Iran Red Crescent Med J. 2018 May; 20(5):e64991. doi: 10.5812/ircmj.64991.

Published online 2018 September 9. Research Article

Effect of Extracellular Vesicles Derived From Mesenchymal Stem Cells
on K-562 Leukemia Cell Line

Hajar Mardani Valandani’, Naser Amirizadeh ?, Mahin Nikougoftar?, Majid Safa', Roohollah Mirzaee
Khalilabadi® and Ahmad Kazemi""

'Department of Hematology and Blood Banking, Faculty of Allied Medicine, Iran University of Medical Sciences, Tehran, Iran
2Blood Transfusion Research Center, High Institute for Research and Education in Transfusion Medicine, Tehran, Iran
3Faculty of Allied Medical Sciences, Kerman University of Medical Sciences, Kerman, Iran

"Corresponding author: Department of Hematology and Blood Banking, Faculty of Allied Medicine, Iran University of Medical Sciences, Hemmat. Exp. Way, Next to the Milad
Tower, Tehran, Iran. Tel: +98-2188622576, Email: a.kazemi32@gmail.com

Received 2017 December 10; Revised 2018 February 12; Accepted 2018 April 03.

Abstract

Background: Several studies show that mesenchymal stem cells (MSCs) possess anti-tumor properties, while other studies show
that MSCs may promote cancer. Extracellular vesicles (EVs) are identified as novel mediators to. communicate among cells, which
may be used as vehicles to transfer the MSC information to the target cells.

Objectives: The current study aimed at investigating whether the human umbilical cord mesenchymal stem cell (HUSCMSC) de-
rived extracellular vesicles (EVs) inhibits or promotes tumor cell growth in’ K562 chronic myelogenous leukemia cell line.
Methods: In the current experimental study, trypan blue exclusion and 3-(4, 5-dimethylthiazol-2-yl}-2, 5-diphenyltetrazolium bro-
mide (MTT) assay were performed to investigate the cell viability and metabolic activity. Additionally, flow cytometry was employed
to assess cell cycle and apoptosis of K562 cells after 72 hours exposure to EVs.

Results: The obtained results showed that no doses of EVs inhibited the tumor growth (mean =+ standard deviation (SD) of cell
viability at the day 10 was 94.4 & 2.60, P> 0.05) and metabolic activity in three days (mean = SD at the day 3 was 97.27 &+ 2.46,P >
0.05). Furthermore, EVs also did not change the apoptosis rate (mean = SD at the day 3 was 3.17 = 2.34 for annexin positive cells,and
3.36 £ 1.91 for annexin/propidium iodide (PI)-positive cells,P > 0.05).

Conclusions: In conclusion, no significant changes in tumor cell growth were observed after treating K562 cells with MSCs-derived

EVs.
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1. Background

Mesenchymal stem cells (MSCs) are multi-potential
stem cells residing in various tissues. Currently, they are
widely studied due to their ability to differentiate between
mesodermal ectodermic and endodermic lineages (1). Var-
ious studies show that MSCs support tumor growth (2, 3),
while other studies reveal the anti-tumor effect of MSCs.
MSCs isolated from various tissue such as human adipose
(4), breast (5), and palatine tonsils (6) are able to inter-
fere with cell proliferation, thereby blocking cancer cell
cycle in GO/G1 phase. Cell contact between MSCs and can-
cer cells is not required for the biological activity of MSCs
in vitro; instead, paracrine/soluble factors are responsible
for the anti-tumor effect observed in the MSC-conditioned
medium (7, 8).

Various studies focus on the effect of extracellular vesi-
cles (EVs) on normal and tumor cells. EVs are released from

a variety of cell types. EVs act as a vehicle for the inter-
cellular exchanges capable of changing the behavior of the
target cell, by interaction with the cell surface or transfer-
ring its content to the target cell. EVs contain lipids, pro-
teins, and genetic materials. Transfer of these biological
materials may cause important pathological and physio-
logical changes in the target cells (1, 9, 10). It is shown that
endothelial progenitors, liver stem cells, and MSCs-derived
EVs can act as a vehicle to exchange functional mRNAs
among cells that lead to the activation of regenerative pro-
grammes in differentiated cells both in vitro and in vivo
(11-13). Recent studies show that MSCs-derived EVs (MSC-
EVs)inhibit tumor growth in models of the Kaposi sarcoma
(14), hepatoma cell line (hepG2) (15, 16), and ovarian cancer
scov3 in vitro (17). EVs encompass multi-biological activi-
ties of their originating cells. Therefore, they are valuable
objects for therapeutic purposes (9, 18).

