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WE. B# 1) FEZF1-AS1 11 miR-130a-5p/CCND1 AR #ElE /N1 MU i (NSCLC) & SR 4 FHLEl . 3k FIFH TCGA %L
i3 HT FEZF1-AS1 7ENSCLC 563k , qRT-PCR K&l HAE NSCLC #2H 41 59554141 L K2 NSCLC 4 il & P 9538 , 31 bt
H S REER R . R B ZEFI FEZF1-AS1 5 hsa-miR-130a-5p FY45 40 5 Lk ) hsa-miR-130a-5p 5 CCNDI1 fZ5 &7
S CCK8 L B AL 86 RS2  Transwell SCH K FEZF1-AS1 hsa-miR-130a-5p X il 4l 1054 (522 R
BRI 5 SIS 2 BEHR 75 S2 0 560 IE FEZF 1-AS 15 hsa-miR-130a-5p ) & hsa-miR-130a-5p 5 CCND1 #EE 454 45 H1299 \H358
4% M 4% K si-NC 4 . si-FEZF1-AS1 £ . si-FEZF1-AS1+NC inhibitor ZH . si-FEZF1-AS1+hsa-miR-130a-5p inhibitor 41 , Jii /I
Western blot % 1ll CCND1 ff1 45 [ 335 7K - , Wi FEZF 1-AS1/hsa-miR-130a-5p /& 7538 43 ceRNA HLii| 4% 7 CCND1 3£ 35 .
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H K, FEH1299 H358 il g 7 Hh A 2k &b 1 348 5 (P<0.05) ; il FEZF 1-AS1 &Ik T NSCLC 40 (3848 1% (R 22 HE T
(P<0.05) ;hsa-miR-130a-5p 5 FEZF1-AS1 ,CCND1 Z [B]f7 745 A (P<0.05) ;hsa-miR-130a-5p 5% i NSCLC 4 L A3 58 EF% |
1RZEHE 11 (P<0.05) ;5i-FEZF1-AS1 [&{Ik T CCND1 4& [ #3A , hsa-miR-130a-5p inhibitor #%% T si-FEZF1-AS %} CCND1 fY i
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Overexpression of IncRNA FEZF1-AS1 promotes progression of non-small cell lung

cancer via the miR-130a-5p/CCND1 axis
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Abstract: Objective To explore the molecular mechanism by which FEZF1-AS1 overexpression promotes progression of non-
small cell lung cancer (NSCLC) via the miR-130a-5p/CCND1 axis. Methods TCGA database was used to analyze FEZF1-AS1
expression levels in NSCLC. FEZF1-AS1 expression was detected by qRT-PCR in clinical specimens of NSCLC tissues and
NSCLC cell lines, and its correlation with clinical features of the patients were analyzed. The binding sites of FEZF1-AS1 with
hsa-miR-130a-5p and those of hsa-miR-130a-5p with CCND1 were predicted. CCK8 assay, clone formation assay, scratch assay,
and Transwell assay were employed to examine the effects of FEZF1-AS1 knockdown and hsa-miR-130a-5p inhibitor on
proliferation, invasion, and migration abilities of lung cancer cell lines. Dual luciferase assay was used to verify the binding of
FEZF1-AS1 with hsa-miR-130a-5p and the binding of hsa-miR-130a-5p with CCND1. Western blotting was performed to detect
the changes in CCND1 protein expression level in H1299 and H358 cells following FEZF1-AS1 knockdown and treatment with
hsa-miR-130a-5p inhibitor. Results FEZF1-AS1 was highly expressed in NSCLC tissues in close correlation with lymph node
metastasis and also in H1299 and H358 cell lines (all P<0.05). FEZF1-AS1 knockdown obviously reduced proliferation,
migration, and invasion abilities of NSCLC cells (P<0.05). Dual luciferase assay confirmed the binding of hsa-miR-130a-5p with
FEZF1-AS1 and CCND1 (P<0.05), and hsa-miR-130a-5p inhibitor significantly inhibited proliferation, migration, and invasion
of NSCLC cells (P<0.05). FEZF1-AS1 knockdown significantly reduced CCND1 protein expression in NSCLC cells, and this
effect was strongly inhibited by treatment with hsa-miR-130a-5p inhibitor (P<0.05). Conclusion FEZF1-AS1 is highly
expressed in NSCLC tissue in close correlation with lymph node metastasis to promote cancer progression through the miR-
130a-5p/CCND1 axis.
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VAR RBFFEN ARSI RN A (ncRNA ) 78 18 & A=
KA EEZERHIFS 52 . neRNA RIS HE
MBS, Hor K B3 200nt (1) neRN A Bk K5k
it RNA(LncRNA), LncRNA EAVFLIIfE, e (n,
I T4 TR E RNA (ceRNA) FIE SR e S 5
A (Yo ala o £ et e 13 DAL B e 0 A |
TP AR A KR Gt B EAE ™ . MRS
] LncRNA 7 e N2 W 2 Im1IGY 7 IR 24 K 7
JEHIWTA BB AR/ N T (NSCLC) Hhls
AWFFEHGE LncRNA 7] L i 44k  PI3K/AKT i 4%
AR R b R EEAEN S SR L A A KA
AR S PR VB 1 77 (EGFR-TKIs) AR 2451

