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[ ZE] & ;7R RNA(circular RNA, circRNA)0072088 7 JE /I 41 fifd filiJ& (non-small cell lung cancer, NSCLC) 4 Jf1
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GEO2R #1153 2 R &K . 8 qPCR A& NSCLC 40l H165. H358. H460. H226 Fil A549 4ffi - circ_0072088 f1F AKX,
W J5 % F CCK-8 3241 Transwell /N 2583523 BIAG I circ_0072088 % NSCLC 4 M3 4 . i A A2 22 (1 /E FH . 381 CircInteractome
H1 TargetScan $ 3 7 circ 0072088 5 miR-545-3p. miR-545-3p 5 STAT3 2 [A] (I [ 5% 2, Fl it XU e R g 2 5 6 s
I6FN RNA 454 8 H 9% UTiE (RNA binding protein immunoprecipitation, RIP) 236 36 4iF circ_0072088. miR-545-3p 5 STAT3 2
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circ_0072088 promotes the malignant biological behaviors of non-small cell lung
cancer cells by regulating miR-545-3p/STAT3 axis

XIANG Baoli, WANG Bu, LIN Weijia, YU Yanan (Department of Respiratory and Critical Care Medicine, the First Affiliated
Hospital of Hebei North University, Zhangjiakou 075000, Hebei, China)

[Abstract] Objective: To explore the biological function and mechanism of circular RNA (circRNA) 0072088 in non-small cell lung
cancer (NSCLC) cells. Method: GSE101684 Gene expression profilesdata set were was downloaded from Gene Expression Omnibus
(GEO, GSE101684), and the differentially expressed genes (DEGs) were screened with GEO2R analysis was used to obtain differential
genes. PCR was used to detect tThe expression of circ 0072088 in NSCLC cells cell lines (H165, H358, H460, H226 and A549 cells)
was detected using qPCR. CCK-8 assay and Transwell cell methodchamber assays were utilized to assess cell proliferation, migration
and invasion. Circlnteractome and TargetScan database, dual luciferase reporter gene experiment and RNA binding protein
immunoprecipitation (RIP) experiment were were used to predict and verify the targeting relationship between circ 0072088 and miR-
545-3p, as well as between miR-545-3p and STAT3, which were then verified by Dual luciferase reporter gene experiment and RNA
binding protein immunoprecipitation (RIP) experiment. Results: The expression of circ 0072088 in NSCLC cell lines was significantly
up-regulated (P<0.05). Over-expression of circ 0072088 promoted the proliferation, invasion and migration of NSCLC cells (P<0.05);
knock down of circ_ 0072088 inhibited the proliferation, invasion and migration of NSCLC cells (P<0.05). MiR-545-3p is the
downstream target of circ_0072088 and can be sponged by circ_0072088; STAT3 is the target gene of miR-545-3p, which can be
indirectly and positively regulated by circ_0072088. Conclusion: Circ_0072088 promotes the proliferation and metastasis of NSCLC
cells by regulating the miR-545-3p/STAT3 axis.
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AR, T AR NSCLC AEYbr s &
B Mo MR 2 ST SR, R A A P A A S
Ty RNA X Jifes 40 B i 345, S B AR 2840 A ] o
BerdEEE R, Bk RNA (circular RNA, circRNA)
F& M AT {5 RNA(pre-mRNA) 2 [1] 55 U1 1 19
FAEVAE G B BA 4 BRR RNA, fE AW Tz 3%
EKOT T circRNA A Bl SRR IEFF poly A
FE LS5, AN ST ) Wl A AR A T il R A% TR AU il o
fif, AR T8 RNA S Ui 450 i hnfa ™,
KM RIE A B KB, circRNA 2 5 e 20 i 1)
REMFERE LR A Y E e, HFEEAY %I
e PR St [ T Mok pk 2 i sl /] —
Jed ] 52 ZFP circRNA P85, 40 circ 0043278 Fl circ
0013958 5 Z A 37 NSCLC 4 it (i 145 iz 22, Jf
PP T 6] —Ff cireRNA 78 A [ g 40 it
A et AR AR, B cire 0004277 0 45 I 9
20 8 A R T, P LS A R A ) 398 B
FFAIY, SR cire 0072088 7E NSCLC 1y i
A BALE A g . it R0, miR-
545-3p 7€ NSCLC #1335 T, 7e Mg A K h &
FEMHIVER s STAT3 £ NSCLC 81k iR, alfi
PE NSCLC 41 i iy 33 5 A e o U7 AR g i A=
Y5 B W0 L AH SCHIL I 58 5 ¥R 15 miR-545-3p 5
STAT3, circ_0072088 [A] A4 ] 45 3¢ £, LA M miR-
545-3p/STAT3 Hli %} NSCLC 41 g oy 34 5 . 3T #% Fl{=
ZEIE I, Ay BERE N NSCLC B2 W AG T H2 it
(AP TR 1

