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Atorvastatin inhibits malignant behaviors and induces apoptosis in human glioma cells

by up-regulating miR-146a and inhibiting the PI3K/Akt signaling pathway
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Abstract: Objective To explore the effect of atorvastatin (AVT) on biological behaviors and the miR-146a/PI3K/Akt signaling
pathway in human glioma cells. Methods Human glioma U251 cells were treated with 8.0 umol/L AVT or transfected with a
miR-146a inhibitor or a negative control fragment (miR-146a NC) prior to AVT treatment. RT-PCR was used to detect miR-146a
expression in the cells, and the changes in cell proliferation rate, apoptosis, cell invasion and migration were detected using
MTT assay, flow cytometry, and Transwell assay. Western blotting was performed to detect the changes in cellular expressions
of proteins in the PI3K/Akt signaling pathway. Results AVT treatment for 48 h resulted in significantly increased miR-146a
expression and cell apoptosis (P<0.01) and obviously lowered the cell proliferation rate, invasion index, migration index, and
expressions of p-PI3K and p-Akt protein in U251 cells (P<0.01). Compared with AVT treatment alone, transfection with
miR-146a inhibitor prior to AVT treatment significantly reduced miR-146a expression and cell apoptosis (P<0.01), increased the
cell proliferation rate, promoted cell invasion and migration, and enhanced the expressions of p-PI3K and p-Akt proteins in
the cells (P<0.01); these effects were not observed following transfection with miR-146a NC group (P>0.05). Conclusion AVT
can inhibit the proliferation, invasion and migration and promote apoptosis of human glioma cells possibly by up-regulating
miR-146a expression and inhibiting the PI3K/Akt signaling pathway.
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IS TR S — R A i DL B A RS , 24 o5
RAEFRNIE 46% " . BIKHETA ZFMGT7 7=, (B2 AF
TETFARGIBRAYIEE LA S ML B A A B T 251
MELAFI A RO SR 00, i EURFH TUS AME. PIFE
FATT (AVT)AE g2 F NG IR T D AT 1 ) 7 e
PR 8 2 AT s BRI LA YRS 7 o BRI S EiiE
SEAVT X Z i 20, dniees 4 FUIRE AR ) &

As EH#A:2021-12-10

EETH 2R AR 4 (1908085QH334)

VEEBBN 42§, T, E-mall: cuiying197612@163.com
EEEE L, A BAEEI, BIZ0Z , E-mall: ccbbahcty@163.com

I TR 2R A B 2 R R, b AVT X
JER L) S BRI E A 2 R = A= FR M T A 1%
Y. AR AV T eSS TRl T
AVT BEfGEL T IR T2 4 ik | il
J R AR A28 . AU H R O AVT XI5 20 it
RS FMRZ2 0 BARYE FALEI AR 78 252 . miR-146a
e 5 R R A G AR 2 U AH G ) miRN A, 7T LAGE
1R Noteh | SEEZERIIHII TR AIEsgss ™ . 534h,
miR-146a REASIE LS T NR IR LB 3-J 2 10 B
(PI3K/ Akt S BT RIS AT 4L,
1M PI3K/AKt A5 54 A e BT V697 1 DG S i, 1041



- 900 - J South Med Univ, 2022, 42(6): 899-904

http://www.j-smu.com

PI3K/AKt (755 S RENE R TR A E i iz 28
A2 A 5 AVT X Jise B8 ()36 I7AF R 2 75 9 ¢ miR-
146a/PI3K/Akt 55 54 T ANTERE . I, AWFoT 408
I RSNRE IR I TR A U251, WIEE AV T fig it
45 miR- 146a/PI3K/Akt {5 5-1% T DT e 50968 4 it A=
Yr2EA T ok, IO RIS B v B (e i s e S

1 #RFA %

1.1 A4

1.1.1 zmie NSO Ani u2s1, iy [ rhRHE Lo
BEAnRELE .

