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Mechanism of silymarin on malignant growth of glioma cells by regulating miR-124-3p/WEETI1 axis

LIU Ming, LIU Xipeng, LI Chun,ZHANG Xiufeng, CAO Bing, QIAO Jianxin, WANG Xue
( Department of Neurosurgery, The First Affiliated Hospital of Hebei North University , Zhangjiakou 075000, China)

Abstract Objective To investigate the impact of silymarin (SM) on the malignant growth of glioma cells and the regulatory mechanism
on the miR-124-3p/WEE1 axis. Methods Glioma U87 cells were grouped into control, SM low, medium, and high concentration groups,
and SM high concentration + miR-124-3p inhibitor group (SM high + miR-124-3p inhibitor group) . CCK-8 was used to measure the proli-
feration rate of cells; Transwell® assay was applied to assay the migration and invasion of cells;cell cycle progression was detected by flow
cytometry ; Western blotting was applied to measure the expression of cyclin D1 and apoptosis-related proteins ; the levels of miR-124-3p
and WEEI mRNA were determined by qRT-PCR;and a luciferase activity test was applied to verify the targeting relationship between
miR-124-3p and WEET ;in addition, the establishment, administration,and analysis of a NOD/SCID mouse model of intracranial trans-
planted tumor were conducted. Results  Compared with the control group,the cell proliferation, the numbers of migrating and invading
cells, the expression of cyclin D1,and the level of WEET mRNA in the various SM treatment groups decreased , the number of cells in Gy/G,
phase, the expression of cleaved caspase-8,cleaved caspase-9,cleaved caspase-3 and miR-124-3p increased (P < 0.05) ;furthermore,
transfection of miR-124-3p inhibitor reversed the inhibitory effect of SM on the malignant behavior of glioma cells. In vivo experiments
with mice showed that the weights and volumes of tumors in the SM treatment group were lower than those in the model group (P < 0.05),
and there was no discernible change in the weight of the mice (P > 0.05) . Conclusion SM can inhibit the malignant growth of glioma
cells by upregulating miR-124-3p and downregulating WEE1.
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12.6  SZH}5E B PCR (quantitative real-time polyme-
rase chain reaction, qRT-PCR) K5 Il 4 }fg " miR-124-
3pMIWEE] mRNAZ Ik : S £E 25 2H 4 Jifd, HITRIzol 4
HUSRNA L FFH — 2 8 qRT-PCRIRK 77 6 B i 52 10 4
% :2 x SYBR Green Mix 12.5 pL,enzyme 1 pL, [
W 141 L, RNABIHR T wL, #h7K 2225 pL, 95 CTiit
P30 5,95 CAEME10 5,60 “CiE k30 s,40 MG,
miR-124-3pLAU6 N2, WEETLIGAPDH N NS, 2K
FH27* 2k T B mRNAAH X 36 15 . PCRB| 4 17 41
W :miR-124-3p, 1IE[A],5”-GGGTATTGAGGAAGGT
GTT-3", JZ [i],5 -CAGTGCGTGTCGTGGAGT-3" U6,
1E 17,5’ -GAGCCACAGCGTAACG-3", J2 [f],5°-CTA
GCACATAGTACACG-3" ;WEEL, 1F [],5”-GCTTGC
CCTCACAGTGGTATG-3", )2 In],5”-CCGAGGTAATCT
ACCCGTCTGA-3" ;GAPDH, IE[[],5 -GGTCTCCTCT
GACTTCAACA-3’, & [1],5"-GCCAAATTCGTTGTCA
TAC-3" .
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BLP R Beddi A 2 YOG R WS B p-mirGLO Y, 73
B BT A= T (WEET-WT) FIZ2E25 % (WEET-MUT)
J R BFmiR-124-3p mimicHImiR-124-3p mimic-NC
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PENOD/SCID/IN B, [ 78 7 AR A b A& vh
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FEBEALPEIES FH AR B /IS BRUVE A X BREH , SMIGB YT 20 /)N
BT IRSM (25 m/ke, SU/JED) 1, R 700 20 Lok B £ 14
T SR A PR K SRS d o AR WM BRL A
FREARBEFNAT N o SEHG 25 o N, BRI S b 7 /1N B

W /N BUPRE IS, 7 BIIRCHS i g 20 2Pk o, 5 R e b
R R AR (a) FRAEAR (b)), THEE g 1A AR
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1.3 Geiteao i

