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NC F1 oe-NAPIL1 # v E40edr, FIFH CCK-8 . Transwell Fl{5 H SZEGPEAL AN e A 42447/ o 183 Western blot
ST EMT A AR E W B 35 . miR-212-3p 5 NAPIL1 B9 5 2 18 11 W% 6 K B 25 35 F1 AgO2—RIP SC23
HATIESS . &5 miR-212-3p By IA /K170 5 08 At b i 25 T M (P < 0.0001), 3335 miR-212-3p AT LA
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%57 11 (N=cadherin) ( P = 0.000861) 13 JE 2 14 ( Vimentin) (P = 0.007430) 1y 3235, T 8 T E-85 %68 14 (E-
cadherin)(P < 0.0001) 763k, miR-212-3p #0171 445 NAPIL1 A5, 1% 35 NAPILL %% T miR-212-3p %}
JB2 J5 988 40 B 5 (P < 0.0001) . IE#% (P < 0.0001) FIEMT(P < 0.000 1) B HIVEH . 58  miR-212-3p 38 1 # (7]
TR NAPLILL (Y KB4 e By 4 Mu 3G 58 . iER8F1 EMT,
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miR-212-3p Targeted Regulation of NAP1L1 Inhibits Glioma
Cell Proliferation, Migration and EMT

GUO Xiaobing, LI Xiaowen, LI Hengxi, CAO Yan, LI Ping
(Dept. of Human Anatomy and Histoembryology, School of Basic Medical Sciences ,
Kunming Medical University, Kunming Yunnan 650500, China)

[ Abstract] Objective To explore the molecular mechanism of miR-212-3p in glioma cell proliferation,
invasion and epithelial-mesenchymal transition (EMT). Methods The expression of miR-212-3p and NAP1L1
were detected by RT-qPCR in glioma cells. NC mimic, miR-212-3p mimic, o0e—NC and oe-NAP1L1 were built
and transfected in cells. CCK-8, Transwell and wound healing assay were used to evaluate the cell biological
behaviour. Western blot was used to detect the expression of EMT-related biomarkers. The relationship between miR—
212-3p and NAP1L1 was confirmed by the dual-luciferase reporter gene and AgO2—RIP assay. Results miR-212-
3p was lowly expressed in glioma cells (P < 0.0001) . miR-212-3p mimic significantly inhibited the glioma cell
proliferation (P < 0.0001), invasion (P = 0.0011) and migration ( P < 0.0001), and reduced the expression of
EMT-related biomarkers N—cadherin ( P = 0.000861) and Vimentin ( P = 0.007430), while upregulating the
expression of E—cadherin ( P < 0.0001). miR-212-3p targeted and negatively regulated the NAP1L1 expression.
Overexpression of NAP1L1 reversed the inhibitory effects of miR—212-3p on glioma cell proliferation (P < 0.0001),
migration (P < 0.0001), and EMT (P< 0.0001). Conclusion miR-212-3p inhibits the glioma cell proliferation,
migration and EMT by targeting the negative regulation of NAP1L1 expression.
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JiE 5 98 ( Glioma ) J2 i 5 B 5 UL 14) S0 4 ik Jgg
P BB B B AE T SR A 22 Jie R 4 B
FRZZRE S0, MM A, e Pk SR
A SRR FARIGIT . AT ST R RO AN E
FIMRD Wik, &I EERNIRIT AT
JE SR A T A2 4 aa bl .