Chronic myelogenous leukemia (CML) is a malignancy

Copyright © 2018, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is\properly.
cited


http://ircmj.com
http://dx.doi.org/10.5812/ircmj.64991
https://crossmark.crossref.org/dialog/?doi=10.5812/ircmj.64991&domain=pdf
WWW.SID.IR
WWW.SID.IR

Mardani Valandani H et al.

arising from hematopoietic stem cells, characterized by
a balanced genetic translocation (9, 19). Chemotherapy,
bone marrow transplantation, and tyrosine kinase in-
hibitors, or combination of some of these therapies are
currently applied; however, these methods may be cura-
tive only in some patients (20, 21).

2. Objectives

Several studies reported the effect of MSC-EVs on solid
tumor growth, but the effect of MSC-EVs on leukemia is
not well studied. The current study aimed at investigat-
ing whether MSC-EVs influence the growth of K562CML cell
line. Therefore, the in vitro effect of MSC-EVs on cell prolif-
eration, metabolic activity, and apoptosis of the K562 cell
line was evaluated.

3. Methods

The current experimental study was conducted in
Blood Transfusion Research Center, High Institute for Re-
search and Education in Transfusion Medicine, Tehran,
Iran in 2016. All the equipment was calibrated.

3.1. Cell Culture

CML cell line, K562, was purchased from ATCC and
cultured in RPMI (Roswell Park Memorial Institute) 1640
(ATOCEL, Austria) containing 10% fetal bovine serum (EBS)
(Gibco, USA) and 1% penicillin-streptomycin (Invitrogen,
USA) at 37°C in a humidified atmosphere of 5% CO;.

Human umbilical cord MSCs (HUCMSCs) were ob-
tained from cord blood bank of the Iranian Blood Transfu-
sion Organization and cultured in Dulbecco’s modified Ea-
gle medium low glucose (DMEM-LG) (ATOCEL, Austria) sup-
plemented with 10% FBS and 1% penicillin-streptomycin.

3.2. Isolation of EVs

Extracellular vesicles (EVs) were obtained from the su-
pernatant of MSCs (passage P3 - P5) cultured for 48 and
96 hours in DMEM-LG with 0.5% bovine serum albumin
(BSA) (Roche, Switzerland). Briefly, the supernatant was
centrifuged at 2000 g for 20 minutes two times in order
to remove debris. Then, the supernatant was centrifuged
at 20000 g for one hour at 4°C. The centrifuged pellet was
resuspended in FBS free RPMI 1640 medium. The protein
content of the resuspended pellet was measured through
Bradford assay using the NanoDrop spectrophotometer
(WPA, UK). Briefly, different dilutions of BSA were prepared
(125,250, 500,1000, and 2000 pg/mL). Then, 10 ©L BSA and
EVs samples were mixed separately with 200 L of Brad-
ford solution (Sigma-Aldrich, USA) and optical density (OD)
of the mixture was measured at 595 wavelengths. The stan-
dard curve was plotted by BSA samples and was applied to
determine the protein concentration.

3.3. Characterization of MSC-EVs

Surface markers of the EVs were investigated using
flow cytometry. Since EVs are derived from MSCs, they
should possess MSC surface markers. Briefly, EVs were in-
cubated with monoclonal antibodies conjugated with flu-
orescent dyes, including anti-CD34-FITC (fluorescein isoth-
iocyanate), anti-CD44-FITC, anti-CD45-FITC, and anti-CD90-
FITC for 30 minutes at 4°C. EVs were immediately analyzed
with Partec CYFlow Space.

A particle-sizing instrument, Malvern Mastersizer
2000 laser diffraction system (Malvern Instruments
Ltd., Worcestershire, UK) was used to determine the size
distribution of vesicles by dynamic light scattering (DLS).

3.4. Viability Assay

K562 cells were cultured in the presence of MSC-EVs (0,
50,100,200, 500 ug/mL) for 10 days. Cell viability was eval-
uated using trypan blue (Sigma-Aldrich, USA).