FEZ Zi55%46 1 ’IZ X RNA1(FEZF1-AS1) J&—Fh
B IncRNA 7 F 75 4 AR b 5 ol H AR 2= 50
X 21243 44K cDNA M H &K #L ., FEZF1-AS17F
VFZIRIE R IE , inss B e S A . TR
MEIESY & R FEZF1-AS1 7E EGFR 28725 7Y v i 1A fi i
TEFEIRIIBHYER R 55.56%(30/54) , H ik BHMERY 3%
EGFR-TKI it 25 i & A= 5 8, Bl Jm 45 22 o Rl A
LncRNA —#¢,FEZF1-AS1 0] LU i 15 5 18 g ik
Yt BRI NSCLC 4y A=K e Re At 2l . B H AT
KT FEZF1-AS1 % NSCLC &A= (IR i AN AR

ik — AR 9T FEZF1-AS1 75 NSCLC 2341
O, AT ceRNA ML IR IR/ INA M i A3 5. A=
7 B IREMEIENSCLC & & , AR MF5E B AE R FHAE
TR F R KRG M T g 2% 555, 5% FEZF 1-AS1
FERRALH LY AN ) 38 7K ST B s il i A 2
TAERY EAAGHE % , 9 FEZF 1-AS 15 3k & 75 REAE M fiifea
iy IS SR TR SRR , o NSCLC Y
RANLI R 27 () DR AR AL 1 LA

1 #FRAnT %
1.1 JRILLALAFA

WSO A R 2 B 55— Bt s R B B P} 202049 H
~2022 44 H 119 33 6 55 YR I2 1 NSCLC & 1 F AR
A EARRAL ISR, BN H LW AR AN
o A IR RIS 2 44 R PR R e 2, i e
FrAS Bt RGBS 28 8 S G Jm G T, HL S
[ 2% g 5 — YR 5 e 16 B 45 A 1L [A) 3 (A it 5
BYYFY-2018KY25),
1.2 fahe %

A/ INH i 20 i 22 (NICT-H 1299 \NCI-H358) , Jiili
JL 985 20 L 2 (A 549 . PC-9 NCI-H1975) , A 3254 b Iz
HiffL = (BEAS-2B) (J MG EAMH AR AN o T 5k
B IFERE IR PR R — B BT 5 15 FRE R S
EN R E )7 - S e Cl M ey o