MicroRNA(miRNA ) 21 Fp L8 22 nt AYE
fih RNA, 164 Rl i b R 48 LAY~ D g™ .
VWL W5E 4320, miRNA 38 12 815 4% Fh 40 i 1
RIEIFE, TEAF AR K EZEN,
A R R S AL ILBE AR A R
e, B A miR-500a-5p!”’, miR-141"® HImiR-
106a" 45 2 5 15 G 59 20 M A 35 0, 4 22 A
Toad M, E T s e i B 1 2E . miR-212-3p &2
IR LA Z A i B IR, miR-212-3p
ik &Kk AT LA il 8% DG g 400 M B L 4R a2 A i 04
TN BRI, miR-212-3p 7EI6 77 R A 2
REMLHIIE AR SEEM T o miRNA 3 12 I8 45 A [R] #0 3
PRI 38 38 00 R A AR 2 Thie, (EOR §Lh &
B, miR-212-3p if f H 42 40 1] £ % 9% MAP3K3
M3k, ARSI TR R EEE, It S R
TG AECIY S AR, BORBZ PR RE, %
INMEHBEE A 1FEHEA 1 (nucleosome assembly
protein 1-like protein 1, NAPIL1) J& 1 & 78 19 2L
FHENZ —, SHRIETZMMEAM T, (e
TR e R 22 RE S 1Y, NAPILL 7RSS
Wi v R KO- 2R3k, mBR NAPLLL o] LUAG &4 31
il 235 B 968 A0 B 1) D v A e ST HE A R
A 1) A NAPLLL 8 AT A0 i) 240 P iy 2 v 2
YIEAT R, ©ORIR T I A R g 0 e B A 1Y
Kk, A58 B 7 B B miR-212-3p fl NAP1L1
T T8 J5 968 40 e 0 1 1 AR 28 v A T BLAL,
JBE J5 96 1 i PR 12 W AR T SR AR I A RE A S
M

1 MBR5FE

1.1 Hpa5iEs

T o v A R AR AR TN R TR i S 4
(NHA, BFN60808805), A M JFJ& 4 i & H4(CL-
0087). A172(CL-0012)., LN229( CL-0578). U87
(CL-0238) FU251( CL-0237) ¥ 3K T 50 - 1 7%
AR A RA R, SR 4 i i & 10% IG 4

Ifi. & (FBS; A5669701, Thermo Fisher Scientific) ,
1% Wt (Sigma—Aldrich) FIDMEM 4 i 55 5% (Sig—
ma—Aldrich, MO, USA)#ATHFR. HHE T 5%
CO, P A MITE IR (37 C)FEFRAEN MR FR, 44
H T RE FR L 80% ~ 90% I HEA AL AR 5%
1.2 AEEER

W B AT (1 UST A1 U251 41 Ml i 1 x 10
LIV BERE RS ) 24 LA, #9%E NCmimic, miR-
0e-NC fil 0e-NAPIL1, #|
Lipofectamine 3000 i 7| ( Invitrogen, Grand Island,
NY, USA)H5 o355 ge s i g v, 2 sG]
VLI AT, TETC I PR T ™A% AT 20 i 2 e 5
Yo, GRS, EE T S 5% CO, M4 lE
(37 C)REFRMINBFE 48 h, WO 40 M A RT-
GPCR TR e 30 5 75
1.3 SEREEE PCR(RT-qPCR)#:ill

WOAR S5 T T 1 A AL 0B, 2B AR RNA $2
) J2& F) B TRIzol i 5] (Invitrogen), #XJ5 K One
Step PrimeScript miRNA ¢DNA Synthesis Kit(Takara,
Kyoto, Japan) il & , #& M) & 8 4F 20 5K
RNA S 5% 53 & 0. 8E B Ab DNA(cDNA), i) /™
#%i# 1f SYBR Green PCR Master Mix( Life Techno—
logies, CA, USA) 5 & BEAT 92 5, Jf 46
mRNA K. ZE# 43514 GAPDH #1 U6 FHVEREP
I miRNA N2, Rl ] 27480 g5 g U0 pH 3R R
Fikit, AL HTHRPTASIYIFS LR 1.
14 ZHEFIIENR

K2R W LR 24 & B9 RNA {5 8 M3l Starbase
( https://starbase.Sysu.edu.cn/)o
L5 WKAREBHREEER

B & A miR-212-3p 45 & {7 A NAPILI-
3'UTR SR B9GN] LY pGL3-Basic %%
A& ( Promega, WI, USA) ", A= il B A4 A (wild—
type, WT) A5 ER MRS Tk . W ER
Pifg 41 45 B PR RS I 350 &2 (B = K, dEsT, China) U
BA 5 K 42 o5 5 DR 40 i 5 43 4, 10000 ~ 15000
r/min Z0 3 ~ 5 min, BB #RT KR Sl
HI-B e 7528, Il g Z I aembn i€, wn
W B HOCRBEVE A NS, RLU B2 2 ki
OGBSI ARG B, RS i O R A I
RAFH RLU fEAE LU
1.6 AgO2 %I§