K HlGraphPad Prism 8.0X 44748 112% 53 #r o it
HORER Hx £ s8R 241 HLER, 45 5 2655 0, R
e K56 22 41 ) LU HCR FH B IR 2R 05 22 90 H, P
ST AR IISNK-qRk, P < 0.05H 25 AT 52
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2.1 SNUGTZH LS5 I 1 1) 5

5% HRZEURH L, SMAN [7] ¥ J 2 440 i Fry 185 58 3% 1
T REAR, HLE R KA (P < 0.05) 5 5SM ik i
ZHAH L, SME +miR-124-3p inhibitorZH 4H Ji 4 54 58 1%
P TR (P<0.05) JILEEL,

R1 HAFPMAHEETFEMNE (x+s)
Tab.1 Proliferation activity of cells in each group (x +s)

Group Proliferation activity (%)
Control 98.37 +2.23
Low concentration SM 71.65 +2.18"
Medium concentration SM 5491+ 1.64"7
High concentration SM 28.76 + 1.37"2"Y
High SM+miR-124-3p inhibitor 82.19 +2.06"

1) compared with control group,P < 0.05;2) compared with low concen-
tration SM group,P < 0.05;3) compared with medium concentration SM

group, P < 0.05;4) compared with high concentration SM group, P < 0.05.

2.2 SMXTAHMLTRS AU Z2RE 1 (0 52

55X HRZEAR LY, SMUA [m] Ve J32 20 20 U 3 7% F = 28
B AR, B2 RO (P < 0.05) 5 5SM ik
JE £ M FL , SMT +miR-124-3p inhibitorZH 2 i1 1T 5% 1
LR T (P <0.05), WLIE 22,
2.3 SNUX A 90 5 0

5 BT L, SMOAS [] ¥k B2 21 G o/ G 1 4t i 2
Th =1, SHNG,/MEH A1 L B EAR, HLE 55 B AR (P <
0.05) ; 5 SME VR B 4141 HE , SM{R5 +miR-124-3p inhibi-
tor2H Go/G S 4 it 11 53 B3 A, SHNG/MUD 4 it £ Tt
= (P<0.05), WLE2 3,
2.4 SMXT4HAIH cyelin D1 P T-AH G 11 By 20

5% BRZH A LU, SMUAS [m] & J32 2H 41 ifd P eyelin D1
22 IKFEA, cleaved caspase-8 .cleaved caspase-9 . cleaved
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Medium High High SM+miR-124-3p

Control Low concentration SM X . C e
concentration SM concentration SM inhibitor

Migration

Invasion
B1 FHEMETIHNEENES HRERE x200
Fig.1 The ability of migration and invasion of cells in each group Crystal violet stain x 200
#2 BAMEKTIBIEZRE (xxs)
Tab.2 The number of migration and invasion cells in each group (x +s)
Group Migration number Invasion number
Control 214.26 +8.21 159.67 + 6.32
Low concentration SM 18273 +8.1" 128.43 +5.77"
Medium concentration SM 167.42 +7.83"7 102.84 +5.61"7
High concentration SM 139.17 £ 7.54"2"% 81.59 + 543"
High SM+miR-124-3p inhibitor 196.39 + 8.06"* 14273 + 624"

1) compared with control group, P < 0.05; 2) compared with low concentration SM group, P < 0.05; 3) compared with medium concentration SM group, P <

0.05;4) compared with high concentration SM group, P < 0.05.

1000
600 800 <00 1200 600
5 £ 600 £ g 900 g
”E 400 E E 600 é 435 400
E _g 400 £ 40 E 600 E] -
F 200 = 200 3 0 S 300 3
0 0 0 0 0
0 40 80 120 160 0 30 60 90 120 0 20 40 60 80 100 0 20 40 60 80 100 120 0 40 80 120 160
Pl intensity A Pl intensity Pl intensity Pl intensity D Pl intensity

A, control group; B, low concentration SM group; C, medium concentration SM group; D, high concentration SM group; E, high SM+miR-124-3p inhibitor

group.
E2 R ARG NS A E NI
Fig.2 Detection of cell cycle changes in each group by flow cytometry
R3 ZAMRAREHMNMEBRENE x£s, %)
Tab.3 Percentage of cells in different cycles in each group (x +s, %)
Group Gy/G, S G,/M

Control 38.94+2.16 35.70 + 1.89 2536+ 1.37
Low concentration SM 57.61 =2.24" 2484 +1.57" 17.52 £1.23"
Medium concentration SM 69.72 +2.37"? 17.35+1.26"? 12.93 +0.98"?
High concentration SM 83.46 +2.68"2"" 10.23 £0.87"2 6.31 057"
High SM+miR-124-3p inhibitor 46.73 227" 30.57 = 1.64" 2270 +1.21"%

