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Abstract 

Background The epithelial–mesenchymal transition (EMT) and angiogenesis are morphogenetic processes impli‑
cated in tumor invasion and metastasis. It is found that the aberrant expression of microRNAs (miRNAs) contributes 
to these processes. Exosomes are considered potential natural vehicles for miRNA delivery in cancer therapy. miR‑218 
is one of the tumor suppressor miRNAs and its downregulation is associated with EMT and angiogenesis. We aimed 
to use adipose mesenchymal stem cells‑derived exosomes (ADMSC‑exosomes) for miR‑218 delivery to breast cancer 
cells and evaluate miR‑218 tumor‑suppressing properties in vitro.

Methods Exosomes were isolated from conditioned media of ADMSCs. miR‑218 was loaded to exosomes using 
electroporation. mRNA expression of target genes (Runx2 and Rictor) in MDA‑MB‑231 breast cancer cells was evalu‑
ated by qPCR. To explore the effects of miR‑218 containing exosomes on breast cancer cells, viability, apoptosis, 
and Boyden chamber assays were performed. The angiogenic capacity of MDA‑MB‑231 cells after treatment with miR‑
218 containing exosomes was assessed by in vitro tube formation assay.

Results miR‑218 mimic was efficiently loaded to ADMSC‑exosomes and delivered to MDA‑MB‑231 cells. Exposure 
to miR‑218 containing exosomes significantly decreased miR‑218 target genes (Runx2 and Rictor) in MDA‑MB‑231 
cells. They increased the expression of epithelial marker (CDH1) and reduced mesenchymal marker (CDH2). miR‑218 
restoration using miR‑218 containing exosomes reduced viability, motility, invasion, and angiogenic capacity of breast 
cancer cells.

Conclusions These findings suggest that ADMSC‑exosomes can efficiently restore miR‑218 levels in breast cancer 
cells and miR‑218 can prevent breast cancer progression with simultaneous targeting of angiogenesis and EMT.
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Introduction
Despite promising advancements in breast cancer thera-
peutic approaches, metastasis makes it the leading cause 
of cancer-related mortality [1], so the establishment of 
effective and safe therapeutic strategies is needed. Epi-
thelial–mesenchymal transition (EMT) and angiogenesis 
are two critical processes for cancer cell metastasis.

MicroRNA (miRNA) profiling and deep sequencing 
indicate that aberrant expression of miRNAs in various 
cancer types is associated with cancer metastasis [2]. 
Restoring normal miRNA expression in cancer cells can 
change cancer phenotype. [3]. However, the administra-
tion of efficient and safe delivery systems is one of the 
main challenges in miRNA-based therapy [4].

Exosomes are membrane-bound nanovesicles pro-
duced by almost all cell types [5]. Unlike synthetic 
nanocarriers, exosomes do not face toxicity and immu-
nogenicity as major drawbacks [6]. Low immunogenicity, 
high biosafety, and natural tumor tropism of mesenchy-
mal stem cells (MSCs)-derived exosomes characterize 
them as an appropriate candidate for delivery of anti-
cancer agents [7].

miR-218 is one of the tumor-suppressing miRNAs in 
different types of cancers [8–12]. There are conflicting 
reports on the role of miR-218 in breast cancer progres-
sion. Despite the studies showing the tumor-suppressing 
role of miR-218 in breast cancer [13–16], some studies 
suggest the tumor-promoting role of miR-218 [17, 18]. 
Therefore, the evaluation effects of miR-218, as a miRNA 
targeting EMT and angiogenesis, on breast cancer cells 
needs further studies.

In the present study, ADMSC-exosomes were used to 
overexpress miR-218 in breast cancer cells. We focused 
on RUNX family transcription factor 2 (Runx2) and 
RPTOR-independent companion of MTOR complex 
2 (Rictor), two potential targets of miR-218 that play 
important role in EMT and angiogenesis.

Methods
ADMSCs isolation
To achieve enough number of cells from the best sources, 
adipose tissues were separately obtained from healthy 
donors (aged between 22 and 35 years) undergoing surgi-
cal procedures. They all signed an informed consent form 
approved by the ethics committee of Shahid Beheshti 
University of Medical Sciences (Ethical code: IR. SBMU.
REC.1400.010).

Briefly, after washing adipose tissues from lipoaspi-
rate samples with phosphate-buffered saline (PBS), they 
were digested with 0.1% collagenase I (Sigma, USA) for 
40  min (min) at 37  °C with gentle agitation. At the end 
of the incubation time, collagenase was neutralized by 
adding FBS-containing medium and digested samples 

were centrifuged at 1200 RPM for 20 min (Hettich, Ger-
many). The resultant cell pellet was resuspended in Dul-
becco’s Modified Eagle Medium/Nutrient Mixture F-12 
(DMEM/F-12) supplemented with 15% FBS and 1% 
penicillin and streptomycin, seeded in culture flasks and 
maintained in a humidified atmosphere at 37 °C and 5% 
 CO2. After 24 h, cells were washed to discard non-adher-
ent cells and the fresh medium was replaced. During the 
expansion, half medium refreshment was done twice per 
week for optimal growth.

ADMSCs characterization
Immunophenotyping of ADMSCs was performed using 
flow cytometry. At the third passage, 1 ×  106 ADMSCs 
were suspended in PBS and then incubated with primary 
antibodies including CD45-FITC, CD14-FITC, CD34-
PE, CD90-FITC, CD73-PerCP, and CD105-PerCP (eBio-
science, USA) for 30  min. Identification of ADMSCs’ 
surface markers was performed by FACSCalibur flow 
cytometer (BD Biosciences, USA).

The osteogenic and adipogenic differentiation poten-
tial were assessed using respective induction media and 
protocols [19]. ADMSCs (1 ×  104 cells/well) at passage 3 
were seeded into 24-well plates and cultured in DMEM/
F12 with 10% FBS. After 24 h, the differentiation media 
were replaced and refreshed every 3 days. 21  days after 
osteogenic induction, cells were fixed with 10% neutral 
formaldehyde and stained with 0.1% Alizarin red S dye 
(Sigma-Aldrich, USA). For adipogenic differentiation, 
after 14 days, cells were fixed and stained with 0.5% Oil 
Red O dye (Sigma-Aldrich, USA). The differentiated cells 
were observed by the light inverted microscope (Olym-
pus, USA).

