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ABSTRACT
BACKGROUND: Micro RNA-126 is known to enhance apoptotic processes and also plays a role in vascular growth 
through the regulation of vascular endothelial growth factor-mediated signaling, angiogenesis, and vascular integrity. 
OBJECTIVES: We aimed to determine the role of miR-126 in breast cancer cell lines with a variety of different 
characteristics to evaluate its interaction with certain cancer-related molecules and mechanisms. 
METHODS: To determine the effect of presence and absence of miR-126 in MCF-7 and MDA-MB-231 breast cancer 
cells, miR-126 mimics and inhibitor were transfected. miRNA and gene expressions were observed by using RT-PCR. 
Viability, proliferation, adhesion, invasion and lateral motility assays were performed to determine cell behavior changes.
RESULTS: miR-126 is more effective on MDA-MB-231 cells on cell behavior. We observed an increase in miR-
126 expression when miR-126 mimics was transfected to MCF-7 and MDA-MB-231 cells. Also, there was a 
decrease in miR-126 expression when MCF-7 and MDA-MB-231 cells were transfected with miR-126 inhibi-
tor. Furthermore, presence and absence of miR-126 modulated the gene expressions of VEGF/PI3K/AKT and 
MAPK signaling in MCF-7 and MDA-MB-231. 
CONCLUSION: Our study showed that miR-126 is in a state of interaction with a multitude molecules playing a 
role in breast cancer. According to obtained data, we can say that miR-126 may be more effective in inhibition 
of metastatic breast cancer (Tab. 4, Fig. 3, Ref. 46). Text in PDF www.elis.sk.
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Introduction

Micro RNAs (miRNA), which are formed through a two-stage 
procedure involving endonucleases named as Drosha and Dicer 

as well as hairpin shaped precursors, regulate the target gene ex-
pression, and play an important role in physiological and patho-
logical processes involving cell growth, differentiation, apoptosis, 
and stress response (1). Precursor-miR-126 (pre-miR-126) is the 
hairpin precursor miRNA, and its 3’-Poly A region formed in the 
nucleus during miRNA biogenesis is trimmed by the Dicer enzyme 
(2, 3). After trimming of pre-miR-126 in the cytoplasm by a second 
Dicer enzyme, the mature-miR-126 (mat-miR-126) is generated 
(4). miRNAs regulate the angiogenic signals through targeting an-
giogenic factors and protein kinases by repressing genes through 
alteration of gene activation (5). They can modulate pro-angiogenic 
signals induced by vascular endothelial growth factor (VEGF) and 
anti-angiogenic signals induced by thrombospondin-1 (TSP-1), and 
therefore promote or inhibit tumour angiogenesis. miRNAs play 
a role in cellular differentiation and growth using mRNA break-
down and translational suppression mechanisms (6–11). Receptor 
tyrosine kinases (RTKs) and hypoxia inducible factor (HIF) are 
also targeted by miRNAs. Furthermore, miRNAs crosstalk with 
reactive oxygen species (ROS) infl uences tumor angiogenesis (5). 
Due to the results obtained by the previous studies, miRNAs are 
considered to have a potential to be utilized for the diagnosis and 
therapy of cancers (6, 10, 12). 

MicroRNAs are regulators of gene expression that have been 
shown to be essential elements in the coordination of complex reg-
ulatory pathways. One of these short non-coding RNAs, microR-
NA-126 (miR-126), is highly enriched in the vascular endothelium 
and was shown to play distinct roles in angiogenesis, vasculogen-
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esis and endothelial infl ammation. Lack of miR-126 leads to severe 
complications in the response in vascular development as well 
as vital repair mechanisms carried out by endothelial cells (13).

In vertebrates the epidermal growth factor like 7 (Egfl -7) gene 
codes the biologically active miRNAs (7). miR-126 is one of these 
active miRNAs, which is found in intron 7 at 9p34.3 region of 
chromosome 9 (6), and is considered to be specifi c for endothelial 
cells. miR-126 is controlling the fate and/or function of a variety 
of cells differentiating from the hematopoietic lineage, including 
megakaryocytes and erythrocytes. Furthermore, reports have sug-
gested a protective role of circulating microRNA-126 in murine 
models of organ ischemia (13). 

The growth sprouting and the growth sprouty-related proteins 
observed during the angiogenesis step are regulators of cell growth 
(14). The activity of sprouty-related EVH1 domain-containing pro-
tein 1 (SPRED-1) is primarily regulated by tyrosine phosphoryla-
tion, facilitated by hematopoietic factors. SPRED-1 plays a vital 
role in the tumorigenesis and metastasis of a stable tumor since it 
is an inhibitor of Ras-Mitogen-Activated Protein Kinase (MAPK) 
and RhoA cell signaling pathways (15). In particular, SPRED-1 
binds to and inactivates the RAF-1, which is involved in the MAPK 
signaling and which represents the upstream kinase of the pathway 
(16, 17). miR-126 downregulation was associated with increased 
SPRED-1, leading to decreased activation of RAF (phosphorylated 
RAF/RAF) and MAPK (phosphorylated MAPK/MAPK), thus 
inhibiting the vascular endothelial growth factor pathway (18).

Phosphatidylinositol 3-kinase regulatory subunit beta (PIK3R2) 
is a regulatory component of PI3K, which is located on the up-
stream of AKT (19). PIK3R2 binds and inactivates PI3K, which is 
involved in PI3K/p-AKT signal pathway and inactivation of PI3K 
has an impact on PI3K/p-AKT pathway functioning (20). The 
PI3K/p-AKT pathway is well-known to be responsible for regu-
lating cell growth, proliferation, survival and angiogenesis in the 
development of cancer. Therefore, molecules altering the expres-
sion of PIK3R2 may be an effective way to lower the malignancy 
of cancer types. Several previous reports have demonstrated that 
miR-126 reduces the expression of PIK3R2 by directly targeting 
its 3’-untranslated region (20, 21).

Breast cancer is highly resistant to chemotherapeutic approach 
and hence, alternative strategies have been developed to fi ght 
against this heterogeneous group of disease (22). One of these al-

ternative strategies is gene treatment. Although many studies have 
demonstrated the effect of various drugs for the treatment of breast 
cancer, we aimed to demonstrate the effect of gene treatmentin 
breast cancer. In our study, we assessed the activities of micro 
RNA-126 in MCF-7 and MDA-MB-231 breast cancer cell lines. 

