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Effects of over—expression of IncRNA ZNF674—AS1 on proliferation, invasion and migration of U87 glioma cells

DING Meng, WANG Hong—juan, Zhou Jie, GAO Qiang. Department of Neurosurgery, Qingdao Central Hospital Affiliated to Qingdao
University, Qingdao 266042, China

[Abstract] Objective To investigate the effect of over— expression of IncRNA ZNF674— AS1 on proliferation, invasion and
migration of U87 glioma cells. Methods The expression levels of IncRNA ZNF674-AS1 were detected by RT-PCR in normal astrocytes
(HA1800) and glioma cells (A172, U251, U87, U373). ZNF674-AS1 mimics were transfected into U87 cells to up—regulate expression of
IncRNA ZNF674- AS1, with negative sequence as control. Cell proliferation was detected by CCKS8 assay, and cell invasion and
migration were detected by Transwell assay. IncRNA ZNF674—AS1 target genes were predicted by Starbase software and verified by dual
luciferase reporter gene assay. Results Compared with normal astrocytes (HA1800), the expression levels of IncRNA ZNF674-ASI in
glioma cells (A172, U251, U87, and U373) were significantly decreased (P<0.05), and the expression level of IncRNA ZNF674-AS1 in
U7 cells was the lowest. Over—expression of IncRNA ZNF674~AS1 significantly inhibited the proliferation, invasion and migration of
U87 cells (P<0.05). Starbase software predicted that IncRNA ZNF674—AS1 had a binding site with the sex determining region Y—box
protein 9 (SOX9) gene, and the double luciferase reporter gene experiment showed that SOX9 gene was the target gene of IncRNA
ZNF674- AS1. Over— expression of IncRNA ZNF674- AS1 combined with silence expression of SOX9 significantly enhanced the
proliferation, invasion and migration of U87 cells (P<0.05). Conclusions The expression of IncRNA ZNF674-AS1 is down—regulated in
glioma, which may promote the proliferation, invasion and migration of glioma cells by down—regulating expression of SOX9 gene.

[Key words] Glioma; long non—coding RNA; ZNF674-AS1; Cell proliferation; Cell invasion; Cell migration; SOX9

e TR 2 P A LR TR, o RR S T
ARUTER RIS AR A7 S 2R 9T (HRIRYT
BORASANBIAE . FAI, BB 1 R b i A

doi:10.13798/j.1ssn.1009—153X.2022.10.012

Ve AL : 266042 ILIART &, 7 B R W I 77 5 i PP IR e 2250
BT W1 ELRJH s )

WIES & 3%, E—mail: gaogiang0139@sina.com

BB . T 4E R, K 8E JE 4 6% RNA (long chain
noncoding RNA, IncRNA ) 7 Ji Ji 988 & 5 MLl 19 1
FHZ 2 B B AL, IncRNA ZNF674-AS1 &4k
IR IncRNA, 7EE /N il 982" | R g = 0
FEE IR RSN R AR . AR R,
IncRNA ZNF674-AS1 £ ik i I L 4L b ik 338, I
H 5 TG A T ARHAE L M AR, ADF
5573 HT IncRNA ZNF674-AS1 X} it 5 8 4 i 1 7 4=



—838—

FF I R A 22 AR 5 2022 4 10 H 45 27 4545 1080] Chin J Clin Neurosurg, October 2022, Vol. 27, No. 10

AR IR
1 RS

1.1 mie 5K A 1B 2P 40 (HA1800) Fl K
JFRE AR (A172. U251, U87 . U373) I T rh BB | it
S22 5 DMEM £ 35 3 iR 24 1l 7 A i VL R e s
YR B A0 A FR A 7 5 LipofectamineTM 2000 257 14
F 3% [# Sigma /A A ; ZNF674— AS1 mimics . ZNF674—
AS1 inhibitor.SOX9 siRNA #J i1 I Gene Pharma 2
A TP AL 5 B F b A5 i R A k55 4 1
T HE RS RAEYHARA R ) 5 5O sl & &
2XSYBR Green PCR Mastermix {7 & W4 F 3¢ [ Sig-
ma 2\ 7] ; CCK8 4 it #5371 &5 &2 Transwell /)N
T LA A YR A BR A ]

1.2 g s EH RIP 540 (HA1800 ) F K 5T
AU (A172,U251.,U87 ,U373) B F & 10% i 2F 1.
H 1 DMEM $5 77 Be b 15 55 B KAl — Ik, =K
BR—IK,