Cell lines and culture conditions
HUVEC (human umbilical vein endothelial cells), MDA-
MB-231 cells (triple-negative breast cancer cell line), 
and MCF-10A (non-tumorigenic breast cell line) were 
obtained from the Pasteur Institute of Iran (Tehran, 
Iran). MCF-10A and MDA-MB-231 cells were grown in 
DMEM containing 10% horse serum and FBS, respec-
tively. HUVECs were cultured in DMEM/F-12 supple-
mented with 10% FBS. All cells were maintained in a 
humidified atmosphere at 37 °C and 5%  CO2.

Preparation of ADMSC‑conditioned media and exosome 
isolation
The ADMSCs at the  3rd passage were used for the collec-
tion of conditioned medium (CM). When cells reached 
70–75% confluence, they were adapted to FBS-free 
medium containing 1% insulin–transferrin–selenium 
(ITS; Sigma, USA). Serum-free ADMSC-CM was col-
lected after 72  h and used for exosomes isolation and 
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characterization. AnnexinV/PI staining was performed to 
evaluate cell viability after 72 h serum starvation.

ADMSC-exosomes were isolated from ADMSC-CM 
using EXOCIB exosome purification kit (Cibbiotech, 
Iran) according to the manufacturer’s instructions. 
Briefly, the serum-free-CM was centrifuged at 3000 RPM 
for 10 min at room temperature to remove debris. Exo-
some precipitation solution was added to ADMSC-CM 
at a 1:5 (v/v) ratio and mixed by vortexing the tubes for 
5 min and incubated overnight at 4 °C. Then, the samples 
were centrifuged at 3000 RPM for 40 min at 4  °C. After 
removing the supernatant, exosomes were resuspended 
with PBS for the following experiments.

Exosome characterization
The size distribution of extracted exosomes was deter-
mined using dynamic light scattering (DLS) Zetasizer 
(Malvern, UK). The morphology and size of exosomes 
were observed using transmission electron micros-
copy (TEM) and scanning electron microscopy (SEM). 
For TEM imaging (Zeiss EM900), after processing of 
ADMSC-exosomes (fixation, dehydration, and section-
ing), the ultrathin sections were prepared and stained 
using uranyl acetate and lead citrate and visualized under 
electron microscopy. For SEM (KYKY-EM3200, China), 
after fixation and dehydration of exosomes, they were 
left on the glass substrate to dry at room temperature and 
then were analyzed by scanning electron microscope.

Loading ADMSC‑exosomes with miRNA mimic
To load miRNA-218-5p mimics (Bioneer, Korea) into 
ADMSC-exosomes, electroporation method was used. 
ADMSC-exosomes at a final concentration of 100  µg/
µl protein (measured by BCA) were mixed with elec-
troporation buffer (in a 1:1 ratio) and 100  pmol of syn-
thetic miR-218 mimics or negative control (Scramble), 
and electroporated at 0.400 kV using an electroporation 
instrument (Eppendorf, Germany). To evaluate the effi-
ciency of the loading protocol, MDA-MB-231 cells were 
incubated with 100  µg/ml of manipulated exosomes for 
48 h and miR-218 encapsulation in exosomes was quanti-
fied using qRT-PCR.

The experimental groups included MDA-MB-231 cells 
treated with miR-218 or scramble containing exosomes, 
cells treated with unmodified exosomes, and untreated 
cells.

RNA extraction, cDNA synthesis, and qPCR
Total RNA from MDA-MB-231 cells treated with modi-
fied exosomes and their controls was extracted after 
48 h using Hybrid-R™ (GeneAll, Korea) according to the 
manufacturer’s instructions. Using RT-Stem loop [20] 
and random hexamer primers, the RNA of miR-218 and 

related genes [Runx2, Rictor, vascular endothelial growth 
factor A (VEGF), cadherin 1 or E-cadherin (CDH1), cad-
herin 2 or N-cadherin (CDH2)] were, respectively, tran-
scribed to complementary DNA (cDNA).

Relative expression of miR-218 and target mRNAs was 
evaluated using TaqMan® probe and SYBR Green I Mas-
ter Mix (Amplicon, Germany), respectively, in a StepOne 
instrument (Applied Biosystems, USA). SNORD47 and 
β-actin were considered as the internal references for 
miR-218 and mRNAs, respectively. The 2 –ΔΔCt method 
was employed to compute the relative expression of 
miRNA and mRNAs.

MTT assay
MDA-MB-231 cells were plated in a 96-well plate (3 ×  103 
cells/well) and incubated in serum-containing DMEM. 
After overnight incubation, cells were treated with modi-
fied exosomes (100 µg/ml) and their controls in a serum-
free medium. At defined time points, the medium was 
removed and cells were incubated with 100 µL of MTT 
solution in PBS (0.5  mg/mL) for 3  h in the cell culture 
incubator. After removing the supernatant, 100  µL of 
dimethyl sulfoxide (DMSO) was added to each well for 
2 h to dissolve formazan crystals. The optical density was 
read at 570 nm using a microplate reader (BioTek, USA).

Annexin V/PI assay
MDA-MB-231 cells were plated in a 24-well plate (5 ×  104 
cells/well). 48 and 72  h after their incubation with 
exosomes (100  µg/ml) in respective groups, cells were 
trypsinized and stained with annexin V/ fluorescein iso-
thiocyanate (FITC) / propidium iodide (PI) kit according 
to the manufacturer’s instructions (Abcam, US). FAC-
SCalibur flow cytometer was employed for cell analysis 
(BD Biosciences, USA). The annexin  V+/PI− and annexin 
 V+/PI + cells were considered as early and late apoptotic 
cells, respectively.

