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(TN RZE I B 2 — BB e AR I 0 7T 2, 3 M 215006; 275 M K226 8 JLEE 5B, 751 215003)

fgE ZI B8 A ;}%‘iffmiR-H 8-5pat & A A2BS5T/CD1337#) A /& T 4m . (glioma stem cells,
GSCs) LB T M4 FAAZ LM Fom . 50 K K Z ZPCR(GQRT-PCR)AE W Az I 7 78 40 43 B 4m it
M miR-218-5p#y k3%, b TFAmiR-218-5pi% & 4% F £ 3A A2BS5/CD133 #9 I it 48 T 4 JLSHG-
139s, — R IR s 3. %95 3 A QRT-PCRAE MISHG-139s49 47 & #A2B5. CD133. Nestin.
PLAGL2. ALDHI1ZASOX2#4 &A% At; Transwell 5234 qRT-PCRA %, 7% 5 KA M SHG-139s 2R 2
J&7%&- & B#9(matrix metalloproteinase 9, MMP9)#9 & ik AL, 45 R R 7, miR-218-5Sp IR J& P AKK A,
L BAmiR-218-5p7T B & HEIKSHG-139s s 3k %, F) AT 8 2 A IKSHG-139s P b i F gm i dn & 4 09 &k
Transwell 23 % =, _EEmiR-218-5ptt B & 474 SHG-139s894% 22 45 /), 12 EMMPO & A % 3| 8 R 47
#). B3, miR-218-5p=T #8AF A 47 & A B £ R 98 T K AEAE R, 3 &L 69miR-218-5p~T 47 4] SHG-
139stg T I HF A HAZZEE ).
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MiR-218-5p Inhibited the Stemness Maintaining and Invasion of
A2B5"/CD133" Subgroup Human Glioma Stem Cells

Wu Zhiwu'*, Wang Hangzhou?, Li Yanyan', Li Xuetao', Sun Ting', Chen Guilin', Xie Xueshun',
Zhou Youxin'*, Du Ziwei'

('Neurosurgery and Brain & Nerve Research Laboratory, the First Affiliated Hospital of Soochow University, Suzhou 215006, China,
*The Children’s Hospital of Soochow University, Suzhou 215003, China)

Abstract The article was aimed at detecting the expression of miR-218-5p in human gliomas, and ex-
ploring its influence in stemness maintaining and invasion of A2B5"/CD133™ human glioma stem cells (SHG-
139s). qRT-PCR was used to detect miR-218-5p expression in noncancerous brain tissue, human glioma tissue,
human glioma cell lines and human glioma stem cell lines. Lentivirus vectors encoding miR-218-5p and anti-
miR-218-5p were constructed and stably transfected into A2B57/CD133  SHG-139s cells. Neurosphere formation

assay, Transwell assay, immunofluorescence and qRT-PCR analysis were used to explore the role of miR-218-
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5p in SHG-139s. qRT-PCR analysis showed that miR-218-5p expression was lower in human glioma tissues and
cells than in noncancerous brain tissue and normal human astrocyte cells, and lower in A2B5"/CD133™ (SHG-
139s) cells than in CD133" cells (SU2, U87s) cells. Immunofluorescence staining and qRT-PCR showed that
miR-218-5p reduced the expressions of stem cell markers (A2B5, nestin, PLAGL2, ALDH1, Sox2), compared to
controls; However, qRT-PCR analysis showed that upregulated miR-218-5p expression led to a decline in CD133
expression, although this result was not confirmed by immunofluorescence staining. MiR-218-5p reduced SHG-
139s cell invasiveness in Transwell assay and reduced MMP9 expression detected by qRT-PCR and immunofluo-

rescence analysis. MiR-218-5p is implicated as a tumor suppressor gene in glioma that functions by upregulating

miR-218-5p expression, which inhibits the stem cell and invasive properties of SHG-139s.
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RIVIE 55 N\ i 2 T 40 P PR 18000 T H [ ) 2 B = TR 40
J P2 SHG-139s 29 4% 5 3 4F 37 15 77 Hh 1K — R N i R
IR T 40 B AR, B FH 22 T 41 i 1% 55 2 (neural stem
cells medium, NSCM) &I 343 T4, RiEbrED)
A2B5°/CDI133"; U87s HUSTIENSCMH 1% 77 35 B () fi
Je T4, SU2EH 25 M R 2= it 8 55 —ERBe ph & 1) B
SR T RN R TRE A R S IR T A 10% 8 A 1L
[FIDMEMAIRPMI 164055 7% 51, GSCs# 7% T ZEGF
(20 ng/mL). bFGF(20 ng/mL). 1/100 N2[{/DMEM/F12
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1.3 EZEAFIFAE

