 
cells secrete exosomes that can be taken up by nontumor cells and 
cause changes in gene expression and cell behavior associated with 
tumor development. IGROV1 cells were found to contain high LIN28A and 
secrete exosomes that were taken up by HEK293 cells. Moreover, 
exposure to these IGROV1 secreted exosomes led to significant 
increases in genes involved in Epithelial-to-Mesenchymal Transition 
(EMT), induced HEK293 cell invasion and migration. These changes were 
not observed with exosomes secreted by OV420 cells, which contain no 
detectable amounts of LIN28A or LIN28B. No evidence was found of 
LIN28A transfer from IGROV1 exosomes to HEK293 cells.

Fatima, F. and M. Nawaz (2015). "Stem cell-derived exosomes: roles in 
stromal remodeling, tumor progression, and cancer immunotherapy." Chin 
J Cancer 34(12): 541-553.

Stem cells are known to maintain stemness at least in part 
through secreted factors that promote stem-like phenotypes in resident 
cells. Accumulating evidence has clarified that stem cells release 
nano-vesicles, known as exosomes, which may serve as mediators of 
cell-to-cell communication and may potentially transmit stem cell 
phenotypes to recipient cells, facilitating stem cell maintenance, 
differentiation, self-renewal, and repair. It has become apparent that 
stem cell-derived exosomes mediate interactions among stromal 
elements, promote genetic instability in recipient cells, and induce 
malignant transformation. This review will therefore discuss the 
potential of stem cell-derived exosomes in the context of stromal 
remodeling and their ability to generate cancer-initiating cells in a 
tumor niche by inducing morphologic and functional differentiation of 
fibroblasts into tumor-initiating fibroblasts. In addition, the 



immunosuppressive potential of stem cell-derived exosomes in cancer 
immunotherapy and their prospective applications in cell-free 
therapies in future translational medicine is discussed.

Franzen, C. A., et al. (2015). "Urothelial cells undergo epithelial-
to-mesenchymal transition after exposure to muscle invasive bladder 
cancer exosomes." Oncogenesis 4: e163.

Bladder cancer, the fourth most common noncutaneous malignancy 
in the United States, is characterized by high recurrence rate, with a 
subset of these cancers progressing to a deadly muscle invasive form 
of disease. Exosomes are small secreted vesicles that contain 
proteins, mRNA and miRNA, thus potentially modulating signaling 
pathways in recipient cells. Epithelial-to-mesenchymal transition 
(EMT) is a process by which epithelial cells lose their cell polarity 
and cell-cell adhesion and gain migratory and invasive properties to 
become mesenchymal stem cells. EMT has been implicated in the 
initiation of metastasis for cancer progression. We investigated the 
ability of bladder cancer-shed exosomes to induce EMT in urothelial 
cells. Exosomes were isolated by ultracentrifugation from T24 or UMUC3 
invasive bladder cancer cell conditioned media or from patient urine 
or bladder barbotage samples. Exosomes were then added to the 
urothelial cells and EMT was assessed. Urothelial cells treated with 
bladder cancer exosomes showed an increased expression in several 
mesenchymal markers, including alpha-smooth muscle actin, S100A4 and 
snail, as compared with phosphate-buffered saline (PBS)-treated cells. 
Moreover, treatment of urothelial cells with bladder cancer exosomes 
resulted in decreased expression of epithelial markers E-cadherin and 
beta-catenin, as compared with the control, PBS-treated cells. Bladder 
cancer exosomes also increased the migration and invasion of 
urothelial cells, and this was blocked by heparin pretreatment. We 
further showed that exosomes isolated from patient urine and bladder 
barbotage samples were able to induce the expression of several 
mesenchymal markers in recipient urothelial cells. In conclusion, the 
research presented here represents both a new insight into the role of 
exosomes in transition of bladder cancer into invasive disease, as 
well as an introduction to a new platform for exosome research in 
urothelial cells.

Haga, H., et al. (2015). "Tumour cell-derived extracellular vesicles 
interact with mesenchymal stem cells to modulate the microenvironment 
and enhance cholangiocarcinoma growth." J Extracell Vesicles 4: 24900.

The contributions of mesenchymal stem cells (MSCs) to tumour 
growth and stroma formation are poorly understood. Tumour cells can 
transfer genetic information and modulate cell signalling in other 
cells through the release of extracellular vesicles (EVs). We examined 
the contribution of EV-mediated inter-cellular signalling between bone 
marrow MSCs and tumour cells in human cholangiocarcinoma, highly 
desmoplastic cancers that are characterized by tumour cells closely 
intertwined within a dense fibrous stroma. Exposure of MSCs to tumour 
cell-derived EVs enhanced MSC migratory capability and expression of 



alpha-smooth muscle actin mRNA, in addition to mRNA expression and 
release of CXCL-1, CCL2 and IL-6. Conditioned media from MSCs exposed 
to tumour cell-derived EVs increased STAT-3 phosphorylation and 
proliferation in tumour cells. These effects were completely blocked 
by anti-IL-6R antibody. In conclusion, tumour cell-derived EVs can 
contribute to the generation of tumour stroma through fibroblastic 
differentiation of MSCs, and can also selectively modulate the 
cellular release of soluble factors such as IL-6 by MSCs that can, in 
turn, alter tumour cell proliferation. Thus, malignant cells can 
"educate" MSCs to induce local microenvironmental changes that enhance 
tumour cell growth.

Ji, R., et al. (2015). "Exosomes derived from human mesenchymal stem 
cells confer drug resistance in gastric cancer." Cell Cycle 14(15): 
2473-2483.

Mesenchymal stem cells (MSCs) play an important role in 
chemoresistance. Exosomes have been reported to modify cellular 
phenotype and function by mediating cell-cell communication. In this 
study, we aimed to investigate whether exosomes derived from MSCs 
(MSC-exosomes) are involved in mediating the resistance to 
chemotherapy in gastric cancer and to explore the underlying molecular 
mechanism. We found that MSC-exosomes significantly induced the 
resistance of gastric cancer cells to 5-fluorouracil both in vivo and 
ex vivo. MSC-exosomes antagonized 5-fluorouracil-induced apoptosis and 
enhanced the expression of multi-drug resistance associated proteins, 
including MDR, MRP and LRP. Mechanistically, MSC-exosomes triggered 
the activation of calcium/calmodulin-dependent protein kinases (CaM-
Ks) and Raf/MEK/ERK kinase cascade in gastric cancer cells. Blocking 
the CaM-Ks/Raf/MEK/ERK pathway inhibited the promoting role of MSC-
exosomes in chemoresistance. Collectively, MSC-exosomes could induce 
drug resistance in gastric cancer cells by activating CaM-Ks/Raf/MEK/
ERK pathway. Our findings suggest that MSC-exosomes have profound 
effects on modifying gastric cancer cells in the development of drug 
resistance. Targeting the interaction between MSC-exosomes and cancer 
cells may help improve the efficacy of chemotherapy in gastric cancer.

Ko, S. F., et al. (2015). "Adipose-Derived Mesenchymal Stem Cell 
Exosomes Suppress Hepatocellular Carcinoma Growth in a Rat Model: 
Apparent Diffusion Coefficient, Natural Killer T-Cell Responses, and 
Histopathological Features." Stem Cells Int 2015: 853506.

We sought to evaluate the effects of adipose-derived 
mesenchymal stem cells (ADMSCs) exosomes on hepatocellular carcinoma 
(HCC) in rats using apparent diffusion coefficient (ADC), natural 
killer T-cell (NKT-cell) responses, and histopathological features. 
ADMSC-derived exosomes appeared as nanoparticles (30-90 nm) on 
electron microscopy and were positive for CD63, tumor susceptibility 
gene-101, and beta-catenin on western blotting. The control (n = 8) 
and exosome-treated (n = 8) rats with N1S1-induced HCC underwent 
baseline and posttreatment day 10 and day 20 magnetic resonance 
imaging and measurement of ADC. Magnetic resonance imaging showed 



rapidly enlarged HCCs with low ADCs in the controls. The exosome-
treated rats showed partial but nonsignificant tumor reduction, and 
significant ADC and ADC ratio increases on day 10. On day 20, the 
exosome-treated rats harbored significantly smaller tumors and volume 
ratios, higher ADC and ADC ratios, more circulating and intratumoral 
NKT-cells, and low-grade HCC (P < 0.05 for all comparisons) compared 
to the controls. The ADC and volume ratios exhibited significant 
inverse correlations (P < 0.001, R (2) = 0.679). ADMSC-derived 
exosomes promoted NKT-cell antitumor responses in rats, thereby 
facilitating HCC suppression, early ADC increase, and low-grade tumor 
differentiation. ADC may be an early biomarker of treatment response.

Maitland, N. J. (2015). "Carcinoma-derived exosomes modify 
microenvironment." Oncotarget 6(3): 1344-1345.

Comment on: Chowdhury R, et al. Cancer exosomes trigger 
mesenchymal stem cell differentiation into pro-angiogenic and 
proinvasive myofibroblasts. Oncotarget. 2015; In press.

Munoz, J. L., et al. (2015). "Temozolomide resistance and tumor 
recurrence: Halting the Hedgehog." Cancer Cell Microenviron 2(2).

Chemotherapy with Temozolomide (TMZ), radiation and surgery 
are the primary methods to treat Glioblastoma Multiforme (GBM), the 
most common adult intracranial tumor with dismal outcome. GBM 
resistance to therapy is the main reason of poor patient outcomes. 
Thus, methods to overcome the resistance are an area of extensive 
research. This highlight focuses on three recently published articles 
on the mechanism of resistance and possible therapeutic intervention, 
including RNA treatment with stem cells. We showed a crucial role of 
the developmental Sonic Hedgehog (SHH) pathway in the acquisition and 
maintenance of TMZ resistance. SHH signaling caused TMZ resistance in 
GBM cells through an increase in the multiple drug resistance gene 
(MDR1). The SHH receptor, Patched-1 (PTCH1), negatively regulate SHH 
signaling. In GBM, miR-9 suppressed PTCH1 levels, resulting in the 
activation of SHH pathway. Thus, SHH signaling is independent of the 
ligand in resistant GBM cells. MiR-9 was also increased in 
chemoresistance CD133+ GBM cells. A potential method to reverse 
resistance was tested by delivering the anti-miR in bone marrow-
derived Mesenchymal Stem Cells (MSCs). The anti-miR-9 was transferred 
into the resistant GBM cells through exosomes and gap junctional 
intercellular communication. We also review on-going clinical trials 
with inhibitor of SHH signaling, and also discuss drug delivery by 
cell therapy for GBM. While GBM treatment has proven to be a 
challenge, there are a number of novel approaches we are currently 
developing to manage this malignancy.

Nakano, I., et al. (2015). "Extracellular vesicles in the biology of 
brain tumour stem cells--Implications for inter-cellular 
communication, therapy and biomarker development." Semin Cell Dev Biol 
40: 17-26.

Extracellular vesicles (EVs) act as carriers of molecular and 



oncogenic signatures present in subsets of tumour cells and tumour-
associated stroma, and as mediators of intercellular communication. 
These processes likely involve cancer stem cells (CSCs). EVs represent 
a unique pathway of cellular export and cell-to-cell transfer of 
insoluble molecular regulators such as membrane receptors, signalling 
proteins and metabolites, thereby influencing the functional 
integration of cancer cell populations. While mechanisms that control 
biogenesis, cargo and uptake of different classes of EVs (exosomes, 
microvesicles, ectosomes, large oncosomes) are poorly understood, they 
likely remain under the influence of stress-responses, 
microenvironment and oncogenic processes that define the biology and 
heterogeneity of human cancers. In glioblastoma (GBM), recent 
molecular profiling approaches distinguished several disease subtypes 
driven by distinct molecular, epigenetic and mutational mechanisms, 
leading to formation of proneural, neural, classical and mesenchymal 
tumours. Moreover, molecularly distinct clonal cellular lineages co-
exist within individual GBM lesions, where they differentiate 
according to distinct stem cell hierarchies resulting in several 
facets of tumour heterogeneity and the related potential for 
intercellular interactions. Glioma stem cells (GSCs) may carry 
signatures of either proneural or mesenchymal GBM subtypes and differ 
in several biological characteristics that are, at least in part, 
represented by the output and repertoire of EV production 
(vesiculome). We report that vesiculomes differ between known GBM 
subtypes. EVs may also reflect and influence the equilibrium of the 
stem cell hierarchy, contain oncogenic drivers and modulate the 
microenvironment (vascular niche). The GBM/GSC subtype-specific 
differentials in EV cargo of proteins, transcripts, microRNA and DNA 
may enable detection of the dynamics of the stem cell compartment and 
result in biological effects that remain to be fully characterized.

Paggetti, J., et al. (2015). "Exosomes released by chronic lymphocytic 
leukemia cells induce the transition of stromal cells into cancer-
associated fibroblasts." Blood 126(9): 1106-1117.

Exosomes derived from solid tumor cells are involved in immune 
suppression, angiogenesis, and metastasis, but the role of leukemia-
derived exosomes has been less investigated. The pathogenesis of 
chronic lymphocytic leukemia (CLL) is stringently associated with a 
tumor-supportive microenvironment and a dysfunctional immune system. 
Here, we explore the role of CLL-derived exosomes in the cellular and 
molecular mechanisms by which malignant cells create this favorable 
surrounding. We show that CLL-derived exosomes are actively 
incorporated by endothelial and mesenchymal stem cells ex vivo and in 
vivo and that the transfer of exosomal protein and microRNA induces an 
inflammatory phenotype in the target cells, which resembles the 
phenotype of cancer-associated fibroblasts (CAFs). As a result, 
stromal cells show enhanced proliferation, migration, and secretion of 
inflammatory cytokines, contributing to a tumor-supportive 
microenvironment. Exosome uptake by endothelial cells increased 
angiogenesis ex vivo and in vivo, and coinjection of CLL-derived 



exosomes and CLL cells promoted tumor growth in immunodeficient mice. 
Finally, we detected alpha-smooth actin-positive stromal cells in 
lymph nodes of CLL patients. These findings demonstrate that CLL-
derived exosomes actively promote disease progression by modulating 
several functions of surrounding stromal cells that acquire features 
of cancer-associated fibroblasts.

Vallabhaneni, K. C., et al. (2015). "Extracellular vesicles from bone 
marrow mesenchymal stem/stromal cells transport tumor regulatory 
microRNA, proteins, and metabolites." Oncotarget 6(7): 4953-4967.

Human mesenchymal stem/stromal cells (hMSCs) have been shown 
to support breast cancer cell proliferation and metastasis, partly 
through their secretome. hMSCs have a remarkable ability to survive 
for long periods under stress, and their secretome is tumor 
supportive. In this study, we have characterized the cargo of 
extracellular vesicular (EV) fraction (that is in the size range of 
40-150nm) of serum deprived hMSCs (SD-MSCs). Next Generation 
Sequencing assays were used to identify small RNA secreted in the EVs, 
which indicated presence of tumor supportive miRNA. Further assays 
demonstrated the role of miRNA-21 and 34a as tumor supportive miRNAs. 
Next, proteomic assays revealed the presence of approximately 150 
different proteins, most of which are known tumor supportive factors 
such as PDGFR-beta, TIMP-1, and TIMP-2. Lipidomic assays verified 
presence of bioactive lipids such as sphingomyelin. Furthermore, 
metabolite assays identified the presence of lactic acid and glutamic 
acid in EVs. The co-injection xenograft assays using MCF-7 breast 
cancer cells demonstrated the tumor supportive function of these EVs. 
To our knowledge this is the first comprehensive -omics based study 
that characterized the complex cargo of extracellular vesicles 
secreted by hMSCs and their role in supporting breast cancers.

Wang, J., et al. (2015). "The bone marrow microenvironment enhances 
multiple myeloma progression by exosome-mediated activation of 
myeloid-derived suppressor cells." Oncotarget 6(41): 43992-44004.

Exosomes, extracellular nanovesicles secreted by various cell 
types, modulate the bone marrow (BM) microenvironment by regulating 
angiogenesis, cytokine release, immune response, inflammation, and 
metastasis. Interactions between bone marrow stromal cells (BMSCs) and 
multiple myeloma (MM) cells play crucial roles in MM development. We 
previously reported that BMSC-derived exosomes directly promote MM 
cell growth, whereas the other possible mechanisms for supporting MM 
progression by these exosomes are still not clear. Here, we 
investigated the effect of BMSC-derived exosomes on the MM BM cells 
with specific emphasis on myeloid-derived suppressor cells (MDSCs). 
BMSC-derived exosomes were able to be taken up by MM MDSCs and induced 
their expansion in vitro. Moreover, these exosomes directly induced 
the survival of MDSCs through activating STAT3 and STAT1 pathways and 
increasing the anti-apoptotic proteins Bcl-xL and Mcl-1. Inhibition of 
these pathways blocked the enhancement of MDSC survival. Furthermore, 
these exosomes increased the nitric oxide release from MM MDSCs and 



enhanced their suppressive activity on T cells. Taken together, our 
results demonstrate that BMSC-derived exosomes activate MDSCs in the 
BM through STAT3 and STAT1 pathways, leading to increased 
immunosuppression which favors MM progression.

Webber, J., et al. (2015). "Extracellular vesicles as modulators of 
the cancer microenvironment." Semin Cell Dev Biol 40: 27-34.

The tumour microenvironment is a highly complex and dynamic 
tissue. It comprises not only neoplastic cells, but also other 
resident cells within the milieu such as stroma and vascular cells in 
addition to a variable cellular infiltrate from the periphery. A host 
of soluble factors such as growth factors, chemokines, eicosanoids 
soluble metabolites and extracellular matrix components have been 
extensively documented as factors which modulate this environment. 
However, in recent years there has also been growing interests in the 
potential roles of extracellular vesicles (EV) in many of the 
processes governing the nature of cancerous tissue. In this brief 
review, we have assembled evidence describing several distinct 
functions for extracellular vesicles in modulating the 
microenvironment with examples that include immune evasion, 
angiogenesis and stromal activation. Whilst there remains a great deal 
to be learnt about the interplay between vesicles and the cancerous 
environment, it is becoming clear that vesicle-mediated communication 
has a major influence on key aspects of cancer growth and progression. 
We conclude that the design of future therapeutics should acknowledge 
the existence and roles of extracellular vesicles, and seriously 
consider strategies for circumventing their effects in vivo.

Yang, Y., et al. (2015). "Acquisition of new tumor cell properties by 
MSC-derived exosomes." Int J Oncol 47(1): 244-252.

Interaction between multi-functional mesenchymal stroma/stem 
cells (MSC) and human tumor cells involves the exchange of biological 
material via extracellular vesicles including exosomes. Protein 
analysis of MSC-derived exosomes demonstrated the presence of MMP-2 
and MSC-specific markers including CD90 and ecto-5'-nucleotidase 
(CD73). Incubation of tumor cells with these membranous particles 
revealed a rapid uptake of MSC-released microvesicles whereby breast 
cancer cells incorporated ~19% and SCCOHT-1 cells representing a rare 
type of small cell ovarian cancer assimilated ~28% of available 
exosomes within 24 h. This interaction was accompanied by functional 
alterations of tumor cell properties during integration of exosomal 
content from MSC. Indeed, exosome-associated MMP-2 exhibited 
functional enzyme activity and MCF-7 breast cancer cells with 
undetectable MMP-2 protein acquired expression of this enzyme and 
corresponding gelatinase functionality after stimulation with MSC-
derived exosomes. Similar effects were observed in SCCOHT-1 cells 
during culture in the presence of MSC-derived exosomes which enabled 
new metabolic activities in this tumor cell type. Together, these 
findings demonstrated that the internalization of MSC-derived exosomes 
was associated with the acquisition of new tumor cell properties by 



altering cellular functionalities and providing the capability to re-
organize the tumor microenvironment.

Yang, Y., et al. (2015). "Human mesenchymal stroma/stem cells exchange 
membrane proteins and alter functionality during interaction with 
different tumor cell lines." Stem Cells Dev 24(10): 1205-1222.

To analyze effects of cellular interaction between human 
mesenchymal stroma/stem cells (MSC) and different cancer cells, direct 
co-cultures were performed and revealed significant growth stimulation 
of the tumor populations and a variety of protein exchanges. More than 
90% of MCF-7 and primary human HBCEC699 breast cancer cells as well as 
NIH:OVCAR-3 ovarian adenocarcinoma cells acquired CD90 proteins during 
MSC co-culture, respectively. Furthermore, SK-OV-3 ovarian cancer 
cells progressively elevated CD105 and CD90 proteins in co-culture 
with MSC. Primary small cell hypercalcemic ovarian carcinoma cells 
(SCCOHT-1) demonstrated undetectable levels of CD73 and CD105; 
however, both proteins were significantly increased in the presence of 
MSC. This co-culture-mediated protein induction was also observed at 
transcriptional levels and changed functionality of SCCOHT-1 cells by 
an acquired capability to metabolize 5'cAMP. Moreover, exchange 
between tumor cells and MSC worked bidirectional, as undetectable 
expression of epithelial cell adhesion molecule (EpCAM) in MSC 
significantly increased after co-culture with SK-OV-3 or NIH:OVCAR-3 
cells. In addition, a small population of chimeric/hybrid cells 
appeared in each MSC/tumor cell co-culture by spontaneous cell fusion. 
Immune fluorescence demonstrated nanotube structures and exosomes 
between MSC and tumor cells, whereas cytochalasin-D partially 
abolished the intercellular protein transfer. More detailed functional 
analysis of FACS-separated MSC and NIH:OVCAR-3 cells after co-culture 
revealed the acquisition of epithelial cell-specific properties by 
MSC, including increased gene expression for cytokeratins and 
epithelial-like differentiation factors. Vice versa, a variety of 
transcriptional regulatory genes were down-modulated in NIH:OVCAR-3 
cells after co-culture with MSC. Together, these mutual cellular 
interactions contributed to functional alterations in MSC and tumor 
cells.

Alcayaga-Miranda, F., et al. (2016). "Prostate tumor-induced 
angiogenesis is blocked by exosomes derived from menstrual stem cells 
through the inhibition of reactive oxygen species." Oncotarget 7(28): 
44462-44477.

Mesenchymal stem cells (MSCs) secrete exosomes that are 
capable of modifying the tumor environment through different 
mechanisms including changes in the cancer-cell secretome. This 
activity depends on their cargo content that is largely defined by 
their cellular origin. Endometrial cells are fine regulators of the 
angiogenic process during the menstrual cycle that includes an 
angiostatic condition that is associated with the end of the cycle. 
Hence, we studied the angiogenic activity of menstrual stem cells 
(MenSCs)-secreted exosomes on prostate PC3 tumor cells. Our results 



showed that exosomes induce a reduction in VEGF secretion and NF-
kappaB activity. Lower reactive oxygen species (ROS) production in 
exosomes-treated cells was detected by the DCF method, suggesting that 
the inhibition of the intracellular ROS impacts both NF-kappaB and 
VEGF pathways. We confirmed using tubule formation and plug 
transplantation assays that MenSCs-exosomes suppress the secretion of 
pro-angiogenic factors by the PC3 cells in a ROS-dependent manner. The 
inhibition of the tumor angiogenesis and, consequently, the tumor 
growth was also confirmed using a xenograft mouse model. Additionally, 
the anti-tumoral effect was associated with a reduction of tumor 
hemoglobin content, vascular density and inhibition of VEGF and 
HIF-1alpha expression. Importantly, we demonstrate that the exosomes 
anti-angiogenic effect is specific to the menstrual cell source, as 
bone marrow MSCs-derived exosomes showed an opposite effect on the 
VEGF and bFGF expression in tumor cells. Altogether, our results 
indicate that MenSCs-derived exosomes acts as blockers of the tumor-
induced angiogenesis and therefore could be suitable for anti-cancer 
therapies.