1.3 RT-PCR # M| IncRNA ZNF674-AS1 % i& K -F
W A172, U251, U87. U373, HA1800 41 it , fin A
TRIzol X FIH2 B RNA , 3 3 52 5% 5 3B cDNA , Bifi
Ji P il R & A TR I, # 4R A0 BR e B 7
BB IEAT, 2722929154 IncRNA ZNF674-AS1
X E R E . 51751 IncRNA ZNF674-AS1 |7
5'-GGCGATCATACTGGGAGATG-3", T i 5'~TGT-
GATTCAAGTTGGGGTCA-3"; & U6 L1 5'-CAT-
GTACGTTGCTATCCAGGC-3", T i 5'- CTCCTTA-
ATGTCACGCACGAT-3',,

L4 fmpnth Jefa 20 KGR UST AR T 6 L
M, 25 BE R 5Sx10°AN /Lo iRl & BE K 80%H , 44
M8 LipofectamineTM 2000 X 71] 5t B 5 7% 4% [ 14 X it
¥ 51 1 ZNF674—AS1 mimics (¥ EE 47 100 nmol/L) , %
BN CON 4 \ZNF674-AS1 i k4 .

1.5 @mpa3g st /7 4 m H CCK-8 3R &l 4n g
Tk o B Ye AN TR] SORE 1) J5JRE UST 41 it 8% 5% 24
h, BN EEFRFLAS AN 10 wl CCK-8 X7 . FHEEAR UK
W 450 nm AW EREEE

1.6 @ g4z & F= 3L 45 58 /7 ) [ FH Transwell 525
K 2 f A2 22 FE S . iE AL 5L - 7F Transwell 1F 58
M B2 SX10 40, % HPIA 600 wl 584
FREL KR 24 W, FP R JEE TG 40 L O 14647 0.1%
45 Y0 20 min, s BB I B, 1R4E
SIS A U A Matrigel BE /N, = AFITA
510", 15597 48 h, HA P BR R A% S50

1.7 IncRNAZNF674—AS1 3+ SOX9 8 3= 4F F 69 35 4E
R TargetScan YR E % B IncRNA ZNF674-AS1 5
PR B XY HEZE 1 9 (sex—determining region Y
boxprotein 9, SOX9) JE A B AN A 1 f . WL
B SR A A ) OE R . A SOX9 S
PR B A= 89 3~ UTR 9 ZR R A 25 K BURL plncRNA -
Wt 5& 48 [ F7 plncRNA—Mut, ¥ plncRNA- Wit
pIncRNA-Mut 5 ZNF674— AS1 mimics F1 X B8 5 k7
pIncRNA-Reporter 245 4L UST i fifd , 4% Y 24 h J5 i
A 100 wL PLB 2k . 2 BB 2 MR 45 56
A 0 350 A ' R WS 1 . Stk — 2P B AIE In-
cRNA ZNF674-AS1 %} SOX9 JE A (1) 1 2 18 1, %5 FH
PEXT HE 41 (NC 41 ) L ZNF674—AS1 mimics (ZNF674
2l ) #l1 ZNF674—AS1 inhibitor (ZNF674—AS1 inhibitor
21 ) o3 G 22 UST 4, A5 SOX9 mRNA /K-,
1.8 IncRNA ZNF674-AS1 i i SOX9 A B 3t i /i /3
e ¥ IH | AF £ Ao i A5 69 % v N I IE IncRNA
ZNF674-AS1 i 11 SOX9 Ft PRI X} 15 7 4 i 4 7 A=
ZE IR (A T, X5 UST 40 M 43 59 76 e B 1k ot 1R
(CON 41 ) .ZNF674—AS1 mimics (ZNF674-AS1 11 3
ik 4 ) . ZNF674— AS1 mimics + SOX9 7T 2k Ji ki
(ZNF674— AS1 1 3K +SOX9 YL Bk 4l ) . Bl 5 M
CCK—8 LA I 210 i 54 5 . Transwell 525646 4 it 2
TR .

