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HWE  ZLE AR K IESARNA((LncRNA) FGD5 R L RNA1( FGD5-AS1)#A4% 4# /)N RNA-
3163(miR-3163)/7E & ax 4F 4 i A K B F42 518 B F 2(CNPY2) 40T s I it 78 2m e 3G 78 = ) T 49
#9%. qRT-PCRAM|EF 2 BRIT t0 e Ao R & 4a e, U87. LN229. U251% LncRNA FGD5-ASI.
miR-3163. CNPY2 mRNAX X & ; %5 US74m At 4 3t P& (NC)2. sh-NC4HL. sh-FGD5-ASI4H. sh-
FGD5-AS1+anti-NC4E. sh-FGD5-AS1+anti-miR-316328. miR-NCZHL. miR-3163 mimicZL. miR-
3163 mimic+OE-NC#8. miR-3163 mimic+OE-CNPY24R, @ 1T 5,14 pk, 52 3o Fo i X 2a i K 55 3 A
M 4@ fleL 3 78 A= B 1 SL ; Western blotAa ] m i, CNPY2. 4@t Bl 1% & DI1(CCNDI1). Bel-248% X
&8 (Bax)#) £ A ; RNA%IZ LU (RIP)Fe 238 St & B 52 3040 ) LncRNA FGDS-AS1. miR-3163.
CNPY2/j¥ed) % % . 5 Ew 2 MEIR iRk, LncRNA FGD5-AS1. CNPY2 mRNA %1% & /£ U87.
LN229. U251#mfie s %%, miR-3163 kA2 £U87. LN229. U2514me+ 2 FEK(P<0.05), £
T UST4mfRL Y Z 4547 TALA H R A BA R ; 5 sh-NCZLK miR-NCZLAR b | sh-FGD5-AS140 3, miR-3163
mimicZl & E T R EVAA CNPY2F CCNDI & & R X TR EHIK, AT F, BaxEAO AL ER
F I+ 5 (P<0.05); 5 sh-FGD5-AS1+anti-NC#H 3%, miR-3163 mimic+OE-NCZE48 bt , sh-FGD5-AS1+anti-
miR-316328 KX miR-3163 mimic+OE-CNPY248 & 5% s 3k & vA A CNPY2. CCND1%& & %:k2 2 %
5, AT, Bax®& @ KA F R E K (P<0.05); RIPE IS AR 5% 04 B 52 303 & ¥ miR-3163 5
LncRNA FGD5-AS1. CNPY2#4 ¥ % % (P<0.05). U4 LncRNA FGD5-AS1+ i 1T _EAmiR-3163
Eak, #t i ¥e8) TR CNPY2& K, A 494 I G 95 4m a3 3 ARt A =,
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The Effects of FGD5-AS1 on the Proliferation and Apoptosis
of Glioma Cells by Regulating the miR-3163/CNPY2 Axis
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Abstract This study aims to investigate the effects of the LncRNA (long non-coding RNA) FGD5-AS1
(FGDS5 antisense RNA 1) on the proliferation and apoptosis of glioma cells by regulating the miR-3163 (microR-
NA-3163)/CNPY?2 (canopy FGF signaling regulator 2) axis. The expression levels of LncRNA FGD5-AS1, miR-
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3163, and CNPY2 mRNA in normal human astrocytes and glioma cells (U87, LN229, U251) were detected by qRT-
PCR. U87 cells were divided into the following groups: control (NC) group, sh-NC group, sh-FGD5-AS1 group,
sh-FGD5-AS1+anti-NC group, sh-FGD5-AS1+anti-miR-3163 group, miR-NC group, miR-3163 mimic group,
miR-3163 mimic+OE-NC group, and miR-3163 mimic+OE-CNPY2 group. Cell proliferation and apoptosis were
assessed by colony formation assay and flow cytometry, respectively. The protein expression levels of CNPY2,
CCND1, and Bax were measured by Western blot. The targeting relationships among LncRNA FGD5-AS1, miR-
3163, and CNPY2 were verified by RIP (RNA immunoprecipitation) and dual-luciferase reporter assays. Compared
with normal human astrocytes, the expression levels of LncRNA FGD5-AS1 and CNPY2 mRNA were significantly
increased in U87, LN229, and U251 cells, while miR-3163 expression was significantly decreased (P<0.05).
Among these, U87 cells showed the most pronounced changes in all three indicators. Compared with the sh-NC
group or miR-NC group, the sh-FGD5-AS1 group or miR-3163 mimic group exhibited significantly reduced colony
formation numbers and CNPY?2 and CCNDI protein expression levels, along with significantly increased apoptosis
rates and Bax protein expression levels (P<0.05). Compared with the sh-FGD5-AS1+anti-NC group or miR-3163
mimic+OE-NC group, the sh-FGD5-AS1+anti-miR-3163 group or miR-3163 mimic+OE-CNPY2 group showed
significantly increased colony formation numbers and CNPY2 and CCNDI1 protein expression levels, as well as
significantly decreased apoptosis rates and Bax protein expression levels (P<0.05). RIP and dual-luciferase reporter
assays confirmed the targeting relationships between miR-3163 and LncRNA FGDS5-AS1, as well as between miR-
3163 and CNPY2 (P<0.05). Knockdown of LncRNA FGD5-AS1 can inhibit glioma cell proliferation and promote
apoptosis by upregulating miR-3163 and downregulating CNPY2.

