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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
B4 Thie AR ML . ok« 78 A LIRS F $E % Gene Expression Omnibus(GEO) H T % GSE101684 #5545, @it
GEO2R #1153 2 R &K . 8 qPCR A& NSCLC 40l H165. H358. H460. H226 Fil A549 4ffi - circ_0072088 f1F AKX,
B 5 % CCK-8 ¥E A1 Transwell /N5 3520 BRI cire 0072088 X+ NSCLC £ il 184 58 . i #% M2 22 194E . 83T 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
46 RNA &5 48 A % B UTIE (RNA binding protein immunoprecipitation, RIP) 5246 ¥ 4IF circ 0072088, miR-545-3p 15 STAT3 2
] (SR 1 DG 2R o #6 SR« cire_0072088 7E NSCLC 4l il & H {1 ik 45 2 3% B (3 P<0.05) . i ik circ_0072088 {2k T NSCLC
Y0 R BG B 1= 2 FNIT 2 (35 P<0.05); B circ_0072088 #li#] 7 NSCLC 40 M ¥ B4 5A | 1= 22 FIT#% (35 P<0.05) . miR-545-3p /&
circ_0072088 {17 1 il ¥8 25, AT LLH circ_0072088 WX [ff; STAT3 J& miR-545-3p (L EE A, W] A# circ_0072088 [ 4z i [r] % .
%€ #x: Circ_0072088 385 i 17 miR-545-3p /STAT3 Fli{it 3t NSCLC 4 g iyt i A 4% 7%
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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 data set was downloaded from Gene Expression Omnibus (GEO), and the differentially
expressed genes (DEGs) were screened with GEO2R analysis. The expression of circ_0072088 in NSCLC cell lines (H165, H358,
H460, H226 and A549 cells) was detected using qPCR. CCK-8 assay and Transwell chamber assays were utilized to assess cell
proliferation, migration and invasion. CircInteractome and TargetScan database were used to predict 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); knockdown 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; STATS3 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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BerdEEE R, 3Ok RNA (circular RNA, circRNA)
& R {E i RNA (pre-mRNA) S [ 8 Y] 1K i 1Y
B AR g 5 A A ROk RNA, TE A A 2 3%
K7, H T cireRNA AR B/l SRS IE T poly A
JFE ELEE A, N2 T RAZ R A T I AR A R A1 D) it %
fift, FLARX TLHE RNA R LA B nfae ™,
S 22 (ORMIT A B2 R, circRNA 215 i g 24 Jfd 1)
(REMFLR S M A Y E i, HFREAEY % The
A R S B R T ok 2 Bl /] — i
Jed ] 52 ZFP circRNA P85, 40 circ 0043278 F circ
0013958 ¥ i ZE AL #F NSCLC 4 g iy 8 5 iz 2%, Jf:
P A T Rl —Fb cireRNA 7 AN [ i 41 i
R ShRE B AT, 40 circ_ 0004277 I 2% i g
2 A A T, T L R o e g 20 A A 446 5
FFAIY, SR cire 0072088 7£ NSCLC 1y i
RAEVERHLE AR T oriE e . Bt £, miR-
545-3p 7E NSCLC 3Rk T, 7EMbE A K b &
FEMIVEFT ; STAT3 7E NSCLC 383k i, nl{2
#E NSCLC 41 i iy 38 5 e U, B i A=
WiAE B F0 . AH SC AL S5 5 #8905 miR-545-3p 5
STATS3. circ_0072088 [H] AY4E [m] i+ ¢ 5, LS miR-
545-3p/STATS3 #li%F NSCLC 41 it (384 5 . i #% A2
Z, Ay YR AE N NSCLC B2 W FUVA YT S 4t 7
VTR A