1) compared with control group, P < 0.05;2) compared with low concentration SM group, P < 0.05;3) compared with medium concentration SM group, P <

0.05;4) compared with high concentration SM group, P < 0.05.

caspase-37¢ I TH &, H I S50 AR #s (P < 0.05) 5 I eyelin D1FRIATHE , cleaved caspase-8 . cleaved
55SME e B A0 AH L, SME +miR-1 24-3p inhibitorf caspase-9 . cleaved caspase-37 ik Bk (P < 0.05) . Ul
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EI3FIF4,
2.5 SMXfmiR-124-3pMWEE 1 i mRNA L (15217
55X BRZH AR LL , SMAS [] e J32 40 40 A i miR-124-
3pFe ik Tt i, WEET mRNAZE 35 [ AIG, H 324 5 5] &
HEHIE (P < 0.05) 5 5 SMys: v J 20 4 L, SMizi+miR-
124-3p inhibitorZH 4H S AiYmiR-124-3pF2 ik F& A, WEET
mRNAFKIETHE (P<0.05) LS.
2.6 miR-124-3pFIWEE 12 [i1] iy # i] 5 2
ENCORI4) #1 &% P, miR-124-3p 5 WEE 17 7 #
) 455 (VL PO G B W A B S 25 2R s 7%
PWEEL-WT) , 255 Y miR-124-3p mimic1) 40 A7
DECER T b AR T FS JemiR-124-3p mimic-NC

1 2 3 4 5

Cyclin D1 WS S ———
Cleaved caspase-8 | M. S—__—_ SN0 S
Cleaved caspase-9 W A D Y s
Cleaved caspase-3  SG_. S S D SR

GAPDH = WS SN SHED S S

1, control group;2,low concentration SM group; 3, medium concentration
SM group;4,high concentration SM group;5,high SM+miR-124-3p in-
hibitor group.
E3 &AMAfcyclin DIRATHEXERRIE
Fig.3 Expression of cyclin D1 and apoptosis-related proteins in
cells of each group

*®4 EZEBHFcyclin DIRATHEAEANHEINRIEE (X +5)

Tab.4 Relative expression of cyclin D1 and apoptosis-related proteins in cells of each group (x +s)

Group Cyelin D1 Cleaved caspase-8 Cleaved caspase-9 Cleaved caspasec-3
Control 1.03 +0.07 0.96  0.06 1.01 £0.05 0.97 +0.05
Low concentration SM 0.82 +0.06" 1.24 £0.08" 1.28 £0.09" 1.19 £ 0.06"
Medium concentration SM 0.65 +0.04"? 1.43 £0.10"? 1.52£0.11"? 1.37 £0.08"?
High concentration SM 0.46 + 0.02">"Y 1.61+0.11"2"Y 1.69 +0.12"2"Y 1.58 +0.10">"Y
High SM+miR-124-3p inhibitor 0.94 +0.06" 1.08 £0.07" 1.10 £ 0.08" 1.06 + 0.06"

1) compared with control group, P < 0.05;2) compared with low concentration SM group, P < 0.05;3) compared with medium concentration SM group, P <

0.05;4) compared with high concentration SM group, P < 0.05.

R5 HAMMEHFMIR-124-3pFIWEET mRNAMEXRILE (X +s)
Tab.5 The relative expression of miR-124-3p and WEE7T mRNA in cells of each group (x +s)

Group miR-124-3p WEEI
Control 0.98 = 0.06 1.01+0.06

Low concentration SM 1.26 +0.08" 0.75 £ 0.04"
Medium concentration SM 1.43 +0.09"? 0.57 +0.03"?
High concentration SM 1.62£0.11"2Y 0.32 +0.02"2"%
High SM+miR-124-3p inhibitor 1.17 £0.08" 0.86 +0.05"

1) compared with control group, P < 0.05;2) compared with low concentration SM group, P < 0.05;3) compared with medium concentration SM group, P <

0.05;4) compared with high concentration SM group, P < 0.05.