Material and methods

Cell Culture and Transfection
MCF-7 and MDA-MB-231 cells were purchased from Ameri-

can Type Culture Collection (ATCC, Manassas, VA, USA), and 
the cells were incubated at 37 °C with 5 % CO2 in RPMI 1640 
(Biological Industries, Israel) containing 100 U/ml penicillin/strep-
tomycin (Gibco, UK) and 10 % fetal bovine serum (FBS) (Gibco, 
UK). Before transfection, MCF-7 and MDA-MB-231 cells were 
incubated in 6-well plates (Greiner, Germany) to make sure the 
cells grow to 80 % confl uence. Precursor (pre-), mature (mat-), 
anti-miR-126 (precursor/mimic/inhibitor) and the small interfering 
RNA (siRNA) that acted on siRNA control transcripts (scrambled 
or non-target) were obtained from Alpha DNA (Montreal, Que-
bec). siPORT Transfection kit (Ambion, Carlsbad, USA) was used 
to transfect cells as per the instruction of the manufacturer. The 
transfected sequences are shown in Table 1. 

RNA isolation and real time polymerase chain reaction (RT-PCR)
Total RNA was isolated from cells using Paris Total RNA Iso-

lation Kit (Ambion, Carlsbad, USA) as per the instructions of the 
manufacturer. Primer sets for amplifi cation of miR–126, miR-126*, 
Egfl –7, VEGFR2, SPRED-1, PIK3R2, PI3K, AKT, RAF-,1 ERK and 
GAPDH were designed and supplied by Alpha DNA, MontReal, 
Quebec. RT-PCR was performed in Stratagene MxPro3000 (Strata-
gene, UK). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
(Alpha DNA, Montreal, Quebec) was used as an internal control, 

Transfected sequence
Pre-miR-126 5’-UCGUACCCGUGAGUAAUAAUGCG-3’
Mat-miR-126 5’-GTGTAACACGTCTATACGCCCA-3’
Anti-miR-126 5’-GCATTATTACTCACGGTACGA-3’
Scrambled (non-target) 5’-GTGTAACACGTCTATACGCCCA-3’
(Pre – precursor; Mat – mature)

Tab. 1. The sequences are transfected into cells.

Primer Forward Sequence Reverse Sequence
miR-126 3’- GTCCGCTCGTACCGTGAGTAATA-‘5 3’-CCAGTCTCAGGGTCCGAGGTATTC-’5
miR-126* 3’-CGCGCTCATTATTACTTTTGGTA–5’ 3’-CCAGTCTCAGGGTCCGAGGTATTC-’5
Egfl -7 5’- TGCGACGGACACAGAGCCTGCA-3’ 5’-CAAGTATCTCCCTGCCATCCCA-3’
VEGFR2 5’-CACCACTCAAACGCTGACATGTA-3’ 5’-GCTCGT TGGCGC ACTCTT-3’
SPRED-1 5’-CTGATCCCTGTTCGTGTGACA-3’ 5’-AGACAAAGCTACCAGGGCTAACC-3’
PIK3R2 5′-CGAGACCAGTACCTCGTGTG-3′ 5′-TAATCCCCAGCCACTCGTT-3′
PI3K 5′-CCAAAATTACTGCTGTCAAT -3′ 5′- TAGGCCAAATCTGAAGCA -3′
AKT 5’-TGGGCCTGGCAAAACCT-3’ 5’-CGGTCTGAATCTGGTTCATTCA-3’
RAF-1 5′-GGATTGGGTCAGGCTCTT-3′ 5′-GGGTCGACAACCTTTAGGA-3′
ERK 5′-GTTCCCAAATGCTGACTC-3′ 5′-CAGAGCCTGTTCTACTTCAA-3′
GAPDH 5’-CGAGGGGGGAGCCAAAAGGG-‘3 3’-GAAACTGCGACCCCGACCGT-‘5

Tab. 2. Forward and reverse sequences of the primers used in RT-PCR.
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and the expressions of miRNA and mRNA were normalized to the 
expression of GAPDH. Gene expression changes were quantifi ed 
using the delta-delta CT method. The primer sequences used in 
RT-PCR are shown in Table 2. 

Cell viability assays
Cells were stained with trypan blue (Biological Industries, 

Israel) and were counted under the microscope to determine the 
number of viable/non-viable cells. 

Cell proliferation assays
The XTT Kit (Biological Industries, Israel) was used to de-

termine proliferation of MCF-7 and MDA-MB-231 cells. The 
cells were cultured into 96-well plates (Greiner, Germany). miR-
NA analogues or suppressors were used to transfect cells. After 
transfection, XTT was pipetted to wells and cultured for 2 h. The 
microplate spectrophotometer (Lab Systems, Finland)) was used 
to determine the absorbance at 450 nm.

Cell adhesion assays
After transfection, wells were fl ushed with phosphate-buffered 

saline (PBS; Sigma, Saint Louis, USA) three times. Then XTT was 
pipetted to all wells and cultured for 2 h. The microplate spectro-
photometer (Lab Systems, Finland)) was used to determine the 
absorbance at 450 nm.

Lateral motility assay
The lateral motility of MCF-7 and MDA-MB-231 cells was 

analyzed in petri dishes. A total of 2x105 transfected cells were 
suspended in petri dishes with medium. After 24 hours, the width 
of three wound areas generated at the base of the petri dish by the 
tip of a 1000 μl pipette was measured. Following incubation for 
0, 24, 48 and 72 h, the width of three wound areas was measured. 
The motility in this area was assessed using measurements per-
formed at 45 different locations for each group and for each hour.

Cell invasion assay
The invasion was analyzed in 24-well Boyden chambers with 

8 μm pore size polycarbonate membranes (Corning, Inc., Corn-
ing, NY, USA). A total of 2x105 transfected cells were suspended 
in the upper chamber with serum-free medium, while the lower 
chamber was fi lled with medium. In the invasion assays, the 
membranes were covered with Matrigel (BD Biosciences, San 

Diego, CA, USA) to form matrix barriers. Following incubation 
for 48 h, the cells on the upper surface were removed by wiping 
with a cotton swab and the cells on the lower surface of the mem-
brane were fi xed in methanol, stained with 0.1% crystal violet 
(Sigma-Aldrich, St. Louis, MO, USA) and counted. The number 
of cells invading to the lower zone was measured in at least 8 lo-
cations randomly determined. 

Statistical analysis
A normal distribution of the continuous variables was per-

formed using the Kolmogorov-Smirnov test. Comparisons be-
tween groups of normally distributed variable were evaluated by 
One-Way variance analysis (ANOVA). The Tukey HSD test was 
used for multiple comparisons. Comparisons between groups of 
not normally distributed variables were evaluated by the Kruskal-
Wallis test. Multiple comparisons of these groups were evaluated 
by the Dunn test. All analyses were performed using IBM SPSS 
Statistics 21.0 software package. The experiments were repeated 
independently three times. 

