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[ Abstract ] Background and objective It has been proven that circular RNAs (circRNAs) play an important role on
the process of many types cancer and circUBAP2 was a cancer-promoting circRNA, however, the role and mechanism in lung
cancer was not clear. The aim of this study is to investigate the effects of circUBAP2 on cell proliferation and invasion of human
lung cancer AS49 cells. Methods CCK-8 assay was employed to detect the effect of circUBAP?2 sliencing on cell proliferation
of AS49 cells. Fow cytometry was applied to detect the impact of circUBAP2 sliencing on cell cycle and cell anoikis, and Tran-
swell invasion assay was applied to determine cell invasion of A549 cells. We also employed Western blot and Real-time PCR
to determine the expressions of CDKG, cyclin D1, p27 and c-IAP1, Bcl-2, Survivin, Bax, FAK, Racl and MMP2, and the activi-
ties of JNK and ERK1/2, luciferase report gene assay was used to detect the targets. Results CCK-8 assay showed that the
inhibition of cell proliferation in the circUBAP2-siRNA group compared to untreated group and siRNA control group. Results
of cell cycle detected by flow cytometry showed that cell cycle arrestd at G,/ G, after circUBAP2 silencing, cell apoptosis rate
increased also. We also found that after circUBAP2 silencing, cell invasion of A549 cells was significantly inhibited. Western
blot and Real-time PCR results showed that expression of CDK®, cyclin D1, ¢-IAP1, Bcl-2, Survivin, FAK, Racl and MMP2
were down-regulated, and the expression of p27 and Bax were up-regulated. Moreover, the activities of JNK and ERK1/2 were
inhibited because of circUBAP2 silencing, the target genes were miR-339-5p, miR-96-3p and miR-135b-3p. Conclusion Cir-
cUBAP2 plays an important role in the proliferation and invasion of human lung cancer. Silencing of circUBAP2 might be a
novel target for molecular targeted therapy of patients with lung cancer.
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FRAIRRNA ( circular RNAs, circRNAs ) | 3Z #5045 T
NERE R, FEEASUEY . MR . RIGTE LA
Lo Jiged ik el EE AR T, FRIRRNA (circRNA)
JE—RFFIR AR S RNAZY T, LR RNAGUS I 7 1T
FHEY, HEGMLIERNARI, circRNAZY 75 5
PIPRARESH, A ZRNASMIEEZ W, RIKERE, &
FrmicroRNAZS A7 55, 0T 38 1 miRN A 45 1) 15 FH i Bk
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AR, circRNASTE I 19 4E FH 32 [ N Ah 27 5 1
RTERE N 5 I 0 & A= R S B VIAE G, UcircRNAs
HIPK3 ] 18 1 4 # miR-379{£ HENCI-H1299 HINCI-H2170
IRANEFE , circRNAs ITCH 7] i 14 Wnt/ B-Catenin I 2 fifi &
1)1 108 ST R

g 2 DL R e 2 — ™ U N2 ft
B, il A R 2B ER PG 22 . 2P A eSS
N5y 58 AR o o 3R R s o R AL T e A e 1 [
KZ—, N T ikt M B circUBAP2TE i i 9i K A= i JEE 1Y
YERT, A SCWESE circcUBAP2AEJifi i 2H 2 I E 3 il 2H 21
HFE 225, i1t siRNAT$ circUBAP2 3R IA A58 X il
FEAS4OUN LI TE . A0RE R AR 22052, R840
HATgemy ALl

1 MR 575%

L1 BARE T R X 102 1 30451 T 5 it 2 2R 149 3 ok
PR, AR BERE, AR F S . A
T AS 49 A LI FY F [ R 2 g it 70 % 5% ) DR 2 61 2%
MARE ( BiE) 5 RPMI-164035 57 5E | JIGA-ME . AR
I . TRIzol F F% Y4ir5¥| Lipofectamine 30004414 [ Life
Technology/yr] (3EE ) ; CCK-8Iki HILH =K
EPBAARAF (PR 5 el B Bk pGL3-basic
I H Promega/A ] ( 3£[E ) ; circUBAP2 siRNAJGHLFIXT
MR SiRNAJFORL K W [ 98 55 3 25 5oR AT R W] 5 RT-
PCRJ e sl & B RS AR AR (R ED) 5 4ifd
JHHIAIJH T Annexin V-FITC/PLsH &34 A BDA ] (3£
[€] ) ; CDK6, cyclin D1, p27. Bcl-2, Survivin, Bax,
FAK. Racl, MMPZ%ﬂﬁ—actin?ﬁﬁiﬁjm@ H £ [#| Santa Cruze
2Fl (3R 5 IAPIAIJNK, ERKI1/244HI H CSTZ
Al (SERED) .

