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Study of KDM1A and VEGF changes  
as the responsible genes in the angiogenesis  
of breast cancer

Studie změn KDM1A a VEGF jakožto genů zodpovědných  
za angiogenezi karcinom prsu

Hashemi N., Kavousi M., Jamshidian F.
Department of Biology, East Tehran Branch, Islamic Azad University, Tehran, Iran

Summary
Background: Recent developments regarding the contribution of microRNAs to tumor angio-
genesis and the oncogenic effects of microRNAs point to their potential role in breast cancer 
angiogenesis. Tumor-derived exosomes are considered a rich source of microRNAs that can re-
gulate the function of other cells in the tumor microenvironment, including vascular endothe-
lial cells. This study analyzes the effect of tamoxifen chemotherapy on the expression of a key 
microRNA, miR-329, and introduces a regulatory link between this microRNA and the KDM1A 
gene associated with the vascular endothelial growth factor (VEGF) messaging pathway. Ma-
terials and methods: MCF-7 breast cancer cells were purchased and cultured in a complete 
culture medium. These cells were treated with tamoxifen and then their exosomes were extrac-
ted from the culture medium. The RNAs of the exosomes were isolated and the expression of 
miR-329, VEGF, and KDM1A genes in the exosomes was investigated using the real-time poly-
merase chain reaction (PCR) method. Results: The results of this study showed that tamoxifen 
treatment increased the expression of miR-329 in exosomes derived from MCF-7 cancer cells. 
The expression of KDM1A and VEGF genes in drug-treated cell exosomes is downregulated. 
Conclusion: The results of this experiment demonstrated that the treatment of breast cancer 
cells with tamoxifen reduces the expression of VEGF and KDM1A by increasing miR-329. The 
treatment therefore reduces angiogenesis, and thus its anti-tumor effects are applied.
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Souhrn
Východiska: Nejnovější poznatky ohledně podílu mikroRNA na nádorové angiogenezi a on-
kogenních účincích mikroRNA ukazují na jejich případnou roli v angiogenezi karcinomu prsu. 
Exozomy získané z nádoru jsou považovány za bohatý zdroj mikroRNA, které dokáží regulovat 
ostatní buňky v nádorovém mikroprostředí, vč. vaskulárních endoteliálních buněk. Tato studie 
analyzuje účinek chemoterapie tamoxifenem na expresi klíčové microRNA, miR-329, a upozor-
ňuje na spojitost mezi touto mikroRNA a genem KDM1A, který se účastní dráhy vaskulárního 
endoteliálního růstového faktoru (VEGF). Materiál a metody: Byly zakoupeny buňky karcinomu 
prsu MCF-7 a kultivovány v kompletním živném médiu. K těmto buňkám byl přidán tamoxifen 
a pak byly z média extrahovány jejich exozomy. Z nich byly izolovány RNA a pomocí metody po-
lymerázové řetězové reakce (polymerase chain reaction – PCR) v reálném čase byla zkoumána 
exprese genů miR-329, VEGF a KDM1A v exozomech. Výsledky: Výsledky této studie ukázaly, 
že při léčbě tamoxifenem se v exozomech získaných z buněk karcinomu prsu MCF-7 zvýšila 
exprese genů miR-329. Exprese genů KDM1A a VEGF v exozomech buněk ošetřených léčivem 
byla downregulovaná. Závěr: Výsledky tohoto experimentu ukázaly, že po přidání tamoxifenu 
k buňkám karcinomu prsu dochází vlivem zvýšení miR-329 ke snížení exprese VEGF a KDM1A. 
Tím se snižuje angiogeneze a uplatňují se tak protinádorové účinky tohoto léku.
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Introduction
Breast cancer occurs as a result of the ab-
normal growth of cells in the breast. That 
growth pattern stops at a certain stage 
in benign tumors, whereas the malig-
nancy development continues uncon-
trollably in malignant tumors [1]. 