Results

Effect of pre-, mat- and anti-miR-126 transfections on MCF-7 
and MDA-MB-231 breast cancer cell behavior

Viability: To assess the potential role of miR-126 in breast 
cancer, miR-26 mimics (pre-miR-126 and mat-miR-126) were 
used to overexpress the level of miR-126 in MCF-7 and MDA-
MB-231 cells. Furthermore, miR-126 inhibitor (anti-miR-126) 
was used to repress the level of miR-126 in each breast cancer cell 
lines. Overexpression of mat-miR-126 signifi cantly inhibited the 
viability in only MDA-MB-231 cells. Among MCF-7 cells, there 
was a decrease in the number of viable cells in the scrambled trans-
fected cells as compared to cells transfected with pre-miR-126. In 
comparison with the scrambled transfected cells, an increase was 
detected in the viability of cells transfected with mat-miR-126 and 
miR-126 inhibitor (anti-miR-126) (Tab. 3) (p > 0.05). Although 
pre-miR-126 transfection induced the viability of MDA-MB-231 
cells and mat-miR-126 transfection reduced the viability of MDA-
MB-231 cells as compared to the scrambled transfected cells, no 
statistically signifi cant difference was found between the groups 
(Tab. 3) (p > 0.05). Furthermore, viability of MDA-MB-231 cells 
was decreased signifi cantly in miR-126 inhibitor as compared to 
the scrambled transfected cells (Tab. 3) (p < 0.05).

VIABILITY PROLIFERATION ADHESION

MCF–7

SCRAMBLED 75 (69.050-90) 24694 (22040-26292) 0.725 (0.660-0.750)

miR-126 MIMICS
PRE 62.5 (53.57-100) 13490 (12765-14640)* 0.620 (0.550-0.680)
MAT 80 (62.502-87.498) 32940 (29942-35665) 0.625 (0.510-0.690)

miR-126 INHIBITOR (ANTI) 91.67 (65.002-100) 69440 (59040-72290)*** 0.335 (0.260-0.370)***

MDA-MB–231

SCRAMBLED 94.02 (90.835-97.825) 81743 (70743-89457) 0.425 (0.380-0.580)

miR-126 MIMICS
PRE 100 (81.665-100.000) 29171 (28457-29743)*** 0.515 (0.470-0.600)
MAT 75 (70.715-89.735)… 23028.5 (18886-25600)*** 0.510 (0.470-0.600)

miR-126 INHIBITOR (ANTI) 91.61 (88.240-100.000) 42957 (38457-50457) (0.310-0.380)***
PRE – precursor, MAT – mature, * p < 0.05; ** p < 0.01, *** p < 0.001

Tab. 3. Viability, proliferation and adhesion data in MCF-7 and MDA-MB-231.
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Proliferation: Proliferation is one of the characteristic aggres-
sive properties of cancer cells. Overexpression of miR-126 sig-
nifi cantly inhibited the growth rate of breast cancer cells. There 
was a decrease in proliferation in MCF-7 cells transfected with 
pre-miR-126 as compared to scrambled transfected cells (Tab. 3) 
(p < 0.05). There was an increase in cells transfected with mat-
miR-126, but no statistically signifi cant difference was found 
between the groups (Tab. 3) (p > 0.05). The transfection of miR-
126 inhibitor increased the growth rate of MCF-7 cells (Tab. 3) 
(p < 0.001). In MDA-MB-231 cells, a signifi cant induction was 
determined in cells transfected with miR-126 mimics as compared 
to the scrambled transfected cells (Tab. 3) (p < 0.001). However, 
miR-126 inhibitor transfection showed no statistically signifi cant 
difference as compared to the scrambled transfected cells (Tab. 
3) (p > 0.05). 

Adhesion: There was a decrease in miR-126 mimic transfected 
with MCF-7 cells (Tab. 3) (p > 0.05). A signifi cant inhibition of ad-
hesion was observed as compared to the scrambled transfected cells 
when miR-126 inhibitor was transfected to MCF-7 cells (Tab. 3) 
(p < 0.001). Although overexpression of miR-126 by transfecting 
miR-126 mimics resulted in an increase of the adhesion in MDA-

MB-231 cells as compared to the scrambled transfected cells, no 
statistically signifi cant difference was found between the groups 
(Tab. 3) (p > 0.05). As compared to the scrambled transfected cells, 
a there was a statistically signifi cant decrease in MDA-MB-231 
cells when transfected with miR-126 inhibitor (Tab. 3) (p < 0.001). 

Lateral motility (Wound healing): Lateral motility and inva-
sion are examples of the characteristic aggressive properties of 
cancer cells. These assays were used to measure the cell invasive 
and migrating capability. Therefore, we performed these assays 
to examine the metastasis potential of miR-126. There was a sta-
tistically signifi cant inhibition in MCF-7 cells as compared to the 
scrambled transfected cells (0.421) when transfected with pre-
miR-126 (0.347). However, transfection of mat-miR-126 (0.402) 
and miR-126 inhibitor (0.382) also inhibited the motility of MCF-7 
cells; no signifi cant difference between the two in the number of 
migrating cells was observed in the lateral motility assay (p > 0.05). 
Overexpression of miR-126 by transfecting with mat-miR-126 
(0.129) was observed as compared to the scrambled group (0.182) 
(p < 0.05). Also, there was a signifi cant increase in MDA-MB-231 
cells transfected with miR-126 inhibitor (0.731) as compared to the 
scrambled transfected cells (0.182) (p < 0.001). Cells transfected 
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Fig. 1. Invasion assay of breast cancer cells transfected with scrambled (non-target), miR-126 mimics or miR-126 inhibitor. The invasion as-
say revealed that the suppression of miR-126 induced the invasion in MDA-MB-231 cells (* p < 0.001). Representative images are shown [A: 
MCF-7 Scrambled (Non-Target) Group;  B: MCF-7 pre-miR-126 Transfected Group; C: MCF-7 mat-miR-126 Transfected Group; D: MCF-7 
anti-miR-126 Transfected Group; E: MDA-MB-231 Scrambled (Non-Target) Group; F:  MDA-MB-231 pre-miR-126 Transfected Group; G: 
MDA-MB-231 mat-miR-126 Transfected Group and H: MDA-MB-231 anti-miR-126 Transfected Group].
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Invasion Assay of  MDA-MB-231
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with pre-miR-126 (0.188) showed no statistically signifi cant dif-
ference as compared to the scrambled transfected cells (0.182) in 
MDA-MB-231 cells (p > 0.05).