1.2 Jiik

1.2.1 siRNA 538  ASA9ANNELH ARG 77 T 5 10% 1Y 1 iR /4 i
T IYRPMI-164035 77 8 1737 °C . 5%CO, . HIFIRLE 191;
TR . B4Rl A B R S0% AL A I, :Fi,q?lLipofectamine
3000915 B B 1EF T, #£S0 nmol/L circUBAP2 siRNA 5 H
FIXT HEsIRNASL YL [ififi AS4940 i, 4% Y448 hJi5 EDTA-JiR i}
AL, PEAT/ELLEE0 . SEIREPE AN sy 34 . AR
41 ( HinLipofectamine 3000/ AS494/ifd ) . XJHAsiRNA
H (LY B SIRNAAS494 il ) . siRNAZH ( F5 e
circUBAP2 siRNAJFUK7 [AS4941 /It )

1.2.2 CCK-8Jy ik sE /rmll %24 h, 48 h
72 hi5 AS494 Ut ToefLtHh, A s AL, #%
CCK-8M#AEUL I B k1T, N ACCK-815f F37 “Crh4k
ZpiigRah, ARG SRR I E 450 nm IO

1.2.3 i 2 A I A ST 30 AS49 2 ffn 4% k48 b,
FH0.25% 1 R AH AL, 2,000 r/ming.00S minlfitEE 41,
PBS#E21K, 2,000 r/min.[>S min LI, S00 uL 70%Z,
Bl , 4 °Colik. 2K, ¥ QEEE E I 4ififi4 °C 2,000
r/min.0S min, 3 12O, SRAR PBSPEAN 2
K, BAENNS0 g/ LIYPTIA M S00 wLE B ANMITTE, =8 ifih ik
JGHHE 30 minZ (5, BD i X 20 A A SRS 248 e 49 931 o
1.2.4 JiCA ARSI AL T2 AS494H % k48 b5,
BT Fpoly-HEMAf B 6L Ak , 159748 h, B.LidE,
PLFIYA (PBSYEY , #% Annexin V-FITC/PIZH L 7155 £
VLB T, BDYRACAARAGHEA TR TSI

1.2.5 Real-time PCRA% M circUBAP2 T i fU LK () 284k, fili
S FIAR R I A TE 3 I ZH 2 MRNA, - LR 20 i M RN A
HTRIzolif5fl| ( Life Technology/Aw] ) #EF7HEHL, 2840y
HCREAC E Hok . BURIRNA 2 pg, #M-MLVif; 5
R S EREUL] A cDNA. LIGAPDHAE N NS R, ABI
75007 5 HPCRIY_FSYBR Green IJuAsh o 45 L 1R (1) 2%
RGO SOWFRT : 94 °CAEME3 minf5, # T IRSFMY 3
3SAMEH: 95°C 5s, 1B AIRAE30s, 72°C95s, 72 °CHE
1S ming SRFH2 ST A AR 0 5L R A X ks 22
S, BAREEGIWFIMT R, SIYh FEEE T A TR
AR vl G ot aifk

1.2.6 Western blot#& Ml circUBAP2 | I 48 2 11 2 1k ke
R UL 548 hF RASA9ZAN I, A 4 i 24 £ v A B8 11
fitg 410 ) R PMSF J5 B O IR BV T, £4210%SDS-PAGE
MUK G ¥ #% £PVDERE |, 4 °C. S%BiIg4 W51 h
J&, MIACDK6 (1:2,000) ., cyclin D1 ( 1:2,000) | p27
(1:2,000) . c-IAP1 (1:2,000) . Bcl-2 ( 1:2,000) .
Survivin ( 1:2,000) . Bax ( 1:2,000) . FAK (1:2,000) .
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Racl (1:2,000) . MMP2 ( 1:2,000 ) . p-JNK (1:800) .
p-ERK1/2 (1:600) . JNK (1:1,500) . ERK1/2
(1:1,500 ) FllB-actin ( 1:5,000 ) HiiAk4 CHFHF 1% . TBST
PEL—Pt, IgG-HRPHRIC P E M F 1 h, TBSTPER3
K, ECLIkH &R, Pip-actinfi NS,