Tamoxifen is a drug used to reduce or 
stop the effects of the female hormone, 
estrogen, in the body and is one of the 
drugs used in breast cancer treatment [2].

Exosomes are small vesicles (30–
100 nm) that can transfer lipids, proteins, 
mRNAs, and microRNAs to the receptor 
cell when moving to other cells. Can-
cer cells have been shown to secrete far 
more exosomes than normal cells, thus 
transmitting tumor-dependent signal-
ing molecules to surrounding cells [3].

MicroRNAs are a  class of endogenous 
non-coding RNA molecules that regulate 
gene expression at the post-transcrip-
tional level by mRNA degradation and/ or 
translation inhibition. There exist more 
than 2,000 miRNA encoding genes in the 
human genome, which make up about 
one percent of the whole genome [4]. Mi-
croRNAs are among the molecules being 
transferred by exosomes and regulate 
most of the cell‘s bio logical functions. 
They regulate translation and transcrip-
tion programs and coordinate pathologi-
cal as well as physiological processes such 
as development, cell differentiation, prolif-
eration, apoptosis, and tumor growth [5]. 
MicroRNAs act as small guide molecules in 
RNA silencing and regulate the expression 
of various genes, both at the mRNA level 
and the protein level, through degrading 
the target mRNA and silencing the trans-
lation. One of the recent developments 
in this field of study is the understanding 
of their role in oncogenesis. Changes in 
the expression and regulation level of mi-
croRNAs play a role in the initiation, pro-
gression, and metastasis of various tu-
mors. Biochemical and genetic evidence 
confirms the role of microRNAs in tumor 
development. The abnormal expression 
and regulation of mRNAs in cancer cells is 
a well-known phenomenon, the cause of 
which is yet unidentified [6].

The exact mechanism by which tumor 
cell-derived exosomes affect their con-
stituent microenvironmental cells, in-
cluding endothelial cells, has not yet 

been determined, and the bio logical 
function of exosomal microRNAs in re-
ceptor cells is not well understood. 
Therefore, this study investigates the ef-
fect of tamoxifen chemotherapy drug 
on the expression of a  key microRNA 
involved in angiogenesis, miR-329, in 
tumor exosomes and introduces a regu-
latory relationship between this micro-
RNA and KDM1A gene, associated with 
VEGF messaging pathway.

 
Materials and methods
Cell preparation and culture
The MCF-7  breast tumor cell-line with 
NCBI CODE 135  and human umbilical 
vein endothelial cells (HUVEC) cell-line 
were both purchased from the Iranian 
Genetic Resources Center. Subsequently, 
the cells were cultured in full culture me-
dium containing fetal bovine serum and 
trypsin (GibCo). The flasks were kept in-
side an incubator with CO2  saturation 
rate 5% and a temperature of 37 °C.

Tamoxifen treatment
In order to reach the appropriate dosage 
of tamoxifen, cell viability was evaluated 
by the half maximal inhibitory concen-
tration (IC50) through applying 3-(4,5di-
methylthiazole-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) to MCF-7 cell line. 
In brief, almost 10,000  cells/ well were 
seeded into a  96-well plate in RPMI-
1640 medium and were allowed to attach 
overnight. To increase the accuracy of the 
operation, 3 wells were dedicated to each 
condition. Subsequently, the cells were 
treated with different ascending doses of 
tamoxifen and incubated for 24, 48, and 
72 h (37 °C, 5% carbon dioxide in air). Cell 
growth inhibition was determined using 
the MTT assay. The medium was removed 
and 20  µL of MTT (5 mg/ mL) (Sigma, St. 
Louis, MO, USA) was added to each well 
of 96-well plate and were incubated for 
4 h at 37 °C. Composed crystals dissolved 
by adding 200  µl of dimethyl sulfox-
ide (DMSO) to each well. Finally, the op-
timal absorbance level was measured by 
the ELISA-reader machine at 570 nm. The 
MTT assays were performed at least three 
times for each concentration of drug and 
the percentage of surviving cells relative 
to control (untreated sample) was deter-
mined. According to MTT assay, the IC50 of 

tamoxifen after 48 h was determined as 
54 μM. Tamoxifen was dissolved in DMSO 
and then added to culture medium to the 
final desired concentration based on the 
determined IC50  and filtered. The cells 
(at 80% confluency) were incubated with 
freshly prepared drugs for 48h in a humid-
ified incubator before being trypsinized 
and washed with phosphate-buffered sa-
line three times and stored at −70 °C.