Invasion: Overexpression of miR-126 by transfecting pre-
miR-126 (28.09 ± 2.38) and mat-miR-126 (26.09 ± 1.88) to MCF-7 
cells resulted in a reduction of invasion compared to the scram-
bled group (37.18 ± 1.54). Repression of miR-126 by transfecting 
anti-miR-126 (40.45 ± 2.58) resultedins an induction of invasion 
compared to the scrambled group (37.18 ± 1.54). No statistically 
signifi cant difference was found between the groups (Fig. 1) (p 
> 0.05). Transfection of miR-126 mimics [pre- (49.4 ± 2.58) and 
mat-miR-126 (47.9 ± 3.03)] to MDA-MB-231 cells reduced in-
vasion compared to the scrambled group (53 ± 4.7); however no 
statistically signifi cant difference was found between the groups 
(Fig. 1) (p > 0.05). There was also a statistically signifi cant in-
crease of invasion in MDA-MB-231 cells transfected with anti-

miR-126 (81.2 ± 6.78) as compared to the scrambled group (53 ± 
4.7) (Fig. 1) (p < 0.001). 

miR-126 mimics and inhibitor transfection modulates the expres-
sion of miR–126 and its complementary miR-126* in MCF-7 and 
MDA-MB-231 cells

To assess the potential role of miR-126 in breast cancer, 
miR-126 mimics (precursor and mature-miR-126) were used to 
overexpress the level of miR-126 in MCF-7 and MDA-MB-231 
breast cancer cells. Also miR-126 inhibitor (anti-miR-126) was 
used to suppress the level of miR-126 in MCF-7 and MDA-
MB-231 cells. According to our results, a signifi cant increase was 
observed when miR-126 mimics (pre- and mat-miR-126) was 
transfected to MCF-7 and MDA-MB-231 cells (Figs 2A and 2B) (p 
< 0.001). Also, there was a statistically signifi cant decrease when 
MCF-7 and MDA-MB-231 cells were transfected with miR-126 
inhibitor (anti-miR-126) (Fig. 2A) (p < 0.001). 

miR-126* expression was statistically signifi cantly increased 
when transfected with miR-126 mimics in MCF-7 and MDA-
MB-231 cells (Figs 2A and 2B) (p < 0.001). But there was a 
statistically signifi cant decrease in MCF-7 cells transfected with 
mat-miR-126 (Fig. 2A) (p < 0.001). miR-126 inhibitor transfec-
tion caused a statistically signifi cant decrease in MCF-7 cells (Fig. 
2A) (p < 0.001) while an increase was observed in MDA-MB-231 
cells (Fig. 2B) (p < 0.001). 

Effect of miR-126 on Target Gene Egfl -7; VEGF/PI3K/AKT and 
MAPK signaling in MCF-7 and MDA-MB-231 cells

Egfl -7 is one of the targets of miR-126 and also miR-126 is 
located in 3’-UTR of Egfl -7. According to our results, Egfl -7 gene 
expression statistically signifi cantly decreased according to scram-
bled group when miR-126 mimics was (pre- and mat-miR-126) 
transfected to MCF-7 cells (Tab. 4) (p < 0.001). Furthermore, trans-
fection of miR-126 mimics to MCF-7 cells caused a reduction in 
VEGFR2, PI3K, ERK, AKT and RAF-1 gene expressions (Tab. 4) 
(p < 0.001). On the other hand, SPRED-1 and PIK3R2 gene expres-
sions increase was observed while miR-126 mimics have trans-
fected to MCF-7 cells; but no statistically signifi cant difference 
was found between the groups (Tab. 4) (p > 0.05). In MCF-7 cells 
transfected with miR-126 inhibitor (anti-miR-126), a statistically 
signifi cant increase was observed in VEGFR2, SPRED-1, PIK3R2, 
PI3K, ERK, AKT and RAF–1 gene expressions (Tab. 4) (p < 0.001). 

In MDA-MB-231 cells transfected with miR-126 mimics (pre- 
and mat-miR-126), a statistically signifi cant decrease in Egfl -7 gene 
expression was observed as compared to the scrambled group (Tab. 
4) (p < 0.001). Furthermore, a statistically signifi cant increase of 
Egfl -7 gene expression was determined in the MDA-MB-231 cells 
transfected with miR-126 inhibitor (anti-miR-126) (Tab. 4) (p < 
0.001). According to our observed data, miR-126 mimic transfec-
tion (pre- and mat-miR-126) to MDA-MB-231 cells caused a sta-
tistically signifi cant decrease in ERK, RAF-1, PI3K and AKT gene 
expressions (Tab. 4) (p < 0.001). miR-126 mimics couldn’t affect 
SPRED-1 gene expressions (Tab. 4) (p > 0.05), while miR-126 in-
hibitor transfection have caused a statistically signifi cant increase in 
SPRED-1 gene expressions (Tab. 4) (p < 0.001). Furthermore, there 

Fig. 2. Expressions of miR-126 and miR-126* in breast cancer cell lines. 
(A) miR-126/126* gene expressions were detected after transfecting 
scrambled (SCR), precursor-miR-126 (PRE), mature-miR-126 (MAT) 
and anti-miR-126 (ANTİ) in MCF-7 breast cancer cell lines. (B) miR-
126/126* gene expressions were measured after transfecting scrambled 
(SCR), precursor-miR-126 (PRE), mature-miR-126 (MAT) and anti-
miR-126 (ANTİ) in MDA-MB-231 breast cancer cell lines. * p < 0.001.

MCF-7

MDA-MB-231

A
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was a statistically signifi cant induction observed in the gene expres-
sion of VEGFR2 , PIK3R2, PI3K, AKT, ERK and RAF-1 in MDA-
MB-231 cells transfected with miR-126 inhibitor (anti-miR-126) 
as compared to the scrambled group (Tab. 4) (p < 0.001). VEGFR2 
and PIK3R2 and gene expressions showed a statistically signifi cant 
decrease when miR-126 mimics (pre- and mat-miR-126) were trans-
fected to MDA-MB-231 breast cancer cells (Tab. 4) (p < 0.001).

Discussion

Breast cancer is one of the most frequent and malignant types 
of cancer in women with an increasing morbidity and mortality 
rate. miRNAs are hypothesized to be a highly involved in mediat-
ing malignant functions in cancer development (23, 24). Previous 
studies indicated that proliferation (25), viability (26), migration 
and invasion of epithelial cells (27) were decreased while miR-126 
was transfected (28). In a study, reduction of miR-126 led various 
cancer cells to induce angiogenesis, tumor growth and metasta-
sis (29). In another study involving proliferation, migration, and 
invasion assays, miR-126 was found to suppress the growth and 
migration of gastric cancer cells (7). miR-126 has been observed 
to inhibit cell growth by targeting VEGF-A in lung cancer cells 
(30). It was previously demonstrated that overexpression of miR-
126 suppressed the proliferation and inhibited the metastasis in 
two prostate cancer cell lines, DU-145 and PC-3 (28). miR-126 
has been reported to represent an active miRNA in breast cancer 
and its metastasis (31). In a study, it was determined that miR-
126 infl uenced insulin receptor 1 (IRS-1) and caused a reduction 
of the growth of MCF-7 and MDA-MB-231 breast cancer cells 
(32). It was indicated that miR-126 is important for endothelial 
cell signaling and promotes angiogenesis (33) and reduces breast 
cancer cell growth and metastasis (34). 