Altanerova, U., et al. (2016). "Dental pulp mesenchymal stem/stromal 
cells labeled with iron sucrose release exosomes and cells applied 
intra-nasally migrate to intracerebral glioblastoma." Neoplasma 63(6): 
925-933.

We report on a simple iron oxide (Venofer) labeling procedure 
of dental pulp mesenchymal stem cells (DP-MSCs) and DP-MSCs transduced 
with yeast cytosinedeaminase::uracilphosphoribosyltransferase 
(yCD::UPRT-DP-MSCs). Venofer is a drug approved for intravenous 
application to treat iron deficiency anemia in patients. Venofer 
labeling did not affect DP-MSCs or yCD::UPRT-DP-MSCs viability and 
growth kinetics. Electron microscopy of labeled cells showed 
internalized Venofer nanoparticles in endosomes. MRI relativity 
measurement of Venofer labeled DP-MSCs in a phantom arrangement 
revealed that 100 cells per 0.1 ml were still detectable. DP-MSCs or 
yCD::UPRT-DP-MSCs and the corresponding Venofer labeled cells release 
exosomes into conditional medium (CM). CM from yCD::UPRT-DP-MSCs in 
the presence of a prodrug 5-fluorocytosine caused tumor cell death in 
a dose dependent manner. Iron labeled DP-MSCs or yCD::UPRT-DP-MSCs 
sustained their tumor tropism in vivo; intra-nasally applied cells 
migrated and specifically engrafted orthotopic glioblastoma xenografts 
in rats.

Bliss, S. A., et al. (2016). "Mesenchymal Stem Cell-Derived Exosomes 
Stimulate Cycling Quiescence and Early Breast Cancer Dormancy in Bone 
Marrow." Cancer Res 76(19): 5832-5844.

Dormant breast cancers resurge as metastatic disease after a 
long dormancy period in the bone marrow, where cancer cells interact 
with mesenchymal stem cells (MSC). However, the nature of early 
interactions between breast cancer cells and MSCs in the bone marrow 
microenvironment that facilitate adaptation to a quiescent state 
remains poorly understood. Here, we report that breast cancer cells 



prime MSC to release exosomes containing distinct miRNA contents, such 
as miR-222/223, which in turn promotes quiescence in a subset of 
cancer cells and confers drug resistance. Building on these results, 
we developed a novel, nontoxic therapeutic strategy to target dormant 
breast cancer cells based on systemic administration of MSC loaded 
with antagomiR-222/223. In an immunodeficient mouse model of dormant 
breast cancer, this therapy sensitized breast cancer cells to 
carboplatin-based therapy and increased host survival. Overall, our 
findings illuminate the nature of the regulatory interactions between 
breast cancer cells and MSCs in the evolution of tumor dormancy and 
resurgence in the micrometastatic microenvironment of the bone marrow. 
Cancer Res; 76(19); 5832-44. (c)2016 AACR.

Bussard, K. M., et al. (2016). "Tumor-associated stromal cells as key 
contributors to the tumor microenvironment." Breast Cancer Res 18(1): 
84.

The tumor microenvironment is a heterogeneous population of 
cells consisting of the tumor bulk plus supporting cells. It is 
becoming increasingly evident that these supporting cells are 
recruited by cancer cells from nearby endogenous host stroma and 
promote events such as tumor angiogenesis, proliferation, invasion, 
and metastasis, as well as mediate mechanisms of therapeutic 
resistance. In addition, recruited stromal cells range in type and 
include vascular endothelial cells, pericytes, adipocytes, 
fibroblasts, and bone-marrow mesenchymal stromal cells. During normal 
wound healing and inflammatory processes, local stromal cells change 
their phenotype to become that of reactive stroma. Under certain 
conditions, however, tumor cells can co-opt these reactive stromal 
cells and further transition them into tumor-associated stromal cells 
(TASCs). These TASCs express higher levels of proteins, including 
alpha-smooth muscle actin, fibroblast activating protein, and matrix 
metalloproteinases, compared with their normal, non-reactive 
counterparts. TASCs are also known to secrete many pro-tumorigenic 
factors, including IL-6, IL-8, stromal-derived factor-1 alpha, 
vascular endothelial growth factor, tenascin-C, and matrix 
metalloproteinases, among others, which recruit additional tumor and 
pro-tumorigenic cells to the developing microenvironment. Here, we 
review the current literature pertaining to the origins of recruited 
host stroma, contributions toward tumor progression, tumor-associated 
stromal cells, and mechanisms of crosstalk between endogenous host 
stroma and tumor cells.

De Veirman, K., et al. (2016). "Induction of miR-146a by multiple 
myeloma cells in mesenchymal stromal cells stimulates their pro-
tumoral activity." Cancer Lett 377(1): 17-24.

Mutual communication between multiple myeloma (MM) cells and 
mesenchymal stromal cells (MSC) plays a pivotal role in supporting MM 
progression. In MM, MSC exhibit a different genomic profile and 
dysregulated cytokine secretion compared to normal MSC, however the 
mechanisms involved in these changes are not fully understood. Here, 



we examined the miRNA changes in human MSC after culture with 
conditioned medium of MM cells and found 19 dysregulated miRNAs, 
including upregulated miR-146a. Moreover, exosomes derived from MM 
cells contained miR-146a and could be transferred into MSC. After 
overexpressing miR-146a in MSC, secretion of several cytokines and 
chemokines including CXCL1, IL6, IL-8, IP-10, MCP-1, and CCL-5 was 
elevated, resulting in the enhancement of MM cell viability and 
migration. DAPT, an inhibitor of the endogenous Notch pathway, was 
able to abrogate the miR-146a-induced increase of cytokines in MSC, 
suggesting the involvement of the Notch pathway. Taken together, our 
results demonstrate a positive feedback loop between MM cells and MSC: 
MM cells promote the increase of miR146a in MSC which leads to more 
cytokine secretion, which in turn favors MM cell growth and migration.

El-Saghir, J., et al. (2016). "ATL-derived exosomes modulate 
mesenchymal stem cells: potential role in leukemia progression." 
Retrovirology 13(1): 73.

BACKGROUND: Exosomes are membrane nano-vesicles secreted by a 
multitude of cells that harbor biological constituents such as 
proteins, lipids, mRNA and microRNA. Exosomes can potentially transfer 
their cargo to other cells, implicating them in many patho-
physiological processes. Mesenchymal stem cells (MSCs), residents of 
the bone marrow and metastatic niches, potentially interact with 
cancer cells and/or their derived exosomes. In this study, we 
investigated whether exosomes derived from adult T-cell leukemia/
lymphoma (ATL) cells act as intercellular messengers delivering 
leukemia-related genes that modulate the properties of human MSCs in 
favor of leukemia. We hypothesized that the cargo of ATL-derived 
exosomes is transferred to MSCs and alter their functional behavior to 
support the establishment of the appropriate microenvironment for 
leukemia. RESULTS: We showed that both ATL cells (C81 and HuT-102) and 
patient-derived cells released Tax-containing exosomes. The cargo of 
HuT-102-derived exosomes consisted of miR-21, miR-155 and vascular 
endothelial growth factor. We demonstrated that HuT-102-derived 
exosomes not only deliver Tax to recipient MSCs, but also induce NF-
kappaB activation leading to a change in cellular morphology, increase 
in proliferation and the induction of gene expression of migration and 
angiogenic markers. CONCLUSIONS: This study demonstrates that ATL-
derived exosomes deliver Tax and other leukemia-related genes to MSCs 
and alter their properties to presumably create a more conducive 
milieu for leukemia. These findings highlight the contribution of 
leukemia-derived exosomes in cellular transformation and their 
potential value as biomarkers and targets in therapeutic strategies.

Fu, H., et al. (2016). "The emerging roles of exosomes in tumor-stroma 
interaction." J Cancer Res Clin Oncol 142(9): 1897-1907.

PURPOSE: The tumor-stroma interaction is critical for the 
development and progression of cancer. Cancer-associated fibroblasts 
(CAFs), one of the major components of the tumor stroma, can promote 
tumor growth and metastasis. Exosomes are secreted microvesicles that 



mediate cell-to-cell communication. Exosomal contents, including 
proteins, nucleic acids, and lipids, can be shuttled from donor cells 
to target cells. Recent studies suggest that exosomes play important 
roles in the tumor-stroma interaction. Herein, we review the 
multifaceted roles of exosomes in the tumor-stroma interaction and the 
underlying molecular mechanisms. METHODS: Literature search for all 
relevant publications was performed on PubMed databases. The keywords 
of exosomes, tumor, stroma, CAFs, mesenchymal stem cells (MSCs) and 
other closely related terms were used for searching. RESULTS: Tumor 
cell-derived exosomes induce the differentiation of fibroblasts and 
MSCs into CAFs. In turn, exosomes secreted by CAFs promote tumor 
growth, metastasis, and drug resistance through distinct mechanisms. 
Moreover, exosomes from stromal cells can be used as therapeutic 
vehicles for the delivery of anticancer drugs. CONCLUSIONS: Tumor 
cells communicate with CAFs through exosomes, which establishes a 
bidirectional cross talk to promote tumor growth, metastasis, and drug 
resistance. Targeting exosomes in tumor-stroma interaction may have 
important implications for anticancer therapy.

Greco, K. A., et al. (2016). "PLK-1 Silencing in Bladder Cancer by 
siRNA Delivered With Exosomes." Urology 91: 241.e241-247.

OBJECTIVE: To use exosomes as a vector to deliver small 
interfering ribonucleic acid (siRNA) to silence the polo-like kinase 1 
(PLK-1) gene in bladder cancer cells. MATERIALS AND METHODS: Exosomes 
were isolated from both human embryonic kidney 293 (HEK293) cell and 
mesenchymal stem cell (MSC) conditioned media. Fluorescently labeled 
exosomes were co-cultured with bladder cancer and normal epithelial 
cells and uptake was quantified by image cytometry. PLK-1 siRNA and 
negative control siRNA were loaded into HEK293 and MSC exosomes using 
electroporation. An invasive bladder cancer cell line (UMUC3) was co-
cultured with the electroporated exosomes. Quantitative reverse 
transcriptase polymerase chain reaction was performed. Protein 
analysis was performed by Western blot. Annexin V staining and MTT 
assays were used to investigate effects on apoptosis and viability. 
RESULTS: Bladder cancer cell lines internalize an increased percentage 
of HEK293 exosomes when compared to normal bladder epithelial cells. 
Treatment of UMUC3 cells with exosomes electroporated with PLK-1 siRNA 
achieved successful knockdown of PLK-1 mRNA and protein when compared 
to cells treated with negative control exosomes. CONCLUSION: HEK293 
and MSC exosomes were effectively used as a delivery vector to 
transport PLK-1 siRNA to bladder cancer cells in vitro, resulting in 
selective gene silencing of PLK-1. The use of exosomes as a delivery 
vector for potential intravesical therapy is attractive.

Gu, H., et al. (2016). "Exosomes derived from human mesenchymal stem 
cells promote gastric cancer cell growth and migration via the 
activation of the Akt pathway." Mol Med Rep 14(4): 3452-3458.

Mesenchymal stem cells (MSCs) are a component of the tumor 
microenvironment and can promote the development of gastric cancer 
through paracrine mechanism. However, the effects of MSCexosomes 



(MSCex) on gastric cancer are less clear. The present study reported 
that MSCex promoted the proliferative and metastatic potential of 
gastric cancer cells ex vivo. It was found that MSCex enhanced the 
migration and invasion of HGC27 cells via the induction of the 
epithelialmesenchymal transition. MSCex increased the expression of 
mesenchymal markers and reduced the expression of epithelial markers 
in gastric cancer cells. MSCex also enhanced the tumorigenicity of 
gastric cancer cells ex vivo. MSCex induced the stemness of gastric 
cancer cells. The expression of octamerbinding transcription factor 4, 
ex determining region Ybox 2 and Lin28B significantly increased in 
gastric cancer cells treated with MSCex. The present study further 
demonstrated that MSCex elicited these biological effects 
predominantly via the activation of the protein kinase B signaling 
pathway. Taken together, the present findings provided novel evidence 
for the role of MSCex in gastric cancer and a new opportunity for 
improving the efficiency of gastric cancer treatment by targeting 
MSCex.

Kalkan, R. and N. Serakinci (2016). "Human Mesenchymal Stem Cells in 
Cancer Therapy." Crit Rev Eukaryot Gene Expr 26(1): 41-48.

Human mesenchymal stem cells (hMSCs) have the ability to 
differentiate into several tissue types. Their use in cancer 
therapeutics or as therapeutic delivery vehicles has significant 
potential, particularly in their exosome/microvesicle-mediated tissue 
regeneration abilities. In this review, the potential use of hMSCs in 
cancer therapy is discussed.

Li, X., et al. (2016). "Lung tumor exosomes induce a pro-inflammatory 
phenotype in mesenchymal stem cells via NFkappaB-TLR signaling 
pathway." J Hematol Oncol 9: 42.

BACKGROUND: In tumor microenvironment, a continuous cross-talk 
between cancer cells and other cellular components is required to 
sustain tumor progression. Accumulating evidence suggests that 
exosomes, a novel way of cell communication, play an important role in 
such cross-talk. Exosomes could facilitate the direct intercellular 
transfer of proteins, lipids, and miRNA/mRNA/DNAs between cells. Since 
mesenchymal stem cells (MSCs) can be attracted to tumor sites and 
become an important component of the tumor microenvironment, there is 
an urgent need to reveal the effect of tumor exosomes on MSCs and to 
further explore the underlying molecular mechanisms. METHODS: Exosomes 
were harvested from lung cancer cell line A549 and added to MSCs. 
Secretion of inflammation-associated cytokines in exosome-treated MSCs 
were analyzed by RT-PCR and ELISA. The growth-promoting effect of 
exosome-treated MSCs on lung tumor cells was evaluated by in vivo 
mouse xenograft model. Signaling pathway involved in exosomes-treated 
MSCs was detected by PCR array of human toll-like receptor signaling 
pathway, RT-PCR, and Western blot. RESULTS: Data showed that lung 
tumor cell A549-derived exosomes could induce a pro-inflammatory 
phenotype in MSCs named P-MSCs, which have significantly elevated 
secretion of IL-6, IL-8, and MCP-1. P-MSCs possess a greatly enhanced 



ability in promoting lung tumor growth in mouse xenograft model. 
Analysis of the signaling pathways in P-MSCs revealed a fast 
triggering of NF-kappaB. Genetic ablation of Toll-like receptor 2 
(TLR2) by siRNA and TLR2-neutralizing antibody could block NF-kappaB 
activation by exosomes. We further found that Hsp70 present on the 
surface of lung tumor exosomes contributed to the induction of P-MSCs 
by A549 exosomes. CONCLUSIONS: Our studies suggest a novel mechanism 
by which lung tumor cell-derived exosomes induce pro-inflammatory 
activity of MSCs which in turn get tumor supportive characteristics.

Lin, L. Y., et al. (2016). "Tumour cell-derived exosomes endow 
mesenchymal stromal cells with tumour-promotion capabilities." 
Oncogene 35(46): 6038-6042.

Mesenchymal stromal cells (MSCs) are a major component of the 
tumour microenvironment. A plethora of elegant studies focusing on 
tumour-derived MSCs have shown that they, unlike normal MSCs in other 
tissue, exhibit a strong ability to promote tumour progression. 
However, the mechanisms underlying the conversion of normal MSCs into 
tumour-associated MSCs are unknown. We report here a critical role of 
tumour cell-derived exosomes in endowing bone marrow-derived MSCs (BM-
MSCs) with a tumour-favourable phenotype. Tumour cell-derived exosomes 
affected neither the growth factor production nor the 
immunosuppressive property of MSCs; rather, they endowed MSCs with a 
strong ability to promote macrophage infiltration into B16-F0 melanoma 
or EL-4 lymphoma. Ablation of macrophages by clodronate liposome 
administration reversed the tumour-promoting effect of MSCs educated 
by tumour cell-derived exosomes (TE-MSCs) on the tumour growth. By 
comparing the chemokine profile of BM-MSCs with that of TE-MSCs, we 
found that TE-MSCs produced a large amount of CCR2 ligands, CCL2 and 
CCL7, which are responsible for macrophage recruitment. CCR2-specific 
inhibitor was found to block the tumour-promoting effect of TE-MSCs. 
Thus, our investigations demonstrated that tumour cell-derived 
exosomes confer BM-MSCs the ability to enhance tumour growth. 
Therefore, we uncovered a novel mechanism underlying the conversion of 
normal MSCs to tumour-associated MSCs.

Lopatina, T., et al. (2016). "Cross Talk between Cancer and 
Mesenchymal Stem Cells through Extracellular Vesicles Carrying Nucleic 
Acids." Front Oncol 6: 125.

Extracellular vesicles (EVs) are considered to be a novel 
complex mechanism of cell communication within the tumor 
microenvironment. EVs may act as vehicles for transcription factors 
and nucleic acids inducing epigenetic changes in recipient cells. 
Since tumor EVs may be present in patient biological fluids, it is 
important to investigate their function and molecular mechanisms of 
action. It has been shown that tumor cells release EVs, which are 
capable of regulating cell apoptosis, proliferation, invasion, and 
epithelial-mesenchymal transition, as well as to suppress activity of 
immune cells, to enhance angiogenesis, and to prepare a favorable 
microenvironment for metastasis. On the other hand, EVs derived from 



stromal cells, such as mesenchymal stem cells (MSCs), may influence 
the phenotype of tumor cells through reciprocal cross talk greatly 
influenced by the transcription factors and nucleic acids they carry. 
In particular, non-coding RNAs (ncRNAs), including microRNAs and long 
ncRNAs, have recently been identified as the main candidates for the 
phenotypic changes induced in the recipient cells by EVs. ncRNAs, 
which are important regulators of mRNA and protein expression, can 
function either as tumor suppressors or as oncogenes, depending on 
their targets. Herein, we have attempted to revise actual evidence 
reported in the literature on the role of EVs in tumor biology with 
particular regard to the cross talk of ncRNAs between cancer cells and 
MSCs.

Lugini, L., et al. (2016). "Exosomes from human colorectal cancer 
induce a tumor-like behavior in colonic mesenchymal stromal cells." 
Oncotarget 7(31): 50086-50098.

BACKGROUND: Cancer cells, including colorectal cancer ones 
(CRC), release high amounts of nanovesicles (exosomes), delivering 
biochemical messages for paracrine or systemic crosstalk. Mesenchymal 
stromal cells (MSCs) have been shown to play contradicting roles in 
tumor progression. RESULTS: CRC exosomes induce in cMSCs: i) atypical 
morphology, higher proliferation, migration and invasion; ii) 
formation of spheroids; iii) an acidic extracellular environment 
associated with iv) a plasma membrane redistribution of vacuolar H+-
ATPase and increased expression of CEA. Colon cancer derived MSCs, 
which were isolated from tumor masses, produce umbilicated spheroids, 
a future frequently observed in the inner core of rapidly growing 
tumors and recapitulate the changes observed in normal colonic MSCs 
exposed to CRC exosomes. MATERIALS AND METHODS: Tissue specific 
colonic (c)MSCs were exposed to primary or metastatic CRC exosomes and 
analysed by light and electron microscopy, proliferation in 2D and 3D 
cultures, migration and invasion assays, Western blot and confocal 
microscopy for vacuolar H+-ATPase expression. CONCLUSIONS: CRC 
exosomes are able to induce morphological and functional changes in 
colonic MSCs, which may favour tumor growth and its malignant 
progression. Our results suggest that exosomes are actively involved 
in cancer progression and that inhibiting tumor exosome release may 
represent a way to interfere with cancer.

Patel, J. S., et al. (2016). "Non-coding RNA as mediators in 
microenvironment-breast cancer cell communication." Cancer Lett 
380(1): 289-295.

The tumor microenvironment has a critical role in the survival 
and decision of the cancer cells. These include support by enhanced 
angiogenesis, and metastasis or adaptation of dormancy. This article 
discusses methods by which the microenvironment sustains the tumor. 
This process is important as it will identify avenues of drug targets. 
Non-coding RNAs (ncRNAs) are evolving as key mediators in the 
interaction between the cancer cells and the microenvironment. Thus, 
the question is how to develop methods to effectively block the 



effects of the ncRNA and/or to introduce them to prevent metastasis, 
dormancy or to reverse dormancy. We focused on the advantages of using 
mesenchymal stem cells (MSCs) for RNA delivery. MSCs can be available 
as "off-the-shelf" cells. Thus far, MSCs are shown to be safe when 
transplanted across allogeneic barriers. We discussed the various 
methods by which MSCs can interact with cancer cells to deliver ncRNA 
or antagomirs. We also include the advances and possible confounds of 
using these methods. Overall, this review article provides a potential 
method by which MSCs can be used for effective delivery of nucleic 
acid to treat cancer.

Penfornis, P., et al. (2016). "Extracellular vesicles as carriers of 
microRNA, proteins and lipids in tumor microenvironment." Int J Cancer 
138(1): 14-21.

In recent years, the knowledge about the control of tumor 
microenvironment has increased and emerged as an important player in 
tumorigenesis. The role of normal stromal cells in the tumor 
initiation and progression has brought our vision in to the forefront 
of cell-to-cell communication. In this review, we focus on the 
mechanism of communication between stromal and tumor cells, which is 
based on the exchange of extracellular vesicles (EVs). We describe 
several, evergrowing, pieces of evidence that EVs transfer messages 
through their miRNA, lipid, protein and nucleic acid contents. A 
better understanding of this sophisticated method of communication 
between normal cancer cells may lead to developing novel approaches 
for personalized diagnostics and therapeutics.

Reza, A. M., et al. (2016). "Human adipose mesenchymal stem cell-
derived exosomal-miRNAs are critical factors for inducing anti-
proliferation signalling to A2780 and SKOV-3 ovarian cancer cells." 
Sci Rep 6: 38498.

An enigmatic question exists concerning the pro- or anti-
cancer status of mesenchymal stem cells (MSCs). Despite growing 
interest, this question remains unanswered, and the debate became 
intensified with new evidences backing each side. Here, we showed that 
human adipose MSC (hAMSC)-derived conditioned medium (CM) exhibited 
inhibitory effects on A2780 human ovarian cancer cells by blocking the 
cell cycle, and activating mitochondria-mediated apoptosis signalling. 
Explicitly, we demonstrated that exosomes, an important biological 
component of hAMSC-CM, could restrain proliferation, wound-repair and 
colony formation ability of A2780 and SKOV-3 cancer cells. 
Furthermore, hAMSC-CM-derived exosomes induced apoptosis signalling by 
upregulating different pro-apoptotic signalling molecules, such as 
BAX, CASP9, and CASP3, as well as downregulating the anti-apoptotic 
protein BCL2. More specifically, cancer cells exhibited reduced 
viability following fresh or protease-digested exosome treatment; 
however, treatment with RNase-digested exosomes could not inhibit the 
proliferation of cancer cells. Additionally, sequencing of exosomal 
RNAs revealed a rich population of microRNAs (miRNAs), which exhibit 
anti-cancer activities by targeting different molecules associated 



with cancer survival. Our findings indicated that exosomal miRNAs are 
important players involved in the inhibitory influence of hAMSC-CM 
towards ovarian cancer cells. Therefore, we believe that these 
comprehensive results will provide advances concerning ovarian cancer 
research and treatment.

Santos, J. C., et al. (2016). "Exosomes-mediate microRNAs transfer in 
breast cancer chemoresistance regulation." Am J Cancer Res 6(10): 
2129-2139.

