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Abstract.-OBJECTIVE: PI3BK/AKT/mTOR path-
way plays important roles in tumor pathogenesis.
mTOR is up-regulated and miR-214 is down-regu-
lated in cervical can-*cers. This study investigated
whether miR-214 regulated mTOR expression and
affected cervical cancer cell proliferation, apopto-
sisorinvasion.

PATIENTS AND METHODS: Cervical cancer
tissues were collected in parallel with normal epi-
thelium for measuring the expression of miR-214
and mTOR. Dual luciferase expression assg
performedto evaluate the targeted relationsf
tween miR-214 and mTOR. In vitro cultured

swell assay.

RESULTS: Bioinforma
geted binding sites b
of mTOR mRNA. D

igher mTOR both of
stage and tissue

j-mTOR significantly de-
or Bcl-2 expression, in-
ion or invasion, and en-

miR-214 down-regulation
iy elevating mTOR expression and in
2rvical cancer pathogenesis. Over-ex-
pression of miR-214 inhibits cervical cancer cell
gliferation or invasion, and facilitates apoptosis
geted inhibition of mMTOR expression.
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is a common female
, and is the second

cidence of CC is increasing
ger population age, severely

/PKB) is a widely expressed signal
ACTOSS multiple tissues and cells, and
rucial role in regulating cell survival,
cycle proliferation and apoptosis. Thus, it is
correlated with the occurrence, progression, me-
tastasis and drug resistance of multiple tumors*®
Mammalian target of rapamycin (mTOR) is a
highly conserved protein during evolution, and
is the member of PI3K protein kinase family
as a serine/threonine protein kinase’. Although
mTOR can respond to various extracellular stim-
uli or regulatory factors such as cytokines, mito-
gen, ATP, nutrient status and energy metabolism,
its function or activity is mainly regulated by
PI3K/ATK signal pathway®®. Abnormally ele-
vated mTOR expression induces over-expression
of PI3K/AKT-mTOR signal pathway, which pro-
motes cell proliferation, migration, invasion and
inhibits apoptosis. In addition, mTOR expression
is correlated with the onset, progression, me-
tastasis and drug resistance of multiple tumors
including breast cancer®, prostate cancer’, gastric
carcinoma'® and colorectal carcinoma''.
MicroRNA (miR) is a group of small mol-
ecule non-coding RNA with a length of 22-25
nt in eukaryotes, and regulates gene expression
through binding to 3’-untranslated region (3’-
UTR) of target gene mRNA in a complete or in-
complete complementary binding manner. MiR,
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which occupies only 1% of human genome, can
regulate the expression of more than 30% of
human target genes'>. Various studies showed
significantly decreased miR-214 expression in
CC tumor tissues, indicating its potential tu-
mor-suppressing role in CC pathogenesis'*-'.
Bioinformatics analysis revealed the existence
of complementary binding sites between miR-
214 and 3’-UTR of mTOR mRNA. This work
investigated if miR-214 played a role in medi-
ating mTOR expression and PI3K/AKT/mTOR
pathway activity, as well as in affecting CC cell
proliferation, apoptosis and invasion.

Patients and Methods

Clinical Information

A total of 38 CC patients who received radical
surgery resection in the Second Affiliated Hos-
pital of Harbin Medical University from August
2016 to January 2017 were recruited in this study
(average age = 48.6 + 10.3 years). All patients did
not receive any chemo- or radiotherapy before
surgery. CC tumor tissues were collected dyss
the surgery and divided into 11 cases of
cases of G2 and 13 cases of G3 by histo-pat
gy grade Based on TNM criteria, there we
cases in stage I-Il and 17 cases in stage II1

the EtthS
Hospital of

groups. This stu
Committee of

ghai Cell Banks of CAS
” Roswell Park Memorial In-
1-1640) culture medium, fetal
(FBS) and penicillin-streptomycin
ere purchased from Gibco (Grand Island, NY,
NA). RNA extraction kit GenElute total RNA
s@pication Kit was purchased from Sigma-Al-
drich (St. Louis, MO, USA). Transfection reagent
FuGENE6 was purchased from Roche (Basel,
Switzerland). QuantiTech SYBR Green qRT-PCR
Kit was purchased from Qiagen (Hilden, Ger-

many). MiR-214 mimic, miR-214 inhibitor and
miR-NC were purchased from RiboBio (Guang-
zhou, China). Si-NC and si-mTOR were pur-
chased from Santa Cruz (Santa Cruz, CA, USA).
Mouse anti-human mTOR and p-mTOR antjhad

activity assay kit wa
(Madison, WI, U

6E7 cells were inoculated
emorial Institute-1640 (RP-
containing 10% fetal bovine
1% penicillin-streptomycin in a

s at log-growth phase with satisfactory
growth status were used for experiments.

