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MiR-100 up-regulation enhanced cell autophagy
and apoptosis induced by cisplatin in
osteosarcoma by targeting mTOR

Z. YU, N. LI, K. JIANG, N. ZHANG, L.-L. YAO

Department of Medical Oncology, The Second Affiliated Hospital of Dalia

Dalian, Liaoning, China

Abstract. — OBJECTIVE: Mammalian target of
rapamycin (mTOR) can negatively regulate cell
autophagy, while its expression and activity are
associated with the pathogenesis of osteosar-
coma. MicroRNA 100 (MiR-100) down-regulation
is associated with the pathogenesis and che-
mo-sensitivity of osteosarcoma. Bioinformatics
analysis revealed the targeted relationship be-
tween miR-100 and the 3’-UTR of mTOR. We in-
vestigate the role of miR-100 in affecting mTOR
expression, osteosarcoma cell autophagy, and
sensitivity to cisplatin.

PATIENTS AND METHODS: MiR-100,
and Beclin-1 expressions in osteosarco
sue and normal control were compared. T
lationship between miR-100 and mTOR was
ified by dual luciferase assay. MiR-100, mT!
and Beclin-1 levels in MG-63 cells 2
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It was showed that autophagy is closely related to
tumor cell survival and death during chemothe-
rapy, suggesting that autophagy can affect the sen-
sitivity of tumor cells to chemotherapy drugs®*.
Phosphatidylinositol-3-kinase/protein kina-
se B/mammalian target of Rapamycin (PI3K/
Akt/mTOR) signaling is mostly investigated pa-
thway-regulating autophagy. mTOR is an impor-
tant target effector of PI3K/Akt/mTOR signaling.
It plays an inhibitory role in autophagy by sup-
pressing the formation of ULK complex during
induction and initialization phase, blocked endo-
plasmic reticulum membrane falling off to form
autophagosome membrane™®. The expression and
function of mTOR are closely associated with tu-
mor occurrence, progression, and chemoresistan-
ce. It was revealed that mTOR up-regulation plays
a critical role in osteosarcoma and is correlated
with prognosis and chemo-resistance”™®. MicroR-
NA is a type of endogenous small non-coding
RNA at 22-25 nucleotides. It can degrade or inhibit
target mRNA translation to regulate target gene
expression through complementary binding with
the 3>-UTR” '°. It was demonstrated that miR-100
is associated with osteosarcoma pathogenesis',
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progress'?, and chemo-sensitivity", suggesting that
miR-100 may play a tumor suppressor gene role in
osteosarcoma. Microrna.org online prediction re-
vealed the binding site between miR-100 and the
3-UTR of mTOR mRNA. This study intends to
investigate the role of miR-100 in affecting mTOR
expression, osteosarcoma cell autophagy, and sen-
sitivity to cisplatin.

Patients and Methods

Main Reagents and Materials

Human osteosarcoma cell MG-63 was obtained
from Shandong University. (Shandong, China).
Dulbecco’s Modified Eagle Medium (DMEM)
medium and fetal bovine serum (FBS) were pur-
chased from Gibco BRL. Co. Ltd. (Grand Island,
NY, USA). SPLIT RNA Extraction Kit was pur-
chased from Lexogen (Vienna, Austria). Quanti-
Tect SYBR Green Real Time-PCR (RT-PCR) Kit
was derived from Qiagen (Hilden, Germany). PCR
primers were synthesized by Generay (Shanghai,
China). MiR-100 mimic, miR-100 inhibitor, and
miR-NC were provided by Shanghai GenePhs
Co. Ltd. (Shanghai, China). Si-mTOR and
were purchased from Santa Cruz Biotech
(Santa Cruz, CA, USA). Mouse anti-mTOR
B-actin antibodies were obtained from Gene
Inc. (Irvine, CA, USA). Mousgess

led secondary antibodies
Abcam Biotechnology (!

Ltd. (Jinan, China). CCK-8 kit
Dojindg (Tokyo, Japan).

