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MicroRNA-126 is down-regulated in human esophageal
squamous cell carcinoma and inhibits the proliferation
and migration in EC109 cell via PISBK/AKT
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Abstract: MicroRNA-126 (miR-126) was found down-regulated in different types of cancer including esophageal
squamous cell carcinoma (ESCC). However, the onco-genetic role of miR-126 in ESCC still remains unknown. In
the present study, we found the relative expression of miR-126 in ESCC was significant decreased in ESCC tissues
compared to adjacent normal tissues. Overexpression of miR-126 in EC109 cells resulted in significant decrease
in cell proliferation, colon formation and migration. PI3K regulatory subunit p85 beta (PIK3R2), a member of PI3K/
AKT signaling pathway was found upregulated in ESCC tissues and there is a negative relation between expres-
sion of PIK3R2 and miR-126. Restoration of miR-126 in EC109 cells induced a reduction in PIK3R2 protein levels,
accompanied with a substantial reduction in phosphorylated AKT levels in EC109 cells, suggesting impairment in
PI3BK/AKT signaling pathway. The luciferase reporter assay confirmed that PIK3R2 was a direct target of miR-126.
Furthermore, we also indicated overexpression of miR-126 suppresses G,/M transition in EC109 cells. Taken to-
gether, our study suggests that miR-126 functions as a potential tumor suppressor in ESCC progression via regulat-
ing PIBK/AKT signaling pathway partly by targeting PIK3R2, and targeting of miR-126 may provide a novel strategy
for the diagnosis and treatment of ESCC.
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Introduction tively regulate gene expression by binding to the

3’-untranslated region (3-UTR) of their target
Esophageal cancer is the eighth most common gene mRNAs [6]. miRNAs play a vital role in
malignant cancer and the sixth most common almost all physiology and pathophysiology pro-
cause of cancer death worldwide [1]. There are cess including cell differentiation, proliferation,

two main types of esophageal cancer: esopha-
geal squamous cell carcinoma (ESCC) and ade-
nocarcinoma [2]. Adenocarcinoma is more
common in western countries while ESCC is
predominant in East Asia [3, 4]. Although surgi-
cal resection can apparently improve the prog-
nosis of patients with ESCC, but the recurrence
rate is high, five-year survival rate of patients
after surgery is still low [5]. Therefore, it is
needed to look for sensitive molecules as ther-
apeutic targets for ESCC.

apoptosis [7] and cell cycle distribution [8].
Many miRNAs are found to be aberrantly expres-
sion in various cancers, suggesting that miR-
NAs may function as a tumor suppressor genes
or oncogenes [9]. miR-126 (also called miR-
126-3p) is encoded by intron 7 of the epidermal
growth factor-like domain 7 (EGFL7) gene which
resides on human chromosome 9 [10]. Ex-
pression analyses revealed that there is a high
level of miR-126 in highly vascularized tissues
such as heart, liver, lung or human umbilical
MicroRNAs (miRNAs) are a class of small non- vein endothelial cells, playing a crucial role in
coding RNAs with 18-25 nucleotides that nega- angiogenesis and maintaining vascular integrity
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[11]. Recently, the role of miR-126 in tumor pro-
gression has been widely studied. It was com-
monly decreased in multiple cancer and shows
tumor suppressive properties. For example, low
miR-126 expression was observed in gastric
carcinoma and the expression of miR-126 was
correlated with the survival rate of the patients
with gastric carcinoma [12]. Expression of miR-
126 was lost in the majority of primary breast
tumors from patients who relapse, and the loss
of expression of miR-126 was associated with
poor distal metastasis-free survival [13]. Li N et
al. found miR-126 expression was down-regu-
lated in colon cancer cell lines with highly inva-
sive ability and miR-126 functions as a tumor
suppressor by inhibiting RhoA/ROCK signaling
pathway in colon cancer [14]. However, the
functions of miR-126 in ESCC and relative
mechanisms are poorly understood.

In the present study, we found that the expres-
sion of miR-126 in ESCC tissues was obvious
lower than that of adjacent normal tissues.
Further, cell functional studies showed that
miR-126 functions as a tumor suppressor by
regulating the PISBK/AKT signaling pathway in
EC109 cells. Finally, we validated that overex-
pression of miR-126 can induce cell cycle G,/M
phase arrest in EC109 cells.