1 HREE

1.1 E2ZXA5MNE

NSCLC 41 iz H165. H358., H460. H226. A549
K E Bl F 2 400 BEAS-2B Y0 [ [ R 2 g i
RUBE FE W) AR K 22 D 25 A ML % 5 Dulbecco 2 K 1Y
DMEM % # JL 1y H Hyclone 2\ 7 ( Logan, UT,
USA); 10% Ia4-1yEN H GE Healthcare Life Sciences
2\ ) (Little Chalfont, UK) ; H &R . 8% % WK
F i FE & Lipofectamine 2000 314 H Invitrogen
A H] (Carlsbad, CA, USA) ; cDNA ¥ s i) 4 |
BCA #H 72 : i & fl RIPA 2 1 2@ i A
Beyotime /\ 7] (Shanghai, China) , CCK-8 %5l it
& H MedChemExpress 23 ] (Monmouth Junction,
NJ, USA) ; —#i STAT Hiik F _Hibiikym [
Abcam /A H) (Shanghai, China) , X3¢ % 4 5 5t
K I 38 ) & W B Promega 23 F) (Madison, WI,
USA) ; MmagnaRIP RNA %5485 [ e 2 U iE ik 7 &
) B Millipore 2\ & (Billerica, MA, USA) ; &5 # ki
R A cire_0072088 i ik R4 H Bio Link 23 ]
(Shanghai, China),

1.2 fmpfds Aottt

WA M & 100 U/ml 75 725 Z F1 100 pg/ml
HEFE 2 Y DMEM H5323F 37 °C 5% CO, 5¢ &4 A
XM T HE SR, & 2~3 R 1R, B4
A KA TR 22525 . 8 Lipofectamine 2000
43 9 25 20k (Vector) | circ_0072088 i3 35 35 it
hi . HL ) cire 0072088 Ay siRNA (si-circ_0072088:
5'"-TTTCCAAGCTGGCCCTTACGT-3') . %8 si-NC
(F¥): 5-GUACGCGGAAUACUUCGAUU-3") .
miR-545-3p B4 (mimics) F1 miR-545-3p 1)1 51
(inhibitors) A H: %] B mimics NC 5 444 1L, [RlAt5%
Yuos FORAE T IR
1.3 qPCR # circ 0072088 7& @ AL v 44 % ik KT

K TRIzol 477 $2 B4 2H 200 i 5 RNA FAG I
W ¥ J5, #% TaKaRa i 57 & 5 1F 0 B I #% 5% %
cDNA. Ht 1 pl A9 cDNA #:AKH SYBR Green Premix
Ex Taq II #£4T qPCR, LA U6 #l GAPDH AN %, 5l
YIS L3 1, i 277 ki cire_ 0072088 A
X E IR .