Exosome isolation
Exosomes were isolated from the cul-
ture medium of MCF-7 cells. For this pur-
pose, the culture medium was first cen-
trifuged at 3,000 g for 10 min to separate 
the dead cells from the culture medium. 
Exoquick solution (System Biosciences, 
CA, USA) was then added to the super-
natant. Vortex binds the exoquick solu-
tion to exosomes. Then it was incubated 
for 20  min at 4  °C. The centrifugation 
was afterwards performed at a speed of 
1,500 g for 15 min. 50 μL phosphate buff-
ered saline (PBS) was then added to the 
solution and pipetting was performed. 
The content was transferred to a micro-
tube and placed on a heater for 5 min 
at 70  °C and then at −20  °C. Exosome 
isolation was performed from the su-
pernatants of both treated and control 
cell groups, confirmation of which was 
done by microscopic examination, digi-
tal electron microscope (Digital FESEM, 
KYKY-EM3200, China), evaluating the 
size and morphology of the exosomes.

Exosome labeling
PKH26 (PKH26 Red fluorescent – Mini26-1, 
Sigma Aldrich, USA) was used to label 
the exosomes. 1  mL of the exosomes 
was transferred to a microtube, and 1 mL 
of Diluent C was added to it and gently 
pipetted. From the diluted paint PKH26, 
1 mL was added into the microtube con-
taining the exosome and then incubated 
at room temperature for 5 min. To stop 
the labeling, 2 mL of Diluent C was again 
added into the microtube and placed at 
room temperature for 5 more min. Then 
the exoquick solution was added with 
a ratio of 3 : 1 and kept at 4 °C for 20 min. 
Later, the solution was centrifuged for 
20 min at 15,000 g. After centrifugation, 
the top solution was removed and the 
exosome-containing precipitate was 
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U6 snRNA expression level, while the ex-
pression level of other genes was com-
pared with glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH). Data analysis 
was performed using ABI step one Real-
Time PCR Software v2.0.2 (Applied Bio-
systems, UK) software, Excel software 
(Microsoft, Redmond, WA, USA, 2010), 
and GraphPad software. 

Statistical analysis
Statistical analysis of the obtained data 
was performed using SPSS v.20 software 
(IBM, Armonk, NY, USA) and Anova test 
and Tukey follow-up test. P < 0.05 was 
considered significantly meaningful in 
this study.

Results
Exosome isolation confirmation
The size and morphology of the exo-
somes were evaluated by scanning 
electron microscope (SEM). The results 
showed that the isolated exosomes had 
a spherical appearance with a size range 
of 30–150 nm (Fig. 1).

quently, 1 mL of 75% ethanol was added 
to the residual precipitate, and centrifu-
gation was performed again at 7,500 g 
at 4  °C for 5  min. The RNA sample was 
stored in a freezer at −80 °C. The quantita-
tive analysis of the isolated RNA was done 
using spectrophotometry (Nano Drop 
Technologies, Wilmington, DE, USA).