1.3 314kt

FEZF1-AS1. GAPDH 5| ¥ i I £ T. & .,
FEZF1-AS15|¥)F%:F:5-TTAGGAGGCTTGTTCT
GTGT-3',R:5-GCGCAGGTACTTAAGAAAGA-3';G
APDH 5|9 7% . F: 5'~ACAGTCAGCCGCATCTTCT-
3',R: 5-GACA AGCTTCCCGTTCTCAG-3', /N T4k
RNA 934 X B pR b 7 5 35 JE PR 2 3L | hsa-miR-
130a-5p 4y miRNA LIRS BIMHX BES [ Hh LT
Il #% fit | hsa-miR-130a-5p mimics., hsa-miR-130a-5p
inhibitor S BAMS RS [l _EIRFUTE AL
1.4 F8%7r %k
1.4.1 gqRT-PCR # | FEZF1-AS1 5 hsa-miR-130a-5p
F ik Trizol(life technologies) 1 #& H NSCLC J#% ZH 41
K J o A AN 28 P B RNA, 38 % i 0 4 it
& (ABclonal) , ¥ Ul B 47, INAB ¥, J5$& qPCR
MIX &7 & (ABclonal) B AL A T4 1S . PCR 24K
PR B AT E . ¥ 5 FEZF1-AS1 5 hsa-miR-
130a-5p Fik b H 24 Y5 70 b o
1.42 mpss 5 %R T 37 °C5%CO, M FMHE
7 ] 1640 4% 353 . DMEM 400 55 37 55 (Gibeo) ,
FrAMMRs 3% B B 70%~80% Ji , b7 FH B (Gibeo ) YT HR
FEFR AR T
1.4.3 B 40 i, # 347 FEZF1-AS1 5 hsa-miR-130a-5p
e WEEANN ZRTE 10 cm 5535 LA 35 2 55 70%
Ph b, T 6 fLAR A Tl AR , 44 IR siIRNA (LY 3L ) |
hsa-miR-130a-5p inhibitor. hsa-miR-130a-5p mimics
(TR UEAE ) 1B 45, B 2.5 pL Lipofecta mine 2000
(Thermo Fisher Scientific) . 2.5 pL siRNA . hsa-miR-
130a-5p mimics Y hsa-miR-130a-5p inhibitor &Y, hsa-
miR-130a-5p mimics 5 Lipofecta mine 2000 DA
125 uLOpti-MEM TCIlif 575 (Gibeo) A T4 Y4
1.4.4 CCK-8 % i3 78 52 36 W55 YL I 00 40 i T8
20 000 mL F4 20 B2 7 A T 96 FLAR N , i A RS 3748 , 78
i 5 I TA] 4 L Al oA B 3 L 0, 8 CCK-8 i A
(Biosharp) 5 % 5% He 4 LU FE ARG IR & F5 R LR
A SEFAENEE |, J5 BGH A BEFRS HE7E 450 nm Ak
WEERE A, 1E A RV T (AR 2 B[R]y < 24
48.72.96 h).
145 mpp A B R EE BHELENMHERS N
1000 mL A4 AELE R B 6 FLAR , AERFFLIINA 2 mL 4l
B A BSRAARG IR 14 d e U T 2 R R E
FTEIE (25 45 (Solarbio) Ye i, Vi PE TR AR 0BT
1.4.6 mieX R F 3 PRI S AR, AR 5
Ii , FrEE AN 26 15 80% LA ERIAT, 78 6 fLIR N % =
oI 3 R HLE 2 W B R N B R B BN TE B
T, FHIC S 28 TEARUHE — 55 70 Rl 3 AR 2, T
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PBS 2% M Ve R i 5 AL 2 ¥k, LA 2 mL
1640 JEREEEFEIE R4 0 h PRI IR, 0 R4 A,
ARG IEAARE 7 24 hE 48 h )5, R4 24 hal 48 hiF R
UG AR A TEE SR T

1.4.7 Transwell 36 Fo02 i9FE T 4 “CoRA At
b, B /NS LU (Corning) 5 1640 1577 544 1: 8
519 TR RS, T/ NE A 100 pL, LA 37 °C
COYEFEHAM T 1~2 h, REFE T EER )5 | ] 24 FLAR PN
AEH 15% 54117 (LONSA SCIENCE SRL)1640 £
FRHEER00 pL B YL AN B MR FRAE L, FH 1 mL
1640 58 4 15 37 5 5 5l 200 000/mL FY 24 it 2 9 , B
200 pL 41 AN F/NE N LA 37 °C CO, 5 FRFa s 77
24 h 5 PR FLA , 4 24 FLAR N R SR IEM bR , 7E R LN
800 pL 4% Z RIS F /N T e A7 40 B [
15 min, iEPE/NE 2K, LI 800 uL 1% 25 4 e ta
15 mins {EVE/INVE DR E /NS IR0 F 5 if T, Faidid
SR, A