Materials and methods
Tissue specimens, cell lines and cell culture

30 pairs ESCC tissues and matched adjacent
normal tissues were obtained from surgical
specimens from Anyang Tumor Hospital
(Anyang, Henan, China). All samples were snap
frozen in liquid nitrogen. None of the patients
received radiotherapy or chemotherapy before
surgery. All samples used in this study were
approved by Ethics Committee of Anyang Tumor
Hospital. The Human ESCC cell line EC-109 and
Human embryonic kidney cells HEK293T were
purchased from the Chinese Science Institute
(Shanghai, China). EC-109 cells were main-
tained in RPMI1640 medium (Invitrogen, Car-
Isbad, CA, USA). HEK293T were maintained in
Dulbecco’s modified Eagle’s medium (DMEM)
(Invitrogen, Carlsbad, CA, USA), both mediums
were supplemented with 10% fetal bovine
serum (FBS; Gibco, USA), penicillin (100 U/ml)
and streptomycin (100 yg/ml). Cells were incu-
bated at 37°C with 5% CO.,,.
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RNA extraction and quantitative polymerase
chain reaction (qPCR)

Total RNA was extracted from the tissues or
cultured cells using Trizol Reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufac-
turer’s protocol. To quantitate the miR-126
expression, small nuclear U6 was used as inter-
nal control. The First-Strand cDNA was synthe-
sized with M-MLV Reverse Transcriptase
(Premega, Madison, WI, USA). Using stem-loop
method designed miR-126 and U6 reverse
transcription primers: miR-126: 5-CTCAACTGG-
TGTCGTGGAGTCGGCAATTCAGTTGAGCGCATTA-
T-3’; U6: 5'-AAAATATGGAACGCTTCACGAATTTG-
3'. Then gPCR was performed using the KAPA
SYBR FAST gPCR kit (KAPA, USA) on an ABI
7900 Fast Real-Time PCR system (Applied
Biosystems, CA, USA). The primers for qPCR
were used as follows: 5-ACACTCCAGCTGGGTC-
GTACCGTGAGTAAT-3’ (forward) and 5- TGGTGT-
CGTGGAGTCG -3’ (reverse) for miR-126; 5'-CTC-
GCTTCGGCAGCACA-3’ (forward) and 5-AACGC-
TTCACGAATTTGCGT-3’ (reverse) for U6.

For analysis of mMRNA expression, the expres-
sion of GAPDH was used as internal control and
Oligo (dT) was used as the primer for reverse
transcription. Then gPCR performed with the
primers: 5-GCACCACGAGGAACGCACTT-3’ (for-
ward) and 5-CGTCCACTACCACGGAGCAG-3’ (re-
verse) for PIK3R2; 5-TGGGTGTGAACCATGAGA-
AGT-3’ (forward) and 5-TGAGTCCTTCCACGATA-
CCAA-3’ (reverse) for GAPDH. All samples were
normalized to GAPDH as internal controls, and
the relative expression level was calculated
using the 222¢t method. All experiments repeat-
ed three times.

Construction of miR-126 expression Lentiviral
and transfection

The following amplified primer pair was
designed based on the cDNA sequence of the
Homo sapiens miR-126 precursor, included
restriction enzyme cut sites and protect bases:
5-CGGGTACCGGTCATATCAGCCAAGAAGGCAG
-3’ (Agel) and 5-CAGGCTAGGGGCTATGCCGCCT-
AAGTAC-3' (Nhel). Non-specific sequence as
control: 5-CGGGTACCGGTAGCGTTCACTCCCAA-
CCTG-3’ (Agel) and 5'-CAGGCTAGCAGGTTGGG-
AGTGAACGCT-3’ (Nhel). They were then cloned
into GV310 constructs to generate lentiviral
vector of human miR-126 mimics oligonucleoti-
des and non-specific oligonucleotides. The
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recombinant plasmid was confirmed by DNA
sequencing. The lentiviral expression vectors
were then co-transfected with packaging plas-
mid into HEK293T cells. After 48 h, lentiviral
particles of hsa-miR-126 mimics (Ilv-miR-126)
and non-specific miRNA (Ilv-NC) were harvested
and filtered through a 0.45 pm filter. For trans-
fection, EC109 cells were plated at 40-50%
confluency the day before transfection. The Iv-
miR-126 and Iv-NC were added to the cells with
10 pg/mL polybrene.