1.9 %t ik N SPSS 20.0 BAFALBE ; HHHEBOR
Phaxs 27 , R B 207 22 93 BT F1 LSD—¢ ki 5 P<
0.05 Ky 22 A et Lo

2 % 7

2.1 &R J #m A2 IncRNA ZNF674-AS1 89 % % 5 IE
W IE IR A (HA1800) FLAS, I I Jd 4 i (A 172
U251.,U87.U373)IncRNA ZNF674—-AS1 i) 2 ik /K F
Y] R (P<0.05, &1 1) 5 DU o Jed 4 el v, UST
Yl IR KA

2.2 IncRNA ZNF674-AS1 %t i Jfi 9 tm L 38 70 A2 % .
EA G Frh LU UST AT IncRNA ZNF674-AS1 3£
ik, B S B0 UST 4H M MG A 47 2% LiER (P<0.05;
l2),

2.3 IncRNA ZNF674-AS1 3+ SOX9 £ A & 78 34k B
Starbase X {F i i 7~ IncRNA ZNF674-AS1 5 SOX9
FERA GG (E 3A) o RS 2 i 45 58 A 52
I 4E R BN, I IncRNA ZNF674-AS1 %35, B i
P11 plncRNA- Wt 51 RL 9% 5t 2 il 1 1 (P<0.05; &
3B); PLER IncRNA ZNF674-AS1 F ik, I BF i 1 aim H



P I R A 22 AR 2 2022 4F 10 H 45 27 445 103 Chin J Clin Neurosurg, October 2022, Vol. 27, No. 10 -839-

i 1 (P<0.05; K1 3B) o HJ2, I8 8T #K IncRNA

ZNF674-AS1 FikFF AT plncRNA-Mut JFOb: 76 1.5

Z W P (P>0.05; 81 3B) . -4 UST 4 it IncRNA T
ZNF674-AS1 35 , W] W FEAIR UST 4 il SOX9 mRNA 5
F 3K IK - (P<0.05; 8] 3C) 5 T Bk UST 4 il IncRNA 1.04

ZNF674- AS1 2 3k, W) B & T+ &5 U87 41 Jifi SOX9
mRNA kK- (P<0.05; K 3C) .
2.4 IncRNA ZNF674-AS1 & %) 8 45 SOX9 3 % R /&

BB
e e A

ZNF674-AS1 X} %Kik K

- *
R R R et 8 Y 8 UST 40 In- 059k
cRNA ZNF674-AS1 235 , B @40 ] UST 20 i 34 5 | :
1RZERIT R (P<0.05, K 4) ; 174 IncRNA ZNF674- ;
AS1 F A MY A HITER SOX9 JE [FI 435 , BH i 145 US7 0.0-E= f
YfEEE R AR (P<0.05, 1K 4) %
RN 0";\
31t i
IncRNA & —25 K FE 1T 200 nt (3EZi A% RNA, B 1 EF 2K e (HA1800) A= Ik 7 4m ML (A172.
HASE R EHEII6ES . 5% M, IncRNA 7] fE 2 U251.U87.U373)IncRNA ZNF674-AS1 #) ik KT

We RN 53T Aoy JEM R R 5 MATSO0AR A (56, P05

A B C D
5 16 2.5- 60
% *
X Lo = < 2
R s I 5 <
E 14 :5% S ~ =
= s & 2
< e = 2 r':é
< 05 :: 2 = =
@ : § = g
N 0,04 s

B

B2 IncRNA ZNF674-AS1 it & ik x4 UST m 3§ 78 1% % it A5 69 %l
5 CON 2848 BRI, * P<0.05

A B 1w c

* E@ CON
SOXOWT 5 GAUAUGAACACUAACACACUCCC... 8 EE3 ZNFET4-AST
RN

B3 ZNFET4-AS1 inhibitor
ZNF&T4-AS1 3'... GUUUGUGGUAACAGUGUGAGGU

W AW

SOXIMT 5. GAUAUGAACACUAACUGUGAGGC...

SOX9 mRNA L kAT

AU

B 3 IncRNA ZNF674-AS1 32k B 547
A. Starbase 2 TR 2 7 IncRNA ZNF674-AS1 5 SOX9 7 45 &% 5. 5 B. M6 B 28 B 92 3h A ) 3¢k & B 7& 14 ; C. RT-
PCR #:i SOX9 mRNA & i 7K F ; 55 CON 41 1t 4%, * P<0.05



—840—

FF I R A 22 AR 5 2022 4 10 H 45 27 4545 1080] Chin J Clin Neurosurg, October 2022, Vol. 27, No. 10

B
604
% -
8 3
= 2
= =

C
50_

*#
~ 404 &
S
&

o
jy)
2
oy

B4 IncRNA ZNF674—-AS1 iE F ik ¥e @4 SOXO SR 73 4m ReL 3G 38 42 % A= 2 45 69 % w0

5 CON#h b4, * P<0.05; 5 it & A 20 F 42, # P<0.05

AR EZAE , IF B BT 2 W 69T RS IPAG
A BEEME"", IncRNA ZNF674-AS1 {7 T 4L {4 {4
Xp11.23, FEAE/INAH M it IR i ) S8
JHF 448 B 3 IR 2R 3K, AT BB AR S R 3 Rk $E AE
o LuanZ7% 3 IncRNA ZNF674-AS1 755 B9 rh
RERGE B A 2B M AT AE