1 MREFE

1.1 2&ZXAEMNE

NSCLC 4f fifti H165. H358. H460, H226. A549
K TE il B2 1S BEAS-2B #J0 [ r [ B2 B S
R BE F W) Of i 22 D1 23 40 M )% ;. Dulbecco # R 1Y)
Eagle #5574 ( DMEM 1557 ) I [ Hyclone 23 Al
( Logan, UT, USA) ; 10% fi§ 4~ Ifl i W H GE
Healthcare Life Sciences 2\ &) (Little Chalfont, UK) ;
TR % R RE B AE FA Lipofectamine
2000 111 H Invitrogen’s w] (Carlsbad, CA, USA) ;
cDNA 3554 5743057 & . BCA £ & 8357 & F1 RIPA
A WY B Beyotime 2 A ( Shanghai,
China) , CCK-8 {45151 &1 I MedChemExpress
/A ) (Monmouth Junction, NJ, USA) ; —¥i STAT #t
& PR {3 Abcam /A 7 ( Shanghai,
China) , 3¢t 3 M iz 45 56 A DU 3k 5% & W
Promega 2\ H] (Madison, WI, USA) ; Magna RIP {5
& F Millipore 23 7] (Billerica, MA, USA) ; %5%%
JERL A cire_0072088 #F F& 38 ik ¥4I [ Bio Link 24
Al (Shanghai, China).
1.2 R fide it 4

P T A 4 & 100 U/ml 75 25 Z H1 100 pg/ml

HERE R ) DMEM }: 525 F 37 €. 5% CO, 58 &Ml
MREE SR T W B FR, B 2~3 RAGAR 11k, B
A KIS TR 22505 . 8 Lipofectamine 2000
A3 B 28 35 kL (Vector) | cire 0072088 i 26 ik it
K, # ) cire 0072088 [ siRNA (si-circ_0072088:
5-TTTCCAAGCTGGCCCTTACGT-3") . %} & si-NC
(JF%1 . 5'-GUACGCGGAAUACUUCGAUU-3") .
miR-545-3p #4014 (mimic) F1 miR-545-3p i 1 51
(inhibitor) M H: X} IR mimic NC # YL 400, [F]mhis gy
23 BORLAE R xof R
1.3 qPCR #l circ_0072088 72 2m i b 4 & ik /K F

K TRIzol 77 $2 B4 2H 200 5 RNA FFAG I
WP J5 , 4% TaKaRa 23 )R G #4E U8 BH B e S g
cDNA. Ht 1 pl A9 cDNA #:4K ] SYBR Green Premix
Ex Taq Il #£4T qPCR, LA U6 #l GAPDH AN %, 5l
VIR HI L3 1, (i) 2724 it cire_0072088 A
X ik

#1 31955

Tab.1 Primer sequences

Target Primer sequence

F: GACCTCTGTCAGCGAGTTCC
R: CTGCCTGTAACTCCTCTTCAGT

F: TGGCTCAGTTCAGCAGGAAC

circ_0072088

miR-545-3p R: Universal reverse primer
GAPDH F: AGAAGGCTGGGGCTCATTTG

R: AGGGGCCATCCACAGTCTTC
Us F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATT TGCGT

1.4 BRSBEE

P NSCLC 28 At 150 pl 4% 55 43 55 24 i g
B, VK 2% 5. 10 min, 5% 1 min BiERS) . 76
4 °C T B0 10 min, 35 A 40 BTRE 5, DTTE A 4
Mu#z . ffi H TRIzol ¥4 7l #: RNA I3 F DEPC
7K, 80 °C PR-AF, BEJFRH qPCR Kl circ_0072088,
U6 fil GAPDH RIS & HEFERE .
1.5 CCK-8 il

i F CCK-8 1057 & A Il AS49 203G 11, HU
Y5 R AS49 i SF-Al 7 96 FLAR Y, BANFLI
2x10° NI, Ki5F 48 h 5 BEFLAILA 10 pl CCK-8 i
A, 37 °CHEE 1 h, W FLTE 450 nm 40 1G5 BE
(D) 1. WSS 24, 48,72 F196 h4IE 1 K.
1.6 Transwell 52 Z&45-m)