Cell proliferation [3-(4.5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT)] assay

EC109 cells transfection with Iv-miR-126 and
Iv-NC were planted in 96-well plates (BD
Biosciences, USA) with 2000 cells per well. We
then assessed cell proliferation at 24 h, 48 h,
72 h, 96 h and 120 h respectively, and then 20
ul MTT was added to each well. After incubated
at 37°C for 4 h, the supernatant was removed
and 150 pl DMSO (Sigma-Aldrich, St. Louis,
MO, USA) was added to each well. After 10 min,
the absorbance at 490 nm of each well was
measured by microplate reader (BioTek, USA).
The experiment was performed in triplicate.

Cell colony formation assay

500 cells were added to each well of a 12-well
culture plate and incubated at 37°C for 7-10
days. After washing twice with PBS, the cells
were fixed with 70% ethanol for 15min and
stained with 0.5% crystal violet. The number of
colonies was calculated with Image J software.
The experiment was performed in triplicate.

Transwell migration assay

The migration ability of resulted EC109 cells
after lentiviral transfection was examined in
chambers (Corning, USA) with 8 um pore filter
inserts in 24-well plates. 5x10° cells suspend-
ed in 200 yl serum-free RPMI1640 were added
to the upper chamber, and RPMI1640 contain-
ing 10% FBS were added to the lower chamber
as a chemoattractant. Plates were incubated at
37°C with 5% CO,,. After 20 h, the non-filtered
cells were gently removed with a cotton swab.
The cells migrated through the membranes and
located on the lower side of the chamber were
fixed with 4% paraformaldehyde, stained with
0.1% crystal violet, washed for three times with
running water, air-dried and photographed.
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Membrane-binding crystal violet was dissolved
with 300 pl 33% glacial acetic acid, and then
absorbance at 573 nm was measured by micro-
plate reader.

Dual-luciferase reporter assay

The 3’-UTR sequence of PIK3R2 or a mutation
in the 3’-UTR of PIK3R2 gene with miR-126 tar-
get sites was inserted into the Xhol and Notl
of psi-CHECK-2 report plasmid (Promega,
Madison, WI, USA). HEK293T cells were seeded
in 24-well plates for 12 h before transfection.
Cells were transfected with the PIK3R2 3-UTR
wild type (WT) plasmid or the PIK3R2 3-UTR
mutant (MUT) plasmid in the presence of either
Iv-miR-126 or Iv-miR-NC using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA). After 48
h, cells were washed twice with PBS and lysed
with passive lysis buffer (PLB) for 15 min. The
Firefly luciferase reporter was measured imme-
diately after adding Luciferase Assay Reagent
Il. Then 100 ul Stop & Glo reagent was added to
initiate the Renilla luciferase. Results were nor-
malized to the Renilla luciferase. Luciferase
activity = Firefly luciferase/Renilla luciferase.
All experiments were performed three times.

Cell cycle analysis

EC109 cells transfected with Iv-miR-126 and
Iv-NC were seeded in 60-mm plates with 2x10°
cells per plate. After 48 h, cells were harvested,
washed with cold PBS for three times and fixed
in 70% ethane at 4°C overnight. Then cells
treated with 10 yg/ml RNase and stained with
50 pg/ml propidium iodide for 30 min at room
temperature in the dark. The cell cycle was
then analyzed by a flow cytometer (FACS
Canto™ II, BD Biosciences).