3.5. Metabolic Activity

K562 cells (5000 celljwell) were treated with MSC-
EVs. (0,/50, 100, 200, 500 pg/mL) in a 96-well plate for
72 hours. Metabolic activity was evaluated by 3-(4,5-
dimethylthiazol-2-yl}-2, 5-diphenyltetrazolium bromide
(MTT) assay (Sigma-Aldrich, USA). MTT dye (0.5 mg/mL)
was added to each well (test was performed in tripli-
cates) and incubated at 37°C and 5% CO, for three to four
hours. Throughout the post-incubation period, 100 uL
dimethyl sulfoxide (DMSO) was added and the plate was
kept at room temperature in darkness for 30 minutes. The
absorbance of each well was spectrophotometrically mea-
sured at 570 nm using a microplate ELISA (enzyme-linked
immunosorbent assay) reader. K562 cells cultured in fresh
RPMI without EVs were used as controls. DMSO was used
as blank. Cell metabolic activity rate was expressed as the
absorbance ratio of treated cells to the control cells.

3.6. Annexin/PI Apoptosis Analysis

To investigate the effect of MSC-EVs on the apoptosis of
K562, annexin/PI staining (BD Biosciences, USA) was per-
formed. The cells (100 x 10% cell/well) were cultured in
RPMI medium containing MSC-EVs (0, 500 pg/mL) in a six-
well plate. After 72 hours, the cells were collected and
washed with cold PBS twice; then, resuspended in bind-
ing buffer (1X). The cells were stained with 5 pL of FITC an-
nexinVand 5 pLof PI,and incubated for 15 minutes atroom
temperature, followed by the analysis with Partec CYFlow
Space. K562 cells cultured in RPMI without EVs were used
as a control.
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3.7. Cell Cycle Analysis

To evaluate the cell cycle, K562 cells were cultured with
MSC-EVs (0, 500 pg/mL) for 72 hours. PI staining was used
to detect DNA content of K562 cells by flow cytometry, ac-
cording to the manufacturer’s protocol. Briefly, cells were
seeded in a six-well plate at the density of 100 cell/well and
incubated in the presence of MSC-EVs (0,500 pg/mL) for 72
hours. The cells were washed twice with PBS; then, 50 uL of
RNase A stock solution and 500 pL of PI staining solution
(eBioscience, USA) were added to the cell pellet and incu-
bated for 15 minutes at 37°C. Finally, the cells were analyzed
with Partec CYFlow Space.

3.8. Statistical Analysis

Statistical analysis was performed using the Shapiro-
Wilk, parametric (t-test and ANOVA), and non-parametric
(median) tests (P < 0.05 were considered significant).

4. Results

4.1. MSC-EVs Characterization

Flow cytometry analysis showed that MSC-derived EVs
were positive for surface-expressed molecules CD90 and
CD44, normally expressed by MSCs, and negative for
hematopoietic stem cell surface molecules, CD34 and CD45
(Figure1). The average size distribution of EVs measured by
size distribution analysis was 340 nm (Figure 2).

4.2. Cell Viability

Trypan blue exclusion assay for 10 days showed that the
viability of K562 cells treated with MSC-EVs remained un-
changed. There was no significant difference in cell viabil-
ity compared with the control cells (Figure 3) (P> 0.05).

4.3. Metabolic Activity

According to the MTT results presented in Figure 4, no
significant differences were observed after 72 hours, com-
pared with the control cells (P> 0.05).

4.4. Effect of MSC-EVs on the Apoptosis of K562 Cells

The apoptosis rate in K562 cells treated with EVs (500
pg/mL)for 72 hours did not change in comparison with the
control cells (Figure 5) (P> 0.05).

4.5. Effect of MSC-EVs on the Cell Cycle

Cell cycle analysis was performed to assess the effect of
MSC-EVs on K562 cells. SubG1 phase significantly decreased
after 72 hours exposure to 500 ;1g/mLMSC-EVs as compared
with control cells (Figure 6) (P < 0.005).
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5. Discussion

EVs are described as mediators for cell-to-cell interac-
tions that reprogram target cells through transfer of pro-
teins, functional mRNAs, and miRs as well as activation of
signaling pathways. In particular, it is suggested that they
are involved in genetic changes since they can transfer ge-
netic materials such as mRNAs and miRs (19, 22). Stem cells
such as MSCs and progenitors release abundant EVs (23).

MSCs play a bilateral role in cancer progression. They
secrete multiple bioactive factors to promote or inhibit tu-
mor growth. Stimulatory and inhibitory effects of MSCs on
the growth of cancer cells indicate a balance between anti-
or pro-apoptotic factors (7, 24). Different studies unveiled
the anti-tumor effect of MSCs such as the Kaposi sarcoma
(14), breast cancer, and non-Hodgkin lymphoma (25, 26). In
contrast, other studies demonstrated the supportive effect
of MSCs on cancer progression. MSCs increase the growth
rate in FMC-7 cell line, and the released paracrine factors of
MSCs promote cell growth in breast cancer estrogen recep-
tor o (ERa)-positive cell lines such as T47D (27). It is shown
that no cell contact between MSCs and tumor cells is re-
quired for in vitro biological activity of MSCs.

