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Cyclic RNA Molecule circ_0007766 Promotes the Proliferation of Lung Adenocarcinoma
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[ Abstract ] Background and objective Cyclic RNA (circRNA) is a new type of non-coding RNA (ncRNA) which
is different from traditional linear RNA. More and more studies suggest that circRNA can be used as a biological marker of
many malignant tumors and becomes a potential target for treatment. Therefore, searching for new molecular targets of lung
adenocarcinoma from the circRNA will help to reveal the new mechanism of the occurrence and development of lung adeno-
carcinoma, and provide new ideas for clinical diagnosis and treatment. In this study, the biological function of circ_0007766,
a highly expressed circRNA found in a screen of lung adenocarcinoma tissue, was verified and analyzed in vitro, so as to pre-
liminarily explore the mechanism of circ_0007766 in promoting the proliferation of lung adenocarcinoma. Methods The
expression level of circ_0007766 in lung adenocarcinoma cells was detected by qPCR. Then siRNA was used to knock down
the expression of circ_0007766. The effects of knockdown of circ_0007766 on proliferation, cell cycle and apoptosis of lung
adenocarcinoma cells were detected by CCKS8, scratch test, PI staining and Annexin V/PI double staining. In addition, the bio-
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logical mechanism of circ_0007766 in lung adenocarcinoma was preliminarily studied by qPCR and Western blots. Results

The expression of circ_0007766 in lung adenocarcinoma cell lines was detected by qPCR. The expression of circ_0007766 was

interfered in SPCA-1 cells. The proliferation and migration abilities of cells were inhibited. The cell cycle was arrested in G,/ G,

phase, but the apoptosis was not affected. The deletion of circ_0007766 did not affect the expression of ERBB2, but influenced

the mRNA and protein expression of Cyclin D1/Cyclin E1/CDK4. Conclusion In vitro functional studies have shown that

circ_0007766 may promote the proliferation and migration of lung adenocarcinoma cells. Further molecular mechanism stud-

ies have found that circ_0007766 can up-regulate the expression of Cyclin D1/Cyclin E1/CDK4, which are the key proteins of

cell cycle, and thus promote the malignant proliferation of lung adenocarcinoma. From the perspective of circRNA, this study

will provide new clues for the pathogenesis, development and prognosis of lung adenocarcinoma, and provide new target for

clinical treatment.

[ Key words ] Lung adenocarcinoma; circRNA; circ_0007766

This study was supproted by the grants from Youth Foundation of Jiangsu Commision of Health (N0.Q2017004), Ji-
angsu Provincial Medical Youth Talent (No.QNRC2016656) and Six talent peaks project in Jiangsu Province (No.WSN-042).

AT AT R i iR 988 24 95 302 A T i 1), I i) 245 ) A i
ARG HE R A RS B, AR AR K 7 524K (epidermal
growth factor receptor, EGER) . [5] 25 P4 I B 88 15 Jitg

(anaplastic lymphoma kinase, ALK) FERIZ8 75 g B RS T 85
UFRIERACR , (B2 78 AFEBI T3 Am AR, S8 A SAE A AT
AN TE20% , IR & A & e m AW~ A T B oy
TR HLEI I 4, BB ENCODETHRIAMIRA ,
R TN TR (5 S 2 R BEAR, LEBFTE AT TRE
S AR TR AR M A E R Y 43 FALL cireRNAE N
AR NAZ G P 12—, EEPAEITE R 1) A&
Az KRR A E AR,

ARG I g A ) e T R e 2 RN 55 2
Alficirc_ 00077661k 2 #2255 W, FAE 2l
HUBR AP HEA T RSNIAIE, Xtcire_ 0007766 7F Ml J 4 At Y 384
B IR T2 A A ) I RE A T IS K- BIE SRR AL
R