K H Transwell /)N %8 F13E it i 4% 28 52 50 10 22 41
M 32 RS IR 2868 11 o B B4 KA AS49 41
J, SRR fh A A, FAS &5 LT () DMEM 15
FE S, R AL AN AR N 1x10° 4N /ml. 7E
Transwell /N (8 pm) A 4120 200 i, [A]
HE R A 500 ul & 10% f& 4 1L B9 DMEM 54
FREL, H9E 48 h, WU /NE H 4% 1 2 B P E
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15 min, 0.1% 45 A 4L 4 15 min, PBS Pt E=4#%
S ok R IS AR T /N O 2 Transwell /& g
HORSE RO AR L, 0 T T X 2 B A A T
fizZesrigh ) BT Transwell /NEREBE A —ER
T, HAp PR FERS 0

1.7 WB &#m)

FH A 8 LB B RIPA 2467 2% vh ik 24 1
A, SREBUEE A, ] BCA & kR & kT
B, W& EERESFT SDS-PAGE., EHL 5% MUk 4
JEFT 10% B2 B e, B 20 wl 25 FARE SR T AR,
TKEEHRE, F R (7E 200 mA TR A S HU% 90 min
% 2 PVDF L. ] 10% (1) B8 A 7Lk 7 okt
PVDF BEHEATEHA] 2 h, IMA—PL, 4 "CIFE LR, Ml
FH TBST ¥E/EE 3 ¥, BFIK 15 min, $ES ZHiE R
TEZEIRTFWE 2 h, JH TBST Ve 3 ¥k, A ECL 1k
22 RGO B I T B AR . e R A 8 g
ARG IATIEG RAE, f# H Image Pro B4 & 45 11 5%
WK, THEE A RBRIFHF TR 5T
1.8 MR KA iR L B 5 A

B} 4= Y pGL3-circ 0072088 (circ_0072088-wild)
AR 7Y pGL3-circ_0072088 (circ_0072088 mutant)
JF k. B 2R B pGL3-STAT3-3'UTR (pGL3-STAT3-
3'UTR-wild) 1528 A pGL3-STAT3-3'UTR (pGL3-
STAT3-3'UTR-mutant) 5k ¥4 i1 f Promega /A &) &
o B A549 YRR 4.5%10% AS/FL4H B 2% BE 1 T
48 fLtR, BiREL 70% A #RJ5H Lipofectamine

2000 ¥ b i 4 15 2 A& 5 miR-545-3p mimic 5% Yy
AS549 4 fid, 48 h J5 F XN R B S R T
EN 3T
1.9 RIP 534

% H] Magna RIP i 51| & 42 1iF circ_0072088 F
miR-545-3p HYHE 1) 5C &, 4% 12050 & Ul ] B R AT 4
YEo PN AE RIP 247 22 vh i 2468, 1% 100 pl 41
it 24 g RN 5 7 5 A HT Argonaute2 (Ago2) Bk ok
BF A X BE 1gG B0 (A (3K (%) BE BR A2 RIP 2% vl ik v 0%
B BEEMESEAMN KRG E IHLE AR, 3K
3 RNA BUL3E . Halifbiy RNA i#47 qPCR 43477 LA
E— AR .
1.10 %itsae

K H SPSS A AT G i 244, A S g
SEEE 3, A IES S B Hx £
TN, 2 AVEE Z R AR B R O 2 AT
(ANOVA) , M4 Z [\ thACRH ¢ f g, DL P<0.05
o P<0.01 RREFAAGIEE L.

2 # R

2.1 circ 0072088 7 NSCLC 4142 F 23 k%
MAFERERLE 8% Gene Expression Omnibus
(GEO) 1 F#k GSE101684 ¥#&4E, i+ GEO2R 43
Mraes i, 455 (F 1) IR, cire 0072088 7£ NSCLC
HA PR IEIKT- 3 & T IR i ZH R (P<0.05) .