Scratch assay
MDA-MB-231 cells (12 ×  104 cells/well) were plated in 
a 24-well plate. On reaching 90–95% confluence, the 
scratch was made across each well using a sterile 100 µl 
tip. After washing with DMEM to remove cell debris, 
cells were treated with 100  µg/ml modified exosomes 
in serum-free medium. Plates were photographed by an 
inverted microscope for 48  h and the images were pro-
cessed and quantified using the ImageJ software (NIH, 
USA).

Cell migration assay
5 ×  104 MDA-MB-231 cells suspended in serum-free 
medium with modified exosomes (100  µg/ml) were 
added into the upper chamber of transwell inserts 



Page 4 of 12Shojaei et al. European Journal of Medical Research          (2023) 28:516 

(24-well insert; pore size 8 µm; SPL) and exposed to FBS-
containing medium (as a chemoattractant) in the bottom 
chamber for 48  h. After incubation time, non-migrated 
cells were removed by scraping the upper surface of the 
chamber, and inserts were fixed and then stained with 
crystal violet. Five random fields were selected for count-
ing the number of migrated cells.

Cell invasion assay
5 ×  104 MDA-MB-231 cells were seeded to Matrigel 
(Corning, USA) coated inserts. Matrigel, being prepared 
by mixing with serum-free DMEM at a ratio of 1:2, was 
added to inserts and maintained at 37 °C for 2 h to solid-
ify. The next steps were similar to those described for the 
migration assay.

In vitro angiogenesis assays
HUVECs were plated in a 96-well plate (3 ×  103 cells /
well) and incubated in DMEM-F12 overnight. Then, the 
culture medium was replaced with conditioned media 
of breast cancer cells treated with modified ADMSC-
exosomes and their controls. After 24, 48, and 72 h, via-
ble cells were evaluated by MTT assay.

In vitro migration assay was performed as described 
above. 4 ×  104 HUVECs were added in the upper chamber 
of transwell inserts and cultured in serum-free DMEM-
F12. The conditioned media of breast cancer cells treated 
with exosomes-encapsulated miR-218 and their controls 
were added to the lower chamber. After 24  h, migrated 
cells were stained and counted in five randomly selected 
microscopic fields.

In vitro capillary network formation was evaluated 
by tube formation assay. 3 ×  104 cells were seeded into 
Matrigel-coated 48-well plate. Next, the cells were incu-
bated with conditioned media collected from breast can-
cer cells treated with miR-218 containing exosomes and 
their controls for 24 h. The number of meshes and total 
branching length were quantified by randomly selecting 
five fields per well by using angiogenesis analyzer ImageJ 
plugin (NIH, USA).

Statistical analysis
Statistical analysis was conducted using GraphPad Prism 
(GraphPad, San Diego, CA). Student’s t-test was used for 
comparison between two groups while data among mul-
tiple groups were compared by one-way ANOVA. All 
experiments were performed in triplicate. The data were 
finally presented as mean ± SD and the asterisks show sig-
nificant p-value: * p < 0.05; ** p < 0.001; *** p < 0.0001; and 
**** p. < 0.00001).

Results
ADMSC characterization
ADMSCs appeared, morphologically, as a homogene-
ous population of spindle-shaped cells during the initial 
passages (Fig. 1a). The differentiation capacity of ADM-
SCs toward osteogenic and adipogenic fates was con-
firmed using respective conditioned media (Fig. 1b, c). 
Immunophenotyping of ADMSCs using flow cytometry 
confirmed that ADMSCs were positive for mesenchy-
mal markers (CD 73, CD 90, and CD 105) and negative 
for haematopoietic markers (CD 14, CD 34, and CD 
45) (Fig. 1d). Besides, annexin V/PI assay revealed that 
92.7% of ADMSCs were viable after 72 h of serum star-
vation (Fig. 1e).

Exosome characterization
We verified morphology, size, and specific markers of 
isolated exosomes using different methods. SEM and 
TEM imaging identified vesicles with a diameter of 
40–100  nm (Fig.  2a) and complete membrane struc-
tures (Fig. 2b). As shown in Fig. 2c, the size distribution 
analysis of ADMSC-exosomes revealed that the average 
size of exosomes was 90 nm.

miR‑218 is poorly expressed and Runx2 and Rictor are 
highly expressed in MDA‑MB‑231 cells
Because of the conflicting results reported in miR-218 
expression in breast cancer cells in previous studies, we 
evaluated the expression of miR-218 in invasive breast 
cancer cell line, MDA-MB-231, compared to normal 
human breast cancer cell line, MCF-10A, and results 
demonstrated that miR-218 was decreased signifi-
cantly in MDA-MB-231 (Fig. 3a). Among the validated 
target genes of miR-218 in online miRNA databases, 
we focused on Runx2 and Rictor because of their sig-
nificant role in the EMT and angiogenesis. We assessed 
Runx2 and Rictor mRNA expression in MDA-MB-231 
cells compared to MCF-10A cells by qPCR and found 
that the expression of Runx2 (Fig.  3b) and Rictor 
(Fig. 3c) was markedly higher in MDA-MB-231 cells.

Additionally, we have examined the expression of 
miR-218, Runx2, and Rictor in breast cancer in The 
Cancer Genome Atlas (TCGA) samples in UALCAN 
database. As expected, the expression of miR-218 is 
decreased (Fig.  3d) and the expression of Runx2 is 
increased (Fig.  3e) in breast cancer samples compared 
to normal samples. In the case of Rictor, the results 
were contrary to expectation. According to TCGA data, 
the expression of Rictor in breast cancer samples has 
decreased compared to normal samples (Fig. 3f ).
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miR‑218 containing exosomes downregulate 
the expression of key mediators of EMT and angiogenesis
ADMSC-exosomes were used to transfer miR-218 mimic 
to breast cancer cells. The efficiency of miR-218 delivery 

to breast cancer cells via exosomes and its effects on 
target genes was examined by qRT-PCR. The results 
demonstrated that miR-218 containing exosomes con-
siderably increased miR-218 levels in MDA-MB-231 cells 