1 MRIFF A

1.1 AAEFNILT Bl AREAS49 . SPCA-1, H1975 X H1299
20 2R 240 T v R A B T A A o A A e A )
AORFEIT, NIEH SCUE LA BEAS-2BA I A T
[ Sciencell A Hl, RPMI-1640 HIDMEMI F7 L 4 36 [
Hyclone/z}ﬁl L EA S W H 35 [E Gibeo /AT Trizol., siRNA
FIPARIS™ KithZ 3 43 B 7] 6 W ﬁ%lnvitrogeni&ﬁl;
CCK-8 4 if 15 5 1571 4 R 200 ) 903X 70) 6 2400 et L
FL/NF]; Annexin V-FITCHE TR A M H _E IR
SYBR Premix Ex Taq qPCRI& | & W [ 1 E K% TakaraZy
Fi]; CDK4, cyclin D1, cyclin E . p21fIB-actinHriA& I {4
[E Abcam /A F

1.2 AR IR AN R FHR PMI- 164085 3 3L 454X,
HAKECTT M RPMI-164001A10% 5 2F 115, 100 U/mL5 %
FVI 100 mg/LEERE R . NIEH U L A EBEAS-2B
YR HDMEMB; SR EALAR, BRI : DMEMES S
HIA 10941, 100 U/mL 2 ZE LA K100 mg/LEEFE K .
BRI AR MR E N TRE37 °C, $%CO, ;5 2 R-3 K T H
SR, QML RIS B R T3/4,

1.3 ZHMOEFERE IR AR R T o6 fLAR, RRLH IR
SN AL, 93,0004 /£L/100 pL o K85 TR AR I
Farh 3% (37 °C, 5%CO,) o FHALANAL0 uL CCR8AG M I
N, BT REFRA IS4 ho FEEARGIE 75450 nmAb I
JGRE, IFIE & FLAYODTH,

L4 20 AR B AL . B0 R SRR, LATIA Y
ToK LB (CRELARET0% ) , RATIRS], 4 CREE LK . 25
OISR E 5 AL, A RNaseAF37 °C/KIR, Hefail
APUH I T Y (030 min, PEATHRCANMIAL _FHLKS I,
>R HH ModFit/ 737 2 it & 191 534

1.5 AU TR I AL . B0 R R AN, FEEPE
JINA300 uLi1xBinding Buffer, il i Hi- 4l AR AR IC K
W, IAS uLiAnnexin V-FITCIRA)G, B TG TE
TS min, FEIAS uLAYPIRL EhRiCEIF 4NN, Wi
FRUASC ARSI I 534 240 AL T A 10

1.6 AERIRIEE S5 Htric B 6L e FHEL RIS
HRIRELR, KAERL cn—i8, BEZELFL, LB DGR S
24 BALFIMALSx 10540, 1 J5 PRUE RE B i 90%
DL, 552K FHRS YRR Sk 4% HE 22 i oo o 11 A 284 i T
FLAEAM IR SRR N R, FHPBSTEE PR ANA21K-3 1K, 1K
LG RE LA, AR TR, A 37 °C L $%CO, Hi 57
L KGR, BREULER | R,

1.7 Real-time PCREZM il S RNARH Ttrzolilk 17

HERERERERE
www.lungca.org



o [ Al R 2 5201 94E 5 A 5522 %55 s 1]

Chin J Lung Cancer, May 2019, Vol.22, No.S * 273 -

PRI, 3 64 BEA N A2 S RNAMR BE, 2850 55 I i WL
cDNA, Plp-actinfENNZ:, ABI7500%¢ )6 5E HPCRIX E
SYBR Green I4LAHG 2% JE R A 2 a8 1 D o