In the current study, the effect of MSC-EVs on growth
and apoptosis of K562 cell line was evaluated. No signifi-
cant decrease in K562 cell growth and proliferation was ob-
served after ten days of exposure to MSC-EVs. Moreover, no
significant increase was observed in the K562 cell apopto-
sis after exposure to MSC-EVs.

The mechanism of effect of MSCs on tumor cells is not
widely studied; nevertheless, many studies reported that
MSCs can protect leukemic cells by interfering in apopto-
sis. Lin etal. (28) showed that the anti-apoptotic genes such
as Bcl-XLare upregulated in U937 co-cultured with MSCs. In
addition, the pro-survival factors released from MSCs are
important to sustain the survival of the leukemic cells (28).
Also, MSCs can induce drug resistance in leukemic cells
(29).

EVs derived from cells can change tumor cell behavior
by delivering functional mRNA and microRNA sequences;
however, crucial markers in the tumor cells play an essen-
tial role in EVs function. Du et al. (30) showed that EVs re-
leased from human Wharton jelly mesenchymal stem cells
(hWJ-MSCs) attenuated the growth of bladder tumor cells
(T24); however, these EVs promoted human renal cell carci-
noma (786 - 0) growth. Unlike T24, 786 - 0 cells express both
HGF and c-MET, representing a cancer early progenitor cell
marker (30, 31).

Several studies reported that tumor cells consistently
secrete microvesicles. Tumor-derived microvesicles (TMVs)
contain lipids, proteins, and nucleic acids. They can trans-
fer bioactive content to the cells in the tumor microenvi-
ronment. They promote signaling responses in the sur-
rounding cells and influence the tumor microenviron-
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Figure 1. Flow cytometry plots; flow cytometry analysis showed that EVs derived from UC-MSC were positive for surface-expressed molecule, symbolically expressed by MSCs
CD44 and CD90, and negative for surface-expressed molecule, symbolically expressed by hematopoietic cells CD34 and CD45.
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Figure 2. Size distribution of EVs derived from umbilical cord MSCs; the size distribution was determined to be in the range of 340 nm.
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Figure 3. Cell viability assay; after 10 days of exposure to MSC-EVs (50,100, 200, 500 ug/mL) no significant decrease in K562 cell viability (%) was observed compared with the

control (P> 0.05).
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Figure 4. MTT assay analysis; K562 cells were cultured in the presence of MSC-EVs (50,100, 200, 500 pg/mL) for 72 hours. No significant decrease in the metabolic activity (%)

was observed (P> 0.05).

ment (32). TMVs alter the content and behavior of normal
cells. They can change the phenotype of normal cells into
malignant cells. TMVs promote cell growth via different
mechanisms such as transferring oncogenic activities to
other tumors and normal cells and drug resistance by se-
questering and taking drugs out of the tumor cells (33). Tu-
mor cells take up autologous MVs more than heterologous
or normal microvesicles. Surprisingly, TMVs ata concentra-
tion as low as 0.1 ug/mL were able to significantly increase
tumor invasion (34).

5.1. Conclusions

Various studies reported that MSCs play a dual role in
cancer progression. Although it seems that MSCs are capa-

Iran Red Crescent Med J. 2018; 20(5):64991.

ble of treating cancers, a large number of studies support
their involvement in leukemogenesis (29). In conclusion,
the current study results showed no significant changes
in tumor cell growth after exposing K562 cells to MSCs-
EVs. Whereas the current study was conducted on the cell
line, for better conclusions, itis recommended that similar
studies be conducted on patient samples.
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Figure 5. Apoptosis analysis; (A) control; K562 cells cultured in fresh RPMI without EVs, (B) K562 cells were treated with MSC-EVs for 72 hours. Apoptosis rate did not change

after 72 hours exposure to MSC-EVs compared with the control (P> 0.05).