1.1.2 #hael £ ZXM BFIHLAIRIT (Sigma) ; RT-PCR
FeriliaR & O NS EA R A R A R ; A TR
(BCA) IR & (LIEEE = KA AR T s 4R 103 18
H (BSA) ( B = RAEYHARNF]) s G4 1iiE (FBS)
(Gibco) ; BEME >~ (3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-
di- phenytetrazoliumromide , MTT) #1551 & (|- 76724
SRAEYFEARNTF]) ; Annexin V-FITC/PTR T-#MHR
&AL R ERHE A R T ; Transwell Kzl 7] &
(Corning) ; ¥ 44t & O METHA Y RHE A FR A ) 5
p-PBBK Hifk (Abcam) ; PI3K Hii/A (Abcam) ; p- Akt PriA
(Abcam) ; Akt P& (Abcam) ;—4i . PR B (734
ZRAEYFEARNGD s IET R =P A R
ARAFD s ISV N T EIREE A RAEDHEAR AT ;
MR CE = R F]) ;miR- 14625 [Pt 5
BT T A TR A BRA D)

1.1.3 £ &HE TWK-FST32 BIZHL AL (iR FE
i/ F]) s Microl 7R HY @2 s v R B O ML FEER QR B
F (P EYA BRA T 1; GPI9-TS100-F FU3 5 56 i 1
(Nikon) ; FC 4> [ s Z U g M pn Al [ FEER /R
Bl b E)ABR A F) 151658033 4 Hi, 7Kk {X (Bio-Rad) ;
ChemiDoc XRS'i14 £4:(Bio-Rad)

12 Fik

1.2.1 U251 gmpassse NN B 4 U251 R A
DMEM 53531535 (58 10% BG4 1003 ) , 8 T
37 °C,5% CO.MREFARMN , A REAE 4 24~48 h, A
-G IR F 90% A5 47, 0.25% 1 EREHH AL AL HH , 77 40 i
EIOPETERT L AL, TR . WA~ 24 h
MG R AP 1K

1.2.2 U251 smftss2h 500 SCm ol 44, BIX PR ZH
(Control) P FL A& AT 24 (AVT) | Bl FE A8 A 77 + % Yo
miR-146a Jo 6 F Be41 (AVT+miR- 146a NC) FlIBFEH;
AT +5% 4 miR- 146a T4 41 % 4 (AVT+miR- 146a in-
hibitor) . H:Hp VAT 24N ALK 8.0 pmol/L 11
VAT, AVT+miR-146a NCZFIAVT+miR-146a inhibitor
20 YL miR- 146a JC K F BEFI miR- 146a inhibitor 24 h

J&i A 8.0 umol/L AVT 4bFH 48 h, Control £H i if
B AN Z b2,

1.2.3 RT-PCR #il miR-146a % & K4 RNA $2HUR
FIE UL BT U251 0B RNA, F iz 45y
JECEETHAHILE RNA AV B 540 . DLRNA AR,
2 HR Wt SRR 10 P 5 0 ol Lt e S5 by B4 e D-
NA. FLLcDNA R ARYE MBI ml 5 L
() PCRG WA 15, P18 4544:92 °C 305592 °C 555
60 °C 31 s, 1731 MEH . R 7300 System SDS
Software ZMHT R , ML 274 2 {EAHNT E AEA R H K
FEHFEIRKF-. miR-146a5 [PFFI R 1 4% . F. 5'-
GGGCCCAGTGTTCAGACTAC-3'; Jz X 4% : 5'-GTG-
CAGGGTCCGAGGT-3', U6 5 [¥FHIANF « 1IF 4k .
5-CCTCACTGTCCACCTTCCA-3'; ) X4% : 5'-GGGT-
GTAAAACGCAGCTCA-3',

1.2.4 MTT#mlmie3g i % FHAE 0 B BE
M U251 FHE 96 FLAR A LA - 1 10* LA F RE A
SR I TAHSGAC B, AR R 6 N E AL, R LG 6
K EHLIMAMTT W 10 pL(5 mg/mL)4k4EH537 4 h,
LR, S R BHLINACLS0 pl () — F R
(DMSO) 523 10 min, i3 705375 , A FH B AR ORI
B AL CIE Asro ny VA BEARL 0 200 JE0 1) 38 5 17
F1o AT AR (% ) =45 Mb BRL A Asro e/ X5F FRZH As70 o
{Ex100%.