1.8 RIPSCHS WAL, A 20 24, B8 I A REER
B L) RIPHIETR , vortexiE . B 114k, 32
i RIPHY R B REER, AT PR, EiREE30
min, B 71501, 35 L0 IMARIPZE MR, B0 S REUiTE
WV, PRI THE D133, 3725 I INARIPIUER,
vortexiiiE & o FHIRHE J1 3 ik, 5825 L. B ABKZE vp
W B IR REER-PUAE A Y. W E RS B TR
L BB T, INARIPZE R B
AT A SRIKEE, vortex iR % 5 B0 W I JZ /KA
FOHEPE T, AR, G EL, WL JZKH R
NHEPEH, AR, ERIURIT, TUTEH 53R ) . RNA-
free LK CWFETR A, -80 °Cil R, BLLJEFHE 1IE, 80% 4
Bk — UK, PR ES O G 7025 03, 0 XU P BT, RNA-
free/K HiAk, HIT i s LA JeqPCRIMIT.

1.9 Western blot&x FHENIE JERHHAL . 2O 5 U4, fin
N\ i S R R A 7R, BRI S AR, FBCA
g R, LA10%SDS-5R NI IR B E e HL UK S 5% 1, 10961
RE WA £, —RIFE—Pt. —$i)a, HOdyssey T £L A%
MR RGBT

L.10 Bt ik Blnah RIS B A51E2E (MeantSD)

A
O
8 6
N~
N~
o
o
S
iv)
=
v
-
5 4
K]
>
Q€
c
2
A
o 2
o
x
(V]
[
=
=
s
[7]
0

BEAS-2B H1975 H1299 A549 SPCA-1

T, SRHISPSS 17.08k 31500 22 20 1) A% i ek b A
K HIANOVAFEATRGEG:, L a2 B R R TR, LA
P<0.05E N GEi 24 25 5

2 R

2.1 ULJH B g 20 R A RAE A Hicire_ 00077661 1A 1H
O MEIR, 5 qPCREGI, FATHE Ml 5 4k 40
Jil ZH k Bcire 0007766135, HRBACEFE B E & T
NS5 R4 I BEAS-2BHFicire_ 000776693 15, 41
Rcirc_00077661E i 46 2 it i Y 2 3 LA 3l 1, 424h
B Lcire_00077664 35 /K F-fe =i U SPCA-141 i (A7) |
4215, P<0.01) FIT BRI 20 M A S 49 FpBIF 58 X G2 47 10F
5o WAk, FRATHADL VT34 e e Bt A M e A P P ik
T30 IR LUEAS, S TqQPCRIVIRIIE . 455 & B,
Hicirc_000776 6 TE iR A1 b3R5 1 2 = T 55 414,
P FiR2.7618, 25 R ARAIKT- 3 (P<0.0S) o

2.2 circ_00077661] LIfE #ESPCA-1HIAS 4940 fifd i 44 5 RE
71 RHsiRNATHESPCA-1HIAS4941 il Hicirc_ 00077661
Ik, T CCK-8 LB % HIGFH e J1 0y A2 1k o 43 il
0h, 24 h, 48 h, 72 hF196 hAODTH, WNE2f7R. MELET
NCH, #Ysi_circ_0007766)77 SPCA-1F1AS49 41 g Hr 5
MR R, LIRSS R R cire_0007766193 15

B
8
~
N 4
o
[=]
S
':'
.G3
-
o
K]
>
K]
c 2
S
wv
wv
[V}
S
x
x 1
[
>
=]
©
[
0

B 1 E AR R AR KA R circ_0007766#9FIEKF, A: qPCRIG N4 AE F F AR %circ_00077661RIXTER, INEEXSE L KMAIBEAS-2B
HFTEB, (*P<0.05, **P<0.01) ; B: ZE30fIREHLHk 1 AIBHBR B4 LARE AR b 1T qPCRENIEIE, R & Hicirc_0007766E 5 R A BE, HRTFEZALAT R