$ NC mimics, miR-212-3p mimic 43 5] 7% 4

212-3p mimic,


https://starbase.sysu.edu.cn/

24 EUIN RSN S

545 %

%1 PCR5|#F7

Tab.1 PCR primer sequences
A 519 J751(5-3")
miR-212-3p forward 5-GCGCGTAACAGTCTCCAGTC -3’
reverse 5"AGTGCAGGGTCCGAGGTATT -3’
U6 forward 5-CAAATTCGTGAAGCGTTCCA-3'
reverse 5-AGTGCAGGGTCCGAGGTATT-3’
NAPI1L1 forward 5-GGCAGACATTGACAACAA-3’
reverse S"“TTCCTCCGAAATCTCATC-3'
GAPDH forward 5-"TGACCACAGTCCATGCCATCAC-3’

reverse

5-CGCCTGCTTCACCACCTTCTT-3'

F4nfe, #¥F 24 h )5, FIH Magna RIP RNA i
7| & (17-700, Millipore, Burlington, MA, USA),
iz 22 A U 38 1Y i % U251 AT RIP 43
Mr. % SYBR Green PCR mix( QIAGEN) 52 i
PCR il argonaut-2 £ 1 (AGO2) 3 1gG UL TE
Y miR-212-3p /KF-; 1gG VE A FIPEXT IR
1.7 EFZERN

NAPTLT 7€ B [ 8 v 14 AR A7 55 3000 30 2o A 2R
PrognoScan [ 3k ( http://dna00.bio.kyutech.ac.jp/Pro—
gnoScan/index.html) , i & GSE4412-GPL96 %X 4l
LT NAPILL 76 B th 2B A5, BREAR 2K
74 4,
1.8 CCK-8 31§

T = RAEYH RS F R S T CCK-8
SRR G, HEAT A MG B KA . RS A
Ab B S AN 3 x 10° 4N/ 4L Y U B 43 51 1 3 Y
P 96 FLARH, 42 B0 & U B 5 61 T4
HFLRE 6 MEHE L, WERMITLRE, 57+
FEEFRWE, ARG 100 pL 40855 35005 . H
JIA 10 uL CCK-8 ¥, T 37°C #EIFHE 1 ~3 he
i BB AE 450 nm AbIN & A W G REAE
1.9 Transwell # il ZH ff {222

LA HARKY MM, RELKRE
Transwell /N (Corning , USA) 4T, 252414000
TG DMEM 55 35 58 Bk 55 4y 1 x 10° 4>/mlL.
¥ Transwell /NE 2= F 3545 150 Matrigel, SR
W 200 L 40 Mk 3 1w . IR 600 pL &
10%FBS 1Y) DMEM 40 Hi 3% 52 W 1) 24 fLAR B =,
SRR SR 24 W G5 T, Gl & SR G4 (Solarbio,
China) IIAF 40 EAT G40, TE BMEE T
(CKX53, OLYMPUS, Japan) WE4EAFL P [ & N7
BN BCR, IR S B B AT R R
THEFE.
1.10 XIREE

WOAR A AL S A, DL 2.5 x 10° /ALY

Vi B2 1 5 R WG R 24 FLAR SRS T
MIAER (37 CO)IEFRAA NI , WSS Ml A= K 5
90% LA LAY BNy, SR IO A Sk AT RIR )
A PBS ZE48 5 k1w Z R A, AR FBS
) DMEM 20 i 5557, O A PR & W icged e
S, PR IE IR B FRAE N 24 h s, FRREEET
HAMICE, RAH Image J #1750 .
111 FEBENEE 57 #7 (Western blot)