Dual Luciferase Activity Assay

Using HEK293T cell genome as the template,
full-length or mutant fragment of 3’-UTR of
mTOR gene was amplified and sub-cloned into
pMIR plasmid for transforming DH5a compe-
tent cells. Positive clones with correct sequences
were screened out by sequencing and named as
pMIR-mTOR-UTR-wt and pMIR-mTOR-UTR-
mut. FUGENEG6 was used to co-transfect pMIR-
mTOR-UTR-wt (or pMIR-mTOR-UTR-mut) and
miR-214 mimic (or miR-214 inhibitor or miR-NC)
into HEK293T cells. After 48 h incubation, cells
were rinsed twice in phosphate-buffered saline
(PBS). Passive Lysis Buffer was added to com-
plete lysis on ice. 10 pL lysate were added into
96-well plate for mixture with Stop&Go buffer.
Dual luciferase activity was measured at 560 nm
wavelength using a micro-plate reader.

Cell Transfection and Grouping

In vitro cultured SiHa cells were assigned into
four transfection groups: miR-NC transfection
group, miR-214 mimic transfection group, si-
NC transfection group, and si-mTOR transfection
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group. One day before transfection, cells were
inoculated into culture plate to reach 60-70%
confluence at transfection. During transfection,
100 pL serum- or antibiotics- free basic medium
were used to dilute 10 pL FuGENEG6. After gentle
mixture, 30 nmoL miR-NC, miR-214 mimic, si-
NC or si-mTOR were added for gentle mixture
and incubation at room temperature for 20 min.
Medium containing fetal bovine serum (FBS)
and dual antibiotics were removed. Transfection
complex was added for 6 h incubation after com-
plete mixture. Then, normal complete medium
containing FBS and dual antibiotics was used
for 72 h of continuous incubation. Cells were
collected for analysis of proliferation, invasion
or apoptosis.

gRT-PCR for Gene Expression

QuantiTech SYBR Green RT-PCR Kit was
used to test relative expression level of target
genes in one-step qRT-PCR using RNA extracted
by GenElute total RNA extraction kit. In a 20
uL reaction system, there were 10 uL 2 X Quan-
tiTech SYBR Green Master Mix, 1.0 uL for-
ward and reverse primers (0.5 um/L each),
RNA template, 0.5 uL. QuantiTech RT Mi
distilled water. Reverse transcription cond
were: 0°C for 30 min. PCR conditions

were designed as
ACA GGACG

5-GGTGG GGTCA
o S-CGGTT CAGGT
; B-actinP_: 5-GAACC
; PB-actinP,: 5-TGTCA

Cells from all groups were lysed by RIPA lysis
fer, and concentration of protein supernatant

separated in 10% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE). Pro-
teins were transferred to the membrane, which
was blocked in 5% defatted milk powder at room

temperature. Primary antibody (mTOR at 1:3000,
p-mTOR at 1:1000, Bcl-2 at 1:2000, and B-actin at
1:18000) was added at 4°C incubation overnight.
The membrane was rinsed in phosphate-buffered
saline and Tween (PBST) for three timesg2

Cell Apoptos:s
Cells were
lected Cell dj

Annexin V-FITC were added
bation at room temperature,

man Coulter FC 500 MCL (Brea, CA, USA) flow

Flow Cytometry for Cell Proliferation
Cells were re-suspended in complete medium.
Cell proliferation was measured by Click-iT EAU
Alexa Fluor 488 Flow Cytometry Assay Kits.
In brief, after incubation in 10 uM EdU for 2 h,
cells were continuously incubated for 48 h, and
digested by trypsin. After centrifugation, fixation
and permeabilization, reaction buffer with Alexa
Fluor 488 labels was added for 30 min dark in-
cubation at room temperature. By centrifugation
and washing, Beckman Coulter FC500MCL flow
cytometry was used to measure cell proliferation.