Investigating the expression level of 
KDM1A, VEGF, and miR-329
cDNA was generated using the first 
strand cDNA Synthesis kit (Thermo 
Fisher Scientific, MA, USA), Oligo dT, and 
random hexamer primers. In order to 
perform the real-time polymerase chain 
reaction (PCR), the forward and reverse 
primers (Tab.  1), cDNA, DEPC water, 
Mastermix, and CybrGreen dye were all 
added and the solution was placed in 
a  thermocycler. Data analysis was per-
formed using the threshold cycle com-
parison method according to the table 
below. Normalization of changes in 
miRNA expression level was done in 
comparison with the endogenous 

dissolved in 30 μB PBS. The endothelial 
cells were then treated with stained ex-
osomes, followed by incubation at room 
temperature for 12 h. Due to the pres-
ence of miRNAs in exosomes, the exo-
somal transmission of miR-329  to en-
dothelial cells was investigated. In this 
regard, endothelial cells were treated 
by 100 µg/ mL of tumor exo somes and 
50 µg/ mL of alpha-amanitin. The rate of 
miR-329 transferring to endothelial cells 
was evaluated at 0, 24, and 48  h post-
treatment. The reason for using alpha-
amanitin is to inhibit any transcription 
activity that can be induced by exoso-
mal treatment in cells.

Exosome authenticity                               
The morphology and size of the pu-
rified exosomes were measured by 
scanning electron microscopy (Digital 
FESEM, KYKY-EM3200, China). For this 
purpose, a fraction of above-mentioned 
exosomes was fixed in 2.5% glutaralde-
hyde on a microscope slide, washed by 
PBS, and an ascending amount of eth-
anol was utilized for critical point de-
hydration. The slide was then dried on 
a glass substrate and coated with a thin 
layer of gold.

RNA isolation
RNA isolation from cells and exosomes 
was performed using the Trizol (Invitro-
gen) agent. After centrifuging the cells 
and adding 50 μL of Trizol solution, 15 μL 
of chloroform was added to it and incu-
bated at room temperature for 2–3 min. 
After centrifugation at 12,000 g, the 
upper phase was removed and isopro-
panol was added and then the whole so-
lution was incubated on ice for 10 min. 
The centrifugation was performed an-
other time at 12,000 g for 10 min. Subse-

Tab. 1. Specific reverse and forward primers.

Gene Forward primer Reverse primer

VEGF 5-TGCAGATTATGCGGATCAAACC-3 5-TGCATTCACATTTGTTGTGCTGTAG-3

GAPDH 5-ACCCACTCCTCCACCTTTGA-3 5-CTGTTGCTGTAGCCAAATTCGT-3

U6snRNA 5-CTCGCTTCGGCAGCACATATACT-3 5-ACGCTTCACGAATTTGCGTGTC-3

KDM1A 5-GGGGCTCTTATTCCTATGTT-3’ 5-CAAAGAAGAGTCGTGGAATC-3’

miR-329 5-AGAGGTTTTCTGGGTCTCTG-3’ 5-GAACATGTCTGCGTATCTC-3’

Fig. 1. Characterization and cellular uptake of breast cancer cell-derived exosomes. 
Scanning electron micrograph of purified exosomes derived from MCF-7 breast cancer 
cells showed isolated vesicles that are spherical in shape and around 30–100 nm in size.

86.0 nm

65.4 nm
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the level of miR-329  transcripts in en-
dothelial cells treated by exosomes and 
alpha-amanitin increased significantly, 
more than twice, over time.

Effects of breast tumor cells-derived 
exosomes on the expression level of 
KDM1A and VEGF genes
Tumor-derived exosomes that have 
been left untreated induced the expres-
sion level of KDM1A and VEGF genes 
time-dependently. Much to our surprise, 
in contrast, tamoxifen-treated tumor 
exo somes reduced KDM1A and VEGF 
expression levels over time. Therefore, 
given the greater presence of miR-329 in 
tamoxifen-treated tumor exosomes, it is 
comprehended that the miR-329 exoso-
mal transfer reduces the expression level 
of KDM1A and VEGF in endothelial cells 
after 24 and 48 h significantly and time-
dependently. Therefore, it is assumed 
that the exosomal transfer of miR-329, 
which is a  tumor suppressor, from the 
mammary tumor cells being treated by 
tamoxifen may have an inhibitory ef-
fect on angiogenesis through decreas-
ing the activity and expression level of 
KDM1A and VEGF pro-angiogenic genes 
(Graphs 5, 6).

