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miRNA-496 influences the malignant biological behaviors of cervical cancer HeLa
cells and the growth of transplanted tumors in nude mice through mTOR
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[Abstract] Objective: To explore whether miR-496 affects the cycle, proliferation, migration, and invasion of cervical cancer HeLa
cells and the growth of transplanted tumors in nude mice by targeting mTOR. Methods: The tumor specimens and para-cancerous
tissue specimens of 74 patients with cervical cancer who underwent surgery at the Fourth Hospital of Hebei Medical University from
December 2020 to December 2021 were selected. qPCR, WB, and immunofluorescence methods were used to detect the expression of
miR-496 and mTOR at mRNA and protein levels in cervical cancer tissues. The TargetScan database was used to predict the target
genes of miR-496, and the Dual-luciferase reporter gene experiment was further adopted to verify the targeting relationship. According
to different transfectants, HeLa cells were divided into the control group, miR-496 mimic group, and miR-496 mimic+pMIR-mTOR
group. CCK-8 assay, Flow cytometry, and Transwell experiment were used to detect the effects of miR-496 and mTOR on the
proliferation, cell cycle, migration, and invasion of HeLa cells. The HeLa cells of the control group and miR-496 mimic group were
inoculated subcutaneously into BALB/c nude mice to construct a transplanted tumor model of cervical cancer. After 21 d, the mice were
sacrificed, and the tumor tissues of the mice were stripped and the tumor mass was weighed. Immunofluorescence and WB methods
were used to detect the effect of miR-496 overexpression on the expression of mTOR and Ki67 in transplanted tumor tissues. Results:

In cervical cancer tissues, miR-496 was lowly expressed, while mTOR was highly expressed at both mRNA and protein levels. miR-
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496 could bind to the 3'-UTR sequence of mTOR mRNA. Compared with the control group and the miR-496 mimic+pMIR-mTOR

group, the miR-496 level and S-phase cell ratio of HeLa cells in the miR-496 mimic group were significantly increased, while the

proliferation level, the numbers of migrated cells and invaded cells were significantly reduced (all P<0.01). Nude mice transplanted

tumor model of cervical cancer was successfully constructed. After 21 d of inoculation, the mass of transplanted tumors and the

expression of mTOR and Ki67 in the transplanted tumor tissues in the miR-496 mimic group were significantly lower than those in

the control group (all P<0.01). Conclusion: miR-496 is lowly expressed in cervical cancer tissues. Overexpression of miR-496 can

inhibit the malignant biological behaviors of HeLa cells and the growth of transplanted tumors in nude mice through targeted regulation

of mTOR.

[Key words] miR-496; cervical cancer; mammalian target of rapamycin (mTOR); HeLa cell; proliferation; migration; invasion
[Chin J Cancer Biother, 2021, 28(11): 1068-1074. DOI: 10.3872/j.issn.1007-385x.2021.11.003]

BB A T Y N 2t R E . AT AR
K, BEE RN A TR M7 ERR T BRANGIT T
EI R R, — ERREE ERRAR TS B B R AR
15 fih 98 2 R B % A7 2 52 e AR TS 1Y 2R
RIS PRI, 7840 1 M B S0 R AR KR ) - B
XTI B S )R T SRS a2t A EE . mTOR 3
L5 AT 7 200 5T R B | I AR B g 2K e A B S
JEE 25 Ry, AR 2 P MR R Rk RS 1S B,
mTOR {5 5 18 B 4 5 % WO A VR 20 /i 10900 A
TargetScan £ ¥ % (http://www.targetscan.org/) i 1 &
Bl, mTOR #& miR-496 [T fEHLHE D] . miRNA /&3
I B, VY 2RI B miRNA )%
1A S 5 8 S B AR AH OC , {H miR-496 1E F #UE
W IRAE AL B R I8 . AT A 20 B ' S 4
Z1rh miR-496 (1) 315 7K~ FF 38 1 44 A1 41 i ST 56 W ¢
miR-496 I £ 25U 40 M A ) 22 AT N R, Bk —
ARV H S mTOR A .26 2, AYI#5 7R miR-496 1£
B 3 IR AT BB AL o

1 MR5EE

1.1 WGRIRA ML E B T X7

AT 5T T IR PRFEARIE H 2020 4F 12 H 322021 4F
12 H HIE] A bR 2= S DU B B4 32 F AR 1) 74 61
S0 F8 (R IR bR AR 55 L SUbR AR, BT R 3
b, PR (50.16£14.31) % o S E BRI R
WA (FIGOD (173 FARRAERT SB35 HEATIR IR 70 A T 1 17491
1139 16 %1 \ITTa 299 12 451 < I11b 34 14451 LIV I 15451 HERR
FRitE < SR Uk SR LI, MR P I & B IR T &
ATTBC AT BUSE FH G 2 i) 77 B 28 4 B A P IR &
2 NG APUE R, SRR A B R
GMEERE . BE BRI RS, ST
FPRIFARBAC TR ZZ 01 22 7 25 (AL

N\ E 3 HeLa 40 f 0 [ b E R B F i 40 i
i , RPMI 1640 17 7% 5£ 01 5 3% [H Gibeo 2w, i 4 1l
7 (FBS) ) & 2 [H Gemini 2% @ , RNA $2 B 7
TRIzol ¥ #% 536 30551 &1 DA J 7% 445057 Lipofectamine™