WHESHMEE, JHRRIEER, T 10%
SDS-PAGE BEHEAT 70 B3 ), 38 2ok 10 27 3 2% i 9
2% (PVDF) it | (Millipore, MA, USA)., & T#
M, A 5% BARF TR R b 2 h BEAT 5
MRS, JEVRIE A —$T, I T 4 °C vkAa
EE R, A2 REUEJEIA HRP conjugated —
Ht(1:2000, cat.no.ab205718, Abcam, UK), &
TH 1 he ML AOCEMEE AT anti-
GAPDH #i{& (1 : 1000, cat.no.ab181602, Abcam,
UK) 9 % B8, B ECL Ak % % % W 2 % (BD
Biosciences), 6% & GAGHTTIE GRS, i H]
Image J AT 45407 04T o AL T i — it
5B AF ;. Anti-N-cadherin (1 : 1000, ab76011,
Abcam, UK), Anti-E—cadherin (1 : 1000, ab40772,
Abcam, UK), Anti-Vimentin (1 : 1000, ab92547,
Abcam, UK).
L12  SitFAabE

P W B AR (8 = FrifEfi 22 (k£ 5)
T o BHE At ST K & 1 Graphpad Prism
8 SE MY, 2 A BRI e K% (Tests),
it 2 20 ) ok IR 3 7 22 73 M (One—way ANOVA)
HATT. P<0.05 A ERBAGIHEE X,

2 H#R

2.1 miR-212-3p ZERS BB M A PR ik
g, il RT-qPCR fif it 1 5 RS8R 40 i
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' miR-212-3p B mRNA ik KF, BIEw AR
JE 5 I3 4 g (normal human astrocyte, NHA)AE A X
Ml , &P miR-212-3p 7E 5 R4S (H4, A172,
LN229, U87 1 U251) HH A A 7K -1 B A
e, JUHUR UST M U251 i rh i B E (P <
0.0001), ULIE 1, [H UL 22 52 508 % 5 U8T A1l
U251 2 BRA0 M — 83 miR-212-3p 76 i 5 I
) AL

—_
W
]

=)
1

(=]
W

1

_{ H

(=}
|

Relatuve expression of miR-212-3p

NHA  H4

A172 LN229 U87 U251

1 miR-212-3p FEZ BB A PR R X
Fig. 1 Low expression of miR-212-3p in glioma cells
5 NHA At ""P<0.001.

2.2 miR-212-3p # Il B SR E 4 a1 3E ;T & A0

EMT

T B R miR—-212-3p 7E I 98 P 89 78 AL
il , ¥ NC—mimic 1 miR-212-3p mimic #% 4t &
U87 #1 U251 Zuffirh, JFH RT- qPCR 43 #rik Je i
Y, WE 2A, 5 NCAHMI, NC—mimic 2H
R TG % E X, 1 miR-212-3p mimic 41
miR-212-3p 1 K ik 7K F 1 3 F+ & (P = 0.0006),
PR EE YL R . W CCK—8 A6 I 40 g 54 58 1% 7
5 NC A, NC-mimic A% S LG %5E X,
1Ml miR-212-3p mimic 41 & F P Hl T U7 FI U251
A IEFE (P < 0.0001), VLK 2B, {778 Ff1RIJK 52
Bt — 42X, 5 NCH M NC-mimic 2 AH F ,
miR-212-3p mimic 41 2 & FEAK T 40 iR 22 66 )
(P=0.0011), WK 2c, FiEFAEESI(P<0.0001),
DL 2D, Western blot 45 %42/~ , 5 NC 241 NC-
mimic 41 Fb#, miR-212-3p mimic 41" N-cadherin
(P=0.000861) F1Vimentin( P = 0.007430) () & i5 9%
BEANE T E-cadherin R A B E FFH(P<
0.0001), UK 2E, %45 R EI it Fik miR-212-
3p # T UST Al U251 4 s 5, REBMITR,
A X EMT,
2.3 miR-212-3p #@FAE NAP1LT BRiX

F A= B 2= W %l Star Base #il T miR-
212-3p 5 NAPILL W &5 & )7 4, 45 R £ W,
NAPILI £ & miR-212-3p () 80 [a] 45 & 7 5, W