Discussion
Cancer cells seek to activate regulatory 
pathways for survival and development, 
as well as to obtain the metabolites and 

100 µg/ mL of exosomes after 48 h. Thus, 
the increased VEGF protein expression 
and secretion after exo-MCF-7  treat-
ment was consistent with its augmented 
mRNA expression levels. According to 
Graph 2, the miR-329  expression level 
in tumor cell-derived exosomes treated 
with tamoxifen has a higher expression 
than exosomes derived from the control 
cell group. This result suggests that ta-
moxifen treatment may alter the expres-
sion profile of miRNAs which have tumor 
suppressor activities such as miR-329  in 
tumor cell-derived exosomes. The ex-
pression level of miR-329 being treated 
with tamoxifen has upregulation. All ex-
periments were conducted three times 
independently.

Transferring miR-329 from MCF-7 
breast tumor cell-line to HUVEC 
endothelial cells
Initially, the exosomal transfer of miR-329 
to endothelial cells was investigated 
due to the presence of miRNAs in the 
exosomes. For this reason, HUVEC en-
dothelial cells were first treated by 
100  µg/ mL alpha-amanitin, and then 
the rate of miR-329 transfer to endothe-
lial cells was assessed at 0, 24, and 48 h 
post-treatment. The reason lying be-
hind using alpha-amanitin is to inhibit 
any transcription activity that can be in-
duced by exogenous exosomes in the 
endothelial cells. As it is seen in Graph 1, 

Measurement of endothelial cells‘ 
ability to absorb PKH26 fluorescent- 
-labeled tumor exosomes
In order to determine the ability of en-
dothelial cells to absorb tumor exo-
somes, HUVEC endothelial cells were 
treated by PKH26-labeled fluorescent 
colored exosomes. They were then incu-
bated for 12 h. Fluorescent microscopic 
analysis showed that PKH26 fluorescent-
labeled exosomes are located in the cy-
toplasm of endothelial cells (Fig. 2). This 
indicates the ability of HUVECs to absorb 
endosomes derived from breast tumor 
cells.

Examination of miR-329 expression 
level in exosomes isolated from  
MCF-7 breast cancer cells
To investigate the angiogenic effects 
of exo-MCF-7  on endothelial cells, we 
evaluated KDM1A and VEGF mRNA ex-
pression levels by RT-qPCR, relative to 
GAPDH as the housekeeping gene, in 
HUVECs following treatment with exo-
MCF-7  (100  µg/ mL) or vehicle con-
trol (PBS). This study showed that exo-
MCF-7 can upregulate transcript levels 
of KDM1A and VEGF in HUVECs in a time-
dependent manner (Graph 1). Consist-
ently, exo-MCF-7 had also a significant 
influence on VEGF protein levels in HU-
VECs (Graph 2). Moreover, this study also 
revealed an increase in VEGF protein se-
cretion of endothelial cells treated with 

Fig. 2. Cellular uptake of exo-MCF-7 labelled with fluorescent red dye PKH26 by endothelial cells. A red fluorescence in the cyto-
plasm of the human umbilical vein endothelial cells (HUVECs) indicates cellular internalization of exo-MCF-7 into HUVECs. Staining 
with 4’,6-diamidino-2-phenylindole (DAPI) was used to visualize the nuclei. The bar represents 50 µm.
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connection, or focal adhesion, the VEGF 
vascular endothelial growth factor, and 
the signaling pathway of hypoxia induci-
ble factor-1 (HIF-1). miR-578 and miR-329 
control angiogenesis in breast cancer as-
sociated with BRCA 1/ 2 and do so by reg-
ulating the vascular endothelial vascu-
lar growth factor VEGF and factor  1 by 
inducing HIF-1 [15]. In line with this re-
search, the present study showed that 
when the tamoxifen-treated exosomes 
were transferred to the endothelial cell 
line, the expression of VEGF gene had 
a decreasing pattern.