: an Medical University (Liaoning,
na). There were 14 males and 11 females with
gan age at 18.7 = 3.4 years old. Another 17 cases
al bone tissue obtained from the patients
recei®d amputations because of severe trauma
were selected as control, including 9 males and 8

females with average age at 19.6 + 2.9 years old.
No statistical significance was observed on age
or gender between two groups. This g

cells were t
recovers by
ion was gradually incre-
.0 mg/l. Finally, the
DP were identified

at 0, 0.025, 0.25, 0.5, 1.0, 2.5,
r 48 h. Cell viability was de-
kit at 450 nm. Inhibitory rate

fciferase Assay

The full-length fragment of mTOR 3’-UTR
was connected to pGL3 luciferase reporter vector
to form pGL3-mTOR-wt. The mutation of mTOR
3-UTR was used to construct pGL3-mTOR-
mut. ViaFect™ Transfection Reagent was applied
to co-transfect 1 pg pGL3-mTOR-wt or pGL3-
mTOR-mut with 50 nm/l miR-100 mimic or miR-
100 inhibitor to HEK293T cells. Dual luciferase
activity was tested after 48 h.

MG-63/DDP Cell Transfection

MG-63/DDP cells were divided into five
groups, including miR-NC group, miR-100 mi-
mic group, si-NC group, si-mTOR group, and
miR-100 mimic + si-mTOR group. The cells were
treated by 0.4 mg/l DDP for 24 h.

gRT-PCR

Total RNA was extracted using SPLIT RNA Ex-
traction Kit and detected using QuantiTect SYBR
Green RT-PCR Kit for one-step qRT-PCR. The
reaction system contained 10.0 ul 2x QuantiTect
SYBR Green RT-PCR Master Mix, 1.0 pl primer
at 0.5 um/l, 2 pg Template RNA, 0.5 pl QuantiTect
RT Mix, and ddH,O. The primer sequences were
as follows. miR-100P.: 5-ACACTCCAGCTGG-
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GAACCCGTAGATCCGAAC-3, miR-100P: Statistical Analysis
5- TGGTGTCGTGGAGTCG-3’; U6P,: 5-ATTG- All data analyses were performed on SPSS
GAACGATACAGAGAAGATT-3', U6P :5-GGA- 18.0 software (SPSS Inc., Chicago, |
ACGCTTCACGAATTTG-3"; mTORP,: 5-GCA- The measurement data were depicig
GATTTGCCAACTATCTTCGG-3, mTORP,: + standard deviation (SD). The ent’s t-test
5-CAGCGGTAAAAGTGTCCCCTG-3, Be- was used to compare the diffcgces between
clin-1P.:  5-GGTGTCTCTCGCAGATTCATC-3', two groups. The Tukey’s post-hd was used
Beclin-1P,: S“TCAGTCTTCGGCTGAGGT- to validate the ANOVA fo
TCT-3';B-actinP,:5-GAACCCTAAGGCCAAC-3', rement data among gro
B-actinP,: S“TGTCACGCACGATTTCC-3" dered as statistical sig

Western Blot

Total protein was extracted by RIPA for quan-
tification. A total of 40 pg protein were separated
by 10% sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred
to membrane. Next, the membrane was incuba-
ted in primary antibody at 4°C for 12 h (mTOR,
Beclin-1, and B-actin at 1:200, 1:100, and 1:500,
respectively). Then, the membrane was incubated
in secondary antibody (1:8000) for 60 min after
washed by PBST for three times. At last, the pro-
tein expression was detected by enhanced chemi-
luminescence (ECL).

osteosarcoma tissue compa-
ntrol. Western blot revealed
was lower, whereas mTOR
in osteosarcoma tissue than

Flow Cytometry

Cells were collected and incubated in 5
nexin V-FITC and 5 ul propidium iodide
avoiding light. The cell apoptosis was teste
flow cytometry.

Targeted Inhibited mTOR
Expression

Bioinformatics analysis demonstrated the
complementary binding site between miR-100
and the 3’-UTR of mTOR mRNA (Figure 2A).
Dual luciferase assay showed that miR-100 mi-
mic significantly declined relative luciferase
activity, while miR-100 inhibitor significantly
enhanced luciferase activity in HEK293T cells
(Figure 2B), indicating the regulatory relation-
ship between miR-100 and mTOR mRNA.