According to our results, transfection of miR-126 mimics (pre- 
and mat-miR-126) to MCF-7 breast cancer cells showed no statis-

tically signifi cant changes in cellular movement, except the results 
of pre-miR-126 transfection in proliferation and lateral motility. 
Nevertheless, pre-miR-126 transfection inhibited proliferation and 
lateral motility of MCF-7 cells. Induction of proliferation and re-
duction of adhesion was determined while tumor suppressive func-
tion of miR-126 has been inhibited by using miR-126 inhibitor (anti 
miR-126) in MCF-7 cells. Our results showed that miR-126 can be 
effective on cell proliferation of MCF-7 because of inhibiting the 
proliferation by using miR-126 mimics (pre- and mat-miR-126) 
and inducing the proliferation by using miR-126 inhibitor (anti-
miR-126) and reducing the amount of miR-126 in MCF-7 cells. 
Furthermore, it was observed that MCF-7 cells may have lost their 
adhesive functions and caused the transformation to more aggres-
sive cancer cells while there weren’t adequate miR-126 in cells by 
inhibiting miR-126 using miR-126 inhibitor. This situation indicat-
ed that miR-126 may inhibit metastasis of breast cancer cells and so 
breast cancer cells are not aggressive anymore (Tab. 3 and Fig. 3). 

miR-126 mimic (mat-miR-126) transfection to aggressive 
breast cancer cell line MDA-MB-231 inhibits these cells survival. 
Presence of excess miR-126 in cells may have caused a reduction 
the viability of MDA-MB-231 cells. Furthermore, inhibition of 
MDA-MB-231 proliferation by using miR-126 mimics (pre- and 
mat-miR-126) supported our hypothesis which is miR-126 mimics 
might have affected the survival of MDA-MB-231 cells negatively. 
According to our results, with miR-126 inhibitor (anti miR-126) 
became these cells more metastatic, with miR-126 mimic (mat-
miR-126) became these cells more adhesive. As a result of miR-
126 removal, MDA-MB-231 invasive breast cancer cells becoming 
more invasive of supported that miR-126 might have suppressed 
aggressiveness of metastatic breast cancer cells (Tab. 3 and Fig. 3). 
Using miR-126 inhibitor caused MDA-MB-231 cells to become 
more metastatic. This situation was also supported by observing 
that miR-126 mimic transfection caused MCF-7 adhesive breast 
cancer cells to become more adhesive. 

MCF-7, SCRAMBLED MCF-7, PRECURSOR MCF-7, MATURE MCF-7, ANTI
Egfl -7 2.4284±0.00739 1.1567±0.00055* 2.0279±0.00025* 12.9063±0.00029*
VEGFR2 0.0988±0.00194 0.0237±0.00022* 0.0723±0.00017* 0.1174±0.00016*
SPRED-1 0.0448±0.00105 0.1539±0.00024 0.1672±0.00034 0.2449±0.00048*
PIK3R2 0.0769±0.00048 0.5176±0.00166 0.2698±0.00085 1.2311±0.00241*
PI3K 14.5203±0.00179 8.7543±0.00098* 0.8351±0.00109* 36.7583±0.00028*
ERK 18.8959 ±0.001 2.514±0.00024* 0.6071±0.00047* 36.7583±0.0003*
AKT 9.6465±0.00018 6.4531±0.00076* 5.579±0.00013* 36.7583±0.0004*
RAF 30.2738±0.00085 22.4711±0.00049* 14.5203±0.0033* 36.7583±0.00028*

MDA-MB-231, SCRAMBLED MDA-MB-231, PRECURSOR MDA-MB-231, MATURE MDA-MB-231, ANTI
Egfl -7 0.2774±0.00019* 0.0477±0.0004* 0.0575±0.00012* 0.6199±0.00022*
VEGFR2 0.0022 ±0.0002 0.0019±0.00022* 0.0006±0.00005* 0.0025±0.00013*
SPRED-1 8.5±0.00344 14±0.0226 17.3±0.00488 21.5557±0.00017*
PIK3R2 0.8011±0.00102 0.2774±0.00034* 0.1487±0.00006* 2.4±0.0216*
PI3K 7.4127±0.00019 2.969±0.00198* 2.6945±0.00015* 10.1965±0.00025*
ERK 0.9593±0.00094 0.6156±0.00016* 0.2088±0.0002* 1.9725±0.00013*
AKT 0.2736±0.00015 0.133±0.00073* 0.2161±0.00012* 0.5249±0.00017*
RAF 0.4147±0.00019 0.1497±0.00129* 0.1044±0.00016* 1.932±0.0001*
* p < 0.05; ** p < 0.01, *** p < 0.001

Tab. 4. Gene expressions of Egfl -7, VEGFR2, SPRED-1, PIK3R2, PI3K, ERK, AKT and RAF-1 in MCF-7 and MDA-MB-231.
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The overexpression of miR-126, therefore, may be an attrac-
tive therapeutic strategy for the treatment of cancer (34). Tumor 
suppressive miR-126 downregulation was observed in various 
cancerous tissues (7, 35). In a study, oncogene v-Scr transfected 
to Cx43KO mice embryonic brain cell lines resulted in an increase 
in miR-126 and miR-126* expressions (8). Increasing the amount 
of miR-126 in cells is aimed when transfecting miR-126 mimics. 
We also aimed to decrease the amount of miR-126 in cells while 
we have transfected miR-126 inhibitor. In our study, we observed 
miR-126 upregulation after miR-126 mimics were transfected to 
MCF-7 and MDA-MB-231 cells while a downregulation of miR-
126 was observed after miR-126 inhibitor transfection. 

In the biogenesis of miRNA, an uncertainty exists as to which 
double-stranded miRNA strands will remain following the trimming 
of the hairpin structure in the precursor. Either of the strands may 
have a role in the mechanism of miRNA. Also, these miRNAs have 
different nucleotide sequences and their potential different gene tar-
gets. Therefore, miRNAs and their complementary RNAs are need-
ed to be considered as two different miRNAs. Compared to miR-126 
results, miR-126* expression results must be assessed as a differ-
ent micro RNA because of different sequences. Since transfected 
sequences are suitable for miR-126, in some expressions of miR-
126* it was not possible to observe the expected results as miR-126.