Western blot analysis

Cell protein was extracted from transfected
EC109 cells using modified RIPA buffer in the
presence of proteinase inhibitor cocktail.
Protein concentration was determined by the
BCA Protein Assay Kit (Beyotime, China) and
each sample with 50 ug protein was denatured
with 5x sodium dodecyl sulfate (SDS) loading
buffer at 95°C for 5 min. The proteins were
separated by 10% SDS-PAGE gels and trans-
ferred to 0.45 pm nitrocellulose membranes.
Membranes were blocked with 5% non-fat milk
for 1 h, and incubated overnight at 4°C with the
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Figure 1. miR-126 was significantly downregulated in the ESCC tissues. The ex-
pression of miR-126 was significantly decreased in 30 ESCC tissues compared
to paired adjacent normal tissues by qPCR (""P<0.01).

specific primary antibodies at the dilutions
specified by the manufacturer. The membranes
were then washed and incubated for 1 h with
HRP-conjugated secondary antibodies. The
bands were detected with Odyssey scanning
system (LI-COR, Lincoln, NE, USA). Primary anti-
bodies were as follows: Antibodies against AKT,
phosphor-AKT (Ser473), Cdc2, phosphor-Cdc2
(Tyr'®), p53, Weel, Cdc25C, Mytl, cyclin B1
were obtained from Cell Signaling Technology.
Antibody against PIK3R2 was purchased from
R & D. B-actin (Proteintech, USA) was used as
an internal control.

Statistical analysis

The SPSS 18.0 software was used for statisti-
cal analysis. All data are expressed as the
mean + standard deviation values of at least
three independent experiments. Student’s
t-test (two-tailed) and One-way ANOVA were
performed to analyze the data. P values <0.05
and P values <0.01 were considered to be sta-
tistically significant.

Results

miR-126 was downregulated in ESCC tissues

We measured the mRNA expression of miR-126
in 30 pairs of ESCC tissues and paired adjacent
normal tissues by qPCR. Compared with the
adjacent normal tissues, miR-126 was mark-
edly decreased in ESCC tissues (Figure 1,
“P<0.01).

Overexpression of miR-126 in EC109 cells
inhibited cell proliferation, colony formation
and migration.

As miR-126 significantly decreases in ESCC tis-
sues, we sought to compensate for its loss
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through transfection with
Iv-miR-126 to upregulate
expression in
EC109 cells, Iv-NC was
used as negative control.
The transfection efficiency
in EC109 cells was detect-
ed by gPCR analysis. The
intracellular level of miR-
126 was about 73-fold
higher in EC109 cells trans-
fected with Iv-miR-126 rela-
tive to the Iv-NC (Figure 2A,
“P<0.01). Then we detect-
ed cell proliferation by MTT
assay. We found that over-
expression of miR-126 significant decreases
cell proliferation of EC109 cells (Figure 2B,
“P<0.05, "*P<0.01). The capacity of colony for-
mation was evaluated on EC109 cells trans-
fected with Iv-miR-126. Colony number of Iv-
miR-126 transfected group (62.33+4.33) was
significantly lower than that of Iv-NC group
(113.7£7.45), indicated that overexpression of
miR-126 both the number and the size of the
colonies were suppressed (Figure 2C, “P<
0.01).

Normal tissues

The cell migratory ability of EC109 cells was
detected by Transwell migration assay. Absor-
bance at 573 nm showed that tumor cells
migrating out of chamber in lv-miR-126 group
(0.321+0.024) were markedly reduced than
Iv-NC group (0.413+0.013). (Figure 2D, ""P<
0.01)

PIK3R2 expression was increased in ESCC tis-
sues

We measured the mRNA expression level of
PIK3R2 in 30 pairs of ESCC tissues and paired
adjacent normal tissues by gPCR. As shown in
Figure 3A, the expression level of PIK3R2 was
significantly upregulated in ESCC tissues com-
pared to the adjacent normal tissues (*"P<0.01),
and more than half of the ESCC tissues exhib-
ited up-expression of PIK3R2 (Figure 3B).
Moreover, we found that there is a negative
relation between expression of PIK3R2 and
miR-126 (r=-0.706, "P<0.01) (Figure 3C).

miR-126 repressed PI3K/AKT signaling path-
way by targeting PIK3R2 in EC109 cell

mMiRNAs regulate gene expression by targeting
the 3'UTR of relative mRNAs and accelerate
MRNA degration or to repress the translation.