91 f 15 7% IDMEMAIRPMI 164014 T 3%
Thermo’A &, DMEM/F12. N2 - 3% [E Gibco A ),
bFGF(HH M il £F 4 40 g 4= K R 7). EGF(ER B2 4 K
T F 3% EInvitrogen A &« miR-218-5p5| ¥) Fl
All-in-One ™ miRNA qRT-PCR Detection KitJlJ T
GeneCopoeia A 7 o 5 18 1 4% 5% [ 9% )t 8 SEPCRR
NARF &I T 56 [E Thermo A 7] . miR-218-3pH) 15 7%
B B IR ML FHR G IR A wl f 2 A e
— Ji: % PT ANestin, SOX2. CD133. PLAGL2.
ALDHI. MMP9(matrix metalloproteinase 9)#. 77, [%
Piik K R Pt NA2BS IgMIEF Abcam A ], £L 5% 6
ZhulESiRIEG. PR IgMIE T Thermo 22 7
1.4 ¥ERERIEMIR-218-5pHISHG-139s

FESHG-139s41 il 73 fl =5 = 4. [ 1t X /&
M\ miR-218-5pit F 1K A MmiR-218-5p T 4. ¥
SHG-139s 54 21 fitd =2y 422 b Bl 6L AR, 20 i fak 5 &2
30%~50%IN}, FH O 44 8 1 95 2530 B2 AE 1< 10° TURY
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®1 BT AR SYIqRT-PCRS 551
Table 1 The primer sequences of biomarks of glioma stem cells for qRT-PCR

TEH SFIIG —3)

Gene Primer sequence (5'—3")

CDI133 Upstream: ATT GAC TTC TTG GTG CTG TTG A
Downstream: GAT GGA GTT ACG CAG GTTTCT C

SOX2 Upstream: TGT CAA GGC AGA GAA GAGAGT G

Downstream: GCC GCC GAT GAT TGT TAT TAT

PLAGL?2

Upstream: GGG CTT GCT GACTTC TCT TCA T

Downstream: AAT CCT CTT GCC TGT CTT CTG T

ALDHI1

Upstream: CGC CAG ACT TAC CTGTCCTACT

Downstream: TCA ACA TCC TCC TTATCT CCT TCT
Nestin Upstream: CTT GCC TGC TAC CCT TGA GAC
Downstream: GTT TCC TCC CAC CCT GTG T

GAPDH

Upstream: ACC ACA GTC CAT GCC ATC AC

Downstream: TCC ACC ACC CTG TTG CTG TA

FHN 25 B, FEMOI=143 M &AL, 25 A A
J#3 B, polybrene(4~10 ng/mL)H T #& =1 0 75 1 5% G
B, ARG K6 LR B T 5 5% CO,M137 °CHE R K 77
AR IE, 8 WG il ss 77, 3~4 dIS 4R AT 9806
BAEE TS GFPRIA R
1.5 AARMAF 2 RNARIREUR EE S

3 | B AR AE I N T i SRR 2L 21 L ARS8 M
YL R B SR, N N Trizol, 503 )5 7™ #& 4% 8 Trizol
Wl 2 MRNAJE I ERNAWK . MiR-218-5pit) &
25 AR 45 All-in-One™ miRNA gRT-PCR Detection
Kiti{ 71 65 18 B 5 22K, PCRI M. 264 4: 95 °CHiAR
P£10 min; 95 °CAEPE10 s, 60 °CiB k20 s, 72 °CHEAH
10 s, f£Roche4807E T PCRAHE AT40 M E A [ N, 45
RHAT2 G b MR T4 M bR B4 () 5 B A
X F Thermo 23 7] (138 #% 5 FIPCR Je AR &, | M.
A 4: 95 °CHIAEM:10 min; 95 °CAEME10 s, 60 °CiE
k20's, 72 °CHEfH110 s, 7ERoche4805E S PCRA AT
A5G S oL, 8 AT S BT IR T 40
bR & S W ZGAPDHI 5 W) T 5 1L 1.
1.6 SHG-139s = X Bk A 72 Bk S2 36 K% Beb 788 T 48 B
PRSI RBERALEE