& 3A . i — 2Pl i WO R R S 5 Ag02-
RIP 53 miR-212-3p 5 NAPILI fY4E A &R, AW
PO R MR BoR,  miR-212-3p mimic 5
NAPIL1-MUT( NAPIL1% 48 #J ) | NAPILI-
WT(NAPIL1 By A 8 ) L e g i b J5, W
miR-212-3p J5 W ZMH T NAPILI-WT 244K 1 3L
B EMEPE(P<0.0001), i % NAPILI-MUT
To i E W (P=0.8386), ULIKI 3B, AgO2-RIP 4%
R, LhigG HAEMBAITEXT R, K miR-212-3p
mimic F YL 2 U251 4, Xt AgO2 A7 ey al
A immuno—purification, IP), TEULIE Ag0O2 FH
S PR RNA H Ef7 NAPILL 89 RIP I &, 3 %
ik miR-212-3p " NAPIL1 %3k Ei#(P<0.0001),
WK 3C, 25 F45 5%, miR-212-3p 5 NAPILI
Z R E AR o A A7 00 25 SR an il 3D B,
NAPIL1 75 & 9 £8 5 v B A B4y 1 10 0 45
i — 2l if RT-qPCR K il 48 ffd v NAPIL1 (1) 3%
ik, KPH NC 4 M NC-mimic HAHH, miR-212-
3p mimic 21 3 F 8 T NAPIL1 i £ KK (P<
0.0001), WK 3E. P EZEHRFE, miR-212-3p
B R E NAPILL (23K
2.4 miR-212-3p &t T8 NAP1L1 #] &l i BT 88

MpaigsE R EMT

J 7 ¥E— 2 B B miR-212-3p Fl NAPIL1 7F
Jie 5 gRE Y EARAE AL, ZEE B 0e—NC Fl oe—
NAPILL it — 0 e ge = 40 i 4, JF FIH RT-
qPCR PEAL L e if J2 A 2, WEI 4A, 5 NC 4l
AL, 0e-NC TG ITHEE L (P>0.9999), i oe—
NAPIL1 41 NAPIL1 A9 R ik K F 8 & (P <
0.0001), 2R YL, it YL gk — 20 A6
U87 1 U251 ZH s rh NAPIL1 fUFKkKFE, 5 NC
ZHH#, miR-212-3p mimic 2 B EFEAL T NAPILI
BIZRIE(P<0.0001), 5 miR-212-3p mimic ZH 4
I, miR-212-3p mimic +oe-NAP1L1 ZH NAP1L1
B 2 3k K F i 2 FH (P < 0.0001), LA 4B,
CCK-8 45 - W /%, 5 NCAHAME, miR-212-3p
mimic {22 ] 40 B3 58 (P < 0.0001), i def% Gy
oe—NAPIL1 J& i 3 {i& 1 4f i 3% 5 (P < 0.0001) ,
WK 4C, RZEMUPRLR I —LUE, miR-212-
3p mimic X} U87 Fl U251 4 ffif228 (P =0.0001) Fl
TR (P<0.0001) /#0675 H, B35 4L oe-
NAPIL1 [I%&2, {3k 7 4R 2% (P=0.0061) FliE
#(P<0.0001), VLK 4D ~4E, )5 Western blot ¥
2k B F 0 miR-212-3p mimic #H ' N—cadherin
(P < 0.0001) f1Vimentin( P = 0.004 8) i) & i5 F& 1K,
MMl E—cadherin )5 FFE (P<0.0001), [FIEEE#E
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A: miR-212-3p 5 NAPILI (&5 & 59 ;

if # 3k NAPIL1 ¥ # , miR-212-3p mimic+oe—
NAPI1L1 20 A N-cadherin( P = 0.0003) #11 Vimentin
(P=0.0224) 1 3RB W EHENN, 1M E-cadherin {938
KB EW A (P=0.011885), WK 4F, L)L 145
W], NAPILL [ T i 3Rk miR-212-3p Xf i
JEAN NS . RS A EMT A9 IR

3 iTig
AT AL, o TR 2

17 i AR 2R P M B

B: WU 2 AL 445 B0 9F miR-212-3p 5 NAPILI ([ XC % C: Ag02-
RIP Kl miR-212-3p 5 NAPIL1 3¢5 ; D: EFFZETHIM, high-risk #£7% 33 £,
E: RT—qPCR K4 NAPILI 3535 5 NC—mimic 41 14X,

low—risk FEAS 41 5], P-value=0.023500;
"P<0.001,
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1T i A B 5 5 B 2R 0B i mT LA 32 g
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