In a study, transfection of miR-126* to LNCaP prostate cancer 
cells resulted in a reduced prostein protein translation. Also, it has 
been reported that the increase in the prostein protein expression 
in prostate cells was due to the absence of miR-126* found in 
Egfl -7 gene (36). In a non-small cell lung cancer (NSCLC) study, 
a signifi cant reduction in CRK protein which is the functional tar-
get of miR-126 was observed while cells were transfected with 
pre-miR-126 (6). In another study, suppression of miR-126 with 
anti-miR-126 was associated with increased Egfl -7 gene and its 
products in NSCLC cells (37). In our study, we observed an up-
regulation of Egfl -7 gene expression in MCF-7 and MDA-MB-231 
cells transfected with miR-126 inhibitor. Furthermore, transfection 
of miR-126 mimics caused a reduction in Egfl -7 gene expression 
(Figure 3A and 3B). These results supported the opinion that Egfl -7 
might be the target of miR-126 and presence and absence of miR-
126 might affect Egfl -7 function in cancer progression. We suggest 
that if this case gets out of control, it may lead to vasculogenesis 
and angiogenesis in later periods.

miRNAs regulate vascular diseases such as atherosclerosis and 
cancer (34). miR-126 has a positive regulatory effect on response 
of vascular endothelial cells to Vascular Endothelial Growth Fac-
tor (VEGF) (20). Over stimulation of endothelial cells with VEGF 
leads to hyperactivity of the receptor (VEGFR2). In cancer cells, 
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Fig. 3. A. The effect of miR-126 on cell behaviour and signalling molecules in MCF-7. miR-126 mimics (pre- and mat-miR-126) transfection to 
MCF-7 cells inhibited the gene expressions of Egfl -7, PI3K, AKT, ERK, RAF and VEGFR2. Cell proliferation and lateral motility of MCF-7 cells 
were inhibited after pre-miR-126 transfection. Furthermore, miR-126 inhibitor (anti-miR-126) transfection only affected adhesion of MCF-7 
cells. B. The effect of miR-126 on cell behaviour and signalling molecules in MDA-MB-231. miR-126 mimics (pre- and mat-miR-126) to MDA-
MB-231 cells inhibited the expressions of Egfl -7, PI3K, AKT, RAF, ERK, PIK3R2 and VEGFR2. Cell proliferation of MDA-MB-231 cells was in-
hibited after pre-miR-126 transfection while mat-miR-126 transfection has a reduction of cell proliferation and lateral motility. Furthermore, 
miR-126 inhibitor (anti-miR-126) transfection inhibited invasion and adhesion of MDA-MB-231 cells.
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we can see resembled characteristics like response to VEGF as 
vascular endothelial cells. Cancer cells differentiate and grow from 
angioblastic precursors, mainly from vascular endothelial cells 
and this process is initiated by angiogenesis. Zhu et al. (2011) ob-
served miR-126 downregulation in breast tumors where the VEGF/
PI3K/AKT signaling pathway was activated. Furthermore, they 
also determined that introduction of miR-126 mimics into MCF-
7 could effectively decrease VEGF/PI3K/AKT signaling activity 
(38). Yoshida et al. (2006) observed that phosphorylation of ERK 
and AKT by VEGF induction is increased in miR-126 knockout 
cancer cells (39). Our results showed that VEGFR2, membrane re-
ceptor of VEGF, could be affected by miR-126 in both MCF-7 and 
MDA-MB-231 cells. Presence of miR-126 caused a reduction of 
receptor activity in MCF-7 and MDA-MB-231 cells. Furthermore, 
knockdown miR-126 in both cancer cell lines induce the receptor 
activity (VEGFR2) and increase the response to VEGF of MCF-7 
and MDA-MB-231 breast cancer cells relatively (Figs 3A and 3B). 

Studies at the molecular level involving different types of can-
cer suggest signifi cant roles for SPRED-1 and PIK3R2. SPRED-1 
and PIK3R2 block the VEGF signal transduction in angiogenesis 
(15, 21, 40). While SPRED-1 inhibits the activation of MAPK 
signaling, PIK3R2 is associated with the inhibition of VEGF/PI3K/
AKT signaling (15, 20). In several studies, miR-126 has been re-
ported to regulate the VEGF signal transduction in MAPK and 
VEGF/PI3K/AKT signaling by using SPRED-1 and PIK3R2 (7, 41). 
A reduction in SPRED-1 and PIK3R2 levels is associated with in-
creased expression of miR-126. When the impaired ERK phosphor-
ylation can be salvaged by the blockade of SPRED-1, the damage 
in AKT phosphorylation-dependent VEGF may also be corrected 
through PIK3R2-blocked siRNA (38, 42). It has been proposed that 
miR-126 specifi c for breast cancer targets VEGFA and PIK3R2, re-
sulting in reduced activity of these gene locations (43). In a study, 
pre-miR-126 was found to signifi cantly reduce PIK3R2 gene ex-
pression while anti-miR-126 was observed to increase PIK3R2 gene 
expression in HeLA cells (40). According to obtained data, only 
absence of miR-126 affected the gene expressions of SPRED-1 
and PIK3R2 in MCF-7 and MDA-MB-231 breast cancer cells while 
presence of miR-126 only has modulated PIK3R2 in MDA-MB-231 
cells. These regions take important roles in angiogenesis and 
vasculogenesis of mainly epithelial cells and partly cancer cells. 
MDA-MB-231 cells are invasive, aggressive and metastatic breast 
cancer cells. Because of these functions, miR-126 is more effective 
to SPRED-1 and PIK3R2 in these cancer cells (Figure 3A and 3B). 

Cell proliferation of MDA-MB-231 cells was inhibited after 
pre-miR-126 transfection while mat-miR-126 transfection has a 
reduction of cell proliferation and lateral motility. Furthermore, 
miR-126 inhibitor (anti-miR-126) transfection inhibited invasion 
and adhesion of MDA-MB-231 cells.