Based on the results of the present 
study on the MCF-7  breast cancer cell 
line, it was found that there was a signif-
icant relationship between 54 μM dose 
of tamoxifen and MCF7  cell superna-
tant exosomes, in a way that the expres-
sion level of exosomal miR-329 showed 
a significant increase. In this study, the 
effect of tamoxifen-treated tumor-de-
rived exosomes was evaluated on the 
HUVEC endothelial cell line to assess the 
process of angiogenesis and treatment 
of breast cancer in its early stages. Ap-
plying the experiment group to the en-
dothelial cell line reduces the expression 
of KDM1A gene in endothelial cells sig-
nificantly over time. The second gene 
studied in this study was VEGF, the result 
of which was the same as KDM1A. Ulti-
mately, this paper could conclude that 
the exosomal transfer of miR-329 to en-
dothelial cells reduces the expression 
of genes responsible for the angiogen-
esis process, including VEGF and KDM1A, 
identification of which could mitigate 
the tumor process.

When breast cancer cells are treated 
with tamoxifen, the level of miR-329, 
which is a tumor suppressor microRNA 
in the exosomes of these cells, is much 
higher than in untreated cancer cells. 
In contrast, when tamoxifen-treated 
tumor-derived exosomes are trans-
ferred to endothelial cells, the expres-
sion level of KDM1A and VEGF genes de-
clines in a time-dependent manner. This 
achievement brings us to the idea that 
that the therapeutic effect of tamoxifen 
on breast cancer lies behind its relation-
ship with the expression level of exo-
somal miRNAs that regulate the cancer 
microenvironment.

exo somal secretions of breast cancer 
cells and their miRNA content, thereby in-
hibiting angiogenesis [11]. Although the 
chemotherapy drug used in the present 
study, tamoxifen, is different from that of 
Hannafon et al., the results are in line with 
each other in terms of diminishing the 
expression level of genes targeting the 
angiogenesis and cancer development.

Recent research suggests that KDM1A 
is an endothelial bio marker that pro-
motes angiogenesis. It has recently been 
discovered that KDM1A is a transferring 
inducer between the epithelium and 
the mesenchymal tissue, thus expand-
ing the invasion of breast cancer cells. 
Tumor secretions stimulate the activa-
tion of p38 MAPKs /  NF-kB, and activa-
tion of many gene-producing genes in-
cluding VEGF, MMP-9, and IL-8. AA98, 
which is the anti-molecular antibody, 
interferes with this signaling. The asso-
ciation of KDM1A with tyrosine kinase 
P59, phosphorylate P125, and paxillin 
promotes the migration of endothelial 
cells. KDM1A promotes angiogenesis in 
both laboratory and somatic cell con-
ditions  [12]. Increasing the expression 
level of KDM1A facilitates the endothe-
lial response to the kinase Src stimulated 
by VEGF or VEGF-induced Src kinase 
family (SKF), p38 mitogen-activated pro-
tein kinase (MAPKs) and NF-kappaB ac-
tivation, and subsequently increases 
the migration of endothelial cells and 
tube formation. CD146 is a co-receptor 
for VEGFR-2; therefore, suppression of 
CD146 by miR-329 impairs signaling and 
angiogenesis induced by VEGF [13].