W55 IR AL SHG 139s B4l T BR ARt I, $4e45
FL100 At f 4 b T-24 5Lk 1, 2 w8 E AL, B 9%
14 dJE #8201 20 B P 20 Bk -2, &5 SR LASAN &
FLHPP B RT . K A8 e 5% 4L (1 SHG-139s 20 i &
Fehp T KR N4 2 S R B 8 iy b, =R T
H AR AT 5 FHPBSIEEE, 4% % 26 H I 2 L1 2 15 min,
PBSIE 1, 0.25% Triton X-100% {fi#i%ES5~15 min, PBS
VR, 5% 45 MIFBSA)E 4130 min, J1—HiiE & i
H,4 °CiII B 88 ZRFEE—PL, A 4L A5G 4,

EE T EREEIE 1 he 35 PURIE, PBSHVLSN
i J5 W T, F & DAPI(DNAZL (e 570 f 3 F 78 A, 3
LR B (Leicad 7)) F M KA HT A5 . &
LR LAFOL5REFRR, K Image VAT .
1.7 SHG-139s4Ai{R 25018

¥Matrigel i % R 1:5F R IS, 3287050 nLib2)
B T Transwell/N=E, 37 °CHF B3 ho FH55 496 hf5 1)
SHG-139s4H il F110.05%J fi§+0.02% EDTAM £, &5
05 min, 415 3% T B A0 i s LAEFL2x10°4
BeAhF Transwell/h%, F%200 uL, K= IA500 pL
E20%05 4 ML FIDMEME?; % 3. 1E5 5% CO,M
37 °CIEIR R A h Ri 7748 b/, FM& e L2/
NG, F IR T JCK R [E 230 min, FH1%45
R e S min, B ED7E B0 N BEHLE6A FLET it
B, EASHUHF I . R 4R B A BEMMPO ()
qRT-PCRAS I K 20 B G 28 2 St Ge € 757 v ) b, MMP9
SN 51 ¥ 7 5 Ei#5-CGG ACC AAG GAT ACA
GTT TGT T-3', F #%#5'-GTT CAG GGC GAG GAC
CAT AG-3'; GAPDH5| ) [ %1): | J#5'-ACC ACA
GTC CAT GCC ATC AC-3', F Ji¥5'-TCC ACC ACC
CTG TTG CTG TA-3',
1.8 Gtk

% FHSPSS 19.0%K {147 504k 43 #r, 1 2 [R) 35 5
FOACR FH R 56, 22 4 1R1 5005 20 A SR F B DR 3R 22 99
BT, P<0.05NZE 55 035 .

2 H#R
2.1 miR-218-5p7E NFAR R LA 4R . dETEMxLELR
B BS BB 4R Bk P O 3Rk

I qRT-PCRAT I 1 53451 A i iz i JRg 4121 6
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A: miR-218-5pTE i BRI AL 40 (3855 24 T AR I 40 21, AEAR 4P (Grade 1. IDIFR AR TR0 4(Grade 1M1, 1V); B: miR-218-SpfEf&
JER IR AN AR TR IR R IR B AR T IE R R AN IAR(NHA); C: miR-218-5pfE3IAA2B5*/CD133 [ISHG-139sH1 (11314 i 3 K TR IACD133 [ SU2
U87s. *P<0.05, ***P<0.001.

A: miR-218-5p expression in human glioma tissues was lower than that in noncancerous brain tissue, with higher expression in low grade groups
(Grade 1, 1I) than that in high grade groups (Grade II1, IV); B: miR-218-5p expression in human glioma cell lines was lower than that in normal human
astrocyte cells; C: miR-218-5p expression in A2B5"/CD133" cells (SHG-139s) was lower than that in CD133" glioma cell lines (SU2, U87s). *P<0.05,
***P<(0.001.

El1 qRT-PCRI&NmiR-218-5pFERR BB H LR K AR B ARG o B SRk KT
Fig.1 Relative expression of miR-218-5p in glioma tissues and cell lines determined by qRT-PCR

(A) Original Transfection (B)

Anti-miR-218-5p

MiR-218-5p

Relative expression of miR-218-5p

MiR-control
&
A A 2 (9 (GFP) RS 75 5 55 JeSHG-139s 7 A IR R A9 e 3 0%, AE S CUER A3 52 52 B 4L HISHG-139s T- 40 il £ (200%); B: H e J % 41 o
miR-218-5pWIZIEIKY, BURTFHAL P miR-218-5p i FRIE B F LTI RIE L. *#P<0.01, ***P<0.001.
A: strong fluorescence detected in transfected SHG-139s cells stably transfected the lentivirus GV159-GFP vector expressing anti-miR-218-5p, miR-218
-5p and miR-control (200%); B: the expression of miR-218-5p in different groups of SHG-139s, and it was lower in anti-miR-218-5p group than that in
miR-218-5p group. **P<0.01, ***P<0.001.