VEGF and FGF binding to endothelial cells initiate the activa-
tion of the MAPK signaling. miR-126 suppresses the expression 
of SPRED-1, which is a regulator for the MAPK signaling (44). 
Therefore, defi ciency of miR-126 reduces MAPK signaling in re-
sponse to VEGF and FGF found in accelerated angiogenic signaling 
(20). In a study about chronic ocular ischemia, the application of 
miR-126 inhibitor induced upregulation of SPRED-1 protein level 

and 72 hours after transfection, miR-126 inhibitor downregulated 
phosphorylated ERK, VEGF, and FGF (45). MAPK signaling regu-
lates the transcription of the genes which play a role in angiogenesis 
and are located in the nucleus. Activation of MAPK and VEGF/
PI3K/AKT signaling by growth factors like VEGF causes increased 
phosphorylation of ERK and AKT. The induction of ERK and AKT 
phosphorylation by VEGF is increased in miR-126 knockdown cells 
(39). In a study, it has been reported that when anti-miR-126 leads to 
increased PIK3R2 gene expression, it also causes inhibition of AKT 
gene expression in VEGF/PI3K/AKT signaling (40). Furthermore, 
Li et al demonstrated that the up-regulation of miR-126 contributes 
to the aberrant activation of the ERK signaling and inhibits cell 
proliferation and invasion through targeting KRAS in glioma (46). 
In cancer, both VEGF/PI3K/AKT and MAPK signaling pathways 
have been working very actively. Furthermore, previous studies 
indicated that miR-126 has a tumor suppressive function in breast 
cancer. Also, our obtained data indicated that presence and absence 
of miR-126 modulate the gene expressions of VEGF/PI3K/AKT 
and MAPK signaling in MCF-7 and MDA-MB-231. miR-126 mim-
ics suppress the gene expressions of VEGF/PI3K/AKT and MAPK 
signaling via modulating the function of VEGFR2 while absence 
of miR-126 caused increased activitz y of genes for VEGF/PI3K/
AKT and MAPK signaling (Figs 3A and 3B). 

Cancer is a complex disease that is associated with pharma-
cology, genetic, molecular biology etc. Our study indicated that 
miR-126 interacts with a variety of molecules that have role in cell 
signaling in breast cancer. Furthermore, miR-126 might be more 
effective in inhibition of metastatic breast cancer and may play a 
signifi cant role in the metastasis of breast cancer. 

References

1.  Elbashir SM, Lendeckel W, Tuschl T. RNA Interference is Mediated 
by 21- and 22- Nucleotide RNAs. Genes Develop 2001; 15 (2): 188–200.

2.  Fitch MJ, Campagnolo I, Kuhnert F, Stuhlmann H. Egfl -7, a novel 
epidermal growth factor domain gene expressed in endothelial cells. Dev 
Dyn 2004; 230: 316–324.

3.  Parker LH, Schmidt M, Jin SW, Gray AM, Beis D, Pham T et al. The 
Endothelial cell derived secreted factor Egfl -7 regulates vascular tube for-
mation. Nature 2004; 428: 754–758.

4.  Lagos-Quintana M, Rauhut R, Yalcin A, Meyer J, Lendeckel W, Tus-
chl T. Identifi cation of tissue spesifi c microRNAs from mouse. Curr Biol 
2002; 12: 735–739.

5.  Wang W, Zhang E, Lin C. MicroRNAs in tumor angiogenesis. Life Sci 
2015; 136: 28–35.

6.  Crawford M, Brawner E, Batte K, Yu L, Hunter MG, Otterson GA et 
al. MicroRNA-126 inhibits invasion in non-small cell lung carcinoma cell 
lines. Biochem Biophys Res Commun 2008; 373 (4): 607–612.

7.  Feng R, Chen X, Yu Y, Su L, Yu B, Li J et al. miR-126 functions as a 
tumour supressor in human gastric cancer. Cancer Lett 2010; 298 (1): 50–63.

8.  Li X, Shen Y, Ichikawa H, Antes T, Goldberg GS. Regulation of miRNA 
expression by Src and contact normalization: effects on nonanchored cell 
growth and migration. Oncogene 2009; 28 (48): 4272–4283.

9.  Mallick R, Patnaik SK, Yendamur S. MicroRNAs and lung cancer: Bi-
ology and applications in diagnosis and prognosis. J Carcinogen 2010; 9 (8).



Turgut Cosan D et al. Micro RNA-126 coordinates cell behavior and signaling cascades… 

xx

647

10.  Shenouda SK, Alahari SK. MicroRNA function in cancer: oncogene or 
a tumor suppressor? Cancer Metast Rev 2009; 28 (3–4): 369–378.

11.  Ventura A, Jacks T. MicroRNAs and cancer: short RNAs go a long 
way. Cell 2009; 136: 586–591.

12.  Huang Y, Shen XJ, Zou Q, Wang SP, Tang SM, Zhang GZ. Biological 
functions of microRNAs: a review. J Physiol Biochem 2011; 67 (1): 129–139.

13.  van Solingen C, Bijkerk R, de Boer HC, Rabelink TJ, van Zonneveld 
AJ. The Role of microRNA-126 in Vascular Homeostasis. Curr Vasc Phar-
macol 2015; 13 (3): 341–351.

14.  Mason JM, Morrison DJ, Basson MA, Licht JD. Sprouty proteins: 
multifaceted negative-feedback regulators of receptor tyrosine kinase sig-
naling. Trends Cell Biol 2006; 16: 45–54.

15.  Salajegheh A. Sprouty-Related, EVH1 Domain-Containing Protein 1 
(SPRED-1) 2016. In: Angiogenesis in Health, Disease and Malignancy [In-
ternet]. Springer International Publishing; [297–300].

16.  Nonami A, Kato R, Taniguchi K, Yoshiga D, Taketomi T, Fukuyama 
S et al. Spred-1 negatively regulates interleukin-3-mediated ERK/mitogen-
activated protein (MAP) kinase activation in hematopoietic cells. J Biol 
Chem 2004; 279 (50): 52543–52551.

17.  Wakioka T, Sasaki A, Kato R, Shouda T, Matsumoto A, Miyoshi K 
et al. Spred is a Sprouty-related suppressor of Ras signalling. Nature 2001; 
412 (6847): 647–561.

18.  Potus F, Ruffenach G, Dahou A, Thebault C, Breuils-Bonnet S, Trem-
blay E et al. Downregulation of MicroRNA-126 Contributes to the Failing 
Right Ventricle in Pulmonary Arterial Hypertension. Circulation 2015; 132 
(10): 932–943.

19.  Coutte L, Dreyer C, Sablin MP, Faivre S, Raymond E. PI3K-AKT-
mTOR pathway and cancer. Bull Cancer 2012; 99 (2): 173–180.

20.  Fish JE, Santoro MM, Morton SU, Yu S, Yeh RF, Wythe JD et al. 
miR-126 regulates angiogenic signaling and vascular integrity. Develop 
Cell 2008; 15 (2): 272–284.