1.4.8 Zmfe ik G FRIC W EEFRAF 0 40 ML S5 3246 h I
M MR 20 e i ACKH Y RTPA 58505 2 1 4 (38
KB T UK E24# 30 min; 12 000 g 20 min 4 “CES.Lx,
WG SE A 2 BP A N, 52 L IEBULIE , 17 EP 45 N
JIA 5x%5 1 Loading buffer( 38 2K ), {di FHIE R 42 J& fin
ASINAA 100 °C 10 min; & 4F A A H AT S R HT
AlTH-80 “CYKAfEAE

149 &g RAEMZ TFEI6 LR/ HIMMAO0. 1.2,
4.8.12.16.20 pLFi B2 0.5 mg/ mL A FIPRIEIA R .
FH A 7 0 5% B T AR J2 21 20w, i) R BE 23 51 0.
0.025.0.05.0.1,0.2,0.3,0.4.0.5 mg/mL FbRIER . JIIA
20 pL 13510 5 2 L RE S 7E 96 FLR P, HoAyas FLImA
200 uL BCA TAEW,37 °C 5% CO, 153+ 4655 30 min,
14 96 FUBABEFRY , 75 540 nm ZbIHE 4 8, W85
IR o /N W 115 8

1.4.10 Western blotting 5% % F il AS [7] ¥k &1 J2 e Fil
TR BRI (38 2 ) AR B H PO (3 A LUK,
TAEE S AT 4 26 F Marker (2 %424 , H23K 30 min
e B ) DR 2 SRR VKA TV, BY LS
/INPVDF JiE (Merck Millipore) , JH F BT i, 7 2 T
JRE e 2 T8, 76 JIEE 20~30 min, B 5 U 4 T80 T K S 9
PR, B PR B PR B A VR, TR L =R
5% 20~30 min, H BRI L 3 d vk B — Pt (BB IE AE
Y1) AT ARG B BELF Y PVDF 4GS 2
B4 CuRkARIER B PVDFE e e vE &, T
HOFREIR, FH 1xPBST i1k, BLilis 241k B —Ht (RARIE
REAEYD) S —HUEIATERE N, TR RS 5 1~
2 h, FHl 1xPBST %k 5 min, Bl ECL &t (Abbkine) ,
¥ PVDF BRI 7EBL il 47 1Y ECL &G 30 s, 78 i

ISUN 5 LRSS A T T -
L4111 FORFBERE I AR AL, 2B
REFRFE VPR 2 K, IS 8 1Y 1xLysis Buffer( 747X
8), R EWRFTFLN IR, FACTEREIR I, =il e E
15 min, 7057245 LN SRS 2 1.5 mL EP S,
4°C 12 000 t/min B.0> 1 min, B35 . 20 pL i
& IMA 100 uL Luciferase Reaction Reagent( ['7AFH),
R TR OH R fLue /55, SR 5 A 100 pL
Luciferase Reaction Reagent I1(_[Fif7fH ) IR 2] 5 T
P PRI rLuc {55, BRI T34
1.5 AW 8F 5T

iz F Sangerbox %X 4% 43 #r *F 5 (http://past20.
sangerbox.com/Index) 73 #1 FEZF1-AS1 7812 & Y 2
ik 5 iz AL BE 2= KR (https://www. xiantao. love/) 43 BT
TCGA %% FEZF1-AS 1 ZE B 5 AR Fou #9951
B FRIRAE O . PR G E s Ul FEZF 1-
AS1 5 hsa-miR-130a-5p 1Y 25 & 137 4 A & hsa-miR-
130a-5p 5 CCND1 HY45 &7 5
1.6 St F ot

K H SPSS 26.0 #11 Graphpad 8.0 4k #E4 74830 bt
SRR ITTEFORIA n(%) s, 41 18] L3R o par e 5
THEGORHA B R 22 3R R L ECR H ek e 5
PR Ty 225081 3 P<0.05 R =R A G4 L.

