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[(HZE] EEE5HK: HIRRNA (circular RNA, circRNA) JE—RK B EZR M AERIBRNA, S5 £ Fli
R KR, HX T =PI (triple-negative breast cancer, TNBC) ¥R WRkiE . %W 5T B 7E 45 5 FRIRRNA
hsa circ 0058514 TNBC A KIEHFIIVEM . Fik: RARNAMIF (RNA sequencing, RNA-seq) Xf4%f TNBCZH 4 e
S AUAT T, RS 9 8 R A lFEE ) M. (real-time fluorescent quantitative polymerase chain reaction, RTFQ-PCR)

X} 204 TNBCAL 2R FNEE 55 4L 21 LK 1 8 AL B Rz 4R g MCF-10AFITNBCZH JEMDA-MB-23 1 f1BT-549hsa_circ_0058514
(R ILPEATIAE . 44 TP KIpLL3.7-sh-circ# Y« TNBCH fIMDA-MB-23 1 HIBT-549 )5, K FIRTFQ-PCRA Il 41 1
hsa_circ_0058514f) ik EM4M i EORF & (cell counting kit-8, CCK-8) FIEAU S 6 A6 Wl 40 i 48 5, % F Xl JE A0
Transwell/)N 25 5256 45 7k U 40 P I A% AT 42 2% SR FH i At T A o 00 240 PRV A4t B R 1 R A R 1 R ERaZEE: (Western
blot) il 4 il BAEE FIEL (cyclin E1, CCNEL) FOAHAL A BA SR 414 #i2  (cyclin-dependent kinase 2, CDK2) (1)
FKik. &R HIRRNA hsa_circ_00585147E TNBCZH LM 535 = K5 (P<0.001, P<0.01) ; ¥ ZepLL3.7-sh-circ)s,

TNBCHH L Hhsa_circ 00585141 %A & 5 3K T- X 4L (P<0.001) . Nifjhsa circ 00585145, TNBCZHMsE . iT# M 12
BEEITTFRE, HATAPRIET:, 530405 E BAPEY . Western blot% 5 2R, #YpLL3.7-sh-circ/5, CCNEIFICDK2% 41
FKILTH (P<0.05) . Z5if: HOIRRNA hsa circ 00585147ETNBCZH AR P8 ik, HAETNBCK A, KBk
FPRHEEMIER, A EBONTNBCIR ST IR A
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[ Abstract] Background and purpose: Circular RNA (circRNA) is a class of non-coding RNAs with important regulatory
potential. It is involved in the development and progression of various cancers, but has not been reported in triple-negative
breast cancer. The aim of the present study was to investigate the effects of circRNA hsa_circ 0058514 on the development and
progression of triple-negative breast cancer. Methods: RNA sequencing (RNA-seq) was performed on 4 pairs of triple-negative
breast cancer tissues and adjacent non-cancerous tissues. The relative expression levels of hsa circ 0058514 in 20 pairs of triple-
negative breast cancer tissues and adjacent non-cancerous tissues, normal breast epithelial cell MCF-10A and triple-negative
breast cancer MDA-MB-231 and BT-549 cells were detected by real-time fluorescent quantitative polymerase chain reaction
(RTFQ-PCR). The interference vector pLL3.7-sh-circ was transfected into triple-negative breast cancer MDA-MB-231 and BT-549
cells, and the expression level of hsa_circ_ 0058514 was determined by RTFQ-PCR. The proliferations of MDA-MB-231 and BT-549
cells were detected by cell counting kit-8 (CCK-8) and EdU assays. The abilities of migration and invasion of MDA-MB-231 and
BT-549 cells were examined by wound healing assay and Transwell assay, respectively. The cell apoptosis and cell cycle distribution
were analyzed by flow cytometry. Western blot was employed to observe the protein expression levels of CCNE1 and CDK2.