Fig. 1 Characterization of ADMSC. a Microscopic images of the first (i) and the fourth (ii) generations of ADMSCs. b Alizarin red staining 
after 3 weeks of osteogenic induction in ADMSCs. c Oil red O staining after 2 weeks of adipogenic differentiation in ADMSCs. d Positive markers 
(CD105, CD90, CD73) and negative markers (CD45, CD34, CD14) of ADMSCs identified by flow cytometry. e The viability of the ADMSCs 72 h 
after serum starvation

Fig. 2 Characterization of ADMSC‑exosomes. a The ultrastructure observed by scanning electron microscopy (SEM). b Transmission electron 
microscopy (TEM) micrograph of ADMSC‑exosomes. c Size distribution of exosomes detected by dynamic light scattering
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Fig. 3 Gene expression analysis. a The relative expression of miR‑218 level in MDA‑MB‑231 cells compared to normal MCF10A cells. b The relative 
expression of Runx2 in MDA‑MB‑231 cells compared to normal MCF10A cells. c The relative expression of Rictor in MDA‑MB‑231 cells compared 
to normal MCF10A cells. The expression of miR‑218 (d), Runx2 (e) Rictor (f) in The Cancer Genome Atlas (TCGA) of breast cancer samples in UALCAN 
database. g The relative expression of miR‑218 level in MDA‑MB‑231 cells treated with miR‑218 containing ADMSC‑exosomes and their controls 
determined by qRT‑PCR. The relative expression of Runx2 (h), Rictor (i), E‑cadherin (CDH1) and N‑cadherin (CDH2) (j), and VEGF(k) mRNA levels 
in MDA‑MB‑231 cells treated with miR‑218 containing ADMSC‑exosomes and their controls determined by qRT‑PCR. The data are presented 
as mean ± SD (*p value < 0.05, **p value < 0.001, and ***p < 0.0001, ****p < 0.00001)
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(Fig.  3g). Furthermore, miR-218 delivery via ADMSC-
exosomes led to a significant decrease in Runx2 (Fig. 3h) 
and Rictor (Fig. 3i) mRNAs levels in breast cancer cells. 
Since Runx2 act as an EMT transcription factor [21, 22], 
we evaluated the expression of EMT-related markers in 
MDA-MB-231 cells and observed that the expression 
of mesenchymal marker, CDH2, significantly decreased 
while the expression of epithelial marker, CDH1, remark-
ably increased after incubation with miR-218 containing 
exosomes (Fig. 3j). As Runx2 and Rictor play key roles in 
angiogenesis, the expression of VEGF was also assessed 
in breast cancer cells after treatment with miR-218 con-
taining exosomes. The results indicated low VEGF levels 
in cells treated with miR-218 containing exosomes com-
pared to controls (Fig. 3k). These results show that exoso-
mal delivery of miR-218 reduces the expression of major 
mediators of EMT and angiogenesis.

miR‑218 delivery using ADMSC‑exosomes reduced viability 
of breast cancer cells
The effect of miR-218 containing exosomes on breast 
cancer cell viability was determined by MTT assay. miR-
218 containing exosomes (after 24 and 48  h) had no 
significant effect on the total number of viable cells com-
pared to untreated cells. However, a significant decrease 
on the total number of viable cells was observed upon 
treatment with miR-218 containing exosomes after 72 
compared with controls (Fig. 4a). A notable finding was 
a non-significant increase in the total number of viable 
cells 48 h after treatment with unmodified exosomes.

To further confirm the effects of treatment with 
miR-218 containing exosomes on the viability of breast 
cancer cells, Annexin V/PI assay was performed as a 
specific viability test. Although after 48  h, the apop-
tosis rates were not significantly different among 

Fig. 4 miR‑218 containing exosomes reduce viability of MDA‑MB‑231 cells in vitro. a Bar graphs showing the MTT assay for analyzing the effect 
of miR‑218 containing exosomes on the viability of MDA‑MB‑231 cells. b Representative dot plots showing the percentage of apoptotic cells 
in MDA‑MB‑231 cells 48 h and 72 h after treatment with miR‑218 containing exosomes and their controls, detected by Annexin V/PI flow cytometry 
assay. c Bar graphs showing the apoptotic index detected by Annexin V/PI flow cytometry assay represented in (b), shown as mean ± SD from 3 
independent experiments. (*p < 0.05, and *** p < 0.0001)
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experiment groups, the apoptosis rate significantly 
increased in breast cancer cells after 72 h exposure to 
miR-218 containing exosomes. Surprisingly, the apop-
tosis percentage of breast cancer cells significantly 
decreased after 72  h incubation with unmodified 
ADMSC-exosomes (Fig. 4b and c).

Migration and invasion of breast cancer cells are inhibited 
after delivery of miR‑218 via ADMSC‑exosomes
We investigated the effects of miR-218 containing 
exosomes on migratory and invasive properties of breast 
cancer cells via performing the scratch and transwell 
migration/invasion assays. The results of the scratch 
assay demonstrated that cells treated with miR-218 
containing exosomes did not fill the scratch after 48  h 
(Fig. 5a and 5b). We conducted transwell assays to further 

Fig. 5 miR‑218 containing exosomes inhibit migration and invasion of MDA‑MB‑231 cells in vitro. a Representative photomicrographs showing 
the scratch assay of MDA‐MB‐231 cells treated with miR‐218 containing exosomes. b Bar graphs showing the significant decrease in motility 
of the cells treated with miR‐218 containing exosomes compared with control. c Representative photomicrographs showing the transwell 
migration assay of MDA‐MB‐231 cells treated with miR‐218 loaded exosomes. d Bar graphs showing the significant decrease in migration 
of the cells treated with miR‐218 containing exosomes. e Representative photomicrographs showing the transwell invasion assay of MDA‐MB‐231 
cells treated with miR‐218 containing exosomes. f Bar graphs showing the significant decrease in invasion of the cells treated with miR‐218 loaded 
exosomes. Data are shown as mean ± SD from 3 independent experiments. (*p < 0.05 and **p < 0.001)
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confirm the effects of miR-218 containing exosomes on 
breast cancer cell motility. Similar results were observed 
in the transwell migration assay and treatment with miR-
218 containing exosomes led to a considerable reduction 
in migration of breast cancer cells compared to controls 
(Fig. 5c-d). Also, the number of invaded cells in the miR-
218 treated cells showed a significant decrease compared 
to untreated or unmodified exosome-treated cells. Our 
findings indicated that miR-218 delivery via ADMSC-
exosomes significantly reduced the motility and invasive-
ness of breast cancer compared to the control groups.