200 Tgm: p1

j<]
-
=
3
o
]
150 200 250
100 7
80 4
] 60 4
=
3
o
© 40 4
20 4
04
0 50 100 150 200 250

LR

100 BN,
Took:p2 SubG1: 6.5%
G1: 54.98%
80 4 S:31.75%
G2/M: 12.02%
» 601
-
=
2
© 401
20
0 -4
0
100 Teak: p2 SubG1: 3.6%
G1: 51.38%
S:27.22%
804
G2/M: 20%
2 604
=]
=
=]
© 404
204
0

1] 50 100 150 200 250
ci

Figure 6. Cell cycle analysis; (A) K562 cells cultured in fresh RPMI without EVs were used as the control, (B) K562 cells were treated with MSC-EVs for 72 hours. SubG1 phase

significantly decreased (P value = 0.005). RN1: subG1, RN2: G1, RN3: S, RN4: G2/M

Footnotes

Conflicts of Interest: The authors declared no conflict of
interest.

Financial Disclosure: The current study was the results of
athesis financially supported by Iran University of Medical
Sciences, Tehran, Iran.

Funding/Support: No funding/financial support was pro-
vided to the study.

References

1. Baglio SR, Pegtel DM, Baldini N. Mesenchymal stem cell secreted
vesicles provide novel opportunities in (stem) cell-free therapy.

Iran Red Crescent Med J. 2018; 20(5):e64991.


http://ircmj.com
WWW.SID.IR
WWW.SID.IR

Mardani Valandani H et al.

10.

1.

13.

14.

16.

Front Physiol. 2012;3:359. doi: 10.3389/fphys.2012.00359. [PubMed:
22973239]. [PubMed Central: PMC3434369].

Zhu W, Xu W, Jiang R, Qian H, Chen M, Hu J, et al. Mesenchymal stem
cells derived from bone marrow favor tumor cell growth in vivo.
Exp Mol Pathol. 2006;80(3):267-74. doi: 10.1016/j.yexmp.2005.07.004.
[PubMed: 16214129].

Wong RS. Mesenchymal stem cells: Angels or demons? | Biomed
Biotechnol. 2011;2011:459510. doi:  10.1155/2011/459510. [PubMed:
21822372]. [PubMed Central: PMC3142786].

. Cousin B, Ravet E, Poglio S, De Toni F, Bertuzzi M, Lulka H, et al. Adult

stromal cells derived from human adipose tissue provoke pancreatic
cancer cell death both in vitro and in vivo. PLoS One. 2009;4(7). €6278.
doi: 10.1371/journal.pone.0006278. [PubMed: 19609435]. [PubMed
Central: PMC2707007].

Dong-Le Bourhis X, Berthois Y, Millot G, Degeorges A, Sylvi M, Mar-
tin PM, et al. Effect of stromal and epithelial cells derived from
normal and tumorous breast tissue on the proliferation of hu-
man breast cancer cell lines in co-culture. Int ] Cancer. 1997;71(1):42-
8. doi: 10.1002/(SICI)1097-0215(19970328)71:1<42::AID-]C9>3.0.CO;2-3.
[PubMed: 9096664].

LimYS, Lee JC, Lee YS, Lee BJ, Wang SG. Growth Inhibitory Effect of Pala-
tine Tonsil-derived Mesenchymal Stem Cells on Head and Neck Squa-
mous Cell Carcinoma Cells. Clin Exp Otorhinolaryngol. 2012;5(2):86-93.
doi: 10.3342/ce0.2012.5.2.86. [PubMed: 22737289]. [PubMed Central:
PMC3380118].

Tian LL, Yue W, Zhu F, Li S, Li W. Human mesenchymal stem cells play
a dual role on tumor cell growth in vitro and in vivo. J Cell Physiol.
2011;226(7):1860-7. doi: 10.1002(jcp.22511. [PubMed: 21442622].

LiL, Tian H, Chen Z, Yue W, Li S, Li W. Inhibition of lung cancer cell pro-
liferation mediated by human mesenchymal stem cells. Acta Biochim
Biophys Sin (Shanghai). 2011;43(2):143-8. doi: 10.1093/abbs/gmq118.
[PubMed: 21196449].

Barteneva NS, Fasler-Kan E, Bernimoulin M, Stern JN, Ponomarev ED;
Duckett L, et al. Circulating microparticles: Square the circle. BMC
Cell Biol. 2013;14:23. doi: 10.1186/1471-2121-14-23. [PubMed: 23607880].
[PubMed Central: PMC3651414].

Raposo G, Stoorvogel W. Extracellular vesicles:” exosomes, mi-

crovesicles, and friends. | Cell Biol. 2013;200(4):373-83. doi:
10.1083/jcb.201211138. [PubMed:  23420871]. [PubMed  Central:
PM(C3575529)].