1.2.5 XampaAtem U251 e Ao F  JRE H BN L
QLRSI RN U251, N ABERRER 22 s el 4 i 2
JEPEHE R 13107/ mL; IR I HX 200 L 1 248 A BRI
TN, Z I Annexin V-FITC F1PI4%5 uL; 75
IYIRAT, ROEHRES R ROV 15 ming S ORI 4541
U251 T8O FRsise i 31k,

1.2.6 Transwell 4 M| 48 iz & fo it 45 & (F7B5LEG .
Transwell/NE (24 L, FL425.0 um) GJEFR HHECM gel
s, /NEIIA 0.5 mLINF 10 % FBS B3Rk, X} &
HOIAGE 24 4IRS, 200 nL/AL,2x 10%/L , FF4H 1% 3
ANEFL, KU H AEETE 48 h,4%M) 2 R E,
HE 48,4005 W i T BENLIEHR 5 LT AR 25 15
YHHT-248 . U251 ZHfffR 2858 =( 45 Ab 34 1= 22 40 it
Buxt IR IR ZE B < 100%., TTRSSH - A HAb
F, 1000 r/min B> 5 min, 40 FE IR BNk
BT 2440, I T T EMA SRR (EF A 10%
FBS) ,/IVaS () A H A 1x 10°4H T, f41E R /N2 i
B RRFRIETCAM, Z 58 24 FUR BT 1A R A0 N ke s
7748 h, UG ARG B IR ER S A e/ N
EFRER AN, 2R B 29 15 min, 5T 0.1%
(RIS B (o, PRIk AT, T 400 7% R ALEE T BENLIEHT
SAPREFHH AR, AR E =S AL PR AL 4



http://www.j-smu.com

J South Med Univ, 2022, 42(6): 899-904 - 901 -

Byt BRALTERSAIIEEL) < 100%.

1.2.7 Western blot#] PI3K/Akt 13 5 i@ %% & 482+ &
R WA AN ;4 “CAAIF T 24 30 min, B[] 550
5 min &% 1K BCA I & B0k 3 5 e (G R 2
FL AR 30 pg A5 EAEARER)  BEMC HL UK VR e T
5% BSA Z I EA] 2 h, W& XTI p-PI3K(1:1000),
PI3K(1:1000)p-Akt(1:1000),Akt(1:1000) L K B-actin
(1:2000) ,4 CIIR, IEE XL IFE TR —HiRalE 41
B PUAR (1:5000) 1~2 hs ¥ R$E 5 1 in TPBS P4 3
K, 5 min/RSRIG A B, A2 IR, p-PI3K A
p-Akt 8 FFRIRKT-LL H 8 5007 K5 B-actin K
FE(EAR FE R L,

1.2.8 %eitZ o4 KH SPSS20.0 4k F4 1404 , SL56:
B DB bR 22 2R, ZA BB ECR F N &
T7 2000 B SRR 31K, P<0.05 hZE A S

=\
=988

2 R
2.1 &AZmimiR-146aAa5t &k B ik

5j Control 41 HLA: , AVT 41 41ifd miR - 146a kX %1k
R EHAN(P<0.01) ; 5 AVT ZHAH ., AVT+miR- 146a
inhibitor ZH i}l miR- 146a A%} 3k B AL (P<0.01) ,
AVT+miR-146a NC 2 40 miR-146a FHXF 15 50 ik
Fk(P>0.05,18 1),

& 3.5 1 *3k
= 3.0 A
&
= 254
=
S 2.0 1
=
2 151
£ 104 #h
<
m 0.5 4 . -
0 =1 T T T
N .
co® SE S . &\'\‘o\‘o
'\Y“\ N "
qr‘)(‘o .\?\,
B X
w

Bl miR-146atAXtRIZELE

Fig.1 Comparison of relative expression levels of
miR-146a in different groups. **P<0.01 vs control
group; “P<0.01 vs AVT group.
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Fig.2 Comparison of cell proliferation rate in
different groups. **P<0.01 vs control group; “P<
0.01 vs AVT group.
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Fig.3 Comparison of cell apoptosis rate in
different groups. A: Flow cytometry for
detecting cell apoptosis. B: Quantitative analysis
of the results. **P<0.01 vs control group; “P<
0.01 vs AVT group.

J5i p-PI3K .p-Akt AT, AMMLIE A , i RS FUR 225K
B, P TR . 20 AVT BEASHE {2 #E miR-146a
TR PISK/AKt {55 , DTS2 i B SO a 200 e A 4 244 7
o DIAERFFEIESE miR-146a 7] D13 24011 PI3K/Akt
T AR RO R K RO WL T2, miR-
146a e 1 [ 4% PI3K/Aktf5 S e i HUR A& TR g
ARG S ARZERIER Y FEE O R A AR
PI3K LN 4 3'-UTR J2& miR- 146a (4 5, 111 PI3K 2K 1
AIMRNA ZER LK i Akt BB 7ESS 4 miR - 146a 5t
PLY I W SRR AR 485 RS BE A 5T L R R
miR- 146a fEE 7 15 PI3K/Akt {55 M TS 2
VTR