Keywords  glioma; LncRNA FGD5-AS1; miR-3163/CNPY?2 axis; proliferation; apoptosis
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g t% RNA(long non-coding RNA, LncRNA)EN—3&
HERRWBAE W01, O 22 5%
PR A R R 2 PR R I AR W I AR SR T
—B4E H, LncRNAGH R HORG 0 (1 I 2 0k 4%, 78
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37N RNA-3163(microRNA-3163, miR-3163)72& B4 i
IR ARSI/ NRNA, I 5 ) EmRNAZ H £
PR R R R RS, FRTFIR T, S5IEE 4
HLL, 7645 B w4 o miR-3163 %1k & W3 PRI,
T % 7 B AL 2% 201 1% 173 A(family with sequence
similarity 201 member A, FAM201A)A[iEid_F I miR-
316352 I [m] 425 25 W i e # AH O TR 1 (metastasis-
associated in colon cancer 1, MACCI)3i%k , MM
TR A S T, IR s AT UMY W R
AT e AR AE K K715 5 TR 15 A F-2(canopy FGF sig-
naling regulator 2, CNPY?2)/& 6 JZ K kI — A, TE 2 Fh
M ZRIE, Z 52 KN R 1)
AERFAT RN AERRA BRI, L miR-30e-
3p AL IS A R A CNPY240 I 20 B3G5, JF 02t H A
T, AHTF 7 T HIZ: starBase B4 T & 31, miR-
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31635 LncRNA FGD5-AS1H1 CNPY23A 4778 45 & r
R RIS EE T DU RS FR IR, HEMLncRNA FGD5-AS1
AJ FE I I 1% miR-3163/CNPY 2178 i i J5 988 o J it
R REER . Rk, AT S E R 7T LncRNA
FGD5-AS17E i [ ot 988 Hh 1) B A A FH LA o

1 MRER*E
1.1 LIG4AAE

NI US7(F25 - HT-X1726). LN229(1%
5 HTX2762). U251(H% 5 : HT-X1725) A M IEH N A
TR B 2 (normal human astrocyte, NHA)(5¢ 5 : HT-
X2408)¥)0 R T AR RV RHA TR AR .
1.2 FEIR

LncRNA FGD5-AS1F#LJi ¥i (sh-FGD5-AS1)
Jef B8 (sh-NC). LncRNA FGD5-AS1Hf4: /58 4x Y
(FGD5-AS1-WT/MUT) i ¥« miR-3163#5484%) (miR-
3163 mimic) &%} (miR-NC). /% X miR-3163(anti-
miR-3163) K& Xt B (anti-NC). CNPY2id %15 i ki
(OE-CNPY2) & %} 8 (OE-NC). CNPY2UWH: /5845 7Y
(CNPY2-WT/MUT)Jsi ki35 B AR T AP TAE (i )i
WA BR AT A R RNAFREUR & (525 XY0232)1
H A ER AR R A A, miRNA K )
& (555 11148ES10)0 H 38 EAEMRH (Bl )t
BRRAT] 5 38 M R SRR & (B 5 - RRO92A)HH
TaKaRa/A 7 ; %6 E EPCRIRFA & (F2 5 QPO78)I
W EFER A PR A7 ; Annexin V-FITC/PLXU L4 7
TR & (585 : KGA1102)I HIT 7593404
RIS A PR AT ; CNPY2. 4005 14 1 D1(cyclin
D1, CCND1). Bcl-2/12% X5 H (Bax)s GAPDH—J1
K HRPHRIC I —HL (175 : 66173-1-Ig. 60186-1-Ig-.
60267-1-Ig. 60004-1-Ig. SA00001-1)4 [ EIX =& 4
MIEARE PR 7] 5 X3 B A I & (BT
BTN130595-NFO)Jt H b3 7 BSR IR A R A A ;