Herrera MB, Fonsato V, Gatti S, Deregibus MC, Sordi A, Cantarella
D, et al. Human liver stem cell-derived microvesicles acceler-
ate hepatic regeneration in hepatectomized rats. | Cell Mol Med.
2010;14(6B):1605-18. doi: 10.llll/j.1582-4934‘20()9.00860.)(. [PubMed:
19650833]. [PubMed Central: PMC3060338].

Deregibus MC, Cantaluppi V, Calogero R, Lo lacono M, Tetta C, Bian-
cone L, et al. Endothelial progenitor cell derived microvesicles acti-
vate an angiogenic program in endothelial cells by a horizontal trans-
fer of mRNA. Blood. 2007;110(7):2440-8. doi: 10.1182/blood-2007-03-
078709. [PubMed: 17536014].

Bruno S, Grange C, Deregibus MC, Calogero RA, Saviozzi S, Collino F,
et al. Mesenchymal stem cell-derived microvesicles protect against
acute tubular injury. ] Am Soc Nephrol. 2009;20(5):1053-67. doi:
10.1681/ASN.2008070798. [PubMed: 19389847]. [PubMed Central:
PMC2676194].

Khakoo AY, Pati S, Anderson SA, Reid W, Elshal MF, Rovira I, et al.
Human mesenchymal stem cells exert potent antitumorigenic ef-
fects in a model of Kaposi’s sarcoma. | Exp Med. 2006;203(5):1235-
47. doi: 10.1084[jem.20051921. [PubMed: 16636132]. [PubMed Central:
PMC2121206].

. GaoY,Yao A, Zhang W, Lu S, Yu Y, Deng L, et al. Human mesenchymal

stem cells overexpressing pigment epithelium-derived factor inhibit
hepatocellular carcinoma in nude mice. Oncogene. 2010;29(19):2784-
94. doi: 10.1038/onc.2010.38. [PubMed: 20190814].

van Poll D, Parekkadan B, Cho CH, Berthiaume F, Nahmias Y, Tilles AW,
et al. Mesenchymal stem cell-derived molecules directly modulate

hepatocellular death and regeneration in vitro and in vivo. Hepatol-
0gy. 2008;47(5):1634-43. doi: 10.1002/hep.22236. [PubMed: 18395843].

Iran Red Crescent Med J. 2018; 20(5):64991.

18.

20.

21

22.

23.

24.

25.

26.

27.

28.

20.

30.

3L

32.

. Bruno S, Collino F, lavello A, Camussi G. Effects of mesenchy-

mal stromal cell-derived extracellular vesicles on tumor growth.
Front Immunol. 2014;5:382. doi: 10.3389/fimmu.2014.00382. [PubMed:
25157253]. [PubMed Central: PMC4127796].

Collino F, Deregibus MC, Bruno S, Sterpone L, Aghemo G, Viltono
L, et al. Microvesicles derived from adult human bone marrow and
tissue specific mesenchymal stem cells shuttle selected pattern of
miRNAs. PLoS One. 2010;5(7). e11803. doi: 10.1371/journal.pone.0011803.
[PubMed: 20668554]. [PubMed Central: PMC2910725].

. Quesenberry PJ, Aliotta ], Deregibus MC, Camussi G. Role of extracellu-

lar RNA-carrying vesicles in cell differentiation and reprogramming.
Stem Cell Res Ther. 2015;6:153. doi: 10.1186/513287-015-0150-X. [PubMed:
26334526). [PubMed Central: PMC4558901].

Cortes JE, Talpaz M, Kantarjian H. Chronic myelogenous leukemia:
A review. Am | Med. 1996;100(5):555-70. doi: 10.1016/S0002-
9343(96)00061-7. [PubMed: 8644769].

Clarkson B, Strife A, Wisniewski D,Lambek CL, Liu C. Chronic myeloge-
nous leukemia as a paradigm of early cancer and possible curative
strategies. Leukemia. 2003;17(7):1211-62. doi: 10.1038/sj.leu.2402912.
[PubMed: 12835715].

Tetta C, Ghigo E, Silengo L, Deregibus MC, Camussi G. Extracellular
vesicles as an emerging mechanism of cell-to-cell communication.
Endocrine. 2013;44(1):11-9.-doi: 10.1007/s12020-012-9839-0. [PubMed:
23203002]. [PubMed Central: PMC3726927].

Camussi G, Deregibus MC, Bruno S, Cantaluppi V, Biancone L. Ex-
osomes/microvesicles.as-a mechanism of cell-to-cell communica-
tion. Kidney Int. 2010;78(9):838-48. doi: 10.1038/ki.2010.278. [PubMed:
20703216].