Results: The expression levels of circRNA hsa_circ_ 0058514 in triple-negative breast cancer tissues and cells were significantly up-
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regulated (P<0.001, P<0.01). The expression of hsa circ 0058514 in the group transfected with interference vector was much lower

than that in the control group. Downregulation of hsa circ 0058514 decreased the abilities of proliferation, migration and invasion

of triple-negative breast cancer cells, leading to cell apoptosis and cell cycle arrest. And lower protein expression levels of CCNE1
and CDK2 were observed by Western blot after transfection of hsa_circ_0058514 (P<0.05). Conclusion: The expression of circRNA
hsa_circ_0058514 is significantly upregulated in triple-negative breast cancer tissues and MDA-MB-231 and BT-549 cells. It may

serve as an oncogene in the development and progression of triple-negative breast cancer, and it is expected to become a new target

for the treatment of triple-negative breast cancer.
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TR, E R A PN R AT A AN W
T, FLARIE AR U T B MR AR T 1Y
U =AM RS (triple-negative breast
cancer, TNBC ) &5 X Z K (estrogen
receptor, ER) | ZE ZZ1K (progesterone
receptor, PR) FIANZKER L EKH FZHK-2
( human epidermal growth factor receptor-2,

HER2 ) ¥R BAPEM — 3L, 2l
AR 10%~20%, TNBCZ &4 TAER Lo (<40
%), R, EEMERRR, E—ME
fEFLIRE, HAOWALR M ATERE, 5=
MEAIT B L Wi, iR E S Rie
HNAIT TNBCH B B AW Fr &P . AESRNA
(non-coding RNA, ncRNA ) J& it 4F 5 e it
FEIGT, FZAE GRS RNATE W A2 7E =
SRIh, TEYIRE IR E B s i 5L A
A HIRRNA (circular RNA, circRNA ) /&
B AL HA SR T RE AR g SRNA,
ABAS KimlE M3 KimEEr, 2GRS
W BRI R, FRRRNAS S TR .
T2 Wi 2 M i ke . R HE R
A RIFRRNAZETNBCH G K . AHFSE
FIFHRNAM F ( RNA sequencing, RNA-seq)
XFAXT TNBCL LU 55 AL AT b, R BLER
JRRNA hsa_circ_0058514fETNBCAH 4 b &3
ik, hsa_circ_0058514K i TAGFG15E H 452
FNEESANAIN T, SLBTEE Y K B 527 ntil)
WOREG A, BT A WA Xhsa_cire_0058514
M HIE o AT FEE— 2038 o e Y T30 R T
hsa_circ_0058514[ 1k, #ITHAETNBCHISHE |

iT# . 22, g mE e, TR
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111 @fetkfe L R AR A

TNBCZfEMDA-MB-231, BT-549F11E & AFL
i b K A BIMCF-10A f 5 R IR R R #4025
IR BT AR . AT 20| TNBCAH 21
FE o5 20k B H R ERR W& 55— P, 20
BIREY AL, PR (51.4049.10) %, H
HERRRR I L6, SRR, fbAE R 1,
TNMA . T 19f), I0BI1of], MBI, Frf
BEEFB MG RIEA, A bR SIS A% 1
FRZWE, HAET ARG B AR AT, FrASHIlL
RIS B H R ERR AR IS B 2t
112 EZZXA

B3 E:DMEMI [ 24 [ Gibico/A /) ; MEBM
RS BN A B Lonza/A ) JRZR MY ( fetal
bovine serum, FBS) I [ & K2 EYRHHA
FR/y )5 hsa circ 005851414 fikipLL3.7-sh-
circ F%F F8 ki pLL3.7-sh-nc |~ 35 F& 4= P Bt
A A B w4 B #5945 Lipofectamine™
200004 [ & [H Invitrogen/y &) 5 5% ) & Al
TB Greenlly H =AW T8 ( KiE ) HRAFA;
Cell-Light™ EdU Apollo567 In Vitro Kitl 1) M
B AE R A R F ;. Transwel UNE Y A 3
EMillipore/s F ; Matrigel L i ik ly H 3¢ [ BD
Biosciences/y Fl ; Al H47 & (cell counting
kit-8, CCK-8) Iy 7 sl 184 Y T AR
ol RPN A E FELD (cyclin E1,
CCNE!L ) F14 A Ji) 1) 8 AR v 2. ( eyclin-
dependent kinase 2, CDK2 ) Il H ¥ [F Abcam
ol
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1.2 FHik
1.2.1 RNAMF