B2 REFRRFETLERBRFHISHG-139s4M

Fig.2 Successfully stable transfection of obtained SHG-139s cells with recombinant lentiviruses expressing green fluorescent protein
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51 A 987 i 2H 23 K S48 Fie )5t 988 4t B ik miR-218-5p (Y]
FTIEIKF. 45 R B IR, miR-218-5pAE 1E & i 2H 21
Tk W = T IO A (EA), HAER SN TR
1E NN AL TE 40 B AR 1800(NHA) H 1) % 55 & %
7€ % 53 0% 4 i #kUS7. U373, A172. SHG-139s
N SHG-44 () % i5(E1B). I #b, miR-218-5p1E
A2B5'/CD133 [SHG-139sH 1) 38 ik /K 7 B Lh fE &
1XCD133 U8 7s FISU24H iy H IR (I 10), 45 1 A
HRENGIM S ESR .
22 HBEMENELEE

TR R U 5% B e R, K L JE72~96 h
(A T 26 e B AU WL Skt e (M RIS
SRS, BH MR IE R ITES0% LA L (K2A). H#E—
FHQRT-PCRAS | 5% % 4 2H 41 ffd rhmiR-218-5p i 2R ik
IR, K ImiR-218-5p1E & 4 2 [A| 1 316 A B Wi 2
5, T miR-218-5pif) 31k B # K Tk R IE4H
(P<0.001)(K2B).
2.3 miR-218-5pEe BN HISHG-139s YT M 43HIE

W R B Yl 5 (1) 4% AL 40 AT — YR BRAK R j s
¥, R _EfmiR-218-5pHSHG-139s41 i ] — VU
ERER 7R B0 00 AR T 25 (A 4LR0 B P X B4, B 3
& T F imiR-218-5pH, = B I imiR-218-5p )5 GE
0 EMHISHG-139s 1) — R ER R (K3). T4 bz
& YA2B5. CDI133. Nestin. PLAGL2. ALDHI.
SOX247 4 Hd Ha 92% % J 4k 52 G €4 [ qRT-PCR ) 45
8o, it % iEmiR-218-5p i) 41 ffl 1 A2B5. Nestin.
PLAGL2. ALDHI. SOX2#)ZRiA &3 P, T4k
MR FRILEZE T . QRT-PCRSZH BoR, b iHmiR-
218-5p)5i fig 1. & BRI SHG-139s41 fi H CD 133 11 3R ik
KA T 4H A S e 45 B R, CDI1337E % X 20
HIEARARIE(P>0.05)(FE4).
2.4 miR-218-5pHNEISHG-139s 1R & 8L 1, [EIRT
FE{EMMPIEIRIA

Transwell 32 56 & B, b AmiR-218-5p J5 SHG-
139s 1] i % ik Matrigel F5 1 20 fif %5 = 0 &5 /b F R 1
4, PR i % ikmiR-218-5pfISHG-139s ] {7 2 fig
BT HZHSHG-139s 112 22 6E 7 PR (EISA) . [F]
I, qQRT-PCRA Ml % % 9 5% 5% G 4 i 7R, MMP9)
FIEAE I R IEmIR-218-5p4 th . 3 PR AR (5B K]
5C). L E4RIR, miR-218-5pi) 225 EMMPO) % ik
BRI, miR-218-5p 7] eI LA HIMMPI ) ik 1
HISHG-139s 1R ZERE 77

x
S
)

(o)
(=}
1

393
(=)
1

Number of neurospheres (SHG-139s)
N
S
1

(=)

N
&o
/Oo

Q\&

& Ry
&
A
R miR-218-5plt ik i SHG-139s T4I Bk F i & T2 A4l B
PN B 2H S miR-218-5p Fifi4H . ***P<0.001.
The number of neurospheres (SHG-139s) formed in the anti-miR-218-
5p group was significantly higher than those in the blank group, miR-

control group and miR-218-5p group. ***P<0.001.
B3 I FRERTFHmiR-218-5pfaSHG-139sZRANER AR I A
Fig.3 Sphere formation assay of SHG-139s after miR-218-5p