1.2.7 SOGREHRA RS AT o 38 i TargetScan i {4
i circRNA UBAP2 1] 45 4 miR-339-Sp. miR-1296-Sp .
miR-96-3p . miR-215-3H1pmiR-135b-3p, F#Ak [ iAmiRNAs
FRE, AL HEUBAP2)T 51 S-CTATCAATATATTG
CTGGAAGGGAATTCAGACACAGCAACAGCTGAACAG
ATGCGTCTCG-3"#4) 7 5 9 5 2 Wil i i K 8K pGL3-
basic, #circRNA UBAP2, UBAP2A | iARmiRNAs/y 51| 5%
YL, 37°C. S%CO, %M FHi3R12 h, LABGHRCW
Wz S B2 1 284k

L3 GEit# ot Bl FR FHSPSS 11L.0Ge i d, i
TR TR PR B bR IEZE (MeantSD ) Kok, 4H[A]
Bl AR FH 46 30w B R 3R E A M it eI 7 22 70 ( Onme-

% 1 Real-time PCR5 ¥ R IBR XiBE
Tab 1 Real-time primers and anealing temperatures

way ANOVA ) , P<0.053K/RZE5 AT 5 L.

2 #R

2.1 circUBAP27EfMifEE L 4 H ik Real-time PCRZE G IR
7N, MRS ZH 4P circ UBAP2 F A X 26 1k 15 1 85 il 41 41
TG X (t=4.743, P=0.001 ) , filifisE 4L
circUBAP2 [ AHXS ik it i T IEF Ml ZHE (1)

2.2 circUBAP2ILERAS4OU IR 1) EE V7 Real-time PCREG
MEZER B R (K2) , AS4940fficircUBAP2 siRNAZ H
circUBAP2 i 2 ik /K- 55 AR AL FRAT AN RELH 22 A e i 2
= X (F=37.901, P<0.001 ) |

2.3 circUBAP2YTERXTAS49 4 MU A HE AR 5 M) 240 g b 5 /K SF-
PIODMHE /R, LKA 5ARLMMAIFE24h, 48h, 72h OD
b, RAEEM SR 200, 4558 O
B[] A5 A A ODE A 25 51 ( F=33.581, P<0.001 ) , 5%y
ZH S5 R AL T4 ODIE A 25 51| ( F=84.692, P<0.001 ) , 53

Gene Primers sequences Anealing temperature (°C)
circUBAP2 F:5 -AGCCTCAGAAGCCAACTCCTTTG-3’ 60
R:5" -TCAGGTTGAGATTTGAAGTCAAGAT-3’
CDK6 F:5" -TCTTCATTCACACCGAGTAGTGC-3’ 60
R:5" -TGAGGTTAGAGCCATCTGGAAA-3’
Cyclin D1 F:5 -GGCGGATTGGAAATGAACTT-3 58

R:5" -TCCTCTCCAAAATGCCAGAG-3’
P27 F:5" - CATTCCATGAAGTCAGCGAT-3’ 58
R:5" - CGTCAAACGTAAACAGCTCG-3’

c-IAP1 F:5" - CATTCCATGAAGTCAGCGAT-3’ 59
R:5 - TGCTTTTGTTGTGATGGTGG-3’
Bcl-2 F: 5" -CAGCCAGGAGAAATCAAACAG-3’ 60
R:5" -GACTGAGTACCTGAACCGGC-3'
Survivin F:5" -TCCGCAGTTTCCTCAAATTC-3’ 60
R:5 -GTTGCGCTTTCCTTTCTGTC-3"
Bax F:5" -CGGCGAATTGGAGATGAACTG-3’ 60
R: 5" -AGCAAAGTAGAAGAGGGCAACC-3’
FAK F:5 -GCTCCACCAAAGAAACCG-3’ 56
R:5" -GCCCGTCACATTCTCGTAC-3’
Raci F:5 -TGTAGTCGCTTTGCCTATTGATG-3’ 59
R:5" -CATCGTCAGCACTAGCACAGTTT-3’
MMP2 F:5 -TGATCTTGACCAGAATACCATCGA -3’ 60
R:5" -GGCTTGCGAGGGAAGAAGTT-3’
GAPDH F:5 -GGAGCGAGATCCCTCCAAAAT-3’ 60