FI4H I (P < 0.05), i Y WEE1-MUTJ , 257 JtmiR-

124-3p mimicHY 20 il 5 5% JimiR-124-3p mimic-NC

F1%) 200 Jf A X 5 o 28 il I 1 G B 3 22 5% (P> 0.05)

L4,

2.7 SN ST JRA RS /)N B P g A/ IN ) i)
5506 HEZH AR Eb , AR 20 FISMZ /N BR A AR i 1 T

BEES (P>0.05) ; SV AL, SMZ i i) i
AR RS 28/ (P < 0.05) L ILIKIS .36,

3 itig
i Jo g S HP A A 22 ZR G d i LI D PR e
2 1 P e R A T R R PR, AR
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WEEI 5° -UCUGUGGAGGUAUIIKI;(III:?[IJG-3 )
miR-124-3p 3°.CCGUAAGUGGCGCACGGAAU-5" A

15 mm miRk-124-3p mimic-NC
e miR-124-3p mimic

1.0

0.5

Relative luciferase activity

0.0
WEEI-MUT B

WEEI-WT
A, prediction of targeted binding sequence of miR-124-3p and WEE! by
ENCORI analysis; B, double luciferase reporter gene experiment verified
the targeting relationship between miR-124-3p and WEEI. *compared
with WEE1-WT+miR-124-3p mimic-NC, P < 0.05.
B4 miR-124-3p 5WEETHISEE X &
Fig.4 Targeting relationship between miR-124-3p and WEE1

E5 &E/NRMENERKERITLL

Fig.5 Comparison of tumor growth of mice in each group

PRAH I BTG 7 5 X 4R i AR AR
SM i 25 HIAE K "R b i, HATRE LR BTk .
FUMR PR g R ML )
2 I B 240 Y 9 240 B 46 BRI RS, AR S G TR 4
HIFET ABIFTE R B, 55008 R AH L, SMZH 1Y) 240 i 4
BEIG PR TR FMR 22 RE ) 35 2 AR, BN SMBE %
OV 2 Jo o 240 M A S 5 RS AR 28

20 S — > e B R A A, T PR
A B ALY UL AR 2 cyelin DU A%
20 10 A I Go/G 300 8 S B £ 1, A T 1) 2 AL il
HRZ O T T — T S R P PR
A T A A R PP M AE T, 6 T 2R B A 1Y
YT bR Py TR B 0 U T
ISR SN R AR AN PRI R AR AN R IR iR AR
1, caspase-85C H P , B I 5 1 A T TG I B B 5 T
TR M 8 % F R AR A 7, caspase-9 Filcaspase-38
BT AR 45 R R SMALG/G U 4 I 5
Jin, SEIAIG /MBI R E kD, Heyelin DIZIA LT
Xt B8 2, cleaved caspase-8 .cleaved caspase-9 .cleaved
caspase-37 1A i X B . R FHSM AR e 57 928 44 i
AR T Go/G W, I8 12 i caspase-8 .caspase- 9 |
caspase-3175 A0 MEJH T, DT i 52 g 1 A e o

FENGEANE IR 1 A2 LE AU T, miRNA SR
FERFEXFHE, miR-124-3pn] i@ 1 #[5] F HCREB3
SN AR TR AN AP T  WEE L
SEANME A SR T, HERA S 2R

*6 FHNMREREBREEHMEHERKER (=5, xxs)

Tab.6 The body weight of mice in each group and the growth of tumors in vivo (n =5, x=s)

Group Body weight (g) Tumor weight (g) Tumor volume (mm®)
Control 2293 +1.92 0£0 0+0
Model 2547 +2.13 1.84+2.13 891.47 +2.13
SM treatment 23.62+1.86 0.35+0.02" 287.92 +7.68"

1) compared with model group, P < 0.05.

(MG TE AT G, WG 220 B T ERT @ ) S WEELZS &4
PRI S5 2 PR A B R AR R B, R
BELHAH FE , SMAL A 0 miR-124-3pF ik I, WEE]
mRNAZIR I, 2R SMATE HEmiR-124-3p ik, i)
HIWEE1ZR ik i — 2 % YemiR-124-3p inhibitor)7 ,
SUXT B2 J5 96 4 LA T R B il PRt | [ g

WEET mRNAZK - T+ . ENCORIZ BT A28 & il
A5 F P SR — 2P B8 UF T miR-124-3pFIWEELZ.
) 7 A0 o) G 2R o DT U, I SIVOX Jg Joit 8 % T ) 41
HIVE 2 FimiR-124-3p f 48 18] F T WEE152
BREY

ARHIFFE K JE o9 RS A 22 /0N LA PN 5 A e
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JeR A RGO, 25 5 & B, SMBE RS I il e 1 2B
BAS S /)N B AR S5 2 3 BH SMA 4100 e o g 7 14
WY&, HEA RAFIIN 321

25 b ik, SMAJ 3 i 4 #EmiR-124-3p/ WEE 1
0] R T 96 240 B P e P A A o AR BT 9 3 Ao AR P A1 5
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