21.  Zhang J, Zhang Z, Zhang DY, Zhu J, Zhang T, Wang C. microRNA 
126 inhibits the transition of endothelial progenitor cells to mesenchymal 
cells via the PIK3R2-PI3K/Akt signalling pathway. PLoS One 2013; 8 (12): 
e83294.

22.  Sarma P, Ramaiah MJ, Pal D, Bhadra U, Pal Bhadra M. A novel 
bisindole-PBD conjugate inhibits angiogenesis by regulating STAT3 and 
VEGF in breast cancer cells. Life Sci 2016; S0024-3205 (16): 30178–30173.

23.  Cai J, Yang C, Yang Q, Ding H, Jia J, Guo J et al. Deregulation of 
let-7e in epithelial ovarian cancer promotes the development of resistance 
to cisplatin. Oncogenesis 2013; 2 (e75): e75.

24.  Mulrane L, McGee SF, Gallagher WM, O’Connor DP. miRNA dys-
regulation in breast cancer. Cancer Res 2013; 73 (22): 6554–6562.

25.  Nassirpour R, Mehta PP, Yin MJ. miR-122 regulates tumorigenesis in 
hepatocellular carcinoma by targeting AKT3. PLoS One 2013; 8 (11): e79655.

26.  Yang J, Zhao H, Xin Y, Fan L. MicroRNA-198 inhibits proliferation 
and induces apoptosis of lung cancer cells via targeting FGFR1. J Cell Bio-
chem 2014; 115 (5): 987–995.

27.  Ouyang H, Gore J, Deitz S, Korc M. microRNA-10b enhances pan-
creatic cancer cell invasion by suppressing TIP30 expression and promoting 
EGF and TGF-beta actions. Oncogene 2014; 33 (38): 4664–4674.

28.  Song L, Xie X, Yu S, Peng F, Peng L. MicroRNA126 inhibits prolif-
eration and metastasis by targeting pik3r2 in prostate cancer. Mol Med Rep 
2016; 13 (2): 1204–1210.

29.  Johnson SM, Grosshans H, Shingara J, Byrom M, Jarvis R, Cheng 
A et al. RAS is regulated by the let-7 microRNA family. Cell 2005 120 
(5): 635–647.

30.  Liu B, Peng XC, Zheng XL, Wang J, Qin YW. MiR-126 restoration 
down-regulate VEGF and inhibit the growth of lung cancer cell lines in vitro 
and in vivo. Lung Cancer 2009; 66 (2): 169–175.

31.  Tavazoie SF, Alarcón C, Oskarsson T, Padua D, Wang Q, Bos PD et 
al. Endogenous human microRNAs that supress breast cancer metastasis. 
Nature 2008; 451: 147–152.

32. Z hang J, Du YY, Lin YF, Chen YT, Yang L, Wang HJ et al. The cell 
growth supressor, miR-126, targets IRS-1. Biochem Biophys Res Comm 
2008; 377 (1): 136–140.

33. F ang JH, Zhou HC, Zeng C, Yang J, Liu Y, Huang X et al. MicroRNA-
29b suppresses tumor angiogenesis, invasion, and metastasis by regulating 
matrix metalloproteinase 2 expression. Hepatology 2011; 54 (5): 1729–1740.

34. R ohde JH, Weigand JE, Suess B, Dimmeler S. A Universal Aptamer 
Chimera for the Delivery of Functional microRNA-126. Nucleic acid thera-
peutics 2015; 25 (3): 141–151.

35. J ung EJ, Santarpia L, Kim J, Esteva FJ, Moretti E, Buzdar AU et al. 
Plasma microRNA 210 levels correlate with sensitivity to trastuzumab and 
tumor presence in breast cancer patients. Cancer 2012; 118 (10): 2603–2614.

36. M usiyenko A, Bitko V, Barik S. Ectopic expression of miR-126*, an 
intronic product of the vascular endothelial EGF-like 7 gene, regulates pros-
tein translation and invasiveness of prostate cancer LNCaP cells. J Mol Med 
2008; 86 (3): 313–322.

37. S un Y, Bai Y, Zhang F, Wang Y, Guo Y, Guo L. miR-126 inhibits non-
small cell lung cancer cells proliferation by targetting EGFL 7. Biochem 
Biophysl Res Comm 2010; 391: 1483–1489.

38. Z hu N, Zhang D, Xie H, Zhou Z, Chen H, Hu T et al. Endothelial-specif-
ic intron-derived miR-126 is down-regulated in human breast cancer and tar-
gets both VEGFA and PIK3R2. Mol Cell Biochem 2011; 351 (1–2): 157–164.

39. Y oshida T, Hisamoto T, Akiba J, Koga H, Nakamura K, Tokunaga Y 
et al. Spreds, inhibitors of the Ras/ERK signal transduction, are dysregulated 
in human hepatocellular carcinoma and linked to the malignant phenotype 
of tumors. Oncogene 2006; 25 (45): 6056–6066.

40. S essa R, Seano G, di Blasio L, Gagliardi PA, Isella C, Medico E et 
al. The miR-126 regulates angiopoietin-1 signaling and vessel maturation 
by targeting p85beta. Biochim Biophys Acta 2012; 1823 (10): 1925–1935.

41. H arris TA, Yamakuchi M, Ferlito M, Mendell JT, Lowenstein CJ. 
MicroRNA-126 regulates endothelial expression of vascular cell adhesion 
molecule 1. Proc Nat Acad Sci USA 2008; 105 (5): 1516–1521.

42. W ang S, Aurora AB, Johnson BA, Qi X, McAnally J, Hill JA et al. An 
endothelial-specifi c microRNA governs vascular ıntegrity and angiogenesis. 
Cell 2008; 15 (2): 261–721.

43. Nik olic I, Plate KH, Schmidt MHH. EGFL7 meets miRNA-126: an 
agiogenesis alliance, J Angiogen Res 2010; 2 (9).

44. Wan g S, Aurora AB, Johnson BA, Qi X, McAnally J, Hill JA et al. 
The endothelial-specifi c microRNA miR-126 governs vascular integrity and 
angiogenesis. Develop Cell 2008; 15 (2): 261–271.

45. Xie  G, Li J, Wang Y, Jonas JB, Li H, Wang Y. MicroRNA-126 Regu-
lates Angiogenic Growth Factors Through Targeting Spred-1 in a Model of 
Chronic Ocular Ischemia. J Biomater Tissue Engin 2016; 6 ( 2): 122–133.

46. Li  Y, Li Y, Ge P, Ma C. MiR-126 Regulates the ERK Pathway via Tar-
geting KRAS to Inhibit the Glioma Cell Proliferation and Invasion. Mol 
Neurobiol 2016.

Received June 23, 2016.
Accepted July 4, 2016.