PEHLAXT TNBCZH 21 J 9 5% 2H 21 EARNA
Nanodrop Il BNRNAZERE, F| ] Agilent 2100
Bioanalyzerkiil[RNASERL T, ik S48 5 1T
— 58S . RNAMN P SCERRg . B HLIN Y e 2
SEIER AT A T 7 A R AR A BR A
PRt MRS .
122 ARIEIRABEES

TNBCHifiMDA-MB-23 1 FHIBT-549 1 }{]
% 10%FBSHIDMEME; 374k, 15 A FLIR b Bz 40
MfE FHMEBMS 57235, 3PR4MAEISTE3T °C. CO,
RFTECH 5% % T 1555, K TNBCHH L3
FhEefLAR T, FEAIMIT & R E]70%0;, ffH
Lipofectamine 200044 F& {56 FH 45 X:F 41 adh 4 7 oA
ey 48 hig R4 .
1.2.3 LR 2O E = R A B EE /N (real-time
fluorescent quantitative polymerase chain reaction,
RTFQ-PCR )

FHTRIzol4: 3 BTN B C 41 2 Fl 9 55 41 41
PUKIE# ANFUIR F R 40 M CF-10AFM TNBC
HHIMDA-MB-231MIBT-549 JARNA, g
8 I H K ) BT 2 BUR N A Y 52 46 M, il A
ASCHG: 0 JFE e B A R R e sk A U
W F ¥ RNA K sk IcDNA, FI ] 3 [ Bio-
Rad/A A HRTFQ-PCRX#4FRTFQ-PCR,
hsa_circ_0058514 i35 #)¥ %) : 5°-CCAG
TTGTAGGTCGTTCTCAAG-3", T
2l FEH . 5°-GGATTTAATCCTCGC
CTGCATG-3’; GAPDH Lji#/¥%1: 5°-GAAGGT
GAAGGTCGGAGTC-3", FUHisl®WFEl.
5>-GAAGATGGTGATGGGATTTC -3’, PIcDNA
JEi, GAPDHNNZ:, P HI4MF R 95 °CTit
A5M:3 min; 95 °C 5 s, 60°C 30 siE k., 72 °C
30 sEff, FEAONMEIH . BRI EINE
fL, 2Pt KA R, LR 3K,
1.2.4 ki

Pha /A& ik 3l & lish-circ
(5’ GTTAACATGCAGGCGAGGATTAAATTC
AAGAGATTTAATCCTCGCCTGCATTT
TTTTCTCGAG3’ ) Fish-nc ( 5’-TTCTCCGAACG

TGTCACGTTCAAGAGACGTGACACG
TTCGGAGAATTTTTT-3) , 4Ar5ILES Ui A
Hpal BN 5, 3 v in AXhol EEVIA 15, HAYH
B 5 i ApLL3. 785k, R A 1 58 il
Ja 4y 25 5E
1.2.5 CCK—8#=EdU 5§46 2m el 38 74

YRR G 48 T, K45 21 40 0 8 R R
1 X 10" /mLAY MR, FL100 nLIiZFP 5|96 FLAK
H, FERAEN3T °C. COLMRFRIT N 5% 1 5
FRiFE24 . 48, 72H196 hjifEFLAIA 10 uL CCK-8
FWOTIRS), PR ARAEIRE2 h, FHER
PG EA50 nmAb WG EE (D) {6, R4 E3
AN AL, FRAECell-Light™ EAU Apollo567 In Vitro
Kit i) & B0 5 % 4 U247 [ 5 . Apollofy 8, [
DNAYL 6, FeJa7E9Et s M,
1.2.6  RIJR F I 4a o it 45