Transwell for Cell Invasion Potency

100 puLL Matrigel were paved on the upper sur-
face of transwell chamber, which was incubated
at 37°C incubator for 30 min for complete polym-
erization. 500 uL. complete medium containing
10% FBS were added into 24-well plate, which
contained inserting transwell chamber. 200 pL
SiHa cells re-suspended in serum-free medium
were added into the upper chamber for 48 h of
further incubation. Cells were fixed in methanol
and stained in 0.1% crystal violet, and the num-
ber of perforated cells was measured under an
inverted microscope.
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Statistical Analysis

SPSS 18.0 (SPSS Inc., Chicago, IL, USA) was
used for data analysis. All measurement data
were presented as mean + standard deviation
(SD). Student #-test was performed to compare
measurement data between groups. A statistical
significance was considered when p < 0.05.

Results

Targeted Regulatory Relationship
Between miR-214 and mTOR
Online prediction from microRNA.org
showed the existence of complementary binding
sites between miR-214 and 3’-UTR of mTOR
mRNA (Figure 1A). Dual luciferase gene re-
porter assay showed that transfection of miR-214
mimic significantly suppressed the relative lucif-
erase activity in HEK293T cells transfected with
pMIR-mTOR-wt plasmid. However, those cells
transfected with miR-214 inhibitor had elevated
luciferase activity (Figure 1B). Both of them,
however, had no significant effect on the relative
luciferase activity in HEK293T cells with p
mTOR-mut plasmid transfection, indicati
targeted regulation between miR-214 and m

MiR-2 14 Down-Reqgulation
and mTOR/p-mTOR Up-Reg
in CC Cancer Tissues

Table I. MiR-214 expression in CC cancer tissues with different
clinical features.

Age N miR-214 p-value
expression
level

Age

<45 yrs 20 1.47+0.11
>45 yrs 18 1.52+0.13

Histopathology grade

Gl 11
G2 14
G3 13
TNM stage
I-11 1.31+0.14
9+0.12

p-mTOR protein expression
compared to those in normal
ithelial cells. With advanced

al Expression of miR-214
and mTOR in CC Cancer Tissues

gRT-PCR results showed that, compared to
normal cervical epithelial cells Ectl/E6E7, CC
SiHa cells showed significantly lower miR-214
expression (p < 0.05) and higher expression of
mTOR, Bcl-2 mRNA (p < 0.05, Figure 3A).
Western blot results showed that SiHa cells had
significantly higher mTOR, p-mTOR and Bcl-2
protein expression than Ectl/E6E7 cells (Figure
3B).
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T

Figure 1. Targeted reg-
ulation between miR-214
and mTOR. A, Function-
ing sites between miR-
214 and 3’-UTR of mTOR
mRNA; B, Dual lucifer-
ase gene reporter assay.
*, p<0.05 comparing to
miR-NC.

pMIR-mTOR-wt pMIR-mTOR-mut
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Figure 2. MiR-214 down-
regulation and mTOR/p-
mTOR up-regulation in
CC cancer tissues. A,
qRT-PCR for miR-214 and
mTOR mRNA expres-
sion in cervical tissues;
B, Western blot for mTOR
and p-mTOR expression in
cervical tissues. *, p<0.05
compared to normal cervi-
cal mucosal tissues.
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MiR-214 Over-Expression Inhibited
CC Cell Proliferation or Invasion,
and Facilitated Cell Apoptosis
Western blot showed that miR-214 mimic
transfection significantly suppressed mTOR and
p-mTOR expression in SiHa cells, as well as de-
creased the expression of downstream anti-apop-
totic factor Bcl-2 expression (Figure 4A). Flow
cytometry results showed that compared to 4

eration potency (Figure 4C), and increased
apoptosrs (Figure 4D) Transwell assay sho

creased invasion potency
siRNA to interfere wit

eing misdiagnosed,
ly diagnostic rate. Although
including surgical resection

factors are of critical importance for
early diagnosis, treatment efficacy and prognosis.

Although mTOR is under stimuli and regula-
tion by various extracellular factors, its function
and activity are mainly regulated by PI3K/AKT/
PKB signal pathway. PI3K/AKT/mTOR pathway
is the major pathway for mTOR to exert its
functions [6, 8]. Under the stimuli of growth
factor or mitogen, PI3K is activated through

M Ecti/EsET

*

igure 3. Abnormal ex-
sion of miR-214 and
in CC cancer tis-
sues: A, qRT-PCR for cell
gene expression; B, West-
ern blot for protein ex-
pression. *, p<0.05 com-
pared to Ectl/E6E7 cells.
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Figure 4. MiR-214 over-
expression weakened pro-
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cy of CC cancer cells and
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conformational change,
the transition of phos

transduction’®. Phosphorylated
jinteract with eukaryotic

FITOR pathway, abnormally elevated mTOR ex-
ession facilitates cell proliferation, migration,
pion and inhibits cell apoptosis, which is
correlated with the occurrence, progression, me-
tastasis and drug resistance of various tumors
including breast cancer®, prostate cancer’, gastric
carcinoma'’ and colorectal carcinoma''.