A B Cancer tissue Lung tissue
65¢ at : hsa_circ_0006349
A ] hsa_circ_0008584
5ol * 4 b hsa_circ_0001955
‘e Fos.sn s " hsa_circ_0000700
0 F e o, hsa_circ_0001806 }‘3‘:88
g 39r + iy ! hsa_circ_0067301 13.00
g, G T ° ) 12.00
= S i+  _ i hsa_circ_0000121 12.00
S ] 11.00
ion 261 B X 3 . hsa_circ_0050649 11.00
I S i hsa_circ_0050648 10.00
% - . 10,00
a hsa_circ_0077607 9.82
K, W Tt hsa cire 0072088 HEh
: R~ " hsa_circ_0001971 8.29
X : ‘ 777
s . , , hsa_circ_0033628 726

0 L u i
-3.20 -2.13 -1.07 1.07 213 320
log, (Fold/Change)

A: Volcano map was used to show the differentially expressed circRNAs in NSCLC tissues (log,|Fold/change[>1, P<0.05);

B: Heat map was used to show the differential expression of circ_0072088 in NSCLC tissues
1 circ_0072088 7 NSCLC AL IR IE
Fig.1 The expression of circ_0072088 in NSCLC tissues

2.2 it & A circ_ 0072088 4% 3 NSCLC %m fieL 64 3%
., THFIZE

qPCR K il 2% 5 i 7R, circ 0072088 7£ NSCLC
g M by R Ik W S T BEAS-2B 41 i (3

P<0.05, [8l 2A) , Jf HAE A549 th 3 AMIX fe Ak, 76
H358 AR Er; circ 0072088 3= H 43 A7 7140 il JF
H (& 2B) 5 ¥4 circ 0072088 i 63K ORI FE YL A549
Y, si-circ_0072088 ¥4 4« H358 A5, SC562H 4N
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L) cire_0072088 ik Y9 A7 a4 TH ek A il (3 P<0.05 5% P<0.01) , [AIB & A= B8 Fl 42 28 19 40 i £
P<0.01, [#2C) . 158 3 T m (P<0.05 5 P<0.01) ; circ_0072088 i {ik

CCK-8 I 255 (18] 3A) 5 Transwell SCIRZ5 59 41 H358 40 Jd % 4 5 /K °F b 2 F&AIK (72, 96 h, ¥
(I8 3B) Wow, 525 #fhxt B 1L, circ 0072088  P<0.05) , & /= iF % #1132 28 19 41 g £ 35 & 25 BRI
i R IR AS49 AN TEK T W T (48 hile,  (P<0.05 H( P<0.01) .

A B == Cytoplasmic expression C
.g 150 . = Nuclear expression E 6 A549 H358
5 2
2 120 4
8 T 9% g
o0 5] -
g S %0 £
o~ X S
= 30 g
0 8
°© o

"P<0.05, "P<0.01vs BEAS-2B, Vector or si-NC group
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 #ia IR IiE
Fig.2 Expression of circ_0072088 in NSCLC cells

A A549 H358
13 -~ Vector 081 -~ si-NC
;%' 12} -@-circ_0072088 T ;% -6~ si-circ_0072088
g *% ,," g e
Z09¢ .- =
£ Ltidl 204t
S S :
& . a,
8 0.3 8 03
24 48 72 96 24 48 72 96
Time (#/h) Time (#/h)
B

Migration
Migration

Invasion
Invasion

Vector circ_ 0072088

150 o cire 0072088 == si-NC
== Vector == si-circ 0072088
*

100 |

W
S

Numbers of cells

Migration Invasion Migration Invasion
A549 H358

*P <0.05, **P < 0.01 vs Vector or si-NC group
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 GO (K 4A) o R TR B i PR 5
25 R (& 4B) HIE5E, % Y% miR-545-3p mimic 7] i
FAMH cire_0072088-wild 7% i il i 7% (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 @
on v
% =n Ago2 o
) g
<20 5
g 8
g 2
S 10t =
s 5
= g
o =
== —— =

circ_0072088 miR-545-3p &

g
=

— —_
(=] w

4
[

g
o

[ —_
(=] w

54
[

g
[

[=]

g
[

(=]

5% P<0.01) , 1% T circ_0072088-mutant (1) 5% %

PTG PTG B R . RIP SEE 5 L (] 4C) WoR, 1
Ago2 Hii&ZHh, miR-545-3p 5 circ_0072088 =5 &
£, MTE IgG PR R LW W 5. ok, i
&K circ_0072088 WA A549 4ilifi+ miR-545-3p ()
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
mm circ_0072088-mutant