RNAHE JTIE (RNA immunoprecipitation, RIP)i 7 &
(35 : BesS10D)WH T MAB ARG R A .
1.3 qRT-PCRELG

1 AR 3 AN B 75 1 40 i R SR IS RNA, £
NanoDrop 43 7 B T E Daso/Dasof L, HiA RNAZEE
J&i, KRG T IR e 5 A ilicDNA. B, A#E 2
6 E BPCRIAFIEAEABI 75005 SZIN %¢ ) & B PCR £
4t AT qQRT-PCRY 14 (S MifA %2 10 uL SYBR Green
Master Mix. 2 pL cDNARAR A F RS54 0.4 pL,
NddH-0%220 pL. ¥ 3H4FE7: 95 °CHAR 42 min; fifif5
95 °CAZME15 s, 60 °CIEK/ZEfH30 s, d0MEIR), SLIG
KR H eGP, LAU6SK GAPDHIE NN S
FLIR, @I 2 YT H IR R AR X RIA K
1.4 ZRAEtESR R eEA0 IR

HLUS74H A LA 2 103/ 1L 1) 2 P& F b T 85 F= LA
BT 37 °C. 5% CO,MH IR B FRA4R i A 77 . 85
TR WA ARE 2~3 K BE 4 1 R 4 7R L, 2 D) 52 4T it
ARIRE . A K % 80%IL A TERT, 497
W, TN 0.25% 0 2 1l -EDTAW AL, 137 °CigL
2 1~2 min, 7R W52 2 48 A2 5 it v iy 37 B
TINET 10%16 45 M35 1 58 4= 55 7R 1 TE AL, AT il
P LT BV S 4% 13 AR AR B3R AR KRS
R 2 4RI T I S SEIR T 7T o B A KRS BRI
UST4H 4 Nt i (NC)4H . sh-NC4H. sh-FGD5-AS|
41, sh-FGD5-AS1+anti-NCZ. sh-FGD5-AS1-+anti-
miR-3163%H. miR-NCZH. miR-3163 mimicZH. miR-
3163 mimic+OE-NCZH.. miR-3163 mimic+OE-CNPY2
o HLYLRT 24 h, B USTANRE LA 2x10%/FL Ik %5 B e
T oFLb AL g R AN ML A A B 70%~80%
% Lipofectamine 3000%% 44711t B 151 & 4% e B
EW ¥ R 1290 5k -5 P3000RFIHE [F I Opti-
MEMR: 75 | [F]I K Lipofectamine 3000171 #i
F-Opti-MEM$; F: 3L f o 5 LR AU R IR A,

%1 ¢RT-PCR3|#575
Table 1 qRT-PCR primer sequences

A EFSIH(5'—3")

Gene Forward primer (5'—3")

SR B8 —3")

Reverse primer (5'—3")

LncRNA FGD5-AS1 TCATGC CTG TAATCC CAG CA
miR-3163 GCC GAG TAT AAAATG AGG GCA
CNPY2 CAAACT ACA GGT CCCAGG ATA G

U6 CTC GCT TCG GCA GCA CAT ATA CT
GAPDH CTG GGC TACACT GAG CACC

TCT GCC TCC CGA GTT CAAAT
CTCAAC TGG TGT CGT GGA

CAC AGG AAA CTA CAT CTC CCA
ACG CTT CAC GAATTT GCG TGT C
AAG TGG TCG TTG AGG GCAATG
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FIRIFE 15 min, LUEREERE &Y. 5 AR
IINGHHAL A, BB S, e jv6 hia S oA i 5o 4
FE R BRNCHAN, HooR % 2H 355 YL AR B TURL 48 h
S AN B LAEAT Ji5 A o
1.5 FEPERZ A SCIe A N 4HRaETEF N

520 U874 M LUAH [R5 5 (1} 10%/4L)#F T 641
B, £37 °C 5% COMF T HRFEEFR 147, IR B
48~72 hEE M 1 OB iEf 5 7R L DA YR RFE FR LR . 5557
Z b )5, SR 1 mL 4% 58 % T =56 [ 7 20~30 min,
il 52 SE e, #5258 e i, FIPBSYRR2IK, FHK2 min,
BE G REFLANAS00 pL 0.1%45 S e taiil, T =it
Jett,20~30 min. YL TERE , 7R YL, HIIKSE
B 2 RYEL, HRETSUEW. KR E & T
IR & F SRR T, e e {5 B T B I S A i
1.6 RIVHHBEARIENLHAR TR