Colony Formation Assq,
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® 1. MiR-100 declined, while mTOR upregulated in osteosarcoma tissue. (4) qRT-PCR detection of miR-100 expres-
sion. (B) qRT-PCR detection of mMTOR mRNA expression. (C) Western Blot detection of protein expression.
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Figure 2. MiR-100 targeted inhibited mTOR expression. (4)
The binding site between miR-100 the 3’-UTR of mMTOR mRNA.
(B) Dual luciferase assay. ‘p<0.05, compared with miR-NC.
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tometry detection of cell apoptosis. (B) Colony formation assay detection of cell malignancy. (C) qRT-PCR detection

of gene expressions. (D) Western blot detection of protein expression. ‘p<0.05, compared with MG-63 cells.
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Figure 4. MiR-100 suppressed mTOR expression and facilitated
detection of gene expression. (B) Western blot detection of prote
metry detection of cell apoptosis. *p<0.05, compared with miR-NC
miR-NC. 9p<0.05 compared with si-NC.
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MiR-100 Suppressed mTOR Expressi
and Facilitated Cell Autophagy and
Apoptosis Induced By DDP

MiR-100 mimic and/or si-mTQ&

ole in the pathogenesis of osteosarco-
s closely associated with prognosis and
chemoresistance. It was revealed that miR-100
down-regulation is related to the pathogenesis'!,
progress'?, and chemo-sensitivity"® of osteosarco-
ma, suggesting that miR-100 may play a tumor
suppressor role in osteosarcoma. Microrna.org
online prediction revealed the binding site betwe-
en miR-100 and the 3’-UTR of mTOR mRNA.
This study intends to investigate the role of miR-
100 in affecting mTOR expression, osteosarcoma
cell autophagy, and sensitivity to cisplatin.

Our results exhibited that miR-100 expression
significantly decreased, while mTOR mRNA si-
gnificantly elevated in osteosarcoma tissue com-
pared with normal control. Western blot revealed
that Beclin-1 protein was lower, whereas mTOR
protein was higher in osteosarcoma tissue than
the normal tissue. Bi et al"' reported that miR-100
mplex by phosphorylating decreased in the tumor tissue of osteosarcoma.
ain autophagosome forma- Huang et al'® discovered that miR-100 significant-
e homologous gene of Atg6 in ly declined in osteosarcoma compared with adja-
Fromotes autophagosome membra- cent tissue. Liu et al'® also demonstrated miR-100
: formatlon and guides other autophagy protems markedly reduced in tumor tissue. In this study,
alization. Moreover, it plays a crucial role in miR-100 expression was significantly lower in
mation of autophagy starting vesicle, thus osteosarcoma tissue than the normal bone tissue,
refle®Ing the level of autophagy'’. Several resear- which was in accordance with Bi et al'!, Huang
ches™® showed that mTOR enhancement plays an et al®®, and Liu et al”®. Zhou et al® revealed that
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mTOR positive rate significantly increased in
osteosarcoma tissue and was closely related to cli-
nical staging, metastasis, survival, and prognosis.
This study observed mTOR abnormal expression
in osteosarcoma tissue, which was similar with
Zhou et al® findings. Zhang et al" showed that
Beclin-1 level and autophagy markedly declined
in osteosarcoma tissue compared with normal
bone. This study showed Beclin-1 downregu-
lation in tumor tissue, which was in accordance
with Zhang et al”®. MiR-100 significantly decrea-
sed, while mTOR mRNA significantly elevated in
MG-63/DDP cells compared with MG-63 cells. It
demonstrated that miR-100 down-regulation may
play a role in elevating mTOR and inhibiting cell
autophagy and apoptosis; also, mMTOR was signifi-
cantly enhanced in sorafenib resistant liver cancer
cell line, whereas cell autophagy and apoptosis
were suppressed?. Ning et al** showed that PTEN
depletion induced PI3K/Akt/mTOR activation
and autophagy inhibition significantly enhanced
breast cancer cell resistance to trastuzumab. In
this study, mTOR level markedly up-regulated,
while autophagy was attenuated in drug-resistant
cell line, which was similar with He et a
Ning et al® results. Further analysis revea
miR-100 mimic and/or si-mTOR markedl
ced mTOR expression, attenuated colony fo
tion, and enhanced cell apoptos1s and autoph
induced by DDP. Bi et al' ex
100 overexpression inhibited
proliferation in vitro and
through targeted suppresg

te results. Huang et
vation significantl

apy, which was in ac-
uang et al’®*, and Liu et
d that miR-100 expression
correlated with liver cancer

y d liver cancer cell autophagy and
ptos1s and suppressed its proliferation and
gorigenesis in vivo. This work revealed that
W0 down-regulation plays a role in restrai-
ning ®tophagy, which was similar with Ge et al?'.
Xie et al*?> showed that Beclin-1 expression, au-
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tophagy, and chemo-sensitivity to cisplatin were
enhanced, while proliferation was suppressed in
MG-63 cells treated by cisplatin. He et 248

This study suggested that miR-
plays a role in elevating m'
biting cell autophagy an
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