miR‑218 containing ADMSC‑exosomes decrease the 
angiogenic capacity of breast cancer cells in vitro
To test whether treatment of breast cancer cells with 
miR-218 containing exosomes can affect their angiogenic 
potential, we incubated endothelial cells with condi-
tioned media of exosome-treated MDA-MB-231 cells and 
evaluated their viability, migration, and tube formation 
in vitro. As shown in Fig. 6a, 24 and 48 h after incubation 
of endothelial cells with CM of breast cancer cells, no 
significant difference was observed in cell viability. How-
ever, after 72 h, a significant decrease was observed in the 
number of viable HUVECs incubated with CM of miR-
218-treated breast cancer cells. The migration capacity 
of HUVECs was decreased upon incubation with CM 
of MDA-MB-231 cells treated with miR-218 contain-
ing exosomes compared with control CMs (Fig.  6b-c). 
We also analyzed the newly formed vascular structures 
quantitatively. The number of meshes and total branch-
ing length were significantly lower in HUVECs incu-
bated with CM of miR-218-treated MDA-MB-231 cells 
compared to control groups (Fig.  6d-f ). Interestingly, 
the CM of MDA-MB-231 cells incubated with unloaded 
ADMSC-exosomes significantly increased the migration 
and tube formation of endothelial cells.

Discussion
Delivery of miRNAs inhibiting EMT and angiogenesis via 
clinically applicable vehicles can be a promising thera-
peutic strategy in metastatic cancers. Recently, numer-
ous studies including our previous reports have focused 
on the therapeutic potential of MSC-derived exosomes 
for appropriate delivery of oligonucleotides in cancer 
therapy [19, 23, 24]. In the present study, we selected 
miR-218 as a potential therapeutic candidate and used 
ADMSC-exosomes for its effective delivery to breast can-
cer cells. We showed that miR-218 overexpression using 
ADMSC-exosomes impaired breast cancer cells migra-
tion, invasion, and viability and downregulated mediators 
and markers of EMT and angiogenesis.

miR-218 acts as a tumor suppressor miRNA in vari-
ous types of cancer and its downregulation is associated 

with tumor progression and metastasis [9–11, 25]. We 
demonstrated that miR-218 is downregulated in invasive 
MDA-MB-231 cells compared to normal MCF-10 cells. 
This result is in accordance with the previous findings 
showing that miR-218 is downregulated in breast cancer 
cells [14] and in contrast to miR-218 overexpression in 
breast cancer cells shown by Liu et al. [17].

Runx2 and Rictor are two potential targets of miR-218. 
It was previously confirmed that miR-218 targets 3’UTR 
of Runx2 and Rictor [10, 26] but the effects of their inter-
action have not yet been reported in breast cancer. In 
this study, the breast cancer cells expressed high levels of 
Runx2 and Rictor compared to non-tumorigenic MCF-
10A cells which were in line with previous studies [27, 
28]. The expression of Runx2 is disrupted in breast can-
cer and induces the expression of EMT-related transcrip-
tion factors and metastasis-related genes [29, 30].

Runx2 directly or indirectly increases the expression 
of vascular endothelial growth factor (VEGF), the most 
important angiogenic factor [31, 32]. The indirect effect 
of Runx2 on VEGF expression is mediated by Rictor, 
the major component of mTORC2 [26]. Rictor is ampli-
fied and upregulated in breast cancer [33, 34]. Rictor is 
involved in multiple myeloma and prostate cancer angio-
genesis and its inhibition suppresses tumor angiogenesis 
[26, 35].

In this study, we found that restoration of miR-218 
using miR-218 containing exosomes downregulates 
Runx2 in breast cancer cells at the mRNA levels. Our 
results were consistent with previous reports in thyroid 
and ovarian cancers in which miR-218 overexpression via 
lipid-based transfection downregulates Runx2 and inhib-
its cell proliferation, migration, and invasion in vitro [10, 
12]. Furthermore, we indicated that miR-218 overexpres-
sion using miR-218 containing exosomes downregulates 
Rictor and VEGF in breast cancer cells. A similar result 
has been shown by Guan et  al. in prostate cancer. They 
showed that miR-218 overexpression by lentiviral vectors 
restrains tumor angiogenesis via targeting Rictor/VEGF 
axis [26].

Overexpression of miR-218 using miR-218 contain-
ing exosomes reduces motility and invasiveness of 
MDA-MB-231 cells in  vitro as previously shown by 
Setijono et al [14]l. The anti-angiogenic role of miR-218 
and the pro-angiogenic properties of Runx 2 and Ric-
tor [31, 32] led us to examine the angiogenic effects of 
MDA-MB-231 cells treated with miR-218 containing 
exosomes on endothelial cells. Our data showed that 
conditioned media of breast cancer cells treated with 
miR-218 containing exosomes significantly decreased 
viability, migration, and tube formation of endothe-
lial cells compared to other groups. This finding was 
consistent with our gene expression analysis in which 
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Fig. 6 miR‑218 containing exosomes reduce angiogenic capacity of MDA‑MB‑231 cells. a Bar graphs showing the MTT assay for analyzing 
the effect of miR‑218 containing exosomes on the viability and proliferation of HUVECs. b Representative photomicrographs showing the transwell 
migration assay of HUVECs after incubation with CM of exosome‑treated MDA‑MB‑231 cells. c Bar graphs showing the significant decrease 
in migration of the cells incubated with CM of miR‐218 treated MDA‑MB‑231 cells. d Representative photomicrographs showing the tube formation 
of HUVECs treated with CM of exosome‑treated MDA‑MB‑231 cells. e–f Bar graphs showing the number of meshes and total branching length were 
analyzed about the blood vessel formation that showed significant decrease in HUVECs treated with CM of exosome‑treated MDA‑MB‑231 cells. 
Data are shown as mean ± SD from 3 independent experiments. (*p < 0.05, **p < 0.001, and ***p < 0.0001, ****p< 0.00001)
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the expression of VEGF mRNA in MDA-MB-231 cells 
treated with miR-218 containing exosomes decreased 
significantly.