Int J Clin Exp Pathol 2015;8(5):4745-4754
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Figure 2. Overexpression of miR-126 inhibited ESCC cell proliferation, colony formation and migration. EC109
cells were transfected with Iv-miR-126 and Iv-NC. A. The expression of miR-126 in EC109 cells transfected with
Iv-miR-126 was detected by qPCR. Cells transfected with Iv-NC was used as an internal control (**P<0.01). B. Cell
growth was measured by MTT assay for 5 days ("P<0.05; “"P<0.01). C. Colony formation ability of EC109 cells
transfected with the Iv-miR-126 and Iv-NC (**P<0.01). The right rectangular graph is the quantization of the number
of crystal violet stained colonies in the EC109 cells. D. Cell migration ability was measured by Transwell chamber
assay. The left representative images of crystal violet stained EC109 migratory cells. Images were captured using
an inverted microscope with x100 maghnification. The right rectangular graph is the quantification of the migratory
cells by solubilization of crystal violet and spectrophotometric reading at OD 573 nm (**P<0.01).

Through bioinformatic analyses using PicTar, struct group was unaffected by transfection
miRanda, and MicroCosm, we found that with Iv-miR-126 compared with Iv-NC group
PIK3R2 was a potential target gene of miR-126. (Figure 4B, "P<0.01). The result indicated that
The 3’-UTR of PIK3R2 contained a binding site miR-126 suppressed the transcription activity
for miR-126 (Figure 4A). We then performed a of the PIK3R2 by targeting the 3-UTR of
luciferase assay to confirm that miR-126 was PIK3R2.

directly targeting PIK3R2 in EC109 cells. The

WT 3'UTR or the MUT 3'UTR of PIK3R2 gene We performed qPCR and western blot to fur-
was amplified and cloned into the reporter. The ther verify whether miR-126 was directly regu-
result showed that compared with Iv-NC group, lating PIK3R2 in EC109 cells. We found that
the relative luciferase activity of the reporter overexpression of miR-126 caused a significant
that contains WT 3'UTR was significantly decrease both in mRNA (Figure 4C) and protein
decreased when Iv-miR-126 was cotransfect- (Figure 4D). Collectively, these findings suggest
ed. In contrast, the activity of MUT 3'UTR con- that miR-126 regulate the expression of PIK3R2

4749 Int J Clin Exp Pathol 2015;8(5):4745-4754
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Figure 4. Overexpression of miR-126 repressed PI3K/AKT signaling pathway by targeting PIK3R2. A. The predicted
binding site of miR-126 on 3’UTR of wild-type (WT) PIK3R2 was shown. The mutated nucleotides on 3'UTR of PI-
K3R2 (MUT) are underlined. B. Dual luciferase assay. The WT or MUT 3’UTR of PIK3R2 luciferase reporter plasmids
were cotransfected with Iv-NC or Iv-miR-126 in HEK293T cells. The luciferase activities were normalized to Iv-NC
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("P<0.01). C. The expression levels of PIK3R2 in EC109 cells transfected with Iv-miR-126 or Iv-NC were measured
by gPCR and GAPDH was used as an internal control (""P<0.01). D. Western blotting was used to examine the pro-
tein expression of PIK3R2 in EC109 cells after transfection with Iv-NC or Iv-miR-126. -actin was used as an internal
control (""P<0.01). E. The protein expression of p-AKT and AKT was examined by western blotting. B-actin was used

as an internal control (**P<0.01).
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post-transcriptionally. Phosphatidylinositol 3-
kinase (PI3K) is composed of a heterodimer of
a regulatory unit p85 and a catalytic subunit
p110. PIK3R2 is one of the PIBK p85 subunit
family members. To determine whether miR-
126 regulates the PI3K/AKT signaling pathway
in EC109 cells, we examined the levels of phos-
pho-AKT (p-AKT) and total AKT in EC109 cells
transfection with Iv-miR-126 or Iv-NC. As
revealed in Figure 4E, miR-126 significantly
reduced the levels of p-AKT, without altering
total AKT protein. It is therefore likely that miR-
126 targeting PIK3R2 normally provides a neg-
ative regulation of the PI3K-AKT signaling path-
way. These results indicated that miR-126
exerts suppression effects in esophageal can-
cer at least partly through repressing PISK/AKT
signaling pathway.