Breast cancer is the most common and fatal type of cancer in 
women worldwide due to the metastatic process and resistance to 
treatment. Despite advances in molecular knowledge, little is known 
regarding resistance to chemotherapy. One highlighted aspect is the 
DNA damage response (DDR) pathway that is activated upon genotoxic 
damage, controlling the cell cycle arrest or DNA repair activation. 
Recently, studies have showed that cancer stem cells (CSCs) could 
promote chemoresistance through DDR pathway. Furthermore, it is known 
that the epithelial-mesenchymal transition (EMT) can generate cells 
with CSCs characteristics and therefore regulate the chemoresistance 
process. The exosomes are microvesicles filled with RNAs, proteins and 
microRNAs (miRNAs) that can be released by many cell types, including 
tumor cells and CSCs. The exosomes content may be cell-to-cell 
transferable and it could control a wide range of pathways during 
tumor development and metastasis. A big challenge for modern medicine 
is to determine the reasons why patients do not respond to 
chemotherapy treatments and also guide the most appropriate therapy 
for each one. Considering that the CSCs are able to stimulate the 
formation of a more aggressive tumor phenotype with migration and 
metastasis ability, resistance to treatment and disease recurrence, as 
well as few studies capable to determine clearly the interaction of 
breast CSCs with its microenvironment, the present review summarize 
the possibility that exosomes-mediate miRNAs transfer and regulate 
chemoresistance in breast tumor cells and CSCs, to clarify the 
complexity of breast cancer progression and therapy.

Shi, S., et al. (2016). "Mesenchymal stem cell-derived exosomes 
facilitate nasopharyngeal carcinoma progression." Am J Cancer Res 
6(2): 459-472.

Mesenchymal stem cells (MSCs), which are capable of 
differentiating into multiple cell types, are reported to exert 
multiple effects on tumor development. However, the relationship 
between MSCs and nasopharyngeal carcinoma (NPC) cells remains unclear. 
Exosomes are small membrane vesicles that can be released by several 
cell types, including MSCs. Exosomes, which can carry membrane and 
cytoplasmic constituents, have been described as participants in a 
novel mechanism of cell-to-cell communication. In the present study, 
we investigated the mechanisms underlying the interaction between MSCs 
and NPC cells. The data showed that MSCs secreted 40-100 nm 
heterogeneous small vesicles, which were defined as exosomes. 
Incubation of NPC cells with MSC-derived exosomes resulted in the 



uptake of exosomes by the cells, which promoted their proliferation, 
migration and tumorigenesis. After an extended treatment duration, the 
tumor cells showed morphological changes and significant changes in 
the expression of epithelial-mesenchymal transition (EMT) markers. 
Moreover, we found that FGF19 was highly expressed in MSC-exosomes and 
that exosomes stimulated NPC progression by activating the FGF19-
FGFR4-dependent ERK signaling cascade and by modulating the EMT. All 
of these data indicated that exosomes participate in a novel mechanism 
by which MSCs influence NPC progression.

Takahara, K., et al. (2016). "microRNA-145 Mediates the Inhibitory 
Effect of Adipose Tissue-Derived Stromal Cells on Prostate Cancer." 
Stem Cells Dev 25(17): 1290-1298.

Adipose-derived stromal cell (ASC), known as one of the 
mesenchymal stem cells (MSCs), is a promising tool for regenerative 
medicine; however, the effect of ASCs on tumor growth has not been 
studied sufficiently. We investigated the hypothesis that ASCs have an 
inhibitory effect on metastatic tumor progression. To evaluate the in 
vitro inhibitory effect of ASCs on metastatic prostate cancer (PCa), 
direct coculture and indirect separate culture experiments with PC3M-
luc2 cells and human ASCs were performed, and ASCs were administered 
to PC3M-luc2 cell-derived tumor-bearing nude mice for in vivo 
experiment. We also performed exosome microRNA (miRNA) array analysis 
to explore a mechanistic insight into the effect of ASCs on PCa cell 
proliferation/apoptosis. Both in vitro and in vivo experiments 
exhibited the inhibitory effect of ASCs on PC3M-luc2 cell 
proliferation, inducing apoptosis and PCa growth, respectively. Among 
upregulated miRNAs in ASCs compared with fibroblasts, we focused on 
miR-145, which was known as a tumor suppressor. ASC-derived 
conditioned medium (CM) significantly inhibited PC3M-luc2 cell 
proliferation, inducing apoptosis, but the effect was canceled by 
miR-145 knockdown in ASCs. ASC miR-145 knockdown CM also reduced the 
expression of Caspase 3/7 with increased antiapoptotic protein, BclxL, 
expression in PC3M-luc2 cells. This study provides preclinical data 
that ASCs inhibit PCa growth, inducing PCa cell apoptosis with reduced 
activity of BclxL, at least in part, by miR-145, including exosomes 
released from ASCs, suggesting that ASC administration could be a 
novel and promising therapeutic strategy in patients with PCa.

Villasante, A., et al. (2016). "Recapitulating the Size and Cargo of 
Tumor Exosomes in a Tissue-Engineered Model." Theranostics 6(8): 
1119-1130.

There is a growing interest in the pivotal role of exosomes in 
cancer and in their use as biomarkers. However, despite the importance 
of the microenvironment for cancer initiation and progression, 
monolayer cultures of tumor cells still represent the main in vitro 
source of exosomes. As a result, their environmental regulation 
remains largely unknown. Here, we report a three-dimensional tumor 
model for studying exosomes, using Ewing's sarcoma type 1 as a 
clinically relevant example. The bioengineered model was designed 



based on the hypothesis that the 3-dimensionality, composition and 
stiffness of the tumor matrix are the critical determinants of the 
size and cargo of exosomes released by the cancer cells. We analyzed 
the effects of the tumor microenvironment on exosomes, and the effects 
of exosomes on the non-cancer cells from the bone niche. Exosomes from 
the tissue-engineered tumor had similar size distribution as those in 
the patients' plasma, and were markedly smaller than those in 
monolayer cultures. Bioengineered tumors and the patients' plasma 
contained high levels of the Polycomb histone methyltransferase EZH2 
mRNA relatively to their monolayer counterparts. Notably, EZH2 mRNA, a 
potential tumor biomarker detectable in blood plasma, could be 
transferred to the surrounding mesenchymal stem cells. This study 
provides the first evidence that an in vitro culture environment can 
recapitulate some properties of tumor exosomes.

Viola, S., et al. (2016). "Alterations in acute myeloid leukaemia bone 
marrow stromal cell exosome content coincide with gains in tyrosine 
kinase inhibitor resistance." Br J Haematol 172(6): 983-986.

Walker, N. D., et al. (2016). "The bone marrow niche in support of 
breast cancer dormancy." Cancer Lett 380(1): 263-271.

Despite the success in detecting breast cancer (BC) early and, 
with aggressive therapeutic intervention, BC remains a clinical 
problem. The bone marrow (BM) is a favorable metastatic site for 
breast cancer cells (BCCs). In BM, the survival of BCCs is partly 
achieved by the supporting microenvironment, including the presence of 
immune suppressive cells such as mesenchymal stem cells (MSCs). The 
heterogeneity of BCCs brings up the question of how each subset 
interacts with the BM microenvironment. The cancer stem cells (CSCs) 
survive in the BM as cycling quiescence cells and, forming gap 
junctional intercellular communication (GJIC) with the hematopoietic 
supporting stromal cells and MSCs. This type of communication has been 
identified close to the endosteum. Additionally, dormancy can occur by 
soluble mediators such as cytokines and also by the exchange of 
exosomes. These latter mechanisms are reviewed in the context of 
metastasis of BC to the BM for transition as dormant cells. The 
article also discusses how immune cells such as macrophages and 
regulatory T-cells facilitate BC dormancy. The challenges of studying 
BC dormancy in 2-dimensional (2-D) system are also incorporated by 
proposing 3-D system by engineering methods to recapitulate the BM 
microenvironment.

Wang, S., et al. (2016). "Lung cancer exosomes initiate global long 
non-coding RNA changes in mesenchymal stem cells." Int J Oncol 48(2): 
681-689.

Mesenchymal stem cells (MSCs) can be attracted to tumor sites 
and become an important component of the tumor microenvironment, thus 
contributing to tumor development. Emerging evidence suggests that 
tumor cells could transfer genetic information into MSCs through the 
release of exosomes. However, the molecular mechanisms by which tumor 



exosomes contribute to interactions between MSCs and tumor cells 
remain largely unknown. In this study, we found that lung tumor cell 
derived exosomes could inhibit MSCs osteogenic and adipogenic 
differentiation. We then investigated the involvement of long non-
coding RNAs, a new class of regulators, in tumor exosome treated MSCs 
by a comprehensive lncRNA and mRNA profiling. lncRNAs (9.1%) (2775 out 
of 30586) and 9.3% of protein-coding mRNA (2439 out of 26109) were 
differentially expressed (fold-change >/=2; P-value </=0.05) in lung 
tumor cell exosome treated MSCs. Furthermore, we characterized the 
differentially expressed lncRNAs through their classes and length 
distribution and correlated them with differentially expressed mRNA. 
Noteworthy, GO analysis of biological process showed that upregulated 
mRNAs were enriched in mRNA metabolic process, while downregulated 
ones were enriched in detection of mechanical stimulus involved in 
sensory perception. Pathway analysis indicated that 32 pathways were 
upregulated while 7 were downregulated in A549 exosome treated MSCs. 
Here, we are the first to determine genome-wide lncRNA expression 
patterns in exosome treated MSCs by microarray and the results will 
bring new insights into the mechanisms underlying interactions between 
tumor cells exosomes and its environmental component the MSCs.

Wen, S., et al. (2016). "Mesenchymal stromal cell-derived 
extracellular vesicles rescue radiation damage to murine marrow 
hematopoietic cells." Leukemia 30(11): 2221-2231.

Mesenchymal stromal cells (MSCs) have been shown to reverse 
radiation damage to marrow stem cells. We have evaluated the capacity 
of MSC-derived extracellular vesicles (MSC-EVs) to mitigate radiation 
injury to marrow stem cells at 4 h to 7 days after irradiation. 
Significant restoration of marrow stem cell engraftment at 4, 24 and 
168 h post irradiation by exposure to MSC-EVs was observed at 3 weeks 
to 9 months after transplant and further confirmed by secondary 
engraftment. Intravenous injection of MSC-EVs to 500cGy exposed mice 
led to partial recovery of peripheral blood counts and restoration of 
the engraftment of marrow. The murine hematopoietic cell line, FDC-P1 
exposed to 500cGy, showed reversal of growth inhibition, DNA damage 
and apoptosis on exposure to murine or human MSC-EVs. Both murine and 
human MSC-EVs reverse radiation damage to murine marrow cells and 
stimulate normal murine marrow stem cell/progenitors to proliferate. A 
preparation with both exosomes and microvesicles was found to be 
superior to either microvesicles or exosomes alone. Biologic activity 
was seen in freshly isolated vesicles and in vesicles stored for up to 
6 months in 10% dimethyl sulfoxide at -80 degrees C. These studies 
indicate that MSC-EVs can reverse radiation damage to bone marrow stem 
cells.

Xu, H., et al. (2016). "Exosomal communication in glioma - a review." 
J buon 21(6): 1368-1373.

Cancer research has revealed the existence of cancer stem 
cells (CSCs). However, the influence of the surrounding stromal cells 
present in the microenvironment on CSCs is still poorly understood. 



The latest studies on gliomas suggested that the microenvironment of 
human gliomas contains both glioma stem cells (GSCs) and glioma 
associated (GA)-mesenchymal stem cells (MSCs; (GA-MSCs). Also, studies 
have suggested that nano- sized vesicles, termed exosomes, have been 
recently observed to contribute towards intercellular communication 
within the tumor niche. The present review article will highlight the 
current view of exosomal communication in gliomas.

Altanerova, U., et al. (2017). "Human mesenchymal stem cell-derived 
iron oxide exosomes allow targeted ablation of tumor cells via 
magnetic hyperthermia." Int J Nanomedicine 12: 7923-7936.

Magnetic hyperthermia, or the heating of tissues using 
magnetic materials, is a promising approach for treating cancer. We 
found that human mesenchymal stem cells (MSCs) isolated from various 
tissues and MSCs expressing the yeast cytosine deaminaseColon, two 
colonsuracil phosphoribosyl transferase suicide fusion gene (yCDColon, 
two colonsUPRT) can be labeled with Venofer, an iron oxide 
carbohydrate nanoparticle. Venofer labeling did not affect cell 
proliferation or the ability to home to tumors. All Venofer-labeled 
MSCs released exosomes that contained iron oxide. Furthermore, these 
exosomes were efficiently endocytosed by tumor cells. Exosomes from 
Venofer-labeled MSCs expressing the yCDColon, two colonsUPRT gene in 
the presence of the prodrug 5-fluorocytosine inhibited tumor growth in 
a dose-dependent fashion. The treated tumor cells were also 
effectively ablated following induction of hyperthermia using an 
external alternating magnetic field. Cumulatively, we found that 
magnetic nanoparticles packaged into MSC exosomes are efficiently 
endocytosed by tumor cells, facilitating targeted tumor cell ablation 
via magnetically induced hyperthermia.

Barrera-Ramirez, J., et al. (2017). "Micro-RNA Profiling of Exosomes 
from Marrow-Derived Mesenchymal Stromal Cells in Patients with Acute 
Myeloid Leukemia: Implications in Leukemogenesis." Stem Cell Rev 
13(6): 817-825.

Gene regulatory networks in AML may be influenced by microRNAs 
(miRs) contained in exosomes derived from bone marrow mesenchymal 
stromal cells (MSCs). We sequenced miRs from exosomes isolated from 
marrow-derived MSCs from patients with AML (n = 3) and from healthy 
controls (n = 3; not age-matched). Known targets of mIRs that were 
significantly different in AML-derived MSC exosomes compared to 
controls were identified. Of the five candidate miRs identified by 
differential packaging in exosomes, only miR-26a-5p and miR-101-3p 
were significantly increased in AML-derived samples while miR-23b-5p, 
miR-339-3p and miR-425-5p were significantly decreased. Validation of 
the predicted change in gene expression of the potential targets was 
investigated by interrogating gene expression levels from public 
datasets of marrow-derived CD34-selected cells from patients with AML 
(n = 69) and healthy donors (n = 40). Two molecules with decreased 
gene expression in AML (EZH2 and GSK3beta) were predicted by the miR 
profiling and have been previously implicated in AML while three 



molecules were increased in AML-derived cells and have not been 
previously associated with leukemogenesis (KRBA2, RRBP1 and HIST2H 
2BE). In summary, profiling miRs in exosomes from AML-derived MSCs 
allowed us to identify candidate miRs with potential relevance in AML 
that could yield new insights regarding leukemogenesis or new 
treatment strategies.

Donnarumma, E., et al. (2017). "Cancer-associated fibroblasts release 
exosomal microRNAs that dictate an aggressive phenotype in breast 
cancer." Oncotarget 8(12): 19592-19608.

Cancer-associated fibroblasts (CAFs) are the major components 
of the tumor microenvironment. They may drive tumor progression, 
although the mechanisms involved are still poorly understood. Exosomes 
have emerged as important mediators of intercellular communication in 
cancer. They mediate horizontal transfer of microRNAs (miRs), mRNAs 
and proteins, thus affecting breast cancer progression. Differential 
expression profile analysis identified three miRs (miRs -21, -378e, 
and -143) increased in exosomes from CAFs as compared from normal 
fibroblasts. Immunofluorescence indicated that exosomes may be 
transferred from CAFs to breast cancer cells, releasing their cargo 
miRs. Breast cancer cells (BT549, MDA-MB-231, and T47D lines) exposed 
to CAF exosomes or transfected with those miRs exhibited a significant 
increased capacity to form mammospheres, increased stem cell and 
epithelial-mesenchymal transition (EMT) markers, and anchorage-
independent cell growth. These effects were reverted by transfection 
with anti-miRs. Similarly to CAF exosomes, normal fibroblast exosomes 
transfected with miRs -21, -378e, and -143 promoted the stemness and 
EMT phenotype of breast cancer cells. Thus, we provided evidence for 
the first time of the role of CAF exosomes and their miRs in the 
induction of the stemness and EMT phenotype in different breast cancer 
cell lines. Indeed, CAFs strongly promote the development of an 
aggressive breast cancer cell phenotype.

Fedele, M., et al. (2017). "The Epithelial-to-Mesenchymal Transition 
in Breast Cancer: Focus on Basal-Like Carcinomas." Cancers (Basel) 
9(10).

Breast cancer is a heterogeneous disease that is characterized 
by a high grade of cell plasticity arising from the contribution of a 
diverse range of factors. When combined, these factors allow a cancer 
cell to transition from an epithelial to a mesenchymal state through a 
process of dedifferentiation that confers stem-like features, 
including chemoresistance, as well as the capacity to migrate and 
invade. Understanding the complex events that lead to the acquisition 
of a mesenchymal phenotype will therefore help to design new therapies 
against metastatic breast cancer. Here, we recapitulate the main 
endogenous molecular signals involved in this process, and their 
cross-talk with paracrine factors. These signals and cross-talk 
include the extracellular matrix; the secretome of cancer-associated 
fibroblasts, macrophages, cancer stem cells, and cancer cells; and 
exosomes with their cargo of miRNAs. Finally, we highlight some of the 



more promising therapeutic perspectives based on counteracting the 
epithelial-to-mesenchymal transition in breast cancer cells.

Figueroa, J., et al. (2017). "Exosomes from Glioma-Associated 
Mesenchymal Stem Cells Increase the Tumorigenicity of Glioma Stem-like 
Cells via Transfer of miR-1587." Cancer Res 77(21): 5808-5819.

Tumor-stromal communications impact tumorigenesis in ways that 
are incompletely understood. Here, we show that glioma-associated 
human mesenchymal stem cells (GA-hMSC), a newly identified stromal 
component of glioblastoma, release exosomes that increase the 
proliferation and clonogenicity of tumor-initiating glioma stem-like 
cells (GSC). This event leads to a significantly greater tumor burden 
and decreased host survival compared with untreated GSCs in orthotopic 
xenografts. Analysis of the exosomal content identified miR-1587 as a 
mediator of the exosomal effects on GSCs, in part via downregulation 
of the tumor-suppressive nuclear receptor corepressor NCOR1. Our 
results illuminate the tumor-supporting role for GA-hMSCs by 
identifying GA-hMSC-derived exosomes in the intercellular transfer of 
specific miRNA that enhance the aggressiveness of glioblastoma. Cancer 
Res; 77(21); 5808-19. (c)2017 AACR.

Giovannetti, E., et al. (2017). "Never let it go: Stopping key 
mechanisms underlying metastasis to fight pancreatic cancer." Semin 
Cancer Biol 44: 43-59.

Pancreatic ductal adenocarcinoma (PDAC) is an extremely 
aggressive neoplasm, predicted to become the second leading cause of 
cancer-related deaths before 2030. This dismal trend is mainly due to 
lack of effective treatments against its metastatic behavior. 
Therefore, a better understanding of the key mechanisms underlying 
metastasis should provide new opportunities for therapeutic purposes. 
Genomic analyses revealed that aberrations that fuel PDAC 
tumorigenesis and progression, such as SMAD4 loss, are also implicated 
in metastasis. Recently, microRNAs have been shown to play a 
regulatory role in the metastatic behavior of many tumors, including 
PDAC. In particular, miR-10 and miR-21 have appeared as master 
regulators of the metastatic program, while members of the miR-200 
family are involved in the epithelial-to-mesenchymal switch, favoring 
cell migration and invasiveness. Several studies have also found a 
close relationship between cancer stem cells (CSCs) and biological 
features of metastasis, and the CSC markers ALDH1, ABCG2 and c-Met are 
expressed at high levels in metastatic PDAC cells. Emerging evidence 
reveals that exosomes are involved in the modulation of the tumor 
microenvironment and can initiate PDAC pre-metastatic niche formation 
in the liver and lungs. In this review, we provide an overview of the 
role of all these pivotal factors in the metastatic behavior of PDAC, 
and discuss their potential exploitation in the clinic to improve 
current therapeutics and identify new drug targets.

Hardin, H., et al. (2017). "The evolving concept of cancer stem-like 
cells in thyroid cancer and other solid tumors." Lab Invest 97(10): 



1142-1151.
The cancer stem-like cell (CSC) hypothesis postulates that a 

small population of cells in a cancer has self-renewal and clonal 
tumor initiation properties. These cells are responsible for tumor 
initiation, growth, recurrence and for resistance to chemotherapy and 
radiation therapy. CSCs can be characterized using markers such as 
SSEA-1, SSEA-4, CD44, CD24, ALDEFLUOR and others. CSCs form spheres 
when they are cultured in serum-free condition in low attachment 
plates and can generate tumors when injected into immune-deficient 
mice. During epithelial to mesenchymal transition (EMT), cells lose 
cellular adhesion and polarity and acquire an invasive phenotype. 
Recent studies have established a relationship between EMT and 
increased numbers of CSCs in some solid malignancies. Non-coding RNAs 
such as microRNAs and long non-coding RNAs (lncRNAs) have been shown 
to have important roles during EMT and some of these molecules also 
have regulatory roles in the proliferation of CSCs. Specific lncRNAs 
enhanced cell migration and invasion in breast carcinomas, which was 
associated with the generation of stem cell properties. The tumor 
microenvironment of CSCs also has an important role in tumor 
progression. Recent studies have shown that the interaction between 
tumor cells and the local microenvironment at the metastatic site 
leads to the development of premetastatic niche(s) and allows for the 
proliferation of the metastatic cells during colonization. The role of 
exosomes in the microenvironment during the EMT program is currently a 
major area of research. This review examines CSCs and the relationship 
between EMT and CSCs in solid tumors with emphasis on thyroid CSCs. 
The role of non-coding RNAs and of the microenvironment in EMT and in 
tumor progression are also examined. This review also highlights the 
growing number of studies that show the close association of EMT and 
CSCs and the role of exosomes and other elements of the tissue 
microenvironment in CSC metastasis. A better understanding of these 
mechanisms will lead to more effective targeting of primary and 
metastatic malignancies.

Ma, M., et al. (2017). "miRNA-221 of exosomes originating from bone 
marrow mesenchymal stem cells promotes oncogenic activity in gastric 
cancer." Onco Targets Ther 10: 4161-4171.

Worldwide, gastric cancer (GC) is one of the deadliest 
malignant tumors of the digestive system. Moreover, microRNAs (miRNAs) 
of exosomes harbored within cancer cells have been determined to 
induce inflammatory conditions that accelerate tumor growth and 
metastasis. Interestingly, the oncogenic role of bone marrow 
mesenchymal stem cells (BM-MSCs) in the modulation of 
immunosuppression, tumor invasion, and metastasis was discovered to be 
partly mediated through the secretion of exosomes. In this article, 
high expression of miRNA-221 (miR-221) in exosomes of the peripheral 
blood was determined to be positively correlated with the poor 
clinical prognosis of GC, especially with respect to tumor, node, and 
metastases stage. Therefore, the expression of miR-221 in exosomes of 
the peripheral blood may be an important detection index for GC. 



Proliferation, migration, invasion, and adhesion to the matrix of GC 
BGC-823 and SGC-7901 cells were significantly enhanced by exosomes 
that originated from BM-MSCs that were transfected with miR-221 
mimics. In conclusion, extracted exosomes from BM-MSCs transfected 
with miR-221 oligonucleotides can act as high-efficiency nanocarriers, 
which can provide sufficient miR-221 oligonucleotides to influence the 
tumor microenvironment and tumor aggressiveness effectively. Notably, 
the use of a miR-221 inhibitor with an excellent restraining effect in 
exosomes provides therapeutic potential for GC in future clinical 
medicine.