ARG RIN, 5 IEH B I B4 i (HA1800) L
B, S R 40 M9 (A172, U251, U87., U373) IncRNA
ZNF674-AS1 B FIAIKFH R R, T — 240
BT IncRNA ZNF674—AS1 19 A= 9 2= ML, B AT Rz H
UST 4 iy, % L AN [m) i ks i 47 1 98 5 T 2K IncRNA
ZNF674-AS1 K35, 45 R, LI IncRNA ZNF674-
AST, B W il UST 41 MU 34 7E 1R 28 iE R . UL
IncRNA ZNF674-AS1 76 S Hml Be1E S i 3 [
FHEEAVERT . SOXO JE K 5 i 56 R ), i
FEIR ] LAVE T TR AN IG5, R SR R Rk 2
V5 e B AR ML R T, T S I gm A e, FR
1 Starbase FAF T 7R IncRNA ZNF674-AS1 5
SOXO i [H A5 25 A7 5 5 W98 6 28 B 4 S 36 F 52
SOX9 £ IncRNA ZNF674-AS1 XF SOX9 [rHL AL

M2, E IR IncRNA ZNF674-AS1 SR % ik,
A g I ) R SOX O FEPR e 3k , Ml a2k e Jo e 4 it
HE AR

(&% k]
[1] Cao M, Li H, Sun D, et al. Cancer burden of major cancers

in China: a need for sustainable actions [J]. Cancer Commun

(Lond), 2020, 40(5): 205-210.

[2] Chae Y, Roh J, Kim W. The roles played by long non—
coding RNAs in glioma resistance [J]. Int J] Mol Seci, 2021,
22(13): 6834.

[3] He X, Qi Y, Zhang X, et al. Current landscape of tumor—
derived exosomal ncRNAs in glioma progression, detection,
and drug resistance [J]. Cell Death Dis, 2021, 12(12): 1145.

[4] Liu Y, Huang R, Xie D, et al. ZNF674— AS1 antagonizes
miR-423-3p to induce GO/G1 cell cycle arrest in non—
small cell lung cancer cells [J]. Cell Mol Biol Lett, 2021, 26
(1): 6.

[5] Le F, Li HM, Lv QL, et al. IncRNA ZNF674-AS1 inhibits
the migration, invasion and epithelial- mesenchymal
transition of thyroid cancer cells by modulating the miR-
181a/SOCS4 axis [J]. Mol Cell Endocrinol, 2022, 544:
111551.

(6] WAF, ¥ 3,5k 75,5 IncRNA ZNF674-AS1 it id
miR-510-5p/REPS2 il 45 5 505 41 it HCCO4 114 5 il
TR R R R kR, 2021, 28 1168-1173.

[7] Luan F, Chen W, Chen M, et al. An autophagy-related long
non—coding RNA signature for glioma [J]. FEBS Open Bio,
2019, 9(4): 653-667.

[8] Zhao N, Zhang J, Zhao Q, et al. Mechanisms of long non—
coding RNAs in biological characteristics and aerobic
glycolysis of glioma [J]. Int ] Mol Sci, 2021, 22(20): 11179.

[9] Ali T, Grote P. Beyond the RNA~- dependent function of
LncRNA genes [J]. Elife, 2020, 9: e60583.

[10] 5kH . KRR 5 RNA 5 B kAR R e itk
JE[)]. 1195 B2 ,2022,48(1) :93-97.

(F 5 847 50)



P I R A 22 AR 2 2022 4F 10 H 45 27 445 103 Chin J Clin Neurosurg, October 2022, Vol. 27, No. 10

~847-

tion and apoptosis of gastric cancer cells through the Akt—
mTOR pathway [J]. FEBS Open Bio, 2020, 10(8): 1542—
1549.

[9] Kaistha BP, Honstein T, Miiller V, et al. Key role of dual

specificity kinase TTK in proliferation and survival of pan—

creatic cancer cells [J]. Br J Cancer, 2014, 111(9): 1780-

1787.

[10] Chandler BC, Moubadder L, Ritter CL, et al. TTK inhibition
radiosensitizes basal- like breast cancer through impaired
homologous recombination [J]. J Clin Invest, 2020, 130(2):
958-973.

[11] Zhang H, Yao W, Zhang M, et al. TTK inhibitor promotes
radiosensitivity of liver cancer cells through p21 [J]. Bio—
chem Biophys Res Commun, 2021, 550: 84-91.