Overexpression of miR-126 suppressed G,/M
transition in EC109 cells

The effect of miR-126 overexpression on the
cell cycle was analyzed by flow cytometry. As
shown in Figure 5A, cell cycle analysis showed
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Figure 5. Overexpression of miR-126 induced G,/M
phase arrest in EC109 cells. A. Cell cycle distribution of
EC109 cells transfected with Iv-NC or Iv-miR-126 was
analyzed by flow cytometry. The respective proportions
of G1, S and G2 phase cells are shown (**P<0.01).
B. The effect of miR-126 overexpression on cell cycle
regulatory markers was examined by Western blot anal-
ysis. B-actin was used as an internal control.

that transfection with the lv-miR-126 increased
the percentage of cells in G,-M phase com-
pared to transfection with the Iv-NC (**P<0.01).
This result indicates that over-expression of
miR-126 could cause a G,/M phase arrest in
EC109 cells.

Cdc2/Cyclin B complex is a pivotal regulator of
the cell cycle progression from the G,to M
phase. The activation of the Cdc2/Cyclin B
complex is maintained through dephosphoryla-
tion at threonine 14(Thr'*) and tyrosine
15(Tyr*®) of Cdc2. During G, the Cdc2/Cyclin B
complex is kept inactive through phosphoryla-
tion of Cdc2 by the kinases Weel and Myt1. At
M phase entry, Cdc2/Cyclin B complex is acti-
vated through dephosphorylation by Cdc25C
phosphatase. Therefore, to explore the molecu-
lar mechanisms by which miR-126 inhibits the
G,/M transition, we examined the expression of
p53, Weel, Mytl, Cdc2, p-Cdc2 (Tyr'®), Cyclin
B1 and Cdc25C that involved in G,/M phase
transition. As shown in Figure 5B, the expres-
sions of Myt1 and p-Cdc2 were increased while
the levels of Cdc2 showed a decrease in EC109

Int J Clin Exp Pathol 2015;8(5):4745-4754
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cells transfection with Iv-miR-126. These
results indicated that overexpression of miR-
126 induced a G,/M cell cycle arrest, at least
partially, by decreasing the levels of Cdc2 and
increasing levels of Myt1 and p-Cdc2 in EC109
cells.

Discussion

MiRNAs negatively regulate gene expression by
binding to the 3'UTR of target mRNAs and inhib-
it gene expression by either blocking transla-
tion or inducing degradation of mRNAs. Over
30% of human genes are regulated by miRNAs
[15]. Numerous studies have showed that aber-
rant expression of miRNAs is closely associat-
ed with the development, proliferation, invasion
and prognosis of human cancers [16-18]. Both
losses and gains of miRNAs function have been
shown to contribute to cancer development
through a range of mechanisms [19]. A lot of
studies have showed that miR-126 plays a sig-
nificant role in different physiological and path-
ological processes, including inflammation,
blood vessel growth as well as cancer [20].
miR-126 was markedly decreased in various
tumor tissues and downregulation of miR-126
induces cancer cell proliferation, migration,
and invasion via targeting specific oncogenes.
Therefore, miR-126 was considered as a tumor
suppressor gene.

Although using miRNA microarrays, Liu and col-
leagues reported that the expression of miR-
126 was reduced in esophageal cancer tissues
compared with the matched normal tissues
[21], the function and relevant mechanisms of
miR-126 in ESCC have not been identified. In
this study, we detected the expression of miR-
126 in 30 paired ESCC tissues and matched
adjacent normal tissues. As expected, the
expression of miR-126 in ESCC tissues was
lower than that of adjacent normal tissues,
which was consistent with Liu. To further inves-
tigate the function and potential mechanisms
of miR-126 in ESCC, the miR-126 lentiviral and
NC lentiviral as control were transfected into
EC109 cells. Restored expression of miR-126
significantly inhibited proliferation and colony
formation ability of EC109 cells. Moreover, cell
migration ability was also markedly suppressed
by overexpression of miR-126 in EC109 cells.
These results strongly suggested possible
tumor suppressive role of miR-126 in ESCC.
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To explore why miR-126 exhibited these effects
on the cell function, we investigated putative
targets of miR-126 and confirmed the gene
coding for PIK3R2 was a direct target gene of
miR-126 by using a luciferase reporter assay.
Overexpression of miR-126 also caused a sig-
nificant decrease both in mRNA and protein in
EC109 cells. These findings indicated that
PIK3R2 was a direct target of miR-126 in ESCC.
PIK3R2 is one of the PI3K p85 subunit family
members. PI3K is a second messenger that is
composed of a heterodimer of a regulatory unit
p85 and a catalytic subunit p110. One of its
major effectors is AKT [22]. In addition to induc-
ing cell proliferation and tumor development,
the PIBK/AKT pathway also plays a pivotal role
in regulating other cellular functions including
angiogenesis, invasion, metastasis and surviv-
al [23]. In our study, we evaluated the activity of
the PI3BK/AKT pathway by analyzing the status
of phosphorylated AKT in the EC109 cells after
transfection of Iv-miR-126. The result showed
that overexpression of miR-126 decreased the
phospho-AKT expression without changing
total AKT protein. It's likely that miR-126
reduced PIK3R2 expression offers an inhibitory
effect of PI3K/AKT signaling pathway. This
observation was consistent with studies explor-
ing the mechanism of miR-126 function in
colon cancer [24] and non-small cell lung can-
cer [25]. Our study suggested that anti-tumori-
genicity effect of miR-126 in EC109 cells may
be partly mediated through PI3K/AKT path-
way.