YA UL48 him, FRes 4l Anfml & e IR 2195%
ZeAaist, 1200 pLagAE Sk T IR, Tt iR
FHEFR24 We TEIE BT PIEE, 0 hiiRIEE S
24 W B ) 2B RN 2 R A EAS
1.2.7  Transwell» & 52 3546 41 feL /2 2

¥ BDEE i 5 R 7 17 M DM EM 85 37 5
Fel o SHFATRRRE, HUSO0 L6 5T e A B v A 9k
Transwel /NE Y R W, 4 CRTERK . HASE
M35 I DMEM % 5 Bl 6 YL a8 hJi5 1) 4% 2H 48 il
B A2.5 X 10°/ mLAY 40 M B33, A4L200 pLiz
FhE| TranswelUNE ) EE A, TEIMAS00 uL&
10%FBSHYDMEME; F23 . % #LE:3224 his, Ji
PR SR g LB T A = P A4, P
20 min, 0.1%45 5259410 min, GBI T BEHLTEHL
3BT AT A AR
1.2.8 A 28 fe A a feL

WA L48 hitj#- L4t FHPBSPE3 IR, LA
1 000 r/min&.0>5 min)5 % F, FHAnnexing54
WE AN, S A 10 pLitAnnexin V-PEZE { kY
TR 15 min, 6 AR A A T
1.2.9 AR 2R AR 4m A6 2 HA

W AR Y48 WA 4140, PBSHE3R, FH70%
() CBET4 °CHREE R . AT 000 r/minf.0>5 min
JaW bR T, IMAPBSYER, FIMIAO0.5 mLAY Rt
TR (50 pg/mL ) ZiREEE F30 min, fHH
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Tt 0 e SR T 20 1300 A
12.10  FRHFREI: (Western blot ) Kl FH£654

G Y48 him, WAL, Jin ARIPA
W e RIS A RSB, KR5Sl
30 ugthfT FFE, Z12%R NGBS E -0 V
LYK B G TH 250 mAR RS ZEPVDFIE -, K5
5% Wi fg Wiky & M2 #5012 h, 4 )CTHFEE —
$i (HHLGAPDH 1 : 5 000, CCNEIL 1 : 1 000,
CDK2 1 :1000) %%, 37 °C FiRE FHite i
(1:5000) 2h, ECLALZ:% G, Bio-RadBEik
WASAPFAIR, I FQuantity OneXEUGIEA 43T .
1.3 Zit=aE

K HISPSS 19.04IGraphPad Prism 50881 74544577
FrRWER], PIFEAS LR -k, 24035t
R, P<O05SHERAGITHE X,

2 7 B

2.1 hsa_circ_00585147E TNBC£H 2 F1TNBC4A A
hERIE

1 FHRNA-seq X} 4%} TNBC2H 21 Flljs 55 4H 21
AT JF ik 22 S 3R 3k 4r AT, R L4741 3RIR
RNARRIL i, 307D FRRNARIL TH, H
Hihsa_circ_00585147E TNBCH I A5 & i
LS ECH15.044% (EI1) ., RTFQ-PCRAG M
20%F TNBCHL 21 Fli 55 4 2L A B b % A LR B
Kz 4 fIMCF-10AFITNBCAH it MDA-MB-23 1 fil
BT-549hsa_circ_ 0058514k, 4580
75, hsa circ_00585147ETNBC4 4 iy ik
(5.15+2.15) W& m TREFHL (2.26£1.49)
(P<0.05, BWl2A) , HIETNBCHY
MDA-MB-23 1 FIBT-549 77 () 33443 51 4 7.35+0.86
5.04+0.54, U5 & T 1E 5 FLIR b K 40
MCE-10A (1.00+0.03 ) F1y5£ik (P<0.001,
K2B) .
2.2 hsa_circ_0058514F# BRIz R I E

pLL3.7-sh-circ fllpLL3.7-sh-ncJfi ki 4 2 5
P A, SR ER, WPEEIEY, 7
W4, FWsh-circHsh-nc iy F 4 1T A
pLL3. 784k (E3A) . #pLL3.7-sh-circHl
pLL3.7-sh-nc’#% J+MDA-MB-23 1 FIBT-549 4 i