Mao, J., et al. (2017). "UBR2 Enriched in p53 Deficient Mouse Bone 
Marrow Mesenchymal Stem Cell-Exosome Promoted Gastric Cancer 
Progression via Wnt/beta-Catenin Pathway." Stem Cells 35(11): 
2267-2279.

The deficiency or mutation of p53 has been linked to several 
types of cancers. The mesenchymal stem cell (MSC) is an important 
component in the tumor microenvironment, and exosomes secreted by MSCs 
can transfer bioactive molecules, including proteins and nucleic acid, 
to other cells in the tumor microenvironment to influence the progress 
of a tumor. However, whether the state of p53 in MSCs can impact the 
bioactive molecule secretion of exosomes to promote cancer progression 
and the regulatory mechanism remains elusive. Our study aimed to 
investigate the regulation of ubiquitin protein ligase E3 component n-
recognin 2 (UBR2) enriched in exosomes secreted by p53 deficient mouse 
bone marrow MSC (p53(-/-) mBMMSC) in gastric cancer progression in 
vivo and in vitro. We found that the concentration of exosome was 
significantly higher in p53(-/-) mBMMSC than that in p53 wild-type 
mBMMSC (p53(+/+) mBMMSC). In particular, UBR2 was highly expressed in 
p53(-/-) mBMMSC cells and exosomes. P53(-/-) mBMMSC exosomes enriched 
UBR2 could be internalized into p53(+/+) mBMMSC and murine foregastric 
carcinoma (MFC) cells and induce the overexpression of UBR2 in these 
cells which elevated cell proliferation, migration, and the expression 
of stemness-related genes. Mechanistically, the downregulation of UBR2 
in p53(-/-) mBMMSC exosomes could reverse these actions. Moreover, a 
majority of Wnt family members, beta-catenin, and its downstream genes 
(CD44, CyclinD1, CyclinD3, and C-myc) were significantly decreased in 
MFC knockdown UBR2 and beta-catenin depletion, an additional depletion 
of UBR2 had no significant difference in the expression of Nanog, 
OCT4, Vimentin, and E-cadherin. Taken together, our findings indicated 
that p53(-/-) mBMMSC exosomes could deliver UBR2 to target cells and 
promote gastric cancer growth and metastasis by regulating Wnt/beta-
catenin pathway. Stem Cells 2017;35:2267-2279.

Naito, Y., et al. (2017). "How cancer cells dictate their 
microenvironment: present roles of extracellular vesicles." Cell Mol 
Life Sci 74(4): 697-713.

Intercellular communication plays an important role in cancer 
initiation and progression through secretory molecules, including 
growth factors and cytokines. Recent advances have revealed that small 



membrane vesicles, termed extracellular vesicles (EVs), served as a 
regulatory agent in the intercellular communication of cancer. EVs 
enable the transfer of functional molecules, including proteins, mRNA 
and microRNAs (miRNAs), into recipient cells. Cancer cells utilize EVs 
to dictate the unique phenotype of surrounding cells, thereby 
promoting cancer progression. Against such "education" by cancer 
cells, non-tumoral cells suppress cancer initiation and progression 
via EVs. Therefore, researchers consider EVs to be important cues to 
clarify the molecular mechanisms of cancer biology. Understanding the 
functions of EVs in cancer progression is an important aspect of 
cancer biology that has not been previously elucidated. In this 
review, we summarize experimental data that indicate the pivotal roles 
of EVs in cancer progression.

Nawaz, M. (2017). "Extracellular vesicle-mediated transport of non-
coding RNAs between stem cells and cancer cells: implications in tumor 
progression and therapeutic resistance." Stem Cell Investig 4: 83.

Recent years have witnessed intensive progress in studying 
extracellular vesicles (EVs), both for understanding their basic 
biology and contribution to variety of diseases, biomarker discovery, 
and their potential as gene delivery vectors and source of innovative 
therapies. As such, stem cell-derived EVs have contributed significant 
knowledge which led to the development of cell-free therapies in 
regenerative medicine. Although, the role of stem cell-derived EVs in 
maintaining stemness, differentiation and repairing tissue injuries is 
relatively well-understood; however, knowledge about the contribution 
of stem cell-derived EVs in cancer progression is just emerging. The 
aim of this review is, therefore, to discuss the recent developments 
in stem cell-derived EVs and tumor progression, placing a particular 
focus on non-coding RNA (ncRNA) mediated cancer progression and 
resistance against therapies. This includes the failure of normal 
hematopoiesis and the progression of myeloid neoplasms, enhanced 
capacity of cancer cells to proliferate and metastasize, and the 
conversion of normal cells into cancer cells, activation of angiogenic 
pathways and dormancy in cancer cells. These processes are shared by 
mesenchymal stem cells (MSCs), cancer stem like-cells and cancer cells 
in an intricate intratumoral network in order to create self-
strengthening tumor niche. In this context, EV-ncRNAs serve as 
mediators to relay bystander effects of secreting cancer stem cells 
(CSCs) into recipient cells for priming a tumor permissive environment 
and relaying therapeutic resistance. Collectively, this knowledge will 
improve our understandings and approaches in finding new therapeutic 
targets in the context of CSCs, which could be benefited through 
engineering EVs for innovative therapies.

Pakravan, K., et al. (2017). "MicroRNA-100 shuttled by mesenchymal 
stem cell-derived exosomes suppresses in vitro angiogenesis through 
modulating the mTOR/HIF-1alpha/VEGF signaling axis in breast cancer 
cells." Cell Oncol (Dordr) 40(5): 457-470.

BACKGROUND: Human mesenchymal stem cells (MSCs) have been 



shown to be involved in the formation and modulation of tumor stroma 
and in interacting with tumor cells, partly through their secretome. 
Exosomes are nano-sized intraluminal multi-vesicular bodies secreted 
by most types of cells and have been found to mediate intercellular 
communication through the transfer of genetic information via coding 
and non-coding RNAs to recipient cells. Since exosomes are considered 
as protective and enriched sources of shuttle microRNAs (miRNAs), we 
hypothesized that exosomal transfer of miRNAs from MSCs may affect 
tumor cell behavior, particularly angiogenesis. METHODS: Exosomes 
derived from MSCs were isolated and characterized by scanning electron 
microscopy analyses, dynamic light scattering measurements, and 
Western blotting. Fold changes in miR-100 expression levels were 
calculated in exosomes and their corresponding donor cells by qRT-PCR. 
The effects of exosomal transfer of miR-100 from MSCs were assessed by 
qRT-PCR and Western blotting of the mTOR/HIF-1alpha/VEGF signaling 
axis in breast cancer cells. The quantification of secreted VEGF 
protein was determined by enzyme-linked immunosorbent assay. The 
putative paracrine effects of MSC-derived exosomes on tumor 
angiogenesis were explored by in vitro angiogenesis assays including 
endothelial cell proliferation, migration and tube formation assays. 
RESULTS: We found that MSC-derived exosomes induce a significant and 
dose-dependent decrease in the expression and secretion of vascular 
endothelial growth factor (VEGF) through modulating the mTOR/
HIF-1alpha signaling axis in breast cancer-derived cells. We also 
found that miR-100 is enriched in MSC-derived exosomes and that its 
transfer to breast cancer-derived cells is associated with the down-
regulation of VEGF in a time-dependent manner. The putative role of 
exosomal miR-100 transfer in regulating VEGF expression was 
substantiated by the ability of anti-miR-100 to rescue the inhibitory 
effects of MSC-derived exosomes on the expression of VEGF in breast 
cancer-derived cells. In addition, we found that down-regulation of 
VEGF mediated by MSC-derived exosomes can affect the vascular behavior 
of endothelial cells in vitro. CONCLUSIONS: Overall, our findings 
suggest that exosomal transfer of miR-100 may be a novel mechanism 
underlying the paracrine effects of MSC-derived exosomes and may 
provide a means by which these vesicles can modulate vascular 
responses within the microenvironment of breast cancer cells.

Qi, J., et al. (2017). "Exosomes Derived from Human Bone Marrow 
Mesenchymal Stem Cells Promote Tumor Growth Through Hedgehog Signaling 
Pathway." Cell Physiol Biochem 42(6): 2242-2254.

BACKGROUND/AIMS: Mesenchymal stem/stromal cells (MSCs) are 
known to home to sites of tumor microenvironments where they 
participate in the formation of the tumor microenvironment and to 
interplay with tumor cells. However, the potential functional effects 
of MSCs on tumor cell growth are controversial. Here, we, from the 
view of bone marrow MSC-derived exosomes, study the molecular 
mechanism of MSCs on the growth of human osteosarcoma and human 
gastric cancer cells. METHODS: MSCs derived from human bone marrow 
(hBMSCs) were isolated and cultured in complete DMEM/F12 supplemented 



with 10% exosome-depleted fetal bovine serum and 1% penicillin-
streptomycin, cell culture supernatants containing exosomes were 
harvested and exosome purification was performed by 
ultracentrifugation. Osteosarcoma (MG63) and gastric cancer (SGC7901) 
cells, respectively, were treated with hBMSC-derived exosomes in the 
presence or absence of a small molecule inhibitor of Hedgehog pathway. 
Cell viability was measured by transwell invasion assay, scratch 
migration assay and CCK-8 test. The expression of the signaling 
molecules Smoothened, Patched-1, Gli1 and the ligand Shh were tested 
by western blot and RT-PCR. RESULTS: In this study, we found that 
hBMSC-derived exosomes promoted MG63 and SGC7901 cell growth through 
the activation of Hedgehog signaling pathway. Inhibition of Hedgehog 
signaling pathway significantly suppressed the process of hBMSC-
derived exosomes on tumor growth. CONCLUSION: Our findings 
demonstrated the new roles of hedgehog signaling pathway in the 
hBMSCs-derived exosomes induced tumor progression.

Rappa, G., et al. (2017). "Nuclear transport of cancer extracellular 
vesicle-derived biomaterials through nuclear envelope invagination-
associated late endosomes." Oncotarget 8(9): 14443-14461.

Extracellular membrane vesicles (EVs) function as vehicles of 
intercellular communication, but how the biomaterials they carry reach 
the target site in recipient cells is an open question. We report that 
subdomains of Rab7+ late endosomes and nuclear envelope invaginations 
come together to create a sub-nuclear compartment, where biomaterials 
associated with CD9+ EVs are delivered. EV-derived biomaterials were 
also found in the nuclei of host cells. The inhibition of nuclear 
import and export pathways abrogated the nuclear localization of EV-
derived biomaterials or led to their accumulation therein, 
respectively, suggesting that their translocation is dependent on 
nuclear pores. Nuclear envelope invagination-associated late endosomes 
were observed in ex vivo biopsies in both breast carcinoma and 
associated stromal cells. The transcriptome of stromal cells exposed 
to cancer cell-derived CD9+ EVs revealed that the regulation of eleven 
genes, notably those involved in inflammation, relies on the nuclear 
translocation of EV-derived biomaterials. Our findings uncover a new 
cellular pathway used by EVs to reach nuclear compartment.

Sun, L., et al. (2017). "Exosomes derived from human umbilical cord 
mesenchymal stem cells protect against cisplatin-induced ovarian 
granulosa cell stress and apoptosis in vitro." Sci Rep 7(1): 2552.

Human umbilical cord mesenchymal stem cells (huMSCs) can treat 
primary ovarian insufficiency (POI) related to ovarian granulosa cell 
(OGC) apoptosis caused by cisplatin chemotherapy. Exosomes are a class 
of membranous vesicles with diameters of 30-200 nm that are 
constitutively released by eukaryotic cells. Exosomes mediate local 
cell-to-cell communication by transferring microRNAs and proteins. In 
the present study, we demonstrated the effects of exosomes derived 
from huMSCs (huMSC-EXOs) on a cisplatin-induced OGC model in vitro and 
discussed the preliminary mechanisms involved in these effects. We 



successfully extracted huMSC-EXOs from huMSC culture supernatant and 
observed the effective uptake of exosomes by cells with fluorescent 
staining. Using flow cytometry (with annexin-V/PI labelling), we found 
that huMSC-EXOs increased the number of living cells. Western blotting 
showed that the expression of Bcl-2 and caspase-3 were upregulated, 
whilst the expression of Bax, cleaved caspase-3 and cleaved PARP were 
downregulated to protect OGCs. These results suggest that huMSC-EXOs 
can be used to prevent and treat chemotherapy-induced OGC apoptosis in 
vitro. Therefore, this work provides insight and further evidence of 
stem cell function and indicates that huMSC-EXOs protect OGCs from 
cisplatin-induced injury in vitro.

Wang, S., et al. (2017). "Reduced adipogenesis after lung tumor 
exosomes priming in human mesenchymal stem cells via TGFbeta signaling 
pathway." Mol Cell Biochem 435(1-2): 59-66.

A key feature of cancer cachexia is the loss of adipose 
tissue, mainly due to increased lipolysis and an impairment of 
adipogenesis. Recent findings have shown that cancer exosomes promoted 
lipolysis in adipose tissue. However, effects of cancer exosomes on 
adipogenesis were not reported. In this study, we found that lung 
cancer exosomes could be internalized by human adipose tissue-derived 
mesenchymal stem cells (hAD-MSCs) and significantly inhibited hAD-MSC 
adipogenesis as demonstrated by Oil Red O staining and decreased 
expression of adipogenic-specific genes. Specifically, TGFbeta 
signaling pathway was demonstrated to be involved in the inhibitive 
effects of lung cancer exosomes on hAD-MSC adipogenesis. Additionally, 
TGFbeta was detected in A549 exosomes. Herein, this study reports that 
the effect of lung cancer cell exosomes on hAD-MSC adipogenic 
differentiation was mediated by TGFbeta signaling pathway and suggests 
the involvement of cancer exosomes in weight loss of cancer cachexia.

Wu, J., et al. (2017). "Role of stem cell-derived exosomes in cancer." 
Oncol Lett 13(5): 2855-2866.

Exosomes are small, extracellular membrane- enclosed vesicles 
that contain a variety of molecules, including proteins, DNA, mRNA and 
non-coding RNA; these vesicles have been defined as new tools for 
intercellular communication between cells. Numerous types of cells, 
including stem cells, secrete exosomes into the extracellular 
environment, and are significant communicators in the tumor 
microenvironment. Stem cells are a unique cell population defined by 
their ability to indefinitely self-renew, differentiate into a variety 
of cell lines, and form clonal cell populations. Stem cells also 
secrete large amounts of exosomes, which have demonstrated great 
potential in a variety of diseases. Increasing evidence has revealed 
that the mechanism of interaction between stem cells and human tumor 
cells involves the exchange of biological material through exosomes. 
In this review, the latest developments in the role of stem cell-
derived exosomes in cancer are highlighted.

Wu, K., et al. (2017). "Extracellular vesicles as emerging targets in 



cancer: Recent development from bench to bedside." Biochim Biophys 
Acta Rev Cancer 1868(2): 538-563.

Extracellular vesicles (EVs) have emerged as important players 
of cancer initiation and progression through cell-cell communication. 
They have been recognized as critical mediators of extracellular 
communications, which promote transformation, growth invasion, and 
drug-resistance of cancer cells. Interestingly, the secretion and 
uptake of EVs are regulated in a more controlled manner than 
previously anticipated. EVs are classified into three groups, (i) 
exosomes, (ii) microvesicles (MVs), and (iii) apoptotic bodies (ABs), 
based on their sizes and origins, and novel technologies to isolate 
and distinguish these EVs are evolving. The biologically functional 
molecules harbored in these EVs, including nucleic acids, lipids, and 
proteins, have been shown to induce key signaling pathways in both 
tumor and tumor microenvironment (TME) cells for exacerbating tumor 
development. While tumor cell-derived EVs are capable of reprogramming 
stromal cells to generate a proper tumor cell niche, stromal-derived 
EVs profoundly affect the growth, resistance, and stem cell properties 
of tumor cells. This review summarizes and discusses these reciprocal 
communications through EVs in different types of cancers. Further 
understanding of the pathophysiological roles of different EVs in 
tumor progression is expected to lead to the discovery of novel 
biomarkers in liquid biopsy and development of tumor specific 
therapeutics. This review will also discuss the translational aspects 
of EVs and therapeutic opportunities of utilizing EVs in different 
cancer types.

Yang, N., et al. (2017). "The role of extracellular vesicles in 
mediating progression, metastasis and potential treatment of 
hepatocellular carcinoma." Oncotarget 8(2): 3683-3695.

Hepatocellular carcinoma (HCC) is a major cause of cancer-
related death worldwide. As vectors for intercellular information 
exchange, the potential role of extracellular vesicles (EVs) in HCC 
formation, progression and therapy has been widely investigated. In 
this review, we explore the current status of the researches in this 
field. Altogether there is undeniable evidence that EVs play a crucial 
role in HCC development, metastasis. Moreover, EVs have shown great 
potential as drug delivery systems (DDSs) for the treatment of HCC. 
Exosomal miRNAs derived from HCC cells can enhance transformed cell 
growth in recipient cells by modulating the expression of transforming 
growth factor-beta activated kinase-1(TAK1) and downstream signaling 
molecules. Furthermore, vacuolar protein sortin 4 homolog A(VPS4A) and 
insulin-like growth factor(IGF)-1 regulate exosome-mediated miRNAs 
transfer. Immune cells- derived EVs containing integrin alphaMbeta2 or 
CD147 may facilitate HCC metastasis. In addition, EVs-mediated shuttle 
of long non-coding RNAs (lncRNAs), specifically linc- VLDLR and linc-
ROR promote chemoresistance of malignant cells. Heat shock proteins 
(HSPs)-harboring exosomes derived from HCC tumor cells increase the 
antitumor effect of natural killer (NK) cells, thus enhancing HCC 
immunotherapy. Indeed, inhibition of HCC tumor growth has been 



associated with tumor cell-derived exosomes (TEX)-pulsed dentritic 
cells (DCs). Exosomes are also essential in liver metastasis during 
colorectal carcinoma (CRC) and pancreatic ductal adenocarcinomas 
(PDAC). Therefore, as nucleic acid and drug delivery vehicles, EVs 
show a tremendous potential for effective treatment against HCC.

Yang, Y. Z., et al. (2017). "[Role of Exosomes in the Cross-Talk 
between Leukemia Cells and Mesenchymal Stem Cells -Review]." Zhongguo 
Shi Yan Xue Ye Xue Za Zhi 25(4): 1255-1258.

More and more studies have demonstrated that bone marrow 
microenvironment, the fundament of the multiplication and 
differentiation of hematopoietic stem cells, plays a crucial role in 
leukemia progression and resistance to treatment. It provides a 
permissive environment for minimal residual disease and contributes to 
relapse and multidrug resistance. Mesenchymal stem cells are a kind of 
important stromal cells in bone marrow niche. In recent researches, 
MSC have been shown to be one of the major factors modulating the 
biological features of leukemia cells. The cross-talk between MSC and 
leukemia cells can take place not only by direct contact, but also by 
exosome exchange. Exosomes are nano-sized vesicles released by a 
variety of cells, which contain protein, RNA and mRNA. They are 
effective tools for transportation between cells, and play an 
important role in many physiological and pathological processes. 
Exosome is a new topic in the research of leukemia and 
microenvironment. The exosome research will help elucidate the 
mechanism of leukemia, thus providing new ideas for the treatment.

Zhang, X., et al. (2017). "Identification of miRNA-7 by genome-wide 
analysis as a critical sensitizer for TRAIL-induced apoptosis in 
glioblastoma cells." Nucleic Acids Res 45(10): 5930-5944.

Glioblastoma (GBM) is still one of the most lethal forms of 
brain tumor despite of the improvements in treatments. TRAIL (TNF-
related apoptosis-inducing ligand) is a promising anticancer agent 
that can be potentially used as an alternative or complementary 
therapy because of its specific antitumor activity. To define the 
novel pathways that regulate susceptibility to TRAIL in GBM cells, we 
performed a genome-wide expression profiling of microRNAs in GBM cell 
lines with the distinct sensitivity to TRAIL-induced apoptosis. We 
found that the expression pattern of miR-7 is closely correlated with 
sensitivity of GBM cells to TRAIL. Furthermore, our gain and loss of 
function experiments showed that miR-7 is a potential sensitizer for 
TRAIL-induced apoptosis in GBM cells. In the mechanistic study, we 
identified XIAP is a direct downstream gene of miR-7. Additionally, 
this regulatory axis could also exert in other types of tumor cells 
like hepatocellular carcinoma cells. More importantly, in the 
xenograft model, enforced expression of miR-7 in TRAIL-overexpressed 
mesenchymal stem cells increased apoptosis and suppressed tumor growth 
in an exosome dependent manner. In conclusion, we identify that miR-7 
is a critical sensitizer for TRAIL-induced apoptosis, thus making it 
as a promising therapeutic candidate for TRAIL resistance in GBM 



cells.

Zhou, S., et al. (2017). "Reprogramming Malignant Cancer Cells toward 
a Benign Phenotype following Exposure to Human Embryonic Stem Cell 
Microenvironment." PLoS One 12(1): e0169899.

The embryonic microenvironment is well known to be non-
permissive for tumor development because early developmental signals 
naturally suppress the expression of proto-oncogenes. In an analogous 
manner, mimicking an early embryonic environment during embryonic stem 
cell culture has been shown to suppress oncogenic phenotypes of cancer 
cells. Exosomes derived from human embryonic stem cells harbor 
substances that mirror the content of the cells of origin and have 
been reported to reprogram hematopoietic stem/progenitor cells via 
horizontal transfer of mRNA and proteins. However, the possibility 
that these embryonic stem cells-derived exosomes might be the main 
effectors of the anti-tumor effect mediated by the embryonic stem 
cells has not been explored yet. The present study aims to investigate 
whether exosomes derived from human embryonic stem cells can reprogram 
malignant cancer cells to a benign stage and reduce their 
tumorigenicity. We show that the embryonic stem cell-conditioned 
medium contains factors that inhibit cancer cell growth and 
tumorigenicity in vitro and in vivo. Moreover, we demonstrate that 
exosomes derived from human embryonic stem cells display anti-
proliferation and pro-apoptotic effects, and decrease tumor size in a 
xenograft model. These exosomes are also able to transfer their cargo 
into target cancer cells, inducing a dose-dependent increase in SOX2, 
OCT4 and Nanog proteins, leading to a dose-dependent decrease of 
cancer cell growth and tumorigenicity. This study shows for the first 
time that human embryonic stem cell-derived exosomes play an important 
role in the tumor suppressive activity displayed by human embryonic 
stem cells.

Alguacil-Nunez, C., et al. (2018). "Current perspectives on the 
crosstalk between lung cancer stem cells and cancer-associated 
fibroblasts." Crit Rev Oncol Hematol 125: 102-110.

Lung cancer, in particular non-small cell lung carcinoma 
(NSCLC), is the second most common cancer in both men and women and 
the leading cause of cancer-related deaths worldwide. Its prognosis 
and diagnosis are determined by several driver mutations and diverse 
risk factors (e.g. smoking). While immunotherapy has proven effective 
in some patients, treatment of NSCLC using conventional chemotherapy 
is largely ineffective. The latter is believed to be due to the 
existence of a subpopulation of stem-like, highly tumorigenic and 
chemoresistant cells within the tumor population known as cancer stem 
cells (CSC). To complicate the situation, CSCs interact with the tumor 
microenvironment, which include cancer-associated fibroblasts (CAFs), 
immune cells, endothelial cells, growth factors, cytokines and 
connective tissue components, which via a dynamic crosstalk, composed 
of proteins and exosomes, activates the CSC compartment. In this 
review, we analyze the crosstalk between CSCs and CAFs, the primary 



component of the NSCLC microenvironment, at the molecular and 
extracellular level and contemplate therapies to disrupt this 
communication.