R:5" -GGCTGTTGTCATACTTCTCATGG-3’
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%< 2 circUBAP2iL X XTA549 40 fEmRNARIE IS M
Tab 2 The effect of circUBAP2 siRNA on mRNA expression in A549 cells

Gene Untreated group siRNA control group siRNA group F P

CDK6 1.000%0.092 0.922+0.132 0.682%0.081 43.031 <0.001
Cyclin D1 1.000+0.152 0.951£0.131 0.521£0.052 58.390 <0.001
c-IAP1 1.000+0.083 0.881%0.142 0.642%0.052 47.272 <0.001
P27 1.000%0.111 0.943%+0.152 2.512+0.204 758.100 <0.001
Bcl-2 1.000+0.122 1.112%0.082 0.462%0.051 70.490 <0.001
Survivin 1.000+0.134 0.891%0.161 0.411£0.082 91.241 <0.001
Bax 1.000+0.162 1.092£0.112 1.662%0.111 197.300 <0.001
FAK 1.000%0.131 0.910*0.16 0.471£0.051 68.141 <0.001
Rac1 1.000%0.112 1.141£0.16 0.490%0.071 62.142 <0.001
MMP2 1.000+0.181 1.082£0.15 0.531%£0.062 52.262 <0.001

1 BEA AR EXT R A EEMA LR HcircUBAP2BIRIA KT, SIEHAR
tk, *P=0.001,
Fig 1 The expression of circUBAP2 in human lung cancer and normal

tissues. Compared with normal group, *P=0.001.

T

1.0+

circUBAP2 expression
(circUBAP2/GAPDH)

0.0

untreated group4
siRNA control group4
SsiRNA group-

& 2 circUBAP2 siRNAXTA5494A i circUBAP2%RiE
Lk, *P<0.05,

Fig 2 The effect of circUBAP2 siRNA on circUBAP2 expression in A549
cells. Compared with untreated group, *P<0.05.

Fi. S5RLHEA

B 3 circUBAP2ITBAXTASA9MIBIEMIHIN, SRAEHMLL,
*P<0.05,

Fig 3 The effect of circUBAP2 siRNA on cell proliferation in A549 cells.
Compared with untreated group, *P<0.05.

25 AR A BEL A L ODAE FL AKX, 20 i 33 i 2 S 30 41 o

QI 4H 5 A AL BRA A ODE ARk #4347 225 ( F=6.133,
P=0.021) , WLK3,

2.4 circUBAP2ITERXTAS494M i JE A /A1 A5 i St X4t
INGE R BIR, circUBAP2 siRNAZH FhAS494 il 7E G, 191/ G, 1]
Feflh (71.21£5.29) %, T AL B FIX] HEsiRNAZH 19
L4 3R (49.07+5.83 ) %F (46.58+4.24) %, K FHH
R E BT 22 00 B ek 30 22 S A e 7 2

( F=22.802, P<0.001 ) , circUBAP2 siRNAZH G /G 3]t
B T AR (K1)

2.5 circUBAP2UTERXTASAOZH AL 2 HLUH T 5E i It =X At e
INEER R (ES) |, circUBAP2 siRNAZ FTAS494 it i)
TRA (49.11+3.62) %, SGARALHIL (23.74+2.62) %Al
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5 XF BHSiRNAZ (24.55+3.11) %M L 22 A G124 E X
( F=84.210,P<0.001 ) ,