*1 514F75

Tab.l1 Primer sequences

Target Primer sequence

F: GACCTCTGTCAGCGAGTTCC
R: CTGCCTGTAACTCCTCTTCAGT

F: TGGCTCAGTTCAGCAGGAAC

circ_0072088

miR-543-3p R: universal reverse primer

GAPDH F: AGAAGGCTGGGGCTCATTTG
R: AGGGGCCATCCACAGTCTTC

U6 F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATT TGCGT

1.4 BRSBER

P NSCLC 21 it J 150 pl 4% 55 43 55 24 i i
2, vk B2 5. 10 min, 5:PF 1 min BIEIES) . 1E
4 °C T B 10 min, 35 A0 BTRE S, UTTE A
Mit% . fdiH TRIzol 434 $2E RNA I T DEPC
K, =80 °C P47, BfifE>RHH qPCR il circ_0072088,
U6 1 GAPDH HYAHX & SEFEE
1.5 CCK-8 i&#m|

i F CCK-8 157 BAs il AS49 40 yG /1, B
YL JE ) AS49 4 ~E47E 96 LA, BAFLT 2
2x10° N4, 1537 48 h JeBFFLINA 10 ul CCK-8 i
#, 37 °CHFE 1 h, MWEKSLLE 450 nm A HOGEE L
(D). MG/ AIESS 24,48, 72 Fi196 h £5I5E 1 %,
1.6 Transwell 52 3&46m]

K H Transwell /)N %8 Fll 3 ot i 4= 28 52 56 0 7 4
) i iz 22 68 0 o BOR B A K Y AS49 21
i, MR LA AL A, FAS & I35 ) DMEM #5557
R B, VAW E N 1x10° S /ml, FE
Transwell /NZE (8 um) 2 AL 40 L2 200 ul, [F]
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BFE R ZMA 500 ul & 10% A6 4 1L 7 A9 DMEM £
FeHE, HiFF 48 h, HU/INVE H 4% 19 2 5 W ]
15 min, 0.1% 45 Sh 25 G4 (4 15 min, PBS Pk 255k
A ah i S R T /N0 25 Transwell /NE B
HRSE R A AR L, I T T X 2 B A A T
TEizZesrigh BT Transwell /NEEEBE A —FE R
Fifie, Hp PR FERS S0

1.7 WB &

F& A 8 B 0 RIPA 22 27 vh i 22 1%
A, FEBCETE 1, 8 BCA Ak B Gk T
B, HE&EE AT SDS-PAGE., EHL 5% M4
JEA 10% HO 4= e, B 20 wl 25 FARESHEAT AR,
WKEEHG, B TR 200 mA TE A S T B 90 min
Y% 2 PVDF B . i FH 10% 4 5 18 FLoR 1 0O
PVDF A TEA] 2 h, IMA—PL, 4 C B LR il
FH TBST YRS 3 ¥k, AR 15 min, $EIEE BB
TR FWFE 2 h, F TBST ¥E% 3 WK, fiA ECL 1k
22RO HR AT W AR . e SR A B4
ARG EATIRIG RAE, (#FH Tmage Pro B4 K 11 5%
HOR B, THEE A RIB /I TR T T
1.8 MR KA IR A K %A

4= A pGL3-circ_0072088 (circ_0072088-wild)
1978 B pGL3-circ_0072088 (circ_0072088) J5i ki |
9} 1f: A pGL3-STAT3-3'UTR (pGL3-STAT3-3'UTR-
wild) F1Z& 25 pGL3-STAT3-3'UTR (pGL3-STAT3-
3'UTR-mutant) 5O Kz 35 Hi B Promega 23 7] & 1. K
AS549 AL 4.5%10* A /FLAT A% B LA T 48 FLik

H, JER R 70% 4. $8)5 H Lipofectamine 2000
# EiR A K S miR-545-3p AU I L A549
YL, 48 h J5 HIXUO G R B S R G0 ot R i
.
1.9 RNA %% iE (RIP) 5 ktbm