Alzahrani, F. A., et al. (2018). "Potential Effect of Exosomes Derived 
from Cancer Stem Cells and MSCs on Progression of DEN-Induced HCC in 
Rats." Stem Cells Int 2018: 8058979.

Cross talk, mediated by exosomes, between normal stem cells 
and cancer stem cells (CSCs) in the tumor microenvironment has been 
given less attention so far. In addition, no publications are 
available in the literature that address the in vivo impact of 
exosomes derived from CSCs and mesenchymal stem cells (MSCs) on 
progression of long-term hepatocellular carcinoma (HCC). Herein, we 
hypothesized that transfer of exosomes among the cells in the HCC 
microenvironment could either induce or inhibit tumor growth and 
metastasis depending on their source. To check this hypothesis, we 
investigated the effect of exosomes coming from two different stem 
cell populations, hepatic CSCs and bone marrow (BM) MSCs, on 
progression of long-term DEN-induced HCC in rats and the involved 
underlying mechanisms. CSCs-exosomes induced a significant increase in 
liver relative weight and serum levels of cancer markers (AFP and GGT) 
and liver enzymes (ALT, AST, and ALP), intensive immunostaining for 
the HCC marker GST-P, and an increased number and area of tumor 
nodules as compared to HCC rats injected by PBS. CSCs-exosomes also 
decreased apoptosis (marked by downregulation of Bax and p53 and 
upregulation of Bcl2, and increased immunostaining of PCNA), increased 
angiogenetic activity (revealed by upregulation of VEGF), enhanced 
metastasis and invasiveness (indicated by upregulation of P13K and ERK 
proteins and their downstream target MMP9 and downregulation of 
TIMP1), and induced epithelial mesenchymal transition (marked by 
increased serum and hepatic level of TGFbeta1 mRNA and protein). 
Notably, CSCs-exosomes also elevated HCC exosomal microRNA (miR) 21, 
exosomal long noncoding (lnc) RNA Tuc339, lncHEIH, and the HCC 
lncHOTAIR and decreased liver miR122 and HCC miRs (miR148a, miR16, and 
miR125b). All these cellular, functional, and molecular changes were 
reversed following injection of BM-MSCs-exosomes. However, both CSCs- 
and MSCs-exosomes failed to change the elevated oxidative stress or 
the inhibited antioxidant activities induced by HCC. Collectively, our 
results revealed a tumor stimulatory effect (induction of tumor 
growth, progression, and metastasis) for exosomes derived from CSCs 
and an inhibitory effect for exosomes derived from MSCs. These results 
provide valuable insight on the effect of CSCs- and MSCs-exosomes on 
HCC growth and progression in vivo, which may be helpful to understand 
the mechanism of HCC development.

Cheshomi, H. and M. M. Matin (2018). "Exosomes and their importance in 
metastasis, diagnosis, and therapy of colorectal cancer." J Cell 
Biochem.

Extracellular vesicles are known as actual intermediaries of 
intercellular communications, such as biological signals and cargo 



transfer between different cells. A variety of cells release the 
exosomes as nanovesicular bodies. Exosomes contain different compounds 
such as several types of nucleic acids and proteins. In this study, we 
focused on exosomes in colorectal cancer as good tools that can be 
involved in various cancer-related processes. Furthermore, we 
summarize the advantages and disadvantages of exosome extraction 
methods and review related studies on the role of exosomes in 
colorectal cancer. Finally, we focus on reports available on relations 
between mesenchymal stem cell-derived exosomes and colorectal cancer. 
Several cancer-related processes such as cancer progression, 
metastasis, and drug resistance of colorectal cancer are related to 
the cargoes of exosomes. A variety of molecules, especially proteins, 
microRNAs, and long noncoding RNAs, play important roles in these 
processes. The microenvironment features, such as hypoxia, also have 
very important effects on the properties of the origin cell-derived 
exosomes. On the other hand, exosomes derived from colorectal cancer 
cells also interfere with cancer chemoresistance. Furthermore, today 
it is known that exosomes and their contents can likely be very 
effective in noninvasive colorectal cancer diagnosis and therapy. 
Thus, exosomes, and especially their cargoes, play different key roles 
in various aspects of basic and clinical research related to both 
progression and therapy of colorectal cancer.

Choi, D., et al. (2018). "Oncogenic Regulation Of Extracellular 
Vesicle Proteome And Heterogeneity." Proteomics: e1800169.

Mutational and epigenetic driver events profoundly alter 
intercellular communication pathways in cancer. This effect includes 
deregulated release, molecular composition, and biological activity of 
extracellular vesicles (EVs), membranous cellular fragments ranging 
from a few microns to less than 100 nanometers in diameter and filled 
with bioactive molecular cargo (proteins, lipids and nucleic acids). 
While EVs are usually classified on the basis of their physical 
properties and biogenetic mechanisms recent analyses of their proteome 
suggest a larger than expected molecular diversity, a notion that is 
also supported by multicolour nano-flow cytometry and other emerging 
technology platforms designed to analyze single EVs. Both protein 
composition and EV diversity are markedly altered by oncogenic 
transformation, epithelial to mesenchymal transition and 
differentiation of cancer stem cells. Interestingly, only a subset of 
EVs released from mutant cells may carry oncogenic proteins (e.g. 
EGFRvIII), hence these EVs are often referred to as "oncosomes". 
Indeed, oncogenic transformation alters the repertoire of EV-
associated proteins, increases the presence of pro-invasive cargo, and 
alters the composition of distinct EV populations. Molecular profiling 
of single EVs may reveal a more intricate effects of transforming 
events on the architecture of EV populations in cancer and shed new 
light on their biological role and diagnostic utility. This article is 
protected by copyright. All rights reserved.

Dalla Pozza, E., et al. (2018). "Secreted molecules inducing 



epithelial-to-mesenchymal transition in cancer development." Semin 
Cell Dev Biol 78: 62-72.

The epithelial-mesenchymal transition (EMT) is a biologic 
process that allows a polarized epithelial cell to undergo multiple 
biochemical changes that enable it to assume a mesenchymal cell 
phenotype. EMT is involved in embryo development, wound healing, 
tissue regeneration, organ fibrosis and has also been proposed as the 
critical mechanism for the acquisition of malignant phenotypes by 
epithelial cancer cells. These cells have been shown to acquire a 
mesenchymal phenotype when localized at the invasive front of primary 
tumours increasing aggressiveness, invasiveness, metastatic potential 
and resistance to chemotherapy. There is now increasing evidence 
demonstrating that a crucial role in the development of this process 
is played by factors secreted by cells of the tumour microenvironment 
or by the tumour cells themselves. This review summarises the current 
knowledge of EMT induction in cancer by paracrine or autocrine 
mechanisms, by exosomes or free proteins and miRNAs.

Davies, A. E. and J. G. Albeck (2018). "Microenvironmental Signals and 
Biochemical Information Processing: Cooperative Determinants of 
Intratumoral Plasticity and Heterogeneity." Front Cell Dev Biol 6: 44.

Intra-tumor cellular heterogeneity is a major challenge in 
cancer therapy. Tumors are composed of multiple phenotypic 
subpopulations that vary in their ability to initiate metastatic 
tumors and in their sensitivity to chemotherapy. In many cases, cells 
can transition between these subpopulations, not by genetic mutation, 
but instead through reversible changes in signal transduction or gene 
expression programs. This plasticity begins at the level of the 
microenvironment where local autocrine and paracrine signals, 
exosomes, tumor-stroma interactions, and extracellular matrix (ECM) 
composition create a signaling landscape that varies over space and 
time. The integration of this complex array of signals engages 
signaling pathways that control gene expression. The resulting 
modulation of gene expression programs causes individual cells to 
sample a wide array of phenotypic states that support tumor growth, 
dissemination, and therapeutic resistance. In this review, we discuss 
how information flows dynamically within the microenvironmental 
landscape to inform cell state decisions and to create intra-tumoral 
heterogeneity. We address the role of plasticity in the acquisition of 
transient and prolonged drug resistant states and discuss how targeted 
pharmacological modification of the signaling landscape may be able to 
constrain phenotypic plasticity, leading to improved treatment 
responses.

de Araujo Farias, V., et al. (2018). "Exosomes derived from 
mesenchymal stem cells enhance radiotherapy-induced cell death in 
tumor and metastatic tumor foci." Mol Cancer 17(1): 122.

BACKGROUND: We have recently shown that radiotherapy may not 
only be a successful local and regional treatment but, when combined 
with MSCs, may also be a novel systemic cancer therapy. This study 



aimed to investigate the role of exosomes derived from irradiated MSCs 
in the delay of tumor growth and metastasis after treatment with MSC + 
radiotherapy (RT). METHODS: We have measured tumor growth and 
metastasis formation, of subcutaneous human melanoma A375 xenografts 
on NOD/SCID-gamma mice, and the response of tumors to treatment with 
radiotherapy (2 Gy), mesenchymal cells (MSC), mesenchymal cells plus 
radiotherapy, and without any treatment. Using proteomic analysis, we 
studied the cargo of the exosomes released by the MSC treated with 2 
Gy, compared with the cargo of exosomes released by MSC without 
treatment. RESULTS: The tumor cell loss rates found after treatment 
with the combination of MSC and RT and for exclusive RT, were: 44.4% % 
and 12,1%, respectively. Concomitant and adjuvant use of RT and MSC, 
increased the mice surviving time 22,5% in this group, with regard to 
the group of mice treated with exclusive RT and in a 45,3% respect 
control group. Moreover, the number of metastatic foci found in the 
internal organs of the mice treated with MSC + RT was 60% less than 
the mice group treated with RT alone. We reasoned that the exosome 
secreted by the MSC, could be implicated in tumor growth delay and 
metastasis control after treatment. CONCLUSIONS: Our results show that 
exosomes derived form MSCs, combined with radiotherapy, are 
determinant in the enhancement of radiation effects observed in the 
control of metastatic spread of melanoma cells and suggest that 
exosome-derived factors could be involved in the bystander, and 
abscopal effects found after treatment of the tumors with RT plus MSC. 
Radiotherapy itself may not be systemic, although it might contribute 
to a systemic effect when used in combination with mesenchymal stem 
cells owing the ability of irradiated MSCs-derived exosomes to 
increase the control of tumor growth and metastasis.

Eguchi, T., et al. (2018). "Organoids with cancer stem cell-like 
properties secrete exosomes and HSP90 in a 3D nanoenvironment." PLoS 
One 13(2): e0191109.

Ability to form cellular aggregations such as tumorspheres and 
spheroids have been used as a morphological marker of malignant cancer 
cells and in particular cancer stem cells (CSC). However, the common 
definition of the types of cellular aggregation formed by cancer cells 
has not been available. We examined morphologies of 67 cell lines 
cultured on three dimensional morphology enhancing NanoCulture Plates 
(NCP) and classified the types of cellular aggregates that form. Among 
the 67 cell lines, 49 cell lines formed spheres or spheroids, 8 cell 
lines formed grape-like aggregation (GLA), 8 cell lines formed other 
types of aggregation, and 3 cell lines formed monolayer sheets. Seven 
GLA-forming cell lines were derived from adenocarcinoma among the 8 
lines. A neuroendocrine adenocarcinoma cell line PC-3 formed 
asymmetric GLA with ductal structures on the NCPs and rapidly growing 
asymmetric tumors that metastasized to lymph nodes in 
immunocompromised mice. In contrast, another adenocarcinoma cell line 
DU-145 formed spheroids in vitro and spheroid-like tumors in vivo that 
did not metastasize to lymph nodes until day 50 after transplantation. 
Culture in the 3D nanoenvironment and in a defined stem cell medium 



enabled the neuroendocrine adenocarcinoma cells to form slowly growing 
large organoids that expressed multiple stem cell markers, 
neuroendocrine markers, intercellular adhesion molecules, and 
oncogenes in vitro. In contrast, the more commonly used 2D serum-
contained environment reduced intercellular adhesion and induced 
mesenchymal transition and promoted rapid growth of the cells. In 
addition, the 3D stemness nanoenvironment promoted secretion of HSP90 
and EpCAM-exosomes, a marker of CSC phenotype, from the neuroendocrine 
organoids. These findings indicate that the NCP-based 3D environment 
enables cells to form stem cell tumoroids with multipotency and model 
more accurately the in vivo tumor status at the levels of morphology 
and gene expression.

Eltoukhy, H. S., et al. (2018). "Secretome within the bone marrow 
microenvironment: A basis for mesenchymal stem cell treatment and role 
in cancer dormancy." Biochimie 155: 92-103.

The secretome produced by cells within the bone marrow is 
significant to homeostasis. The bone marrow, a well-studied organ, has 
multiple niches with distinct roles for supporting stem cell 
functions. Thus, an understanding of mediators involved in the 
regulation of stem cells could serve as a model for clinical problems 
and solutions such as tissue repair and regeneration. The exosome 
secretome of bone marrow stem cells is a developing area of research 
with respect to the regenerative potential by bone marrow cell, 
particularly the mesenchymal stem cells. The bone marrow niche 
regulates endogenous processes such as hematopoiesis but could also 
support the survival of tumors such as facilitating the cancer stem 
cells to exist in dormancy for decades. The bone marrow-derived 
secretome will be critical to future development of therapeutic 
strategies for oncologic diseases, in addition to regenerative 
medicine. This article discusses the importance for parallel studies 
to determine how the same secretome may compromise safety during the 
use of stem cells in regenerative medicine.

Garnier, D., et al. (2018). "Divergent evolution of temozolomide 
resistance in glioblastoma stem cells is reflected in extracellular 
vesicles and coupled with radiosensitization." Neuro Oncol 20(2): 
236-248.

Background: Glioblastoma (GBM) is almost invariably fatal due 
to failure of standard therapy. The relapse of GBM following surgery, 
radiation, and systemic temozolomide (TMZ) is attributed to the 
ability of glioma stem cells (GSCs) to survive, evolve, and repopulate 
the tumor mass, events on which therapy exerts a poorly understood 
influence. Methods: Here we explore the molecular and cellular 
evolution of TMZ resistance as it emerges in vivo (xenograft models) 
in a series of human GSCs with either proneural (PN) or mesenchymal 
(MES) molecular characteristics. Results: We observed that the initial 
response of GSC-initiated intracranial xenografts to TMZ is eventually 
replaced by refractory growth pattern. Individual tumors derived from 
the same isogenic GSC line expressed divergent and complex profiles of 



TMZ resistance markers, with a minor representation of O6-
methylguanine DNA methyltransferase (MGMT) upregulation. In several 
independent TMZ-resistant tumors originating from MES GSCs we observed 
a consistent diminution of mesenchymal features, which persisted in 
cell culture and correlated with increased expression of Nestin, 
decline in transglutaminase 2 and sensitivity to radiation. The 
corresponding mRNA expression profiles reflective of TMZ resistance 
and stem cell phenotype were recapitulated in the transcriptome of 
exosome-like extracellular vesicles (EVs) released by GSCs into the 
culture medium. Conclusions: Intrinsic changes in the tumor-initiating 
cell compartment may include loss of subtype characteristics and 
reciprocal alterations in sensitivity to chemo- and radiation therapy. 
These observations suggest that exploiting therapy-induced changes in 
the GSC phenotype and alternating cycles of therapy may be explored to 
improve GBM outcomes.

Hannafon, B. N. and W. Q. Ding (2018). "Functional Role of microRNAs 
in the Progression of Breast Ductal Carcinoma in situ." Am J Pathol.

microRNAs (miRNAs) are small RNAs that influence gene 
expression by targeting messenger RNAs (mRNAs). Depending on the 
function of their target genes, miRNAs may regulate the expression of 
oncogenes and tumor suppressors, thereby contributing to the promotion 
or inhibition of tumor progression. Ductal carcinoma in situ (DCIS), 
although often diagnosed as breast cancer, is a potential precursor to 
invasive ductal carcinoma. Many of the genetic events required for the 
invasive progression of DCIS occur at the pre-invasive stage, and 
these events include changes to the expression of miRNAs. Aberrant 
expression of miRNAs can influence specific oncogenic or tumor 
suppressive pathways required for breast cancer progression. miRNAs in 
DCIS have been shown to influence hormone signaling, cell-cell 
adhesion, epithelial to mesenchymal transition, TGF-beta signaling, 
maintenance of cancer stem cells, and modulation of the extracellular 
matrix. Additionally, extracellular DCIS miRNAs, such as those found 
in exosomes, may promote invasive progression by modifying the tumor 
microenvironment. Here, we review the miRNAs that have been identified 
in DCIS and how they may contribute to the progression to invasive 
disease. We also touch on the current state of miRNA therapeutic 
development, including the current challenges, and discuss the key 
future perspectives for research into miRNA function for the purpose 
of miRNA therapeutic development against DCIS.

Hardin, H., et al. (2018). "Thyroid cancer stem-like cell exosomes: 
regulation of EMT via transfer of lncRNAs." Lab Invest 98(9): 
1133-1142.

Thyroid cancers are the most common endocrine malignancy and 
approximately 2% of thyroid cancers are anaplastic thyroid carcinoma 
(ATC), one of the most lethal and treatment resistant human cancers. 
Cancer stem-like cells (CSCs) may initiate tumorigenesis, induce 
resistance to chemotherapy and radiation therapy, have multipotent 
capability and may be responsible for recurrent and metastatic 



disease. The production of CSCs has been linked to epithelial-
mesenchymal transition (EMT) and the acquisition of stemness. Exosomes 
are small (30-150 nm) membranous vesicles secreted by most cells that 
play a significant role in cell-to-cell communication. Many non-coding 
RNAs (ncRNA), such as long-non-coding RNAs (lncRNA), can initiate 
tumorigenesis and the EMT process. Exosomes carry ncRNAs to local and 
distant cell populations. This study examines secreted exosomes from 
two in vitro cell culture models; an EMT model and a CSC model. The 
EMT was induced in a papillary thyroid carcinoma (PTC) cell line by 
TGFbeta1 treatment. Exosomes from this model were isolated and 
cultured with naive PTC cells and examined for EMT induction. In the 
CSC model, exosomes were isolated from a CSC clonal line, cultured 
with a normal thyroid cell line and examined for EMT induction. The 
EMT exosomes transferred the lncRNA MALAT1 and EMT effectors SLUG and 
SOX2; however, EMT was not induced in this model. The exosomes from 
the CSC model also transferred the lncRNA MALAT1 and the transcription 
factors SLUG and SOX2 but additionally transferred linc-ROR and 
induced EMT in the normal thyroid cells. Preliminary siRNA studies 
directed towards linc-ROR reduced invasion. We hypothesize that CSC 
exosomes transfer lncRNAs, importantly linc-ROR, to induce EMT and 
inculcate the local tumor microenvironment and the distant metastatic 
niche. Therapies directed towards CSCs, their exosomes and/or the 
lncRNAs they carry may reduce a tumor's metastatic capacity.

Hashimoto, K., et al. (2018). "Cancer-secreted hsa-miR-940 induces an 
osteoblastic phenotype in the bone metastatic microenvironment via 
targeting ARHGAP1 and FAM134A." Proc Natl Acad Sci U S A 115(9): 
2204-2209.

Bone metastatic lesions are classified as osteoblastic or 
osteolytic lesions. Prostate and breast cancer patients frequently 
exhibit osteoblastic-type and osteolytic-type bone metastasis, 
respectively. In metastatic lesions, tumor cells interact with many 
different cell types, including osteoblasts, osteoclasts, and 
mesenchymal stem cells, resulting in an osteoblastic or osteolytic 
phenotype. However, the mechanisms responsible for the modification of 
bone remodeling have not been fully elucidated. MicroRNAs (miRNAs) are 
transferred between cells via exosomes and serve as intercellular 
communication tools, and numerous studies have demonstrated that 
cancer-secreted miRNAs are capable of modifying the tumor 
microenvironment. Thus, cancer-secreted miRNAs can induce an 
osteoblastic or osteolytic phenotype in the bone metastatic 
microenvironment. In this study, we performed a comprehensive 
expression analysis of exosomal miRNAs secreted by several human 
cancer cell lines and identified eight types of human miRNAs that were 
highly expressed in exosomes from osteoblastic phenotype-inducing 
prostate cancer cell lines. One of these miRNAs, hsa-miR-940, 
significantly promoted the osteogenic differentiation of human 
mesenchymal stem cells in vitro by targeting ARHGAP1 and FAM134A 
Interestingly, although MDA-MB-231 breast cancer cells are commonly 
known as an osteolytic phenotype-inducing cancer cell line, the 



implantation of miR-940-overexpressing MDA-MB-231 cells induced 
extensive osteoblastic lesions in the resulting tumors by facilitating 
the osteogenic differentiation of host mesenchymal cells. Our results 
suggest that the phenotypes of bone metastases can be induced by 
miRNAs secreted by cancer cells in the bone microenvironment.

He, J. G., et al. (2018). "Exosomes Derived from IDO1-Overexpressing 
Rat Bone Marrow Mesenchymal Stem Cells Promote Immunotolerance of 
Cardiac Allografts." Cell Transplant: 963689718805375.

BACKGROUND: The immunosuppressive activity of mesenchymal stem 
cells (MSCs) has been exploited to induce tolerance after organ 
transplantation. The indoleamine 2,3-dioxygenase (IDO) may have 
beneficial effects in the immunoregulatory properties of MSCs. It was 
recently revealed that exosomes derived from MSCs play important roles 
in mediating the biological functions of MSCs. This study aimed to 
explore the roles of exosomes derived from MSCs in the induction of 
immune tolerance. METHODS: Dendritic cells (DCs) and T-cells were 
cultured with exosomes derived from rat bone marrow MSCs (BMSCs) 
overexpressing IDO1 or controls. For the in-vivo study, rats received 
heart transplants and were treated with exosomes from IDO-BMSCs and 
heart function was evaluated. Flow cytometry was used to detect 
expression of cell surface markers. Cytokine levels were detected in 
culture supernatants or serum samples. Protein and microRNA 
expressions in exosomes were investigated by chips. RESULTS: Exosomes 
from IDO-BMSCs cultured with DCs and T-cells (1) downregulated CD40, 
CD86, CD80, MHC-II, CD45RA, CD45RA+CD45RB, OX62, and upregulated CD274 
expression, (2) increased the number of regulatory T-cells (Tregs) and 
decreased the number of CD8+ T-cells, and (3) decreased the levels of 
pro-inflammatory cytokines, but increased the levels of anti-
inflammatory cytokines compared with the other groups. Transplanted 
rats, which were injected with exosomes from IDO-BMSCs, had reduced 
allograft-targeting immune responses and improved cardiac allograft 
function. Exosomes secreted by IDO-BMSCs exhibited significant 
upregulations of the immunoregulatory protein FHL-1, miR-540-3p, and a 
downregulation of miR-338-5p. CONCLUSION: Exosomes derived from IDO-
BMSCs can be used to promote immunotolerance and prolong the survival 
of cardiac allografts.

Huang, Y., et al. (2018). "Exosomes Function in Tumor Immune 
Microenvironment." Adv Exp Med Biol 1056: 109-122.

Immune cells and mesenchymal stem/stromal cells are the major 
cellular components in tumor microenvironment that actively migrate to 
tumor sites by sensing "signals" released from tumor cells. Together 
with other stromal cells, they form the soil for malignant cell 
progression. In the crosstalk between tumor cells and its surrounded 
microenvironment, exosomes exert multiple functions in shaping tumor 
immune responses. In tumor cells, their exosomes can lead to pro-tumor 
immune responses, whereas in immune cells, their derived exosomes can 
operate on tumor cells and regulate their ability to growth, 
metastasis, even reaction to chemotherapy. Employing exosomes as 



vehicles for the delivery products to initiate anti-tumor immune 
responses has striking therapeutic effects on tumor progression. Thus, 
exosomes are potential therapeutic targets in tumor-related clinical 
conditions. Here we discuss the role of exosomes in regulating tumor 
immune microenvironment and future indications for the clinical 
application of exosomes.