2.6 circUBAP2JTER XTAS494M 11222 HE J1 BS54 Transwell
{2728 LH K], circUBAP2 siRNATHL/G, HAHMIf=7E
AR5 X R 2E B S A (PRl6 ), circUBAP2 siRNA
Y AS49AI (22250 (38.72+4.11) %, AL
24 (100.0£10.21 ) %5 X} MHsiRNAZH ( 97.60+8.62 ) %AH
22 SAT G247 L ( F=92.460, P<0.001) , FHIVTER
circUBAP2 ] 1 Jili s AS49 41 Jfd Fr) 1A M 22 BE )

2.7 circUBAP2ITBR A B 41 iy Jil 491 AH 5C 2k PR 2 18 1Y 52
Mif Western blot#5; Ml fllReal-time PCR&5 - 7~ , S ARAF
AL, circUBAP2 siRNAKL 3 f5 AS494H Jifd r iy J&)
JHT-FISEIEEICDKG | cyclin D1, c-IAP1., Bcl-2H1Survivinf
mRNAFIE H I FRIEAKF B E TR, Mip27 fiBax) &K ik
BE . TIRAH AN FAK, Racl FIMMP2
P FRIR B RRLL AR S 2 NI, SR AR R E A ik i
W25 iR 22 A g2 g L (E7) o

2.8 circUBAP2{IL A XS INK-MAPK(5 S ik A2 M52 0 FA1]
K HlWestern blotf il T ERK1/2FIINK 16 1 F ik . 25
FeH, circUBAP2 T 1] T JJNKAIERKL /275 1 (&
8) , #E/RJNK-MAPK(F S i 7E circUBAP2 7 fili i 4t Jifd
{2 R R S E T

4 circUBAP2iLEXXTAS49 4 il F #ARI MM (n=3) . A:
circUBAP2iLER IEAS49 A AR S AR AL R B AT M 45 5R 1 B
circUBAP2ITTER[FAS49 G HA/G HALL B R E A= . 5K
L3 ZA4ELE, *P<0.05,

Fig 4 The effect of circUBAP2 siRNA on cell cycle in
A549 cells (n=3). A: The flow cytometry results showed
the cell cycle of circUBAP2 siRNA in A549 cells; B: The
G/G, ratio was significantly increased after circUBAP2
siRNA in A549 cells. Compared with untreated group,
*P<0.05.

2.9 circUBAP2 F #:AE FImiRNA FoAT TR 2GR W 52 5073
#r T circUBAP2 H#:/F FHmiRNA, 45 FE W], circUBAP2
Al P fmiR-339-Sp . miR-96-3p FlmiR-135b-3p X} UBAP2
PCHIHEIER CE9) , WKW circUBAP2A] 5 ik
miRNAFHZE S, miR-339-5p, miR-96-3pAllmiR-135b-3pJ&
circUBAP2 H #:/F FImiRNA

3 it

BN, circUBAP2 S IR R KR O, S
Mg IE i . 1REREERS, FLAE R v AT BB R 5L
P, {HcircUBAP2LE i BV FAAILA AT 45
g R d SR S = S U S N A N =
T 30441 i i3 2 23 Bkt IO A9 1 &5 il 41 27 Hh circ UBAP2
(IR, K circUBAP2TE ifi i ds 41 41 rh i 2235 B
T IER 4, $8R circUBAP2TE fili i & A5 &k J vh &
EEEAER, (YR FBL 5 22— 20T

R T i — 2 WE5E circUBAP 275 fifi i 957 4t B v i
L AR FsIRNAT PR AR I #kcircUBAP2 1) 235, 14
HAMIFFE circUBAP2X fili fEE ASAOAN B4 A . A0 5131 . 4
PRI TFNANMAZ ZZRE S sE ), 455 & P circUBAP2 5%
IR UTBRBE 0 1 il 20 B A S Y 5 K A28 R8 0 . FEHIA R
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Untreated group

siRNA group

siRNA control group

7 circUBAP2ILER XA L. HBIEXEERE

- 805 -

& 5 circUBAP2TLER XTAS49 4 fifl 5k B - RIS M
Fig 5 The effect of circUBAP2 siRNA on cell
anoikis in A549 cells

6 circUBAP2ILBAXTAS49 M ARIE EAE T HY
#Mm (X200) ., A:circUBAP2iTBRFFA5494H ff
Transwel IR E ML R B: circUBAP2IRE
ASA9OMFIREXERETME, SRAEAMLL,
*P<0.05,