up-regulation and down-regulation

3 g

A 85 77 2 R it o h i B ) T e —, B
HET AT 2P 7T60RFS, 19844F, A= 15 5% H
T IR B — AR TR A MU AR SHG-44 )5, I 4F SR )
55 9% PR N e S5 988 40 M vk SHG- 139, 37 FH 4 42
T4 RE 7R HE(NSCM) T 3575 H T 41l SHG-139s,
H AR S E L NA2B5/CD133 M, AHIF 70 #iX
PR IXA2BS/CD133 (19 N\ ki JI2 5 988 T 40 e ik A 9
WF 520 5, ¥R 5fmiR-218-5p%t A2B5*/CD133 i 5t J&
T B R VAT AR . R SR T R T T H
FaiR N, AN, BT GSCsHITETE K& H i b I7
e, SR LA T A S i BRGSCs, Kk
B IR I6 R R TR A BRI R A M T E A
IGSCs™. % J51 98 T 4 e 3% 18 WiNestin. CD133,
A2BS5. Bmi-1. SOX2%5 41 e br &4, F 760N,
GSCs#FRIACD133, {H & BLE43rCD133 [ 14 41 o
FL AT GSCs 2 W 27 P21, R b 0 1 40 i 1) %
PEA AT REFEE B 5 — Flobr & 4 e T2 2 P bR
B L e, 15T a0 AR YR Rk bR BRI
A4y AN TE (40 B S0 . H AT 4T 4 A2BST/CD133"
T 20 1 S FE T TR 2D, 20084E, OgdenZ5E15) 5 4R
I T 40 i b B CD133 . A2B53% ¥ 20 48 A A%
GYIEFA Y T 2505 % e J R 2H 2R R A L, R
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A: miR-218-5pTF P A FISHG-139s 1] ?ﬂﬂ Mo br HEHICD133. SOX2. PLAGL2. ALDHI. Nestinff] & /KFEZEm T2 AA. BTEXTRA K
miR-218-5p LA, 75 BAT 41t #44P<(.001; B~G: 4l G %ot 1 I A S I8 4 MimiR-218-5p Xt SHG-139s T 41 f b 2 1k
IKF (50, T imiR-218-5p f5 SHG- 139sE’J¥M FREY(SOX2. PLAGL2. ALDHI. Nestin. A2B5)%iA B #FHmT A4 BIPEX B MmiR-
218-5p LR, (F 5P PO U 0 R miR-218-5p 31k AR A CD 133 1) 254 T0 W1 541 DAPIS Y& (9 4 A% BRIt 15 €128 6(60%)

A: qRT-PCR results showing higher expression of glioma stem cell markers (CD133, Sox2, PLAGL2, ALDHI, Nestin) in the anti-miR-218-5p group
compared with the blank and miR-control groups, and much higher expression than that in the miR-218-5p group. ***P<0.001; B~G: confocal laser
microscopy images of immunofluorescence staining confirming the results of the qRT-PCR analysis, with the exception of CD133, for which no signifi-
cant differences were detected between the groups; DAPI staining of nuclei observed as blue fluorescence (60%).

El4 SHG-139sTREH A S M T HEIREIRIRIE

Fig.4 Expression of stem cell markers in SHG-139s as stably transfected with recombinant lentiviruses
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(A) MiR-218-5p MiR-control
R4 2 EZPRY - T

B N TSR e R S N T g = RN
B R Sty i Y
AT ;\“‘\A’,yﬂ; [,..-,‘ g RS : ik

e b

SHG-139s

(B) ©

Anti-miR-218-5p

MiR-218-5p

Relative expression of MMP9

Blank

MiR-control

A: _FimiR-218-5pH) ik B 5 25 1M SHG- 139s4H Jf {112 28 6E 11 (400%); B: qRT-PCRIGI Z7R, L ifimiR-218-5p )5 SHG-139s4H il - MMPO £ ik
BT E BIVEXT IR emiR-218-5p F 4L, *##P<0.001; C: 9RO I R FEMUBIESK, L -miR-218-5p)aMMPIBOLHIA R
H AR, DAPIR 4L (20 A% BT L 35 (0 56 (60%)

A: transwell experiment showing suppressed invasive ability of SHG-139s in the miR-218-5p group compared with the other groups (400%); B: qRT-
PCR results showing lower MMP9 expression in the miR-218-5p group compared with the other groups, ***P<0.001; C: confocal laser microscopy
images of immunofluorescence staining showing lower MMP9 expression in the miR-218-5p group compared with the other groups; DAPI staining of
nuclei observed as blue fluorescence (60x) .

E5 _ETEAmiR-218-5pF3tSHG-139s1R 28 I R X E R & B EARIFKIZHFN
Fig.5 The influence of up-regulated and down-regulated miR-218-5p expression on the invasive ability and
MMP9 expression of SHG-139s

LCD133" (1) 40 fi 4= ¥ 0 & 7/EA2BS 1 48 i v, Bt
W Ji J57 9% 41 i 2> N A2BS5Y/CDI133. A2B5'/CD133 All
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