25 LA ARSI AT RST AVT X Ak 5 58 20
WA 2EA TR B2 SO miR-146a/PI3K/Akt {55
TRPEIIVERT, 255 5 AVT BERSHIHI A s 20
Hg ARZEALERS SR UEANAE T, HALH] S5 9445 miR-
146a/PI3K/Akt {5 S BEAHIC, DL IR Es AR SE
T AVT X e Al e B LT Re A/ E FIALE . (H
AR GAFAE—E W R PR, BDARAE IR R A58 AVT
Yo} T SR R8T BRTR Y7 AR B4 miR-146a/PI3K/Akt 114
M, FESG SRR PRl R IT AVT W R TR iR
(RSN, LIS RIET R LR 2 1 3 FHL

SE 3k

[1] Gusyatiner O, Hegi ME. Glioma epigenetics: from subclassification
to novel treatment options[J]. Semin Cancer Biol, 2018, 51(2): 50-8.

(2] TV, XABEL, & 5, 5. BEFEHAMTTHS A X O N s
FERGER A IR B RSP [T ], Hh G RZG AR 440E, 2020, 36(2):



http://www.j-smu.com J South Med Univ, 2022, 42(6): 899-904 - 903 -

A Control AVT AVT+miR-146a NC AVT+miR-146a inhibitor

i
H A
. !

B 140 C 120 7
120 7 $100
S 4 =z
< 100 Z 80
3 %01 £
Bt 60 > 60 *3k
=} *k Q i
8 40 A § 40
Na}
2 0 - T T T 0+ T ! T
» < %
00\10\ §‘ %ﬁ e Qo“\so [’tl ,‘,ﬂ ) &\{0“0
c \ o & oo
& o> o™ PRy
(‘)('6\\ $—\ P}I"X o
PS Pﬂ.«‘){(‘\ PS")(

4 HAMILTBIMEREILLE

Fig.4 Comparison of cell migration and invasion abilities of the cells in different groups (Original magnification: x400).
A: Transwell assay for assessing cell migration and invasion. B: Quantitative analysis of the migration. C: Quantitative
analysis of the invasion. **P<0.01 vs control group; “P<0.01 vs AVT group.

S
A B 0.9
f»"-ﬁ 0.8 1 s
5 0.7 4
% 0.6 1
& 0.5
Qg 0.4 1 ek
2 031
& 021
T i
— 0 . .
B-actin Al X@\Y‘\ ,\b«@\
W ™
1.0 S
0.9 i
<08 BS &AM PBK/AKE S EBIEXER
< 0.6 ik
38451: Fig.5 Expressions of PI3K/Akt signaling
2031 ok pathway-related proteins in different groups.
52 0.2 i i A: Western blotting for detection of PI3K/Akt
0.1 pathway proteins. B: Quantitative analysis of
0 5

T T ‘ p-PI3K/PI3K. C: Quantitative analysis of p-

00““0\ 2 b&mﬁc y ‘&«5\‘0‘ Akt/Akt. **P<0.01 vs control group; “P<0.01
< o _‘2\_\1&@ vs AVT group.
6\\



- 904 -

J South Med Univ, 2022, 42(6): 899-904

http://www.j-smu.com

103-5, 117.

[3] Du XS, Li DF, Wang GJ, et al. Chemoprotective effect of
atorvastatin against benzo(a)Pyrene-induced lung cancer via the
inhibition of oxidative stress and inflammatory parameters[J]. Ann
Transl Med, 2021, 9(4): 355.

[4] Marti JLG, Beckwitt CH, Clark AM, et al. Atorvastatin facilitates
chemotherapy effects in metastatic triple-negative breast cancer[J].
Br J Cancer, 2021, 125(9): 1285-98.

[5] Peng P, Wei W, Long C, et al. Atorvastatin augments temozolomide's
efficacy in glioblastoma via prenylation-dependent inhibition of
Ras signaling [J]. Biochem Biophys Res Commun, 2017, 489(3):
293-8.

[6] Oliveira KA, Dal-Cim T, Lopes FG, et al. Atorvastatin promotes
cytotoxicity and reduces migration and proliferation of human
A172 glioma cells[J]. Mol Neurobiol, 2018, 55(2): 1509-23.

(7] SEERAL AR, ik, 45 BIFTAly THmR R B A UsT itk
FARSHLHIGELT]. EFRisi 2 E2%E, 2014, 37(3): 103-8.