2.76f& (P<0.05) ,

Fig 1 The expression level of circ_0007766 in common lung adenocarcinoma cell lines and clinical samples. A: The expression of endogenous
circ_0007766 detected in normal bronchial epithelial cells BEAS-2B was detected as control (*P<0.05, **P<0.01); B: The results of qPCR in 30
randomly selected lung adenocarcinoma tissues showed that circ_0007766 was significantly different in expression, which was 2.76 times higher
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Fig 2 Effect of circ_0007766 on cell proliferation of lung adenocarcinoma cell lines. CCK8 assay was carried out to detect the cell viability of cells
transfected by siRNA for 0 h, 24 h, 48 h, 72 h and 96 h. Five compound pores were set in each group. The absorbance at 450 nm was measured by
enzyme labeling instrument, and the OD value of each pore was determined.
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Fig 3 The cell scratch repair experiment and statistical analysis. A: The cell scratch repair experiment were used to measure cell migration capacity
of SPAC-1 and A549 cells; B: The ability of cell scratch repair after transfection of siRNA of circ_0007766 decreases compared with siRNA control
group (*P<0.05).
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Fig 4 Effect of circ_0007766 on cell cycle of SPCA-1 and A549 cells and statistical analysis. A: Cells in each group were fixed and stained with PI.
Flow cytometry was used to detect the cell cycle; B: The results were analyzed by cell cycle simulation software ModFit. FL2-w and FL2-A patterns
were used. Cells in the experimental group were arrested in G,/G, phase, and the proportion of cells in this phase was significantly increased

(*P<0.05, **P<0.01).
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Fig 5 Effect of circ_0007766 on apoptosis of SPCA-1 and A549
cells and statistical analysis. A: The percentage of apoptotic cells
was detected by flow cytometry after AnnexinV and PI staining; B:
Compared with the control group, there was no significant difference
in the percentage of apoptotic cells of SPCA-1 and A549 after
transfection of si_circ_0007766.

Her2, f& 3R M A T2 ARG WL, VR —Fh i A
LT 20 B 2 TR e A AR I A PR AR B T vy, M 5
fie Fya, FeA M cire 0007766 8 3= I A E P45 He
FAKEF ERBB2RAFNE o ISP e AR T-XT R4,
Ui#Rcirc_0007766)5 SPCA-141 il HHERBB2mRNA K £
FIRVTC R E LA (K6) o
2.7 circ_0007766% % T Cyclin D1/Cyclin E1/CDK4/{
mRNAEL BT ERcire_ 00077663 15 i fili - Jis 40 g 1
B SZ I, A0 A2 BE TG /G W, T SR — ],
AT P cire_ 000776638 157 F i SPCA- 1A iy
AL, JiFRcire_00077664 35 7 SPCA- 14 /il ' Cyclin D1,
Cyclin E1}¢CDK4 mRNAZ ik i % T, MP215HFmRNA
Ik To i E A (K7) .
2.8 circ_0007766 5eIF4A3H T E A4 GHE )] eIF4A3E
e EAZ A IIE R B 7 K A Z—, M —FIRNA
SYEEATT S mRNAZS G, Il TC XA P mRNARE
42 (nonsense-mediated mRNA decay, NMD) 7E545¢ )5
AP R R, JoAl Ttk —2 a3 A W15 B 07 ik 1
m (https://circinteractome.nia.nih.gov) R ﬁfﬂcirc_0007766
5elF4A3EE A ZIR NG A il TR — 2L 1T
RIPELES, KiilFcirc 0007766 5elF4A3E HE AL G RET)
(¥18) -
2.9 circ_00077661] Al 5 MieIF4A3 T IR AN it & I A
Cyclin D1, Cyclin E1 XCDK4RYK A CkRE, dilmEh

i JE I G B B FH Cyclin D1, Cyclin E1 X2 CDKA4J2&:elF4A3
T IR AR, T8 M e h 2 15 B AT ZRAUBLAR A 15
M1, FEDTBRcire_ 00077663 35 J kil & 2R, 240 A JE 491 0¢
HE# 1 Cyclin D1/Cyclin E1/CDK4MZF A B M, X}
P2UR IR IA T i 5, A5 G AW 5 B2t
HED, circ_ 00077667 i it 455 eIF4A3ER FITE S 5 /K
SR A 200 R SR DG R DRI 3R T 845 it g 1
FEDTERe IF4A3HE 13RI 5 FUFHLEE H Cyclin D1/Cyclin
E1/CDK4[HFRIEZN W] LI 3 i BRcire 000776615 £#HE
Gy, MP218E 0 W & 284k (Kl9) o LA 4551 3R],
circ_00077661] A /238 1 1 55 e IF4A 38 [ 1844 4t e Ji 141
%%E—%ECyclin D1/Cyclin E1/CDK4HF A,