J&, RTFQ-PCRAI i +Fhsa_circ_0058514f)
Fikir, ZREIR, HYpLL3.7-sh-circ/ 4 il
Hhsa_circ 00585141 1A & I 5 {IK T X IR 4
(P<0.001, [3B) .

hsa_cire 0058514 [N 2
hsa_cire_0005728

- hsa_circ_0001190

| hsa_circ_0015164

Paracancerous TNBC
1 TNBCHAMEZAL P IS EFRIEH CircRNARE
Fig. 1 Heat map of differentially expressed circRNAs in TNBC

tissues and paracancerous tissues
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Fig.2 The relative expression of hsa_circ_0058514 in TNBC
tissues (A) and cells (B) was detected by RTFQ-PCR
**: P<0.01; ***: P<0.001
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Fig.3 Plasmid identification and efficiency verification

A: The plasmids were verified by sequencing; B: The transfection efficiency of TNBC cells was determined by RTFQ-qPCR; **: P<0.01; ***:

P<0.001

2.3 TifEhsa_circ_0058514%t TNBC4A 58 Y
=AU
FpLL3.7-sh-ncFlpLL3.7-sh-circhs ¢
MDA-MB-231HIBT-54940 1 )5, % HCCK-8F
EdUSLEES 3 il 46 0 HAE G RE 1 . CCK-85L 5045 1
R, #ZEWEL96 hf5, MDA-MB-231+#t41
AMI D450 0.87£0.01, X HRZHD,50°1.25+0.02,
BT-549 T34 4 MUD, 5l 1.2240.07, X RELAD,sH

1.65£0.09 ( Kl4A ) , $2/5 T ifhsa_circ_0058514
TEMHI TNBCYI i sE . EAUSLERSS R s,
MDA-MB-231-F$Jt 2 4 i 15 % ky37.17+2.52,
X R ZH 20 B 4 5 % k5 52.1344.21, BT-549T
Bt 2H 41 M 3 58 R 430.05+2.90, XF R 41 41 i
OB % 5 58.88+3.18 ([K4B. C) , KT
hsa_circ_0058514)5, TNBCHIJI K145 fE )1 W] B
R
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B 4 Tifhsa_circ_0058514%f TNBCHHKIIE5E AE 71 I %20

Fig. 4 Effects of down regulation of hsa_circ_0058514 on the proliferation of triple-negative breast cancer cells

A: The proliferations of MDA-MB-231 and BT-549 cells were examined by CCK-8 assay; B: The proliferations of MDA-MB-231 and BT-549 were
determined by EdU assay; C: Quantitative analysis of relative cell proliferation; **: P<0.01; ***: P<0.001

2.4 Tifhsa_circ_0058514Xt TNBC4RAIER K&
(EES A
$pLL3.7-sh-ncFlpLL3.7-sh-circi% 4t MDA -
MB-231HIBT-549)5 , F|HIIJREFI Transwell/N 3 51
55 3 RS N T R A= 22 e ) o IR SE 45 R
7N, MDA-MB-23140 5% YepLL3.7-sh-circ/5, iFF%
FEES A (2.87+0.35) mm, X HEZH A T A2 R 25
g (1704026 ) mm, BT-5494H %% YtpLL3.7-sh-circ
i, EREEEEA (2204040 ) mm, X AR 404 ffiE

FEPEES S (3.1320.35) mm ([KI5A. B) , £HTF
Jihsa_circ_0058514REMS i Z A H AT EE T -
TranswelVNE L 4E R s, MDA-MB-23113
AN ZE R (64.67+12.22) AN/ALEF, i
X HEZH 40 if 27 gl im o (30.67+5.51) AN/ALET,
BT-549 L 2H 4t 25 kil (44.33£10.07 ) 4™/
PREF, X HRZF At 28 RSl (1104.0048.54 ) A4/
fEF (KI5C, D), Ui T ihsa circ_0058514HE
i 5 AN AR 2R R T
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Fig. 5 Effects of downregulation of hsa_circ_0058514 on the migration and invasion of triple-negative breast cancer cells