2 H#R
2.1 FEZF1-AS1 /£ NSCLC " # & i& & 15 s JR 45 4209
FIH TCGA ¥t &k B FEZF1-AS 1 {EIZ S Y 5
IS (I 1A) , 76 NSCLC Hhrts 52 Il s 638 s 7E AR B X
S NSCLCHAZH L H 1) F 1k i I 35 1 1 1E il
41(P<0.001,E 1B) . A 33 1 NSCLC H & 1 fiifig 20
21 o 2N 5 Tt 40 il & FEZF 1-AS1 3Rk
T 0L, 45 5 R FE IR AL 20 ek i 1 3 i TR o5 Al
41(P<0.0001,K1C) . #3455 FEZF1-AS1 [ FK 15 M,
Fic HRJes 198 5% 3% 38 1 1 v [RIE 3.9 VR Ry i LA, 4 43
i Feikdl SR EIALH ,>3.9 M dakd (16 41) ,<3.9
RARFRIBZ (17 1)) , R PRAFAE AT 500 . 5 R
7N AEE IR T FEZF1-AS|1 (93635 5 NSCLC 3%
FOAERS g RN R TNM MU JCA e (P>0.05),
TS AR L R A5 A e (P<0.05,36 1) TER
FEANIE R 1 FEZF1-AS1 3 k38 e, Hoh /e H1299
H358.PCY 4t i i) % 35 b 3 = T BEAS-2B(P<0.0001,
E1D). KIHEEEEE H1299 H358 41T,
2.2 FEZF1-AS1 & 3E /> dm il iz 69 38 78 32 4% A2 209
A

¥ & FEZF1-AS1 i %¢ 6/ 4 RNA (si-FEZF1-
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1 FEZF1-AS1#NSCLC FfyFRIEER

Fig.1 Expression of FEZF1-AS1 in non-small cell lung cancer (NSCLC) tissues and cell lines. A: Expression of FEZF1-
AS1 in pan-cancer in TCGA database. B: Expression of FEZF1-AS1 in unpaired (left) and paired (right) human lung
cancer tissues in the TCGA database. C: Expression of FEZF1-AS1 in human NSCLC tissue. D: Expression of FEZF1-
AS1 in human lung cancer cell lines. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.

AS1), X} H1299 H358 4 id#E 1755 Y (K 2A) , 5 4 si-
FEZF1-AS1/J5 H1299 H358 11 FEZF1-AS1 ik b 4%
(P<0.0001,%12B) 3+ H1299 H358%3 4 si-FEZF1-AS1
H 5 si-NCA, LW 72.96 WA Gl L 225
(P<0.0001, &1 2C) ; SEREIE IR A5 R B /R , sERERFIE L
$itsi-FEZF1-AS 1405 Tsi-NCZH(P<0.05,/412D)

QIR S 0045 B 7R, si-FEZF 1-AS1 2 RIE Ar &
P AL T si-NC 4H (P<0.05, K] 2E) ;si-FEZF1-AS1 4
(1) 1 7% 41 it %5 2 2 (KT si-NC 4 (P<0.05, & 2F) .
Transwell SEI 459 755, si-FEZF1-AS 1 4H B {22841 iy
B B EE T si-NC41(P<0.01,/82G).

2.3 FEZF1-AS1% hsa-miR-130a-5p A /£ 454

FF miRbase  targetscan Z(4 72 7l A& # , FEZF 1-
AS15hsa-miR-130a-5pfF7E 3 MEELS B AL (K 3A)
PR MHR A TR 25 T /R, FEZF1-AS 1 B A= R ki
e YL hsa-miR-130a-5p mimics 2H 19 294G 2 B P
F A% T NC mimics 41 (P<0.001, €1 3B) , ifif FEZF1-AS1
5 A AU J p e 5 U hsa-miR-130a-5p mimics 5 NC
mimics Ji A H 25
2.4 hsa-miR-130a-5p % 3E /)~ m B Jif 5 09 35 78 i 4% 4%
LA

H1299 5 H358 H si-FEZF1-AS1+hsa-miR-130a-
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3R 1 FEZF1-AS1ZENSCLC FIRIA S IR RIHER) X R
Tab.1 Relationship between FEZF1-AS1 expression in NSCLC and clinical features of the patients (1)

Expression of FEZF1-AS1

Clinical features $ P
High expression group (n=16) Low expression group (n=17)
Age (year)
<60 5 7
0.351 0.554
=60 11 10
Gender
Male 2 9
6.066 0.014
Female 14 8
Smoking history
Yes 1 6
4.160 0.041
No 15 11
Tumor size (cm)
<5 15 16
0.002 0.965
>5 1 1
Lymph node metastasis
Yes 13 6
7.127 0.008
No 3 11
TNM stage
I-1I 13 14
0.000 1.000
I-1v 3 3