Jafarzadeh, N., et al. (2018). "Alteration of cellular and immune-
related properties of bone marrow mesenchymal stem cells and 
macrophages by K562 chronic myeloid leukemia cell derived exosomes." J 
Cell Physiol.

Leukemic cells can impact the bone marrow niche to create a 
tumor-favorable microenvironment using their secreted factors. Little 
knowledge is available about immunosuppressive and tumor-promoting 
properties of chronic myeloid leukemia derived exosomes in bone marrow 
stromal components. We report here that K562-derived exosomes can 
affect the gene expression, cytokine secretion, nitric oxide (NO) 
production, and redox potential of bone marrow mesenchymal stem cells 
(BM-MSCs) and macrophages. Human BM-MSCs and mouse macrophages were 
treated with K562-derived exosomes. Our results demonstrated that the 
expression of the genes involved in hematopoietic developmental 
pathways and immune responses, including C-X-C motif chemokine 12 
(Cxcl12), Dickkopf-related protein 1 (DKK1), wnt5a, interleukin 6 
(IL-6), transforming growth factor-beta, and tumor necrosis factor-
alpha (TNF-alpha), changed with respect to time and exosome 
concentration in BM-MSCs. The TNF-alpha level was higher in exosome-
treated BM-MSCs compared with the control. Exosome treatment of BM-
MSCs led to an increased production of NO and a decreased production 
of reactive oxygen species (ROS) in a time- and concentration-
dependent manner. We have shown that K562-derived exosomes induce 
overexpression of IL-10 and TNF-alpha and downregulation of iNOS 
transcript levels in macrophages. The enzyme-linked immunosorbent 
assay results showed that TNF-alpha and IL-10 secretions increased in 
macrophages. Treatment of macrophages with purified exosomes led to 
reduced NO and ROS levels. These results suggest that K562-derived 
exosomes may alter the local bone marrow niche toward a leukemia-
reinforcing microenvironment. They can modulate the inflammatory 
molecules (TNF-alpha and NO) and the redox potential of BM-MSCs and 
macrophages and direct the polarization of macrophages toward tumor-
associated macrophages.

Kim, R., et al. (2018). "Exosomes derived from microRNA-584 
transfected mesenchymal stem cells: novel alternative therapeutic 
vehicles for cancer therapy." BMB Rep 51(8): 406-411.

Exosomes are small membranous vesicles which contain abundant 
RNA molecules, and are transferred from releasing cells to uptaking 
cells. MicroRNA (miRNA) is one of the transferred molecules affecting 
the adopted cells, including glioma cells. We hypothesized that 
mesenchymal stem cells (MSCs) can secrete exosomes loading miRNA and 
have important effects on the progress of gliomas. To determine these 



effects by treating exosomal miRNA in culture media of miRNA mimic 
transfected MSCs, we assessed the in vitro cell proliferation and 
invasion capabilities, and the expression level of relative proteins 
associated with cell apoptosis, growth and migration. For animal 
studies, the mice injected with U87 cells were exposed to exosomes 
derived from miRNA-584-5p transfected MSCs, to confirm the influence 
of exosomal miRNA on the progress of glioma. Based on our results, we 
propose a new targeted cancer therapy wherein exosomes derived from 
miRNA transfected MSCs could be used to modulate tumor progress as the 
anticancer vehicles. [BMB Reports 2018; 51(8): 406-411].

Kumar, B., et al. (2018). "Acute myeloid leukemia transforms the bone 
marrow niche into a leukemia-permissive microenvironment through 
exosome secretion." Leukemia 32(3): 575-587.

Little is known about how leukemia cells alter the bone marrow 
(BM) niche to facilitate their own growth and evade chemotherapy. 
Here, we provide evidence that acute myeloid leukemia (AML) blasts 
remodel the BM niche into a leukemia growth-permissive and normal 
hematopoiesis-suppressive microenvironment through exosome secretion. 
Either engrafted AML cells or AML-derived exosomes increased 
mesenchymal stromal progenitors and blocked osteolineage development 
and bone formation in vivo. Preconditioning with AML-derived exosomes 
'primed' the animals for accelerated AML growth. Conversely, 
disruption of exosome secretion in AML cells through targeting Rab27a, 
an important regulator involved in exosome release, significantly 
delayed leukemia development. In BM stromal cells, AML-derived 
exosomes induced the expression of DKK1, a suppressor of normal 
hematopoiesis and osteogenesis, thereby contributing to osteoblast 
loss. Conversely, treatment with a DKK1 inhibitor delayed AML 
progression and prolonged survival in AML-engrafted mice. In addition, 
AML-derived exosomes induced a broad downregulation of hematopoietic 
stem cell-supporting factors (for example, CXCL12, KITL and IGF1) in 
BM stromal cells and reduced their ability to support normal 
hematopoiesis. Altogether, this study uncovers novel features of AML 
pathogenesis and unveils how AML cells create a self-strengthening 
leukemic niche that promotes leukemic cell proliferation and survival, 
while suppressing normal hematopoiesis through exosome secretion.

Kumar, D. and M. L. Xu (2018). "Microenvironment Cell Contribution to 
Lymphoma Immunity." Front Oncol 8: 288.

Lymphoma microenvironment is a complex system composed of 
stromal cells, blood vessels, immune cells as well as extracellular 
matrix, cytokines, exosomes, and chemokines. In this review, we 
describe the function, localization, and interactions between various 
cellular components. We also summarize their contribution to lymphoma 
immunity in the era of immunotherapy. Publications were identified 
from searching Pubmed. Primary literature was carefully evaluated for 
replicability before incorporating into the review. We describe the 
roles of mesenchymal stem/stromal cells (MSCs), lymphoma-associated 
macrophages (LAMs), dendritic cells, cytotoxic T cells, PD-1 



expressing CD4+ tumor infiltrating lymphocytes (TILs), T-cells 
expressing markers of exhaustion such as TIM-3 and LAG-3, regulatory T 
cells, and natural killer cells. While it is not in itself a cell, we 
also include a brief overview of the lymphoma exosome and how it 
contributes to anti-tumor effect as well as immune dysfunction. 
Understanding the cellular players that comprise the lymphoma 
microenvironment is critical to developing novel therapeutics that can 
help block the signals for immune escape and promote tumor 
surveillance. It may also be the key to understanding mechanisms of 
resistance to immune checkpoint blockade and immune-related adverse 
events due to certain types of immunotherapy.

Lagerweij, T., et al. (2018). "A Preclinical Mouse Model of 
Osteosarcoma to Define the Extracellular Vesicle-mediated 
Communication Between Tumor and Mesenchymal Stem Cells." J Vis 
Exp(135).

Within the tumor microenvironment, resident or recruited 
mesenchymal stem cells (MSCs) contribute to malignant progression in 
multiple cancer types. Under the influence of specific environmental 
signals, these adult stem cells can release paracrine mediators 
leading to accelerated tumor growth and metastasis. Defining the 
crosstalk between tumor and MSCs is of primary importance to 
understand the mechanisms underlying cancer progression and identify 
novel targets for therapeutic intervention. Cancer cells produce high 
amounts of extracellular vesicles (EVs), which can profoundly affect 
the behavior of target cells in the tumor microenvironment or at 
distant sites. Tumor EVs enclose functional biomolecules, including 
inflammatory RNAs and (onco)proteins, that can educate stromal cells 
to enhance the metastatic behavior of cancer cells or to participate 
in the pre-metastatic niche formation. In this article, we describe 
the development of a preclinical cancer mouse model that enables 
specific evaluation of the EV-mediated crosstalk between tumor and 
mesenchymal stem cells. First, we describe the purification and 
characterization of tumor-secreted EVs and the assessment of the EV 
internalization by MSCs. We then make use of a multiplex bead-based 
immunoassay to evaluate the alteration of the MSC cytokine expression 
profile induced by cancer EVs. Finally, we illustrate the generation 
of a bioluminescent orthotopic xenograft mouse model of osteosarcoma 
that recapitulates the tumor-MSC interaction, and show the 
contribution of EV-educated MSCs to tumor growth and metastasis 
formation. Our model provides the opportunity to define how cancer EVs 
shape a tumor-supporting environment, and to evaluate whether blockade 
of the EV-mediated communication between tumor and MSCs prevents 
cancer progression.

Lang, F. M., et al. (2018). "Mesenchymal stem cells as natural 
biofactories for exosomes carrying miR-124a in the treatment of 
gliomas." Neuro Oncol 20(3): 380-390.

Background: MicroRNAs (miRs) are promising new therapeutics 
for glioblastoma. However, which miRs are most effective against 



glioblastomas and how these miRs should be delivered are major 
unanswered problems. Methods: To identify potent antiglioma miRs, we 
selected 8 miRs based on a literature search and screened them against 
a panel of glioma stem cell (GSC) lines, representing all of the 
glioblastoma subtypes defined by The Cancer Genome Atlas. To address 
delivery, we tested the hypothesis that ex vivo cultured bone marrow-
derived mesenchymal stem cells (MSCs) can package miRs into exosomes 
and that these engineered exosomes can systemically deliver antiglioma 
miRs to glioblastomas. Results: Of the screened miRs, we identified 
miR-124a as the most effective antiglioma agent against GSCs. We then 
transduced MSCs with lentivirus vectors containing miR-124a and 
isolated vesicles from the medium. Electron microscopy, western 
blotting, and Nanosight proved that the isolated vesicles were 
exosomes. Quantitative PCR documented that these exosomes contained 
high levels of miR-124a, which was not present in control exosomes. In 
vitro treatment of GSCs with exosomes containing miR-124a (Exo-miR124) 
resulted in a significant reduction in viability and clonogenicity of 
GSCs compared with controls. In vivo treatment of mice harboring 
intracranial GSC267 with systemically delivered Exo-miR124 resulted in 
50% of animals living long term. No evidence of tumor was present on 
histological analysis of the survivors. Mechanistic studies showed 
that miR-124a acts by silencing Forkhead box (FOX)A2, resulting in 
aberrant intracellular lipid accumulation. Conclusion: MSCs can be 
used as natural biofactories to produce Exo-miR124, which is an 
effective antiglioma agent worthy of further clinical evaluation.

Li, H. and F. Li (2018). "Exosomes from BM-MSCs increase the 
population of CSCs via transfer of miR-142-3p." Br J Cancer 119(6): 
744-755.

BACKGROUND: Bone marrow-derived mesenchymal stem/stromal cells 
(BM-MSCs) are progenitor cells shown to migrate to the tumour and 
participate in the tumour microenvironment. BM-MSCs play important 
roles in tumour processes through the release of cytokines or 
exosomes; however, how BM-MSCs influence the stemness of CSCs in colon 
cancer cells remains poorly understood. METHODS: We isolated exosomes 
from BM-MSCs and used these exosomes to treat colon cancer cells 
(HCT-116, HT-29 and SW-480). We compared stemness traits of colon CSCs 
by cell surface marker (CD133 and Lgr5) and functional assays, such as 
chemoresistance, colony formation, cell adhesion, invasion and tumour-
formation assay. We performed a microRNA array to investigate the 
differences in exosomal microRNA expression between colon cancer 
cells, BM-MSCs and co-cultured cells and performed functional and 
molecular analysis of the gene targets. RESULTS: In this study, we 
found that BM-MSC-derived exosomes contained distinct microRNAs, 
including miR-142-3p, which in turn increased the population of CSCs 
in colon cancer cells. Depriving miR-142-3p from BM-MSC-derived 
exosomes clearly decreased the population of colon CSCs. 
Mechanistically, Numb was found to be the target gene of miR-142-3p, 
and miR-142-3p promoted the Notch signalling pathway by downregulating 
Numb. CONCLUSIONS: Our findings indicate that BM-MSC-derived exosomes 



promote colon cancer stem cell-like traits via miR-142-3p.

Li, H., et al. (2018). "Exosomes derived from siRNA against GRP78 
modified bone-marrow-derived mesenchymal stem cells suppress Sorafenib 
resistance in hepatocellular carcinoma." J Nanobiotechnology 16(1): 
103.

BACKGROUND: Sorafenib is an effective clinical drug in therapy 
of hepatocellular carcinoma, having led to improved prognosis in 
hepatocellular carcinoma patients. However acquired resistance is 
still being encountered. So, it is urgently to develop alternative 
strategies to overcome drug resistance. Exosomes can be modified with 
a variety of molecules, thereby acting as a vehicle for the delivery 
of therapeutic agents. The GRP78 is overexpressed in Sorafenib 
resistant cancer cells compared to Sorafenib sensitive cancer cells 
and thus is able to act as a target for therapy of hepatocellular 
carcinoma. RESULTS: In this study, we modified BM-MSCs to express the 
exosomal siGRP78. And we show that siGRP78 modified exosomes combined 
with Sorafenib is able to target GRP78 in hepatocellular carcinoma 
cells and inhibit the growth and invasion of the cancer cells in 
vitro. Further, siGRP78 modified exosomes combined with Sorafenib also 
inhibit the growth and metastasis of the cancer cells in vivo. 
CONCLUSIONS: siGRP78 modified exosomes could sensitize Sorafenib 
resistant cancer cells to Sorafenib and reverse the drug resistance.

Li, Z., et al. (2018). "Tumor-derived exosomal lnc-Sox2ot promotes EMT 
and stemness by acting as a ceRNA in pancreatic ductal 
adenocarcinoma." Oncogene 37(28): 3822-3838.

Long noncoding RNAs (lncRNAs) or exosomes have recently been 
shown to play vital regulatory or communication roles in cancer 
biology. However, the roles and mechanisms of exosomal lncRNAs in 
tumor invasion or metastasis of pancreatic ductal adenocarcinoma 
(PDAC) remain unknown. In this study, we aimed to investigate the 
detailed roles and mechanisms of tumor-generated exosomes in 
progression and metastasis of PDAC in vitro and in vivo. We identified 
a lncRNA-Sox2ot from exosomes of highly invasive PDAC cells, and 
analyzed the expression of Sox2ot in the plasma samples and found that 
the plasma exosomal Sox2ot expression was high and correlated with TNM 
stage and overall survival rate of PDAC patients. Further research 
showed that Sox2ot promotes epithelial-mesenchymal transition (EMT) 
and stem cell like properties by regulating Sox2 expression. Sox2ot 
competitively binds to the miR-200 family to regulate the expression 
of Sox2, thus promoting invasion and metastasis of PDAC. We also 
confirmed the transmission of the exosomes from producer cells to 
recipient PDAC cells, exosomal Sox2ot can promote tumor invasion and 
metastasis in vitro and in vivo. We further confirmed tumor generated 
exosomes could excrete to tumor cell or blood circulation in vivo 
condition. Finally, we observed a decreased exosomal Sox2ot expression 
in postoperative blood samples of PDAC patients. The exosomal lncRNA 
Sox2ot plays important roles in tumor progression and may be a useful 
maker for pancreatic cancer prognosis.



Lin, M. C., et al. (2018). "PGE2 /EP4 antagonism enhances tumor 
chemosensitivity by inducing extracellular vesicle-mediated clearance 
of cancer stem cells." Int J Cancer 143(6): 1440-1455.

Cells expressing mesenchymal/basal phenotypes in tumors have 
been associated with stem cell properties. Cancer stem cells (CSCs) 
are often resistant to conventional chemotherapy. We explored 
overcoming mesenchymal CSC resistance to chemotherapeutic agents. Our 
goal was to reduce CSC numbers in vivo, in conjunction with 
chemotherapy, to reduce tumor burden. Analysis of clinical samples 
demonstrated that COX-2/PGE2 /EP4 signaling is elevated in basal-like 
and chemoresistant breast carcinoma and is correlated with survival 
and relapse of breast cancer. EP4 antagonism elicts a striking shift 
of breast cancer cells from a mesenchymal/CSC state to a more 
epithelial non-CSC state. The transition was mediated by EP4 
antagonist-induced extracellular vesicles [(EVs)/exosomes] which 
removed CSC markers, mesenchymal markers, integrins, and drug efflux 
transporters from the CSCs. In addition, EP4 antagonism-induced CSC 
EVs/exosomes can convert tumor epithelial/non-CSCs to mesenchymal/CSCs 
able to give rise to tumors and to promote tumor cell dissemination. 
Because of its ability to induce a CSC-to-non-CSC transition, EP4 
antagonist treatment in vivo reduced the numbers of CSCs within tumors 
and increased tumor chemosensitivity. EP4 antagonist treatment 
enhances tumor response to chemotherapy by reducing the numbers of 
chemotherapy-resistant CSCs available to repopulate the tumor. EP4 
antagonism can collaborate with conventional chemotherapy to reduce 
tumor burden.

Liu, C. A., et al. (2018). "Migration/Invasion of Malignant Gliomas 
and Implications for Therapeutic Treatment." Int J Mol Sci 19(4).

Malignant tumors of the central nervous system (CNS) are among 
cancers with the poorest prognosis, indicated by their association 
with tumors of high-level morbidity and mortality. Gliomas, the most 
common primary CNS tumors that arise from neuroglial stem or 
progenitor cells, have estimated annual incidence of 6.6 per 100,000 
individuals in the USA, and 3.5 per 100,000 individuals in Taiwan. 
Tumor invasion and metastasis are the major contributors to the deaths 
in cancer patients. Therapeutic goals including cancer stem cells 
(CSC), phenotypic shifts, EZH2/AXL/TGF-beta axis activation, miRNAs 
and exosomes are relevant to GBM metastasis to develop novel targeted 
therapeutics for GBM and other brain cancers. Herein, we highlight 
tumor metastasis in our understanding of gliomas, and illustrate novel 
exosome therapeutic approaches in glioma, thereby paving the way 
towards innovative therapies in neuro-oncology.

Melzer, C., et al. (2018). "Concise Review: Crosstalk of Mesenchymal 
Stroma/Stem-Like Cells with Cancer Cells Provides Therapeutic 
Potential." Stem Cells 36(7): 951-968.

Various direct and indirect cellular interactions between 
multi-functional mesenchymal stroma/stem-like cells (MSCs) and cancer 



cells contribute to increasing plasticity within the tumor tissue and 
its microenvironment. Direct and tight communication between MSC and 
cancer cells is based on membrane protein interactions and the 
exchange of large plasma membrane fragments also known as 
trogocytosis. An ultimate but rare direct interaction resumes in 
fusion of these two cellular partners resulting in the formation of 
new cancer hybrid cell populations. Alternatively, indirect 
interactions are displayed by the release of membranous vesicle-
encapsulated microRNAs and proteins or soluble components such as 
molecular growth factors, hormones, chemo-/cytokines, and metabolites. 
Released single molecules as well as multivesicular bodies including 
exosomes and microvesicles can form local concentration gradients 
within the tumor microenvironment and are incorporated not only by 
adjacent neighboring cells but also affect distant target cells. The 
present Review will focus on vesicle-mediated indirect communication 
and on cancer cell fusion with direct contact between MSC and cancer 
cells. These different types of interaction are accompanied by 
functional interference and mutual acquisition of new cellular 
properties. Consequently, alterations in cancer cell functionalities 
paralleled by the capability to reorganize the tumor stroma can 
trigger changes in metastatic behavior and promote 
retrodifferentiation to develop new cancer stem-like cells. However, 
exosomes and microvesicles acting over long distances may also provide 
a tool with therapeutic potential when loaded with anti-tumor cargo. 
Stem Cells 2018;36:951-968.

Moradian Tehrani, R., et al. (2018). "Mesenchymal stem cells: A new 
platform for targeting suicide genes in cancer." J Cell Physiol 
233(5): 3831-3845.

One of the important strategies for the treatment of cancer is 
gene therapy which has the potential to exclusively eradicate 
malignant cells, without any damage to the normal tissues. Gene-
directed enzyme prodrug therapy (GDEPT) is a two-step gene therapy 
approach, where a suicide gene is directed to tumor cells. The gene 
encodes an enzyme that expressed intracellularly where it is able to 
convert a prodrug into cytotoxic metabolites. Various delivery systems 
have been developed to achieve the appropriate levels of tumor 
restricted expression of chemotherapeutic drugs. Nowadays, mesenchymal 
stem cells (MSCs) have been drawing great attention as cellular 
vehicles for gene delivery systems. Inherent characteristics of MSCs 
make them particularly attractive gene therapy tools in cell therapy. 
They have been used largely for their remarkable homing property 
toward tumor sites and availability from many different adult tissues 
and show anti-inflammatory actions in some cases. They do not 
stimulate proliferative responses of lymphocytes, suggests that MSCs 
have low immunogenicity and could avoid immune rejection. This review 
summarizes the current state of knowledge about genetically modified 
MSCs that enable to co-transduce a variety of therapeutic agents 
including suicide genes (i.e., cytosine deaminase, thymidine kinase) 
in order to exert potent anti-carcinogenesis against various tumors 



growth. Moreover, we highlighted the role of exosomes released from 
MSCs as new therapeutic platform for targeting various therapeutic 
agents.

Naseri, Z., et al. (2018). "Exosome-mediated delivery of functionally 
active miRNA-142-3p inhibitor reduces tumorigenicity of breast cancer 
in vitro and in vivo." Int J Nanomedicine 13: 7727-7747.

Background: Exosomes, widely recognized natural nanovesicles, 
represent one of the recently discovered modes of intercellular 
communication due to their ability to transmit crucial cellular 
information that can be engineered to have robust delivery and 
targeting capacity. MiR-142-3p, one of the upregulated microRNAs 
(miRNAs) in many types of breast cancer, activates the canonical Wnt 
signaling pathway and transactivates the miR-150 expression, and 
results in the hyperproliferation of cancer cells in vitro and mammary 
glands in vivo. Materials and methods: In this study, we exploited the 
exosomes isolated from bone marrow-derived mesenchymal stem cells 
(MSCs-Exo) to deliver LNA (locked nucleic acid)-modified anti-
miR-142-3p oligonucleotides to suppress the expression level of 
miR-142-3p and miR-150 in 4T1 and TUBO breast cancer cell lines. 
Results: The in vitro results showed that the MSCs-Exo can efficiently 
deliver anti-miR-142-3p to reduce the miR-142-3p and miR-150 levels 
and increase the transcription of the regulatory target genes, APC and 
P2X7R. We also evaluated in vivo distribution of the MSCs-Exo in 
tumor-bearing mice. The in vivo result indicated that MSCs-Exo can 
penetrate the tumor site and are suitable nanovehicles to deliver the 
inhibitory oligonucleotides into the tumor tissues to downregulate the 
expression levels of miR-142-3p and miR-150. Conclusion: We showed 
that MSCs-derived exosomes could be used as a feasible nanovehicle to 
deliver drug molecules like LNA-anti-miR-142-3p in both in vitro and 
in vivo studies.

Ngalame, N. N. O., et al. (2018). "Arsenic Alters Exosome Quantity and 
Cargo to Mediate Stem Cell Recruitment Into a Cancer Stem Cell-Like 
Phenotype." Toxicol Sci 165(1): 40-49.