3 g

cireRNAJE X FAA G ERNAR — 2B IR NA,

BA MG RGE A, KL T EHZRE A, cireRNA
W e B AN BTSN & TRV AR T
FESEHE B PR, XTRNARGEAGEUR, iR ZMERNA
e, BA A MR AR B KRR R, Hokim
HYIUESE £ B circ RNAS IR Y A& A L R REBEDIRHOC, N
FRATER AL 1 2 At B e A= W FE AR BT R £ o M e
AH K cire RNA I FE AL T ke 20 B B, FRAT 138 s AR S MR
circ_0007766FR K AR, £ XFSPCA-1FIAS 4941 I 15 11
FESFPERYsiRNA, WEEIF K Esi circ_ 0007766 1ARSMG
N o BN, M EE cire_0007766X} i[5 I8 21 il 478 BE S1 1)
SN, AT S CCRSMPLIYL | S50 ke A TR . SE5%
ZEIL R UL ERcire_ 00077663 15 Ji Fili i e 4 i 184 7
BE TR, g2 TG /G,

AP TSR FEAN, A TR — A F st
W I — BN IE PR R0 | 23k SOR4a A5 i B s 2 e
LAY G b 335 1 A A P T S Bl A R — PR T R,
TE MR ) & A ki R v BT AR ), Rk 5E
circ_0007766X] i i i 40 L 08 T- T RE Y20, FATTAH ]
Annexin V-FITC/PUX YL it MO A, 25 5% 3 BT Bk
circ_00077663% 15 5 M IR AN AR T I A A 25 2 k.
25 TR, AT Mcire_ 0007766 238 14 FE 40 it
HIMGTE S SN L A R, & — R A i g
7

FER Fcire_0007766AILTIAI 58, FR AT 18 2 B
SCHk, & IR ERTAMN B FcircRNAT 0 55 =R Lk R 45
FER R0 O EATERH; @ceRNAVLT; @4

HERERERERE
www.lungca.org



o [ Al R 2 5201 94E 5 A 5522 %55 s 1

Chin J Lung Cancer, May 2019, Vol.22, No.S 277 ¢

A

fos]
-
&

—_
o

Relative ERBB2 mRNA (-2 A Act)
o
o

o
=}

siRNA_NC  si1_circ_0007766 si2_circ_0007766

C
©
& &
R & f
Ned ©7 &
NS b4 7
& Y &
ERBB2
B —actin

B 6 circ_0007766i1 2k f5 AR FE 4 il 3 A EFERBB2HIZR 1%, A: circ_0007766 BB EREERBB2HI6Z10S M B FIMULTERK, BIYIHKE 4676 bp, BTF4MNE
F3RiBcircRNA; B: qPCRIQNSIRNAS: L 5 4R A 3 AR £ EIERBB2 IR & K F; C: Western blot#&ilsiRNA%: 3t 5 4R A FRERBB2E H I RIZ K .,
Fig 6 Expression of ERBB2 in lung adenocarcinoma cells after circ_0007766 silencing. A: Circ_0007766 is formed by cyclization of exons 6 to 10 of

the parent gene ERBB2, with a shear length of 676 bp. It belongs to exon-derived circRNA; B: The expression level of ERBB2 was detected by qPCR

after siRNA transfection; C: Western blot were used to detect the expression of ERBB2 protein in siRNA transfected cells.
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