2000 1 B 2 [# Thermo 2 # , Transwell /M = .
matrigel 233114 H 3% [F Corning A 7] , gPCR 5771 & 14
H 2R Gt R B (R ED A PR A A 3 240 A%
H 3% [ BD A #l, B 58 B FHPU R 3206 § Abcam A A,
mTOR i %% ik i ki pMIR-mTOR H A i 3 4 ¥ 2k ,
miR-496 5484 (mimic) & e BF 74 %F B (miR-NC) H
g AR AR A E AR
12 mpaddfrfett

HeLa 4 g F 2 10% i 2F 1fiLiE 100 U/ml 7 8 %
A1 100 pug/ml % 7 & ) RPMI 1640 £ 95 % F &4
5%CO, i £ A 37 °CIA R TR A8 i S 7% . B el
24 h R 20 B 4 P T 6 FLAR . Bl ML 23 Sk B 4H (miR-
NC) . miR-496 mimic 241 1 miR-496 mimic+pMIR-
mTOR 4., B Ji5 44 [ 2 G4 3770 1t B 5 1] HeLa 48 g
73 59 4 miR-NC . miR-496 mimic B¢ 3t %% miR-496
mimic 1 pMIR-mTOR .
1.3 qPCR # M miR-496 #» mTOR /& & # J& 40 42 F=
V)RR L By

{8 1 TRIzol i 71 M\ 5 2505 2H 23 i 55 4H 2 F0 &%
LM PR LR RNA, $2 J8 5 2575 qPCR AR & 150 B
Fi b AT PCRY 3, 51 WP 5 W3R 1. RIS AF R
94 °CTiAEM: 30 s, B 7 94 °C 10 5,60 °C 30 s, 3£ 40
PEIR . KA 27 22TIE 5 H B R R A X R A &
(miR-496 1] % ik L U6 N W £, mTOR % iX DA
GAPDH NN Z) , N FEAREE 3 IR

=1 51495

Tab.1 Primer sequences

Target Primer sequence

mTOR F: 5-GCTAGGTGCATTGACATACAACA-3'
R: 5-AGTGCTAGTTCACAGATAATGGC-3'
GAPDH  F:5'-TGTGGGCATCAATGGATTTGG-3'
R: 5'-ACACCATGTATTCCGGGTCAAT-3'
miR-496  F: 5-CGCTGAGTATTACATGGCCAATCTC-3'
R: 5-CTCAACTGGTGTCGTGGAGTCGGCAA
TTCAGTTGAGGAGTACCG-3'
U6 F: 5-CTCGCTTCGGCAGCACA-3'
R: 5-AACGCTTCACGAATTTGCGT-3'
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miR-496 expression

miR-496 expression

Para-cancerous Cancer miR-NC miR-496 mimic miR-NC miR-496 mimic

“P<0.01 vs miR-NC group
A: The expression of miR-496 in cervical cancer tissues was significantly lower than that in para-cancerous tissues (detected by
gqPCR); B: The expression level of miR-496 in HeLa cells was significantly increased after transfection of miR-496 mimic (detected
by qPCR); C: Overexpression of miR-496 inhibited the growth of transplanted tumors in nude mice
El1 miR-496 7£ 5 HiEH A P HFIA R Hid FiA Xt HeLa AR R B AR E KHIF0E
Fig.1 Expression of miR-496 in cervical cancer tissues and the effect of miR-496 overexpression

on the growth of HeLa cell transplanted tumors in nude mice

Position 745-751 of MTOR 3’-UTR 5> . .GUUUUCAGUGGUCAAAAUACUCU...

HERRRE
hsa-miR-496.1 3> ~ CUCUAACCGGUACAUUAUGAGU

2 miR-496 7E mTOR #J3’-UTR _E B BB LML G iL= (TargetScan HHEE UMD
Fig.2 miR-496 has a potential binding site on the 3 '-UTR of mTOR (predicted by TargetScan database)
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miR-NC miR-496 mimic

GAPDH

mTOR mRNA expression

miR-NC  miR-496 mimic
“P<0.01 vs miR-NC group
A: The targeting relationship between miR-496 and mTOR gene was verified by Dual luciferase reporter gene experiment;
B: Overexpression of miR-496 inhibited the mRNA expression of mTOR in HeLa cells (detected by qPCR);
C: Overexpression of miR-496 inhibited the protein expression of mTOR in HeLa cells (detected by WB assay)
3 miR-496 %f mTOR KI#B[E)iF1%
Fig.3 Targeted regulation of miR-496 on mTOR
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"P<0.01 vs Para-cancerous tissue group

A: The mRNA expression of mTOR in cervical cancer tissues and para-cancerous tissues was detected by qPCR; B: Positive mTOR

signal in cervical cancer tissues was detected by immunofluorescence (Green fluorescence), Scale bar=20 um; C: The protein

expression of mTOR was detected by WB assay
4 mTOR mRNA(A)FEAB.CO)EEFRELFHZESRIE
Fig.4 mTOR was highly expressed in cervical cancer tissues at both mRNA (A) and protein (B, C) levels
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Migration

Invasion

5 miR-496 1 mTOR %1 HeLa Zf0iT

miR-496

miR-496 mimic+pMIR-mTOR
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Fig.5 Effects of miR-496 and mTOR on migration and invasion of HeLa cells (Scale bar=25 pm)
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A: The levels of mTOR and Ki67 in transplanted tumor tissues in the miR-496 group were significantly reduced (detected by
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immunofluorescence, Scale bar=20 um); B: Overexpression of miR-496 inhibited the expression of mTOR in transplanted tumor tissues
(detected by WB assay)
El6 miR-496 i FiAHNHIFEAEBLE LA Ki67 K mTOR Fik
Fig.6 Overexpression of miR-496 inhibited the Ki67 and mTOR expression in transplanted tumor tissues
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