A significant finding in this study was that unmanipu-
lated ADMSC-exosomes reduced the apoptosis of breast 
cancer cells. This finding can be attributed to the pres-
ence of large amounts of negative regulators of the apop-
tosis process in unmanipulated ADMSC-exosomes [36]. 
The anti-apoptotic activity of ADMSC-secretome has 
also been shown in liver injury [37]. Moreover, as shown 
in previous reports, our results indicated that unmanipu-
lated ADMSC-exosomes increase angiogenesis in  vitro 
[38, 39].

Generally, exosomes derived from MSCs of different 
tissue origins have shown promising results in miRNA 
delivery and inhibiting breast cancer development. 
Exosomes derived from miRNAs-overexpressing bone 
marrow-MSC inhibit breast cancer cell invasiveness and 
angiogenesis [40–44]. Delivery of exogenous miRNA by 
exosomes derived from umbilical cord- MSC suppresses 
tumor invasion in breast cancer (23).

Conclusions
We conclude that ADMSC-exosomes can efficiently 
deliver miRNA to tumor cells. We suggest that miR-218 
loaded ADMSC-exosomes may be an effective anti-met-
astatic and anti-angiogenic treatment in breast cancer in 
part through targeting Runx2 and Rictor. However, this 
study has its own limitations, including the lack of an ani-
mal model and confirmation of gene expression data in 
protein level. To increase the credibility of results, con-
centrating on more cell lines, more in vitro experiments 
such as colony formation assay, in vivo experiments, and 
detailed mechanisms of miRNA function in cancer sign-
aling pathways are recommended.

Acknowledgements
The author thanks Cellular and Molecular Biology Research Center, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran, for providing techni‑
cal support. We appreciated Dr. Jafar Poodineh (Zabol University of medical 
science) and Dr. Behrad Darvishi (Iran University of medical science) for their 
assistance in data analyzing.

Author contributions
SS and MM‑C: implementation, methodology, and manuscript writing. MP, AK, 
and KS: statistical analyses, reviewing and editing. SM‑Y: conceptualization, 
supervision the project, writing, reviewing and editing. All authors read and 
approved the final manuscript.

Funding
The project was funded by Medical Nanotechnology and Tissue Engineering 
Research center, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
(grant number: 28559).

Availability of data and materials
All data generated or analyzed during this study are included in this manu‑
script. Raw data will be made available on a reasonable request from the 
corresponding author.

Declarations

Ethics approval and consent to participate
Informed consent was obtained from healthy donors (aged between 22 
and 35 years) undergoing surgical procedures. They all signed an informed 
consent form approved by the ethics committee of Shahid Beheshti University 
of Medical Sciences (Ethical code: IR. SBMU.REC.1400.010).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Cellular and Molecular Biology Research Center, Shahid Beheshti University 
of Medical Sciences, Tehran, Iran. 2 Department of Medical Biotechnology, 
School of Advanced Technologies in Medicine, Shahid Beheshti University 
of Medical Sciences, Tehran, Iran. 3 Department of Research and Develop‑
ment, Production and Research Complex, Pasteur Institute of Iran, Tehran, Iran. 
4 Medical Nanotechnology and Tissue Engineering Research Center, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran. 

Received: 13 December 2022   Accepted: 19 October 2023

References
 1. Zielińska KA, Katanaev VL. The signaling Duo CXCL12 and CXCR4: 

chemokine fuel for breast cancer tumorigenesis. Cancers. 2020. https:// 
doi. org/ 10. 3390/ cance rs121 03071.

 2. Peng Y, Croce CM. The role of MicroRNAs in human cancer. Signal Trans‑
duct Target Ther. 2016;1:15004.

 3. Garzon R, Marcucci G, Croce CM. Targeting microRNAs in cancer: ration‑
ale, strategies and challenges. Nat Rev Drug Discovery. 2010;9(10):775–89.

 4. Fu Y, Chen J, Huang Z. Recent progress in microRNA‑based delivery 
systems for the treatment of human disease. ExRNA. 2019;1(1):24.

 5. Ruivo CF, Adem B, Silva M, Melo SA. The biology of cancer exosomes: 
insights and new perspectives. Can Res. 2017;77(23):6480–8.

 6. Baumann V, Winkler J. miRNA‑based therapies: strategies and delivery 
platforms for oligonucleotide and non‑oligonucleotide agents. Future 
Med Chem. 2014;6(17):1967–84.

 7. Melzer C, Rehn V, Yang Y, Bahre H, von der Ohe J, Hass R. Taxol‑loaded 
MSC‑derived exosomes provide a therapeutic vehicle to target meta‑
static breast cancer and other carcinoma cells. Cancers. 2019. https:// doi. 
org/ 10. 3390/ cance rs110 60798.

 8. Shi ZM, Wang L, Shen H, Jiang CF, Ge X, Li DM, et al. Downregulation of 
miR‑218 contributes to epithelial‑mesenchymal transition and tumor 
metastasis in lung cancer by targeting Slug/ZEB2 signaling. Oncogene. 
2017;36(18):2577–88.

 9. Tie J, Pan Y, Zhao L, Wu K, Liu J, Sun S, et al. MiR‑218 inhibits invasion and 
metastasis of gastric cancer by targeting the Robo1 receptor. PLoS Genet. 
2010;6(3):e1000879.