FAUSTANMZ i T- 37 °CiHAk ), WedE4n iR
2, T4 °Cy 1000 r/mini0»5 min, 3F B, T
A HIPBSYEERAIMI 1K, FHX T4 °C. 1000 r/minC»
5 min. 3 FEJ5, H 1x Annexin V&5 & 25K H &
YHH, VHEEA RS E 1} 10%/mL . SR R IRIK
S5 pL Annexin V-FITC, =& Fi¥ & 15 min; 25
IS uL PIE, T = E I E S min, B4R
Ja SERI BRI o d i A B AR 734, LA Annexin
V-FITC'/PI N F- AV -4l M, Annexin V-FITC/PI" N
WS T/ R BE AR B, T B T FR (R )
1.7 Western blot£3 M CNPY2, CCND1,
BaxEHRIAE

FHUSCEE I 220 USTAN ML M RIPAZL SR % i 24
fRFIREUA R H, JFAESDS-PAGE B H. 2 )G, ¥
‘B 23| PVDFE L, ¥4 PVDFE & T3 5% a4
W TBSTH AR, T =R FRIR LB 1~2 he ¥k
J&i, #£4 °C K 5CNPY2.CCNDI.Bax—#1(1:1 0007 F)
WENR . ZJ5, FIHRPARICH) — i (1:2 000 )=
R E 2 he f)5, BT ECLRGMEE A%, I
f i Image R A AL 2% K A
1.8 LncRNA FGD5-AS1. miR-3163. CNPY2%RE
BB s

RIPSEES : 7 S67E RIPAF 22 il b AL BRAH i,
R JE IR S R . B b3S AGO241 Ak
SO0 B IgGHUIAR LS & I L ER LASER S e Uy, Hidk
1TqRT-PCR}M T -

BUR N F SIS : AR AE S miR-3163 HAb &5
AL 5 ) FGD5-AS1/CNPY2BF A B (WT) bz Hoxt
RAZR (MUT)JF A, 430 5i B 22 pmirGLO#K 25 # 44k
wi. [fJ5, %8 Lipofectamine 3000%% YL 7135 W 4
AT ILEE e FEFLINN 500 ngf 25 BRI (FGDS-AS1-
WT/MUTE; CNPY2-WT/MUT) /% 50 nmol/L miR-
3163 mimicEimiR-NC, ¥4I 43 7| # £ T-50 pL Opti-
MEMH: 7R ; 5 H1.5 uL Lipofectamine 3000%4
150 puL Opti-MEMH . K —#HRAEHE G, =i
5 E 15~20 minf¥ S G551, KB mA 4
MafLH, BRI, k6 hig AR e AR5 7R
W dREEEE7R48 hig, 77 BRI, FPBSTRG4N
1R BALIIA100 pnLEfEZE MR, T HIMEIR F3R
fif 15 min. WCHEZLARIR, T BEXUE e 2R BgAS I 3K 771
UL, 152 DhREBEAR B 2 R R A3 1Ak
YR 7 " KRS 2 T 1 5 0 W 0 SRR 1
DL HROE RS A N S
1.9 Zitoh

X JH GraphPad Prism 9.0%K {45 B #4743 47,
K F Shapiro-WilkeA 56 et AT IEAS /- ik 46, ik
MIEZS 73 AT T & BB IR A P S E AR A 22 (Xts) o
bl DR L vavi LIS [l | 2ot 50 i BORC SNPN | N s i
1T 2 A H 8L, SR Levene: 3 Bud 77 22 51 1
TR, J7 2555 I B 3F — 20 W 9 LU BCR FH SNK-g
5. H{P<0.050, ZREA g7 E .

2 H#R
2.1 ERERELMAED LncRNA FGD5-AS1. miR-
3163, CNPY2 mRNARILE
5 NHAAMIEL, LncRNA FGD5-AS1. CNPY2
mRNAFRIEEA UST. LN229. U251 & & T,
miR-3163F% A & /F US7. LN229. U251 2 EE(K
(P<0.05), Hrh U874 —fabr b sh NI .
HARE RN .
2.2 EifELncRNA FGD5-AS1%miR-3163H952 0
sh-NC# 5 NCZHAH L, 412+ LncRNA FGDS5-
AS1.miR-31635& 1A & J6 B A2 10 (P>0.05); Lsh-NC
AL, sh-FGDS5-AS1ZH 41 i -F LncRNA FGDS-
ASIFRIEE R ZERL, miR-3163KEREE &
(P<0.05); sh-FGD5-AS1+anti-miR-316341 5 sh-
FGDS5-AS1+anti-NCZHAH L, 4Hff2H LncRNA FGDS5-
AS1FRIE T B (P>0.05), miR-3163FK 1A &
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Fig.1 Expression levels of LncRNA FGD5-AS1, miR-3163, and CNPY2 mRNA in various glioma cells
Hl NC group I sh-NC group Bl sh-FGD5-ASI group
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B2 &ZLAUST4AFLncRNA FGD5-AS1, miR-3163%IAE
Fig.2 Expression levels of LncRNA FGD5-AS1 and miR-3163 in U87 cells of each group