The expression level of miR-329  de-
creases in various tumors and its re-ex-
pression in the cell prevents the growth 
and development of melanoma. A char-
acteristic of rheumatoid arthritis, which 
is a chronic autoimmune disease, is an-
giogenesis and cartilage decay, in which 
miR-329 has a  role  [14]. miR-578  and 
miR-329 play a role in the process of an-
giogenesis in breast cancer associated 
with the BRCA gene. Laboratory evalua-
tions on HEK293, MCF-7, and SUM149PT 
cells to investigate the role of miR-578 and 
miR-329 have shown that these miRNAs 
have been suppressed in breast cancer 
associated with BRCA 1 & 2. miR-578 and 
miR-329 are associated with the central 

growth factors they need [7]. Since an-
giogenesis is developed by microen-
vironmental changes in cancer cells 
through tumor exosomes, it appears 
that inhibiting angiogenesis is mediated 
by the anti-angiogenic chemotherapy 
drug, tamoxifen, through modulating 
related miRNAs‘ expression. Therefore, 
it is assumed that tumor cell exosomes 
should be targeted to inhibit angiogen-
esis  [8]. Tumor-derived exosomes are 
considered as a  rich source of miRNAs 
that could regulate the function of other 
cells in the tumor microenvironment, in-
cluding vascular endothelial cells. How-
ever, the exact mechanisms by which 
tumor cell-derived exosomes affect their 
microenvironmental cells, as well as the 
bio logical function of exosomal miRNAs 
in cells, have not been well estab-
lished [9]. Therefore, this study evaluated 
the effect of one of the chemotherapy 
drugs, tamoxifen, on the expression 
level of a key microRNA involved in an-
giogenesis, miR-329, and tried to intro-
duce a regulatory relationship between 
this microRNA and KDM1A gene asso-
ciated with the VEGF messaging path-
way. The results showed that the expres-
sion of miR-329 in the exosomes derived 
cells treated by tamoxifen increased sig-
nificantly and time-dependently. On the 
other hand, the expression of KDM1A 
and VEGF genes in drug-treated cell exo-
somes had a downward pattern.

In 2015, Tahakashi et al. investigated 
the breast tumor-derived miRNAs and 
introduced these microRNAs as a  dia-
gnostic bio marker in the treatment 
of breast cancer  [10]. The result of 
the present study, in line with the re-
search of Tahakashi et al., confirm the 
role of miR-329  as a  dia gnostic bio-
marker in breast cancer. In 2015, Han-
nafon et al. concluded that the use of 
the anti-cancer drug docosahexaenoic 
acid (DHA) changes the exosomal secre-
tions of breast cancer cells. They isolated 
MCF7  and MDA-MB-231  breast can-
cer cell exosomes after treatment with 
DHA and observed an increase in the se-
cretion of exosomes and the content of 
miRNAs of DHA-treated exosomes. The 
expression level of miRNA-83 in MCF7-
treated exosomes had changed. The 
group concluded that DHA alters the 
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Conclusion
The results of this experiment demon-
strated that the treatment of breast can-
cer cells with tamoxifen, by increasing 
miR-329, reduces the expression of VEGF 
and KDM1A and thus reduces angiogen-
esis, and thus its anti-tumor effects are 
applied.
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Graph 1. MiR-329 exosomal transfer to endothelial cells has a time-dependent manner. Over 

time, the exosomal transfer has increased significantly. 

 

  

Graph 2. The expression level of miR-329 in MCF-7 cancer cell-derived exosomes treated by 

tamoxifen compared with the control untreated group. MiR-329 expression is significantly 

higher in exosomes derived from tamoxifen-treated cells than from the control group. 

 



 

Graph 3. Inhibitory effect of breast cancer cell-derived exosomes treated by tamoxifen in 

comparison with the progressive effect of the control group which has been left untreated on 

KDM1A gene expression after 24 and 48 h of treatment (gene expression is normalized by 

glyceraldehyde-3-phosphate dehydrogenase gene). 

PBS – phosphate buffered saline, TAM – tamoxifen 

 



Graph 4. Inhibitory effect of mammary tumor cell-derived exosomes treated by tamoxifen in 

comparison with the progressive effect of the control group which has been left untreated 

on VEGF gene expression after 24 and 48 h of treatment (gene expression is normalized by 

glyceraldehyde-3-phosphate dehydrogenase gene). 

TAM – tamoxifen, VEGF – vascular endothelial growth factor 

 