A: Wound healing assay was performed to observe the relative migration of MDA-MB-231 and BT-549 cells; B: Quantitative analysis of relative
migration of MDA-MB-231 and BT-549 cells; C: Transwell assay was applied to detect the invasion of MDA-MB-231 and BT-549 cells;
D: Quantitative analysis of relative invasion of MDA-MB-231 and BT-549 cells; *: P<0.05; **P<0.01

2.5 Tiflhsa_circ_00585143fTNBCZEALAT-HI  4IIEIHT R A10.35%+1.39%, MMixf LT

A $493.60%+0.80%, 2= A7 4R E L (P<0.01,
TNBCAHfiiMDA-MB-23 1435144 Yt pLL3.7- K6 ) , £ FiEhsa circ 0058514 1] {i ik 4 fifl

sh-ncFlpLL3.7-sh-circ/5, RHMAMMPAXTH 1,

WA TR TR, R BN, Td

A pLL3.7-sh-nc pLL3.7-sh-circ B
.b_:m-UL 01-UR 15 -

b [ pLL37-sh-n
< 1 [ pLL3.7-sh-circ
23 < 104

] a

1 2
% £
-3 2.

: & 5
= 3.69%

QI-LR 0

Jrer—rrrrre—mrerrw—rrer—ry .

10° 10* 10* 10°

B 6 TiFhsa_circ_0058514%FTNBCHAAEE T AR NE
Fig. 6 Effects of downregulation of hsa_circ_0058514 on apoptosis of triple-negative breast cancer cells

A: Flow cytometry was employed to detect apoptosis of MDA-MB-231 cells; B: Quantitative analysis of apoptosis of MDA-MB-231 cells;
**: P<0.01
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2.6 TiAhsa_circ_0058514xt TNBCZH A EHAHY
A

TNBCHi i MDA-MB-23 14 5l % 44
pLL3.7-sh-ncMIpLL3.7-sh-circ)i, M A
=20 i AR 53 A 20 4 O A . AR R
TIHMMG W NT3.93%+1.24%, X IHAH
YMIG, B R63.97%+3.19% ., TH4140S
WIN19.61%+1.07%, 1 XF B8 £ 40 i S 5]
28.13%+2.77%, FHI T hsa_circ 0058514444

J JEIRE TG 8 (P<0.05, [E17) .
2.7 TiAhsa_circ_00585143%fCCNE1F1CDK2
EARRIEHFMm
FpLL3.7-sh-ncFlpLL3.7-sh-circks 4t
MDA-MB-231HIBT-5494 ifg48h5 42 B 1,
Western blotk& | CCNE 1 FICDK 2 [k F-. 45
R, SXIAMHLL, TMhsa_circ 0058514
Ji, CCNEIFMCDK2E K EE T M
( P<0.05, P<0.001, KI8) .

A 800 pLL3.7-sh-nc 800 pLL3.7-sh-circ B
] ] - 80 7 * B pLL3.7-sh-nc
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0 - 04 i
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Fig. 7 Effects of downregulation of hsa_circ_0058514 on cell cycle of triple-negative breast cancer cells MDA-MB-231

A: Flow cytometry was used to analyze the cell cycle of MDA-MB-231 cells; B: Quantitative analysis of cell cycle of MDA-MB-231 cells; *: P<0.05
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Fig. 8 Effects of downregulation of hsa_circ_0058514 on protein levels of triple-negative breast cancer cells

A: Western blot was used to detect the protein levels of MDA-MB-231 and BT-549 cells; B: The gray value analysis of Western blot bands;

*1 P<0.05; **: P<0.01; ***: P<0.001
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