[12] Chen S, Wang J, Wang L, et al. Silencing TTK expression
inhibits the proliferation and progression of prostate cancer
[J]. Exp Cell Res, 2019, 385(1): 111669.

[13] Zhang N, Wei P, Gong A, et al. FoxM1 promotes 3-catenin
nuclear localization and controls Wnt target—gene expres—
sion and glioma tumorigenesis [J]. Cancer Cell, 2011, 20(4):
427-442.

[14] Wang J, Yang T, Xu G, et al. Cyclin—dependent kinase 2
promotes tumor proliferation and induces radio resistance
in glioblastoma [J]. Transl Oncol, 2016, 9(6): 548-556.

[15] Wang Q, Hu B, Hu X, et al. Tumor evolution of glioma—

intrinsic gene expression subtypes associates with immuno—

logical changes in the microenvironment [J]. Cancer Cell,

2017, 32(1): 42-56.

[16] Payne AW, Pant DK, Pan TC, et al. Ceramide kinase

promotes tumor cell survival and mammary tumor recurr—

ence [J]. Cancer Res, 2014, 74(21): 6352-6363.

[17] Liang XD, Dai YC, Li ZY, et al. Expression and function

R o

)

analysis of mitotic checkpoint genes identifies TTK as a
potential therapeutic target for human hepatocellular carci-
noma [J]. PLoS One, 2014, 9(6): e97739.

[18] Pachis ST, Kops GJPL. Leader of the SAC: molecular
mechanisms of Mps1/TTK regulation in mitosis [J]. Open
Biol, 2018, 8(8): 180109.

[19] Karoulia Z, Gavathiotis E, Poulikakos Pl. New perspectives
for targeting RAF kinase in human cancer [J]. Nat Rev
Cancer, 2017, 17(11): 676-691.

[20] Markham A, Keam SJ. Selumetinib: first approval [J]. Drugs,
2020, 80(9): 931-937.

[21] Stratford JK, Yan F, Hill RA, et al. Genetic and pharmaco—
logical inhibition of TTK impairs pancreatic cancer cell line
growth by inducing lethal chromosomal instability [J]. PLoS
One, 2017, 12(4): e0174863.

[22] Uitdehaag JCM, de Man J, Willemsen—Seegers N, et al. Tar—
get residence time— guided optimization on TTK kinase
results in inhibitors with potent anti- proliferative activity
[J]. J Mol Biol, 2017, 429(14): 2211-2230.

[23] Schulze VK, Klar U, Kosemund D, et al. Treating cancer by
spindle assembly checkpoint abrogation: discovery of two
clinical candidates, BAY 1161909 and BAY 1217389,
targeting MPSI kinase [J]. ] Med Chem, 2020, 63(15):
8025-8042.

[24] Chen S, Wang Y, Ni C, et al. HLF/miR-132/TTK axis regu—
lates cell proliferation, metastasis and radiosensitivity of
glioma cells [J]. Biomed Pharmacother, 2016, 83: 898-904.

[25] Wang J, Xie Y, Bai X, et al. Targeting dual specificity pro—
tein kinase TTK attenuates tumorigenesis of glioblastoma
[J]. Oncotarget, 2018, 9(3): 3081-3088.

(2022-03-20 it , 2022-07-19 & [1])

oA A I LI L L Y

(455 840 11)

[11] Momtazmanesh S, Rezaei N. Long non— coding RNAs in
diagnosis, treatment, prognosis, and progression of glioma:
a state— of— the— art review [J]. Front Oncol, 2021, 11:
712786.

[12] Chen S, Deng X, Sheng H, et al. Noncoding RNAs in pediat—
ric brain tumors: molecular functions and pathological
implications [J]. Mol Ther Nucleic Acids, 2021, 26: 417-
431.

[13] Zhang L., He T, Yan Y, et al. Expression and clinical signifi—

cance of the novel long noncoding RNA ZNF674- AS1 in
human hepatocellular carcinoma [J]. Biomed Res Int, 2016,
2016: 3608914.

[14] PeP A, X AL, Vi, SOXO 7E e v iy F 5 ik
[J]. i A B 24223k, 2021,33(2) : 111-116.

[15] Sun Y, Jing Y, Zhang Y. Serum IncRNA-ANRIL and SOX9
expression levels in glioma patients and their relationship
with poor prognosis [J]. World J Surg Oncol, 2021, 19(1):
287.

(2022-07-27 Wit , 2022-08-26 & [1])