2 K (P<0.05), BARZEF L2,
2.3 Eif% LncRNA FGD5-AS1%f US74RAfIETE |
BATHIR N

ENCHALL, sh-NCHEFR LB HRFET:
RIITERA B2 57 (P>0.05); 5 sh-NC41#HEL, sh-FGD5-
ASTHAEETE AR B G, E T R EET S
(P<0.05); 5 sh-FGD5-AS1+anti-NCZHL Al Et., sh-FGD5-
ASl-+anti-miR-31632H S 75 T BB i Wl 35 T 1y , 4 i
T2 3R I TR (P<0.05), HLAARZE R L34,
2.4 BEFFLncRNA FGD5-AS1XTUS7ZRAFRCNPY2,
CCND1., BaxZERFTIAEHIFNY

sh-NCAL 5NCALFH L, i HFCNPY2. CCNDI1.
Bax £ [ 3R 1A 8 JC I 2 % 7 (P>0.05); sh-FGD5-AS1
15 sh-NCHLAH L, 41 CNPY2. CCNDIEHFE

kR RK, BaxE HRIEE B E T 5 (P<0.05);
sh-FGD5-AS1+anti-miR-316341 5 sh-FGD5-AS 1 +anti-
NCZHLAEL, 40irHCNPY2. CCNDI1E A F L E R %
Ft 5, Bax i H#RIA & 2 & [FK(P<0.05), BARZ R
K5,
2.5 3 FRiZmiR-3163% CNPY2HI 8N
ENCHAMEL, miR-NCAL4H g miR-3163.
CNPY2 mRNARIA &I U] E % 57 (P>0.05);5 miR-
NCZ AL, miR-3163 mimicZL 40 I+ miR-3163
FiLBEEFETHE, CNPY2 mRNA R L& &% FEAC
(P<0.05); 5 miR-3163 mimic+OE-NCZLA Et., miR-
3163 mimic+OE-CNPY 24040 g F miR-3163 R IA &=
T 5484k (P>0.05), CNPY2 mRNAE ik & 5T+
=1(P<0.05), HARLE L W6,
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Fig.3 Clone formation assay for detecting the proliferation ability of U87 cells in each group
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El4 SRR & AUSTAUETER
Fig.4 Flow cytometry detection of U87 cell apoptosis in each group
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A: NCZH; B: sh-NC#4; C: sh-FGD5-AS14H; D: sh-FGD5-AS1+anti-NC4H; E: sh-FGD5-AS1+anti-miR-3163%H.. n=6, *P<0.05.
A: NC group; B: sh-NC group; C: sh-FGD5-AS1 group; D: sh-FGD5-AS1+anti-NC group; E: sh-FGD5-AS+anti-miR-3163 group. n=6, *P<0.05.
[El5 Western blotSEIi 8 % ¢HUS7TAEAEF CNPY2. CCND1. BaxZEBRIXIER
Fig.5 Western blot assay was used to detect the expression of CNPY2, CCND1, and Bax proteins in U87 cells of each group
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Fig.6 Expression levels of miR-3163 and CNPY2 mRNA in U87 cells of each group
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Fig.7 Clone formation experiment detected the proliferation ability of U87 cells in each group
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Fig.8 Flow cytometry detection of U87 cell apoptosis in each group
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Fig.9 Western blot detected the expression of CNPY2, CCND1 and Bax proteins in U87 cells of each group
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Fig.10 Specific binding sites of miR-3163 with LncRNA FGD5-AS1 and CNPY2
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Fig.11 Validation of the targeting relationships among LncRNA FGD5-AS1, miR-3163, and CNPY2
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Fig.12 Clone formation assay for detecting the proliferation ability of LN229 cells in each group
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Fig.13 Flow cytometry detection of apoptosis in LN229 cells in each group
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Fig.14 Western blot assay for detecting CNPY2 protein expression in LN229 cells of each group
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