0 10
Annexin V

B-cell lymphoma-2 (Bcl-2) is an important
anti-apoptotic factor, and plays critical roles in
antagonizing cell apoptosis and facilitating cell
proliferation. It is correlated with the onset, ad-
vancement, metastasis and drug resistance of
multiple tumors including lung cancer®, gas-
tric carcinoma?' and colorectal cancer”’. Various
studies®"* showed significantly decreased miR-
214 expression in CC patient tumor tissues, indi-
cating its potential role as tumor suppressor gene
during CC pathogenesis. Bioinformatics analysis
showed the existence of complementary binding
sites between miR-214 and 3’-UTR of mTOR
mRNA. Therefore, this study investigated if miR-
214 played a role in regulating mTOR expression
as well as in proliferation, apoptosis and invasion
of CC cancer cells.

Dual luciferase gene reporter assay showed
that transfection of miR-214 mimic significant-
ly decreased the relative luciferase activity in
HEK293T cells, whilst miR-214 inhibitor trans-
fection significantly elevated the relative luciferase
activity, indicating targeted regulatory relationship
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between miR-214 and mTOR. Test results showed
that, compared to normal cervical mucosal epi-
thelial tissues, CC cancer tissues had significantly
elevated mTOR and p-mTOR expression. Howev-
er, miR-214 expression was down-regulated and
correlated with TNM stage and histo-pathology
grade. Moreover, compared to normal cervical ep-
ithelial cells Ectl/E6E7, CC cell SiHa had remark-
ably lower miR-214 expression, accompanied with
higher mTOR, p-mTOR and Bcl-2 expression.
Results indicated that miR-214 down-regulation
might play a role in facilitating mTOR expression
and CC pathogenesis. Peng et al® found signifi-
cantly lower miR-214 expression in CC tissues
compared to normal cervical tissues. Chandrase-
karan et al*® found abnormally lower miR-214
expression in CC tumor tissues and its target gene
HMGALI expression was abnormally up-regulated,
in addition to the correlation between miR-214
down-regulation and CC progression. Yang et al'®
showed significantly lower miR-214 expression in
CC tissues than normal cervical mucosal tissues.
Qiang et al“ found that, compared to normal
cervical tissues, CC tissues had abnormally lower
expression of miR-214, which was correlate
peripheral tissue infiltration and distal met
In this investigation, CC tissues had rema
lower miR-214 expression, consistently with
et al®, Chandrasekaran et al*® and Yang et

enhanced cell apoptosis. After
ion by siRNA, similar

targeted inhibition on HMGAI expression. Yang
et al® used MTT and clonal formation assays to
show that miR-214 up-regulation could reduce CC
HeLa cell proliferation or clonal formation potency

via inhibition of MEK3 and JNKI1 gene expres-
sion. Qiang et al'* showed that over-expression of
miR-214 in HeLa cells significantly decreased the
expression of Plexin-Bl, reduced HeLa cell prolif-
eration, migration and invasion, as well as rega
ably inhibited in vivo growth of HeLa cg

their sensitivity against ¢
platin. Wen et al?’ sho
miR-214 down-regula

Li et al?® showed that
ess mTOR function,

sis was enhanced. All these
e role of miR-214 down-reg-
-regulation in facilitating CC

C cells, suggesting that up-regula-
iR-214 or decrease of mTOR expres-
nction may inhibit malignant biological
behaviors of CC cells. Inconsistency, however,
still existed as this study connected miR-214 and
mTOR, demonstrating the role of miR-214-mTOR
targeted regulatory relationship in affecting CC
pathogenesis and tumor biology features, which
have not been reported before.

Conclusions

We showed that miR-214 down-regulation
plays a role in elevating mTOR expression and
facilitating CC pathogenesis. Over-expression of
miR-214 inhibited CC cell proliferation and inva-
sion via inhibition of mTOR expression, leading
to facilitation of cell apoptosis.
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