B

JHHHHHHHE

r = Vector

== circ 0072088
[ == si-NC
= si-circ_0072088

kk

"P<0.05, "P<0.01
A: The binding site between circ_0072088 and miR-545-3p; B, C: Dual luciferase reporter gene experiment and
RIP experiment 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 circ_0072088 #E[5] i miR-545-3p &K%
Fig.4 circ_0072088 regulated the expression of miR-545-3p

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

qPCR K251 (] SA) iR, 525 8k B
HHLE, circ_0072088 it FRik ki Y2 A549 Hiffirh
miR-545-3p Y 3Rk i FFEAR (P<0.01) , miR-545-3p
mimic 21 miR-545-3p 3Rk i E & (P<0.01), 1
circ 0072088 i % ik Jii ki + miR-545-3p mimic 3t 5%

Yu2H miR-545-3p HRIB GXIA TR EE R, #oR

CCK-8 (|4 5B) I Transwell ([&] 5C) 52 56 5 ]
GEREH], ML T2 8UAXT B4, circ 0072088 1%
K2 AS549 4R BG A | SE RS MR 2868 1 34 W 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), |
8 miR-545-3p 7] H| 553 3Rk circ_0072088 X 4fi 35

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
5B S TE S, #% Y% miR-545-3p mimic 7] i 1)
il STAT3-wild ZH 41 M /) 2¢ o6 & B 1% P (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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Cell proliferation (D)

e
n
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Numbers of cells
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w

[ -& Vector

-6~ circ_0072088

-B miR-545-3p mimic
circ_0072088+
miR-545-3p mimic

,_.
S

72

48

24
Time(#/h)
150 ¢ = Vector mm circ_ 0072088
% == miR-545-3p mimics
ok == circ_0072088+miR-545-3p minics
100 [ -
sk
50 F
E
0 =
Migration Invasion

*P<0.05, **P<0.01
A: Effects of transfection of circ_0072088 overexpression plasmid and miR-545-3p mimic on miR545-3p expression in
A549 cells detected by qPCR; B: CCK-8 experiment detected the effect of overexpression of circ_0072088 and
miR-545-3p on the proliferation of A549 cells; C, D: Transwell experiment detected the effect of overexpression of
circ_0072088 and miR-545-3p on the migration and invasion of A549 cells
B 5 iR circ_0072088 1 miR-545-3p XF A549 ZHAEiGTE IR FNEZEHE ST
Fig.5 Effects of overexpression of circ_0072088 and miR-545-3p on the proliferation, migration and invasion of A549 cells

%

3 3t

W72 R B, circRNA 7] BETE 22 Mg i &
Jee rp R AR, A4 B ks B R Ak 1 1l A % 1 XL
W . B2 ZRGEGIG | R BRI L DG A RN DR
S, TEAYIE, circRNA 7E ZF0 i vh 55 2k, If
Z 5 W kA kPO, fldn, cire 0078767 Al
circ_0001649 1] 11 il NSCLC 4 i it A= 1 P22, i
circ_0020123 7] LU 3 NSCLC 41 fig 38 58 i 221>,
circ_0072088 AEAE#E NSCLC 4 s 1 i i 4 SRS A
A KB ARBFSE A, cire 0072088 BE i & i
PE AS49 4 Y 3 FE L IT RS R 28, X R I circ_
0072088 A 2 Ji{ > NSCLC (1) 357 %112 W b 7 1 F 43
TFIRITHE A

miRNA 76 0 &k A R SRR h B ¥4  H
BRI, 6T miR-545-3p MIBFSE &0, L0758
1§ 5 CBLL1 #4] NSCLC 4 iy 4= K, JF1gsm
ot W4T 14 A B s Pl et 1 ) p38/42 24 Ik

i P 2R P TR 3 B AR P RV AR S i) NSCLC 13
&, Jf H 23K 5] circ 0007580 B HE [ 4 42 19,
AR WF 5T % PR, miR-545-3p J& circ 0072088 T iiff #lt
&L, circ_0072088 I i iz W [} miR-545-3p 7] A549
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