¥ 11 MmagnaRIP RNA 454 25 1 5 T UE i 7
B circ_ 0072088 F1 miR-545-3p MR E R, Faak
A G B HEATHRAE . KA E RIP 243 22 vhig
S8, B 100 pl 2R S B A 5 DT Argonaute2
(Ago2) BB BAMEXT 18 1gG BBk A i ER 7E RIP
GeopRrh R . MRS S E A K R5 R LAHA
FEBT, 1% RNA BUTTE . Haifb iy RNA #E 17
qPCR ¥ ASE— 05T .
1.10 %itsa s

K SPSS B HEAT B vt 24 0 Hr, BT A SE g
SCHE 3, A A A T e EE e £ sk
N, Z R Z R R L R T 2 b
(ANOVA) , W4 Z 8] b3k ¢ k5w, DL P<0.05
5 P<0.01 FonERBAgIEE L.

2 # R

2.1 circ_0072088 72 NSCLC 2842 F 2 & &k ik
MAFERERLE F 2% Gene Expression Omnibus
(GEO) "' F#k GSE101684 %44, il GEO2R /3
Mr2esrdkd, 4558 (B 1) R, cire 0072088 7£ NSCLC
AP A FRIAIKT 2 R T IR I ZH 4 (P<0.05) .

A Volcano plot B Cancer tissue Lung tissue
651 , i hsa_circ_0006349
E Y ) hsa_circ 0008584
5ol < ; Py hsa_circ_0001955
Y Sosests o " hsa_circ_0000700
0 Fe: o, hsa_circ_0001806 %31:88
g 39t : o hsa_cire_0067301 13.00
a . T ° . 12.00
= : S ; % : hsa_circ_0000121 12.00
226} R s ol heacire 0050649 1100
' B oes et hsa_circ_0050648 10.00
RS 3% * - . 10.00
oy s hsa_circ_0077607 9.82
13 preeeeemece S U - ™+ e cire 0072088 e
: ) i hsa_circ_0001971 8.29
T ; . 7.77
NG A ) ) hsa_circ_0033628 726

O 1 10
-3.20 -2.13 -1.07 1.07 213 320
log2 (FoldChange)

A: Volcano map was used to show the differentially expressed circRNAs in NSCLC tissues ([FoldChange|>1, P<0.05);
B: Heat map was used to show the differential expression of circ_0072088 in NSCLC tissues
1 circ_0072088 £ NSCLC AR RIE
Fig.1 The expression of circ_0072088 in NSCLC tissues

2.2 it & A circ 0072088 4% 1 NSCLC % fieL 64 3%
i, EBFIEE

qPCR 4 i 2% 5 . 7, circ_ 0072088 7£ NSCLC
gi j b By 2R I8 ¥ B 2 R T BEAS-2B 41 il (1

P<0.05, 81 2A) , Jf HAE A549 th &AM fe Ak . 78
H358 ikt e ; circ 0072088 3252437 16 41 i Jii
H (& 2B) 5 ¥ circ 0072088 3o 63k FURLFE Yt A549
Y, si-circ_0072088 ¥4 4« H358 A5, SC562H 4N
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HL ) cire_0072088 ik Y9 A &k skl (¥ ik (72,96 h, ¥4 P<0.05) . Transwell 55 il 45
P<0.01, & 2C) ., ([ 3B) Wor, a5 8%t A A EL, circ_0072088

CCK-8 LI Z5 5 (] 3A) Bon, Stk b 3RIk4H A549 20 ()i 7% iR 22 4 s & 7t
Xt HRAL A L, cire_0072088 3 Fik 4l AS49 4HfLr) & (P<0.05 8 P<0.01) , circ_0072088 i fik 2 H358
B K 2 TH (48 hilt, P<0.05 5% P<0.01), AR 3558 AR 28 41 i 550 3% 8 2 R AIK (P<0.05 5%
circ_0072088 i 1 41 H358 40 g 8 58 K °F @ Ff& P<0.01) .