More and more evidences have revealed that
deregulation of cell cycle control is an essential
step in carcinogenesis [26]. Previous studies
have reported that miR-126 mainly suppress
cell cycle progression from G /G, to S phase in
gastric cancer [27], breast cancer [28] and lung
cancer [29]. Our data rather indicate that miR-
126 induced a G,/M arrest in ESCC cells.
Further mechanism was explored. The cell
cycle blockade was associated with the deregu-
lation of Myt1 and p-cdc2 activity. Activation of
the Cdc2/Cyclin B kinase is a pivotal step of the
eukaryotic cell cycle [30]. During G2-phase, the
Cdc2/Cyclin B complex remains inactive
through phosphorylation on Thri4 and Tyr'® of
Cdc2 by the kinases Weel family [31, 32]. At
M-phase entry, Cdc2/Cyclin B is activated
through dephosphorylation Cdc2 on both Thr14
and Tyr*® by Cdc25C [33, 34]. Myt1 is a mem-
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ber of the Weel family of protein kinases, it
phosphorylates Cdc2 on Thr14 and Tyr*®, there-
by maintaining Cdc2/Cyclin B complexes in an
inactive state throughout interphase [35].
Repression the activity of Cdc2/Cyclin B kinase
enforces the G,/M arrest. Inhibitory phosphory-
lation of Cdc2 is essential for the p53-indepen-
dent G2 arrest that occurs in response to DNA
damage, and is dependent on the protein
Kinases Atm and Atr. Atm and Atr inactivate
Cdc2 by increasing phosphorylation of the resi-
dues Thr'* and Tyr*®, a major p53-independent
mechanism that causes G, arrest in response
to DNA damage [36]. We found that overexpres-
sion of miR-126 in EC109 cells did not change
the expression of p53, which indicated that
p53-independent G, arrest may be the main
mechanism in ESCC cells cycle block. In this
study, neither Weel nor Cdc25 was activated
or inhibited, while the expression of Myt1 and
p-Cdc2 was increased, suggesting that the
deregulation of Cdc2 activity was induced
maybe by activating Myt1/Cdc2 pathway in
EC109 cells. Moreover, AKT was reported to
inhibit Myt1 through AKT-dependent phosphor-
ylation and downregulation at the G,/M transi-
tion [37]. In the present study, both p-AKT
(Serd73) and Myt expression were reduced in
EC109 cells after overexpression of miR-126,
indicating that the inhibition of AKT/Myt1 may
contributes to the G,/M arrest. Further studies
will be required to support these assumptions
and to determine the role of upstream or down-
stream events in ESCC.

In summary, our data suggest that miR-126
was generally downregulated in ESCC tissues.
Overexpression of miR-126 inhibited the prolif-
eration, colony formation and migration by
interaction with the target gene PI3KR2 to regu-
late the PIBK/AKT signaling pathway. Moreover,
restoration of miR-126 can inhibit the G,/M
phase transition. Therefore, our data may help
to identify miR-126 as a potential diagnostic
and therapeutic target for a miRNA-based
ESCC therapy.
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