Inorganic arsenic is a human carcinogen that can target the 
prostate. Accumulating evidence suggests arsenic can disrupt stem cell 
(SC) dynamics during the carcinogenic process. Previous work 
demonstrated arsenic-transformed prostate epithelial (CAsE-PE) cells 
can recruit prostate SCs into rapidly acquiring a cancer SC (CSC) 
phenotype via the secretion of soluble factors. Exosomes are small, 
membrane-derived vesicles that contain lipids, RNA, and proteins, and 
actively contribute to cancer initiation and progression when taken up 
by target cells. Here we hypothesized that CAsE-PE cells are 
recruiting SCs to a CSC-like phenotype via exosomal signaling. CAsE-PE 
cells secreted 700% more exosomes than parental RWPE-1 cells. CAsE-PE 
exosomes were enriched with oncogenic factors, including oncogenes 
(KRAS, NRAS, VEFGA, MYB, and EGFR), inflammation-related 
(cyclooxygenase-2, interleukin 1B (IL1B), IL6, transforming growth 
factor-beta, and tumor necrosis factor-A), and apoptosis-related 



(CASP7, CASP9, and BCL2) transcripts, and oncogenesis-associated 
microRNAs. When compared with SCs cultured in exosome-depleted 
conditioned medium (CM), SCs cultured in CM containing CAsE-PE-derived 
exosomes showed increased (198%) matrix metalloproteinase activity and 
underwent an epithelial-to-mesenchymal transition in morphology, 
suggesting an exosome-mediated transformation. KRAS plays an important 
role in arsenic carcinogenesis. Although KRAS transcript (>24 000%) 
and protein (866%) levels were elevated in CAsE-PE exosomes, knock-
down of KRAS in these cells only partially mitigated the CSC-like 
phenotype in cocultured SCs. Collectively, these results suggest 
arsenic impacts both exosomal quantity and cargo. Exosomal KRAS is 
only minimally involved in this recruitment, and additional factors 
(eg, cancer-associated miRNAs) likely also play a role. This work 
furthers our mechanistic understanding of how arsenic disrupts SC 
dynamics and influences the tumor microenvironment during 
carcinogenesis.

Ning, X., et al. (2018). "Exosomes Released by Gastric Cancer Cells 
Induce Transition of Pericytes Into Cancer-Associated Fibroblasts." 
Med Sci Monit 24: 2350-2359.

BACKGROUND Cancer-associated fibroblasts (CAFs) are 
functionally and structurally essential for tumor progression. There 
are 3 main origins of CAFs: mesenchymal stem cells (MSCs), epithelial-
to-mesenchymal (EMT) transition cells, and tissue-resident cells. 
Pericytes retain characteristics of progenitor cells and can 
differentiate into other cells under normal physiological conditions 
and into myofibroblasts under pathological conditions. Exosomes play 
an important role in intercellular communication by transferring 
membrane components and nucleic acids between different cells. In this 
study, we evaluated whether cancer cell-derived exosomes are involved 
in regulating the transition of pericytes to CAFs. MATERIAL AND 
METHODS Exosomes from GES-1 and SGC7901 cells were isolated by serial 
centrifugation and purified from the supernatant by the 30% sucrose/
D2O cushion method. A transmission electron microscope was used to 
observe exosome morphologies, and nanoparticle tracking analysis was 
used to analyze size distribution of exosomes. Western blot analysis, 
immunofluorescent staining, and qPCR were employed to detect CAFs 
marker expression and signaling pathways involved in CAFs transition. 
RESULTS Gastric cancer cell-derived exosomes enhanced pericytes 
proliferation and migration and induced the expression of CAFs marker 
in pericytes. We then demonstrated that the PI3K/AKT and MEK/ERK 
pathways were activated by tumor-derived exosomes, and BMP pathway 
inhibition reverses cancer exosomes-induced CAFs transition. 
CONCLUSIONS Our results suggest that gastric cancer cells induce the 
transition of pericytes to CAFs by exosomes-mediated BMP transfer and 
PI3K/AKT and MEK/ERK pathway activation, and suggest that pericytes 
may be an important source of CAFs.

Pan, J. H., et al. (2018). "Role of exosomes and exosomal microRNAs in 
hepatocellular carcinoma: Potential in diagnosis and antitumour 



treatments (Review)." Int J Mol Med 41(4): 1809-1816.
Communication between hepatocellular carcinoma (HCC) cells and 

their environment is essential for the development and progression of 
HCC. Exosomes, which are microvesicles secreted by a number of cell 
types, are carriers of intercellular information and regulate the 
tumour microenvironment. Studies have demonstrated that exosomes are 
involved in the communication between HCC cells, endothelial cells and 
stem cells, and that they serve important roles in the metastasis and 
invasion, immune evasion and immunotherapy of HCC. In addition, the 
mechanism of HCCderived exosomemediated microRNA (miRNA) transfer is 
important in the environmental modulation of HCC growth and 
progression. As exosomes can be used for detecting and monitoring HCC, 
they can potentially serve as specific biomarkers for earlystage 
tumours and the tumour metastasis of HCC. Moreover, mesenchymal stem 
cellderived exosomes can be transfected with miRNAs to inhibit HCC 
development. Therefore, as nucleic acid delivery vehicles, exosomes 
show a tremendous potential for effective treatment against HCC. In 
the present review, recent advances in our understanding of the 
source, composition and function of exosomes in HCC, and their 
potential value in the early diagnosis and treatment of HCC, are 
summarized.

Pavon, L. F., et al. (2018). "Tropism of mesenchymal stem cell toward 
CD133(+) stem cell of glioblastoma in vitro and promote tumor 
proliferation in vivo." Stem Cell Res Ther 9(1): 310.

BACKGROUND: Previous studies have demonstrated remarkable 
tropism of mesenchymal stem cells (MSCs) toward malignant gliomas, 
making these cells a potential vehicle for delivery of therapeutic 
agents to disseminated glioblastoma (GBM) cells. However, the 
potential contribution of MSCs to tumor progression is a matter of 
concern. It has been suggested that CD133(+) GBM stem cells secrete a 
variety of chemokines, including monocytes chemoattractant protein-1 
(MCP-1/CCL2) and stromal cell-derived factor-1(SDF-1/CXCL12), which 
could act in this tropism. However, the role in the modulation of this 
tropism of the subpopulation of CD133(+) cells, which initiate GBM and 
the mechanisms underlying the tropism of MSCs to CD133(+) GBM cells 
and their effects on tumor development, remains poorly defined. 
METHODS/RESULTS: We found that isolated and cultured MSCs (human 
umbilical cord blood MSCs) express CCR2 and CXCR4, the respective 
receptors for MCP-1/CCL2 and SDF-1/CXCL12, and demonstrated, in vitro, 
that MCP-1/CCL2 and SDF-1/CXC12, secreted by CD133(+) GBM cells from 
primary cell cultures, induce the migration of MSCs. In addition, we 
confirmed that after in vivo GBM tumor establishment, by stereotaxic 
implantation of the CD133(+) GBM cells labeled with Qdots (705 nm), 
MSCs labeled with multimodal iron oxide nanoparticles (MION) 
conjugated to rhodamine-B (Rh-B) (MION-Rh), infused by caudal vein, 
were able to cross the blood-brain barrier of the animal and migrate 
to the tumor region. Evaluation GBM tumors histology showed that 
groups that received MSC demonstrated tumor development, glial 
invasiveness, and detection of a high number of cycling cells. 



CONCLUSIONS: Therefore, in this study, we validated the chemotactic 
effect of MCP-1/CCL2 and SDF-1/CXCL12 in mediating the migration of 
MSCs toward CD133(+) GBM cells. However, we observed that, after 
infiltrating the tumor, MSCs promote tumor growth in vivo probably by 
release of exosomes. Thus, the use of these cells as a therapeutic 
carrier strategy to target GBM cells must be approached with caution.

Rezaie, Z., et al. (2018). "Improved anticancer properties of stem 
cells derived exosomes by prolonged release from PCL nanofibrous 
structure." Gene 665: 105-110.

Systemic chemotherapy as a routine method for the treatment of 
cancers has several complications. Localized chemotherapy can 
significantly increase the treatment efficacy and reduce side effects. 
Here, mesenchymal stem cells derived microvesicles (MVs) was 
incorporated into Polycaprolactone nanofibers and then the apoptotic 
behavior of MCF-7 breast cancer cells was investigated while cultured 
on MVs-Polycaprolactone by using SEM, MTT and apoptotic gene 
expression. Results demonstrated that MVs-Polycaprolactone group was 
shown a great apoptosis induction potential into MCF-7 cells and it 
can be concluded that MVs-Polycaprolactone has a great promising 
potential to introduce as an in-situ tumor inhibitor construct rather 
than chemo-drugs.

Robado de Lope, L., et al. (2018). "Tumour-adipose tissue crosstalk: 
fuelling tumour metastasis by extracellular vesicles." Philos Trans R 
Soc Lond B Biol Sci 373(1737).

During metastasis, tumour cells must communicate with their 
microenvironment by secreted soluble factors and extracellular 
vesicles. Different stromal cell types (e.g. bone marrow-derived 
cells, endothelial cells and fibroblasts) influence the growth and 
progression of tumours. In recent years, interest has extended to 
other cell types in the tumour microenvironment such as adipocytes and 
adipose tissue-derived mesenchymal stem cells. Indeed, obesity is 
becoming pandemic in some developing countries and it is now 
considered to be a risk factor for cancer progression. However, the 
true impact of obesity on the metastatic behaviour of tumours is still 
not yet fully understood. In this 'Perspective' article, we will 
discuss the potential influence of obesity on tumour metastasis, 
mainly in melanoma, breast and ovarian cancer. We summarize the main 
mechanisms involved with special attention to the role of 
extracellular vesicles in this process. We envisage that besides 
having a direct impact on tumour cells, obesity systemically 
preconditions the tumour microenvironment for future metastasis by 
favouring the formation of pro-inflammatory niches.This article is 
part of the discussion meeting issue 'Extracellular vesicles and the 
tumour microenvironment'.

Rodini, C. O., et al. (2018). "Mesenchymal stem cells enhance 
tumorigenic properties of human glioblastoma through independent cell-
cell communication mechanisms." Oncotarget 9(37): 24766-24777.



Mesenchymal stem cells (MSC) display tumor tropism and have 
been addressed as vehicles for delivery of anti-cancer agents. As 
cellular components of the tumor microenvironment, MSC also influence 
tumor progression. However, the contribution of MSC in brain cancer is 
not well understood since either oncogenic or tumor suppressor effects 
have been reported for these cells. Here, MSC were found capable of 
stimulating human Glioblastoma (GBM) cell proliferation through a 
paracrine effect mediated by TGFB1. Moreover, when in direct cell-cell 
contact with GBM cells, MSC elicited an increased proliferative and 
invasive tumor cell behavior under 3D conditions, as well as 
accelerated tumor development in nude mice, independently of paracrine 
TGFB1. A secretome profiling of MSC-GBM co-cultures identified 126 
differentially expressed proteins and 10 proteins exclusively detected 
under direct cell-cell contact conditions. Most of these proteins are 
exosome cargos and are involved in cell motility and tissue 
development. These results indicate a dynamic interaction between MSC 
and GBM cells, favoring aggressive tumor cell traits through 
alternative and independent mechanisms. Overall, these findings 
indicate that MSC may exert pro-tumorigenic effects when in close 
contact with tumor cells, which must be carefully considered when 
employing MSC in targeted cell therapy protocols against cancer.

Saitoh, M. (2018). "Involvement of partial EMT in cancer progression." 
J Biochem 164(4): 257-264.

The epithelial-mesenchymal transition (EMT) provides an 
outstanding example of cellular plasticity during embryonic 
development and cancer progression. During EMT in embryonic 
development, epithelial cells lose all vestiges of their epithelial 
origin and acquire a fully mesenchymal phenotype, known as complete 
EMT, which is typically characterized by a so-called cadherin switch. 
Conversely, during EMT in cancer progression, cancer cells that 
originate from epithelial cells exhibit both mesenchymal and 
epithelial characteristics, that is the hybrid E/M phenotype in a 
process known as partial EMT. Partial EMT in cancer cells is thought 
to enhance their invasive properties, generate circulating tumour 
cells and cancer stem cells, and promote resistance to anti-cancer 
drugs. These phenotypic changes are regulated by extracellular matrix 
components, exosomes and soluble factors, which regulate several 
transcription factors known as EMT transcription factors. In this 
review, I summarize our current understanding of the EMT program 
during cancer progression.

Santos, J. C., et al. (2018). "Exosome-mediated breast cancer 
chemoresistance via miR-155 transfer." Sci Rep 8(1): 829.

Breast cancer remains the most prevalent cause of cancer 
mortality in woman worldwide due to the metastatic process and therapy 
resistance. Resistance against cancer therapy is partially attributed 
to cancer stem cells (CSCs). These cells arise from epithelial cells 
undergoing epithelial-to-mesenchymal transition (EMT) and might be 
responsible for tumor recurrence. In this study, we reported the 



relevance of miR-155 upregulation in chemoresistant cells associated 
with EMT. Notably, we found miR-155 induction in exosomes isolated 
from CSCs and resistant cells, followed by resistant cells' exosome 
transfer to the recipient sensitive cells. Functionally, miR-155 mimic 
assay showed an enrichment in miR-155 from exosome concomitant with 
miR-155 exosome transfer to breast cancer cells. In parallel to these 
effects, we also observed EMT change in miR-155 transfected cells. The 
chemoresistance phenotype transfer to sensitive cells and the 
migration capability was analyzed by MTT and scratch assays and our 
results suggest that exosomes may intermediate resistance and 
migration capacity to sensitive cells partly through exosome transfer 
of miR-155. Taken together, our findings establish the significance of 
exosome-mediate miR-155 chemoresistance in breast cancer cells, with 
implications for targeting miR-155 signaling as a possible therapeutic 
strategy.

Sazeides, C. and A. Le (2018). "Metabolic Relationship between Cancer-
Associated Fibroblasts and Cancer Cells." Adv Exp Med Biol 1063: 
149-165.

KEY POINTS: Cancer-associated fibroblasts (CAFs), a major 
component of the tumor microenvironment (TME), play an important role 
in cancer initiation, progression, and metastasis. Recent findings 
have demonstrated that the TME not only provides physical support for 
cancer cells, but also directs cell-to-cell interactions (in this case 
the interaction between cancer cells and CAFs). As cancer progresses, 
the CAFs also co evolve-transitioning from an inactivated state to an 
activated state. The elucidation and understanding of the interaction 
between cancer cells and CAFs will pave the way for new cancer 
therapies [1-3]. The TME is a heterogeneous environment consisting of 
fibroblasts, tumor-associated macrophages, adipocytes, an 
extracellular matrix, and mesenchymal stem cells [4]. The exact 
composition of each stroma varies depending on cancer and tissue type. 
To add to this variation, there is heterogeneity even within the CAF 
population itself. Different CAFs express different markers and 
influence stromal pro-tumorigenic capacity and cancer progression in 
diverse ways [5, 6].

Seo, N., et al. (2018). "Exosome-mediated regulation of tumor 
immunology." Cancer Sci 109(10): 2998-3004.

Exosomes are representative extracellular vesicles (EV) 
derived from multivesicular endosomes (MVE) and have been described as 
new particles in the communication of neighborhood and/or distant 
cells by serving as vehicles for transfer between cells of membrane 
and cytosolic proteins, lipids, and nucleotides including micro (mi) 
RNAs. Exosomes from immune cells and tumor cells act in part as a 
regulator in tumor immunology. CD8(+) T cells that show potent 
cytotoxic activity against tumor cells reside as an inactive naive 
form in the T-cell zone of secondary lymphoid organs. Once receiving 
tumor-specific antigenic stimulation by dendritic cells (DC), CD8(+) T 
cells are activated and differentiated into effector CTL. 



Subsequently, CTL circulate systemically, infiltrate into tumor 
lesions through the stromal neovasculature where mesenchymal stromal 
cells, for example, mesenchymal stem cells (MSC) and cancer-associated 
fibroblasts (CAF), abundantly exist, destroy mesenchymal tumor stroma 
in an exosome-mediated way, go into tumor parenchyma, and attack tumor 
cells by specific interaction. DC-derived and regulatory T (Treg) 
cell-derived exosomes, respectively, promote and inhibit CTL 
generation in this setting. In this review, we describe the roles of 
exosomes from immune cells and tumor cells on the regulation of tumor 
progression.

Serakinci, N., et al. (2018). "Role of Mesenchymal Stem Cells in 
Cancer Development and Their Use in Cancer Therapy." Adv Exp Med Biol 
1083: 45-62.

Stem cells have the ability to perpetuate themselves through 
self-renewal and generate mature cells of a particular tissue through 
differentiation. Mesenchymal stem cells (MSCs) play an important role 
in tissue homeostasis - supporting tissue regeneration. MSCs are rare 
pluripotent cells supporting hematopoietic and mesenchymal cell 
lineages. MSCs have a great therapeutic potential in cancer therapy, 
as well as stem cell exosome and/or microvesicle-mediated tissue 
regeneration. In this review, the use of hMSCs in stem cell-mediated 
cancer therapy is discussed.

Shamili, F. H., et al. (2018). "Exosomes derived from TRAIL-engineered 
mesenchymal stem cells with effective anti-tumor activity in a mouse 
melanoma model." Int J Pharm 549(1-2): 218-229.

Sharif, S., et al. (2018). "Delivery of Exogenous miR-124 to 
Glioblastoma Multiform Cells by Wharton's Jelly Mesenchymal Stem Cells 
Decreases Cell Proliferation and Migration, and Confers 
Chemosensitivity." Stem Cell Rev 14(2): 236-246.

MicroRNAs (miRs) are potential therapeutic targets in 
glioblastoma multiforme (GBM), but the difficulties associated with 
their delivery to tumor target cells have hampered their widespread 
use. Mesenchymal stem cells (MSCs) can migrate to the sites of 
cancers, including GBM and exert anti-tumor effects. In this study, it 
is shown that Wharton's jelly-MSCs (WJ-MSCs) have the ability to 
deliver exogenous miRs to GBM cells and the functional impact of this 
delivery is characterized. It is found that the labeled miR-124, as an 
example for miR of interest, can be successfully delivered with WJ-
MSCs to U87 GBM cells via dependent or exosome-independent processes. 
It is demonstrated that the delivered exogenous miR-124 significantly 
decreases the luciferase activity of the target gene CDK6. In 
addition, the delivered miR-124 enhances the chemosensitivity of GBM 
cells to temozolomide and decreases the migration of GBM cells. These 
results suggest that the use of exogenous miRNA delivery with the 
derived exosomes from WJ-MSCs may provide a novel approach for miRNA 
replacement therapy in GBM cancers.



Sharma, A. (2018). "Role of stem cell derived exosomes in tumor 
biology." Int J Cancer 142(6): 1086-1092.

Exosomes are nano-scale messengers loaded with bio-molecular 
cargo of RNA, DNA, and Proteins. As a master regulator of cellular 
signaling, stem cell (both normal, and cancer stem cells) secreted 
exosome orchestrate various autocrine and paracrine functions which 
alter tumor micro-environment, growth and progression. Exosomes 
secreted by one of the two important stem cell phenotypes in cancers 
a) Mesenchymal stem cells, and b) Cancer stem cells not only promote 
cancerous growth but also impart therapy resistance in cancer cells. 
In tumors, normal or mesenchymal stem cell (MSCs) derived exosomes 
(MSC-exo) modulate tumor hallmarks by delivering unique miRNA species 
to neighboring cells and help in tumor progression. Apart from 
regulating tumor cell fate, MSC-exo are also capable of inducing 
physiological processes, for example, angiogenesis, metastasis and so 
forth. Similarly, cancer stem cells (CSCs) derived exosomes (CSC-exo) 
contain stemness-specific proteins, self-renewal promoting regulatory 
miRNAs, and survival factors. CSC-exo specific cargo maintains tumor 
heterogeneity and alters tumor progression. In this review we 
critically discuss the importance of stem cell specific exosomes in 
tumor cell signaling pathways with their role in tumor biology.

Shojaei, S., et al. (2018). "Effect of mesenchymal stem cells-derived 
exosomes on tumor microenvironment: Tumor progression versus tumor 
suppression." J Cell Physiol.

Mesenchymal stem cells (MSCs) are multipotent cells with the 
potential to differentiate into different cell types. Owing to their 
immunosuppressive and anti-inflammatory properties, they are widely 
used in regenerative medicine, but they have a dual effect on cancer 
progression and exert both growth-stimulatory or -inhibitory effects 
on different cancer types. It has been proposed that these 
controversial effects of MSC in tumor microenvironment (TME) are 
mediated by their polarization to proinflammatory or anti-inflammatory 
phenotype. In addition, they can polarize the immune system cells that 
in turn influence tumor progression. One of the mechanisms involved in 
the TME communications is extracellular vesicles (EVs). MSCs, as one 
of cell populations in TME, produce a large amount of EVs that can 
influence tumor development. Similar to MSC, MSC-EVs can exert both 
anti- or protumorigenic effects. In the current study, we will 
investigate the current knowledge related to MSC role in cancer 
progression with a focus on the MSC-EV content in limiting tumor 
growth, angiogenesis, and metastasis. We suppose MSC-EVs can be used 
as safe vehicles for delivering antitumor agents to TME.

Spugnini, E. P., et al. (2018). "A Role of Tumor-Released Exosomes in 
Paracrine Dissemination and Metastasis." Int J Mol Sci 19(12).

Metastatic diffusion is thought to be a multi-step phenomenon 
involving the release of cells from the primary tumor and their 
diffusion through the body. Currently, several hypotheses have been 
put forward in order to explain the origin of cancer metastasis, 



including epithelial(-)mesenchymal transition, mutagenesis of stem 
cells, and a facilitating role of macrophages, involving, for example, 
transformation or fusion hybridization with neoplastic cells. In this 
paradigm, tumor-secreted extracellular vesicles (EVs), such as 
exosomes, play a pivotal role in cell communications, delivering a 
plethora of biomolecules including proteins, lipids, and nucleic 
acids. For their natural role in shuttling molecules, EVs have been 
newly considered a part of the metastatic cascade. They have a 
prominent role in preparing the so-called "tumor niches" in target 
organs. However, recent evidence has pointed out an even more 
interesting role of tumor EVs, consisting in their ability to induce 
malignant transformation in resident mesenchymal stem cells. All in 
all, in this review, we discuss the multiple involvements of EVs in 
the metastatic cascade, and how we can exploit and manipulate EVs in 
order to reduce the metastatic spread of malignant tumors.

Sundararajan, V., et al. (2018). "The versatile role of exosomes in 
cancer progression: diagnostic and therapeutic implications." Cell 
Oncol (Dordr) 41(3): 223-252.

BACKGROUND: Recent advances in cancer biology have highlighted 
the relevance of exosomes and nanovesicles as carriers of genetic and 
biological messages between cancer cells and their immediate and/or 
distant environments. It has been found that these molecular cues may 
play significant roles in cancer progression and metastasis. Cancer 
cells secrete exosomes containing diverse molecules that can be 
transferred to recipient cells and/or vice versa to induce a plethora 
of biological processes, including angiogenesis, metastasis formation, 
therapeutic resistance, epithelial-mesenchymal transition and 
epigenetic/stemness (re)programming. While exosomes interact with 
cells within the tumour microenvironment to promote tumour growth, 
these vesicles can also facilitate the process of distant metastasis 
by mediating the formation of pre-metastatic niches. Next to their 
tumour promoting effects, exosomes have been found to serve as 
potential tools for cancer diagnosis and therapy. The ease of 
isolating exosomes and their content from different body fluids has 
led to the identification of diagnostic and prognostic biomarker 
signatures, as well as to predictive biomarker signatures for 
therapeutic responses. Exosomes can also be used as cargos to deliver 
therapeutic anti-cancer drugs, and they can be engineered to serve as 
vaccines for immunotherapy. Additionally, it has been found that 
inhibition of exosome secretion, and thus the transfer of oncogenic 
molecules, holds promise for inhibiting tumour growth. Here we provide 
recent information on the diverse roles of exosomes in various 
cellular and systemic processes governing cancer progression, and 
discuss novel strategies to halt this progression using exosome-based 
targeted therapies and methods to inhibit exosome secretion and the 
transfer of pro-tumorigenic molecules. CONCLUSIONS: This review 
highlights the important role of exosomes in cancer progression and 
its implications for (non-invasive) diagnostics and the development of 
novel therapeutic strategies, as well as its current and future 



applications in clinical trials.