 10. Li N, Wang L, Tan G, Guo Z, Liu L, Yang M, et al. MicroRNA‑218 inhibits pro‑
liferation and invasion in ovarian cancer by targeting Runx2. Oncotarget. 
2017;8(53):91530–41.

 11. Lun W, Wu X, Deng Q, Zhi F. MiR‑218 regulates epithelial‑mesenchymal 
transition and angiogenesis in colorectal cancer via targeting CTGF. 
Cancer Cell Int. 2018;18:83.

 12. Han M, Chen L, Wang Y. miR‑218 overexpression suppresses tumorigen‑
esis of papillary thyroid cancer via inactivation of PTEN/PI3K/AKT pathway 
by targeting Runx2. Onco Targets Ther. 2018;11:6305–16.

 13. Liu Y, Cai Q, Bao PP, Su Y, Cai H, Wu J, et al. Tumor tissue microRNA expres‑
sion in association with triple‑negative breast cancer outcomes. Breast 
Cancer Res Treat. 2015;152(1):183–91.

 14. Setijono SR, Park M, Kim G, Kim Y, Cho KW, Song SJ. miR‑218 and miR‑129 
regulate breast cancer progression by targeting Lamins. Biochem Biophys 
Res Commun. 2018;496(3):826–33.

https://doi.org/10.3390/cancers12103071
https://doi.org/10.3390/cancers12103071
https://doi.org/10.3390/cancers11060798
https://doi.org/10.3390/cancers11060798


Page 12 of 12Shojaei et al. European Journal of Medical Research          (2023) 28:516 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 15. He X, Xiao X, Dong L, Wan N, Zhou Z, Deng H, et al. MiR‑218 regulates 
cisplatin chemosensitivity in breast cancer by targeting BRCA1. Tumour 
biol. 2015;36(3):2065–75.

 16. Hu Y, Xu K, Yagüe E. miR‑218 targets survivin and regulates resist‑
ance to chemotherapeutics in breast cancer. Breast Cancer Res Treat. 
2015;151(2):269–80.

 17. Liu X, Cao M, Palomares M, Wu X, Li A, Yan W, et al. Metastatic breast 
cancer cells overexpress and secrete miR‑218 to regulate type I collagen 
deposition by osteoblasts. Breast Cancer Res. 2018;20(1):127.

 18. Zhang H, Zhang Y, Chen C, Zhu X, Zhang C, Xia Y, et al. A double‑negative 
feedback loop between DEAD‑box protein DDX21 and Snail regulates 
epithelial‑mesenchymal transition and metastasis in breast cancer. Can‑
cer Lett. 2018;437:67–78.

 19. Shojaei S, Hashemi SM, Ghanbarian H, Sharifi K, Salehi M, Mohammadi‑
Yeganeh S. Delivery of miR‑381–3p mimic by mesenchymal stem 
cell‑derived exosomes inhibits triple negative breast cancer aggressive‑
ness; an in vitro study. Stem Cell Rev Rep. 2021. https:// doi. org/ 10. 1007/ 
s12015‑ 020‑ 10089‑4.

 20. Kia V, Paryan M, Mortazavi Y, Biglari A, Mohammadi‑Yeganeh S. Evaluation 
of exosomal miR‑9 and miR‑155 targeting PTEN and DUSP14 in highly 
metastatic breast cancer and their effect on low metastatic cells. J Cell 
Biochem. 2019;120(4):5666–76.

 21. Todorova K, Zasheva D, Kanev K, Hayrabedyan S. miR‑204 shifts the 
epithelial to mesenchymal transition in concert with the transcription 
factors RUNX2, ETS1, and cMYB in prostate cancer cell line model. J 
Cancer Res. 2014;2014:840906.

 22. Niu DF, Kondo T, Nakazawa T, Oishi N, Kawasaki T, Mochizuki K, et al. Tran‑
scription factor Runx2 is a regulator of epithelial‑mesenchymal transition 
and invasion in thyroid carcinomas. Lab Invest. 2012;92(8):1181–90.

 23. Khazaei‑Poul Y, Shojaei S, Koochaki A, Ghanbarian H, Mohammadi‑
Yeganeh S. Evaluating the influence of human umbilical cord mes‑
enchymal stem cells‑derived exosomes loaded with miR‑3182 on 
metastatic performance of triple negative breast cancer cells. Life Sci. 
2021;286:120015.

 24. Li X, Liu LL, Yao JL, Wang K, Ai H. Human umbilical cord mesenchymal 
stem cell‑derived extracellular vesicles inhibit endometrial cancer cell 
proliferation and migration through delivery of exogenous miR‑302a. 
Stem Cells Int. 2019;2019:8108576.

 25. Zhang X, Dong J, He Y, Zhao M, Liu Z, Wang N, et al. miR‑218 inhib‑
ited tumor angiogenesis by targeting ROBO1 in gastric cancer. Gene. 
2017;615:42–9.

 26. Guan B, Wu K, Zeng J, Xu S, Mu L, Gao Y, et al. Tumor‑suppressive micro‑
RNA‑218 inhibits tumor angiogenesis via targeting the mTOR component 
RICTOR in prostate cancer. Oncotarget. 2017;8(5):8162–72.

 27. Tang M, Liu Y, Zhang QC, Zhang P, Wu JK, Wang JN, et al. Antitumor effi‑
cacy of the Runx2‑dendritic cell vaccine in triple‑negative breast cancer 
in vitro. Oncol Lett. 2018;16(3):2813–22.

 28. Watanabe R, Miyata M, Oneyama C. Rictor promotes tumor progression 
of rapamycin‑insensitive triple‑negative breast cancer cells. Biochem 
Biophys Res Commun. 2020;531(4):636–42.

 29. Onodera Y, Miki Y, Suzuki T, Takagi K, Akahira J, Sakyu T, et al. Runx2 in 
human breast carcinoma: its potential roles in cancer progression. Cancer 
Sci. 2010;101(12):2670–5.