A B == Cytoplasmic expression C
8 150 - == Nuclear expression .g 6 A549 H358
5 120 8

Z = =
5 £ 90 5

& e %

Q =~ 60 z
o~ X a
g 30 g
§ 0 £0
© Qo

"P<0.05, "P<0.01
A: circ_0072088 expression in NSCLC cells was detected by qPCR; B: The subcellular localization of
circ_0072088 was verified by qPCR; C: Transfection efficiency was detected by qPCR
[ 2 circ_0072088 £ NSCLC #Afuh IR IE
Fig.2 Expression of circ_0072088 in NSCLC cells
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A: Cell viability was detected by CCK-8 assay; B: Cell migration and invasion were detected by Transwell assay (x40)
B 3 Circ_0072088 Xt A549 1 H358 4P  IERR B LM
Fig.3 The effects of circ_0072088 on cell viability, migration and invasion of A549 and H358 cells
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2.3 circ_0072088 H #:-¥eé miR-545-3p

J T #E—HIAE circ 0072088 FIAE FHAL I, 3@
1 CircInteractome [ %4 ( https://circinteractome.nia.
nih.gov/) WM & B, miR-545-3p 5 circ_ 0072088
ARG G AL (8] 4A) o R O 2 i i 4 25 P 1
It (1K 4B) SIS, 54 miR-545-3p mimics 7] I
F M cire_0072088-Wild 195 LR [ P (P<0.05

A

B
2~
s
z'g
Q=
hsa_cire_0072088 WT 5§ aaAUGUCAACCUUGUUUUGCUGU 3 q{b; 8
g2
mn £ e
hza-miR-545 ¥ cgUGUGUUAUUUACAAACGACY 5 =) '8
Q N
5o
hsa_circ_D072088 MUT 5 aaAUGUCAACCUUGUACGUUACU 3 ) g
>
z E
<
5 &
~

A549

=]

C &
50 =1eG @
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) g
<20 5
g 8
g 2
S 10t =
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o =
== —— =
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e = o= bbb
b o L o W

(=]

8¢ P<0.01) , T % T circ_0072088-Mutant [ 2¢ Y 2
FifE 6P O S R . RIP SEIG 2 2R (18] 4C) BUR, 18
Ago2 ZH 1, miR-545-3p 5 circ_0072088 & i & 4,
MAEDL 1gG AR R M B & 4. HAHh, dRK
circ 0072088 i & il il AS49 41 fg ' miR-545-3p fY
Fk, AU circ 0072088 M| 2 3% | i miR-545-3p
ik (38 P<0.01, & 4D) .

HEK-293T
® = Empty luc-vector
== circ_0072088-wild

Or |k = circ_0072088-mutant
5 L

ot

:
&

r = Vector
== circ 0072088 *%

[ == si-NC
= si-circ_0072088

"P<0.05, "P<0.01
A: The binding site of between circ_0072088 and miR-545-3p; B, C: Dual luciferase reporter gene experiment and
RIP experiment verify verified the targeting relationship between miR-545-3p and circ_0072088; D: The effect of
over-expression or knockdown of circ_0072088 on the expression of miR-545-3p
& 4 i3RI circ_0072088 F1 miR-545-3p XF A549 HAREIETHE TR FEERE T

Fig.4 Effects of overexpression of circ_0072088 and miR-545-3p on the proliferation, migration and invasion of A549 cells

2.4 circ_0072088 i@ it "R B miR-545-3p % NSCLC
E) R N s 2 e SR A

qPCR Kl £5 5 (1] 5A) R, 525 g iiox) R4
HHLE, circ_0072088 it FRik ki Y2 A549 Hiffirh
miR-545-3p Y 3Rk i FFEAR (P<0.01) , miR-545-3p
BEHL ) 20 miR-545-3p ) 3R 35 B & F+ & (P<0.01)
1M circ_0072088 it 33K B ki+ miR-545-3p A4

YL miR-545-3p WRIA SXT A LB H x5, 7
NG NI

CCK-8 (% 5B) Fil Transwell (& 5C) 52 5 5 I
GEREH], ML T2 8UAXT B4, circ 0072088 1%
K2 AS49 AL BG5E , RS AR 28 6E 1 34 2 Tt
(37 P<0.01) , miR-545-3p FE42L 4% 2H 41 i B 345
IR ZERE 11 W 2 K (P<0.05 3% P<0.01), |
7% miR-545-3p AJHI| 551 3K circ_0072088 X 2t A 4