Tickner, J. A., et al. (2018). "EV, Microvesicles/MicroRNAs and Stem 
Cells in Cancer." Adv Exp Med Biol 1056: 123-135.

The role of extracellular vesicles (EV) in carcinogenesis has 
become the focus of much research. These microscopic messengers have 
been found to regulate immune system function, particularly in 
tumorigenesis, as well as conditioning future metastatic sites for the 
attachment and growth of tumor tissue. Through an interaction with a 
range of host tissues, EVs are able to generate a pro-tumor 
environment that is essential for tumorigenesis. These small 
nanovesicles are an ideal candidate for a non-invasive indicator of 
pathogenesis and/or disease progression as they can display 
individualized nucleic acid, protein, and lipid expression profiles 
that are often reflective of disease state, and can be easily detected 
in bodily fluids, even after extended cryo-storage. Furthermore, the 
ability of EVs to securely transport signaling molecules and localize 
to distant tissues suggests these particles may greatly improve the 
delivery of therapeutic treatments, particularly in cancer. In this 
chapter, we discuss the role of EV in the identification of new 
diagnostic and prognostic cancer biomarkers, as well as the 
development of novel EV-based cancer therapies.

Wang, Q., et al. (2018). "Platelets enhance the ability of bone-marrow 
mesenchymal stem cells to promote cancer metastasis." Onco Targets 
Ther 11: 8251-8263.

Background: Bone marrow-derived mesenchymal stem cells (BM-
MSCs) have been identified to be closely associated with cancer 
progression. Our previous experimental results showed that BM-MSCs 
promote tumor growth and metastasis of gastric cancer through 
paracrine-soluble cytokines or exosomes. However, the elements that 
affect the role of BM-MSCs in promoting tumor metastasis are not 
clear. It is known that thrombocytosis in cancer patients is very 
common. Recently, platelets are recognized to play a critical role in 
tumor progression. Purpose: This study aims to observe the effect of 
BM-MSCs which were co-cultured with platelets on tumor cell 
metastasis. Methods: Platelet aggregation rate and the expression of 
P-selectin of platelets co-incubated with conditioned medium of 
SGC-7901 cells and BM-MSCs were detected by flow cytometry and 
platelet aggregometer. We also analyzed the change of BM-MSCs after 
co-incubation with platelets or platelets which were treated with 
SGC-7901 cells using transwell assay and Western blot analysis. The 
proliferation and migration ability and expression of VEGF, c-Myc, and 
sall-4 in SGC-7901 cells treated with medium of BM-MSCs which were co-
cultured with platelets were detected. SGC-7901 cells were injected 
into Balb/c nude mice and the extent of lung metastasis was observed. 
Both in vitro and in vivo assays were used to analyze the effect of 
platelets on enhancing the ability of BM-MSCs to promote cancer 
metastasis. Results: Results suggested that BM-MSCs and tumor cells 
can promote platelet aggregation rate and the expression of P-



selectin. The protein levels of alpha-smooth muscle actin, vimentin, 
and fibroblast activation protein in BM-MSCs were higher after co-
incubation with platelets, and SB431542 was used to confirm the effect 
of TGF-beta on transdifferentiation of BM-MSCs into cancer-associated 
fibroblasts. Medium of BM-MSCs treated with platelets enhanced the 
proliferation and migration ability of SGC-7901 cells. More lung 
metastases were found in mice which were injected with SGC-7901 cells 
treated with conditioned medium from BM-MSCs co-incubated with 
platelets. Conclusion: Tumor cells and BM-MSCs activate platelets 
which can change the characteristics of BM-MSCs through secretion of 
TGF-beta. Moreover, we found that platelets enhanced the effect of BM-
MSCs on tumor metastasis, which suggested a potential target and 
approach for gastric cancer therapy.

Whiteside, T. L. (2018). "Exosome and mesenchymal stem cell cross-talk 
in the tumor microenvironment." Semin Immunol 35: 69-79.

Mesenchymal stem cells (MSCs) are a major component of the 
tumor microenvironment (TME) and play a key role in promoting tumor 
progression. The tumor uses exosomes to co-opt MSCs and re-program 
their functional profile from normally trophic to pro-tumorigenic. 
These tumor-derived small vesicles called "TEX" carry and deliver a 
cargo rich in proteins and nucleic acids to MSCs. Upon interactions 
with surface receptors on MSCs and uptake of the exosome cargo by 
MSCs, molecular, transcriptional and translational changes occur that 
convert MSCs into producers of factors that are necessary for tumor 
growth and that also alter functions of non-tumor cells in the TME. 
The MSCs re-programmed by TEX become avid producers of their own 
exosomes that carry and deliver mRNA and miRNA species as well as 
molecular signals not only back to tumor cells, directly enhancing 
their growth, but also horizontally to fibroblasts, endothelial cells 
and immune cells in the TME, indirectly enhancing their pro-tumor 
functions. TEX-driven cross-talk of MSCs with immune cells blocks 
their anti-tumor activity and/or converts them into suppressor cells. 
MSCs re-programmed by TEX mediate pro-angiogenic activity and convert 
stromal cells into cancer-associated fibroblasts (CAFs). Although MSCs 
have a potential to exert anti-tumor activities, they largely provide 
service to the tumor using the multidirectional communication system 
established by exosomes in the TME. Future therapeutic options 
consider disruption of this complex vicious cycle by either molecular 
or gene-regulated silencing of pro-tumor effects mediated by MSCs in 
the TME.

Widner, D. B., et al. (2018). "Interactions Between Disseminated Tumor 
Cells and Bone Marrow Stromal Cells Regulate Tumor Dormancy." Curr 
Osteoporos Rep 16(5): 596-602.

PURPOSE OF REVIEW: To succinctly summarize recent findings 
concerning dormancy regulating interactions between bone marrow 
stromal cells and disseminated tumor cells. RECENT FINDINGS: Recent 
studies have highlighted roles of the bone marrow microenviroment, 
including osteoblasts, mesenchymal stem cells (MSCs), and endothelial 



cells, in inducing or maintaining cancer cell dormancy. Key pathways 
of interest include: osteoblast-induced transforming growth factor 
(TGF)-beta2 signaling, transfer of MSC-derived exosomes containing 
dormancy inducing microRNA, cancer cell cannibalism of MSCs, and 
endothelial cell secretion of thrombospondin 1 (TSP1). The bone marrow 
is a common site of metastatic disease recurrence following a period 
of cancer cell dormancy. Understanding why disseminated tumor cells 
enter into dormancy and later resume cell proliferation and growth is 
vital to developing effective therapeutics against these cells. The 
bone marrow stroma and the various pathways through which it 
participates in crosstalk with cancer cells are essential to 
furthering understanding of how dormancy is regulated.

Worner, P. M., et al. (2018). "Breast Tumor Microenvironment Can 
Transform Naive Mesenchymal Stem Cells into Tumor Forming Cells in 
Nude Mice." Stem Cells Dev.

How mesenchymal stem cells (MSCs) interact with tumor cells 
and promote tumor growth is not well understood. Here, we demonstrate 
that when naive MSCs and malignant breast cancer cells (MDA-MB231) 
were injected into opposing mammary glands of an immunodeficient nude 
mouse, both cell types formed tumor-like masses within 8 weeks at the 
injected site. Surprisingly, MDA-MB231 cells were detected in the 
opposing mammary gland injected with the naive MSCs, indicating 
migration and crosstalk between naive MSCs and MDA-MB231 cells. 
Furthermore, when naive MSCs pre-exposed to MDA-MB231-derived 
conditioned medium (CM; MSCCM) or purified exosomes (Exo; MSCExo) were 
injected into mammary glands of nude mice, they too formed a tumor-
like mass with stromal tissue within 14 weeks. Interestingly, cells 
dissociated from these primary explants also formed tumor-like masses. 
Finally, injecting MSCCM or MSCExo and naive MSCs into opposing 
mammary glands formed tumor-like masses on the naive MSCs-injected 
side, suggesting migration and crosstalk between MSCCM or MSCExo with 
naive MSCs, similar to that observed between malignant MDA-MB231 cells 
and naive MSCs. Importantly, molecular analysis of MSCCM and MSCExo 
revealed DNA hypermethylation. These data demonstrate that MSCs and 
breast cancer cells communicate, resulting in the transformation of 
naive MSCs into cells capable of forming explants in nude mice. Our 
data also suggest that DNA hypermethylation might contribute to their 
migration. Understanding the crosstalk between MSCs and tumor cells, 
and identifying the players involved in their interaction, will help 
us develop novel therapeutics for breast cancer regression and 
elimination.

Xu, J., et al. (2018). "Exosomes Regulate the Transformation of Cancer 
Cells in Cancer Stem Cell Homeostasis." Stem Cells Int 2018: 4837370.

In different biological model systems, exosomes are considered 
mediators of cell-cell communication between different cell 
populations. Exosomes, as extracellular vesicles, participate in 
physiological and pathological processes by transmitting signaling 
molecules such as proteins, nucleic acids, and lipids. The tumor's 



microenvironment consists of many types of cells, including cancer 
stem cells and mesenchymal cells. It is well known that these cells 
communicate with each other and thereby regulate the progression of 
the tumor. Recent studies have provided evidence that exosomes mediate 
the interactions between different types of cells in the tumor 
microenvironment, providing further insight into how these cells 
interact through exosome signaling. Cancer stem cells are a small kind 
of heterogeneous cells that existed in tumor tissues or cancer cell 
lines. These cells possess a stemness phenotype with a self-renewal 
ability and multipotential differentiation which was considered the 
reason for the failure of conventional cancer therapies and tumor 
recurrence. However, a highly dynamic equilibrium was found between 
cancer stem cells and cancer cells, and this indicates that cancer 
stem cells are no more special target and blocking the transformation 
of cancer stem cells and cancer cells seem to be a more significant 
therapy strategy. Whether exosomes, as an information transforming 
carrier between cells, regulated cancer cell transformation in cancer 
stem cell dynamic equilibrium and targeting exosome signaling 
attenuated the formation of cancer stem cells and finally cure cancers 
is worthy of further study.

Yeon, J. H., et al. (2018). "Cancer-derived exosomes trigger 
endothelial to mesenchymal transition followed by the induction of 
cancer-associated fibroblasts." Acta Biomater 76: 146-153.

Cancer-associated fibroblasts (CAFs) play a pivotal role in 
tumor growth, but very little has been known about its characteristics 
and origin. Recently, cancer-derived exosome has been suggested to 
transdifferentiate CAFs, by a new mechanism of endothelial to 
mesenchymal transition (EndMT), initiating angiogenic processes and 
triggering metastatic evolution. However, an enabling tool in vitro is 
yet to be developed to investigate complicated procedures of the EndMT 
and the transdifferentiation under reconstituted tumor 
microenvironment. Here we proposed an in vitro microfluidic model 
which enables to monitor a synergetic effect of complex tumor 
microenvironment in situ, including extracellular matrix (ECM), 
interstitial flow and environmental exosomes. The number of CAFs 
differentiated from human umbilical vein endothelial cells (HUVECs) 
increased with melanoma-derived exosomes, presenting apparent 
morphological and molecular changes with pronounced motility. 
Mesenchymal stem cell (MSC)-derived exosomes were found to suppress 
EndMT, induce angiogenesis and maintain vascular homeostasis, while 
cancer-derived exosomes promoted EndMT. Capabilities of the new 
microfluidic model exist in precise regulation of the complex tumor 
microenvironment and therefore successful reconstitution of 3D 
microvasculature niches, enabling in situ investigation of EndMT 
procedure between various cell types. STATEMENT OF SIGNIFICANCE: This 
study presents an in vitro 3D EndMT model to understand the progress 
of the CAF generation by recapitulating the 3D tumor microenvironment 
in a microfluidic device. Both cancer-derived exosomes and 
interstitial fluid flow synergetically played a pivotal role in the 



EndMT and consequent formation of CAFs through a collagen-based ECM. 
Our approach also enabled the demonstration of a homeostatic 
capability of MSC-derived exosomes, ultimately leading to the recovery 
of CAFs back to endothelial cells. The in vitro 3D EndMT model can 
serve as a powerful tool to validate exosomal components that could be 
further developed to anti-cancer drugs.

You, B., et al. (2018). "Engineering exosomes: a new direction for 
anticancer treatment." Am J Cancer Res 8(8): 1332-1342.

Currently, lacks of specificity and effectiveness remain the 
main drawbacks of clinical cancer treatment. Despite therapeutic 
advances in recent decades, clinical outcomes remain poor. Exosomes 
are nanosized particles with great potential for enhancing anticancer 
responses and targeted drug delivery. Exosomes modified through 
genetic or nongenetic methods can augment the cytotoxicity and 
targeting ability of therapeutic agents, thus improving their efficacy 
in killing cancer cells. In this review, we summarize recent research 
on engineering exosomes-based cancer therapy and discuss exosomes 
derived from tumors, mesenchymal stem cells, dendritic cells, HEK293T 
cells, macrophages, milk, and other donor cells. The antitumor effects 
of engineered-exosomes are highlighted and the potential adverse 
effects are considered. A comprehensive understanding of exosomes 
modification may provide a novel strategy for cancer therapy.

Zhao, H., et al. (2018). "The key role of extracellular vesicles in 
the metastatic process." Biochim Biophys Acta Rev Cancer 1869(1): 
64-77.

Extracellular vesicles (EVs), including exosomes, have a key 
role in the paracrine communication between organs and compartments. 
EVs shuttle virtually all types of biomolecules such as proteins, 
lipids, nucleic acids, metabolites and even pharmacological compounds. 
Their ability to transfer their biomolecular cargo into target cells 
enables EVs to play a key role in intercellular communication that can 
regulate cellular functions such as proliferation, apoptosis and 
migration. This has led to the emergence of EVs as a key player in 
tumor growth and metastasis through the formation of "tumor niches" in 
target organs. Recent data have also been shown that EVs may transform 
the microenvironment of primary tumors thus favoring the selection of 
cancer cells with a metastatic behavior. The release of EVs from 
resident non-malignant cells may contribute to the metastatic 
processes as well. However, cancer EVs may induce malignant 
transformation in resident mesenchymal stem cells, suggesting that the 
metastatic process is not exclusively due to circulating tumor cells. 
In this review, we outline and discuss evidence-based roles of EVs in 
actively regulating multiple steps of the metastatic process and how 
we can leverage EVs to impair metastasis.

Zhao, X., et al. (2018). "Knockdown of TGF-beta1 expression in human 
umbilical cord mesenchymal stem cells reverts their exosome-mediated 
EMT promoting effect on lung cancer cells." Cancer Lett 428: 34-44.



The effect of mesenchymal stem cells (MSCs) on lung cancer 
cells is controversial, and the underlying mechanisms remain unclear, 
which harms the utilization of MSCs in tumor therapy. In this study, 
we found that human umbilical cord MSC-conditioned medium (MSC-CM) 
promotes EMT, invasion, and migration, yet inhibits proliferation and 
promotes apoptosis of lung cancer cells. The EMT-promoting effect of 
MSCs was mediated by exosomes derived from MSCs (MSC-exo) and 
eliminated by inhibiting exosome release. Moreover, silencing TGF-
beta1 expression in MSCs can revert the EMT-promoting effect and 
enhance the anti-proliferative and pro-apoptotic effect of MSCs on 
lung cancer cells via MSC-exo. Further investigation found that 
Smad2/3, Akt/GSK-3beta/beta-catenin, NF-kappaB, ERK, JNK, and p38 MAPK 
in TGF-beta1 signaling pathways could be activated by MSC-exo in lung 
cancer cells, while silencing TGF-beta1 expression in MSCs may 
deactivate these pathways. These findings suggest a method by which 
MSCs may be safely employed in lung cancer therapy.

Zhou, J., et al. (2018). "Mesenchymal Stem Cell Derived Exosomes in 
Cancer Progression, Metastasis and Drug Delivery: A Comprehensive 
Review." J Cancer 9(17): 3129-3137.

With the development of cancer treatments, it has become a 
popular research focus that mesenchymal stem (or stromal) cells (MSCs) 
have the functional mechanisms that influence cancer progression. One 
of the underestimated mechanisms is secretion of highly specialized 
double-membrane structures called exosomes. Mesenchymal stem cells 
generate several exosomes that may act as paracrine mediators by 
exchanging genetic information. MSC-derived exosomes are microvesicles 
ranging from approximately 60-200 nm in size and detected in various 
body fluids. It has been demonstrated that MSC-derived exosomes are 
involved in tumor growth, angiogenesis, metastasis, and invasion. 
Furthermore, emerging evidence suggests that as natural nanocarriers, 
MSC-exosomes are responsible for multidrug resistance mechanisms, 
reverse effect of radiation injury, and immune regulation, which can 
be used in clinical applications for cancer therapy. The present 
review aims to briefly describe the properties and biological 
functions of MSC-exosomes in cancer progression and its possible 
clinical applications in the future.

Altaner, C. and U. Altanerova (2019). "Mesenchymal Stem Cell Exosome-
Mediated Prodrug Gene Therapy for Cancer." Methods Mol Biol 1895: 
75-85.

Exosomes derived from human mesenchymal stem cells (MSCs) 
engineered to express the suicide gene yeast cytosine 
deaminase::uracil phosphoribosyl transferase (yCD::UPRT) represent a 
new therapeutic approach for tumor-targeted innovative therapy. The 
yCD::UPRT-MSC-exosomes carry mRNA of the suicide gene in their cargo. 
Upon internalization by tumor cells, the exosomes inhibit the growth 
of broad types of cancer cells in vitro, in the presence of a prodrug. 
Here we describe the method leading to the production and testing of 
these therapeutic exosomes. The described steps include the 



preparation of replication-deficient retrovirus possessing the 
yCD::UPRT suicide gene, and the preparation and selection of MSCs 
transduced with yCD::UPRT suicide gene. We present procedures to 
obtain exosomes possessing the ability to induce the death of tumor 
cells. In addition, we highlight methods for the evaluation of the 
suicide gene activity of yCD::UPRT-MSC-exosomes.

Ma, Z., et al. (2019). "Exosomes from glioma cells induce a tumor-like 
phenotype in mesenchymal stem cells by activating glycolysis." Stem 
Cell Res Ther 10(1): 60.

BACKGROUND: Exosomes are nanoscale membrane vesicles secreted 
by both normal and cancer cells, and cancer cell-derived exosomes play 
an important role in the cross-talk between cancer cells and other 
cellular components in the tumor microenvironment. Mesenchymal stem 
cells (MSCs) have tropism for tumors and have been used as tumor-
tropic vectors for tumor therapy; however, the safety of such 
therapeutic use of MSCs is unknown. In this study, we investigated the 
role of glioma cell-derived exosomes in the tumor-like phenotype 
transformation of human bone marrow mesenchymal stem cells (hBMSCs) 
and explored the underlying molecular mechanisms. METHODS: The effect 
of exosomes from U251 glioma cells on the growth of hBMSCs was 
evaluated with the CCK-8 assay, KI67 staining, and a cell cycle 
distribution assessment. The migration and invasion of hBMSCs were 
evaluated with a Transwell assay. A proteomics and bioinformatics 
approach, together with Western blotting and reverse transcriptase-
polymerase chain reaction, was used to investigate the effect of U251 
cell-derived exosomes on the proteome of hBMSCs. RESULTS: U251 cell-
derived exosomes induced a tumor-like phenotype in hBMSCs by enhancing 
their proliferation, migration, and invasion and altering the 
production of proteins involved in the regulation of the cell cycle. 
Moreover, U251 cell-derived exosomes promoted the production of the 
metastasis-related proteins MMP-2 and MMP-9, glioma marker GFAP, and 
CSC markers (CD133 and Nestin). The ten differentially expressed 
proteins identified participated in several biological processes and 
exhibited various molecular functions, mainly related to the 
inactivation of glycolysis. Western blotting showed that U251 cell-
derived exosomes upregulated the levels of Glut-1, HK-2, and PKM-2, 
leading to the induction of glucose consumption and generation of 
lactate and ATP. Treatment with 2-deoxy-D-glucose significantly 
reversed these effects of U251 cell-derived exosomes on hBMSCs. 
CONCLUSIONS: Our data demonstrate that glioma cell-derived exosomes 
activate glycolysis in hBMSCs, resulting in their tumor-like phenotype 
transformation. This suggests that interfering with the interaction 
between exosomes and hBMSCs in the tumor microenvironment has 
potential as a therapeutic approach for glioma. .

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.

Shen, Y., et al. (2019). "Effects of gastric cancer cell-derived 
exosomes on the immune regulation of mesenchymal stem cells by the NF-



kB signaling pathway." Stem Cells Dev.
Mesenchymal stem cells (MSCs) are an important component of 

the tumor microenvironment, which play an important role in tumor 
development. Exosomes derived from tumor cells can affect the 
biological characteristics of MSCs. Our study examined the effects of 
exosomes derived from gastric cancer cells on MSC immunomodulatory 
functions. Exosomes were extracted from gastric cancer cell line AGS 
(AGS-Exos) and cultured with MSCs. MSCs were then co-cultured with 
both human peripheral blood mononuclear cells (PBMC) and macrophages. 
The activation levels of T cells and macrophages were detected by flow 
cytometry and RT-PCR. Changes in the MSC signaling pathway after AGS-
Exos stimulation were studied using RNA ChIP, and the molecular 
mechanisms of functional change in MSCs were studied by inhibiting the 
signaling pathway. MSCs treated with AGS-Exos could promote macrophage 
phagocytosis and upregulate the secretion of pro-inflammatory 
factor,and promote the activation of CD69 and CD25 on the surface of T 
cells. RNA ChIP results indicated the abnormal activation of the NF-kB 
signaling pathway in MSCs after AGS-Exos stimulation, and this was 
verified by the identification of key proteins in the pathway using 
western-blot analysis.And following NF-kB signaling pathway 
inhibition,the effect of MSCs stimulated by AGS-Exos on T cells and 
macrophages was markedly weakened. Therefore, AGS-Exos affected the 
immunomodulation function of MSCs through the NF-kB signaling pathway, 
which enhanced the ability of MSCs to activate immune cells, maintain 
the inflammatory environment, and support tumor growth.

Ursula, A., et al. (2019). "Prodrug suicide gene therapy for cancer 
targeted intracellular by mesenchymal stem cell exosomes." Int J 
Cancer 144(4): 897-908.

The natural behavior of mesenchymal stem cells (MSCs) and 
their exosomes in targeting tumors is a promising approach for 
curative therapy. Human tumor tropic mesenchymal stem cells (MSCs) 
isolated from various tissues and MSCs engineered to express the yeast 
cytosine deaminase::uracil phosphoribosyl transferase suicide fusion 
gene (yCD::UPRT-MSCs) released exosomes in conditional medium (CM). 
Exosomes from all tissue specific yCD::UPRT-MSCs contained mRNA of the 
suicide gene in the exosome's cargo. When the CM was applied to tumor 
cells, the exosomes were internalized by recipient tumor cells and in 
the presence of the prodrug 5-fluorocytosine (5-FC) effectively 
triggered dose-dependent tumor cell death by endocytosed exosomes via 
an intracellular conversion of the prodrug 5-FC to 5-fluorouracil. 
Exosomes were found to be responsible for the tumor inhibitory 
activity. The presence of microRNAs in exosomes produced from naive 
MSCs and from suicide gene transduced MSCs did not differ 
significantly. MicroRNAs from yCD::UPRT-MSCs were not associated with 
therapeutic effect. MSC suicide gene exosomes represent a new class of 
tumor cell targeting drug acting intracellular with curative 
potential.