Gomes CM. The dual role of mesenchymal stem cells in tumor pro-
gression. Stem Cell Res Ther. 2013;4(2):42. doi: 10.1186/scrt189. [PubMed:
23680129]. [PubMed Central: PMC3706829].

Secchiero P, Zorzet S, Tripodo C, Corallini F, Melloni E, Caruso
L, et al. Human bone marrow mesenchymal stem cells display
anti-cancer activity in SCID mice bearing disseminated non-
Hodgkin’s lymphoma xenografts. PLoS One. 2010;5(6). el11140. doi:
10.1371fjournal.pone.0011140. [PubMed: 20585401]. [PubMed Central:
PMC2886845].

Yan C, Li S, Li Z, Peng H, Yuan X, Jiang L, et al. Human umbilical
cord mesenchymal stem cells as vehicles of CD20-specific TRAIL fu-
sion protein delivery: a double-target therapy against non-Hodgkin’s
lymphoma. Mol Pharm. 2013;10(1):142-51. doi: 10.1021/mp300261e.
[PubMed: 23121392].

Lu YR, Yuan Y, Wang X], Wei LL, Chen YN, Cong C, et al. The growth in-
hibitory effect of mesenchymal stem cells on tumor cells in vitro and
in vivo. Cancer Biol Ther. 2008;7(2):245-51. [PubMed: 18059192].

Lin YM, Zhang GZ, Leng ZX, Lu ZX, Bu LS, Gao S, et al. Study on the
bone marrow mesenchymal stem cells induced drug resistance in the
U937 cells and its mechanism. Chin Med J (Engl). 2006;119(11):905-10.
[PubMed: 16780769].

Wong RS, Cheong SK. Role of mesenchymal stem cells in leukaemia:
Dr. Jekyll or Mr. Hyde? Clin Exp Med. 2014;14(3):235-48. doi:
10.1007/510238-013-0247-4. [PubMed: 23794030].

DuT, Ju G, Wu S, Cheng Z, Cheng ], Zou X, et al. Microvesicles de-
rived from human Wharton’s jelly mesenchymal stem cells promote
human renal cancer cell growth and aggressiveness through induc-
tion of hepatocyte growth factor. PLoS One. 2014;9(5). €96836. doi:
10.1371/journal.pone.0096836. [PubMed: 24797571]. [PubMed Central:
PMC4010513].

Wu S, Ju GQ, Du T, Zhu YJ, Liu GH. Microvesicles derived from
human umbilical cord Wharton’s jelly mesenchymal stem cells
attenuate bladder tumor cell growth in vitro and in vivo. PLoS
One. 2013;8(4). e61366. doi: 10.1371fjournal.pone.0061366. [PubMed:
23593475). [PubMed Central: PMC3625149].

D'Souza-Schorey C, Clancy JW. Tumor-derived microvesicles:
shedding light on novel microenvironment modulators and
prospective cancer biomarkers. Genes Dev. 2012;26(12):1287-99.
doi: 10.1101/gad.192351.112. [PubMed: 22713869]. [PubMed Central:


http://dx.doi.org/10.3389/fphys.2012.00359
http://www.ncbi.nlm.nih.gov/pubmed/22973239
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3434369
http://dx.doi.org/10.1016/j.yexmp.2005.07.004
http://www.ncbi.nlm.nih.gov/pubmed/16214129
http://dx.doi.org/10.1155/2011/459510
http://www.ncbi.nlm.nih.gov/pubmed/21822372
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3142786
http://dx.doi.org/10.1371/journal.pone.0006278
http://www.ncbi.nlm.nih.gov/pubmed/19609435
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707007
http://dx.doi.org/10.1002/(SICI)1097-0215(19970328)71:1<42::AID-IJC9>3.0.CO;2-3
http://www.ncbi.nlm.nih.gov/pubmed/9096664
http://dx.doi.org/10.3342/ceo.2012.5.2.86
http://www.ncbi.nlm.nih.gov/pubmed/22737289
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3380118
http://dx.doi.org/10.1002/jcp.22511
http://www.ncbi.nlm.nih.gov/pubmed/21442622
http://dx.doi.org/10.1093/abbs/gmq118
http://www.ncbi.nlm.nih.gov/pubmed/21196449
http://dx.doi.org/10.1186/1471-2121-14-23
http://www.ncbi.nlm.nih.gov/pubmed/23607880
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3651414
http://dx.doi.org/10.1083/jcb.201211138
http://www.ncbi.nlm.nih.gov/pubmed/23420871
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3575529
http://dx.doi.org/10.1111/j.1582-4934.2009.00860.x
http://www.ncbi.nlm.nih.gov/pubmed/19650833
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3060338
http://dx.doi.org/10.1182/blood-2007-03-078709
http://dx.doi.org/10.1182/blood-2007-03-078709
http://www.ncbi.nlm.nih.gov/pubmed/17536014
http://dx.doi.org/10.1681/ASN.2008070798
http://www.ncbi.nlm.nih.gov/pubmed/19389847
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2676194
http://dx.doi.org/10.1084/jem.20051921
http://www.ncbi.nlm.nih.gov/pubmed/16636132
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2121206
http://dx.doi.org/10.1038/onc.2010.38
http://www.ncbi.nlm.nih.gov/pubmed/20190814
http://dx.doi.org/10.1002/hep.22236
http://www.ncbi.nlm.nih.gov/pubmed/18395843
http://dx.doi.org/10.3389/fimmu.2014.00382
http://www.ncbi.nlm.nih.gov/pubmed/25157253
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127796
http://dx.doi.org/10.1371/journal.pone.0011803
http://www.ncbi.nlm.nih.gov/pubmed/20668554
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2910725
http://dx.doi.org/10.1186/s13287-015-0150-x
http://www.ncbi.nlm.nih.gov/pubmed/26334526
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4558901
http://dx.doi.org/10.1016/S0002-9343(96)00061-7
http://dx.doi.org/10.1016/S0002-9343(96)00061-7
http://www.ncbi.nlm.nih.gov/pubmed/8644769
http://dx.doi.org/10.1038/sj.leu.2402912
http://www.ncbi.nlm.nih.gov/pubmed/12835715
http://dx.doi.org/10.1007/s12020-012-9839-0
http://www.ncbi.nlm.nih.gov/pubmed/23203002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3726927
http://dx.doi.org/10.1038/ki.2010.278
http://www.ncbi.nlm.nih.gov/pubmed/20703216
http://dx.doi.org/10.1186/scrt189
http://www.ncbi.nlm.nih.gov/pubmed/23680129
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3706829
http://dx.doi.org/10.1371/journal.pone.0011140
http://www.ncbi.nlm.nih.gov/pubmed/20585401
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2886845
http://dx.doi.org/10.1021/mp300261e
http://www.ncbi.nlm.nih.gov/pubmed/23121392
http://www.ncbi.nlm.nih.gov/pubmed/18059192
http://www.ncbi.nlm.nih.gov/pubmed/16780769
http://dx.doi.org/10.1007/s10238-013-0247-4
http://www.ncbi.nlm.nih.gov/pubmed/23794030
http://dx.doi.org/10.1371/journal.pone.0096836
http://www.ncbi.nlm.nih.gov/pubmed/24797571
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4010513
http://dx.doi.org/10.1371/journal.pone.0061366
http://www.ncbi.nlm.nih.gov/pubmed/23593475
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3625149
http://dx.doi.org/10.1101/gad.192351.112
http://www.ncbi.nlm.nih.gov/pubmed/22713869
http://ircmj.com
WWW.SID.IR
WWW.SID.IR

Mardani Valandani H et al.

33.

PMC3387656].

Pucci F, Pittet M]. Molecular pathways: tumor-derived microvesicles
and their interactions with immune cells in vivo. Clin Cancer Res.
2013;19(10):2598-604. doi: 10.1158/1078-0432.CCR—12—0962. [PUbMed:
23426276]. [PubMed Central: PMC3655093].

34.

Menck K, Scharf C, Bleckmann A, Dyck L, Rost U, Wenzel D, et al.
Tumor-derived microvesicles mediate human breast cancer inva-
sion through differentially glycosylated EMMPRIN. | Mol Cell Biol.
2015;7(2):143-53. doi: 10.1093/jmcb/mju047. [PubMed: 25503107].
[PubMed Central: PMC4401212].

Iran Red Crescent Med J. 2018; 20(5):e64991.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3387656
http://dx.doi.org/10.1158/1078-0432.CCR-12-0962
http://www.ncbi.nlm.nih.gov/pubmed/23426276
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3655093
http://dx.doi.org/10.1093/jmcb/mju047
http://www.ncbi.nlm.nih.gov/pubmed/25503107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4401212
http://ircmj.com
WWW.SID.IR
WWW.SID.IR