B IR 2R R
2.5 circ_0072088 i@ it & # miR-545-3p 42 STAT3
89 &k

il 13} Targetscan ( http://www.targetscan.org/vert
72/) By E BEAT TN & B, STAT3 J& miR-545-3p fY
WEA RN 2 —, 456 A0 R UL 6A . RUIOGE R
S SZIRIE S, Y miR-545-3p MW AT i 240
il STAT3-Wild £H 41 Jfd i) 2¢ 5t & il 3% 1 (P<
0.01), %} STAT3-Mutant 41 (5% Y6 2 B 1 TG ik
i (F 6B) . WBRZ5 R (B 6C) Bin, FHLL
TXFREA, i 3K circ 0072088 {12 #F STAT3 %
ik, T _F 9% miR-545-3p #i] STAT3 ()3kik, H FiH
miR-545-3p B 553 % ik circ_0072088 %} STAT3 %
KR HEVER
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150 ¢ = Vector mm circ_ 0072088
% == miR-545-3p mimics
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100 f -
sk
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E
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Migration Invasion

*P<0.05, **P<0.01
A: Binding site of MiR-545-3p and STAT3 predicted by the Targetscan database; B: Effect of overexpression of circ_ 0072088
and miR-545-3p on the proliferation of A549 cells detected by CCK-8 assay; C: Effect of overexpression of circ_0072088
and miR-545-3p on the migration and invasion of A549 cells detected with Transwell experiment
Bl 5 circ_0072088 i& T I Bt miR-545-3p 123 A549 AR STAT3 EBHIFRIL
Fig.5 circ_0072088 promoted the expression of STAT3 protein in A549 cells by adsorbing miR-545-3p

3 3 i

T2 % B cireRNA 1T BETE 2 FP 80 1 &
JEErP R AR, AL FE B kS B R Ak 1 1t A 5 G X
W . B2 ZRGEHRNG | R BRI L O A R DR
A, EEAYIE, circRNA 7EZFP R b S8 ik, It
Z 5y & AR kR, BN, circ 0078767 Al
circ_0001649 7] #1 ] NSCLC 40 il i 4= 4 22, i
circ 0020123 7] LA #E NSCLC 41 ffd 14 5 1 4= 2212,
circ_0072088 REAE HE NSCLC 40 Jifd Al il 48 45 FUA%
AR A KPS ARBFSE KPR, circ 0072088 BE i 3 112
E AS49 20 B3 5 | i R 48, X R circ_
0072088 A i~ NSCLC ()35 B2 Wi b ik 1 F1 43
TFIRITHE A

miRNA 7R 0 % A | & R FGE R vh e 4536 =
LVERP), 6T miR-545-3p MBFGY L 90, LAl
s [E] CBLLI ] NSCLC 4 il A= 4, Jf-48 5 He
ot W4T 14 A B s Pl et 1 ) p38/42 24 Ik

T P10 2 1 3 3 B A A N RIS S i) NSCLC iyt
&, I HH 5K 32 5] circ_0007580 fit #E [ 1 45 11
ARWF5E % PR, miR-545-3p J& circ 0072088 T iiff #lt
&L, circ_0072088 I i 2 W fff miR-545-3p ik A549
YR A F AT N

STAT3 & STAT ¥4 5k I F XM B Z W 61 Z
—, TEVA AN A A, AT I AR AR fE
SN | IR A R RS A5 A W 2 i R v R A AR
R JAK/STAT. MAPK Fl mTOR & 14 3 1] ¥
% STAT3, #IMIG B STAT3 5 A & 40 A% i
VF 22 3 DI % 5, DA A1 3F 22 e 10 0 1 aF
JERE0 0 gb Ak, STAT3 (3 151852 5] miRNA A H
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