(8] & By, WA, WHFEINE, 5. microRNA-146a il i FoR 4n i ese
TFFELT]. BRI R A, 2011, 11(24): 4821-3.

(9] Ak, FHIUE. miR-146a 5 PISK/Akt 5 5 A HI T L RATE
PRI ], BRC e #r SRR, 2019, 26(4): 699-703.
[10] Chai C, Song LJ, Han SY, et al. microRNA-21 promotes glioma
cell proliferation and inhibits senescence and apoptosis by targeting
SPRY1 via the PTEN/PI3K/AKT signaling pathway [J]. CNS

Neurosci Ther, 2018, 24(5): 369-80.

[11]Yi YJ, Huang SY, Chen L, et al. Atorvastatin suppresses glioma
invasion and migration by reducing microglial MTI1-MMP
expression[J . J Neuroimmunol, 2013, 260(1/2): 1-8.

[12] Fromigué O, Hamidouche Z, Marie PJ. Blockade of the RhoA-JNK-
c-Jun-MMP2 cascade by atorvastatin reduces osteosarcoma cell
invasion[J]. J Biol Chem, 2008, 283(45): 30549-56.

[13] Bayat N, Ebrahimi-Barough S, Norouzi-Javidan A, et al. Anti-
inflammatory effects of atorvastatin in human glioblastoma
spheroids cultured in a three-dimensional model: possible relevance
to glioblastoma treatment[J |. Mol Neurobiol, 2018, 55(3): 2102-10.

[14] Ruff M, Kizilbash S, Buckner J. Further understanding of glioma
mechanisms of pathogenesis:

development[ J]. Expert Rev Anticancer Ther, 2020, 20(5): 355-63.

implications for therapeutic

[15] Ou A, Yung WKA, Majd N. Molecular mechanisms of treatment
resistance in glioblastomalJ]. Int J Mol Sci, 2020, 22(1): 351.

[16] Yu ZT, Liu Y, Li Y, et al. miRNA-338-3p inhibits glioma cell
proliferation and progression by targeting MYTIL [J]. Brain Res
Bull, 2022, 179: 1-12.

[17] Mishra S, Yadav T, Rani V. Exploring miRNA based approaches in
cancer diagnostics and therapeutics [J]. Crit Rev Oncol Hematol,
2016, 98: 12-23.

(18] Aast, MR 1, 2 K. miR-146a % 5 ARIRBHRIYHIFTIE
AR, 2021, 41(9): 64-70.

[19]Karthikeyan A, Gupta N, Tang C, et al. Microglial SMAD4 regulated

JE[T].

by microRNA-146a promotes migration of microglia which support
tumor progression in a glioma environment[J]. Oncotarget, 2018, 9
(38): 24950-69.

[20] Li N, Guo XY, Zhou J, et al. Atorvastatin pretreatment ameliorates
mesenchymal stem cell migration through miR-146a/CXCR4
signaling[J]. Tissue Eng Regen Med, 2021, 18(5): 863-73.

[21] Ji JW, Zhang YD, Lai YJ, et al. Mettl3 regulates the proliferation,
migration and invasion of glioma cells by inhibiting PI3K/Akt
signaling pathway [J]. Eur Rev Med Pharmacol Sci, 2020, 24(7):
3818-28.

[22] Zhang ZQ, Wang X, Xue BH, et al. Chronic stress promotes glioma
cell proliferation via the PI3K/Akt signaling pathway [J]. Oncol
Rep, 2021, 46(3): 202.

[23] Wu DH, Wang CZ. miR-155 regulates the proliferation of glioma
cells through PI3K/AKT signaling[J]. Front Neurol, 2020, 11: 297.

[24] PMIE, F IR, 4 I, %5 Notchl gfﬁ/\lﬁ%mz%ﬁéﬁ%m
9 BB FAE I T it BRI R SCLT ). PRiREZits, 2012, 34
(1): 26-30.

[25] %% B, I2EE, oK, 55, miR-146a 4% PI3K/Akt {5 58 B Lk O
TR B A T[], A=A, 2020, 31(3): 275-80.
[26] 5 7. miR-146aFlmiR-146bitit i STSSIA4 AL HURBIEN

RSB, TERENE, (BRI D], Ik JOEBRIREE, 2017.

[27] Li HX, Xie SJ, Li HZ, et al. LncRNA MALAT1 mediates proliferation
of LPS treated-articular chondrocytes by targeting the miR-146a-
PI3K/Akt/mTOR axis[J]. Life Sci, 2020, 254(4): 116801.

(G PNEA)