Fig 6 The effect of circUBAP2 siRNA on invasion
in A549 cells (X200). A: The Transwell results
showed the invasion of circUBAP2 siRNA in
A549 cells; B: The invasion rate was significantly
decreased after circUBAP2 siRNA in A549 cells.
Compared with untreated group, *P<0.05.

oA

Fig 7 The effect of circUBAP2 siRNA on cell apoptosis and metastasis

related genes in A549 cells
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8 circUBAP2iLEk XTINK-MAPK{E S &2 #9550
Fig 8 The effect of circUBAP2 siRNA on JNK-MAPK pathway in
A549 cells

B 9 circUBAP27ZEAS494 I E E{EFMIRNA, SUBAP24IRLL, *P<0.05: 5

UBAP2+miRNAZB#8EL, *P<0.05,
Fig 9 The direct miRNA of circUBAP2 in A549 cells. Compared with UBAP2
group, *P<0.05; compared with UBAP2+miRNA group, *P<0.05.

YA JE 1 G / G i AR i o SR T, i — RSk
circUBAP2E i 241 i o 47 ek 982 L DR A/ o

H T R circUBAP2 R GA T 4 3 A9 41 i A=
K AR ZER/E 1 2 M AT RE 20 AL, FRATHESE T2
R4 FE A T A EFE I CDK6 | cyclin D1, p27. c-IAPI,
Bcl-2, SurvivinfIBaxzRik g, 45K &K ICDK6., cyclin D1
Me-IAPIHIFRIE W3 T, Mip27FiBax B3 FTF. JHH
B PR 25 11 98 C DK 652 240 i J3 400 1 42 o ity i
T, Flcyclin DE5ETE AT ZRAK, 1 SEEIXT G H1-SHA Y
HedE AL AL T . P27 3 i 45 4 cyclin-CDK2AZ S Al
cyclin-CDK4 S F M Had v, 4% pS3/p27f5 S ik
2355 e 240 Y60 24 6T R R e 4 ] A B 7 G/ G,
e,

RKEMT (anoikis ) S —Fh iy 41l A0 5 ot A
il 291 36 8 2 Ml T 5 e R A I AR IR RS T, LA R
B HE A SOV PR K I L 7% b ke AR
o PR % circUBAP2 X i 98 240 it 25 S5 008 12 1y 52 e
AT L0 B Sl S e S A PR 94 i e 00 LR T Y g
T, WG K TR circUBAP2 [ 43K 1T 15 T AS49 41 i
REWT . c-TAPUZPLAH ML T+ Z % B Z R 2
—, AL Caspase3d . 7. 9&EMNE Y TE 4 T & 4% FHLIKT
JTBME Y. Bel-2, SurvivinflBaxJe: 40 I8 T 00 B 5
PR F, circUBAP2 AT figsi st I 1R B (1 ik 2
S A R SR T

Rac L2 AN 15 4 001, 18id GDP/GTP
TEAR R A Dte, S H5MRiE8) . REEBE

AT N . FAKSZRacl(EE ML, JERac-FAKIfE 5
AR ORI, fEA IR B D R IR AR .
MMP-2 & 2 VAL 4 R B AR, SR rAk .
Bl R UMK, /2 Rac-FAKIE SR (B 2T
WS, ABgEh, circUBAP2 T3 AT il Rac L FIFAK
fZeik, FEUEMHIPHIMMP-2/ ik, $E/RcircUBAP2 1]
it Rac-FAK 1 5300 % 428 e A0 S X A2 22 RN 75
INKAF S iB AR 7E M di (= 28 hoR B AR, I
HINKHIERK /2 A i%58 A8 B SR e ™ . AR B,
circUBAP2 T4 B I INKHIERKL /2 ()75, $27/RINK(E
S IBARAE circ UBAP 2 I 45 ifi i 240 i (= 28 55 A5 R rp e 5C
AR . ARRNAS B A miRNAYE A s, AT LU
miRNAVG AR/ F S AP S miRNAZS &, DI ] 422 8 4%
miRNASESE R 08, #2455 M miRNAR] DLl k2 50
RRNAR) HH/E FHmiRNA , A5 15 56 2 i 52 56 53
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