 30. Pratap J, Javed A, Languino LR, van Wijnen AJ, Stein JL, Stein GS, et al. The 
Runx2 osteogenic transcription factor regulates matrix metalloproteinase 
9 in bone metastatic cancer cells and controls cell invasion. Mol Cell Biol. 
2005;25(19):8581–91.

 31. Kwon TG, Zhao X, Yang Q, Li Y, Ge C, Zhao G, et al. Physical and functional 
interactions between Runx2 and HIF‑1α induce vascular endothelial 
growth factor gene expression. J Cell Biochem. 2011;112(12):3582–93.

 32. Lee SH, Che X, Jeong JH, Choi JY, Lee YJ, Lee YH, et al. Runx2 protein 
stabilizes hypoxia‑inducible factor‑1α through competition with von 
Hippel‑Lindau protein (pVHL) and stimulates angiogenesis in growth 
plate hypertrophic chondrocytes. J Biol Chem. 2012;287(18):14760–71.

 33. El Shamieh S, Saleh F, Moussa S, Kattan J, Farhat F. RICTOR gene amplifica‑
tion is correlated with metastasis and therapeutic resistance in triple‑
negative breast cancer. Pharmacogenomics. 2018;19(9):757–60.

 34. Morrison Joly M, Hicks DJ, Jones B, Sanchez V, Estrada MV, Young C, et al. 
Rictor/mTORC2 drives progression and therapeutic resistance of HER2‑
amplified breast cancers. Can Res. 2016;76(16):4752–64.

 35. Lamanuzzi A, Saltarella I, Desantis V, Frassanito MA, Leone P, Racanelli 
V, et al. Inhibition of mTOR complex 2 restrains tumor angiogenesis in 
multiple myeloma. Oncotarget. 2018;9(29):20563–77.

 36. Bonafede R, Brandi J, Manfredi M, Scambi I, Schiaffino L, Merigo F, et al. 
The anti‑apoptotic effect of ASC‑exosomes in an in vitro ALS model and 
their proteomic analysis. Cells. 2019. https:// doi. org/ 10. 3390/ cells 80910 
87.

 37. Jiao Z, Ma Y, Wang Y, Liu T, Zhang Q, Liu X, et al. Protective effect of 
adipose‑derived mesenchymal stem cell secretome against hepatocyte 
apoptosis induced by liver ischemia‑reperfusion with partial hepatec‑
tomy injury. Stem Cells Int. 2021;2021:9969372.

 38. Lopatina T, Mazzeo A, Bruno S, Tetta C, Natalia K, Romagnoli R, et al. The 
angiogenic potential of adipose mesenchymal stem cell‑derived extra‑
cellular vesicles is modulated by basic fibroblast growth factor. J Stem 
Cell Res Ther. 2014;2014:245–512014.

 39. Zhang B, Wu X, Zhang X, Sun Y, Yan Y, Shi H, et al. Human umbilical cord 
mesenchymal stem cell exosomes enhance angiogenesis through the 
Wnt4/β‑catenin pathway. Stem Cells Transl Med. 2015;4(5):513–22.

 40. Lee JK, Park SR, Jung BK, Jeon YK, Lee YS, Kim MK, et al. Exosomes derived 
from mesenchymal stem cells suppress angiogenesis by down‑regulat‑
ing VEGF expression in breast cancer cells. PLoS ONE. 2013;8(12):e84256.

 41. Pakravan K, Babashah S, Sadeghizadeh M, Mowla SJ, Mossahebi‑Moham‑
madi M, Ataei F, et al. MicroRNA‑100 shuttled by mesenchymal stem cell‑
derived exosomes suppresses in vitro angiogenesis through modulating 
the mTOR/HIF‑1α/VEGF signaling axis in breast cancer cells. Cell Oncol 
(Dordr). 2017;40(5):457–70.

 42. Naseri Z, Oskuee RK, Jaafari MR, Forouzandeh MM. Exosome‑mediated 
delivery of functionally active miRNA‑142‑3p inhibitor reduces 
tumorigenicity of breast cancer in vitro and in vivo. Int J Nanomed. 
2018;13:7727–47.

 43. Naseri Z, Oskuee RK, Forouzandeh‑Moghadam M, Jaafari MR. Delivery 
of LNA‑antimiR‑142‑3p by mesenchymal stem cells‑derived exosomes 
to breast cancer stem cells reduces tumorigenicity. Stem Cell Rev Rep. 
2020;16(3):541–56.

 44. O’Brien KP, Khan S, Gilligan KE, Zafar H, Lalor P, Glynn C, et al. Employ‑
ing mesenchymal stem cells to support tumor‑targeted delivery of 
extracellular vesicle (EV)‑encapsulated microRNA‑379. Oncogene. 
2018;37(16):2137–49.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1007/s12015-020-10089-4
https://doi.org/10.1007/s12015-020-10089-4
https://doi.org/10.3390/cells8091087
https://doi.org/10.3390/cells8091087

	Mesenchymal stem cell-derived exosomes enriched with miR-218 reduce the epithelial–mesenchymal transition and angiogenesis in triple-negative breast cancer cells
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	ADMSCs isolation
	ADMSCs characterization
	Cell lines and culture conditions
	Preparation of ADMSC-conditioned media and exosome isolation
	Exosome characterization
	Loading ADMSC-exosomes with miRNA mimic
	RNA extraction, cDNA synthesis, and qPCR
	MTT assay
	Annexin VPI assay
	Scratch assay
	Cell migration assay
	Cell invasion assay
	In vitro angiogenesis assays
	Statistical analysis

	Results
	ADMSC characterization
	Exosome characterization
	miR-218 is poorly expressed and Runx2 and Rictor are highly expressed in MDA-MB-231 cells
	miR-218 containing exosomes downregulate the expression of key mediators of EMT and angiogenesis
	miR-218 delivery using ADMSC-exosomes reduced viability of breast cancer cells
	Migration and invasion of breast cancer cells are inhibited after delivery of miR-218 via ADMSC-exosomes
	miR-218 containing ADMSC-exosomes decrease the angiogenic capacity of breast cancer cells in vitro

	Discussion
	Conclusions
	Acknowledgements
	References