5p inhibitor ZH 1Y) hsa-miR-130a-5p [ 3% ik & i FH LT
si-FEZF1-AS1+NC inhibitor(P<0.0001, K 4A), CKK-
8L R 7~ ,H1299 5 H358 H1 si-FEZF1-AS 1+hsa-
miR-130a-5p inhibitor 2 /Y G 1. 3% 15 F si-FEZF 1-
AS1+NC inhibitor(P<0.001, K 4B), Transwell 325628
ALK, si-FEZF1-AS 1+hsa-miR-130a-5p inhibitor 41
TEAS 4 B 35 55 T si-FEZF1-AS1+NC inhibitor(P<
0.05,1814C) ;si-FEZF1-AS1+hsa-miR-1 30a-5p inhibitor
ZH 12 ZE 40 K 5 25 75 T si-FEZF 1-AS1+4NC inhibitor
(P<0.05,14D).
2.5 hsa-miR-130a-5p 5 CCNDI1 #/£ 4 4

PR 2 40 B 27 S L D 25 SR 7R FEZF 1-AS 1R
T B 1 mRNA £ 4165 1~ (&l 5A) , ] ] miRDB Al
ENCORIEIEZEFN 15 hsa-miR-130a-5p 45 A A3
T RIS E] 940 455 1875 AL P, e iCR; S 2
2% S EE f R 1 501 mRNA, 5 2 OS] 7 24
mRNA (K] 5B) , i i qRT-PCR & ¥ & i si-FEZF1-AS1
155 si-NC 41 CCNDI 1335 2 i EF#{I (P<0.0001,
5C.D). #|H miRbase. targetscan £ #i& J& X§ hsa-miR-
130a-5p 1 CCND1 (W55 AL s AT 1 0, fe 2 e R
T IAEESOLS,, WAL IR 34N (B SE) , DO R MR 552
55 & I CCND1-3UTR % A Y Jii b7 2 4% ¢ hsa-miR-
130a-5p mimics 41 1Y 2¢ 50 3 il 3% 1k W 2 K T NC

mimics 21 (P<0.001, & 5F) , fif CCND1-3UTR %&£ 4 5t
I FE YL hsa-miR-130a-5p mimics 5 NC mimics Ji5 A
HP2ES .
2.6 FEZF1-AS1/hsa-miR-130a-5p i it ceRNA #U ]
¥ CCNDI1 # & ix

Western blot 28 5 i 7 , si-FEZF1-AS1 4 %5 si-NC
ZH CCND1 Y A 7K 3 BRI (P<0.0001, K1 6A
B), 1Ml si-FEZF1-AS1+ hsa-miR-130a-5p inhibitor 21 #H
3T si-FEZF1-AS1+NC inhibitor 41 CCND1 47 136
IRt 2 (P<0.05, K 6C D) .

3 it

PATTXT RNA (BT 224 T4t RNA, (H iR
ncRNA JRUE 78 bed 1) 2B & e ke 31 T S 291
FH , £94% LncRNA , CircRNA . miRNA 5 3 [K %5, Hi
LncRNA B TEZHYIIGE, UNZh G5 s 30 Rk
IR A TR sIRNA 54 2 1 25 & AR Y
HIEPE 702 miRNA ML B 1 mRNA FEEEY . B4
W5 Y], LncRNA XS RS 5E 2% 1278 EMT. M4
A 8 T 24 B SR SO AT A A S ) E TR 1) R AR R
R B B EAE

FEZF1-AS1/EN—FH 1Y LncRNA, 7£ Z Fh i i
s Bl 2E A eIk gl H e B S A
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si-FEZF1-AS1 si-NC B =i NC c
H358
E35i-FEZF1-Asl 1.5- H1299 1.5+
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G = 2 g
SR — ey ° -#-5i-NC sk ks 2 -#5i-NC vy
g§< 1 < 1.0 < 1.0
2 > ~ EEETS
2 1.0 > >
= £ s
5= £ 0.5 2 0.57 :
2z 0.54 i s
p=)-2 ) ©
=S8 @] Q
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Fluorescence microscopy of the cells transfected with si-FEZF1-AS1. B: Knockdown efficiency of si-
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